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CHAPTER I 

Literature Review 

Biology of Giant Ragweed. 

 Giant ragweed (Ambrosia trifida L.) is a summer annual weed in the Asteraceae 

family.  Alternate names for this Aster relative include: kinghead, crown-weed, wild 

hemp, bitterweed, great ragweed, and tall ambrosia (USDA 2011; Uva et al. 1997).  Giant 

ragweed is one of the earliest summer annual weeds to emerge in the spring and it can 

gain an immediate competitive advantage for resources such as nutrients, water, and 

light, over other weeds and crops (Johnson et al. 2007a; Abul-Fatih and Bazzaz 1979a; 

Stoller and Wax 1973).  Variable emergence patterns have been documented.  Stoller and 

Wax (1973) reported that giant ragweed completed its emergence in Illinois between 

April and May.  In Ohio, Schutte et al. (2008) reported that 60% of giant ragweed 

emerged by the end of April and continued through late July.  

 Evidence to support long term existence of giant ragweed in North America has 

come from the discovery of fruits of the Ambrosia genus found in pre-Columbian Indian 

rock shelters in Missouri, Arkansas, and Kentucky (Blake 1939).  This weed infests most 

of the United States except Hawaii, Nevada, and Alaska and can be found across a wide 

variety of habitats with stream banks, floodplains, right of ways, and disturbed moist soil 

lands being the most traditional habitats for growth (Abul-Fatih and Bazzaz 1979a; Uva 

et al. 1997; Bassett and Crompton 1982; Johnson et al. 2007a; USDA 2011). Over the 

past several decades, however, giant ragweed populations have shifted to become more 

prevalent on agriculture land, specifically in corn (Zea mays L.), and soybean (Glycine 

max L.) production areas of the Corn Belt (Johnson et al. 2007a). 
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Seedlings can be identified by the large spatulate-shaped cotyledons which are 

approximately 2- to 4-cm long, 1- to 1.5-cm wide, and 0.16-cm thick (Uva et al. 1997; 

Johnson et al. 2007a; Bryson and DeFelice 2009).  Uva et al. (1997) and Bryson and 

DeFelice (2009) describe the cotyledons of common ragweed (Ambrosia artemisiifolia 

L.) as similar to those of giant ragweed but 3-4 times smaller.  The first true leaves of 

giant ragweed are ovate to lanceolate in shape, unlobed, and contain entire to toothed leaf 

margins (Johnson et al. 2007a; Uva et al. 1997).  Young leaves are arranged oppositely 

along the stem and contain rough pubescent hairs. After the second pair of true leaves, 

leaves take on a 3- to 5-lobed palmate or simple leaf arrangement.  As the plant matures, 

stems and leaves will develop more hairs.  Mature leaves may reach 10- to 20-cm in 

width and up to 15-cm in length. The physical appearance of the plant during the mature 

stages reveals leaves that are more deeply lobed in the lower portions of the plant in 

comparison to a more simple leaf appearance in the upper portions of the plant (Uva et al. 

1997).  

Giant ragweed is a monoecious weed whose only means of reproduction is 

through seed production (Uva et al. 1997).  Seed production is a density dependent factor 

in giant ragweed which adds to the diverse and competitive nature of this species.  In a 

study by Abul-Fatih et al. (1979), 1,399 seeds/plant were produced at a density of 4 

plants/m2 and 16 seeds/plant at a density of 500 plants/m2.  A single giant ragweed in a 

soybean field can produce up to 5,100 seeds (Johnson et al. 2007a).   The flowers are 

small, green, and inconspicuous and are typically present from July through September 

(Abul-Fatih et al. 1979; Uva et al. 1997).  Male flowers are found in racemes on the ends 

of upper branches while female flowers are located in the axils of the upper leafs.  Giant 
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ragweed will produce more pollen than is needed for fertilization thus allowing it to 

cross-pollinate with other plants in nearby areas. This trait may contribute to the genetic 

diversity within a given giant ragweed population and can increase the potential for 

herbicide resistance (Johnson et al. 2007a). 

Growth and biomass of giant ragweed are highly plastic, density dependent 

factors.  Giant ragweed can reach heights of 1- to 6-m depending on density and soil 

fertility (Uva et. al 1997; Bassett and Crompton 1982; Bryson and DeFelice 2009; Abul-

Fatih and Bazzaz 1979b; Abul-Fatih et al. 1979).  As demonstrated in a study conducted 

by Abul-Fatih et al. (1979), giant ragweed grew to an average height of 2.5- and 2.9-m at 

densities of 4 and 28 plants/m2, respectively, while populations that occurred at densities 

of 500 plants/m2 grew to an average height of 1.7-m.  Height extremes up to 5.1- and 6-m 

have been documented (Johnson et al. 2007a; Bassett and Crompton 1982).  Abul-Fatih 

et al. (1979) also reported that giant ragweed biomass decreased with increasing plant 

density.  

Giant Ragweed Interference. 

 Giant ragweed is a competitive species that interferes with crop production in 

both conventional and no-till systems (Loux and Berry 1991).  This species typically 

dominates the community in which it’s growing by existing in pure stands (Abul-Fatih 

and Bazzaz 1979a).  The authors reported that plots with near pure stands of giant 

ragweed contained the fewest numbers of species when compared to plots without giant 

ragweed.  In a survey conducted by Jordan (1985), giant ragweed was considered one of 

the five most costly agricultural weeds of Illinois, Oklahoma, and Kentucky.  Giant 

ragweed was also listed as one of the most problematic weeds by Ohio farmers in 1991 
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(Loux and Berry 1991).  More recently, a survey conducted in Indiana by Johnson et al. 

(2004), found that giant ragweed was one of the most common late-season weed escapes 

encountered in soybean fields. 

 Giant ragweed is very competitive in corn and can cause high yield losses at low 

densities.  Harrison et al. (2001) reported that a 1% corn yield loss would occur at a giant 

ragweed density of 1 plant/10-m2 when emergence occurred 4 weeks after corn 

emergence.  The authors also reported that the length of giant ragweed competition had a 

significant impact on the severity of corn yield loss. When giant ragweed was allowed to 

emerge with corn, a 5% yield loss was achieved at a density of 0.4 plants/10-m2. 

Conversely, when giant ragweed emerged 4 weeks after corn, a 5% yield loss was 

achieved at a density of 4.2 plants/10-m2. With season-long competition, approximately 

60% corn yield loss occurred with 13.8 plants/10-m2.  Ultimately, if weed control 

measures were taken for the first 4 weeks after corn emergence, yield losses were less 

than 20% with giant ragweed population densities of 13.8 plants/10-m2 and less than 5% 

at densities of 1.7 plants/m2 (Harrison et al. 2001).   

Johnson et al. (2007b) conducted a study on giant ragweed to determine the 

influence of nitrogen application timing on corn with respect to nitrogen uptake between 

the two species.   Low densities of 0.5 giant ragweed plants/m2 accumulate as much 

nitrogen as shattercane (Sorghum bicolor L.) and common waterhemp (Amaranthus rudis  

Sauer)  at higher densities of 200 and 369 plants/m2 respectively (Johnson et al. 2007b; 

Hans and Johnson 2002; Cordes et al. 2004).  At these low densities, giant ragweed was 

able to acquire up to 16 kg N/Ha in 40-cm plants by the V8 stage of corn growth and up 

to 104 kg N/Ha when allowed to compete with corn until harvest.  In addition to seed 
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yield and nutrient losses, giant ragweed interference in sweet corn has been shown to 

influence morphological factors such as husked ear mass, green ear mass, ear length, 

filled ear length, ear width, number of rows, number of kernels per row, kernel depth, 

kernel moisture, and kernel mass  (Williams II and Masiunas 2006).   

 Giant ragweed is even more competitive with soybeans than corn (Johnson et al. 

2007a).  Baysinger and Sims (1991) found that full season competition of giant ragweed 

in soybeans reduced yields up to 99% in densely populated fields of 220,000-360,000 

plants/Ha.  Yield reductions of 46 and 50% have also been reported from season-long 

interference of as few as 2 plants/9-m of row (Baysinger and Sims 1991).  To further 

support the detrimental effects of giant ragweed interference, Webster et al. (1994) more 

recently found that depending on the growing season, soybean yield can be reduced 45 

and 77% when population densities are as low as 1 plant/m2.    Yield reductions can be 

avoided if fields infested with giant ragweed can be maintained weed-free for 8 to 10 

weeks after soybean emergence (Baysinger and Sims 1991).  To reach a similar level of 

soybean yield loss from season-long interference, Coble and Ritter (1978) reported that 

Pennsylvania smartweed (Polygonum pensylvanicum L.) reduced soybean yield by 62% 

with infestations of as many as 240 plants/10-m of row as compared to low densities of 

giant ragweed.   Other summer annual weeds such as common ragweed have been 

reported to reduce soybean yield by 8% with densities of 4 plants/10-m of row (Coble et 

al. 1981).  Bloomberg et al. (1982) reported that common cocklebur (Xanthium 

strumarium L.) reduced soybean yield by 3 to 12% following season long interference 

with only 1 plant/3-m.    

Herbicide Resistance. 
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 As defined by the Weed Science Society of America (WSSA), herbicide 

resistance “is the inherited ability of a plant to survive and reproduce following exposure 

to a dose of herbicide normally lethal to the wild type.  In a plant, resistance may be 

naturally occurring or induced by such techniques as genetic engineering or selection of 

variants produced by tissue culture or mutagenesis" (WSSA 2011).  As of 2013, there are 

a total of 400 unique cases of herbicide-resistant weeds that occur across 217 species 

throughout the world (Heap 2013).  In the United States, 436 herbicide-resistant weed 

biotypes have been confirmed and the state of Missouri is host to 9 species.  In 1992, the 

first herbicide-resistant weed identified in Missouri was a common cocklebur population 

with resistance to acetolactate synthase-inhibiting (ALS) herbicides (Heap 2013).  This 

was closely followed by the characterization of ALS-inhibitor herbicide and triazine 

resistance in a population of common waterhemp in 1994.  By 2005, cases of ALS, 

glyphosate, protoporophyrinogen oxidase (PPO) and photosystem II resistance had been 

reported in this species which is considered to the most widespread resistant weed in 

Missouri.  In a study conducted by Legleiter and Bradley (2008), populations of common 

waterhemp resistant to ALS-inhibiting, PPO-inhibiting, and glyphosate herbicides were 

described from northwest Missouri.  In addition to the discovery of herbicide resistance 

in common waterhemp in 1994, a population of barnyardgrass (Echinochloa crus-galli 

L.) was also found to be resistant to the urea and amide chemistries.  In 1996, a 

population of common sunflower (Helianthus annuus L.) was found to be resistant to 

ALS-inhibiting herbicides.  In 2002 and 2004, populations of horseweed (Conyza 

canadensis L.) and common ragweed were confirmed with resistance to glyphosate 

(Heap 2013).  Since 2004, populations of palmer amaranth (Amaranthus palmeri S. 
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Wats.), giant ragweed, and annual bluegrass (Poa annua L.) have been confirmed to be 

resistant to glyphosate in Missouri (Heap 2013). 

Glyphosate. 

 Glyphosate (N-(phosphonomethyl) glycine) is a non-selective, broad spectrum 

herbicide that is active on many species of green plants through foliar translocation.  It 

was first introduced in 1974 for post-emergence weed control following discovery of its 

herbicidal properties by John Franz in 1970 (Monsanto 2005; Franz et al. 1997).  

Glyphosate inhibits the enzyme 5-enolpyruvylshikimate 3-phosphate synthase (EPSPS) 

in plant chloroplasts and is the only molecule that affects this enzyme in the shikimate 

pathway (Franz et al. 1997; Duke and Powles 2008).  EPSPS acts as a catalyst in the 

production of the aromatic amino acids phenylalanine, tyrosine, and tryptophan in plants. 

Although the exact sequence of events responsible for death of susceptible plants 

following applications of glyphosate are not entirely known, the inhibition of this 

pathway leads to insufficient production of these essential amino acids and effects the 

plant’s ability to maintain necessary levels of protein synthesis.  This results in the 

progressive development of symptoms such as chlorosis, stunting, and loss of apical 

dominance (Franz et al. 1997; Duke and Powles 2008; Baylis 2000). 

Glyphosate has less impact on human health and the environment when compared 

to other herbicides.  With an LD50 of 5 g/kg body weight in rats, glyphosate is acutely 

less toxic than even common table salt or aspirin (Duke and Powles 2008).  Shipitalo et 

al. (2008) observed a seven-fold increase in metribuzin loss compared to glyphosate 

when applied to soybeans which can be attributed to the fact that glyphosate has no soil 

activity (Duke and Powles 2008).  Glyphosate is strongly absorbed by most soil types and 
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is rapidly degraded through soil microbial processes into aminomethylphosphonic acid 

(AMPA), inorganic phosphate, ammonia, and carbon dioxide (Borggaard and Gimsing 

2008; Franz et al. 1997). Glyphosate’s ability to be rapidly degraded and its strong 

sorption characteristics, reduces the likelihood of groundwater contamination (Borggaard 

and Gimsing 2008). 

Glyphosate-Resistant Crops. 

