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)
(2) WRA number

4.0

2015163002

(3) GE or baseline

(4) Baseline WRA number

GE
(5) CBI

14273001
(6) Applicant

no

The Monsanto Company
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(1) WRA version number

(8) Reviewers
BRS
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(7) Preparers
BRS

Taxonomy and sexually compatible relatives (6 questions)
(9) Common name

(10) Scientific name

Corn (NRCS, 2015b)

Zea mays ssp. mays L. (ITIS, 2015)

(11) Other common names
Maize, Indian corn (NCBI_Taxonomy Browser, 2015)

(12) Scientific name synonyms
z
z
z
z
z
z
z
z
z
z

Zea alba Mill.
Zea amylacea Sturtev.
Zea everta Sturtev.
Zea indentata Sturtev.
Zea indurata Sturtev.
Zea japonica Van Houtte
Zea saccharata Sturtev.
Zea tunicata (Larrañaga ex A. St.Hil.) Sturtev.
Zea mays ssp. ceratina (Kuelshov) Zhuk.
Zea mays subsp. mays

(ITIS, 2015)
(NCBI_Taxonomy Browser, 2015)

There are others but these synonyms show up in the literature more often.

(13) Taxonomic scope
This weed risk assessment covers only Zea mays ssp. mays. There are other subspecies of Zea mays but they
will not be addressed here.
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14) Sexually compatible relatives
Teosinte Teosinte is the closest relative of corn; it hybridizes with corn and hybrids can be fully fertile (Wilkes,
1977; OGTR, 2008). Teosintes are generally not present in the U.S. other than in breeding and research
programs and as occasional botanical garden specimens (Iltis, 2003; EPA, 2010). Teosintes can be weedy in
some regions or habitats (Mexico, Guatemala) (Iltis, 2003; OGTR, 2008; EPA, 2010; USDANRCS, 2005). Despite
the ease of crossing between subspecies, gene flow occurs a at low frequency and all the subspecies still co
exist as genetically separate entities (Baltazar et al., 2005; Fukunaga et al., 2005). "The flow of genes has
occurred in both directions" (Wilkes 1977; Doebley, 1990) "although a number of factors tend to favor gene
flow from teosinte to maize rather than from maize to teosinte" (Baltazar et al., 2005). "There is also evidence
of a restriction to crossability in some populations of Z. mays teosintes when teosinte is the female and maize
the male parent and this has been linked to a teosinte gene or gene cluster known as Teosinte crossing
barrier1 (Tcb1)" (Evans& Kermicle, 2001; Kermicle, 2006)".
Zea mays L. ssp. mexicana (Schrader) Iltis (English common name: Mexican annual teosinte)
Spontaneous hybridization occurs between corn and Zea mays ssp. mexicana, with hybrids exhibiting full
fertility (Ellstrand et al., 2007; Fukunaga et al., 2005; Doebley, 2004). Z. mays ssp. mexicana grows
primarily in central and northern Mexico, and is considered a troublesome weed of corn fields in central
Mexico (Doebley, 2003; USDA NAL, 2012), and it may displace desirable vegetation if not properly
managed (USDANRCS, 2005). Populations have been reported in FL, AL, and MD (USDANRCS, 2005;
USDANRCS, 2014a), but local botanists have not documented any natural populations of Zea mays spp.
mexicana in Florida for over 30 years (EPA, 2010), and the AL and MD reports are over 30 years old.
z Florida: there are reports of pressed and thoroughly dried plant sample deposited in a herbarium
(Atlas of Florida Vascular Plants, 2015).
z Alabama last report was in 1965 in the Castanea Index type of sample unknown
z Maryland last report was in 1984 in the Herbaceous plants of Maryland type of sample unknown
(Brown and Brown, 1984 as reported by USDA; NRCS, 2014a).

z

Zea mays L. ssp. parviglumis Iltis and Doebley Spontaneous hybridization is rare but does occur
between corn and parviglumis teosinte (Ellstrand et al., 2007). Hand pollination is the most successful
method of hybridization and the progeny are viable no matter how the hybrid was developed
(Ellstrand et al., 2007). This subspecies is found along the western escarpment of Mexico from Nayarit to
Oaxaca (Doebley, 2003). The NRCS (2015a; 2015f) lists a population of Zea mays ssp. parviglumis in
MiamiDade county Florida based on a University of Florida Herbarium accession collected in 1975 (FLAS
2015).

z

Zea mays L. ssp. huehuetenangensis (Iltis and Doebley) Doebley (English common name:
Huehuetenango teosinte) This teosinte is found in western Guatemala (Doebley, 2003). Cannot find any
references regarding hybridization ability with Zea mays ssp. mays.

z

Zea luxurians (Durieu and Ascherson) Bird (English common name: Guatemala or Florida teosinte)
According to NRCS (2015c). Zea luxurians was grown for forage in the southern U.S. over a century ago
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z

and sometimes is still used for forage in the southern United States, "but rarely hybridizes with maize"
(Iltis, 2003). There are no other references except for Iltis (2003) to verify that Zea luxurians is still grown
as forage in the U.S. This species is an annual native to southeastern Guatemala, Honduras and
Nicaragua (Doebley, 2003).
Zea diploperennis Iltis, Doebley and Guzman (English common name: diploperennial teosinte) In 1980, a
population of Zea mays "Colorado Klein" (Zea mays subsp. mays 'Colorado Klein'; Tropicos, 2015) was
successfully crossed with Zea diploperennis. "Both species hybridize readily, and the F1 hybrid is not only
fertile and vigorous but also preferably annual or biannual, except for 12% of the plants which are
perennial" (Rosales & Molina, 1983). According to NRCS (2015d) Zea diploperennis is not found in the
U.S. (Wilkes, 1977; EPA 2010).This species is found only in a small region of the Sierra de Manantlán in
the southwestern part of the state of Jalisco, Mexico (Doebley, 2003).

z

Zea perennis (Hitchcock) Reeves and Mangelsdorf (English common name: perennial teosinte)
Corn does produce nonfertile hybrids with the perennial Zea perennis under natural conditions. It has a
narrow geographic distribution on the northern slopes of Volcán de Colima in the state of Jalisco at
altitudes of 15002000 m (Doebley, 2003). (Iltis, 2003; OGTR, 2008). The NRCS (2015e) lists this species
in Texas and Georgia. But the sample in Texas, "Zea perennis ‘Winning Streak", is an ornamental plant. A
map (NRCS, 2015e2.) of the location of the Texas samples is included in the reference list.
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Tripsacum spp.  Outcrossing of maize with Tripsacum species is not known to occur in the
wild. However, "although it is extremely difficult, it is possible to produce outcrossing between Zea mays and
Tripsacum spp. " in nonnatural situations (OECD, 2003). "These hybrids have a high degree of sterility and are
genetically unstable" (Mangelsdorf, 1974 as cited in OECD, 2003).
z Tripsacum dactyloides (L.) L. var. occidentale Cutler & Anders. This plant is distributed across the
eastern half of the United States in the U.S. (USDANRCS, 2002). There are no reports of crosses
with corn in the wild.
z Tripsacum floridanum Porter ex Vasey This plant is found in Florida (USDANRCS, 2015g).
There are no reports of crosses with corn in the wild.
z Tripsacum lanceolatum Rupr. ex Fourn. This plant is found in Arizona and New Mexico (USDANRCS,
2015h). There are no reports of crosses with corn in the wild.

GE trait (4 questions)
(15) GE phenotype category


AP

(16) GE phenotype
Drought tolerance, neomycin/kanamycin
resistance

(17) GE phenotype description
Intended phenotype: Drought tolerance (reduced grain yield loss under waterlimiting conditions) and

neomycin/kanamycin resistance.
Mechanism of action – Neomycin/kanamycin resistance: The responsible gene (nptII) encodes an
aminoglycoside 3’phosphotransferase (Beck et al. 1982) that phosphorylates neomycin/kanamycin, thereby
inactivating those two antibiotics through structural alteration (Fraley et al. 1983; Shaw et al. 1993).
Mechanism of action – Drought tolerance: The responsible gene (cspB) encodes an RNA chaperone, cold shock
protein B (CSPB), that preferentially binds and stabilizes some cellular RNAs (Graumann and Marahiel 1994),
preserving normal cellular function (Willimsky et al. 1992; Graumann et al. 1996).
Potential unintended phenotype – Potential increase in tolerance to other osmotic stresses: The osmotic
stresses (e.g., drought, temperature, and salinity) share some common signaling mechanisms and adaptive
responses in plants (Shinozaki and YamaguchiShinozaki 2000; Wang et al. 2003; Li et al. 2008). Consequently,
the introduction of one trait to mitigate one osmotic stress may potentially mitigate other osmotic stresses (Liu
et al. 1998; Uno et al. 2000; Wang et al. 2003). However, as documented in the Monsanto petition (2010),
MON 87460 does not exhibit improved tolerance to other osmotic stresses, such as cold, heat, or salt stresses.
These results from the Monsanto petition (2010) suggests that activity of the introduced CSPB is limited to
drought stress. These experimental results are only from the Monsanto petition (2010). Therefore, moderate
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certainty exists for the conclusion that there is no increase in tolerance to other stresses.
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(18) GE genotype description
Neomycin/kanamycin resistance expression cassette: nptII (neomycin phosphotransferase II coding sequence
from Escherichia coli conferring neomycin/kanamycin resistance) regulated by the constitutive 35S promoter
(from Agrobacterium tumefaciens) and nos 3’ terminator (from Agrobacterium tumefaciens) (Monsanto 2010;
USDAAPHIS 2011f).

D

Drought tolerance expression cassette: cspB (cold shock protein B coding sequence from Bacillus subtilis
conferring drought tolerance) regulated by the constitutive Ract1 promoter (from Oryza sativa) and nos 3’
terminator (from Agrobacterium tumefaciens) (Monsanto 2010; USDAAPHIS 2011f).

Plant context (7 questions)
(19) Plant history
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would alter plant history.
While there may conceivably be a shift away from GE herbicidetolerant corn varieties in areas where MON
87460 is adopted due to the absence of an herbicidetolerant trait, this scenario is unlikely, given the intention
of Monsanto to stack this trait with herbicidetolerant traits already in its product portfolio (Monsanto 2010,
n.d.).

Baseline information:
Zea mays ssp. mays is the only domesticated taxon in the genus Zea. There is no agreement about where
exactly corn was domesticated and there are several proposals in this regard (see references in OECD, 2003).
Matsuoka et al., (2002) concluded that "all maize arose from a single domestication in southern Mexico about

9,000 years ago." It is thought to have been first introduced and cultivated in the U.S. in what is now New
Mexico and Arizona by 2100 BC (Merrill et al, 2009). In the U.S., corn is grown as an annual row crop. It is the
most widely produced feed grain in the United States and is processed into a wide range of food, feed and
industrial products including fuel ethanol (USDA, ERS, 2013b). All parts of the corn kernel and stalk are
used. Stalks are made into paper and wallboard; husks are used as filling material; cobs are used for fuel, to
make charcoal, and in the preparation of industrial solvents.
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There are several types of corn grown in the U.S., with the major types including field corn, sweet corn, and
popcorn. All can naturally outcross with each other (Iowa State, 2014). Field corn (also known as dent corn or
simply, corn) occupies the majority of the corn acres in the United States, with 93.6 million acres planted in
2007. Of this, 42% went to animal feed, 22% to produce ethanol, 17% to export, 9% for domestic food uses, and
10% surplus (Iowa State, 2014). Sweet corn was grown on approximately 380,000 acres nationwide in 2007,
with the crop used as corn on the cob or for processing as canned or frozen corn (Iowa State, 2014). Popcorn is
grown on less than 1 percent of the harvested corn acres (Duffy & Calvert, 2010) and in 2012 shelled
popcorn was grown on over 218 thousand acres (USDANASS Quick Statistics, 2015). Most corn produced in the
U.S. today is genetically engineered (USDAERS, 2014b; USDANASS, 2014). In 2014, h erbicide tolerant (HT)
corn was grown on 89 percent of U.S. corn acreage and Bt corn was grown on 80 percent of U.S.
corn acreage (USDAERS, 2014b). Accordingly, 76 percent of all U.S. corn acreage was planted to HT/Bt stacked
corn (USDAERS, 2014b).
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(20) Plant biology and ecology
GE information:
Data collected by the developer and documented in this WRA demonstrates that the engineered traits result in
no change in the basic biology and ecology of corn.
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Baseline information:
Zea mays is a robust monoecious annual plant (Cornell, 2006; OECD, 2003) in the Poaceae (grass) family (ITIS,
2015). Under natural conditions, corn reproduces only by seed (CERA, 2002; OECD, 2003) and requires human
assistance (as discussed in question B01) to disperse its seeds for propagation and survival (OECD, 2003).
Corn "is the most efficient plant for capturing the energy of the sun and converting it into food, it has a great
plasticity adapting to extreme and different conditions of humidity, sunlight, altitude, and temperature" (OECD,
2003).
"The flowering stage in corn, which involves pollen shed and silking, is the most critical period in the
development of a corn plant from the standpoint of grain yield determination" (Ohio State Extension,
1995). "Pollen shed usually begins two to three days prior to silk emergence and continues for five to eight
days with peak shed on the third day" (Ohio State Extension, 1995). Normally, about 95% of the ovules in an ear
are crosspollinated and 5% are selfpollinated (Poehlman, 1995; Ohio State Extension, 1995), although plants
are completely selfcompatible (CERA, 2002). Pollen grains can survive for only 1824 hours under favorable
conditions (Ohio State Extension, 1995 ).
The critical soil moisture for seed germination to occur is 30% (Copeland, 1975 as referenced by Johnson,
2013). The temperature for seed germination is a minimum of 46oF with the optimum temperature 86oF (Isleib,
2012). Planting should not occur before soil temperatures are near 50° F (Johnson, 2013). At 50° F corn will take
approximately 25 days to emerge; at 5560° F corn will take 1014 days to emerge; at 6570° F corn only takes
five to eight days to emerge (Meyer, 2011). "The energy storage structures of the seed remain below ground
when the seed germinates" (Johnson, 2013).
"Corn prefers full sun and fertile, well drained soil for maximum yield" (Drost, 2010; Wright, n.d.) "with a pH

