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 Ragweed parthenium (Parthenium hysterophorus L.) is an aggressive annual 

weed native to tropical America and considered a noxious weed in many parts of the 

world. Growers in the Everglades Agricultural Area (EAA) of south Florida have 

observed increasing occurrence of ragweed parthenium in the region. Growers have 

observed lack of control of ragweed parthenium with glyphosate, which is commonly 

used for weed control in noncrop areas and fallow fields. Because it is not considered a 

noxious weed in Florida, there is limited information on chemical control options and 

potential negative effects on crops in the region.  

 Project I determined whether ragweed parthenium in the EAA has evolved 

glyphosate resistance and evaluated whether reduced absorption and translocation are 

potential mechanisms of resistance to glyphosate. Ragweed parthenium biotype 

susceptible to glyphosate (S) from Mississippi and a suspected resistant biotype from 

the EAA (R) were compared using greenhouse dose-response assay. The R biotype 

from the EAA had a 40 to 67-fold level of resistance to glyphosate. Reduced absorption 

and translocation were not mechanisms of glyphosate resistance in the EAA biotype.  
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 Project II evaluated the efficacy of different herbicides applied postemergence at 

the full and half label rates for control of rosette and flowering ragweed parthenium in 

noncrop areas using greenhouse and field studies, respectively. Aminocyclopyrachlor + 

chlorsulfuron, aminopyralid, saflufenacil + dimethenamid-P, and hexazinone provided 

100% control of rosette and flowering ragweed parthenium 3 and 9 weeks after 

treatment, respectively, at both the full and half label rates. Glufosinate and 2,4-D at the 

full rate provided >80% control of both stages of growth. This information provides 

growers in the EAA with herbicide options for ragweed parthenium control in noncrop 

areas.  

 Project III evaluated the effects of different concentrations of aqueous extracts of 

ragweed parthenium on germination and root growth of lettuce (Lactuca sativa L.), 

radish (Raphanus sativus L.), and rice (Oryza sativa L.) grown in the EAA. All three 

species were affected by increasing concentration of ragweed parthenium aqueous 

extract. Rice was the most tolerant crop to ragweed parthenium aqueous extract 

followed by lettuce and radish.  
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CHAPTER 1 
CONFIRMATION OF GLYPHOSATE-RESISTANT RAGWEED PARTHENIUM 

(PARTHENIUM HYSTEROPHORUS L.) IN THE EVERGLADES AGRICULTURAL 
AREA 

Glyphosate Resistance 

Ragweed parthenium (Parthenium hysterophorus L.) is a troublesome annual 

weed in the Asteraceae family native to the Gulf of Mexico and Argentina (Navie et al. 

1996; Picman and Towers 1982). It is distributed across 24 US states, but is most 

prevalent in Florida, Louisiana, and Texas (USDA-NRCS 2013). In Florida, ragweed 

parthenium is common in the southern portion of the state (USDA-NRCS 2013) 

including the Everglades Agricultural Area (EAA), where it is commonly found along 

field edges, canals, ditch banks, roadsides, and disturbed sites (Odero 2012). The EAA 

consists of approximately 280,000 ha of cropland for cultivation of sugarcane 

(Saccharum L. spp. hybrids), vegetables, rice (Oryza sativa L.), and sod. 

The prolific seed production (130,000 to 200,000 seeds m-2) (Joshi 1991; Pandey 

et al. 2003), as well as the ability to persist in soil and germinate over a wide range of 

temperatures (Navie et al. 2004; Tamado et al. 2002b), have contributed to the 

widespread distribution of ragweed parthenium in the EAA and surrounding areas. In 

addition, the subtropical environment of south Florida that allows year round 

germination, growth, and reproduction of ragweed parthenium has also contributed to its 

widespread distribution in the region.  

 Glyphosate has been used repeatedly in noncrop areas and fallow fields in the 

EAA for many years to manage ragweed parthenium and other troublesome weed 

species. However, growers in the EAA have recently observed reduced ragweed 

parthenium control with single or multiple glyphosate applications. Similarly, Odero 
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(2012) reported no control of rosette and flowering ragweed parthenium in the EAA with 

glyphosate at 840 and 1,680 g ae ha-1 at two and three weeks after treatment (WAT). 

Previous reports have documented glyphosate resistant ragweed parthenium in 

Colombia (Gomez 2009). Bekeko (2013) also reported reduced (<25%) ragweed 

parthenium control with glyphosate at 3 L ha-1 55 days after treatment in Ethiopia. In 

contrast, Reddy et al. (2007) reported 93 to 100% and 95% control of rosette and 

flowering ragweed parthenium three WAT, respectively with glyphosate at 840 g ae ha-1 

in Mississippi. Singh et al. (2004) also reported 95 to 100% control of flowering ragweed 

parthenium 18 WAT with glyphosate at 2,700 and 5,400 g ae ha-1, respectively in India. 

However, the rate used in their study exceeds the labeled use rate for single glyphosate 

application in the United States. Similarly, rosette and flowering ragweed parthenium in 

noncrop areas in Pakistan were controlled 91 to 96%, respectively with glyphosate at 

4,000 g ae ha-1 four WAT (Khan et al. 2012). 

 Glyphosate inhibits 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), an 

enzyme involved in the biosynthesis of the aromatic amino acids phenylalanine, 

tyrosine, and tryptophan (Amrhein et al. 1980; Zimdahl 2007). So far, 171 biotypes of 24 

different weed species have documented resistance to glyphosate (Heap 2013). 

Resistance to glyphosate in plants can be due to a mutation in the target site of action, 

reduced translocation or over expression of EPSPS (Powles and Preston 2006; Shaner 

et al. 2012). Mutation due to a single amino acid substitution of Pro-106 by Ser-106 in 

the coding region of EPSPS conferred resistance to goosegrass (Eleusine indica (L.) 