 In 1996, glyphosate-resistant soybeans were introduced commercially in the 

United States (Dill et al. 2008; Duke 2005).  Glyphosate-resistant soybeans were 

developed through an extensive effort in utilizing the CP4 gene from Agrobacterium 

tumefaciens to encode a glyphosate-resistant form of EPSPS that allows the shikimate 

pathway to function in the presence of glyphosate (Duke 2005; Dill et al. 2008; Watrud et 

al. 2004).  Since the introduction of glyphosate-resistant soybeans, transgenic hybrids of 

corn, cotton (Gossypium hirsutum L.), canola (Brassica napus L.), and alfalfa (Medicago 

sativa L.) have been introduced into the marketplace.  Glyphosate-resistant canola 

contains the CP4 gene as well as a gene from Ochrobactrum anthropi that encodes the 

enzyme, glyphosate oxidoreductase, which degrades glyphosate to several non-toxic 

compounds including glyoxylate and aminomethylphosphonic acid (AMPA) (Dill et al. 

2008; Duke 2005). 

 Glyphosate-resistant crops and the use of glyphosate were quickly adopted by 

farmers throughout the United States.  Young (2006) reported that prior to the 

commercial release of glyphosate-resistant soybeans, yearly glyphosate use was less than 

3 million kg with a majority used for weed control prior to planting.  At that time, 

dinitroanaline and imidazolinone herbicides dominated the market for in-crop 
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management of weeds in soybean.  The average number of glyphosate applications per 

year in soybeans increased from 1 to 1.4 between 1995 and 2002 (Young 2006).  During 

this time, glyphosate use in soybeans rose from 2.5 to 30 million kg/year.  By 2002, 

glyphosate was used on nearly twice as many hectares than imazethapyr during peak use 

in 1995.  In 2002, glyphosate was listed as the sole active ingredient being applied on at 

least 10% of soybean hectares (Young 2006).  In 2012, 93% of all soybean hectares in the 

United States were planted with herbicide-resistant varieties with a majority being 

glyphosate-resistant (USDA 2013).  

 Glyphosate-Resistant Weeds. 

To date, 24 weed species worldwide including palmer amaranth, spiny amaranth 

(Amaranthus spinosus L.), common waterhemp, common ragweed, giant ragweed, ripgut 

brome (Bromus diandrus Roth), Australian fingergrass (Chloris truncata R. Br.) , hairy 

fleabane (Conyza bonariensis L. Cronq.), horseweed, sumatran fleabane (Conyza 

sumatrensis Retz. E.H. Walker), gramilla mansa (Cynodon hirsutus Stent), sourgrass 

(Digitaria insularis L. Mez ex Ekman), junglerice (Echinochloa colona L. Link), 

goosegrass (Eleusine indica L. Gaertn.), kockia (Kochia scoparia L. Schrad), tropical 

sprangletop (Leptochloa virgata (L.) P. Beauv), Italian ryegrass (Lolium multiflorum 

Lam.), perennial ryegrass (Lolium perenne L.), rigid ryegrass (Lolium rigidum Gaudin), 

ragweed parthenium (Parthenium hysterophorus L.), buckhorn plantain (Plantago 

lanceolata L.), annual bluegrass, johnsongrass (Sorghum halepense L. Pers.), and 

liverseedgrass (Urochloa panicoides P. Beauv.)  have been confirmed to be resistant to 

glyphosate with 14 species confirmed in the United States and 6 in Missouri (Heap 

2013).   
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A number of grass species have evolved resistance to glyphosate after years of 

continuous exposure.  In 1996, the first known case of glyphosate resistance occurred in a 

population of rigid ryegrass in Australia (Pratley et al. 1999).  This population was 9.5 

times more resistant to glyphosate compared to a susceptible population.  Shortly after, a 

rigid ryegrass population was confirmed resistant after 15 years of continuous glyphosate 

use in an almond orchard in California (Simarmata et al. 2005).  Glyphosate resistance 

was confirmed in johnsongrass following 6 years of glyphosate use in glyphosate-

resistant soybeans and fallow fields in Argentina (Vila-Aiub et al. 2007).  Populations of 

johnsongrass were found to be 3.5 to 10.5 times more resistant to glyphosate compared to 

susceptible populations.  In Malaysia, the first population of goosegrass was confirmed to 

be resistant to glyphosate in an orchard following 4 years of continuous glyphosate use 

(Lee and Ngim 2000).  Lee and Ngim (2000) reported 25% control of goosegrass 

following an application of glyphosate at 5,760 g/ha.  

   Like many grass species, broadleaf weeds also evolved resistance to glyphosate 

after years of continuous exposure.  In Delaware, the first population of horseweed was 

confirmed resistant to glyphosate following 3 years of continuous glyphosate use in 

glyphosate-resistant soybeans (VanGessel 2001).  VanGessel (2001) reported an 8- to 13- 

fold increase in resistance to glyphosate compared to a susceptible horseweed population.  

Additionally, Pollard et al. (2004) reported a population of common ragweed with a 9.6-

fold increase in resistance to glyphosate compared to susceptible populations following 6 

years of continuous glyphosate use in glyphosate-resistant soybeans. Legleiter and 

Bradley (2008) characterized two populations of common waterhemp with multiple 

modes of resistance that were 19 and 9 times more resistant to glyphosate compared to a 
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susceptible population. Greater than 65% survival was observed in all sampled 

populations following a 2x rate of glyphosate and thifensulfuron.  In Georgia, a 

population of palmer amaranth was confirmed to be resistant to glyphosate following 4 

years of continuous exposure to pendimethalin, paraquat, and glyphosate in cotton 

(Culpepper et al. 2006).  The authors reported poor control of palmer amaranth following 

exposure to 12 times the normal use rate of glyphosate. 

Herbicide Resistance in Giant Ragweed. 

 Populations of giant ragweed from Indiana, Illinois, and Ohio were confirmed 

resistant to ALS inhibiting herbicides in 1998 (Heap 2013).  In 2000, Iowa confirmed an 

ALS-resistant population.  Zelaya and Owen (2004) reported a population of giant 

ragweed in Iowa that had been effectively controlled post-emergence (POST) with ALS 

herbicides for at least 2 years before control declined to less than 10% following 

applications with cloransulam and primisulfuron plus prosulfuron combinations.   

 To date, giant ragweed has been confirmed with resistance to glyphosate in Ohio, 

Indiana, Arkansas, Kansas, Minnesota, Tennessee, Iowa, Missouri, Mississippi, 

Nebraska, Wisconsin and also in the province of Ontario, Canada (Heap 2013).  In 2004, 

the first population of giant ragweed to be confirmed with resistance to glyphosate was 

found in Ohio (Heap 2013).  Westhoven et al. (2008) reported populations of giant 

ragweed throughout Indiana with elevated levels of glyphosate resistance in 2005 and 

2006.  In 2006, Stachler et al. (2006) reported fields in Ohio and Indiana with populations 

of giant ragweed that were controlled 50 and 76% following two applications of 

glyphosate compared to 93% control in a susceptible population.  Populations of giant 

ragweed that were difficult to control were located on farms that utilized glyphosate as 
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the sole herbicide for weed control in soybeans.  The first population of giant ragweed 

with confirmed resistance to both glyphosate and ALS-inhibiting herbicides occurred in 

Ohio in 2006.  In 2007, Norsworthy et al. (2010) characterized a population of giant 

ragweed in Tennessee with a 5.3-fold level of glyphosate resistance compared to a 

susceptible population.  Resistance evolved in this population after 6 consecutive years of 

glyphosate use prior to planting cotton which is the result of a selection process imposed 

on many resistant populations.  In 2008, Minnesota became the second state to 

characterize a population of giant ragweed with multiple modes of resistance to 

glyphosate and ALS herbicides.  Additionally, in 2008 a population of giant ragweed was 

confirmed to be resistant to glyphosate in Ontario, Canada.  Populations of giant ragweed 

were confirmed to be resistant to glyphosate in Iowa, Missouri, Mississippi, Wisconsin, 

and Nebraska in 2009 and 2010 (Heap 2013).  Based upon the literature, little is known 

about the exact molecular mechanism of glyphosate resistance in giant ragweed.  

However, Norsworthy et al. (2011) reported that differential translocation or absorption 

was not the mechanism of glyphosate-resistance in a glyphosate-resistant giant ragweed 

biotype in Arkansas.   

Economics of Glyphosate-Resistant Weeds. 

 Glyphosate is the world’s best selling agrochemical following 25 years of sales 

(Baylis 2000).  Glyphosate has benefited farmers due to its broad spectrum of weed 

control, low cost, and applicator safety (Mueller et al. 2005).  Since glyphosate-resistant 

soybeans were introduced commercially in the United States in 1996, farmers have 

benefited from glyphosate by effectively managing more hectares while focusing on 
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other tasks which has increased profitability and productivity (Dill et al. 2008; Duke 

2005; Mueller et al. 2005).   

 The use pattern of glyphosate changed with adoption of glyphosate-resistant crops 

(Owen 2000).  Prior to glyphosate-resistant crops, glyphosate was used primarily to 

control weeds prior to crop emergence (Duke and Powles 2008; Mueller et al. 2005).  

With the adoption of glyphosate-resistant crops, the number of glyphosate applications in 

a growing season increased, which placed a greater selection pressure on weeds (Mueller 

2005; Young 2006).  As a result of long-term reliance upon herbicides with a single mode 

of action, such as glyphosate, weed populations evolved resistance (Duke and Powles 

2008).   

 The number of glyphosate-resistant weed species has increased since the first 

confirmed case in 1996 (Heap 2013).  Several studies have been conducted to determine 

the economics of glyphosate-resistant weed management.  Mueller et al. (2005) evaluated 

the economics of proactive versus reactive glyphosate-resistant weed management in 

glyphosate-resistant cropping systems.  In soybean, the authors reported a net increase in 

production cost of $28.42/Ha with the occurrence of glyphosate-resistant horseweed.  In a 

corn and soybean rotation, a proactive management strategy was developed in 

anticipation of a common waterhemp population evolving resistance to glyphosate.  The 

authors reported an increased cost of $4.52/Ha per year when using a pre-emergence 

(PRE) herbicide with two different modes of action followed by glyphosate (POST) as 

compared to the cost of two applications of glyphosate.  Considering the same corn and 

soybean rotation, a reactive management strategy was determined to increase cost by 

$44.25/Ha per year in fields that had developed resistance to glyphosate as a result of 
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more costly in-crop management for control of glyphosate-resistant common waterhemp.  

Legleiter et al. (2009) reported a net income increase of $271 to $340/Ha when using 

PRE herbicides with two different modes of action such as S-metolachlor plus metribuzin 

compared with a single POST application of glyphosate to control glyphosate-resistant 

common waterhemp in glyphosate-resistant soybean.  Additionally, the authors reported a 

negative net income in 2006 when a single POST application of glyphosate was applied 

to control glyphosate-resistant common waterhemp. 

Management of Giant Ragweed in Soybean Production Systems. 

Giant ragweed must be managed differently depending upon the population.  

Given the biology of giant ragweed, this weed is difficult to control in crops with single 

applications of PRE or POST herbicides and with multiple applications of the same 

herbicide chemistry (Johnson et al. 2007a).  Before the introduction and wide-scale 

adoption of glyphosate-resistant soybeans, the use of ALS-inhibiting herbicides such as 

chlorimuron-ethyl and cloransulam-methyl were among the most popular and effective 

means of controlling giant ragweed in soybeans.  For example, Baysinger and Sims 

(1992) reported 68 and 85% control of 2.5- to 5-cm giant ragweed with chlorimuron-

ethyl at 13 g/ha 6 weeks following application.  However, with the selection of ALS-

resistant giant ragweed populations in the late 1990’s, many farmers switched to 

glyphosate for the control of ALS-resistant giant ragweed populations (Johnson et al. 

2007a).  Identification of glyphosate-resistant giant ragweed populations in 2004 and 

populations with multiple modes of herbicide resistance in 2006 have made giant 

ragweed management in soybeans increasingly difficult.   
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Pre-plant (PREPLT) applications of 2,4-D, dicamba, or paraquat can provide 

effective control of glyphosate-, ALS-, or multiple-resistant giant ragweed populations in 

soybean.  Current recommendations by Johnson et al. (2007a) for the control of this 

species include an effective PREPLT herbicide that contains sulfentrazone, cloransulam-

methyl, imazaquin, flumioxazin, or chlorimuron-ethyl.  If additional emergence of giant 

ragweed occurs after crop emergence, diphenyl ether herbicides such as fomesafen, 

lactofen, or acifluorfen can provide some POST control of small giant ragweed plants 

(Johnson et al. 2007a; Baysinger and Sims 1992).  Harrison et al. (2007) reported that 

timely weed control applications can reduce the seed bank of giant ragweed by 90% or 

greater after 4 years. 

Another option for the control of glyphosate- or ALS-resistant giant ragweed 

populations is the application of glufosinate in a glufosinate-resistant soybean system.  