from 58, (but 5.57 is optimal)" (CABI, 2012) and with "regular watering, so maintain soils near field capacity"
(Drost, 2010). Corn is a heavy feeder  particularly of nitrogen  and may require several applications of fertilizer
for best yields (Cornell, 2006).
There are many weeds of corn in the U.S.. Over the last 10 years, the most common and/or troublesome were
lambsquarters, waterhemps/pigweeds, Palmer amaranth, morninglory species, giant and common ragweed,
foxtail species, panicum species, Johnsongrass, Kochia, velvet leaf, and common cocklebur (Dow Agrosciences
2009, Van Wychen 2016). The most common insect pests attacking the corn are: A) Lepidoptera  European
corn borer, southwestern corn borer, black cutworm, fall armyworm, lesser cornstalk borer, sugarcane borer,
western bean cutworm, and corn earworm; B) Coleoptera – the Diabrotica complex (Western, Northern, and
Southern corn rootworms), wireworms, and white grubs (Dicke and Guthrie, 1988; Eichenseer et al 2008;
Jordan et al. 2012; Kullik et al 2011). Common diseases include Stewart's bacterial wilt, Corn smut, Southern
corn leaf blight, Grey leaf spot, Crazy top disease, Maize Streak Virus (MSV), and Maize Dwarf Mosaic Virus
(MDMV) (Guantai et al., 2010).
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(21) Agronomic practices
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the agronomic
practices used in corn cultivation. Despite the absence of an herbicidetolerant trait in MON 87460, it is likely
that Monsanto will stack this trait with herbicidetolerant traits already in its product portfolio (Monsanto
2010, n.d.).
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Baseline information:
Corn is grown from seed. Agronomic practices used for production of corn include methods of tillage,
agronomic inputs (fertilizers, pesticides, herbicides), irrigation and crop rotation. "The goal at planting time is
to establish the highest population per acre that can be supported with normal rainfall without excessive
lodging, barren plants, or pollination problems" (Nafziger, 2014). Nitrogen and phosphorus fertilizers
are usually added to the soil and weed and insect control are commonly used (CFIA, 2014; Olson and Sander,
1988). When actively growing, corn obtains 90 percent of the water it uses from the top 3 feet of the soil
profile (Rhoads and Yonts, 1991). “Corn producers must supplement rainfall with irrigation to meet crop water
needs (Farahani and Smith, 2014). "Supplemental irrigation minimizes crop water stress due to inadequate
and/or untimely rainfall during the season" (Farahani and Smith, 2014). Corn is planted in relatively wide rows,
and the resulting penetration of light allows weed germination over a longer period of time, so corn is
negatively impacted by early season weed competition. To obtain the best corn yields, growers manage weeds
with preplant or preemergent herbicide applications. In addition, several types of tillage are used in corn
fields: "1) Conservation tillage (e.g. notill, ridgetill, mulch till, zonetill, striptill), which leaves 30% or more
crop residue in the field. 2) Reduced till, which leaves 15  30% crop residue in the field. 3) Conventionaltill
(e.g. moldboard plowing), which leaves less than 15% residue but leads to soil erosion and greater labor and
fuel costs" (University of Wisconsin, 2012; CFIA, 2014). Organic production practices are increasing, from
130,672 corn acres planted in 2005 to 234,470 corn acres in 2011 (USDAERS, 2013a).
(22) Management practices
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would affect the ability to
control volunteer corn in typical rotation crops (e.g., soybean). MON 87460 is likely to be stacked with existing
herbicidetolerant traits in Monsanto’s product portfolio (Monsanto 2010, n.d.), thus suggesting that it would
be no more difficult to control volunteer MON 87460 than those existing and commercialized herbicide
tolerant corn varieties. Data from the Monsanto petition (2010) demonstrates no biologically meaningful
difference in seed dormancy between MON 87460 and conventional corn (USDAAPHIS 2011f), thus suggesting
the time period in which MON 87460 may act as a volunteer is no different than other corn varieties.
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Baseline information:
The presence of corn in soybean fields following the corn crop from the previous year is a common occurrence
(Purdue, 2011; Stahl et al., 2013; Hartzler, 2012, Andersen et al, 1982 and Beckett and Stoller, 1988). It can
occur in the field as isolated plants or as clumps that grow from grain that germinates on ears that have been
left on the field. Volunteer corn may reduce yields, cause harvest problems, reduce soybean seed quality, and
decrease the overall aesthetics of the field (Purdue, 2011 ; University of Minnesota, 2013). For example,
researchers at the University of Minnesota found that clumps of 710 volunteer corn plants in soybean fields
resulted in average yield losses of 31% to 83% depending on the density of clumps (0.4 to 1.6 clumps/meter)
(Andersen et al, 1982). Researchers at the University of Illinois reported that a density of 10,760 clumps of ten
volunteer corn per hectare reduced soybean yield by >50%, while yield was reduced by 20%30% when clumps
were at half that density, depending on environmental conditions. Clumps were more competitive than
individual volunteers (Beckett and Stoller, 1988). Similar findings are reported in more recent studies using
modern, often genetically engineered, corn varieties. For example, researchers at South Dakota State
University found that populations of volunteer corn ranging from 800 to 13,000 plants per acre resulted in yield
losses of 0 to 54% in soybean and 0 to 13% in corn. Nebraska researchers also found that volunteer clumps
were more competitive than individual plants. In soybean, 3,500 clumps of corn per acre reduced yield 40%
while the same population of individual plants reduced yield 10% (University of Minnesota, 2013)."
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"Measures are often taken to either eliminate the plants with the hoe or use of herbicides to kill the plants in
soybean fields, but the plants that remain and produce seed usually do not persist during the following
years" (OECD, 2003). "Tillage provides immediate results and require more time relative to using burndown
herbicides" (Martin, 2012). There are many reasons not to use tillage such as increased erosion and the
possibility that any remaining seed may germinate (Martin, 2012). The most common method of controlling
volunteer corn is chemical application. Some of the chemicals (grass herbicides) used for volunteer corn
control are the postemergent herbicides glyphosate, glufosinateammonium, quizalofop, fluazifopP, fluazifop
+ fenoxaprop, and clethodim and sethoxydim (University of Nebraska, 2015). Most preemergence grass
herbicides used in soybean will only partially control volunteer corn (Young & Hart, 1997). " Grass herbicides
can't be used incrop in a hybrid corn field for control of volunteer corn" (University of Nebraska, 2015).
(23) Current U.S. geographic distribution

GE information:
The engineered traits in MON 87460 are unlikely to alter the potential geographic distribution of corn to novel
areas where corn could not previously be cultivated. In general, MON 87460 is designed to provide increased
yield security in current cornproducing areas that are subject to moderate drought stress. As indicated in data
presented in the Monsanto petition (2010), the MON 87460 droughttolerant trait specifically confers a
reduced yieldloss phenotype under waterlimited conditions. When subject to watersufficient conditions,
MON 87460 displays similar measures of growth, development, and agronomic performance compared to
conventional corn (Monsanto 2010; USDAAPHIS 2011f). Additionally, MON87460 does not possess other
traits, such as increased water uptake or increased abiotic stress tolerances (e.g., salt, cold, and heat
tolerances), that might increase its likelihood of establishment in nonagricultural areas (see above, #17 GE
phenotype description). Minimum moisture requirements are likely similar between MON87460 and
conventional corn. When grown in waterlimited field and greenhouse conditions, MON 87460 exhibits classic
drought sensitivity symptoms, including reductions in plant height, ear height, seedling vigor, and expected
changes in chlorophyll content and leaf roll (Monsanto 2010; USDAAPHIS 2011f). The magnitude of these
droughtinduced changes in MON 87460 is similar to that of waterlimited conventional corn, with increasing
water deficit producing more severe developmental symptoms. Collectively, these data provide strong
evidence that the negative effects of abiotic stress in MON 87460 are not eliminated and demonstrate that the
cultivation range of MON 87460 is limited to arable land, similar to that of currentlyavailable corn varieties.


Baseline Information:
Corn is grown throughout the contiguous United States (see map attached). Most areas have a
wide distribution of corn. The only areas where corn is grown sparsely are shorelines, mountain chains, alpine
areas (growing in the biogeographic zone including the elevated slopes above timberline) and deserts. Hawaii
and Puerto Rico both report some corn production in 2012.
Six states are responsible for more than 60% of corn planted and harvested in 2014 (Illinois, Indiana, Iowa,
Minnesota, Nebraska and South Dakota) with 55 million acres out of the 90.5 million acres planted/harvested
in the United States (USDANASS Quick Statistics, 2014; see attached table below).

Corn maps and NASS
table.docx
Microsoft Word Document
1.18 MB
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Attach a map or maps in PDF format
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There have been no reports of corn being naturalized, weedy or invasive in the United States. C orn cannot
exist outside of cultivation and is and can not exist as a wild plant in its present form (OGTR, 2008; Gibson et al.,
2002; OECD, 2003; CFIA, 2014) .

(24) Plant hardiness and precipitation zones
Plant hardiness zones (Temperature range)
Presence

no

Cultivation only
2 (50 to 40 F)
Presence

no

Certainty Very high
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1 (60 to 50 F)

Certainty Very high

Cultivation only
3 (40 to 30 F)
Presence

no

Certainty Very high

Cultivation only
4 (30 to 20 F)
Presence

no

Certainty Very high

Cultivation only
5 (20 to 10 F)
Presence

no

Cultivation only

Certainty Very high

6 (10 to 0 F)
Presence

no

Certainty Very high

Cultivation only
7 (0 to 10 F)
Presence

no

Certainty Very high

Cultivation only
8 (10 to 20 F)
Presence

no

Certainty Very high

Cultivation only
9 (20 to 30 F)
no

Certainty Very high
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Presence
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Cultivation only
10 (30 to 40 F)
Presence

no

Certainty Very high

11 (40 to 50 F)
Presence

no

Cultivation only
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Cultivation only

Certainty Very high

12 (50 to 60 F)
Presence

no

Certainty Very high

Cultivation only
13 (60 to 70 F)
Presence

no

Certainty Very high

Cultivation only
Precipitation zones (Precipitation range)
1 (0 to 10 inches)
Presence

no

Cultivation only

Certainty Very high

2 (10 to 20 inches)
Presence

no

Certainty Very high

Cultivation only
3 (20 to 30 inches)
Presence

no

Certainty Very high

Cultivation only
4 (30 to 40 inches)
Presence no

Certainty Very high

Cultivation only
5 (40 to 50 inches)
Certainty Very high

Cultivation only
6 (50 to 60 inches)
Presence

no

Certainty Very high

Cultivation only

no

Cultivation only

Certainty Very high
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7 (60 to 70 inches)
Presence
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no
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Presence

8 (70 to 80 inches)
Presence

no

Certainty Very high

Cultivation only
9 (80 to 90 inches)
Presence

no

Certainty Very high

Cultivation only
10 (90 to 100 inches)
Presence

no

Certainty Very high

Cultivation only
11 (100+ inches)
Presence

no

Certainty Very high

Cultivation only
(25) Potential U.S. geographic distribution
There are no reports of naturalized or invasive corn in the literature. Volunteers are not considered weeds for
the purpose of this risk assessment.
Twenty two references from Randall's 2012 book " Global Compendium of Weeds, 2nd edition", were located
and reviewed (See attached chart below). Many references were charts with abbreviations that do
not explainthe status of Zea mays in their country but none called Zea mays a weed. The references either do
not say that corn is naturalized or do not provide enough information to verify that Zea mays is naturalized in
their country.

Attach a map or maps in PDF format

Randall attachmentsgeo.xlsx
Microsoft Excel Worksheet
13.8 KB
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Weed Risk Questions (25)
Weed risk  Biology (16 questions)
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(B01) Current weed and invasive status

Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

Very high
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(B01) Current weed and invasive status  Risk documentation
GE Information:
The engineered trait in MON 87460 is not known to alter the current weed and invasive status of corn. Thus,
there can be no change in GE risk for this question.

Baseline Information:
Corn has been cultivated for over 100 years. The domestication of corn has made it totally dependent on human
intervention for survival, and when a corn plant is found outside a cultivated field it can’t establish a self
sustaining population. Corn has become completely dependent of human intervention to grow and survive
(Andersson and de Vicente, 2010; Doebley, 2004; OECD, 2003; OGTR, 2008; Owen, 2007). "Corn is unknown in
the wild" and several traits selected during domestication "are not only individually nonadaptive in the wild,
but their total combination is lethal to survival in the wild” (Galinat, 1988). In particular, corn seed is retained on
the cob and thus corn needs human intervention to disseminate its seed (OECD, 2003; Owen, 2007). Corn can
be found on roadsides and wastelands next to corn fields but is incapable of sustained reproduction outside of
domestic cultivation (Gould, 1968; Muhlenbach 1979). Although unharvested corn can overwinter and
germinate the following year, and thus may volunteer in subsequent crops (Purdue, 2011; University of
Minnesota, 2013; Hartzler, 2012), it cannot persist as a weed and volunteers are not considered weeds in this
WRA. There is no indication that corn has great potential for ferality (Owen, 2007).
Twentytwo references from Randall's book, Global Compendium of Weeds (2012) were reviewed to determine
whether Zea mays ssp. mays is actually a weed as proposed by Randall. The geography covered by these
references include many countries in Europe, China, Taiwan, Australia, New Zealand and Ethiopia.

{

{

Five sources said that Zea mays L. can escape from cultivation but some stated that corn can not
survive as an escape.
 One source said it can escape right next to its cultivated parent plant.
 Nine sources called it an alien, casual, exotic or nonnative plant. Insufficient
information is provided within these references to determine if corn is an occasional
escape. The information was presented in tables that just said "alien", "nonnative",
etc.
 The remaining seven references called it an agricultural crop or never mentioned Zea mays L.
at all.
There are 57 total references for Zea mays L. and four for Zea mays L. subsp. mays listed in Randall
with 2 of the references being copies, for a total of 59 references. After an extensive search, the
other 27 references could not be located to verify the reports .

(B01) Current weed and invasive status – Certainty documentation
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the Very high
certainty rating of the current weed and invasive status of corn. There is no change in the GE certainty rating
from the baseline certainty rating.
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Baseline information:
Andersson & de Vicente, 2010 High reliability; High applicability
Doebley, 2004 High reliability; Very High applicability
Galinat 1988 High reliability; High applicability
Gibson et al, 2002 Moderate reliability; High applicability
Gould, 1968 Moderate reliability; Moderate applicability
Muhlenbach, 1979 – Very high reliability; Very High applicability
OECD, 2003 High reliability; High applicability
OGTR, 2008 High reliability; High applicability
Owen, 2007 High reliability; Moderate applicability

Based on the consensus of the references a Very High level of certainty is assigned.

(B02) Weedy and invasive relatives
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

High

GE certainty

High

(B02) Weedy and invasive relatives – Risk documentation
GE Information:
The engineered traits in MON 87460 will not alter the Negligible risk rating of weedy and invasive relatives of
corn. There is no change in the GE risk rating from the baseline risk rating.

Baseline Information:
Relatives of Zea mays ssp. mays (Zea mays ssp. mexicana and other teosintes) are reported as weedy even
though they have not become established in the United States (USDANRCS, 2005). Zea mays L. ssp. mexicana
is considered a troublesome weed of corn fields in central Mexico (Doebley, 2003; USDA NAL, 2012).
However, corn (Zea mays ssp. mays)is highly domesticated (Warwick & Stewart, 2005; Tian, et al., 2009). Many

of the traits that lead to weediness in plants are absent in corn. For example, corn has limited ability to compete
with other plants (Steinhardt et al., 2002), lacks shade tolerance (Earley et al., 1965) and depends on intentional
human intervention to grow and survive, as discussed in question B01 (Andersson and de Vicente, 2010;
Doebley, 2004; OECD, 2003; OGTR, 2008; Owen, 2007). Domestication involved a radical phenotypic
transformation from the wild progenitor, Zea mays ssp. parviglumis resulting in an unbranched plant with seed
attached to a cob and thereby making maize entirely dependent on humans for propagation (Hufford et al, 2012
and as discussed in question B01).
Based on the high domestication of corn in the United States a Negligible risk rate is given.
(B02) Weedy and invasive relatives – Certainty documentation
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the High
certainty rating of weedy and invasive relatives of corn. There is no change in the GE certainty rating from the
baseline certainty rating.
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Baseline information:
Andersson & de Vicente, 2010 High reliability; High applicability
Doebley, 2004 High reliability; Very High applicability
Doebley, 2003 High reliability; Very High applicability
Earley et al., 1965 High reliability; High applicability
Hufford et al., 2012 High reliability; High applicability
OECD, 2003 High reliability; High applicability
OGTR, 2008 High reliability; High applicability
Owen, 2007 High reliability; Moderate applicability
Steinhardt et al 2002 Moderate reliability; Moderate applicability
Tian, et al 2009 High reliability; Moderate applicability
USDA NAL, 2012 High reliability; High applicability
USDANRCS, 2005 High reliability; Very high applicability
Warwick & Stewart High reliability; Moderate applicability

Based on the consensus of the references a High level of certainty is assigned.

(B03) Ability to establish
Baseline risk

Low

GE risk

Low

Baseline certainty

Moderate

GE certainty

Moderate

(B03) Ability to establish – Risk documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the Low risk rating
of the ability of corn to establish. This reasoning is based off of the inability of conventional corn to establish in
undisturbed environments (Gould 1968; Steinhardt et al. 2002; OECD 2003), coupled with the absence of
substantial differences in establishment attributes (seed germination, seedling vigor, and early stand count) and
abiotic stress tolerances (temperature and salinity) between MON 87460 and conventional corn (Monsanto
2010; USDAAPHIS 2011f).