Gaertn.) (Baerson et al. 2002), Italian ryegrass (Lolium multiflorum Lam.) (Perez-Jones 

et al. 2007; Jasieniuk et al. 2008), and rigid ryegrass (Lolium rigidum Gaud.) (Wakelin 

http://en.wikipedia.org/wiki/Carl_Linnaeus
http://en.wikipedia.org/wiki/Gaertn.
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and Preston 2006). Likewise, Gaines et al. (2010) reported that the genome of 

glyphosate resistant biotypes of Palmer amaranth (Amaranthus palmeri L.) had 5 to 

more than 160 fold copies of the EPSPS genes compared to the susceptible biotypes. 

Reduced translocation of glyphosate which is the most frequently observed mechanism 

of resistance (Heap 2013) has been reported in ragweed parthenium, rigid ryegrass, 

horseweed (Conyza canadensis (L.) Cronq.), giant ragweed (Ambrosia trifida L.), Italian 

ryegrass, hairy fleabane (Conyza bonariensis (L.) Cronq.) and common lambsquarters 

(Chenopodium album L.) (Lorraine-Colwill et al. 2003; Perez-Jones et al. 2007; Gomez 

2009; Ge et al. 2010; Norsworthy et al. 2010; Yerka 2013). Therefore, the objectives of 

this study were to (1) confirm and characterize the level of glyphosate resistance of 

ragweed parthenium in the EAA using dose-response bioassay and (2) determine if 

reduced absorption and/or translocation is the mechanism of this population of ragweed 

parthenium resistance to glyphosate.  

Materials and Methods 

Plant Material 

 Ragweed parthenium seeds were collected at maturity at the University of Florida 

Everglades Research and Education Center (EREC) in Belle Glade, FL in 2012 from 

plants reported to survive multiple applications of glyphosate (accession R) at 840 g ae 

ha-1 in the EAA (Odero 2012). Similarly, seeds were collected from ragweed parthenium 

susceptible to glyphosate (accession S) at the same rate from the USDA-ARS Jamie 

Whitten Delta States Research Center in Stoneville, MS in 2011. Collected seeds for 

each accession were stored in the dark at 2 ºC prior to use.  
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Greenhouse Dose-Response Assay 

The response of R and S accessions of ragweed parthenium to glyphosate were 

evaluated using greenhouse dose-response experiments conducted at the University of 

Florida, Gainesville in 2013. Seeds from each accession were soaked in tap water for 

24 hours and rinsed with tap water prior to planting in 450 cm3 square pots using a 

commercial potting medium (Fafard Mixes for Professional Use, Conrad Fafard Inc., 

Agawan, MA 01001) mixed with 10 g of 14-14-14 slow release fertilizer (Osmocote 

Smart-Release Plant Food, Scotts-Sierra Horticultural Products Company, Marysville, 

OH 43040). The first and second experimental runs were planted on March 4, 2013 and 

April 15, 2013, respectively. At 14 days after emergence, plants were thinned to one 

plant per pot with similar sizes to obtain uniformity across all plants. Plants were 

watered as needed to ensure that moisture was not a limiting factor and kept in a 

greenhouse maintained at 33/24 °C day/night temperatures under natural light.  

 Glyphosate (Roundup PowerMax, Monsanto Company, St. Louis, MO 63167) 

was applied at 0.105, 0.21, 0.42, 0.84, 1.68, 3.36, 6.72, 13.44, 26.88, 53.76, and 107.52 

kg ae ha-1 on rosette ragweed parthenium 20 cm in diameter from both accessions. 

These rates correspond to 1/8 to 128× the recommended glyphosate single application 

rate of 0.84 kg ae ha-1. Untreated controls for both accessions were included for 

comparison. Above ground biomass of four additional plants of each biotype were 

harvested at treatment application and used to determine growth rate over a period of 

21 days. Growth rate was calculated as: 

 GR = ((AGBcont - AGBapp) /21)                           [1] 
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where GR is growth rate (g day-1), AGBcont is the average aboveground biomass of the 

untreated control 21 days after treatment application (g), and AGBapp is the average 

aboveground biomass at treatment application (g). Glyphosate was applied using a 

moving-nozzle spray chamber (Generation II Spray Booth, Devries Manufacturing 

Corp., Hollandale, MN 56045) calibrated to deliver 187 L ha-1 at 172 kPa. Treatments 

were applied on April 16, 2013 and May 27, 2013 for the first and second experimental 

runs, respectively. Plants were returned to the greenhouse following treatment 

application and maintained as previously described. Aboveground biomass was 

harvested at soil level 21 days after treatment and weighed to obtain aboveground fresh 

weight. The harvested plants were then dried in an oven at 60 °C for 72 hours to obtain 

aboveground dry weight.  

The experiment was arranged as a completely randomized design with four 

replications of each treatment. Both aboveground fresh and dry weight data were 

expressed as a percentage of the untreated control for analysis. Data were tested for 

normality using R (R Development Core Team 2009) and arcsine square root 

transformed. Data were subjected to ANOVA and combined for analysis when there 

was no significant experimental run-by-treatment interaction using R (R Development 

Core Team 2009). However, transformation did not normalize data; therefore 

nontransformed data are presented. The aboveground fresh and dry weight data were 

fitted to the three-parameter log-logistic model (Equation 1) similar to that described by 

Seefeldt et al. (1995) but with the lower limit constrained to 0 using the drc package of R 

(R Development Core Team 2009; Ritz and Streibig 2005):  

 Y = d  / 1 + exp{b[log(x) – log(e)]}      [2] 
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where Y is the response (aboveground fresh or dry weight expressed as a percentage 

of the untreated control), x is the glyphosate rate (kg ae ha-1), b is the slope of the curve 

at the inflection point, d is the upper limit or asymptote (%), e is inflection point of the 

fitted curve (equivalent to the rate required to cause 50% response or ED50). The 

resistance factor (RF) was calculated as ED50 (R )/ ED50 (S).  

Absorption and Translocation  

Absorption and translocation of 14C-glyphosate in R and S accessions of 

ragweed parthenium were determined in experiments conducted at the University of 

Florida, Gainesville in 2012. Plants for both accessions were grown in a manner similar 

to the dose-response study on October 5, 2012 and October 26, 2012. Rosette plants 

from both accessions 15 cm in diameter were treated with glyphosate at 840 g ae ha-1. 