To date, two weeds have been confirmed resistant to glufosinate, goosegrass (Eleusine 

indica L) and Italian ryegrass (Lolium multiflorum L.) (Jalaludin et al. 2010; Avila-Garcia 

and Mallory-Smith 2011).  Wiesbrook et al. (2001) reported 73 to 99% control of giant 

ragweed with a herbicide program that consisted of a PRE application of clomazone at 

840 g/ha followed by a POST application of glufosinate at 300 g/ha in glufosinate-

resistant soybeans.  A single POST application of glufosinate at 300 and 400 g/ha, 

provided 72 to 99% control of 5- to 23-cm tall giant ragweed.  The addition of fomesafen 

to a glufosinate treatment resulted in 85 to 91% control.  Control of giant ragweed was 

increased with sequential applications of glufosinate compared to other glufosinate-based 

programs.  

Summary and Objectives. 
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 Giant ragweed is a highly competitive, rapidly growing, summer annual weed.  

Over the past 2 decades, giant ragweed has become increasingly prevalent on agriculture 

lands and specifically in corn and soybean fields throughout the Corn Belt.  In Missouri, 

it is one of the earliest summer annual weeds to emerge in the spring, with emergence 

usually completed between April and May.  By emerging before other weeds or crops, 

giant ragweed will exploit available resources such as nutrients, light, and water.  As a 

result, giant ragweed has the ability to reduce corn and soybean seed yields (Johnson et 

al. 2007a; Abul-Fatih and Bazzaz 1979a; Stoller and Wax 1973; Webster et al. 1994; 

Harrison et al. 2001; Baysinger and Sims 1991).  Giant ragweed is more competitive in 

soybean than corn, with yield losses reported as high as 45 to 77% when population 

densities are as low as 1 plant/m2 (Webster et al. 1994). 

 Since the commercial release of glyphosate-resistant soybeans in 1996, 

glyphosate use has increased.  By 2002, glyphosate use in soybean rose from 2.5 to 30 

million kg/year and was the only active ingredient being applied to at least 10% of 

soybean hectares in the United States (Young 2006).  In 2012, 93% of all soybean 

hectares in the United States were planted with herbicide-resistant varieties, with a 

majority being glyphosate-resistant (USDA 2013).  Increased reliance on glyphosate for 

cheap and effective weed control has resulted in the evolution of a number of resistant 

weed species.  Depending upon the species, proactive management strategies have been 

reported to be more economical than reactive management strategies for management of 

glyphosate-resistant weeds.  The use of PRE herbicides with multiple modes of action 

have been shown to be more economical for managing glyphosate resistance compared to 
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utilizing a POST-only management strategy with a single mode of action such as 

glyphosate (Mueller et al. 2005; Legleiter et al. 2009; Duke and Powles 2009). 

 To date, 14 species have been confirmed to be resistant to glyphosate in the 

United States with 6 of these species found in Missouri.  Giant ragweed has been listed as 

one of the most troublesome and costly weeds in Illinois, Kentucky, Oklahoma, Ohio and 

Indiana (Loux and Berry 1991; Johnson et al. 2004; Jordan 1985).  In 2004, the first 

population of giant ragweed to be confirmed resistant to glyphosate was found in Ohio 

(Heap 2013).  In 2006, fields in Ohio and Indiana were reported to have populations of 

giant ragweed that were controlled 50 and 76% with 2 applications of glyphosate in 

soybean (Stachler et al. 2006).  In 2009, a population of giant ragweed was confirmed 

resistant to glyphosate in Missouri.  Over the past 2 years, the state has seen an increase 

in the number of giant ragweed populations that are resistant to glyphosate.  Therefore, 

the objectives of this research are to:  1) evaluate the influence of application timing and 

the use of glyphosate-tank mix partners for in-crop control of glyphosate resistant giant 

ragweed in soybean, 2) evaluate pre-plant herbicide options and system management 

strategies in glyphosate- and glufosinate-resistant soybean for the control of glyphosate 

resistant giant ragweed, 3) evaluate net economic returns in response to these herbicide 

programs and management of glyphosate-resistant giant ragweed.  

 

 

 

 



18 
 

Literature Cited 

Abul-Fatih, H. A. and F. A. Bazzaz. 1979a. The biology of Ambrosia trifida L.I. 
Influence of species removal on the organization of the plant community. New 
Phytol. 83:813-816. 

 
Abul-Fatih, H. A. and F. A. Bazzaz. 1979b. The biology of Ambrosia trifida L. II. 

Germination, emergence, growth, and survival. New Phytol. 83:817-827. 
 
Abul-Fatih, H. A., F. A. Bazzaz, and R. Hunt. 1979. The biology of Ambrosia trifida 

L.III. Growth and biomass allocation. New Phytol. 83:829-838. 
 
Avila-Garcia, W. V. and C. Mallory-Smith. 2011. Glyphosate-resistant Italian ryegrass 

(Lolium perenne) populations also exhibit resistance to glufosinate. Weed Sci. 
59:305-309. 

 
Bassett, I. J. and C. W. Crompton. 1982. The biology of Canadian weeds. 55. Ambrosia 

trifida L. Can. J. Plant Sci. 62:1002-1010. 
 
Baylis, A. D. 2000. Why glyphosate is a global herbicide: strengths, weaknesses and 

prospects. Pest. Management Sci. 56:299-308. 
 
Baysinger, J. A. and B. D. Sims. 1991. Giant ragweed (Ambrosia trifida) interference in 

soybeans (Glycine max). Weed Sci. 39:358-362. 
  
Baysinger, J. A. and B. D. Sims. 1992. Giant ragweed (Ambrosia trifida) control in 

soybean (Glycine max). Weed Technol. 6:13-18. 
 
Blake, S. F. 1939. A new variety of Iva ciliata from Indian rock shelters in the south 

central United States. Rhodora. 41:81-86. 
 
Bloomberg, J. R., B. L. Kirkpatrick, and L. M. Wax. 1982. Competition of common 

cocklebur (Xananthium pensylvanicum Wallr.) with soybean (Glycine max). 
Weed Sci. 30:507-513. 

 
Borggaard, O. K. and A. L. Gimsing. 2008. Fate of glyphosate in soil and the possibility 

of leaching to ground and surface waters: a review. Pest Management Sci. 64:441-
456. 

 
Bryson, C. T. and M. S. DeFelice. 2009. Weeds of the South. Athens, Georgia: 

University of Georgia Press. 468 p. 
 
Coble, H. D. and R. L. Ritter. 1978. Pennsylvania smartweed (Polygonum 

pensylvanicum) interference in soybeans (Glycine max). Weed Sci. 26:556-559. 
 



19 
 

Coble, H. D., F. M. Williams, and R. L. Ritter. 1981. Common ragweed (Ambrosia 
artemisiifolia) interference in soybeans (Glycine max). Weed Sci. 29:339-342. 

 
Cordes, J. C., W. G. Johnson, R. J. Smeda, and P. C. Scharf. 2004. Late emerging 

common waterhemp (Amaranthus rudis Sauer) interference in conventional-
tillage corn (Zea mays L.). Weed Technol. 18:999-1005. 

 
Culpepper, A. S., T. L. Grey, W. K., Vencill, J. M. Kichler, T. M. Webster, S. M. Brown, 

A. C. York, J. W. Davis, and W. W. Hanna. 2006. Glyphosate-resistant palmer 
amaranth (Amaranthus palmeri) confirmed in Georgia. Weed Sci. 54:620-626. 

 
Dill, G. M, C. A. CaJacob, and S. R. Padgette. 2008. Glyphosate-resistant crops: 

adoption, use and future considerations. Pest Management Sci. 64:326-331. 
 
Duke, S. O. 2005. Taking stock of herbicide-resistant crops ten years after introduction. 

Pest Management Sci. 61:211-218. 
 
Duke, S. O. and S. B. Powles. 2008. Mini-review glyphosate: a once in a century 

herbicide. Pest Management Sci. 64:319-325. 
 
Duke, S. O. and S. B. Powles. 2009. Glyphosate-resistant crops and weeds:  now and in 

the future. AgBioForum. 12(3&4):346-357. 
 
Franz J. E., M. K. Mao, and J. A. Sikorski. 1997. Glyphosate: A Unique Global 

Herbicide. American Chemical Society. Washington D.C. 653 p. 
 
Hans, S. R. and W. G. Johnson. 2002. Influence of shattercane [Sorghum bicolor (L.) 

Moench] interference in corn (Zea mays L.) yield and nitrogen accumulation. 
Weed Technol. 16:787-791.  

 
Harrison, S. K., E. E. Regnier, J. T. Schmoll, and J. E. Webb. 2001. Competition and 

fecundity of giant ragweed in corn. Weed Sci. 49:224-229. 
 
Harrison, S. K., E. E. Regnier, J. T. Schmoll, and J. M. Harrison. 2007. Seed size and 

burial effects on giant ragweed (Ambrosia trifida) emergence and seed demise. 
Weed Sci. 55:16-22. 

 
Heap, I. 2013. The international survey of herbicide resistant weeds. 

http://www.weedscience.org/In.asp. Accessed: April 16, 2013. 
  
Jalaludin, A, J. Ngim, B. Baker, and Z. Alias. 2010. Preliminary findings of potentially 

resistant goosegrass (Elusine indica) to glufosinate-ammonium in Malaysia. 
Weed Biology and Management 10:256-260. 

 
 



20 
 

Johnson, B., J. Barnes, K. Gibson, and S. Weller. 2004. Late season weed escapes in 
Indiana soybean fields. Online. Crop Management. doi:10.1094/CM-2004-0923-
01-BR. 

 
Johnson, B., M. Loux, D. Nordby, C. Sprague, G. Nice, A. Westhoven, and J. Stachler. 

2007a. The glyphosate, weeds, and crops series. Biology and management of 
giant ragweed. (GWC-12). University of Purdue Extension. 14 p. 

 
Johnson, W. G., E. J. Ott, K. D. Gibson, R. L. Nielsen, and T. T. Bauman. 2007b. 

Influence of nitrogen application timing on low density giant ragweed (Ambrosia 
trifida) interference in corn. Weed Technol. 21:763-767. 

 
Jordan, T. N. 1985. Weed survey of the north central weed control conference. North 

Central Weed Control Conf. Res. Rep. 42:344-355. 
 
Lee, L. J. and J. Ngim. 2000. A first report of glyphosate-resistant goosegrass (Eleusine 

indica L. Gaertn) in Malaysia. Pest Management Sci. 56:336-339. 
 
Legleiter, T. R. and K. W. Bradley. 2008. Glyphosate and multiple herbicide resistance in 

common waterhemp (Amaranthus rudis) populations from Missouri. Weed Sci. 
56:582-587. 

 
Legleiter, T. R., K. W. Bradley, and R. E. Massey. 2009. Glyphosate-resistant waterhemp 

(Amaranthus rudis) control and economic returns with herbicide programs in 
soybean. Weed Technol. 23:54-61. 

  
Loux, M. M. and M. A. Berry. 1991. Use of a grower survey for estimating weed 

problems. Weed Technol. 5:460-466. 
 
Monsanto Company. 2005. Backgrounder Publication. History of Monsanto’s glyphosate 

herbicides. 
 
Mueller, T. C., P. D. Mitchell, B. G. Young, and A. S. Culpepper. 2005. Proactive versus 

reactive management of glyphosate-resistant or -tolerant weeds. Weed Technol. 
19:924-933. 

 
Norsworthy, J. K., P. Jha, L. E. Steckel, and R. C. Scott. 2010. Confirmation and control 

of glyphosate-resistant giant ragweed (Ambrosia trifida) in Tennessee. Weed 
Technol. 24:64-70. 

 
Norsworthy, J. K., D. Riar, P. Jha, and R. C. Scott. 2011. Confirmation, control, and 

physiology of glyphosate-resistant giant ragweed (Ambrosia trifida) in Arkansas. 
Weed Technol. 25:430-435. 

 
Owen, M. 2008. Review: Weed species shifts in glyphosate-resistant crops.  Pest 

Management Sci. 64:377-387. 



21 
 

 
Pollard, J. M., B. A. Sellers, and R. J. Smeda. 2004. Differential response of common 

ragweed to glyphosate. Proc. N. Cent. Weed Sci. Soc. 59:27. 
 
Pratley, J., N. Urwin, R. Stanton, P. Baines, J. Broster, K. Cullis, D. Schafer, J. Bohn, and 

R. Krueger. 1999. Resistance to glyphosate in Lolium rigidum I. Bioevaluation. 
Weed Sci. 47:405-411. 

 
Schutte, B. J., E. E. Regnier, S. K. Harrison, J. T. Schmoll, K. Spokas, and F. Forcella. 

2008. A hydrothermal seedling emergence model for giant ragweed (Ambrosia 
trifida). Weed Sci. 56:555-560. 

 
Shipitalo, M. J., R. W. Malone, and L. B. Owens. 2008. Impact of glyphosate-tolerant 

soybean and glufosinate-tolerant corn production on herbicide losses in surface 
runoff. Journal of Environ. Quality. 37:401-408. 

 
Simarmata, M., S. Bughrara, and D. Penner. 2005. Inheritance of glyphosate resistance in 

rigid ryegrass (Lolium rigidum) from California. Weed Sci. 53:615-619. 
 
Stachler, J. M., M. M. Loux, W. G. Johnson, and A. M. Westhoven. 2006. Management 

of giant ragweed populations that are difficult to control with glyphosate. Proc. N. 
Cent. Weed Sci. 61:226. 