Baseline Information:
Corn can be planted in stubble but does not compete well with other plants and should not be planted into
living plants because it creates too much competition for small corn plants in terms of available soil moisture
and light for early growth. (Steinhardt et al., 2002). Corn is an extremely heavy feeder, especially on nitrogen
(Cornell, 2006) but human management practices can supply nitrogen in cultivated fields. Its ability to
occasionally grow in uncultivated fields and by roadsides and to volunteer in subsequent cultivated crops
(Gould, 1968; OECD, 2003) suggests it may have a minor ability to establish in existing vegetation. However, if
weeds are left uncontrolled corn can’t be successfully grown, and there can be a complete loss of yield,
demonstrating its generally poor competitive ability (Olson and Sander 1988). Most seed corn has a germination
rate of 95% or higher but can vary considerably depending on planting conditions (Thomison, 2010).
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In 2007, Monsanto field trials in which corn seed was planted to assess corn's survival outside of cultivation
were planted in four different locations:
z IL study was agricultural land that had been converted to conservation land, was left fallow for two years,
with a mix of native grasses, forbs, and weeds with an estimated ground cover of 60%. Early stand count
50 – 100%.
z MO study was agricultural land that was adjacent to a lake and consisted of annual grasses, broadleaf
weeds, and volunteer wheat with an estimated ground cover of 98%. In the last two years the land had
been cultivated with soybean (2006) and winter wheat (20052006). Early stand count 50 – 100%.
z NE was adjacent to agricultural land and contained a mixture of weeds with an estimated ground cover of
25%. The area was usually not used for crop production. Early stand count 1%.
z TX study was in a pasture of native grasses with an estimated ground cover of 85%. There were no (0%)
early stands.
Since the Monsanto MO and IL sites had the highest estimated ground cover in which corn plants established ,
the risk assignment will be based on their data along with the other references. Monsanto does not explain how
the percent ground cover was assessed. The MO site was highly disturbed in that it had experienced only a short
growing season before the establishment of the experimental seedlings on May 29, 2007 but presumably they
sowed an annual grass cover crop on the site earlier in spring 2007, which would be the usual practice for soil
stabilization if the field was to remain fallow for the season, or perhaps in this case, was converted to be used
for this experiment. Thus the MO site would have had recently planted vegetative cover that would be “very
young” and the ground would be highly disturbed at planting time. In IL, the that the plants grew poorly, as
reflected by their very short height (7 – 10 inches) at the late vegetative stage, while typically a corn plant in
cultivated fields will be from 30 – 80 inches tall at V10 ( Yin et al., 2011; Freeman et al., n.d.). The IL site best
corresponds to Low risk because it was very open with little competition for other plant taxa and appeared to
be highly disturbed (only 60% ground cover after two years left fallow).
In a similar study, Raybould et al (2012) planted several hybrid varieties and landraces in an agricultural field in
the southern tip of Texas and used typical agronomic practices (herbicides, insecticides, fertilizer, and irrigation)
to ensure successful stand establishment production of healthy and robust ears. At maturity, the plants were
left unharvested and undisturbed, seed was allowed to disperse naturally, and the field was allowed to revert to
vegetation (the buffer strips between plots having been previously allowed to revert). On average,
approximately 70 next generation “feral” plants per plot established from seed produced by approximately 590
original plants per plot, although only 12 of these feral plants reach reproductive maturity, and they had no
offspring. Given that the number of germinating seed is not known, these data are consistent with Low to
Moderate Risk
Based on the above, a low risk rating is assigned.
(B03) Ability to establish – Certainty documentation
GE information:

Overall, the weight of evidence supports a certainty rating of moderate. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and four secondary sources. (USDA
APHIS PPRA 2011d; Steinhardt 2002; OECD 2003; and Gould 1968). The reliability and applicability ratings for
the five sources are as follows: Monsanto petition (high and high, respectively); the USDAAPHIS PPRA (high and
high, respectively); one University Extension report (Steinhardt et al. 2002; moderate and high, respectively );
one highlycited government organization report (OECD 2003; high and high, respectively); and one book on
grasses (Gould 1968; high and high, respectively).
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Baseline Information:
Steinhardt et al 2002 Moderate reliability; High applicability
Cornell, 2006 Moderate reliability; Moderate applicability
Gould, 1968 High reliability; Moderate applicability
OECD, 2003 High reliability; High applicability
Olson and Sander, 1988 – High reliability; Moderate applicability
Thomison, 2010 Moderate reliability; High applicability
Monsanto 2009 High reliability; High applicability
Raybould et al 2012 is High reliability, Moderate applicability
Yin et al., 2011 High reliability; High applicability
Freeman et al., n.d High reliability; Moderate applicability

ra

A Moderate rating is being assigned because so many references are either moderate reliability or moderate
applicability and the Monsanto reference is ambiguous about how ground cover was assessed.

(B04) Dense thickets or monospecific stands
Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

Very high

D

Baseline risk

(B04) Dense thickets or monospecific stands – Risk documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the negligible rating of the ability of corn
to form dense thickets or monospecific stands. This reasoning is based off of the inability of conventional corn to form dense thickets
or monospecific stands (see baseline corn description), coupled with no biologically meaningful differences in growth/development
between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).

Baseline information:

The goal of corn in agriculture is to "establish the highest population per acre that can be supported with
normal rainfall without excessive lodging, barren plants, or pollination problems" (Nafziger, 2014).
Morphological characteristics that could contribute to the formation of dense thickets or monospecific stands
(e.g., increased tillering, rhizomes or stolons, allelopathy) are not characteristic of corn, although some cultivars
and landraces can form tillers (OGTR 2008, CABI 2012). Since corn cannot grow without intentional human
assistance (as discussed in question B01) (Morgenstern, 2007), except for sporadic escapes, the chance of wild
thickets/monospecific stands is Negligible.
(B04) Dense thickets or monospecific stands – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of Very high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and one secondary source (USDA
APHIS PPRA 2011d). The reliability and applicability ratings for the two sources are as follows: Monsanto

petition (high and high, respectively) and the USDAAPHIS PPRA (high and high, respectively). Additionally,
certainty regarding the inability of conventional corn to form dense thickets or monospecific stands outside of
cultivation is based on common knowledge of a wellstudied, domesticated crop plant.

Baseline information:
CABI, 2012 – High reliability, Moderate applicability

Morgenstern, 2007 Moderate reliability; Very high applicability
Nafziger, 2014 High reliability; Moderate applicability
OGTR, 2008 – High reliability; High applicability
Corn is a domesticated crop that has never shown monospecific stands except during cultivation. Based on the
references and because it is so widely cultivated and studied, a Very H igh certainty rating was given for this
question.

(B05) Shade tolerance
Negligible

Baseline certainty

Very high

GE risk

Negligible

ft

Baseline risk

GE certainty

Very high
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(B05) Shade tolerance – Risk documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the negligible shade
tolerance rating of conventional corn. This reasoning is based off of the inability of conventional corn to fully
produce under shade conditions (see baseline corn description), coupled with no biologically meaningful
differences in growth/development between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS
2011f). Conventional and GE corn prefer full sun and will not produce much corn under shade conditions.

Baseline Information:
All corn prefers full sun and fertile, well drained soil for maximum yield (Tropical Forages, 2005; Drost, 2010).
Corn grows in areas that allow for full sunshine since shade will not produce much corn (Mierzejewski, 2015).
There was a significant decrease in measured components (grain, stover, total protein, total oil, etc.) as light
was decreased and a reduction of light by even 30% caused a decrease in production of plant material (Earley et
al., 1965). Kiniry and Ritchie (1984) did a shade tolerance experiment that measured effect of kernel number as
it is related to what stage the corn plant was at during shortterm shading. They concluded that shade does
decrease kernel number but shade during the crucial early kernel development, occurring near the end of
the lag period of grain filling, was the most sensitive period for shade intolerance (Kiniry & Ritchie, 1984). If you
can get light to the bottom of the canopy, especially during critical grain fill periods of growth in corn or
soybeans, you can increase seed weight and you can increase yield significantly” (Roberson, 2014). Experiments
involving the application of shading stress using an artificial shade frame demonstrated reductions in grain yield
and total dry matter across three different shading treatments (presilking, silking,and postsilking) compared to
nonshaded controls; the yield reductions were 44%, 30% and 12% for two inbred lines and their hybrid,
respectively. The yield decrease was associated most strongly with a reduction in kernel number per plant (Liu
and Tollenaar 2009). Based on this evidence, a Negligible risk rating was assigned.
(B05) Shade tolerance – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of Very high. This certainty rating is based off the

reliability and applicability ratings for one primary source (Monsanto 2010) and one secondary source (USDA
APHIS PPRA 2011d). The reliability and applicability ratings for the two sources are as follows: Monsanto
petition (high and high, respectively) and the USDAAPHIS PPRA (high and high, respectively). Additionally,
certainty regarding the inability of conventional corn to fully produce under shade conditions is based on
common knowledge of a wellstudied, domesticated crop plant.

Baseline Information:
Drost, 2010 Moderate reliability; High applicability
Earley et al, 1965 Very High reliability; Very High applicability

Liu and Tollnaar 2009: High reliability, High applicablity
Mierzejewski, 2015 Moderate reliability; High applicability
Roberson, 2014 Moderate reliability; Moderate applicability
Tropical Forages, 2005 High reliability; High applicability

ft

Because no evidence was found that corn can tolerate shade and because it is so widely cultivated and studied,
a Very H igh certainty rating was given.

(B06) Life form and growth habit
Very high

Baseline certainty

Very high

GE risk

Very high

GE certainty

Very high

ra

Baseline risk
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(B06) Life form and growth habit – Risk documentation
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the Very high rating
of conventional corn. This reasoning is based off the fact that there are no biologically meaningful differences in
growth/development between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).
Conventional and GE corn are members of the Maydeae tribe of the grass family, Poaceae (see below). 
Baseline Information:
"Maize, or corn, is a member of the Maydeae tribe of the grass family, Poaceae" (OECD,2003; USDANRCS,
2015b). A very High risk rating is assigned on this risk trait.
(B06) Life form and growth habit – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of Very high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and one secondary source (USDA
APHIS PPRA 2011d). The reliability and applicability ratings for the two sources are as follows: Monsanto
petition (high and high, respectively) and the USDAAPHIS PPRA (high and high, respectively).

Baseline Information:
OECD, 2003 High reliability; Very high applicability
USDANRCS 2015b High reliability; Very high applicability
Based on the reliability/applicability of the above references and because it is so widely cultivated and studied,
a Very H igh certainty rating was given.

(B07) Time to reproductive maturity

Baseline risk

High

GE risk

High

Baseline certainty

Very high

GE certainty

Very high

(B07) Time to reproductive maturity – Risk documentation
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the High rating for
the time to reproductive maturity of corn. This reasoning is based off of the wellknown time to reproductive
maturity of conventional corn (OECD 2003; OGTR 2008), coupled with an absence of substantial differences in
agronomic attributes that measure time to reproductive maturity, such as dormancy, days to 50% pollen shed,
and days to 50% silking between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).
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Baseline Information:
Corn is an annual (OECD, 2003; CABI, 2012; OGTR, 2008). "Corn can take from 60 to 100 days to reach harvest
depending upon variety and the amount of heat during the growing season" (Albert, 2015). Corn takes a whole
growing season to reach reproductive maturity thus it also has only one generation per year, except in tropical
and subtropical climates where corn can be grown throughout the year with human intervention (as discussed
in question B01). Corn must reach maturity before the first autumn freeze which is closely related to the normal
corn crop growing season across the U .S Corn Belt. Therefore more than one generation per year is not possible
(Neild and Newman, 1990), and a High risk rating is given to this question.
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(B07) Time to reproductive maturity – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and three secondary sources.
(USDAAPHIS PPRA 2011d; OECD 2003; and OGRT 2008). The reliability and applicability ratings for the four
sources are as follows: Monsanto petition (high and high, respectively); the USDAAPHIS PPRA (high and high,
respectively); one highlycited government organization report (OECD 2003; high and high, respectively); and
one Australian government OGTR report (high and high, respectively).

Baseline Information:
Albert, 2015 Low reliability; Moderate applicability
CABI, 2012 High reliability; Moderate applicability
Neild and Newman, 1990 Moderate reliability; High applicability
OECD, 2003 High reliability; Moderate applicability
OGTR, 2008 High reliability; Moderate applicability
Based on common knowledge gained over centuries of cultivation and because the references all agree and
corn does not grow without intentional human assistance (as discussed in question B01), a Very High certainty
rating is assigned.

(B08) Propagule dispersal
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

High

(B08) Reproductive potential – Risk documentation
GE Information: Based on the engineered traits in MON 87460, there is no change expected that would alter
the negligible rating of the reproductive potential of corn. This reasoning is based off of the average

reproductive potential of conventional corn (2500 – 4400 seeds/square meter; see baseline documentation for
Reproductive Potential), coupled with the yield of MON 87460 under nondrought conditions within the United
States (~2573 – 4529 seeds/square meter in 2006 and ~2541 – 4473 seeds/square meter in 2007; Tables VIII4
and VIII5 in Monsanto 2010), and the yield of MON 87460 under drought conditions within the United states
(~3253 – 5730 seeds/square meter across two 2007 studies; Tables VIII9 and VIII11 in Monsanto 2010). In the
case of MON 87460 yield under nondrought conditions within the United States, no substantial differences
were found between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).

Baseline Information:

ft

The average ear of cultivated corn has approximately 400 to 600 kernels arranged in 16 rows (Iowa State, 2014).
A typical corn commercial dent corn plant produces one ear although multiple ears per plant can exist if
resources (space, water, nutrients, etc.) are not limited (Iowa State, 2014; Poethig, 1994). However, most exotic
varieties, as well as many commercial varieties of sweet corn and popcorn, produce two or more ears (Poethig,
1994). In the study by Raybould et al (2012), only 1 – 2 “feral” corn plants per 110 square meter plot reached
reproductive maturity; the number of viable seed produced was not measured but would be very low per
square meter. Only one reference was found that examined the ability of corn to reproduce outside of
cultivation: when corn was planted in existing vegetation on land which had been in agricultural production 2 5
years previously, plants established at a high rate but very little yield was obtained (Monsanto, 2009). This
suggests that the reproductive potential of corn outside of cultivation would be very low. No references were
found that say corn in noncultivated area has any potential to reproduce. The risk is therefore Negligible
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(B08) Reproductive potential – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010), one secondary source (USDAAPHIS
PPRA 2011d), and the sources cited in the baseline corn WRA. The reliability and applicability ratings for the
two sources cited here are as follows: Monsanto petition (high and high, respectively) and the USDAAPHIS
PPRA (high and high, respectively).
The baseline risk rating of Very high is based on very low yield when corn was grown outside of cultivation. No
data exists on drought tolerant corn outside of cultivation or that the reproductive potential of GE corn would
be different; therefore the GE risk rating is reduced to High.

Baseline Information:
Iowa State, 2014High reliability; Very high applicability
Monsanto, 2009 High reliability; High applicability
Poethig, 1994 – High reliability; Moderate applicability
Raybould et al 2012 – High Reliability; Moderate applicability

Corn generally does not grow without intentional human assistance except as sporadic escapes, as discussed in
question B01. In addition, two experiments demonstrate very low yield in corn growing without human
assistance. Therefore a Very High certainty rating is assigned.