Uptake and translocation were determined using 14C-labeled glyphosate (14C-

glyphosate, Amersham Life Sciences Inc., Arlington Heights, IL 60004) with a specific 

activity of 3.17 kBq mg−1. Once the spray application dried on the plant leaf surface 

following glyphosate application, the adaxial surface of one leaf located in the middle of 

each plant was marked and spiked with one 2.1 µL droplet of 14C-radiolabeled material 

resulting in a total of 6.66 kBq mg−1 14C-glyphosate per plant. Plants were maintained in 

the greenhouse until harvest.  

Plants were harvested from pots 24, 72, and 168 hours after treatment (HAT) 

and radiolabeled leaves excised and washed with five sequential 1-ml aliquots of 

deionized water to determine percentage uptake. Unabsorbed 14C from the leaf wash 

solution was quantified with liquid scintillation spectrometry (LSS). Soil from the roots 

was washed using detergent and water.  
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 Whole plants, and the excised treated leaf, were placed on blotter paper in plant 

presses and oven-dried at 70 °C for 5 to 12 days. Dried plants were covered with X-ray 

film (Kodak X-OMAT XAR-5 film, Sigma-Aldrich, St. Louis, MO 63103) and stored 50 

days at room temperature to produce autoradiographs. Following autoradiography, 

plants were sectioned into treated leaf (TL), leaves above treated leaf (ATL), leaves 

below treated leaf (BTL), and roots (RTS). Plant sections were finely ground through a 

20-mesh screen using a Wiley Mill (Wiley Mill, Arthur W. Thomas Company, 

Philadelphia, PA 19099). Ground tissue samples weighing 0.02 to 0.06 g were oxidized 

to recover 14C using a biological oxidizer (R. J. Harvey Biological Oxidizer, Model OX-

500, R. J. Harvey Instrument Co., Hillsdale, NJ 07642). Percent recovery was the 

absorbed radioactivity plus the amount recovered from the leaf rinse. Translocated 

radioactivity is presented as the percent of absorbed radioactivity in plant parts (TL, 

ATL, BTL, and RTS). Radioactivity (translocation and absorption) in all plant parts was 

determined using LSS. 

 The experiment was arranged in a completely randomized design with four 

replications and repeated twice. Plants from the first and second experimental runs 

were treated on October 30, 2012 and November 20, 2012, respectively. Data were 

tested for normality using PROC UNIVARIATE procedure in SAS 9.2 (SAS 2009). Data 

were subjected to arcsine square root transformation prior to ANOVA. When there was 

no significant experimental run-by-treatment interaction, data were combined for 

analysis. Means were separated using Fisher’s Protected LSD at P ≤ 0.05. 

Transformation did not normalize data; therefore nontransformed data are presented. 
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Results and Discussion 

Greenhouse Dose-Response Assay 

 A run-by-treatment interaction was detected for both R and S ragweed 

parthenium biotypes aboveground fresh and dry weight data. The interaction was likely 

attributed to differences in growth rate between the two experimental runs. Although, 

both experimental runs were grown for the same duration of time and the plants had 

similar size at treatment application, GR for the R and S biotype was 2.54 and 2.63 g 

day-1 for the first experimental run, and 1.81 and 1.63 g day-1 for the second 

experimental run, respectively. The differences in GR may be related to the transition of 

ragweed parthenium from the rosette to flowering stage. During the transition phase, 

plants have an accelerated development of branches and accumulate higher amounts 

of biomass in time. Consequently, a difference of few days in biomass accumulation can 

drastically impact the response to the herbicide application.. Therefore, data were 

analyzed separately by experimental run for each biotype and separate regression 

curves were fitted using Equation 2 to model ragweed parthenium aboveground 

biomass reduction as a function of glyphosate rate (Figure 1-1 and 1-2). Model 

parameters are provided in Table 1-1. 

Both above ground fresh and dry weight of R and S ragweed parthenium 

biotypes decreased as glyphosate rate increased (Figure 1-1 and 1-2). The rate of 

glyphosate required to provide 50% aboveground ragweed parthenium growth reduction 

(ED50) differed between the R and S biotypes (Table 1-1). The ED50 values for 

aboveground fresh weight for the S biotype were estimated to be 0.18 and 0.41 kg ae 

ha-1 for the first and second experimental runs, respectively while ED50 values for the R 



 

19 

biotype were estimated to be 12.09 and 24.62 kg ae ha-1 for the first and second 

experimental runs, respectively. The ED50 values for aboveground dry weight for the S 

biotype were estimated to be 0.17 and 0.34 kg ae ha-1 for the first and second 

experimental runs, respectively compared to 6.80 and 14.48 kg ae ha-1 for the first and 

second experimental runs, respectively for the R biotype. The R biotype had a 60- to 

67-fold and 40- to 43-fold greater glyphosate resistance based on aboveground fresh 

and dry weight, respectively when compared to the S biotype (Table 1-1). Variations in 

resistance levels between the experiments was most likely due to differences in 

ragweed parthenium growth rates during the transition from rosette to flowering stage. 

The level of ragweed parthenium resistance to glyphosate in this study is much higher 

than previously reported values of 3- to 21-fold resistance for common ragweed 

(Ambrosia artemisiifolia L.), giant ragweed, common lambsquarters, and horseweed 

(VanGessel 2001; Westhoven et al. 2008; Brewer and Oliver 2009; Norsworthy et al. 

2010). The higher level of glyphosate resistance reported in this study may be attributed 

to a different mechanism of resistance by ragweed parthenium population in the EAA.  

Absorption and Translocation 

 There was no significant experimental run-by-treatment interaction for the R and 

S ragweed parthenium biotypes; therefore, data were combined for analysis for each 

biotype.  