 
Stoller, E. W. and L. M. Wax. 1973. Periodicity of germination and emergence of some 

annual weeds. Weed Sci. 21:574-580. 
  
[USDA] United States Department of Agriculture. 2011. Plants profile. Giant ragweed 

(Ambrosia trifida L.).  http://plants.usda.gov/java/profile?symbol=AMTR. 
Accessed: February 25, 2011.  

 
[USDA] United States Department of Agriculture. 2013. Data sets. Adoption of 

genetically engineered crops in the U.S.: Soybean varieties. 
http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-
in-the-us.aspx. Accessed: April 16, 2013.  

 
Uva, R. H., J. C. Neal, and J. M. DiTomaso. 1997. Weeds of the Northeast. Ithaca, New 

York: Cornell University Press. 397 p. 
 
VanGessel, M. J. 2001. Rapid Publication: Glyphosate-resistant horseweed from 

Delaware. Weed Sci. 49:703-705. 
 
Vila-Aiub, M. M., M. C. Balbi, P. E. Gundel, C. M. Ghersa, and S. B. Powles. 2007. 

Evolution of glyphosate-resistant johnsongrass (Sorghum halpense) in 
glyphosate-resistant soybean. Weed Sci. 55:566-571. 

 



22 
 

Watrud, L. S, E. H. Lee, A. Fairbrother, C. Burdick, J. R. Reichman, M. Bollman, M. 
Storm, G. King, and P. K. Van de Walter. 2004. Evidence for landscape-level, 
pollen-mediated gene flow from genetically modified creeping bentgrass with 
CP4 EPSPS as a marker.  Proc. Natl. Acad. Sci. U.S.A. 101:14533-14538. 

 
Webster, T. M., M. M. Loux, E. E. Regnier, and S. K. Harrison. 1994. Giant ragweed 

(Ambrosia trifida) canopy architecture and interference studies in soybean 
(Glycine max). Weed Technol. 8:559-564. 

 
Westhoven, A. M., V. M. Davis, K. D. Gibson, S. C. Weller, and W. G. Johnson. 2008. 

Field presence of glyphosate-resistant horseweed (Conyza canadensis), common 
lambsquarters (Chenopodium album) and giant ragweed (Ambrosia trifida) 
biotypes with elevated tolerance to glyphosate. Weed Technol. 22:544-548. 

 
Wiesbrook, M. L., W. G. Johnson, S. E. Hart, P. R. Bradley, and L. M. Wax. 2001. 

Comparison of weed management systems in narrow-row, glyphosate-and 
glufosinate-resistant soybean (Glycine max). Weed Technol. 15:122-128. 

 
Williams II, M. M. and J. B. Masiunas. 2006. Functional relationships between giant 

ragweed (Ambrosia trifida) interference and sweet corn yield and ear traits. Weed 
Sci. 54:948-953. 

 
[WSSA] Weed Science Society of America. 2011. Resistance and tolerance definitions. 

http://wssa.net/weed/resistance/herbicide-resistance-and-herbicide-tolerance-
definitions/. Accessed: March 10, 2011.  

 
Young, B. G. 2006. Changes in herbicide use patterns and production practices resulting 

from glyphosate-resistant crops. Weed Technol. 20:301-307. 
 
Zelaya, I. A. and M. K. Owen. 2004. Evolved resistance to acetolactate synthase-

inhibiting herbicides in common sunflower (Helianthus annuus), giant ragweed 
(Ambrosia trifida), and shattercane (Sorghum bicolor) in Iowa.  Weed Sci. 
52:538-548. 



23 
 

CHAPTER II 

Influence of Application Timing and Glyphosate Tank-Mix Combinations on the 

Survival of Glyphosate-Resistant Giant Ragweed (Ambrosia trifida L.) in Soybean 

 

Eric B. Riley and Kevin W. Bradley 

Abstract 

In recent years, glyphosate-resistant (GR) giant ragweed has become an increasingly 

problematic weed of soybean production systems in Missouri and throughout many areas 

of the Midwest.  Field trials were conducted in 2010 and 2011 to determine the influence 

of various application timings and glyphosate tank-mix combinations on the survival of 

GR giant ragweed in soybean.  Glyphosate was applied alone and in combination with 

selected tank-mix combinations early post-emergence (EPOST) to 10-, 20-, or 30-cm GR 

giant ragweed.  Treatments received late post-emergence (LPOST) applications 

approximately 3 weeks after EPOST applications once GR giant ragweed resumed 

growth.  GR giant ragweed survival 2 weeks after early post-emergence applications (2 

WAEPOST) ranged from 60 to 100%.  Glyphosate plus fomesafen applications to 10-cm 

plants resulted in 60% survival of GR giant ragweed which was the lowest survival 

observed across all treatments and application timings.  However, GR giant ragweed 

survival ranged from 37 to 98% 4 weeks after LPOST applications (4 WALPOST). 

Glyphosate plus fomesafen applications to 10-cm plants resulted in 37% survival of GR 

giant ragweed 4 WALPOST, which was the lowest survival observed across all 

treatments and application timings.  Few differences in soybean yield were observed 

between herbicide treatments within application timings in either year, and all herbicide 
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treatments resulted in yields higher than the non-treated control.  In 2011, soybean yields 

were reduced following glyphosate tank-mix combinations to larger plants.  Overall, 

higher soybean injury and GR giant ragweed survival was observed in response to 

glyphosate tank-mix combinations made to taller plants.  Results from this research 

indicate additional methods of GR giant ragweed control, other than POST-only 

glyphosate tank-mix combinations, will be needed for effective management of GR giant 

ragweed in GR soybean. 

Introduction 

 Giant ragweed (Ambrosia trifida L.) is a rapid growing, summer annual weed that 

is found across a wide variety of habitats including stream banks, floodplains, right of 

ways, disturbed sites, and agricultural production fields (Uva et al. 1997; Abul-Fatih and 

Bazzaz 1979; Bassett and Crompton 1982).  It is one of the earliest weeds to emerge in 

the spring and gains an immediate competitive advantage over other weeds and crops 

because it typically dominates the weed community in which it’s growing (Abul-Fatih 

and Bazzaz 1979; Stoller and Wax 1973).  Giant ragweed has been listed as one of the 

most troublesome and costly agricultural weeds in Illinois, Indiana, Ohio, Oklahoma and 

Kentucky (Jordan 1985; Loux and Berry 1991; Johnson et al. 2004).  This species is 

highly competitive in soybean (Glycine max L.) and can cause high yield losses at low 

densities.  For example, soybean yield reductions of 46 and 50% have been reported in 

response to season-long interference of as few as 2 plants 9-m-1 of row (Baysinger and 

Sims 1991).  Similarly, Webster et al. (1994) reported yield reductions of 45 and 77% 

when giant ragweed populations were as low as 1 plant m-2.  Additionally, Baysinger and 
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Sims (1991) reported that yield reductions can be avoided if fields remain free of giant 

ragweed for 8- to10-weeks after soybean emergence (WAE). 

 Due to its rapid growth, proper herbicide application timing is critical to the 

control of giant ragweed.  Franey and Hart (1999) reported 87 and 88% control of 5- to 

10-cm and 5- to 15-cm giant ragweed following early post-emergence (EPOST) 

applications of cloransulam.  However, late post-emergence (LPOST) applications of 

cloransulam provided less than 54 % control of 30- to 60-cm giant ragweed.  Similar 

results have been reported with other weed species.  Knezevic et al. (2009) reported that 

reductions in weed control can occur in response to post-emergence (POST) herbicide 

applications to larger weeds.  For example, a single POST application of glyphosate plus 

fomesafen to 15-cm plants resulted in 100% control of common lambsquarters 

(Chenopodium album L.) while applications of this same herbicide treatment to plants 

that were 45-cm in height resulted in only 77% control of this species.  In addition, 

control of ivyleaf morningglory (Ipomoea hederacea Jacq.) decreased from 73 to 51% 

following applications of glyphosate plus fomesafen to 10- and 30-cm plants, 

respectively (Knezevic et al. 2009).  

 For glyphosate-resistant (GR) weeds or weeds that are more difficult to control 

with glyphosate, a number of authors have reported increases in weed control with 

glyphosate tank-mix combinations compared to glyphosate alone.  Few studies have been 

conducted that report on the effects of various glyphosate tank-mix combinations on the 

control of GR giant ragweed in soybean.  Vink et al. (2012) observed greater control of 

GR giant ragweed in response to POST applications of glyphosate plus dicamba 

compared to glyphosate alone.  Ellis and Griffin (2003) also observed that the addition of 
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acifluorfen, fomesafen, or lactofen to glyphosate treatments increased control of pitted 

morningglory (Ipomoea lacunose L.) compared to glyphosate alone in soybean.  

Knezevic et al. (2009) reported glyphosate tank-mixes of lactofen or fomesafen 

controlled common lambsquarters and velvetleaf (Abutilon theophrasti Medik.) ≥ 93% 

compared to glyphosate alone which provided 82 and 84%, respectively.  Similarly, the 

addition of bentazon to a glyphosate treatment increased the control of common 

lambsquarters and velvetleaf (Lich et al. 1997).  Control of GR horseweed (Conyza 

canadensis (L.) Cronq.) was ≥ 90% when 2,4-D or dicamba was added to a glyphosate 

treatment compared to the control achieved with glyphosate alone which was 60 and 

65%, respectively (Eubank et al. 2008).  Legleiter and Bradley (2008) also reported lower 

GR waterhemp (Amaranthus rudis Sauer) survival 6 weeks after treatment following an 

application of glyphosate plus fomesafen compared to glyphosate alone.   

 Continuous reliance on a single mode of action (MOA) or active ingredient, such 

as glyphosate, has led to the selection of herbicide resistant weeds through increased 

selection pressure (Jasieniuk et al. 1996; Duke and Powles 2008; Mueller et al. 2005).  

For example, a population of rigid ryegrass (Lolium rigidum Gaudin) was confirmed to 

be resistant to glyphosate following 15 years of continuous use in an almond orchard 

(Simarmata et al. 2005).  Similarly, populations of giant ragweed and common ragweed 

(Ambrosia artemisiifolia L.) were confirmed to be resistant to glyphosate following 6 

years of continuous glyphosate use (Norsworthy et al. 2010; Pollard et al. 2004).  As of 

2013, giant ragweed has been confirmed with resistance to glyphosate in Ontario, Canada 

and in Ohio, Indiana, Arkansas, Kansas, Minnesota, Tennessee, Iowa, Missouri, 

Mississippi, Wisconsin and Nebraska.  Additionally, giant ragweed has been reported to 
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exhibit multiple resistance to glyphosate and acetolactate synthase (ALS)-inhibiting 

herbicides in Ohio and Minnesota (Heap 2013).  In recent years, GR giant ragweed has 

become an increasingly problematic weed of soybean production systems.  In some 

locations, giant ragweed infestations may not be evident until after soybeans have been 

planted; this may be due to tillage prior to planting that stimulates giant ragweed 

emergence in-crop, or to ineffective preplant (PREPLT) herbicide programs that did not 

adequately control giant ragweed in no-till systems.  In either case, an effective POST 

treatment for the control of GR giant ragweed is required.  The objectives of this research 

were to determine the effects of herbicide application timing and selected glyphosate 

tank-mix combinations on GR giant ragweed survival and soybean seed yield in GR 

soybean.   

Materials and Methods 

Site Description.   

 A field experiment was conducted in Randolph County, Missouri (39°23.8’N, 

92°37.8’W) in 2010 and duplicated in Monroe County, Missouri (39°34.1’N, 92°10.6’W) 

in 2011.  Both locations were selected based on a dense infestation of GR giant ragweed 

in fields that were to be planted to soybean.  Average GR giant ragweed densities were 

13 and 29 plants m-2 at the Randolph and Monroe County locations, respectively.  The 

soil type at the Randolph County location was a Piopolis silty clay loam (fine-silty, 

mixed, superactive, acid, mesic, Fluvaquentic Endoaquepts) with 1.1% organic matter 

and a pH of 6.8.  The soil type at the Monroe Country location was a Putnam silt loam 

(fine, smectitic, mesic Vertic Albaqualfs) with 1.6% organic matter and a pH of 5.1.  At 

the Randolph County location, NK 3983 glyphosate-resistant soybeans were planted into 
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a conventionally-tilled seedbed at a seeding rate of 420,000 seeds ha-1 in rows spaced 19-

cm apart.  At the Monroe County location, MorSoy RT3807N glyphosate-resistant 

soybeans were planted into a no-till seedbed at a seeding rate of 420,000 seeds ha-1 in 

rows spaced 76-cm apart.  Individual plots were 3- x 9-m in size and arranged in a 

randomized complete block design.  Treatments were replicated 6 times in 2010 and 5 

times in 2011.  All herbicide applications were applied at 5 km h-1 with a hand-held CO2-

powered backpack sprayer delivering 140 L ha-1 with flat fan nozzle tips (TeeJet 

XR8002, Spraying System Co. P.O. Box 7900, Wheaton, IL 60189) 

Treatment Information.   