(B09) Propagule dispersal
Baseline risk

Low

GE risk

Low

Baseline certainty

Very high

GE certainty

Very high

(B09) Propagule dispersal – Risk documentation
GE information:
Based on the engineered traits of MON 87460, there is no change expected that would alter the low rating of
the propagule dispersal of corn. Within the Monsanto petition (2010), field data relevant to propagule dispersal
is presented. There are no biologically significant differences in grain weight and dropped ears between MON
87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).
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Baseline information:
Corn requires human assistance to disperse its seeds for propagation and survival (OECD, 2003). "During its
domestication from teosinte, maize lost its ability to disperse and thus survive in the wild" (Andersson & de
Vicente, 2010). It has become so domesticated that seeds in cobs are tightly covered by tight husks so
they cannot be separated (shattering) from the cob and disseminated without human intervention (as discussed
in question B01) (CFIA, 2014; Farnham 2003; Fedoroff 2003). Additionally, the maize cob lacks any abscission
layers between its basic units and the cob remains intact at maturity with no shattering (Doebley, 1990). Studies
show that harvesting and subsequent cultivation in silage maize can cause spread of plant seeds (OGTR, 2008).
In one experiment, corn seeds did not pass intact through the digestive tract of four bird species associated with
corn cultivation who are known to eat corn and were not found in the fecal material from these birds
(Cummings et al., 2008). Corn seed is not dispersed by the wind because it has no physical attributes to do so
and corn seed remains attached to the cob. (Fedoroff, 2003). A Low risk rating is assigned because corn needs
human intervention (as discussed in question B01) to disseminate the corn seed to start a new generation but it
can be moved by farming equipment (Andersson and de Vicente, 2010).

D

(B09) Propagule dispersal – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of Very high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and one secondary source (USDA
APHIS PPRA 2011d). The reliability and applicability ratings for the two sources are as follows: Monsanto
petition (high and high, respectively) and the USDAAPHIS PPRA (high and high, respectively).
Baseline information:
Andersson & de Vicente, 2010 High reliability; High applicability
CFIA, 2014 High reliability; High applicability
Cummings et al., 2008 High reliability; High applicability
Doebley, 1990 High reliability; High applicability
Farnham, 2003 High reliability; High applicability
Federoff, 2003 High reliability; High applicability
OECD, 2003 High reliability; High applicability
OGTR, 2008 High reliability; High applicability
A Very High certainty level as given based on the numerous sources who reported human dependence (as
discussed in question B01) of corn propagule dispersal.

(B10) Dormancy
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

High

GE certainty

High

(B10) Dormancy – Risk documentation
GE information:

Based on the engineered traits in MON 87460, there is no change expected that would alter the Negligible risk
rating of seed dormancy in corn. This reasoning is based off of the absence of significant seed dormancy in
conventional corn (OGTR 2008), coupled to the absence of substantial differences in seed dormancy and
germination between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).

Baseline Information:
Seeds from one maize crop can survive over winter and germinate in warmer weather (OGTR, 2008). Maize seeds
dispersed during the harvesting process can only survive for up to one year in the soil, due to their poor dormancy
(Andersson & de Vicente, 2010). "One of the first effects of domestication would be a genetic removal of the dormancy
trait" (Galinat, 1988). "Dormancy is not associated with modern maize cultivars although it does occur in other Zea spp."
(Simpson, 1990 as reported in OGTR, 2008). A Negligible risk rating is given for lack of dormancy beyond a year.
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(B10) Dormancy – Certainty documentation
GE Information:
Overall, the weight of evidence supports a certainty rating of high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and two secondary sources (USDA
APHIS PPRA 2011d and OGTR 2008). The reliability and applicability ratings for the two sources are as follows:
Monsanto petition (high and high, respectively); the USDAAPHIS PPRA (high and high, respectively); and one
Australian government OGTR report (high and high, respectively).
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Baseline Information:
Andersson & de Vicente, 2010 High reliability; Very high applicability
Galinat, 1988 Moderate reliability; Moderate applicability
OTGR, 2008 High reliability; Very high applicability

Based on common knowledge gained over centuries of cultivation along with the above references a High
certainty rating is assigned.

(B11) Regeneration

Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Moderate

GE certainty

Moderate

(B11) Regeneration – Risk documentation
GE Information:
Regeneration ability was not tested by the Monsanto Company (Monsanto 2010). Based on the engineered
traits in MON 87460, there is no change expected that would alter the Negligible risk rating of regeneration.
There is no change in the GE risk rating from the baseline risk rating.

Baseline Information:
Tillers are morphologically identical to the main stalk and are capable of forming their own root systems, nodes,
internodes, leaves, ears and tassels. If the main stalk is injured by hail, frost, cultivation or animals early in the
season, one or more tillers commonly form and may develop harvestable ears. However, if the damage occurs
later, then tillers may not have enough time to form harvestable ears before killing frost occurs (Nielsen, 2003).
Commercial varieties of dent corn rarely have tillers, while most exotic varieties as well as many commercial

varieties of sweet corn and popcorn produce several tillers (Poethig, 1994).
A Negligible risk rating was assigned since most corn grown in the U.S. is dent and nondent varieties that
regenerate would only produce propagules if damage occurs relatively early in development. However, under
certain circumstances, the risk rating could be Very High.

(B11) Regeneration – Certainty documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the High
certainty rating of the regeneration of corn. There is no change in the GE certainty rating from the baseline
certainty rating.
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Baseline Information:
Nielsen, 2003 High reliability; High applicability
Poethig, 1994  High reliability; Moderate applicability.
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Based on the references, common knowledge, and the variation in tillering ability among different varieties, and
because corn can tolerate mutilation under some circumstances, a Moderate certainty rating is assigned.

(B12) Flood or drought tolerance

Baseline risk

Moderate

GE risk

Moderate

Baseline certainty

High

GE certainty

High

D

(B12) Flood or drought tolerance– Risk documentation
GE Information:
Flood tolerance was not specifically tested in the Monsanto petition; however, drought tolerance was tested,
given the purpose of the product (2010). In spite of this drought tolerance trait, MON 87460 may be more
accurately characterized as exhibiting a reducedyield phenotype under drought conditions. When grown in
waterlimited field and greenhouse conditions, MON 87460 experiences a reduction in yield loss relative to
conventional corn (Monsanto 2010). However, MON 87460 also exhibits classic drought sensitivity symptoms,
including reductions in plant height, ear height, seedling vigor, and expected changes in chlorophyll content and
leaf roll (Monsanto 2010; USDAAPHIS 2011f). The magnitude of these droughtinduced changes in MON 87460
is similar to that of waterlimited conventional corn, with increasing water deficit producing more severe
developmental symptoms (Monsanto 2010; USDAAPHIS 2011f). Given these observations, in conjunction with
the general inability of corn to grow without intentional human assistance(Galinat 1988; Owen 2007; OGTR
2008), it is not likely that this GE trait would alter the moderate rating of corn surviving drought.

Baseline Information:
The major stress caused by flooding is lack of oxygen needed for the root system to function properly (Olson
and Sander, 1988). " When plants reach the six to eightleaf stage, they can tolerate a week or more of
standing water" (Nafziger, 2014). Saturated soils inhibit root growth, leaf area expansion, and photosynthesis
because of the lack of oxygen and cooler soil temperatures. "Prior to V6, corn may survive only two to four days
of totally saturated soils" (Butzen, 2014). The six to eight leaf stage is V5, and V6 is the 8 – 12 leaf stage. The
different references have slightly different times of maximum susceptibility (prior to V5 versus prior to V6), but
this difference is minor and may reflect cultivation of corn in different areas of the U.S

Drought stress is the major cause of yield reduction in corn (Wyfflels, 2011; Clemson 2014; Pioneer, 2012,
Shaw, 1988). "Stress during pollen shed and silking can cause more yield loss than almost any other period in
the crop's development" (Nielsen, 2015). Drought later in grain fill causes the kernels not to fill completely due
to loss of root function (Nafziger, 2014). " Through the late vegetative stage corn is fairly tolerant of dry soils,
and mild drought and can be beneficial because roots generally grow downward more strongly as surface soils
dry" (Nafziger, 2014). High temperatures during pollination can cause damage and reduce yield if plants are
also under drought stress (Clemson, 2014). During peak water use (which includes the critical silking to milk
stage), yield loss due to water stress is substantial and estimated at 68% per day of stress (Farahani and Smith,
2014). "Stressed plants are also often more susceptible to diseases, so drought stress or poor drainage should
be avoided" (Cartwright et al., 2015).
Corn can survive and reproduce (albeit with a reduction in reproductive capacity) under intermittent
drought/flooding, but prolonged drought/flooding has severe detrimental effects on growth and reproduction.
Therefore, a rating of Moderate is appropriate.
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(B12) Flood or drought tolerance – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of High. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and four secondary sources (USDA
APHIS PPRA 2011d; Galinat 1988; Owen 2007; and OGTR 2008), with the overall certainty level reduced by one
level due to the absence of flood testing in the petition. The reliability and applicability ratings for the two
sources are as follows: Monsanto petition (high and high, respectively); the USDAAPHIS PPRA (high and high,
respectively); one Australian government OGTR report (high and high, respectively); and two wellcited book
sections (Owen 2007 and Galinat 1988; high and high for both book sections, respectively).
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Baseline Information:
Butzen, 2014 Moderate reliability; Moderate applicability
Cartwright et al., 2015 High reliability; High applicability
Clemson, 2014 Moderate reliability; Moderate applicability
Farahani and Smith 2014 Moderate reliability; Moderate applicability
Nafziger, 2014 High reliability; High applicability
Nielsen, 2015 Low reliability; High applicability
Pioneer, 2012 Moderate reliability; High applicability
Shaw, 1988 – High reliability; Moderate applicability
Wyfflels, 2011 Moderate reliability; High applicability
A High certainty rating is assigned because the references all agree with each other even though there are no
sources that address nonhuman intervention areas.

(B13) Tolerance to poor soils
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Moderate

GE certainty

Moderate

(B13) Tolerance to poor soils – Risk documentation
GE information:
Tolerance to poor soils was not tested in the Monsanto Company petition.

However based on the characteristics measured to assess salt tolerance in the petition, the results support a
conclusion that MON 87460 is sensitive to salt stress and any differences from conventional corn in
response to salt stress are not related to the gene of interest. The differences detected between MON 87460
and the control were not consistent across treatments and did not represent a trend in the data.
Corn plants were evaluated for plant height, growth stage, chlorophyll content, and vigor three
times during the experiment (Monsanto 2010).
Given the presence of nonGE drought tolerant corn varieties in the U.S. corn market (USDAAPHIS 2011a) and
the common observation that corn possesses a reduced ability to establish and reproduce in poor soils (OGTR
2008), there is no change expected from the engineered traits in Mon 87460 that would alter the
negligible tolerance of corn to poor soil.
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Baseline information:
Corn likes rich soil with good drainage (Ross et al., 2015; National Gardening Assoc., 2014). The ideal soil for
corn is a loamy sand or sandy loam that stays moist, without being too wet (National Gardening Assoc., 2014;
University of New Hampshire , 2001). As a general guide, plant early corn in light soil (sand or loam) and late
corn in heavier soil (silt, clay) when there is an option (University of New Hampshire , 2001). Maize is not very
tolerant of saline soils (OGTR, 2008). Corn can grow on a wide range of soils with different physical and
chemical properties. However, management techniques and nutrient additions tuned to the particular soil
characteristics are used to obtain high yields (Olson and Sander, 1988). A study in Kenya found that the effects
of soil and crop management on maize in poor soils in Kenya correlate low yields and low plant vigor to poor
soils where growing practices do not include the use of fertilizers (Tittonell et al., 2008). No references were
found that says that corn can grow in poor soils and survive, and cultivated fields generally need applied
fertilizers (CABI, 2012; CFIA, 2014). Therefore, a Negligible risk is assigned.

(B13) Tolerance to poor soils– Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of moderate. This certainty rating is based off the reliability and
applicability ratings for one primary source (Monsanto 2010) and two secondary sources. The reliability and applicability ratings for
the three sources are as follows: Monsanto petition (high and high, respectively); the USDAAPHIS EA (high and high, respectively);
and one Australian government OGTR report (high and high, respectively). In addition, since there is no change from the baseline, the
certainty rating is not changed.

Baseline information:

CABI, 2012 Moderate reliability; High applicability
CFIA, 2014 High reliability; High applicability
National Gardening Assoc., 2014 Moderate reliability; High applicability
University of New Hampshire, 2001 Moderate reliability; Low applicability
OGTR, 2008High reliability; Low applicability
Olson and Sander, 1988 High reliability; Low applicability
Ross et al., 2015 High reliability; High applicability
Tittonell et al, 2008 – Very High reliability, High applicability
Sources were good only for cultivated corn. They were included to show how corn needs human intervention
(as discussed in question B01). There were no sources that addressed corn growing without intentional human
assistance. A Moderate certainty rating is being given because there are no sources that address soil tolerance

in nonhuman intervention areas.

(B14) Cold tolerance
Baseline risk

Moderate

GE risk

Moderate

Baseline certainty

High

GE certainty

High

(B14) Cold tolerance – Risk documentation
GE information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the
moderate rating of cold tolerance in corn. This reasoning is based off of the absence of cold tolerance in
conventional corn (Cornell University 2006; Nafziger n.d.), coupled to the absence of substantial differences in
cold tolerance between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).
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Baseline Information:
Cold injury damages leaves at temperatures in the low 40s or upper 30s Farenheit, and photosynthesis can be
reduced even if the only symptom is a slight loss of leaf color (Nafziger, 2014). The growing point region of a
corn plant remains below ground until about the 5leaf collar stage and, thus, is reasonably protected from the
effects of aboveground frost (Purdue, 2002, Shaw, 1988). "Consequently, the effects of “simple” frost damage
to corn are usually minor and limited to death of aboveground plant parts. Corn can easily recover from this
type of damage early in its development and suffer no yield loss whatsoever" (Purdue, 2002, Shaw,
1988). Growth decreases once temperature drops to about 41F and prolonged cold temperatures at the
seedling stage (soil temperatures to below freezing two inches below the surface) may kill corn" (Clemson,
2014, Shaw, 1988). Extended low temperatures at seedling stage that reduce the soil temperatures to below
freezing two inches below the surface may kill corn but brief periods of temperatures between 32 and 28°F have
very little effect on corn (Clemson, 2014, Shaw, 1988). Lethal cold temperatures for corn and soybean are those
at or below 28o F (Purdue University, 2002, Shaw, 198 ). Based on the references which say corn will slow its
growth below 410F, die at 280F, but survive short periods of low temperatures, a Moderate risk rating is given.
(B14) Cold tolerance – Certainty documentation
GE information:
Overall, the weight of evidence supports a certainty rating of High. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and three secondary sources (USDA
APHIS PPRA 2011; Cornell University 2006; and Nafziger n.d.). The reliability and applicability ratings for the two
sources are as follows: Monsanto petition (high and high, respectively); the USDAAPHIS PPRA (high and high,
respectively); one university webpage (Cornell 2006; low and high, respectively; and one university extension
report (Nafziger 2014; moderate and high, respectively).

Baseline information:
Clemson, 2014 Moderate reliability; Moderate applicability
Nafziger, 2014 Very High reliability; High applicability
Purdue, 2002 Moderate reliability; Moderate applicability
Shaw, 1988 – High reliability, Moderate applicability
Based on the references found on cold temperatures and the absence of conflicting reports, a High certainty
rating is assigned even though there are no sources that address nonhuman intervention areas. A very high

rating was not given because some of the references were not primary references or highly supported
secondary references.

(B15) Biotic stress tolerance
Baseline risk

Moderate

GE risk

Moderate

Baseline certainty

High

GE certainty

High

(B15) Biotic stress tolerance – Risk documentation
GE information:
Results of the environmental interactions assessment of the Monsanto petition show the drought tolerance
trait did not unexpectedly alter MON 87460 compared to conventional corn. The lack of differences in plant
response to disease and insect damage indicates that the drought tolerance trait is unlikely to be biologically
meaningful in terms of increased biotic stress tolerance (Monsanto 2010).
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Baseline information:
Biotic stress can affect corn grain directly and indirectly. Two examples of direct effects on corn yield are ear rot
and ear drop diseases. Some indirect effects are a reduction of the "factory" size such as plant stunting or a
reduction in "factory" output such as leaf diseases (Nielson, 2002). Across 22 states and Ontario, diseases
caused an overall estimated 10.9 percent loss — or more than 1.3 billion bushels with the largest culprit being
Fusarium stalk rot with more than 124 million bushels lost (Purdue, 2014). Corn diseases are important yield
limiting factors in many production areas of the U.S (Cartwright et al., 2015). Corn has resistance to some
diseases, depending on variety (Wisser et al., 2011, BalintKurti and Johal, 2009). Maize is most susceptible to
damage by insects during the establishment phase when soil insects can cause up to 30% losses and necessitate
replanting of the crop, and from tasselling to harvest (O'Gara, 2007).
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With corn yield being decreased by as much as 30% by insects and almost 11% by diseases, a Moderate risk
rating is assigned.
(B15) Biotic stress tolerance – Certainty documentation
GE Information:
Overall, the weight of evidence supports a certainty rating of High. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010). The reliability and applicability
ratings for the source is as follows: Monsanto petition (high and high, respectively).