Recovery of 14C-glyphosate 

 Recovery of 14C-glyphosate was 79 and 89% of the total 14C-glyphosate applied 

for the R and S ragweed parthenium biotypes, respectively 24 HAT (Table 1-2). At 168 

HAT, recovered 14C-glyphosate had significantly decreased to 74% for the S biotype. 
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However, there was no significant difference in recovered 14C-glyphosate for the R 

biotype over time. Furthermore, no significant difference in recovery was observed 168 

HAT between both biotypes. Similar decrease in 14C-glyphosate recovery over time has 

been reported for sicklepod (Senna obtusifolia (L.) Irwin and Barneby) and common 

ragweed (Walker and Oliver 2008; Brewer and Lawrence 2009). Sandberg et al. (1980) 

also reported that up to 50% of the applied 14C-glyphosate was not recovered from 

excised leaves within 25 days after treatment. 

Absorption of 14C-glyphosate 

There was no significant difference in 14C-glyphosate absorption over time for the 

R ragweed parthenium biotype (Table 1-2). In contrast, absorption of 14C-glyphosate 

increased over time for the S ragweed parthenium biotype. At 168 HAT, 14C-glyphosate 

absorption had increased by 25% for the S biotype compared to 24 HAT. When 

compared across biotypes, the R biotype had absorbed significantly higher 14C-

glyphosate absorption 72 HAT, but no difference in absorption was observed 168 HAT 

between both biotypes. This shows that reduced glyphosate absorption is not a 

mechanism of glyphosate resistance by ragweed parthenium population in the EAA. 

Similarly, Koger and Reddy (2005) reported that the absorption of four susceptible and 

four resistant biotypes of horseweed was similar, suggesting that absorption was not 

involved as a mechanism of glyphosate resistance. 

Treated leaf section 

 At 24 HAT, 69 and 70% of 14C-glyphosate applied remained on the treated leaf of 

the R and S ragweed parthenium biotypes, respectively (Table 1-2). There was a 

significant reduction in the amount of 14C-glyphosate that remained on the treated leaf 
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168 HAT for both biotypes. A total of 45 and 53% of 14C-glyphosate translocated from 

the treated leaf to the rest of the plant in the S and the R biotypes, respectively 168 

HAT. However, no difference in translocation of the 14C-glyphosate was observed 

between biotypes showing that reduced translocation is not a factor that confers 

glyphosate resistance to ragweed parthenium in the EAA. In contrast, previous research 

showed that glyphosate resistant Italian ryegrass and horseweed biotypes had a higher 

concentration of 14C-glyphosate in the treated leaf (Koger and Reddy 2005; Perez-

Jones et al. 2007).  

Above treated leaf section 

 Translocation of 14C-glyphosate above the treated leaf increased over time for 

both R and S ragweed parthenium biotypes (Table 1-2). A total of 18 and 30% of 14C-

glyphosate translocated to the leaf above the treated leaf in the R and S biotypes, 

respectively. However, no significant difference in 14C-glyphosate translocation was 

observed between biotypes indicating that 14C-glyphosate was symplastically 

translocated in both biotypes, which is the typical glyphosate movement in plants. 

Below treated leaf section 

 There was no difference in 14C-glyphosate translocation to below the treated leaf 

over time within and between ragweed parthenium biotypes (Table 1-2). This shows 

that the plant tissue below the treated leaf was not a metabolic sink tissue, which 

agrees with reports from Walker and Oliver (2008). Similarly, Kirkwood et al. (2000) 

reported that < 5% of the applied 14C-glyphosate translocated to the older leaves in 

barnyardgrass (Echinochloa crus-galli L.) 120 HAT illustrating that older plant leaves are 

not metabolic sinks.. 
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Roots 

 There was no significant difference in 14C-glyphosate translocation to roots of the 

S ragweed parthenium biotype over time (Table 1-2). In contrast, 14C-glyphosate 

translocation increased from 16 to 32% at 24 to 168 HAT for the R biotype. 

Furthermore, significantly more 14C-glyphosate translocated to roots of the R compared 

to the S biotype 168 HAT. In contrast, Kirkwood et al. (2000) reported that 14C-

glyphosate translocation in barnyardgrass was higher 72 HAT and decreased 120 HAT.  

Autoradiography 

 The images from the autoradiography show that high concentration of 14C-

glyphosate was observed in the treated leaf for both biotypes168 HAT (Figure 1-3). 

Although most of the 14C-glyphosate remained in the treated leaf, basipetal 

translocation to roots was observed for both biotypes. 

 The results of this study confirm glyphosate resistance in ragweed parthenium 

occurring in the EAA of south Florida. Therefore, glyphosate at the labeled use rate or 

higher will not be effective in providing ragweed parthenium control in the EAA. 

Repeated use of glyphosate for ragweed parthenium control in the EAA over the past 

several years probably led to evolution of ragweed parthenium resistance in the region. 

Growers in the EAA need to use herbicides with other modes of action for control of 

ragweed parthenium in noncrop areas and fallow fields. Furthermore, reduced 

glyphosate translocation, which is a mechanism of glyphosate resistance in many weed 

species (Heap 2013) was not observed on ragweed parthenium from the EAA. 

Therefore, further research is needed to determine the mechanism of resistance of 

ragweed parthenium from the EAA to glyphosate.
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Table 1-1.  Parameter estimates and standard errors (in parenthesis) for the three parameter log-logistic model (Equation 
2) for ragweed parthenium susceptible and resistance biotypes in response to glyphosate.  

 
Biotype 

 
Weight type 

 
Run 

Model parameters (±SE)  
RFb b d ea 

Resistant Fresh  1 0.82 (0.14)   97.48 (4.44) 12.09 (2.72) 67 
Susceptible  1 1.74 (0.44) 102.06 (6.81)   0.18 (0.03)  
Resistant  2 1.11 (0.18)   98.53 (3.24) 24.62 (4.08) 60 
Susceptible  2 3.28 (1.13)   93.43 (5.45)   0.41 (0.04)  
Resistant Dry 1 0.89 (0.13)   99.23 (4.13)   6.80 (1.30) 40 
Susceptible  1 1.34 (0.28) 100.96 (6.27)   0.17 (0.02)  
Resistant  2 1.23 (0.22)   96.57 (3.09) 14.48 (2.04) 43 
Susceptible  2 2.18 (0.51)   95.65 (6.19)   0.34 (0.04)  
ae is equivalent to the rate required to cause 50% response or ED50. 
bRF is the resistance factor (RF) calculated as the ratio of ED50 of the resistant and susceptible biotype. 
 