 In both experiments, glyphosate (Roundup Powermax®, 0.86 kg ae ha-1, 

Monsanto Co., 800 N. Lindbergh Blvd., St. Louis, MO 63167) was  applied in 

combination with lactofen (Cobra®, 0.22 kg ai ha-1, Valent USA Corp. Ag Products, P.O. 

Box 8025, Walnut Creek, CA 94596), cloransulam (FirstRate®, 0.018 kg ai ha-1,  Dow 

AgroSciences, 9330 Zionsville Rd., Indianapolis, IN 46268), fluthiacet (Cadet™, 0.007 

kg ai ha-1,  FMC Corp. Ag Products, 1735 Market St., Philadelphia, PA 19103), or 

fomesafen (Flexstar®, 0.34 kg ai ha-1, Syngenta Crop Protection, P.O. Box 18300, 

Greensboro, NC 27419) to GR giant ragweed that averaged 10-, 20-, and 30-cm in height.  

Glyphosate was also applied alone at 0.86- and 1.74 kg ae ha-1 to GR giant ragweed 

plants that averaged 10- and 20-cm in height.  All herbicide treatments were followed by 

(fb) a LPOST herbicide application of glyphosate alone at 0.86 kg ae ha-1 with the 

exception of one treatment of glyphosate at 0.86 kg ae ha-1 at the 10-cm timing that 

received a LPOST application of glyphosate at 0.86 kg ae ha-1 plus fomesafen at 0.34 kg 

ai ha-1.  All LPOST applications were made approximately 3 weeks after EPOST 
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applications once GR giant ragweed resumed growth.  Ammonium sulfate (N-Pak® 

AMS, 1.43 kg ai ha-1, Winfield Solutions LLC, P.O. Box 64589, St. Paul, MN 55164) 

was added to each treatment at all applications.  A detailed list of seeding dates, herbicide 

application dates, soybean stages, and mean GR giant ragweed heights at the time of each 

application are listed in Table 2.1.  

Data Collection.   

 Visual soybean injury was evaluated 2 weeks after the 10-, 20-, and 30-cm early 

post-emergence applications (2 WAEPOST).  Visual evaluations were based on a scale of 

0 to 100%, with 0 equal to the soybean vigor observed in the non-treated control plots 

and 100 equal to complete soybean death.  Prior to spraying the 10-, 20-, and 30-cm 

application timing, 10 representative giant ragweed plants within the middle 1.5-m area 

in each plot were flagged with surveyor’s tape for determination of survival during the 

season.  Counts of surviving giant ragweed in each plot were taken 2 WAEPOST and 4 

weeks after LPOST applications (4 WALPOST) and divided by the original number of 

flagged plants in order to determine the percent survival in response to each herbicide 

treatment.  Dead giant ragweed plants were defined as a plant with 100% necrotic tissue 

with no chance of producing seed.  Soybeans were harvested from the center 1.5-m area 

in each plot with a small plot combine and yields were adjusted to 13% moisture content. 

Statistical Analysis.   

 Visual soybean injury, giant ragweed survival, and yield data were subjected to 

analysis of variance (ANOVA) using the PROC MIXED procedure in SAS (Statistical 

Analysis Systems®, version 9.3, SAS Institute, Inc., 100 SAS Campus Dr., Cary, NC 

27513) with means separated using Fisher’s protected LSD at P ≤ 0.05.  Each year was 
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considered an environment sampled at random.  Considering year as a random effect in 

the model permits inferences about treatments over a range of environments (Carmer et 

al. 1989; Blouin et al. 2011).  Herbicide treatments were considered fixed effects in the 

model while random effects included environments and replications (nested within 

environments).   All percent data were transformed using arcsine of the square root.  Data 

transformations did not improve the models; therefore, non-transformed data are 

presented.  Yield data were separated by year.  Contrast comparisons among herbicide 

application timings represent a priori orthogonal contrasts.  Pair-wise comparisons were 

made across all environments allowing for the determination of whether differences exist 

among 10-, 20-, and 30-cm application timings when a glyphosate tank-mix combination 

was used at the initial application timing.  Yield comparisons were separated by year. 

Results and Discussion 

GR Giant Ragweed Survival.   

 Survival of giant ragweed plants 2 WAEPOST ranged from 60 to 100% (Figure 

2.1A).  GR giant ragweed survival was 60 and 72% in response to glyphosate plus 

fomesafen and glyphosate plus lactofen, respectively, when applied to plants that were 

10-cm in height.  In contrast, Baysinger and Sims (1992) reported ≥ 78% control of 

glyphosate-susceptible giant ragweed with lactofen or fomesafen when applications were 

made to 2.5- to 5-cm plants.  GR giant ragweed survival was not reduced when 

cloransulam or fluthiacet was added to a glyphosate treatment compared to either rate of 

glyphosate alone at the 10-cm timing (Figure 2.1A).  Timely applications of cloransulam 

should normally provide acceptable control of giant ragweed (Anonymous 2013; Franey 

and Hart 1999).  However, the results from these experiments indicate that the giant 
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ragweed populations in these locations exhibited multiple resistance to glyphosate and 

ALS-inhibiting herbicides.  Giant ragweed survival decreased from 97 to 85% when the 

rate of glyphosate increased from 0.86 to 1.7 kg ha-1at the 10-cm timing.  This suggests 

that the mechanism of resistance in this biotype may be an overexpression of the target 

enzyme, 5-enolpyruvylshikimate-3-phosphsate synthase (EPSPS), or differential rates of 

glyphosate translocation.  However, Norsworthy et al. (2011) reported that differential 

translocation or absorption was not the mechanism of GR in a GR giant ragweed biotype 

in Arkansas.  Similar results have been reported in other herbicide resistant weeds.  For 

example, survival of GR waterhemp decreased from 90 to 76% following the same 

glyphosate rates used in this research (Legleiter and Bradley 2008).  Few differences in 

GR giant survival were observed between treatments that were applied at the 20- or 30-

cm timing.  At the 20-cm timing, the addition of lactofen to a glyphosate treatment 

decreased giant ragweed survival from 94 to 82% compared to either rate of glyphosate 

alone.  This was the only tank-mix combination to reduce survival compared to 

glyphosate alone within this application timing.   However, several treatments resulted in 

greater giant ragweed survival in response to herbicide applications made to taller plants 

(Figure 2.1A).    For example, survival increased from 72 to 92% and from 60 to 89% 

with treatments containing lactofen or fomesafen, respectively, when applications were 

made to 10-cm compared to 30-cm plants; though variable control with fomesafen has 

been reported depending on giant ragweed height (Norsworthy et al. 2010).   

When averaged across all glyphosate tank-mix combinations 2 WAEPOST, GR 

giant ragweed survival was lowest in response to herbicide applications made to 10- 

compared to 20- or 30-cm plants (Table 2.2).  Survival increased from 80 to 89% 
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following applications made to 10-cm compared to 20-cm plants, from 80 to 95% 

following applications made to 10-cm compared to 30-cm plants and from 89 to 95% 

following applications made to 20-cm compared to 30-cm plants.  Similarly, Franey and 

Hart (1999) reported lower giant ragweed control following herbicide applications to 

larger plants.  A number of other researchers have observed reductions in weed control in 

response to herbicide applications made to larger compared to smaller weed species 

(Knezevic et al. 2009; Hoss et al. 2003; Steckel et al. 1997).   

 Compared to the levels of survival observed 2 WAEPOST (Figure 2.1A), GR 

giant ragweed survival was reduced in all treatments in response to a second LPOST 

herbicide treatment (Figure 2.1B).  The lowest GR giant ragweed survival observed 4 

WALPOST was 37% in response to a herbicide program that consisted of fomesafen plus 

glyphosate applied to 10-cm GR giant ragweed plants, fb glyphosate LPOST (Figure 

2.1A, B).  Similarly, Baysinger and Sims (1992) reported 64% control of giant ragweed 

with fomesafen applications made to 2.5- to 5-cm plants.  However, GR giant ragweed 

survival increased to 75% when fomesafen was added to glyphosate at the LPOST 

application compared to when plants were 10-cm in height (Figure 2.1B).  At the 10- and 

20-cm application timings, all herbicide programs other than fluthiacet plus glyphosate fb 

glyphosate reduced GR giant ragweed survival 4 WALPOST compared to the sequential 

0.86 kg ae ha-1 glyphosate treatment (Figure 2.1B).  In addition, survival decreased from 

94 to 73% in response to an increase in the rate of glyphosate from 0.86 to 1.7 kg ae ha-1 

at the 10-cm application timing, but the rate of glyphosate applied at the 20-cm 

application timing did not affect GR giant ragweed survival 4 WALPOST.  There were 

few differences in GR giant ragweed survival 4 WALPOST with herbicide programs that 
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included an initial treatment to 30-cm plants, but treatments that contained lactofen or 

fomesafen provided greater reductions in GR giant ragweed survival than the remaining 

treatments.  However, all tank-mix combinations, other than fluthiacet, resulted in lower 

GR survival in response to herbicide applications made to 10-cm compared to 30-cm 

plants.   

 Overall, a similar response to herbicide application timing was observed 4 

WALPOST compared to 2 WAEPOST (Figure 2.1A and B, Table 2.2).  This suggests 

that LPOST herbicide applications were ineffective at controlling GR giant ragweed 

plants that survived initial EPOST herbicide applications.  For example, when averaged 

across all glyphosate tank-mix combinations applied at the initial 10-, 20- or 30-cm 

timing, GR giant ragweed survival 4 WALPOST increased from 66 to 75% following 

applications made to 10-cm compared to 20-cm plants, from 66 to 86% following 

applications made to 10-cm compared to 30-cm plants and from 75 to 86% following 

applications made to 20-cm compared to 30-cm plants (Table 2.2).  These results suggest 

that a POST-only herbicide program approach will not provide acceptable GR giant 

ragweed control in GR soybean and that fields infested with this species will require a 

different combination of herbicide chemistries and application timings.  Additional 

research has also indicated the need for alternate strategies for the control of giant 

ragweed that include combinations of pre-emergence (PRE) and POST herbicide 

programs (Baysinger and Sims 1992; Johnson et al. 2007).  

Soybean Injury and Yield.   

 Visual soybean injury was no more than 13% in response to any treatment 2 

WAEPOST (Table 2.3).  Overall, the highest visual soybean injury observed was 11 and 
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13%, which occurred in response to applications of glyphosate plus fomesafen and 

glyphosate plus lactofen, respectively, at the 30-cm timing.  Other authors have reported 

similar levels of soybean injury following applications of lactofen or fomesafen 

(Legleiter and Bradley 2008; Wichert and Talbert 1993).  When averaged across all 

glyphosate tank-mix combinations, applications made at the 30-cm compared to the 10-

cm timing resulted in higher levels of visual soybean injury (Table 2.2). 

 Few differences in soybean yield were observed between herbicide programs in 

2010 or 2011, however all resulted in yields higher than the non-treated control (Table 

2.3).  Overall, lower soybean yields were observed in Monroe County in 2011 compared 

to Randolph County in 2010 which is likely due to higher GR giant ragweed densities 

present at this location.  Baysinger and Sims (1991) reported that in order to prevent 

soybean yield loss, the critical period of giant ragweed control in soybean ranged from 8 

to 10 WAE.  In these experiments, adequate control of GR giant ragweed was not 

achieved during this period.  In 2010, few differences in soybean yield occurred between 

programs or application timings and where differences occurred, the reasons for these 

differences were not readily apparent.  For example, soybean yield was greater in 

response to herbicide applications of glyphosate plus fluthiacet made to 20-cm compared 

to 30-cm plants; though differences in GR giant ragweed survival were not observed 

between these treatments.  However in 2011, many programs that contained a tank-mix 

combination resulted in greater soybean yield compared to sequential glyphosate 

programs (Table 2.3).  Similar results have been reported in response to GR giant 

ragweed infestations in soybean (Vink et al. 2012).  There were no differences in soybean 

yield when fomesafen was added to glyphosate at the LPOST application compared to 
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when plants were 10-cm in height in 2010.  This is partly explained due to the lower GR 

giant ragweed densities of 13 plants m-2 at the Randolph County location compared to 29 

plants m-2 at the Monroe County location.  As a result, fewer plants were present to 

compete with soybean.  However in 2011, lower soybean yield was observed when 

fomesafen was added to glyphosate at the LPOST application compared to when plants 

were 10-cm in height.  In 2011, several herbicide programs also resulted in lower yields 

as a result of herbicide applications made to larger plants.  For example, tank-mix 

combinations of cloransulam, fluthiacet, or fomesafen provided higher yields in response 

to herbicide applications made to 10-cm compared to 30-cm plants (Table 2.3). 

 When averaged across all glyphosate tank-mix combinations applied at the initial 

10-, 20-, or 30-cm timing in 2010, there were no differences in soybean yield in response 

to herbicide application timing (Table 2.2).  In contrast, when averaged across all 

glyphosate tank-mix combinations in 2011, soybean yield decreased from 2668- to 1857 

kg ha-1 as a result of  applications made to 10-cm compared to 30-cm plants, and from 

2734- to 1857 kg ha-1 following applications made to 20-cm compared to 30-cm plants 

(Table 2.2).  As indicated previously, these differences can likely be attributed to the 

lower GR giant ragweed plant densities at the Randolph County site, and therefore less 

competition with soybean regardless of application timing.  Mulugeta and Boerboom 

(2000) also indicated that soybean yield reductions can be attributed more to application 

timing than herbicide rate.    