Baseline information:
BalintKurti and Johal, 2009 Very High reliability; High applicability
Nielson, 2002 High reliability; High applicability
O'Gara, 2007 High reliability; Moderate applicability
Purdue, 2014 Moderate reliability; High applicability
Cartwright et al., 2015 High reliability; Very High applicability
Wisser, 2011 Very High reliability; High applicability
No conflicting references were found. Based on these references, a High certainty rating is given.

(B16) Other biology weediness traits
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

High

GE certainty

High

(B16) Other biology weediness traits – Risk documentation
GE and Baseline information:
None
(B16) Other biology weediness traits – Certainty documentation
GE and Baseline information:
Not applicable

Biology risk summary
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GE Information
Based on the engineered traits in MON 87460, there is no change expected that would alter the weed risk
ratings of corn. There are no changes in the GE risk ratings from the baseline risk ratings. The Monsanto
Company collected agronomic data from numerous MON 87460 studies (field, greenhouse, and laboratory) with
respect to composition; 14 plant growth and development characteristics, five seed germination parameters,
two pollen characteristics; plant response to abiotic stressors; and several observations on plantinsect and
plantdisease interactions (Monsanto 2010). No significant and consistent differences were observed between
MON 87460 corn and its control with regard to seed germination and pollen characteristics, response to abiotic
stresses, and plantinsect/disease responses. From six field studies totaling 31 sites across two years, very few
unexpected statistically significant differences were observed in combined site analyses with regard to
phenotypic characteristics (i.e., 14 plant growth/development characters and five seed germination characters)
indicative of increased weediness between MON 87460 corn and control plants.
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Baseline Information:
Corn poses a negligible biology risk. Corn has been cultivated for thousands of years and the domestication of
corn has made it completely dependent on human assistance for survival. Corn does not shatter and thus the
spread of corn seed is dependent on human intervention although unclean farm equipment can transfer some
corn seed locally. Corn seed lacks dormancy beyond a year and regeneration is limited to plants damaged early
in the season that have already produced tillers. Corn’s ability to occasionally grow in uncultivated fields and by
roadsides and to volunteer in subsequent cultivated crops suggests it may have a minor ability to establish in
existing vegetation but when a plant is found outside a cultivated field it cannot sustain itself or reproduce
without human assistance.
Corn has some tolerance, albeit with a reduction in reproductive capacity, to stresses such as intermittent
drought/flooding, short periods of low temperatures and occasional shade.

Biology certainty summary
GE Information:
There is only one minor change in certainty ratings between the GE DT corn WRA and the nonGE baseline corn
WRA. The minor change is noted below:
z BO8 Reproductive Potential. Certainty is rated high in the GE DT corn WRA, while it is rated Very high in
the nonGE corn WRA.
The baseline certainty rating for B08 Reproductive Potential was based on experiments when corn was grown
outside of cultivation. No data exists on drought tolerant corn outside of cultivation. Therefore, the certainty
rating for B08 Reproductive Potential is reduced to High.


Baseline Information:
Certainty for biology risk in corn is high overall. Certainty was moderate for flood/drought tolerance, tolerance
to poor soils, and ability to establish due to the moderate applicability or reliability of several references and the
lack of references that address tolerance outside of cultivation.

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

Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

Very high

ft

(I01) Agriculture yield – Risk documentation
GE Information:
Effect of yield on agricultural plants was not tested (Monsanto 2010). Based on the engineered traits in MON
87460, there is no change expected that would alter agriculture yield. There is no change in the GE risk rating
from the baseline risk rating.


ra

Baseline Information:
There are no reports of corn acting as a weed to reduce crop yields, other than as volunteer corn in subsequent
crops. Volunteer corn is not considered in this WRA. Therefore, a Negligible risk rating was given.
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(I01) Agriculture yield – Certainty documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the Very high
certainty rating of agriculture yield. There is no change in the GE certainty rating from the baseline certainty
rating.

Baseline Information:
Because corn does not grow outside of cultivated fields and because it is so widely cultivated and studied, a
Very H igh certainty rating was given.

(I02) Agriculture quality
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

Very high

(I02) Agriculture quality – Risk documentation
GE Information:
Effect of quality on agricultural plants was not tested (Monsanto 2010). Based on t he engineered traits in MON
87460, there is no change expected that will not alter agriculture quality. There is no change in the GE
risk rating from the baseline risk rating.

Baseline Information:

There are no reports of corn acting as a weed to reduce crop quality, other than as volunteer corn in subsequent
crops. Volunteer corn is not considered in this WRA. Therefore, a Negligible risk rating was given.
(I02) Agriculture quality – Certainty documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the Very high
certainty rating of agriculture quality. There is no change in the GE certainty rating from the baseline certainty
rating.

Baseline Information:
Because corn does not grow outside of cultivated fields and because it is so widely cultivated and studied, a
Very H igh certainty rating was given.

(I03) Harm to agriculturally important organisms
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

Very high
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(I03) Harm to agriculturally important organisms – Risk documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that will alter the risk rating
regarding harm to agriculturally important organism. There is no change in the GE risk rating from the baseline
risk rating. This rational is based on a bioinformatics analysis of the drought tolerant trait in MON 87460 (Burzio
et al. 2008), the absence of negative impacts on beneficial/nontarget organisms in MON 87460 and
conventional corn (Monsanto 2010; USDAAPHIS 2011f) and the absence of substantial differences in
composition between MON 87460 and conventional corn (Monsanto 2010; USDAAPHIS 2011f).
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Baseline Information:
No references were found that indicate corn can harm agriculturally important organisms . Therefore, a
Negligible risk rating was given.
(I03) Harm to agriculturally important organisms – Certainty documentation
GE Information:
Overall, the weight of evidence supports a certainty rating of Very high. This certainty rating is based off the
reliability and applicability ratings for two primary sources and one secondary source. The reliability and
applicability ratings for the two sources are as follows: the Monsanto petition (high and high, respectively); the
bioinformatics analysis (Burzio et al. 2008; high and high); the USDAAPHIS PPRA (high and high, respectively).

Baseline Information:
Exposure to agriculturally important organisms can happen in fields. Because corn is so widely cultivated and
studied, a Very High certainty rating was given.

(I04) Competition with plants
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

Very high

(I04) Competition with plants – Risk documentation
GE Information:

Based on the engineered traits in MON 87460, there is no change expected that will alter the Negligible risk
rating regarding competition with plants. There is no change in the GE risk rating from the baseline risk rating.
This rational is based on the absence of weedy traits in MON 87460 (Monsanto 2010; USDAAPHIS 2011f), and
the common knowledge that corn is a poor competitor outside the agricultural environment (OGTR 2008).

Baseline Information:
Corn can not grow outside of cultivated fields except as sporadic escapes that do not persist (see B01 and B02
above). It does not compete with other plants outside of cultivation. Therefore, a negligible risk rating was
given.
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(I04) Competition with plants – Certainty documentation
GE Information:
Overall, the weight of evidence supports a certainty rating of Very high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and two secondary sources (USDA
APHIS PPRA 2011e and OGTR 2008). The reliability and applicability ratings for the three sources are as follows:
Monsanto petition (high and high, respectively); the USDAAPHIS PPRA (high and high, respectively); one
Australian government OGTR report (high and high, respectively).
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Baseline Information:
Because corn does not grow outside of cultivated fields and because it is so widely cultivated and studied, a
Very H igh certainty rating was given.

(I05) Hydrology

Negligible

GE risk

Negligible

Baseline certainty

High

GE certainty

High

D

Baseline risk

(I05) Hydrology – Risk documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that will alter the risk rating
regarding hydrology. There is no change in the GE risk rating from the baseline risk rating.
This rational is based on the absence of substantial differences in water uptake between MON 87460 and
conventional corn from several lines of evidence. Firstly, patterns of shoot and root fresh/dry weight between
MON 87460 and conventional corn are not significantly different under wellwatered or waterlimited
conditions (Monsanto 2010). If water uptake were increased in MON 87460, it is plausible that shoot/root fresh
weight would be increased in MON 87460 while root/shoot dry weight remained similar compared to
conventional corn. This pattern, however, was not observed and its absence suggests that water uptake is not
increased in MON 87460. Secondly, the absence of increased water uptake is further validated by soil moisture
depletion studies, where no significant differences in soil moisture depletion rates were observed between
MON 87460 and conventional corn (Monsanto 2010). These results from the Monsanto petition (2010)
suggests that MON 87460 does not inherently uptake more water to mitigate drought stress, as concluded in
this WRA and the Environmental Assessment for the Monsanto petition (USDAAPHIS 2011a).

Baseline Information:
C orn does not grow outside of cultivation except as sporadic escapes (See B01 and B02 above) and therefore

does not have negative impacts on hydrology except as a result of the grower's choice to cultivate it. No

references about corn's effect on the availability of water resources to future crops or other native plants was
found. A Negligible risk rating was assigned because there were no sources that found that the hydrology of
natural areas is effected by the growth of corn.
(I05) Hydrology – Certainty documentation
GE Information:
Overall, the weight of evidence supports a certainty rating of high. This certainty rating is based off the
reliability and applicability ratings for one primary source (Monsanto 2010) and two secondary sources (USDA
APHIS PPRA 2011a). The reliability and applicability ratings for the three sources are as follows: Monsanto
petition (high and high, respectively); the USDAAPHIS EA (high and high, respectively).

Baseline Information:
A High certainty rating was assigned based on the lack of nonagricultural hydrology references. Despite the fact
that corn is extremely well studied, a very high rating was not used because of the possibility that the hydrology
near a corn field might be effected, though no references addressing this possibility were found.

(I06) Soil quality
Negligible

Baseline certainty

High

GE risk

Negligible

GE certainty

High

ft

Baseline risk
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(I06) Soil quality – Risk documentation
GE Information:
Effect on soil quality was not tested by the Monsanto Company (Monsanto 2010). However, based on the
engineered traits in MON 87460, there is no change expected that will alter the Negligible risk rating regarding
soil quality. There is no change in the GE risk rating from the baseline risk rating.
The rational for this is based on the absence of substantial differences in composition between MON 87460 and
conventional corn (FDA 2010; Monsanto 2010; USDAAPHIS 2011f). This absence of substantial compositional
difference suggests that no nutrient uptake differences occur between MON 87460 and conventional corn.

Baseline Information:
The high yield of maize is a heavy drain on soil nutrients (OGTR, 2008; CABI, 2012; Salem, 2010). These effects
are the result of the grower's deliberate choice to grow corn. C orn does not persist outside of managed
agricultural systems, so there are no effects on soil outside of cultivated fields. Therefore a Negligible risk rating
was assigned.
(I06) Soil quality – Certainty documentation
GE Information:
Overall, the weight of evidence supports a certainty rating of High. This certainty rating is based off the
reliability and applicability ratings for one primary source and one secondary source, and the subtraction of one
level of uncertainty due to the absence of direct testing by the Monsanto Company. The reliability and
applicability ratings for the two sources are as follows: the Monsanto petition (high and high, respectively) and
the USDAAPHIS PPRA (moderate and high, respectively).

Baseline Information:
Because corn does not grow outside of cultivated fields and because it is so widely cultivated and studied, a H

igh certainty rating was given. Despite the fact that corn is extremely well studied, a very high rating was not
used because of the possibility that soil quality near a corn field might be affected, though no references
examining this possibility were found

(I07) Fire regime
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

High

GE certainty

High

(I07) Fire regime – Risk documentation
GE Information:
Fire regime was not tested by the Monsanto Company (Monsanto 2010). However, based on the engineered
traits in MON 87460, there is no change expected that will alter the Negligible risk rating regarding fire
regime. There is no change in the GE risk rating from the baseline risk rating. This is based on the observation
that agricultural lands have generally abolished any natural fire regime in the area of establishment.
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Baseline Information:
Corn is not able to grow outside of cultivated fields and thus is not able to change the fire regime of non
cultivated ecosystems. The Negligible risk rating was given based on the familiarity with agricultural corn.
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(I07) Fire regime – Certainty documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the High
certainty rating of fire regime. Therefore, there is no change in the GE certainty rating from the baseline
certainty rating.
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Baseline Information:
Because corn does not grow outside of cultivated fields and because it is so widely cultivated and studied, a H
igh certainty rating was given. Despite the fact that corn is extremely well studied, a very high rating was not
used because of the possibility that the fire regime near a corn field might be affected, though no references
examining this possibility were found.

(I08) Physical obstructions
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Very high

GE certainty

Very high

(I08) Physical obstructions – Risk documentation
GE Information:
Physical obstructions was not tested by the Monsanto Company (2010). However, based on the engineered
traits in MON 87460, there is no change expected that will alter the Negligible risk rating of physical
obstructions. There is no change in the GE risk rating from the baseline risk rating.

Baseline Information:
While a corn field may be crowded and tall making human or vehicular movement difficult, it does not naturally
grow in dense thickets or otherwise cause physical obstruction. The Negligible risk rating was given based on the
familiarity with agricultural corn.

(I08) Physical obstructions – Certainty documentation
GE Information:
Based on the engineered traits in MON 87460, there is no change expected that would alter the Very high
certainty rating of physical obstructions. There is no change in the GE certainty rating from the baseline
certainty rating.

Baseline Information:
Because no evidence was found that corn can be a physical obstruction and because it is so widely cultivated
and studied, a Very H igh certainty rating was given.

(I09) Other impact weediness traits
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

High

GE certainty

High
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(I09) Other impact weediness traits – Risk documentation
GE and Baseline information:
None

ra

(I09) Other impact weediness traits – Certainty documentation
GE and Baseline information:
Not applicable

Impact risk summary
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GE Information:
There are no changes to any impact risk characteristics, and thus no change to the baseline impact risk rating of
negligible.

Baseline Information:
Corn is an agricultural crop that does not have a significant impact on cultivated or natural environments except
as volunteer corn in subsequent crops; volunteer impacts are not considered in the WRA. Corn cannot grow
outside of cultivated fields except as sporadic escapes that do not persist and have little to no ability to compete
for resources.

Impact certainty summary
GE Information:
There are no changes to any impact certainty characteristics, and thus no change to the baseline
impact certainty rating of Very high.

Baseline Information:
Certainty for impact risk in cornis very high.

Overall summary
Risk summary
GE Information:

Due to a lack of changes in risk characteristics, the two GE traits within MON 87460, nptII and cspB, did not
increase the weed risk posed by conventional corn. The GE risk remains negligible; the same as the baseline.

Baseline Information:
Zea mays ssp. mays poses a negligible weed risk based on this analysis. Domestication has made corn
dependent on human assistance for survival. The occasional corn plants found outside a cultivated field do not
form selfsustaining populations.

Certainty summary
GE Information:
Due to a lack of changes in certainty, the two GE traits within MON 87460, nptII and cspB, did not alter the
certainty ratings posed by conventional corn except for the reproductive potential which was reduced to High in
GE corn due to lack of data. The overall certainty for the risk assessment of drought tolerant corn remains Very
High; the same as the baseline.

ft
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Baseline Information:
There is very high certainty associated with this risk assessment. Corn is well studied, well referenced and well
known. The lack of research and quality references on some of the questions has minimal impact on the
certainty ratings since familiarity with corn is so high.