 

Table 1-2.  Percent translocation of 14C-glyphosate in resistant (R) and susceptible (S) biotypes of ragweed parthenium 
hours after treatment (HAT).ab 

 
 
HAT 

 
Total recovery 

 
Total absorption 

Translocation 
TL ATL BTL RTS 

R S R S R S R S R S R S 

 --------------------------------------------------------------------%-------------------------------------------------------------------- 
24 78.85 88.73 60.23 41.23 69.03 70.35 11.73 10.29 3.18 5.16 16.08 14.21 
72 73.43 80.80 68.29* 48.00 58.26 60.88 16.16 20.34 2.66 4.85 22.91 13.96 
168 68.78 73.95 60.03 66.39 46.50 55.43 18.35 29.76 3.20 3.40 31.96* 11.41 
LSD (0.05) NS   7.61 NS 11.60 14.13 13.46   6.59   9.16 NS NS 11.30  NS 
aAbbreviations: TL, treated leaf; ATL, above treated leaf; BTL, below treated leaf; RTS, roots.  
bMeans and standard error in parenthesis within a column followed by the same letter not significantly different (P < 0.05). 
*Indicates R biotype is significantly different from the S biotype at P < 0.05 according to Student’s t test within an 
evaluation.
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Figure 1-1.  Effect of glyphosate on ragweed parthenium fresh weight of resistant (R) 

and susceptible (S) biotypes for two experimental runs (Run 1 and 2). The x-
axis uses a logarithmic scale. 
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Figure 1-2.  Effect of glyphosate on ragweed parthenium dry weight of resistant (R) and 
susceptible (S) biotypes for two experimental runs (Run 1 and 2). The x-axis 
uses a logarithmic scale. 
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Figure 1-3.  Autoradiograph image of susceptible (left) and resistant (right) ragweed 
parthenium biotypes harvested 168 HAT.  
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CHAPTER 2 
RAGWEED PARTHENIUM (PARTHENIUM HYSTEROPHORUS L.) CONTROL IN 

NONCROP AREAS IN THE EVERGLADES AGRICULTURAL AREA 

Herbicide Efficacy 

Ragweed parthenium (Parthenium hysterophorus L.) is an aggressive annual 

weed of tropical and subtropical environments in the Asteraceae family that is 

commonly associated with noncrop areas in the Everglades Agricultural Area (EAA) of 

south Florida. However, ragweed parthenium is presently encroaching into cultivated 

and fallow fields in the EAA which comprise of approximately 280,000 ha. Sugarcane 

(Saccharum L. spp. hybrids) is the predominant crop in the EAA grown in rotation with 

lettuce (Lactuca sativa L.), green bean (Phaseolus vulgaris L.), sweet corn (Zea mays 

L.), radish (Raphanus sativus L.), and rice (Oryza sativa L.). Consequently, it is 

important that the spread of ragweed parthenium from noncrop areas in the EAA into 

cultivated fields be curtailed before it adversely affects crop production. Ragweed 

parthenium is a major weed problem in cultivated fields in India, Australia, and Ethiopia 

(McFadyen 1992; Tamado et al. 2002a; Singh et al. 2004).  

Increased occurrence of ragweed parthenium in the EAA has been attributed to 

lack of effective control, its prolific seed production, and rapid growth habit which allows 

it to quickly form dense stands (Joshi 1991; Navie et al. 1998; Tamado et al. 2002b; 

Pandey et al. 2003; Navie et al. 2004; Dhileepan 2012; Odero 2012). Ragweed 

parthenium seeds are able to germinate over a wide range of temperature. Tamado et 

al. (2002b) reported 29 to 74% ragweed parthenium seed germination at fluctuating 

temperatures between 12/2 °C to 35/25 °C, respectively. Most seedlings of ragweed 

parthenium emerge from shallowly buried seeds <0.5 cm in depth and no emergence 

occurs at depths >5 cm (Tamado et al. 2002b). After germination the seedlings form a 
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basal rosette that later develops branches that can reach up to 2 m in height. Plants can 

start flowering and seed production one month after germination and are able to 

produce viable seeds for 6 to 8 months (Jayachandra 1971; Navie et al. 1996). 

Ragweed parthenium is also a C3-C4 intermediate species with a Kranz-like leaf 

anatomy and partially suppressed photorespiration (Rajendrudu and Rama Das 1990; 

Pandey et al. 2003). Reduced photorespiration rates by C3-C4 intermediate species 

results in adaptive advantages at warm leaf temperatures that in C3 plants can only be 

achieved through substantial costs to water-use efficiency and/or nitrogen-use efficiency 

(Schuster and Monson 1990). The adaptive growth advantage at warm temperatures 

enables ragweed parthenium to thrive and grow year round in the subtropical 

environment of south Florida. Similar year round growth has been reported in Texas 

which is characterized by warm winter months (Reddy and Bryson 2005).  

 Glyphosate has been the primary herbicide used to control ragweed parthenium 

in noncrop areas and fallow fields in the EAA because of its high efficacy, low cost, and 

lack of rotational restrictions. However, glyphosate has recently been reported to be 

ineffective for ragweed parthenium control in the EAA (Odero 2012). Ragweed 

parthenium is managed by mowing in the EAA, but it rapidly regenerates, particularly 

during the rainy season between May to October. Currently, there is limited information 

on ragweed parthenium control in EAA with other herbicides.  