 In summary, results from these experiments indicate the need for additional 

management strategies to include PREPLT and/or PRE herbicide applications in order to 

reduce the survival of GR giant ragweed in soybean.  Survival of GR giant ragweed was 
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lower in response to herbicide applications made to smaller plants.  All treatments 

resulted in higher than acceptable levels of GR giant ragweed survival.  However, 

glyphosate tank-mix combinations that contained lactofen or fomesafen provided the 

highest reductions in GR giant ragweed survival when applied to smaller plants.  Further, 

soybean yields were generally higher in response to herbicide applications made to 

smaller plants earlier in the season.  
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Table 2.1.  Dates of major field operations, soybean growth stages, and giant ragweed 
heights at the time of each herbicide application in 2010 and 2011. 
 2010  2011 
    
Seeding date 5/26  5/6 
    
Dates of herbicide applications    

   
   10-cm fb LPOSTa 6/10 fb 6/30  5/27 fb 6/16 
    
   20-cm fb LPOST 6/21 fb 7/12    6/8 fb 6/29 
    
   30-cm fb LPOST 6/28 fb 7/19         6/16 fb 7/5 
    

Soybean growth stage at application    
    

   10-cm fb LPOST V1 fb V3  V1 fb V4 
    
   20-cm fb LPOST      V2 fb R1  V3 fb R1 
    
   30-cm fb LPOST      V3 fb R1  V4 fb R1 
    

Average giant ragweed height (cm) at application   
    
   10-cm fb LPOST 10 fb 15  10 fb 13 
    
   20-cm fb LPOST      20 fb 30  20 fb 25 
    
   30-cm fb LPOST      30 fb 40  30 fb 35 

a Abbreviations: fb, followed by; LPOST, late post-emergence. 
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Table 2.2.  Orthogonal contrasts of glyphosate tank-mix combinations on soybean injury, giant 
ragweed survival, and yield across 2 years in Missouri. 
 Orthogonal Contrast of Application Timing 
        10- vs. 20-cm.a      10- vs. 30-cma.     20- vs. 30-cma

    
% Soybean Injuryc    4 vs. 2*   4 vs. 7*   2 vs. 7* 
    
% Survival 2 WAEPOSTbc           80 vs. 89*          80 vs. 95*         89 vs. 95* 
    
% Survival 4 WALPOSTbd    66 vs. 75*   66 vs. 86*   75 vs. 86* 
    
2010 Yield (kg ha-1) 2780 vs. 2904 2780 vs. 2753 2904 vs. 2753 
    
2011 Yield (kg ha-1) 2668 vs. 2734    2668 vs. 1857*    2734 vs. 1857* 
    
a A priori orthogonal contrast between all possible combinations of application timings.  
Contrasts are significant (P ≤ 0.05) if denoted with *. 
b Abbreviations: 2 WAEPOST, 2 weeks after initial early post-emergence applications;               
4 WALPOST, 4 weeks after late post-emergence applications. 
c Evaluations taken 2 weeks after initial 10-, 20-, and 30-cm EPOST application timings. 
d Evaluations taken 4 weeks after LPOST applications that followed the initial 10-, 20-, and 30-
cm timings. 
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Table 2.3.  Influence of glyphosate tank-mix combinations and application timing on soybean 
injury and yield in Missouri. 
   Soybean Yielda

Treatmentbc 
Application 

Timingb 
Soybean 
Injuryad 2010 

 
2011 

     
  ---%--- ---kg/ha--- 
     
Gly + lac fb gly 10-cm fb LPOST        8 bc   2953 ab   2507 a-d 
 20-cm fb LPOST        4 de   2695 b-e   2883 ab 
 30-cm fb LPOST      13 a   2757 a-e   2023 def 
     
Gly + clor fb gly 10-cm fb LPOST        0 f   2726 a-e   2742 abc 
 20-cm fb LPOST        0 f   3007 a   2737 abc 
 30-cm fb LPOST        1 ef   2714 a-e   1884 ef 
     
Gly + flu fb gly 10-cm fb LPOST        1 ef   2749 a-e   2483 a-d 
 20-cm fb LPOST        0 f   2926 abc   2394 b-e 
 30-cm fb LPOST        4 de   2555 e   1595 f 
     
Gly + fom fb gly 10-cm fb LPOST        6 cd   2691 b-e   2939 a 
 20-cm fb LPOST        4 de   2986 ab   2920 a 
 30-cm fb LPOST      11 ab   2986 ab   1924 ef 
     
Gly fb gly + fom 10-cm fb LPOST        0 f   2995 ab   2336 cde 
     
Gly fb gly 10-cm fb LPOST        0 f   2751 a-e   1945 ef 
 20-cm fb LPOST        0 f   2615 de   2108 def 
     
Gly (1.7 kg ae ha-1) fb gly 10-cm fb LPOST        0 f   2872 a-d   2105 def 
 20-cm fb LPOST        0 f   2635 cde   2178 de 
     
Non-treated control  ----   2010 f     553 g 
     
a Means followed by the same letter within a column are not statistically different according to 
Fisher’s Protected LSD (α= 0.05). 
b Abbreviations: gly, glyphosate; lac, lactofen, clor, cloransulam; flu, fluthiacet; fom, fomesafen; 
fb, followed by; LPOST, late post-emergence. 
c Unless otherwise noted, glyphosate was applied at 0.86 kg ae ha-1.  All treatments included 
ammonium sulfate at 1.43 kg ha-1. 
d Soybean injury was evaluated 2 weeks after initial early post-emergence 10-, 20- and 30-cm 
application timings.  LPOST applications were not applied at the time of these evaluations. 
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Figure 2.1.  Glyphosate-resistant giant ragweed survival 2 WAEPOST (A) and 4 
WALPOST (B) in response to initial herbicide applications to 10-, 20-, and 30-cm plants 
across 2 years in Missouri (n=110).  Vertical bars represent +/- the standard error of the 
mean.  All treatments included ammonium sulfate at 1.43 kg ha-1.  LPOST applications 
were not applied at the time of the 2 WAEPOST (A) evaluations.  Unless otherwise 
noted, glyphosate was applied at 0.86 kg ae ha-1.  Abbreviations: gly, glyphosate; lac, 
lactofen; clor, cloransulam; flu, fluthiacet; fom, fomesafen.
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CHAPTER III 

Influence of Herbicide Programs on Glyphosate-Resistant Giant Ragweed 

(Ambrosia trifida L.) Density, Soybean Yield and Net Economic Return in 

Glyphosate- and Glufosinate-Resistant Soybean  

 

Eric B. Riley, Raymond E. Massey, and Kevin W. Bradley 

Abstract 

Glyphosate-resistant (GR) giant ragweed has become a problematic weed of soybean 

production systems in Missouri and throughout many areas of the Midwest.  Separate 

field experiments were conducted in 2011 and 2012 to determine the influence of 

selected herbicide programs on GR giant ragweed densities, yield, and net return in 

glyphosate- and glufosinate-resistant soybean.  In all experiments, pre-plant (PREPLT) 

applications were followed by (fb) a post-emergence (POST) herbicide program.  In the 

GR soybean experiment, the highest GR giant ragweed density observed 11 weeks after 

planting (WAP) was 244 plants 5-m-2 in response to a PREPLT application of glyphosate 

fb glyphosate plus fomesafen early post-emergence (EPOST) fb glyphosate late post-

emergence (LPOST).  All other programs resulted in ≤ 5 plants 5-m-2 when PREPLT 

applications contained a glyphosate tank-mix combination.  Similarly, in the glufosinate-

resistant soybean experiment, all herbicide programs resulted in ≤ 6 plants 5-m-2 11 

WAP.  Additionally, no differences in GR giant ragweed densities were observed if 

herbicide applications were delayed until mid post-emergence (MPOST) when plants 

were 30-cm in height compared to EPOST applications when plants were 10-cm in 

height.  As a result of effective PREPLT herbicide applications, GR giant ragweed 
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pressure was relatively low during the season; though POST herbicide applications 

provided additional control of newly emerged or escaped GR giant ragweed plants.  Few 

differences were observed in soybean yield and net return between herbicide programs in 

all experiments.  However, programs that contained an effective PREPLT tank-mix 

combination resulted in the highest yield and net return.  For example, PREPLT herbicide 

treatments that contained more than one mode of action (MOA) provided net returns 

$301.73 to $497.68 ha-1 higher than glyphosate alone in GR soybean.  Results from this 

research indicate that GR giant ragweed can be managed following an effective PREPLT 

and POST program in either soybean system.   

Introduction 

 Giant ragweed (Ambrosia trifida L.) is a rapid growing summer annual weed in 

the Asteraceae family (Uva et al. 1997; Abul-Fatih and Bazzaz 1979).  Found across 

most of the continental United States, it gains a competitive advantage for resources 

compared to other summer annual weeds because it is one of the earliest to emerge in the 

spring and typically dominates the weed community by existing in monocultures (Uva et 

al. 1997; Abul-Fatih and Bazzaz 1979; Stoller and Wax 1973).  Variable giant ragweed 

emergence patterns have been reported across the United States.  Stoller and Wax (1973) 

reported that giant ragweed completed its emergence in Illinois between April and May, 

while, Schutte et al. (2008) reported that 60% of giant ragweed emerged by the end of 

April and continued through late July in Ohio.    

   In Kentucky, Illinois, Indiana, Ohio, and Oklahoma, giant ragweed has been listed 

as one of the most troublesome and costly agricultural weeds (Jordan 1985; Loux and 

Berry 1991; Johnson et al. 2004).  Harrison et al. (2001) reported corn (Zea mays L.) 
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yield losses of 60% with giant ragweed populations of 13.8 plants 10-m-2 when 

emergence occurred with corn.  Additionally, the authors indicated that if weed control 

measure were taken for the first 4 weeks following corn emergence, the potential for 

yield loss would be reduced.  However, giant ragweed is even more competitive in 

soybean (Glycine max L.); this species has resulted in yield losses of 45 to 77% with 

populations as low as 1 plant m-2 (Webster et al. 1994).   

Prior to the commercial release of glyphosate-resistant (GR) soybean in 1996, 

annual glyphosate use was less than 3 million kg, with the majority applied for weed 

control prior to crop emergence. Since the release of GR soybean, glyphosate use 

increased dramatically.  From 1995 to 2002, glyphosate use in soybean rose from 2.5 to 

30 million kg year-1 and was the only active ingredient being applied to at least 10% of 

soybean hectares in the United States by 2002 (Young 2006; Duke and Powles 2008; 

Mueller et al. 2005).   In 2012, 93% of all soybean hectares in the United States were 

planted with herbicide-resistant varieties with the vast majority of these being GR 

(USDA 2012).  Continual reliance on glyphosate over time has led to the selection of GR 

giant ragweed as a result of increased selection pressure (Jasieniuk et al. 1996; Duke and 

Powles 2008; Mueller et al. 2005).  As of 2013, giant ragweed has been confirmed with 

resistance to glyphosate in Ohio, Indiana, Arkansas, Kansas, Minnesota, Tennessee, 

Iowa, Missouri, Mississippi, Wisconsin, Nebraska, and also in the province of Ontario, 

Canada.  Additionally, giant ragweed has been reported to exhibit multiple resistance to 

glyphosate and acetolactate synthase (ALS)-inhibiting herbicides in Ohio and Minnesota 

(Heap 2013).    
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 Glufosinate-resistant soybean became commercially available in 2009, which 

allowed growers to apply a herbicide with an alternative mechanism of action (MOA) for 

the control of glyphosate or ALS-resistant giant ragweed populations.  For example, 

Wiesbrook et al. (2001) reported 73 and 99% control of giant ragweed with a herbicide 

program that consisted of a pre-emergence (PRE) application of clomazone followed by 

(fb) a post-emergence (POST) application of glufosinate in glufosinate-resistant soybean.    

Additionally, a single POST application of glufosinate at 400 g ha-1 provided 80 and 99% 

control of 5- to 23-cm and 8- to 10-cm tall giant ragweed 30 days after application.  

Norsworthy et al. (2010) also reported ≥ 99% control of GR giant ragweed 4 weeks after 

glufosinate applications in greenhouse experiments. 

 Although giant ragweed biotypes have been shown to emerge through July in 

Eastern portions of the Corn Belt, emergence patterns in the Western Corn Belt may offer 

producers an opportunity to effectively control this species prior to planting through the 

use of pre-plant (PREPLT) herbicide applications.  In Missouri, the majority of giant 

ragweed emerges by the time of typical PREPLT herbicide applications in April prior to 

soybean planting.  Previous research has indicated that PREPLT herbicide applications 

can provide effective weed control options in no-till crops prior to planting (Bruce and 

Kells 1990; Carey and DeFelice 1991; Hasty et al. 2004; Owen et al. 2009; Norsworthy 

et al. 2009).  For example, Owen et al. (2009) reported at least 86% control of GR 

horseweed (Conyza canadensis L.) following PREPLT applications of dicamba alone or 

in combination with flumioxazin, fomesafen, or diuron.  Applications of 2,4-D plus 

paraquat or glyphosate can also provide consistent control of giant ragweed prior to 

soybean planting (Johnson et al. 2007).  Furthermore, the addition of chlorimuron, 
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flumioxazin, sulfentrazone or cloransulam to glyphosate or 2,4-D can provide some 

residual control of giant ragweed if the population is not resistant to ALS herbicides 

(Johnson et al. 2007).  Additionally, Vink et al. (2012) reported up to 96% control of GR 

giant ragweed following PREPLT applications of glyphosate plus dicamba.     