Bibliography

GE

D

Beck E, Ludwig G, Auerswald EA, Reiss B, and Schaller H. 1982. Nucleotide sequence and exact localization of the
neomycin phosphotransferase gene from transposon Tn5. Gene 19, pp. 327336. Retrieved from
http://www.sciencedirect.com/science/article/pii/0378111982900233 Last accessed June, 2015.
Burzio LA, McClain JS, and Silvanovich A. 2008. Bioinformatics evaluation of the CSPB protein utilizing the AD8,
TOXIN6 and PROTEIN databases. Cornell University. 2006. Sweet corn. Cornell University. Retrieved from
http://www.gardening.cornell.edu/homegardening/scene05f6.html Last accessed June, 2015.
FDA. 2010. Biotechnology Consultation  Note to the File Biotechnology Notification File BNF. 000116. United
States Food and Drug Administration. Retrieved from
http://www.fda.gov/Food/FoodScienceResearch/Biotechnology/Submissions/ucm240080.htm Last accessed
June, 2015.
Fraley RT, Rogers SG, Horsch RB, Sanders PR, Flick JS, Adams SP, Bittner ML, Brand LA, Fink CL, Fry JS, Galluppi
GR, Goldberg SB, Hoffmann NL, and Woo SC. 1983. Expression of bacterial genes in plant cells. Proceedings of
the National Academy of Sciences of the United States of America 80, pp. 48034807. Retrieved from
http://www.pnas.org/content/80/15/4803.abstract Last accessed June, 2015.
Galinat W. 1988. The origin of corn. In: Corn and Corn Improvement (Madison, WI: American Society of
Agronomy, Inc., Crop Soil Science Society of America, Inc., and the Soil Science Society of America, Inc.), pp. 1
27.
Gould F. 1968. Grass Systematics. New York, New York: McGraw Hill, NJ.

Graumann P and Marahiel MA. 1994. The major cold shock protein of Bacillus subtilis CspB binds with high
affinity to the ATTGG and CCAAT sequences in single stranded oligonucleotides. FEBS Letters 338, pp. 157160.
Retrieved from http://www.sciencedirect.com/science/article/pii/0014579394803552 Last accessed June,
2015.
Graumann P, Schroder K, Schmid R, and Marahiel M. 1996. Cold shock stressinduced proteins in Bacillus subtilis.
Journal of Bacteriology 178, pp. 46114619. Retrieved from
http://jb.asm.org/cgi/content/abstract/178/15/4611 Last accessed June, 2015.
Li Y, Zhu Y, Liu Y, Shu Y, Meng F, Lu Y, Bai X, Liu B, and Guo D. 2008. Genomewide identification of osmotic stress
response gene in Arabidopsis thaliana. Genomics 92, pp. 488493. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0888754308001961

ft

Liu Q, Kasuga M, Sakuma Y, Abe H, Miura S, YamaguchiShinozaki K, and Shinozaki K. 1998. Two transcription
factors, DREB1 and DREB2, with an EREBP/AP2 DNA binding domain separate two cellular signal transduction
pathways in drought and lowtemperatureresponsive gene expression, respectively, in Arabidopsis. The Plant
Cell 10, pp. 13911406. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/9707537 Last accessed June,
2015.

ra

The Monsanto Company. 2010. Petition for the Determination of Nonregulated Status for MON 87460.
Submitted by W.R. Reeves, Regulatory Affairs Manager. The Monsanto Company. St. Louis, MO. Retrieved from
http://www.aphis.usda.gov/biotechnology/petitions_table_pending.shtml Last accessed June, 2015.
Monsanto. n.d. Genuity SmartStax RIB Complete Corn Blend. The Monsanto Company. Retrieved from
https://www.genuity.com/research/Pages/GenuitySmartStaxRIBComplete.aspx Last accessed June, 2015.

D

Nafziger E. n.d. Corn. In: Illinois Agronomy Handbook. Illinois University Extension and Outreach. Retrieved from
http://extension.cropsciences.illinois.edu/handbook/pdfs/chapter02.pdf Last accessed June, 2015.
O'Gara F. 2007. Irrigated Maize Production in the Top End of the Northern Territory (Technical Bulletin No. 326).
Nothern Territory Government of Australia, Department of Primary Industry, Fisheries, and Mines. Retrieved
from http://www.nt.gov.au/d/Content/File/p/Tech_Bull/TB326.pdf Last accessed June, 2015.
OECD. 2003. Consensus document on the biology of Zea mays subsp. mays (maize). Paris, France. Organization
for Economic Cooperation and Development Retrieved from
http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=ENV/JM/MONO(2003)
11&doclanguage=en Last accessed June, 2015.
OGTR. 2008. The Biology of Zea mays L. ssp mays (maize or corn). Australian Government, Department of Health
and Ageing, Office of the Gene Technology Regulator. Retrieved from
http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/content/maize3/$FILE/biologymaize08_2.pdf Last
accessed June, 2015.
Owen M. 2007. Maize and soybeans  Controllable Volunteerism without Ferality. In: Crop Ferality and
Volunteerism (Boca Raton, FL: Taylor and Francis Group).
Shaw KJ, Rather PN, Hare RS, and Miller GH. 1993. Molecular genetics of aminoglycoside resistance genes and
familial relationships of the aminoglycosidemodifying enzymes. Microbiology Review 57, pp. 138163. Retrieved
from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC372903/pdf/microrev000240152.pdf Last accessed June,

2015.
Shinozaki K and YamaguchiShinozaki K. 2000. Molecular responses to dehydration and low temperature:
differences and cross talk between two stress signaling pathways. Current Opinion in Plant Biology 3, pp. 217
223. Retrieved from http://www.sciencedirect.com/science/article/pii/S1369526600800680 Last accessed
June, 2015.
Steinhardt GC, Eck KJ, Boehm RJ, and Brown DE. 2002. A dozen Do's for Successful Notill Corn Following
Soybean (AY313). Purdue University Cooperative Extension Service. Retrieved from
https://www.extension.purdue.edu/extmedia/AY/AY313.pdf Last accessed June, 2015.
Uno Y, Furihata T, Abe H, Yoshida R, Shinozaki K, and YamaguchiShinozaki K. 2000. Arabidopsis basic leucine
zipper transcription factors involved in an abscisic aciddependent signal transduction pathway under drought
and highsalinity conditions. Proceedings of the National Academy of Sciences 97, pp. 1163211637. Retrieved
from http://www.ncbi.nlm.nih.gov/pubmed/11005831 Last accessed June, 2015.

ft

USDAAPHIS. 2011a. Environmental Assessment on the Monsanto Company Petition (07CR191U) for
Determination of Nonregulated Status of Event MON 87460 Riverdale, MD. United States Department of
Agriculture, Animal and Plant Health Inspection Service. Retrieved from
http://www.aphis.usda.gov/biotechnology/petitions_table_pending.shtml Last accessed June, 2015.

ra

USDAAPHIS. 2011f. Plant Pest Risk Assessment on the Monsanto Company Petition (07CR191U) for
Determination of Nonregulated Status of Event MON 87460. Riverdale, MD. Retrieved from
http://www.aphis.usda.gov/biotechnology/petitions_table_pending.shtml Last accessed June, 2015.
Wang W, Vinocur B, and Altman A. 2003. Plant responses to drought, salinity, and extreme temperatures:
towards genetic engineering for stress tolerance. Planta 218, pp. 114.



D

Willimsky G, Bang H, Fischer G, and Marahiel MA. 1992. Characterization of cspB, a Bacillus subtilis inducible
cold shock gene affecting cell viability at low temperatures. Journal of Bacteriology 174, pp. 63266335.
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/1400185 Last accessed June, 2015.

Baseline
Abbott, James, Milne, & Gillies (2003) “Plant introductions, hybridization and gene flow.” Phil. Tran. R. Soc. London.
358: 11231132.
Andersen, R.N., Ford, J.H. and Lueschen, W.E. (1982) “Controlling volunteer corn (Zea mays) in soybeans (Glycine
max) with diclofop and glyphosate.” Weed Science 30(2):132136.
Andersson & de Vicente (2010) “Maize, corn (Zea mays L.).” Gene Flow between Crops and Their Wild Relatives,
Chapter 12. Johns Hopkins University Press.
Atlas of Florida Vascular Plants (2015) "Zea mays subsp. mexicana." Retrieved October 20, 2015 from
http://florida.plantatlas.usf.edu/Plant.aspx?id=1574.
BalintKurti & Johal. (2009) "Maize Disease Resistance". In "Handbook of Maize: Its Biology". J.L. Bennetzen and
S.C. Hake, eds. Springer.

Baltazar et. al., (2005) " Pollination between maize and teosinte: an important determinant of gene flow in
Mexico." Theor Appl Genet, 110: 519–526.
Bannert, Vogler, & Stamp (2008) "Shortdistance crosspollination of maize in a smallfield landscape as monitored
by grain color markers." Europ. Agron. 29: 2932.
Barrett (1983) "Crop Mimicry in Weeds." Economic Botany 37: 255282.
Beckett & Stoller (1988) "Volunteer corn (Zea mays) interference in soybeans (Glycine max)." Weed Sci., 36; 159–
166.
Bennett (2003) “Hybrid Seed Production in Corn (Zea mays L.).” Retrieved October 20, 2014 from
http://seedbiology.osu.edu/HCS630_files/May%203/hybrid%20seed%20production%20maize%20ppt.pdf.

ft

Bewley (1997) “Seed germination and dormancy.” The Plant Cell, 9: 10551066.

Brown & Brown (1984) Herbaceous plants of Maryland. Port City Press, Inc., Baltimore.

ra

Butzen (2014) "Flooding impact on crops". Pioneer Hi Bred. Retrieved October 21,
2015 from https://www.pioneer.com/home/site/us/agronomy/cropmanagement/adverseweatherdisease/flood
impact/.

D

CABI (2012) "Zea mays (maize)." Crop Protection Compendium. Retrieved June 13, 2015 from
http://www.cabi.org/cpc/datasheet/57417.
Caldwell (2012) "Rare, successful Alaska corn harvest gives Fairbanks farmers hope." Alaska Dispatch, August 21,
2012. Retrieved October 2, 2015 from http://www.adn.com/article/raresuccessfulalaskacornharvestgives
fairbanksfarmershope.
Cartwright, TeBeest & Kirkpatrick (2015) "Disease and Nematodes." Corn Production Handbook. University of
Arkansas. Retrieved October 20, 2015 from http://www.uaex.edu/publications/pdf/MP437/MP437.pdf.
CERA (2002) “Biology of maize L.” Retrieved October 8, 2014 from
http:l/ceragmc.ora/GmCropDatabaseResultlbiologal/1
CFIA (2014) “The biology of Zea mays (L.) (Maize).” Biology Document BI01994 11: A companion document to the
Directive 9408 (Dir94 08), Assessment Criteria for Determining Environmental Safety of Plant with Novel Traits.
Retrieved October 1, 2014 from http://www.inspection.gc.ca/plants/plantswithnoveltraits/applicants/directive
9408/biologydocuments/zeamaysl/eng/1330985739405/1330985818367.
Christensen (n.d.) "How much corn will one corn plant produce." SFGate Home GuidesDemand Media. Retrieved
October 20, 2015 from http://homeguides.sfgate.com/muchcornonecornplantproduce48941.html.

Clemson University (2014) “Environmental conditions affecting corn growth.” Clemson Cooperative Extension.
Retrieved October 17, 2014 from
http://www.clemson.edu/extension/rowcrops/corn/guide/environmental_conditions.html.

Copeland & McDonald (1995) "Principles of Seed Science and Technology". New York, NY: Chapman & Hall.
Cornell University (2006) “Growing guide: sweet corn.” Retrieved October 1, 2014 from
http://www.gardening.cornell.edu/homegardening/scene05f6.html.

Cummings, Handley, MacBryde, et al., (2008) " Dispersal of viable rowcrop seeds of commercial
agriculture by farmland birds: implication for genetically modified crops." Environ. Biosafety Res. 7, 241–
252.
Dallas Arboretum (2010) "Top 10 flameproof plants". Retrieved October 7, 2015 from
http://www.dallasplanttrials.org/index.cfm/fuseaction/articles.detail/articleID/60/index.htm.
deWet, Brink & Cohen (1983) “Systematics of Tripsacum section Fasciculata (Gramineae).” Amer. J. Bot. 70(8): 1139
1146.

ft

Dicke, F.F. and Guthrie, W.D. (1988) “The most important corn insects.” In Corn and Corn Improvement. (G.F.
Sprague and J.W. Dudley, eds.) American Society of Agronomy, Inc., Crop Science Society of America, Inc., and Soil
Science Society of America, Inc., Madison, WI.
Doebley (2003) "The taxonomy of Zea." Retrieved October 6, 2015 from http://teosinte.wisc.edu/taxonomy.html.

ra

Doebley, J. (1990) “Molecular evidence for gene flow among Zea species.” Bioscience 40: 443448.
Doebley, J. (2004) “The genetics of maize evolution.” Annual Review of Genetics 38: 3759.

D

Dow AgroSciences (2009) Petition for the Determination of NonRegulated Status for Herbicide Tolerant DAS
402789 Corn. OECD Unique Identifier DAS402789. At http://www.aphis.usda.gov/brs/aphisdocs/09_23301p.pdf.
Drost (2010) "Sweet Corn in the Garden." Utah State University Cooperative Extension. October 6, 2015 from
https://extension.usu.edu/files/publications/publication/HG_Garden_200510.pdf.
Duffy & Calvert (2010) “Enterprise budget: Popcorn.” Leopold Center, Iowa State. Retrieved October 8, 2014 from
https://www.leopold.iastate.edu/sites/default/files/pubsandpapers/201003alternativeenterprisebudget
popcorn.pdf.
Earley, Miller, Reichert, et al. (1965) "Effect of Shade on Maize Production Under Field Conditions ." Crop Science, 6
(1); 17. Retrieved October 22, 2015 from
https://dl.sciencesocieties.org/publications/cs/abstracts/6/1/CS0060010001?access=0&view=pdf.
Eastham & Sweet (2002) "Genetically Modified Organisms (GMOs): The Significance of Gene Flow through Pollen
Transfer." Environmental Issue ReportNo. 28 (European Environment Agency [EEA]: Copenhagen, Denmark).
Eichenseer, H., Stohbehn, R., and Burks, J.C. (2008) “Frequency and severity of western bean cutworm
(Lepidoptera: Noctuidae) ear damage in transgenic corn hybrids expressing different Bacillus thuringiensis cry
toxins.” Journal of Economic Entomology 101(2):555563.
Ellstrand et al. (2007) "Spontaneous Hybridization between Maize and Teosinte." Journal of Heredity, 98(2):183–
187.

Ellstrand, Prentice & Hancock (1999) “Gene flow and introgression from domesticated plants into their wild
relatives.” Annual Review of Ecology and Systematics 30: 539563.
EPA (2010) Biopesticides Registration Action Document, Bacillus thuringiensis Cry3Bb1 Protein and the Genetic
Material Necessary for Its Production in MON 863 and MON 88017 Corn. Environmental Protection Agency, Office
of Pesticide Programs.
Evans & Kermicle (2001) “Teosinte crossing barrier1, a locus governing hybridization of teosinte with maize.” Theor.
Appl. Genet., 103: 259265.
FAO Project TCP (2010) “Maize dossiers III: Environmental Risk Assessment (ERA) of NK603.” Project
TCP/RER/3107D. “Capacity building in agricultural biotechnologies and biosafety” Regional Training in GM Risk
Analysis for Armenia, Georgia and Moldova.” Retrieved October 1, 2014 from
http://www.fao.org/fileadmin/user_upload/Europe/documents/Events_2010/GMO2010/Maize3_en.pdf.
Farahani & Smith (2014) “Corn; production guide; Irrigation.” Clemson University Extension. Retrieved October 1,
2014 from http://www.clemson.edu/extension/rowcrops/corn/guide/irrigation.html.

ft

Farnham (n.d.) "Corn Planting Guide." Iowa State University Extension. Retrieved October 20, 2015 from
https://store.extension.iastate.edu/Product/pm1885pdf.
Fedoroff, N.V. (2003) Prehistoric GM corn. Science, 302: 11581159.

ra

Flanders, Heinrichs, Foster & Rice (2013) "Maize Insect Pests of North America." University of Minnesota,
IPM Radcliffe's World Textbook. Retrieved January 9, 2015 from http://ipmworld.umn.edu/chapters/maize.htm.