 Several herbicides commonly used in cultivated fields and noncrop areas have 

been reported to provide control of ragweed parthenium. Under field conditions, 

glyphosate, glufosinate, chlorimuron, halosulfuron, and 2,4-D provided 82 to 100% 

control of rosette ragweed parthenium three weeks after treatment (WAT) while 
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glyphosate, glufosinate, and trifloxysulfuron provided 86 to 95% control of flowering 

ragweed plants three WAT (Reddy et al. 2007). Khan et al. (2012) reported 96 and 87% 

rosette ragweed parthenium control and 91 and 75% flowering ragweed parthenium 

control four WAT with glyphosate and metribuzin, respectively. Flumioxazin applied 

preplant in sorghum (Sorghum bicolor (L.) Moench) provided 92 to 100% control 

(Grichar 2006), while saflufenacil has been shown to be effective on rosette and 

flowering ragweed parthenium (Odero 2012). Parsons and Cuthbertson (2001) reported 

that ragweed parthenium was susceptible to imazapyr, oxadiazon, oxyfluorfen, 

pendimethalin, and thiobencarb and recommended atrazine + 2,4-D, picloram + 2,4-D, 

dicamba, and hexazinone as the most cost effective options for control in noncrop 

areas. There is a potential for use of broadleaf herbicides such as aminocyclopyrachlor, 

chlorsulfuron, aminopyralid, clopyralid, fomesafen, dimethenamid-P, imazapic, 

mesotrione, and paraquat for control of ragweed parthenium in noncrop areas in the 

EAA. Therefore, the objective of this study was to determine the efficacy of herbicides 

with different modes of action commonly used in cultivated and noncrop areas for 

broadleaf weed control on rosette and flowering ragweed parthenium in the EAA. 

Materials and Methods 

Field Study 

Field studies were conducted in 2012 at two locations (26.53 latitude, and 80.49 

longitude for location 1; 26.53 latitude, and 80.45 longitude for location 2) approximately 

2.25 km apart at the Hillsboro Sugar Farm near Belle Glade, FL. Both locations had 

heavy ragweed parthenium infestation along canals adjacent to sugarcane fields. The 

experiment was arranged in a randomized complete block design with four replications 
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of each treatment. Plots were 3 m wide by 6 m long at both locations. Herbicide 

treatments, rates (0.5 and 1.0× labeled use rate), and mode of action are listed in Table 

2-1. A nontreated control was included for comparison. Nonionic surfactant (Preference, 

Winfield Solutions, LLC., St. Paul, MN 55164), methylated seed oil (Destiny HC, 

Winfield Solutions, LLC., St. Paul, MN 55164) or crop oil concentrate (Prime Oil, 

Winfield Solutions, LLC., St. Paul, MN 55164) were used as adjuvants for the different 

herbicides (Table 2-1). Herbicide treatments were applied on May 31 and June 15, 2012 

at location 1 and 2, respectively.  All plants were flowering and ranged in height 

between 84 and 92 cm. All herbicides were applied using a CO2-pressurized backpack 

sprayer calibrated to deliver 187 L ha-1 at 276 kPa. Visual evaluation of percent control 

was assessed at 3, 6 and 9 WAT using a scale of 0 to 100%, with 0 representing no 

control, and 100 representing complete control.   

 All data were tested for normality using PROC UNIVARIATE procedure in SAS 

9.2 (SAS 2009). Data were subjected to arcsine square root transformation prior to 

ANOVA to evaluate treatment main effects as well as interactions. Data were combined 

across locations when no significant location-by-treatment interaction occurred. Means 

were separated using Fisher’s Protected LSD test at P ≤ 0.05.Transformation did not 

normalize data; therefore nontransformed data are presented. 

Greenhouse Study 

 Greenhouse studies were conducted in 2012 at the University of Florida in 

Gainesville. Ragweed parthenium seeds were collected from Hillsboro Sugar Farm near 

Belle Glade, FL in 2012 and stored at 4 °C prior to use in the experiment. Seeds were 

soaked for 24 hours and rinsed with tap water prior to planting in 450 cm3 pots using 



 

31 

commercial potting mixture (Fafard Mixes for Professional Use, Conrad Fafard Inc., 

Agawan, MA 01001) mixed with 10 g of 14-14-14 slow release fertilizer (Osmocote 

Smart-Release Plant Food, Scotts-Sierra Horticultural Products Company, Marysville, 

OH 43040). Ragweed parthenium was thinned to one plant per pot with similar sizes 14 

days after emergence to obtain uniformity across all plants. Plants were kept in a 

greenhouse maintained at 33/24 °C day/night temperatures under natural light and 

watered as needed to ensure that moisture was not a limiting factor.  

 The experiment was arranged as a completely randomized design with four 

replications and repeated in time. The first and second experimental runs were planted 

on August 29, 2012 and September 26, 2012, respectively. Herbicides treatments and 

rates were similar to the field study (Table 2-1). Herbicides were applied using a 

moving-nozzle spray chamber (Generation II Spray Booth, Devries Manufacturing 

Corp., Hollandale, MN 56045) calibrated to deliver 187 L ha-1 at 276 kPa on rosette 

ragweed parthenium averaging 25 cm in diameter. Applications were made on 

September 28, 2012 and October 27, 2012 for the first and second experimental runs, 

respectively. Rosette ragweed parthenium control was visually evaluated 21 days after 

treatment (DAT) using a scale of 0 to 100 with 0 being no control and 100 being 

complete plant death. Plants were harvested at soil level 21 DAT and dried in an oven 

for 72 hours at 60 °C to obtain aboveground dry weight. Aboveground dry weight was 

expressed as a percent of the untreated control. Data was then expressed as percent 

aboveground dry weight reduction of rosette ragweed parthenium. 

 Data were tested for normality using PROC UNIVARIATE procedure in SAS 9.2 

(SAS 2009) and arcsine square root transformed prior to ANOVA to evaluate treatment 
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main effects as well as interactions. Data were combined across experimental run when 

no significant experimental run- by-treatment interaction occurred. Means were 

separated using Fisher’s Protected LSD test at P ≤ 0.05. Transformation did not 

normalize data; therefore nontransformed data are presented.  