The objectives of this research were to determine the influence of various 

PREPLT herbicide combinations and herbicide programs on early- and late-season GR 

giant ragweed density in GR- and glufosinate-resistant soybean systems, and to evaluate 

the net return and soybean seed yield in response to these herbicide programs.  

Materials and Methods 

Site Description.   

 Separate field experiments were conducted in Missouri during 2011 and 2012 in 

locations with dense infestations (~140 plants m-2) of GR giant ragweed.  In 2011, 

experiments were conducted in Monroe County, Missouri (39°34.1’N, 92°10.6’W) and in 

2012 experiments were conducted in Randolph County, Missouri (39°23.9’N, 

92°37.6’W).  The soil type at the Monroe County location was a Putnam silt loam (fine, 

smectitic, mesic Vertic Albaqualfs) with 1.6% organic matter and a pH of 5.1.  The soil 

type at the Randolph County location was a Keswick silt loam (fine, smectitic, mesic 

Aquertic Chromic Hapludalfs) with 2.1% organic matter and a pH of 5.1.  Glyphosate-

resistant soybean varieties, MorSoy RT3807N and MorSoy RT3644N, were planted in 

2011 and 2012 and a glufosinate-resistant soybean variety, Truman 938LL, was planted 

in both years.  In all experiments, soybeans were planted into a no-tillage seedbed at a 

seeding rate of 382,850 seeds ha-1 in 76-cm rows.  Plots were arranged in a randomized 

complete block design with individual plots measuring 3- by 8-m in size.  Treatments 
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were replicated 6 times and all herbicide applications were applied at 5 km h-1 with a 

hand-held CO2 powered backpack sprayer delivering 140 L ha-1 with flat fan nozzle tips 

(TeeJet XR8002, Spraying System Co. P. O. Box 7900, Wheaton, IL 60189). 

Treatment Information.   

 Herbicides and adjuvants used in all experiments are listed in Table 3.1.  A 

detailed list of seeding dates, herbicide application dates, soybean stages, and average 

weed size at the time of application are listed in Table 3.2.  Each year, PREPLT 

applications were made in the spring when GR giant ragweed was approximately 2.5-cm 

in height.  In all experiments, treatments were fb early post-emergence (EPOST) 

herbicide applications once newly emerged GR giant ragweed, or re-growth on existing 

plants, reached approximately 10-cm.  For comparison, several treatments in the 

glufosinate-resistant soybean experiment were fb mid post-emergence (MPOST) 

herbicide applications once newly emerged GR giant ragweed was approximately 30-cm.  

Following the POST applications in all experiments, treatments were fb late post-

emergence (LPOST) herbicide applications once late season weed escapes and/or weed 

re-growth in response to a given herbicide treatment were approximately 10- to 15-cm.  

LPOST applications were required at all sites to control common waterhemp 

(Amaranthus rudis Sauer) that had emerged and/or escaped after the earlier EPOST or 

MPOST applications.  

Data Collection.   

 Visual soybean injury was evaluated 7 days after emergence (DAE) and 2 weeks 

after EPOST and MPOST applications in all experiments.  Visual evaluations were based 

on a scale of 0-100, with 0 equal to no injury and 100 equal to complete plant death.  In 



50 
 

all experiments, the number of surviving GR giant ragweed plants between the center two 

soybean rows (5-m2) in each plot was recorded at the time of EPOST and MPOST 

applications and 11 weeks after planting (WAP) .  Surviving GR giant ragweed plants 

were defined as plants with at least some green tissue and capable of producing seed 

while dead plants were defined as a plant with 100% necrotic tissue with no chance of 

producing seed.  Soybeans were harvested from the center 1.5-m area in each plot with a 

small plot combine and yields were adjusted to 13% moisture content.    

Economic Analysis.   

 In all experiments, the net return in response to each herbicide treatment was 

calculated by subtracting the change in gross revenue from the change in estimated 

treatment costs compared to a defined standard.  Gross revenue was calculated in $ ha-1 

and was determined by multiplying the soybean yield from each treatment by the average 

soybean price of $0.42 kg-1.  This figure is equivalent to $11.31 bu-1 which is the average 

projected soybean price for 2013-2017 according to the Food and Agriculture Policy 

Research Institute (FAPRI 2012).  The cost of each herbicide treatment was calculated 

from a recent wholesale price sheet of herbicides and adjuvants provided by a major 

agricultural retailer in the Midwest.  A custom application fee of $14.82 ha-1 was also 

included for each application as part of the estimated treatment costs (Plain and White 

2012).  A partial budget was used to analyze differences in herbicide treatments 

compared to a non-treated control which served as the standard in all experiments.  Under 

a partial budget analysis, net return for each herbicide treatment will increase, decrease, 

or stay the same as the defined standard in the analysis.  Within a partial budgeting 
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system, only revenue and costs that change are considered in the analysis while all other 

operating costs are considered fixed effects and are not included.   

Statistical Analysis.   

 Visual soybean injury, giant ragweed density, and yield data were subjected to 

analysis of variance (ANOVA) using the PROC MIXED procedure in SAS (Statistical 

Analysis Systems®, version 9.3, SAS Institute, Inc., 100 SAS Campus Dr., Cary, NC 

27513) with means separated using Fisher’s protected LSD at P ≤ 0.05.  Each year was 

considered an environment sampled at random.  Considering year as a random effect in 

the model permits inferences about treatments over a range of environments (Carmer et 

al. 1989; Blouin et al. 2011).  Herbicide treatments were considered fixed effects in the 

model while random effects included environments and replications (nested within 

environments). 

Results and Discussion 

GR Soybean Experiment.   

 All PREPLT herbicide treatments resulted in lower GR giant ragweed densities 

than the non-treated control at the time of EPOST applications in GR soybean (Table 

3.3).  If glyphosate was the only herbicide used PREPLT, by the time of the EPOST 

applications, 347 GR giant ragweed plants 5-m-2 remained at the time of the EPOST 

application.  All other glyphosate combinations that incorporated multiple herbicide 

modes of action (MOA) reduced GR giant ragweed density by 97 to 99%, and there were 

no differences in GR giant ragweed density between these treatments.  Owen et al. (2009) 

also reported higher GR horseweed densities 3 weeks after application following 

PREPLT herbicide treatments of glyphosate without an effective tank-mix combination.  
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Other research has shown the importance of PREPLT herbicide treatments that contain 

herbicide combinations with multiple MOAs for the control of GR giant ragweed.  For 

example, Vink et al. (2012) observed up to 96% control of GR giant ragweed following 

PREPLT applications of glyphosate plus dicamba compared to ≤ 22% control with 

glyphosate alone.     

 GR giant ragweed densities were reduced in all programs 11 WAP compared to 

the densities that occurred at the time of EPOST applications in GR soybean (Table 3.3).  

The highest GR giant ragweed density observed 11 WAP was 244 plants 5-m-2 in 

response to a PREPLT application of glyphosate fb glyphosate plus fomesafen EPOST fb 

glyphosate LPOST.  All other programs resulted in ≤ 5 plants 5-m-2 when PREPLT 

applications contained a glyphosate tank-mix combination, and like GR giant ragweed 

densities at the time of the EPOST, there were no differences between these treatments 

(Table 3.3).  In all herbicide programs, EPOST applications further reduced GR giant 

ragweed densities compared to the number of plants present at the time of the EPOST 

applications.  Additional research has indicated the need for multiple herbicide 

applications in a growing season for the control of giant ragweed.  Baysinger and Sims 

(1992) reported that PRE fb POST programs are needed to effectively control giant 

ragweed in heavily invested soybean fields.  Furthermore, Norsworthy et al. (2012) 

reported that best management practices, such as herbicide programs that contain more 

than one MOA, are essential for proper management of herbicide-resistant weed species. 

 No more than 3 and 9% visual soybean injury was observed in response to 

PREPLT applications 7 DAE and 2 weeks after EPOST applications in the GR soybean 

experiment (data not shown).  Overall, few differences in soybean yield were observed 
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although all herbicide programs resulted in higher yield than the non-treated control.  

Soybean yield ranged from 1359- to 2589 kg ha-1, and the lowest yield occurred in 

response to the PREPLT application of glyphosate fb glyphosate plus fomesafen EPOST 

fb glyphosate LPOST (Table 3.3).  As a result, soybean yield was reduced by 42% with a 

PREPLT application that contained glyphosate alone compared to all remaining 

glyphosate tank-mix combinations.  Similar results were also reported by Vink et al. 

(2012); soybean yields were higher with PREPLT herbicide programs that contained 

more than one MOA.  The results from this research indicate that EPOST applications 

did reduce GR giant density by eliminating newly emerged plants.  However, this 

research reveals that effective PREPLT applications are the most critical component of a 

successful GR giant ragweed management program.   

 Few differences in net return were observed in GR soybean; net return ranged 

from $347.42 to $845.10 ha-1 compared to the non-treated control.  All herbicide 

programs resulted in a positive net return with the lowest return occurring in response to 

a PREPLT application of glyphosate fb glyphosate plus fomesafen EPOST fb glyphosate 

LPOST, which resulted in higher GR giant ragweed density and lower soybean yields 

than any other herbicide program evaluated in these experiments (Table 3.3).  However, 

PREPLT applications that contained more than one MOA resulted in higher net returns 

(Table 3.3).   For example, PREPLT herbicide treatments that contained more than one 

MOA provided net returns $301.73 to $497.68 ha-1 higher than glyphosate alone.  

Generally, higher net returns were associated with higher yields even though herbicide 

costs were greater as a result of more expensive programs.  Mueller et al. (2005) also 

reported higher input costs as a result of managing weeds that had become resistant to 
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glyphosate.  In addition, Legleiter et al. (2009) reported a higher return on investment 

when herbicides with additional MOAs were used to control GR common waterhemp 

compared to glyphosate alone.  In order to maximize net return, this research further 

supports the use of herbicide applications that contain more than one MOA other than 

glyphosate for the control of GR weed species. 

Glufosinate-Resistant Soybean Experiment.   

 Few differences in GR giant ragweed densities were observed at the time of 

POST applications in the glufosinate-resistant soybean experiment.  However, all 

PREPLT herbicide treatments resulted in lower GR giant ragweed densities than the non-

treated control (Table 3.4).  GR giant ragweed densities ranged from 2- to 29 plants 5-m-2 

at the time of POST applications which was equivalent to a GR giant ragweed reduction 

of at least 95% compared to the non-treated control.  Delaying herbicide applications 

until MPOST did not affect overall GR giant ragweed densities compared to densities at 

the time of EPOST applications (Table 3.4).  This is more than likely due to the effective 

control of GR giant ragweed achieved with the PREPLT herbicide treatments, and to the 

lack of subsequent mid- to late-season germination of GR giant ragweed that required 

POST herbicide treatment.  

 Similar to the GR soybean experiment, GR giant ragweed densities were reduced 

in all programs 11 WAP compared to densities at the time of POST applications in the 

glufosinate-resistant soybean experiment (Table 3.4).  All herbicide programs resulted in 

≤ 6 GR giant ragweed plants 5-m-2 11 WAP, which is equivalent to a 99% or greater 

reduction in GR giant ragweed compared to the non-treated control.  These results are 

similar to the GR soybean experiment in that the majority of plants were eliminated by 
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effective PREPLT herbicide treatments that contained more than one MOA, although 

POST glufosinate treatments further reduced GR giant ragweed density compared to 

those present earlier in the season at the time of POST applications.  Wiesbrook et al. 

(2001) also found that a single POST application of glufosinate at 400 g ha-1 provided up 

to 99% control of giant ragweed in glufosinate-resistant soybean.  Similarly, Norsworthy 

et al. (2010) reported at least 99% control of GR giant ragweed with glufosinate at 590 g 

ha-1 in greenhouse experiments. 

 No more than 4 and 6% visual soybean injury was observed in response to 

PREPLT applications 7 DAE and 2 weeks after POST applications in the glufosinate-

resistant soybean experiment (data not shown).  Soybean yield ranged from 2188- to 

2664 ka ha-1 and overall there were few differences between herbicide programs (Table 

3.4).   When averaged across all herbicide programs, soybean yield was reduced by 90% 

as a result of season-long GR giant ragweed competition in the non-treated control, and 

all herbicide programs resulted in yields higher than the non-treated control.  As 

previously discussed, soybean yield losses can be expected when giant ragweed is left in 

competition with soybean (Webster et al. 1994; Baysinger and Sims 1991).  For example, 

Webster et al. (1994) reported soybean yield losses of 45 to 77% with populations as low 

as 1 plant m-2.  There were no differences in soybean yield if herbicide applications were 

delayed until MPOST to control GR giant ragweed.  Similar to the GR soybean 

experiment, few GR giant ragweed plants germinated after the initial PREPLT 

applications.  Consequently, little late-season competition between giant ragweed and 

soybean occurred which resulted in few soybean yield differences.  Beyers et al. (2002) 
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also reported few differences in yield between herbicide programs that contained more 

than one MOA in glufosinate-resistant soybean.   