D

FLAS (2015). "Zea mays ssp. parviglumis var. parviglumis", Accession number FLAS 121430. University of Florida
Herbarium Collections Catalog. Retrieved June 13, 2015 from http://www.flmnh.ufl.edu/herbarium/cat/search.asp?
accno=121430.
Freeman, Arna, Mullen et al. (n.d.) " Byplant prediction of corn forage biomass and nitrogen uptake at various
growth stages using remote sensing and plant height measures." Oklahoma State University, Department of plant
and soil sciences,
Fukunaga et al. (2006)"Genetic Diversity and Population Structure of Teosinte." Genetics, 169: 2241–2254.
Retrieved October 6, 2015 from http://teosinte.wisc.edu/pdfs/Fukunaga_Teosinte_SSR.pdf.
Galinat (1988) "The Origin of Corn." In Corn and Corn Improvement, 3rd edition. Editors: G.F. Sprague and J.W.
Dudley. Number 18 in the series Agronomy. American Society of Agronomy, Inc., Crop Science Society of America,
Inc., Soil Science Society of America, Inc. Madison, WI.
Gibson et al. (2002) "Origin, History, and Uses of Corn (Zea mays)." Iowa State University, Department of
Agronomy. Retrieved October 8, 2015 from http://agron
www.agron.iastate.edu/Courses/agron212/readings/corn_history.htm.
Goodman (1988) “The history and evolution of maize.” CRC Critical Rev. Plant Sci. 7(3): 197220.
Gould (1968) Grass Systematics. McGrawHill, New York.
Guantai, Stewart, Njoka, et al. (2010). "Maize diseases and their control." Chapter 8, Maize Handbook. ACDIVOCA,
Retreived January 9, 2015 from http://www.acdivoca.org/site/lookup/2010_kenyamaize_handbook_ch8/
$file/2010_kenyamaize_handbook_ch8.pdf.

Hartzler (2012) "How much can volunteer corn affect corn yields?" Iowa State Extension and Research. Retrieved
October 20, 2015 from http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1192&context=cropnew.
Hufford et al. (2012a) “Teosinte as a model system for population and ecological genomics.” Trends in Genetics, 28
(12); 606615.
Hufford et al. (2012b) "Comparative population genomics of maize domestication and improvement." Nature
Genetics,44(7); 808813.
Iltis & Benz (2000) "Zea nicaraguensis (Poaceae), a New Teosinte from Pacific Coastal Nicaragua." Novon, 10(4);
382390. Retrieved October 6, 2015 from http://www.jstor.org/stable/3392992.
Iltis (1983) “From teosinte to maize: the catastrophic sexual transmutation.” Science 222: 886 894.

ft

Iltis (2003) "Zea L.", published in Barkworth, M.E., K.M. Capels, S.Long, and M.B. Piep (eds.), Flora of North America
north of Mexico. Volume 25, Magnoliophyta: Commelinidae (in part): Poaceae, part 2. Oxford Univ. Press, New
York, NY, 783pp. Retrieved June 13, 2015 from http://herbarium.usu.edu/webmanual.

ra

Iowa State (2014) “Corn production: common corn questions and answers.” Retrieved October 8, 2014 from
http://www.agronext.iastate.edu/corn/cornqna.html.
Iowa State University Extension and Outreach (2009) "Volunteer corn management." Retrieved August 5, 2015
from http://www.extension.iastate.edu/CropNews/2009/0519hartzler01.htm.

D

Isleib, J. (2013) "Soil Temperature, Seed Germination and the Unusual Spring of 2012." Michigan State University
MSU Extension.Web. Retrieved October 6, 2015 from
http://msue.anr.msu.edu/news/soil_temperature_seed_germination_and_the_unusual_spring_of_2012.
ITIS (2015) "Zea mays ssp. mays". Retrieved October 20, 2015
from http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=42269.
James, Rahman & Mellsop (2000) “Weed competition in maize crop under different timings for postemergence
weed control.” New Zealand Plant Protection, 53: 269272.
Johnson, A. (2013) "Seed science: seed germination." Corn and Soybean Digest. Retrieved October 6, 2015 from
http://cornandsoybeandigest.com/seed/seedscienceseedgermination?page=1.
Jordan, T.A., Youngman, R.R., Laub, C.L., Tiwari, S., Kuhar, T.P., Balderson, T.K., Moore, D.M., and Saphir, M.
(2012) “Fall soil sampling method for predicting spring infestation of white grubs (Coleoptera: Scarabaeidae) in
corn and the benefits of clothiandin seed treatment in Virginia.” Crop Protection 39:5762.
Kamo et al., (1985) "Regeneration of Zea mays L. from embryogenic callus." Bot. Gaz. 146(3):327334.
Kermicle (2006) " A Selfish Gene Governing PollenPistil Compatibility Confers Reproductive Isolation Between
Maize Relatives." Genetics, 172: 499–506. Retrieved October 6, 2015 from
http://www.genetics.org/content/172/1/499.full.pdf.
Kirniry & Ritchie (1984) "Shadesensitive interval of kernel number of maize." Agronomy Journal, 77(5); 711715.

Koenning & Wiatrak (2014) “Disease Management.” Corn Production Guide, Diseases. Clemson Cooperative
Extension. Retrieved November 4, 2014 from
http://www.clemson.edu/extension/rowcrops/corn/guide/disease_management.html.
Kullik, S.A., Sears, M.K., and Schaafsma, A.W. (2011) “Sublethal effects of cry 1F Bt corn and clotianidin on black
cutworm (Lepidoptera: Noctuidae) larval development.” Journal of Economic Entomology 104(2):484493.
Larson (2003) "How to plant corn for higher yields." Delta Farm Press. Retrieved October 20, 2015 from
http://deltafarmpress.com/corn/howplantcornhigheryields.
Linton (1924) “The significance of certain traits in North American maize culture.” American Anthropologist, 26(3):
345349. PDF in files. Retrieved September 30, 2015 from
http://onlinelibrary.wiley.com/doi/10.1525/aa.1924.26.3.02a00050/pdf.
Liu, W. and Tollenaar, M. (2009) “Response of yield heterosis to increasing plant density in maize.” Crop Science
49:18171826.
Louette & Smale (1998) “Farmers' seed selection practices and maize variety characteristics in a traditionallybased
Mexican community.” CIMMYT Economics Working Paper No. 9804.

ft

Marquardt (2013) "The Impact of Volunteer Corn on Crop Yields and Insect Resistance Management Strategies."
Agronomy, 3, 488496.

ra

MasonGamer (2005) “The bamylase genes of grasses and a phylogenetic analysis of the Triticeae (Poaceae).”
American Journal of Botany 92(6): 1045–1058.
Matsuoka, Vigouroux, Goodman, et al. (2002) “A single domestication for maize shown by multilocus
microsatellite genotyping.” PNAS, 99(9): 60806084.

D

McGrawHill Higher Education (2014) OnlineInstructor Complimentary SampleScience and Mathematics;
Cellular/Molecular Biology; Genetics; Part XI Plant Growth and Reproduction; Chapter 42 Plant Reproduction: p
846847. Retrieved October 1, 2014 from McGrawHill Higher Education
http://www.mhhe.com/biosci/genbio/tlw3/eBridge/Chp18/18_4.pdf.
MerriamWebster Online Dictionary (2014) “Alpine.” Retrieved October 14, 2014 from http://www.merriam
webster.com/dictionary/alpine.
Merrill, Hard, Mabry, et al. (2009) "The diffusion of maize to the southwestern United States and its impact." Proc.
Natl. Acad. Sci. USA, 106: 2101921026.
Meyer (2003) “Cultural control.” North Carolina UniversityENT425. Chapter 19 Pest Control Tactics. Retrieved
October 23, 2014 from http://www.cals.ncsu.edu/course/ent425/text19/cultural.html.
Meyer, R. (2011) "Golden Plains Area Extension  Ron Meyer  Planting Corn." Golden Plains Area Extension  Ron
Meyer  Planting Corn. Golden Plains Area Extension. Retrieved October 6, 2015
from http://goldenplains.colostate.edu/agri/agri_docs/2011_planting_corn.shtml.
Mierzejewski (2015) "How to grow corn: how to grow your own corn."
http://www.gardeningknowhow.com/edible/vegetables/corn/howtogrowcorn.htm
Monsanto Company (2009) Petition for the Determination of NonRegulated Status for MON 87460. OECD Unique
Identifier MON874604. At http://www.aphis.usda.gov/brs/aphisdocs/09_05501p.pdf.

Monsanto Company (2014) "Controlling volunteer corn post harvest." Retrieved August 5, 2015 from
http://www.roundupreadyplus.com/Content/assets/docs/forum/Controlling_Volunteer_Corn_Post_Harvest.pdf.
Morgenstren (2007) "Plant Profile: Zea mays  Poaceae." Sacred Earth. Retrieved October 20, 2015 from
http://www.sacredearth.com/ethnobotany/plantprofiles/corn.php.
Morris, R. (ed.) (1997) "The importance of maize seed industries." Maize Seed Industries in Developing Countries.
Lynne Rienner Pub; illustrated edition.
Muhlenbach, V. (1979) “Contributions to the synathropic (adventive) flora of the railroads in St. Louis, Missouri,
USA.” Annals of the Missouri Botanical Garden 66:1108.
Nafziger (2014) “Corn.” Corn Illinois Agronomy Handbook. University of Illinois at Urbana Champaign; Extension
and outreach. Retrieved October 1, 2014 from http://extension.cropsci.illinois.edu/handbook/.
National Gardening Association (2014) “Corn growing: getting started.” Retrieved October 8, 2014 from
http://www.garden.org/foodguide/browse/veggie/corn_getting_started/400.

ft

NCBI (2015) "Zea mays subsp. mays." Retrieved October 20, 2015 from
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi.

ra

Neild and Newman (1990) "Growing Season Characteristics and Requirements in the Corn Belt ." National Corn
Handbook Purdue University #NCH40. Retrieved October 25, 2015
from https://www.extension.purdue.edu/extmedia/nch/nch40.html.
Nielsen (2015) "Drought and Heat Stress Effects on Corn Pollination." Purdue University. King CornThe Corn
Grower's Guidebook. Retrieved October 20, 2015 from https://www.agry.purdue.edu/ext/corn/pubs/corn07.htm.

D

Nielsen (2003) "Tillers or suckers in corn; good or bad." Purdue University, Corny News Network. Retrieved
November 3, 2015 from https://www.agry.purdue.edu/ext/corn/news/articles.03/Tillers0623.html.
OECD (2003) Consensus document on the biology of Zea mays ssp. mays. (Maize); Series on Harmonisation of
Regulatory Oversight in Biotechnology, No. 27. Retrieved October 1, 2014 from
http://www.oecd.org/env/ehs/biotrack/46815758.pdf.
Oerke (2005) “Centenary Review  Crop losses to pests.” Journal of Agricultural Science, (144): 31–43.
O'Gara, F. (2007) “Irrigated maize production in the top end of the Northern Territory: production guidelines and
research results.” Northern Territory Government, Department of Primary Industry, Fisheries and Mines. Retrieved
October 17, 2014 from http://www.nt.gov.au/d/Content/File/p/Tech_Bull/TB326.pdf.
OGTR (2008) “The biology of Zea mays L ssp mays (maize or corn).” Australian Government Office of the Gene
Technology Regulator. Retrieved October 17, 2014 from http://www.ogtr.gov.au.
Ohio State Extension University Extension (1995) "Corn pollination: a overview." Retrieved October 6, 2015 from
http://ohioline.osu.edu/agffact/0128.html.
Olson & Sander (1988) "Corn Production." In Corn and Corn Improvement, 3rd edition. Editors: G.F. Sprague and
J.W. Dudley. Number 18 in the series Agronomy. American Society of Agronomy, Inc., Crop Science Society of
America, Inc., Soil Science Society of America, Inc. Madison, WI.

Organic Gardening (2014) “Corn: a growing guide.” Retrieved October 23, 2014 from
http://www.organicgardening.com/learnandgrow/corngrowingguide.
Owen (2007) “Maize and soybeans controllable volunteerism without ferality.” Crop Ferality and Volunteerism.
Gressel, Ed. OECD publication. Taylor & Francis Group. Boca Raton.
Penn State (2014) “Bushel weights/Seed per pound.” Penn State Extension Agronomy Guide. Retrieved October 23,
2014 from http://extension.psu.edu/agronomyguide/averagebushelweights.
Poehlman (1995) "Breeding field crops." Iowa State University Press. Ames.
Poethig, R.S. (1997) “The maize shoot.” In The Maize Handbook (Freeling and Walbot, eds.) SpringerVerlage, Inc,
New York.
Poore & Turner (2013) "Corn stalks and droughtdamaged corn hay as emergency feeds for beef cattle." N.C.
Cooperative Extension, N.C. State University. Retrieved November 13, 2014 from
http://www.uky.edu/Ag/Forage/corn_stalks(update).pdf.

ft

Purdue (2002) "Early Season Frost & Low Temperature Damage to Corn and Soybean." Corny New Network
Articles. Retrieved October 20, 2015 from https://www.agry.purdue.edu/ext/corn/news/articles.02/frost_freeze
0520.html.

ra

Purdue (2011) "Volunteer corn reduces yield in corn and soybean crops." Retrieved October 20, 2015 from
http://www.purdue.edu/newsroom/general/2011/110317JohnsonCorn.html.

D

Purdue (2014) "Corn Disease Loss Estimates From the United States and Ontario, Canada — 2012." Purdue
Extension publication BP9612W. Retrieved October 20, 2015 from
https://www.extension.purdue.edu/extmedia/BP/BP9612W.pdf.
Randall (2012) "Global Compendium of Weeds, 2nd edition." Department of Agriculture and Food Western
Australia. ISBN 9780646578781. Can be found at www.cabi.org/isc/FullTextPDF/2013/20133109119.pdf.
Randolph (2006) "Crossability of corn and Tripsacum and the evolutionary history of the American Maydeae".
Maize Genetics and Genomics Database. Retrieved October 9, 2015 from
http://mnl.maizegdb.org/mnl/23/29Randolph.htm.
Raybould, A., Higgins, L.S., Horak, M.J., Layton, R.J. Storer, N.P., De La Fuente, J.M., and Herman, R.A.
(2012) “Assessing the ecological risks from the persistence and spread of feral populations of insectresistant
transgenic maize.” Transgenic Research 21(3): 655664.
Raynor, Ogden, & Hayes (1972) “Dispersion and deposition of corn pollen from experimental sources.” Agronomy,
64: 420427.
Rhoads & Yonts (2014) “Irrigation scheduling for cornwhy and how.” National Corn Handbook, NCH20. Retrieved
October 23, 2014 from http://corn.agronomy.wisc.edu/Management/pdfs/NCH20.pdf.
Rosales & Molina (1983) "Cytogenetic study of the hybrid between Zea mays and Zea diploperennis." Maize
Genetics Cooperation Newsletter Volume 57, University of Missouri. Retrieved October 6, 2015 from
http://www.agron.missouri.edu/mnl/57/62rosales.html.
Rosenberg (2013) “Effect of weed competition on corn.” South Dakota State University. Retrieved November 4,
2014 from http://igrow.org/agronomy/corn/effectofweedcompetitiononcorn/.