Results and Discussion 

Field Study 

A treatment by location interaction was observed; therefore data were analyzed 

separately by location for each evaluation timing. There was significant herbicide 

treatment effect on flowering ragweed parthenium control 3 to 9 WAT. Saflufenacil + 

dimethenamid-P and hexazinone were highly effective and rapid in controlling flowering 

ragweed parthenium, providing 100% control at all rates and evaluation timings (Table 

2-2). Odero (2012) reported that saflufenacil at 12.5 g ha-1 provided complete control of 

flowering ragweed parthenium 3 WAT. Saflufenacil applied alone has previously been 

shown to have good efficacy on broadleaf weed control. Geier et al. (2009) reported that 

saflufenacil at 6 to 30 g ha-1 provided >92% control of blue mustard (Chorispora tenella 

(Pallas) DC), flixweed (Descurainia sophia (L.) Webb.), Palmer amaranth (Amaranthus 

palmeri S. Watts.), redroot pigweed (Amaranthus retroflexus L.), and tumble pigweed 

(Amaranthus albus L.) 3 WAT. Flixweed was controlled 94 to 99% by saflufenacil at 13 

to 50 g ha-1 three WAT (Frihauf et al. 2010). Saflufenacil has been used to achieve 

control of small sized weed species (Geier et al. 2009; Frihauf et al. 2010), but the 

results of this study demonstrate that saflufenacil was very efficient in controlling very 

tall flowering ragweed parthenium up to 92 cm in height. Hexazinone is used to provide 

control of many annual, biennial, and perennial weeds. For example, hexazinone 
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applied at 420 to 840 g ha-1 provided 95 to 96% control of shepherd’s purse (Capsella 

bursa-pastoris L.) in alfalfa (Medico sativa L.) (Wilson and Orloff 2008). 

Aminocyclopyrachlor + chlorsulfuron and aminopyralid initially provided 75 to 94% 

control of flowering ragweed parthenium 3 WAT. By 6 WAT, both herbicides had 

provided complete control of flowering ragweed parthenium. Aminocyclopyrachlor and 

aminopyralid are pyridine-based herbicides used for broadleaf weed control in noncrop 

areas. Reed et al. (2013) reported >90% control of Virginia buttonweed (Diodia 

virginiana L.), a problematic broadleaf weed in noncrop areas with sequential 

application of aminocyclopyrachlor at 110 g ha-1. Aminopyralid has been shown to 

provide effective control of yellow starthistle (Centaurea solstitialis L.) and Canada 

thistle (Cirsium arvensis L. Scop.) (Enloe et al. 2007; Kyser et al. 2011). Clopyralid, 2,4-

D, and glufosinate controlled flowering ragweed parthenium 85 to 99% at 9 WAT at their 

labeled use rate. Ragweed parthenium control with 2,4-D has shown variable results 

ranging from 35 to 70% in flowering plants (Reddy et al. 2007; Singh et al. 2004). 

Tamado and Milberg (2004) reported control ranging from 30 to 100% of biomass 

reduction using 1,440 g ha-1 of 2,4-D. Glufosinate has been shown to provide 80 to 89% 

control of flowering ragweed parthenium plants (Reddy et al. 2007; Singh et al. 2004). 

Both rates of imazapic provided 75 to 91% control of flowering ragweed parthenium 6 

WAT. At 9 WAT, imazapic at 5.6 g ha-1 provided 93% control at location 1 compared to 

61% control at location 2. Fomesafen, imazethapyr, mesotrione, oxyfluorfen, and 

paraquat provided <48% control of flowering ragweed parthenium 9 WAT with the 

exception of the full rate of fomesafen at location 1. Similarly, Reddy et al. (2007) 

reported poor control of flowering ragweed parthenium with paraquat, acifluorfen, and 
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clomazone. Acifluorfen is a protoporphyrinogen oxidase inhibitor like fomesafen and 

oxyfluorfen while clomazone is a 4-hydroxyphenylpyruvate dioxygenase inhibitor like 

mesotrione. Similar to report by Odero (2012), glyphosate provided little to no control of 

flowering ragweed parthenium in the present study. In contrast, Reddy et al. (2007) 

reported 95% flowering ragweed parthenium control with glyphosate at 840 g ha-1. 

Singh et al. (2004) also reported that glyphosate at 2,700 to 5,400 g ha-1 provided >95% 

control of flowering ragweed parthenium.  

Greenhouse Study 

 There was a significant experimental run-by-treatment interaction for percent dry 

weight reduction; therefore data were analyzed by experimental run. In the greenhouse, 

aminocyclopyrachlor + chlorsulfuron, aminopyralid, hexazinone, saflufenacil + 

dimethenamid-P, 2,4 D provided 100% aboveground dry weight reduction of rosette 

ragweed parthenium at 21 DAT (Table 2-3). Glufosinate provided 95 and 100% 

reduction in dry weight, regardless of the use rate. Similarly, Reddy et al. (2007) 

reported 93 to 95% control of rosette ragweed parthenium with glufosinate at 410 g ha -1.  

Clopyralid, flumioxazin, fomesafen and imazapic provided 97 to 100% aboveground dry 

weight reduction of rosette ragweed parthenium regardless of the use rate in the first 

experimental run. However, aboveground dry weight reduction from application of 

flumioxazin and fomesafen ranged from 81 to 94% and 63 to 69% for clopyralid and 

imazapic for the second experimental run, respectively. Imazethapyr, mesotrione, 

oxyfluorfen, and paraquat provided 40 to 96% dry weight reduction of rosette ragweed 

parthenium. Similar to the field study, glyphosate provided little or no activity on rosette 

ragweed parthenium. Odero (2012) reported no dry weight reduction of rosette ragweed 
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parthenium following application of glyphosate at up to 1,680 g ha-1 at 14 DAT. 

However, Reddy et al. (2007) reported 93 to 100% control of rosette ragweed 

parthenium with glyphosate at 840 g ha-1 at 21 DAT under field conditions. 