 In the glufosinate-resistant soybean experiment, net return ranged from $633.37 to 

$815.43 ha-1 compared to the non-treated control.  Few differences were observed 

between herbicide programs while all programs resulted in a positive net return (Table 

3.4).  Because there were few differences in soybean yield, differences in herbicide 

program costs can help provide reasoning for numerical differences between herbicide 

programs as some were considerably higher in cost.  Additionally, delaying applications 

from the EPOST to the MPOST timing provided little numerical difference in return 

compared to programs that received EPOST applications as result of low late-season GR 

giant ragweed pressure. 

 Results from these experiments indicate the need for effective PREPLT 

treatments that contain herbicides with multiple MOAs in order to minimize GR giant 

ragweed densities in soybean.  When PREPLT applications contained more than one 

MOA, soybean yield and net return were consistently higher across all herbicide 

programs evaluated.  Additionally, as GR weeds continue to increase, the use of PREPLT 

applications and the use of glufosinate in glufosinate-resistant soybean can provide 

effective options for the control of GR weed species like giant ragweed. 
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Table 3.1.  Sources of herbicides and adjuvants used in the experiments. 
Common name Trade name Manufacturer 
   

Glyphosate Roundup PowerMax Monsanto Company, St. Louis, MO 63167; www.monsanto.com 
   

Fomesafen Flexstar Syngenta Crop Protec., Greensboro, NC 27419; www.syngentacropprotection-us.com 
   

Dicamba Clarity BASF Corp. Ag. Products, Research Triangle Park, NC 27709; ww.agproducts.basf.com
Saflufenacil Sharpen 
   

Flumioxazin   + chlorimuron Valor XLT Valent USA Corp. Ag. Products, Walnut Creek, CA 94596; www.valent.com 
Flumioxazin Valor 
Clethodim SelectMax 
   

Sulfentrazone + cloransulam Authority First FMC Corp. Ag. Products, Philadelphia, PA 19103; www.fmccrop.com 
   

Chlorimuron  + thifensulfuron Synchrony XP DuPont Crop Protection, Wilmington, DE 19898; www.cropprotection.dupont.com 
   

Cloransulam FirstRate Dow AgroSciences LLC, Indianapolis, IN 46268; www.dowagro.com 
   

Glufosinate Ignite Bayer CropScience, Research Triangle Park, NC 27709; www.bayercropsciences.com 
   

2,4-D Ester 2,4-D Lo-V Ester Universal Crop Protection Alliance LLC, Eagan, MN 55121; www.ucpallc.com 
   

Ammonium Sulfate (AMS) N-Pak AMS Liquid Winfield Solutions LLC, St. Paul, MN 55164; www.winfieldsolutions.com 
   

Methylated Seed Oil (MSO) Soy Plus MSO Missouri Farmers Association (MFA), Columbia, MO 65202; www.mfa-inc.com 
 Nonionic Surfactant (NIS) Astute NIS 

Crop Oil Concentrate (COC) Relay COC 
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Table 3.2.  Dates of major field operations and soybean growth stages and weed size at the time of application in the glyphosate- and 
glufosinate-resistant soybean experimentsa. 
 Experiment and Year 
 Glyphosate-Resistant Soybean  Glufosinate-Resistant Soybean 
 2011  2012  2011  2012 
        

Seeding date 5/6  5/14  5/6  5/14 
        

        
Dates of herbicide application        
        

PREPLT fb EPOST 
               fb LPOST 

4/18 fb 5/27-6/16 
           fb 7/5 

 3/26 fb 5/25-6/12 
        fb 6/20-7/12 

 4/18 fb 6/3-6/16 
        fb 6/24-7/5 

 3/26 fb 5/25-6/1 
          fb 6/20-7/12 

        

PREPLT fb MPOST 
              fb LPOST 

----------------  ----------------  
4/18 fb 6/16 

      fb 7/5 
 

3/26 fb 6/12 
      fb 7/3 

        

        
Soybean growth stage        
        

PREPLT fb EPOST  
               fb LPOST 

--- fb V1-V4 
            fb R1 

 --- fb V1-V3 
     fb V6-R1  

 --- fb V2-V4 
     fb V7-R1 

 --- fb V1 
           fb V5-R1 

        

PREPLT fb MPOST  
              fb LPOST 

---------------- 
 

---------------- 
 --- fb V4 

     fb R1 
 --- fb V4 

     fb V9 
        

        
Average weed size (cm)        
        

PREPLT fb EPOST  
               fb LPOST 

2.5 fb 10 
      fb 10 

 2.5 fb 10 
      fb 16 

 2.5 fb 10 
      fb 15 

 2.5 fb 10 
      fb 16 

        

PREPLT fb MPOST  
              fb LPOST 

---------------- 
 

---------------- 
 2.5 fb 30 

      fb 14 
 2.5 fb 30 

      fb 16 
a Abbreviations: fb, followed by; PREPLT, preplant; EPOST, early post-emergence; MPOST, mid post-emergence; LPOST, late 
post-emergence. 
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Table 3.3.  Glyphosate-resistant giant ragweed density at the time of early post-emergence applications and 11  
weeks after planting, soybean yield, and net return in the glyphosate-resistant soybean experiment across 2 years in Missouria. 

   Density   

Treatmentbc Timingd Rate 
At 

EPOST 11WAP Yield Net Returne 

      
  ------------kg ha-1------------ ------plants 5-m-2------ --kg ha-1-- --$ ha-1-- 
       
Gly. 
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 
0.86 + 0.34 

   347 b     244 b   1359 d     347.42 

       
Gly. + 2,4-D  
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 + 0.53 
0.86 + 0.34 

       5 c        2 c   2333 abc     750.23 

       
Gly. + dicamba 
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 + 0.28 
0.86 + 0.34 

       4 c        1 c   2445 abc     791.17 

       
Gly. + saflufenacil 
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 + 0.025 
0.86 + 0.34 

     10 c        5 c   2121 c     649.15 

       
Gly. + 2,4-D     + flum. + chlorim. 
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 + 0.53 + 0.084 + 0.029 
0.86 + 0.34 

       5 c        1 c   2442 abc     755.21 

       
Gly. + 2,4-D     + sulf.   + cloran.  
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 + 0.53 + 0.14 + 0.018 
0.86 + 0.34 

       5 c        2 c   2450 abc     762.84 

       
Gly. + 2,4-D     + sulf.   + cloran.  
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 + 0.53 + 0.28 + 0.036 
0.86 + 0.34 

       3 c        1 c   2531 ab     760.35 
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Gly. + 2,4-D     + flum. 
Gly. + fomesafen 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.86 + 0.34 

       4 c        1 c   2386 abc     744.58 

       
Gly. + 2,4-D     + flum. 
Gly. + cloran. 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.86 + 0.018 

       3 c        1 c   2589 a     845.10 

       
Gly. + 2,4-D     + flum. 
Gly. + chlorim. + thif. 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.86 + 0.0057 + 0.0018 

       4 c        2 c   2150 bc     677.99 

       
Gly. + 2,4-D     + flum. 
Gly. 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.86 

       5 c        3 c   2303 abc     752.03 

       
Gly. + 2,4-D     + flum. 
Gly. 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
1.74 

       5 c        2 c   2156 bc     681.62 

       
Non-treated      504 a    543 a     165 e      -------- 
     aData pooled by environment (years) using the PROC MIXED procedure in SAS.   Means followed by the same letter within a 
column are not different according to Fisher’s Protected LSD (α= 0.05). 
     bAbbreviations:  PREPLT, pre-plant; EPOST, early post-emergence;  11WAP, 11 weeks after planting; gly., glyphosate; sulf., 
sulfentrazone; cloran., cloransulam; chlorim., chlorimuron; flum., flumioxazin; thif., thifensulfuron. 
     cGlyphosate treatments included ammonium sulfate at 2.86 kg ha-1.  Methylated seed oil at 1 %V/V was included with the 
glyphosate + saflufenacil PREPLT treatment. 
     d Timing:  PREPLT, 2.5-cm. giant ragweed; EPOST, 10-cm. giant ragweed.  Glyphosate (0.86 kg ae ha-1) was applied late post-
emergence (LPOST) in both years prior to the 11WAP evaluation to control late-season common waterhemp escapes. 
     eData represents a partial budget economic analysis with net returns compared to the non-treated control.  The linear 
transformation from yield to net return maintains statistical significance between treatments.  Gross revenue for the non-treated 
control is $69.30 ha-1.  All other values in this column represent a positive gain from the non-treated control. 
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Table 3.4.  Glyphosate-resistant giant ragweed density at the time of early and mid post-emergence applications and 11  
weeks after planting, soybean yield, and net return in the glufosinate-resistant soybean experiment across 2 years in Missouria. 

   Density   

Treatmentbc Timingd Rate 
AT 

POST 11WAP Yield Net Returne 

      
  ------------kg ha-1------------ ------plants 5-m-2------ --kg ha-1-- --$ ha-1-- 
       
Gly. + 2,4-D   
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.53 
0.45 

     6 b      0 b   2515 ab    789.38 

       
Gly. + dicamba 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.28 
0.45 

     5 b      0 b   2459 ab    759.76 

       
Gly. + 2,4-D + sulf.   + cloran. 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.53 + 0.14 + 0.018 
0.45 

     4 b      0 b   2664 a    815.43 

       
Gly. + 2,4-D + sulf.   + cloran. 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.53 + 0.28 + 0.036 
0.45 

     2 b      0 b   2451 ab    689.46 

       
Gly. + saflufenacil 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.025 
0.45 

   29 b      6 b   2188 b    640.00 

       
Gly. + cloran. 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.035 
0.45 

     6 b      0 b   2482 ab    727.67 

       
Gly. + 2,4-D + flum. + chlorim. 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.53 + 0.084 + 0.029 
0.45 

     4 b      0 b   2375 ab    689.78 
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Gly. + 2,4-D + flum. 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.45 

     4 b      0 b   2210 b    633.37 

       
Gly. + 2,4-D + flum. 
Glufosinate 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.59 

     6 b      0 b   2403 ab    705.67 

       
Gly. + 2,4-D + flum. 
Glufosinate   + fomesafen 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.45 + 0.34 

     5 b      0 b   2606 a    755.39 

       
Gly. + 2,4-D + flum. 
Clethodim     + fomesafen 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.14 + 0.34 

     5 b      1 b   2575 a    742.11 

       
Gly. + 2,4-D + flum. 
Glufosinate   + cloran. 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.45 + 0.018 

     3 b      0 b   2482 ab    718.63 

       
Gly. + 2,4-D + flum. 
Clethodim     + cloran. 

PREPLT 
EPOST 

0.86 + 0.53 + 0.072 
0.14 + 0.018 

     2 b      1 b   2516 ab    733.43 

       
Gly. + 2,4-D + flum. 
Glufosinate 

PREPLT 
MPOST 

0.86 + 0.53 + 0.072 
0.45 

     5 b      2 b   2368 ab    699.73 

         
Gly. + 2,4-D + flum. 
Glufosinate 

PREPLT 
MPOST 

0.86 + 0.53 + 0.072 
0.59 

     8 b      1 b   2461 ab    730.03 

       
Gly. + 2,4-D + flum. 
Glufosinate 

PREPLT 
MPOST 

0.86 + 0.53 + 0.072 
0.74 

     7 b      1 b   2471 ab    725.46 

       
Non-treated    539 a   620 a     253 c     -------- 
     aData pooled by environment (years) using the PROC MIXED procedure in SAS.  Means followed by the same letter within a 
column are not different according to Fisher’s Protected LSD (α= 0.05). 
     bAbbreviations:  PREPLT, pre-plant; EPOST, early post-emergence; MPOST, mid post-emergence; 11WAP, 11 weeks after 
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planting; gly., glyphosate; sulf., sulfentrazone; cloran., cloransulam; chlorim., chlorimuron; flum., flumioxazin. 
     cGlyphosate and glufosinate treatments included ammonium sulfate at 2.86 and 3.36 kg ha-1.  EPOST treatments containing 
fomesafen or cloransulam included non-ionic surfactant at 0.25%V/V except the clethodim + fomesafen treatment which also 
included crop oil concentrate at 0.25 %V/V.  Methylated seed oil at 1 %V/V was included with the glyphosate + saflufenacil 
PREPLT treatment. 
     dTiming:  PREPLT, 2.5-cm. giant ragweed; EPOST, 10-cm. giant ragweed; MPOST, 30-cm. giant ragweed.  Glufosinate  
(0.45 kg ha-1) was applied late post-emergence (LPOST) in both years prior to the 11 WAP evaluation to control late-season 
common waterhemp escapes. 
     eData represents a partial budget economic analysis with net returns compared to the non-treated control.  The linear 
transformation from yield to net return maintains statistical significance between treatments.  Gross revenue for the non-treated 
control is $106.26 ha-1.  All other values in this column represent a positive gain from the non-treated control. 
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