Ross, Huitnick & Tacker (2015) "Cultural Practices." Corn Production Handbook. University of Arkansas. Retrieved
October 20, 2015 from http://www.uaex.edu/publications/pdf/MP437/MP437.pdf .
Salem (2010) "Corn crops rob soil of nutrients." World Issues 360. Retrieved November 17, 2014 from
http://www.worldissues360.com/index.php/corncropsrobsoilofnutrients12306/.
Scherer (2011) “Effect of flooded and waterlogged soils on corn growth and yield.” AG Professional. Retrieved
October 17, 2014 from http://www.agprofessional.com/resourcecenters/corn/disease/news/Effectofflooded
andwaterloggedsoilsoncorngrowthandyield123116603.html.
Shaw, R.H. (1988) “Climate Requirement.” In Corn and Corn Improvement. (G.F. Sprague and J.W. Dudley, eds.)
American Society of Agronomy, Inc., Crop Science Society of America, Inc., and Soil Science Society of America, Inc.,
Madison, WI.
Simpson (1990) “Maize (corn) (Zea spp).” Seed Dormancy in Grasses. Chapter 1.3, Cereal Grasses. Cambridge
University Press: Cambridge.

ft

Soltani, Shropshire & Sikkema (2005) "Control of volunteer glyphosatetolerant maize (Zea mays) in glyphosate
tolerant soybean (Glycine max)." Crop Protection, 25; 178–181

ra

Stahl, Potter & Gunsolus (2013) "Control volunteer corn for yield protection and corn rootworm management."
University of Minnesota Extension.
Steinhardt, Eck, Boehm & Brown (2002) "A dozen do's for successful notill corn following soybeans." Purdue
University Cooperative Extension Service. Publication AY313. https://www.extension.purdue.edu/extmedia/AY/AY
313.pdf

D

Thomison (2004) "Managing "pollen drift" to minimize contamination of nonGMO corn, AGF153." Ohio State
Extension University Extension Fact Sheet. Retrieved October 6, 2015 from http://ohioline.osu.edu/agf
fact/0153.html.
Thomison (2010) " Corn seeding rates vs. final stands ." Ohio State Extension University Extension C.O.R.N.

Newsletter. Retrieved October 22, 2015 from http://corn.osu.edu/newsletters/2010/201008413/corn
seedingratesvs.finalstands.
Thompson (n.d.) "The minerals that corn needs." SFGate, Home Guides by Demand Media. Retrieved November 17,
2014 from http://homeguides.sfgate.com/mineralscornneeds47173.html.
Tian, Stevens & Buckler (2009) "Tracking footprints of maize domestication and evidence for a massive selective
sweep on chromosome 10." PNAS, 106 supplement 1; 99799986.
Tittonell, P., Shepherd, K.D., Vanlauew, B., and Giller, K.E. (2008) “Unravelling the effects of soil and crop
management on maize productivity in smallholders agricultural systems of western Kenya – an application of
classification and regression tree analysis.” Agriculture Ecosystems & Environment 123:137150.
Tropical Forages (2005) "Zea mays." http://www.tropicalforages.info/key/Forages/Media/Html/Zea_mays.htm
Tropicos (2015) "Zea mays subsp. mays." Missouri Botanical Garden. Retrieved October 6, 2015 from
http://tropicos.org/Name/25523049?tab=chromosomecounts&langid=66.
University of Minnesota (2013) "Control volunteer corn for yield protection and corn rootworm management."

University of Minnesota Extension. Retrieved November 12, 2014 from
http://www.extension.umn.edu/agriculture/corn/pestmanagement/controlvolunteercornforyieldprotection
andcornrootwormmanagement/docs/UMExtensionVolunteerCornFactSheet2013.pdf.
University of Missouri (2013) "Maize genetics cooperation newsletter, 86." Retrieved November 13, 2014 from
http://www.agron.missouri.edu/mnl/86/MNL86.pdf.
University of Nebraska (2015) "Volunteer corn in soybeans: impact and managementarchives." Retrieved October
20, 2015 from http://cropwatch.unl.edu/archive//asset_publisher/VHeSpfv0Agju/content/volunteercornin
soybeanimpactandmanagement.
University of New Hampshire (2001) “Growing sweet corn.” University of New Hampshire Cooperative Extension.
Retrieved October 17, 2014 from
http://extension.unh.edu/resources/representation/Resource000619_Rep641.pdf.
University of Tennessee (2014) “Corn population per acre.” Retrieved October 20, 2014 from
http://varietytrials.tennessee.edu/weightsmeasures/pdfdocs/conversions.pdf.

ft

University of Utah (2014) “The evolution of corn.” Learn Genetics. Retrieved October 1, 2014 from
http://learn.genetics.utah.edu/content/selection/corn/.

ra

University of Wisconsin (2012) “Corn agronomycorn tillage systems.” Retrieved October 8, 2014 from
http://corn.agronomy.wisc.edu/Management/L007.aspx.
USA Gardener (2010) “360 Yield Center Capture your yield potential control variables that steal yield: Cornhow to
grow corn.” Retrieved October 17, 2014 from
http://usagardener.com/how_to_grow_vegetables/how_to_grow_corn.php.

D

USDA NASS (2013) "Crop Production." Retrieved October 2, 2015 from http://www.nass.usda.gov/.
USDA NASS (2015) "Acreage, Yield and Production  Irrigated I NonIrrigated tor corn." Chart retrieved October 2,
2015 from http://www.nass.usda.gov/.
USDA, ERS (2013a) “Organic acreage.” Retrieved October 1, 2014 from http://www.ers.usda.gov/data
products/organicproduction.aspx#25762.
USDA, ERS (2013b) "Corn: Overview." Retrieved September 30, 2015 from
http://www.ers.usda.gov/topics/crops/corn.aspx
USDA, ERS (2014a) “Corn.” Retrieved October 1, 2014 from http://www.ers.usda.gov/topics/crops/corn.aspx.
USDA, ERS (2014b) “Adoption of genetically engineered crops in the U.S.” Retrieved October 8, 2014 from
http://www.ers.usda.gov/dataproducts/adoptionofgeneticallyengineeredcropsintheus.aspx.
USDA, NAL (2012) "Milho, makka, and yu mai: early journeys of Zea mays to Asia." Chapter 1: Teosinte and mahiz in
Mesoamerica. Retrieved October 6, 2015 from http://www.nal.usda.gov/research/maize/chapter1.shtml.
USDA, NCRS (2015b) “Zea mays L. ssp. mays corn.” Retrieved September 30, 2015 from
http://plants.usda.gov/core/profile?symbol=ZEMAM2.

USDA, NRCS (2005) “Zea mexicana (Schrad.) Kuntze, Mexican teosinte.” Retrieved October 23, 2014 from
http://plants.usda.gov/factsheet/pdf/fs_zeme.pdf.
USDA, NRCS (2014a) “Zea mexicana (Schrad.) Kuntze, Mexican teosinte.” Retrieved October 23, 2014 from
http://plants.usda.gov/core/profile?symbol=ZEME.
USDA, NRCS (2014d) "Zea diploperennis Iltis, Doebley & Guzman” Retrieved October 6, 2015 from
http://plants.usda.gov/core/profile?symbol=ZEDI.
USDA, NRCS (2015a) “Zea mays L. ssp. parviglumis Iltis & Doebley  corn” Retrieved June 13, 2015 from
http://plants.usda.gov/core/profile?symbol=ZEMAP.
USDA, NRCS (2015c) “Zea luxurians (Durieu & Asch.) Bird teosinte” Retrieved October 6, 2015 from
http://plants.usda.gov/core/profile?symbol=ZELU.
USDA, NRCS (2015e) “Zea perennis (Hitchc.) Reeves & Manglesdorf perennial teosinte." Retrieved October 6, 2015
from http://plants.usda.gov/core/profile?symbol=ZEPE

ft

USDA, NRCS (2015e2) “Zea perennis (Hitchc.) Reeves & Manglesdorf perennial teosinte." (Texas map) Retrieved
October 20, 2015 from http://plants.usda.gov/core/profile?symbol=ZEPE

ra

USDA, NRCS (2015f) “ Zea mays L. subsp. parviglumis lltis & Doebley corn perennial teosinte." Retrieved October
20, 2015 from http://plants.usda.gov/core/profile?symbol=ZEMAP.
USDA, NRCS (2015g) “Tripsacum floridanum Porter ex Vasy Florida gamagrass." Retrieved October 20, 2015 from
http://plants.usda.gov/core/profile?symbol=TRFL4.

D

USDA, NRCS (2015h) “Tripsacum lanceolatum Rupr. ex Fourn. Mexican gamagrass." Retrieved October 20, 2015
from http://plants.usda.gov/core/profile?symbol=TRLA11.
USDANASS (2014) “National Statistics for Corn.” Retrieved March 12, 2014 from
http://www.nass.usda.gov/Statistics_by_Subject/result.php?E18C1170C8083B3B9E7F
2A7C384E6266&sector=CROPS&group=FIELD%20CROPS&comm=CORN.
USDANASS Quick Statistics (2014) "Survey, National, Corn acreage planted, Year." Retrieved October 20, 2014
from http://quickstats.nass.usda.gov/results/E9FB0EA78328375F9824714834E469F7
USDANASS Quick Statistics (2015) "Census, National, Popcorn." Retrieved September 30, 2015 from
http://quickstats.nass.usda.gov/results/030B4513ED0F3A6397FBC72FB3F96A77
Van Wychen L (2016) 2015 Survey of the Most Common and Troublesome Weeds in the United States and Canada.
Weed Science Society of America National Weed Survey Dataset. Available: http://wssa.net/wp
content/uploads/2015WeedSurvey_FINAL1.xlsx.
Verheye (2010) “Growth and production of maize: traditional lowinput cultivation.” Soils, Plant Growth and Crop
Production, Vol. II. UNESCOEncyclopedia of Life Support Systems (EOLSS). Retrieved October 1, 2014 from
http://www.eolss.net/samplechapters/c10/E105A1700.pdf.
Wang, Stec, Hey, Lukens & Doebley (1999) "The limits of selection during maize domestication." Nature 398; 236
239.
Warwick and Stewart (2005) " Crops Come from Wild Plants  How Domestication, Transgenes, and Linkage

Together Shape Ferality." Crop Ferality and Volunteerism, volume 1. Retrieved October 23, 2015 from
http://plantsciences.utk.edu/pdf/cropferalityandvolunteerism.pdf.
Weber, Bringezu, Broer, Eder & Holz (2006) “Coexistence between GM and nonGM maize crops – tested in 2004 at
the field scale level (Erprobungsanbau 2004).” J. Agronomy & Crop Science 193: 79—92.
Western Regional Climate Center (1994) "Annual Average PrecipitationUnited States." Retrieved July 28, 2015
from http://www.wrcc.dri.edu/pcpn/us_precip.gif.
Wile (2012) “Here's every product on the planet that has corn in it [INFOGRAPHIC].” Retrieved October 8, 2014
from http://www.businessinsider.com/cornproductinfographic20127.
Wilkes (1977) “Hybridization of maize and teosinte, in Mexico and Guatemala and the improvement of maize.”
Economic Botany 31: 254293.
Wilson (1990) “Field corn pest management.” Ohio Pest Management and Survey ProgramOhio State Extension
University. Field Crops Management Circular #11. Retrieved October 23, 2014 from http://ohioline.osu.edu/icm
fact/fc11.html.

ft

Wisser, Kolkman, Patzoldt, et al. (2011) Multivariate analysis of maize disease resistances suggests a pleiotropic
genetic basis and implicates a GST gene. Proc. Natl. Acad. Sci. USA 108: 733944.

ra

Wright (n.d.) "How much sun for corn?" eHow. Retrieved October 20, 2015 from
http://www.ehow.com/info_8446497_muchsuncorn.html.

D

Wunderlin & Hansen (2008) "Zea mays ssp. mexicana."Atlas of Florida Vascular Plants. Institute for Systematic
Botany, University of South Florida, Tampa, FL. Retrieved October 13, 2015 from
http://florida.plantatlas.usf.edu/Plant.aspx?id=1574.

Yin, McClure, Jaja et al. (2011) "InSeason Prediction of Corn Yield Using Plant Height under Major
Production Systems." Agronomy Journal, 103(3); 923929.
Young & Hart (1997) "Control of volunteer sethoxydimresistant corn (Zea mays in soybean (Glycine max)." Weed
Technology, 11(4); 649655.

ft

Corn Production Maps and Charts

D

ra

ArcGIS Retrieved October 2, 2015

http://www.informaecon.com/gismapping.asp (n.d.)

ft

D

ra

http://www.dailyyonder.com/files/imagecache/story_default/imagefield/cornp-production-andethano.jpg

ft
ra

D

http://www.nass.usda.gov/Quick_Stats/ (Retrieved October 2, 2015)

Establishedweed/cult

Reference

Australia

Yes-cult

Zea mays-1049N

Austria

No weed

Zea mays 1012N-1030N

Belguim

Yes casual

Zea mays 1012N-1030N

Czech Republic

No weed/Yes
casual

Zea mays 1012N-1030N; Zea mays 400-U

Ethiopia

Yes cult

Zea mays-241-N

France

Yes

Zea mays 1012N-1030N

Greece

Yes; yes casual Zea mays 1012N-1030N; Zea mays-1142U

Ireland

No weed; yes
Zea mays 1012N-1030N; Zea mays 519-N
casual

Italy

No weed/Yes
exotic&cult

Zea mays 1012N-1030N; Zea mays-1265N; Zea mays-1149U; Zea
mays-251-U

New Zealand

Yes casual;
weedy?

Zea mays- 919U; Zea mays 382-W
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Country

Yes

Zea mays 1012N-1030N

Romania

Yes cult

Zea mays 1264N; Zea mays- 1154U

Spain

No-weed/yes
Zea mays 1012N-1030N; Zea mays-1270U
cult

Sweden

No weed

Zea mays 1012N-1030N

Taiwan

Yes

Zea mays 777N

Turkey

No weed

Zea mays 1012N-1030N

Ukraine

No weed/ Yes Zea mays 1012N-1030N; Zea mays-643uc_pdf

United Kingdom

No weed/ yes
Zea mays 1012N-1030N; Zea mays 519-N
casual
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Portugal

Randall reference #

Location covered

Notes

British Isles

Zea may s is not known in the wild, but was apparently domesticated about 7000
years ago. Can be a relic or an escape from cultivation, a casual plants whose seeds
are found in bird-seed, pet food and food refuse on tips

Zea mays 382-W

unknown

This is a chart with non-explained headers. Can't make a judgement.

Zea mays 400-U

Czech

Refers to Zea mays only being in human made habitats as a casual inhabitant.

Zea mays 519-N

Britian & Ireland

Zea mays can be a relic or an escape from cultivation.

Zea mays 611-Z

unknown

This site is only for seed identification and seed containment

Zea mays 777N

Taiwan

Zea mays is annual plant that can be used for forage.

Zea mays 812-UC

England

Zea mays 819-N

Europe

Zea mays -907W

Germany

Zea mays- 919U

New Zealand

Zea mays is called a casual inhabitant that passively regenerates only in the
immediate vicinity of the cultivated parent plant

Zea mays- 1154U

Romania

Zea mays is intentionally planted and can escape. "an alien plant that
reproduces occasionally in an area, but requires repetitive introductions for its
persistence"

Zea mays 1157CN

Galapagos

Zea mays was never mentioned

Zea mays 1220-U

Belgium

Zea mays is in agriculture only.

Zea mays 1264N

Romania

Zea mays is deliberately grown and is a casual inhabitant.
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Zea mays 317-UZ

Zea mays is called non-native but never mentioned it as a weed.
Zea mays is alien to Europe or non-native. Never mentioned it as a weed.

D

Zea mays is called non-native but never mentioned it as a weed.

Ethiopia

Zea mays mentioned as major crop not a weed

Zea mays-251-U

Italy

Zea mays is a casual, non-native inhabitant.

Zea mays-643uc

Ukraine

Zea mays can occasionally escape beyond cultivation but can't survive.

Zea mays-1049N

Australia

Zea mays is cultivated with an occasional roadside growth.

Zea mays-1142U

Greece

Zea mays is a casual/alien inhabitant.

Zea mays-1149U

Spain

Zea mays is a casual inhabitant from agriculture.

Zea mays-1265N

Italy

Zea mays is an exotic plant.

Zea mays-1270U

Spain

Zea mays is used in cultivation
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ra

ft

Zea mays-241-N