 These results show that saflufenacil + dimethenamid-P and hexazinone can be 

used to provide rapid burndown and complete control of flowering ragweed parthenium 

in noncrop areas in the EAA. Aminocyclopyrachlor + chlorsulfuron and aminopyralid are 

also highly effective on flowering ragweed parthenium control. Aminocyclopyrachlor + 

chlorsulfuron, 2,4-D amine, aminopyralid, glufosinate, hexazinone, and saflufenacil + 

dimethenamid-P also provided complete control of rosette ragweed parthenium. The 

herbicides that provided effective ragweed parthenium control included synthetic auxins, 

glutamine synthase inhibitors, protoporphyrinogen oxidase inhibitors, and photosystem 

II inhibitors. Protoporphyrinogen oxidase inhibitors, flumioxazin, and fomesafen can also 

be used as options for effective control of ragweed parthenium particularly early at the 

rosette stage of development. This information provides growers in the EAA with 

different herbicide options for control of ragweed parthenium with no response to 

glyphosate in noncrop areas. Furthermore, growers can use these different herbicide 

modes of action to develop herbicide rotation programs that can help prevent 

development of ragweed parthenium resistance to other herbicides. Due to the high 

efficacy of low use rate herbicides aminocyclopyrachlor and aminopyralid on ragweed 

parthenium, future research should be conducted to determine if rates lower than those 

used in this study can provide effective control.  
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Table 2-1.  Herbicide treatments, rates, and modes of action.  
Herbicide treatmenta Rate Mode of actionc 
 (g ai ha-1)  

Aminocyclopyrachlor+chlorsulfuron + NIS 833+33 Synthetic auxin + ALS inhibition 
Aminocyclopyrachlor+chlorsulfuron + NIS 166+66 Synthetic auxin + ALS inhibition 
2,4-D amine 1120 Synthetic auxin 
2,4-D amine 2240 Synthetic auxin 
Aminopyralid + NIS 70 b Synthetic auxin  
Aminopyralid + NIS 123 b  Synthetic auxin 
Clopyralid 105 b Synthetic auxin 
Clopyralid 210 b Synthetic auxin 
Flumioxazin + NIS 53.5 PPO inhibition 
Flumioxazin + NIS 107 PPO inhibition 
Fomesafen + NIS 210 PPO inhibition 
Fomesafen + NIS 420 PPO inhibition 
Oxyfluorfen + NIS 224 PPO inhibition 
Oxyfluorfen + NIS 450 PPO inhibition 
Saflufenacil+dimethenamid-P + MSO 40+350 PPO inhibition + Inhibition of VLCFA 
Saflufenacil+dimethenamid-P + MSO 90+790 PPO inhibition + Inhibition of VLCFA 
Imazapic + NIS 2.8 b ALS inhibition 
Imazapic + NIS 5.6 b  ALS inhibition 
Imazethapyr + NIS 35 b ALS inhibition 
Imazethapyr + NIS 70 b  ALS inhibition 
Mesotrione + COC 52.5 Inhibition of HPPD 
Mesotrione + COC 105 Inhibition of HPPD 
Glyphosate 420b EPSPS inhibition 
Glyphosate 840b EPSPS inhibition 
Glufosinate 127 Glutamine synthase inhibition 
Glufosinate 254 Glutamine synthase inhibition 
Paraquat + NIS 420 Photosystem I inhibition 
Paraquat + NIS 840 Photosystem I inhibition 
Hexazinone 560 Photosystem II inhibition 
Hexazinone 1120 Photosystem II inhibition 
aAbbreviations: COC, crop oil concentrate at 1.0% v/v, MSO, methylated seed oil at 
1.0% v/v; NIS, nonionic surfactant at 0.25% v/v. 
 bHerbicide rates are listed in g ae ha-1.  
cAbbreviations: ALS, acetolactate synthase; PPO, protoporphyrinogen oxidase; VLCFA, 
very long chain fatty acids; HPPD, 4-hydroxyphenylpyruvate dioxygenase; EPSPS, 5-
enolpyruvylshikimate-3-phosphate synthase. 
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Table 2-2.  Flowering ragweed parthenium control at locations within the EAA, Belle 
Glade, FL in 2012.  

 
 
Herbicide treatmenta 

 Weeks after treatmentc 
Rate 3 6 9 
(g ai ha-1) L1 L2 L1 L2 L1 L2 

  ---------------------------%-------------------------- 

Aminocyclopyrachlor + chlorsulfuron + NIS 83+33 88 75 100 100 100 100 
Aminocyclopyrachlor + chlorsulfuron + NIS 166+66 94 88 100 100 100 100 
2,4-D amine 1120 45 56 28 89 40 93 
2,4-D amine 2240 74 71 93 100 94 99 
Aminopyralid + NIS 70 b 80 76 100 100 100 100 
Aminopyralid + NIS 123 b  88 78 100 100 100 100 
Clopyralid 105 b 48 35 53 68 50 69 
Clopyralid 210 b 54 35 96 88 98 98 
Flumioxazin + NIS 53.5 35 8 29 25 26 18 
Flumioxazin + NIS 107 33 8 34 45 30 48 
Fomesafen + NIS 210 33 35 26 64 20 55 
Fomesafen + NIS 420 58 59 70 59 74 45 
Oxyfluorfen + NIS 224 11 2 13 23 13 29 
Oxyfluorfen + NIS 450 17 14 18 49 23 49 
Saflufenacil + dimethenamid-P + MSO 40+350 100 100 100 100 100 100 
Saflufenacil + dimethenamid-P + MSO 90+790 100 100 100 100 100 100 
Imazapic + NIS 2.8 b 69 53 75 81 75 66 
Imazapic + NIS 5.6 b  79 51 91 84 93 61 
Imazethapyr + NIS 35 b 48 24 33 23 45 25 
Imazethapyr + NIS 70 b  45 33 24 33 20 14 
Mesotrione + COC 52.5 14 13 15 49 20 48 
Mesotrione + COC 105 13 7 20 39 26 35 
Glyphosate 420b 5 0 15 0 23 0 
Glyphosate 840b 9 0 26 10 18 1 
Glufosinate 127 60 84 40 79 48 75 
Glufosinate 254 86 96 86 91 93 85 
Paraquat + NIS 420 19 4 24 19 25 10 
Paraquat + NIS 840 10 7 15 30 18 10 
Hexazinone 560 100 100 100 100 100 100 
Hexazinone 1120 100 100 100 100 100 100 
Untreated check  0 0 0 0 0 0 
LSD (0.05)  16 13 23 22 26 30 
aAbbreviations: COC, crop oil concentrate at 1.0% v/v, MSO, methylated seed oil at 
1.0% v/v; NIS, nonionic surfactant at 0.25% v/v. 
 bHerbicide rates are listed in g ae ha-1. 
cL1 is location 1; L2 is location 2. 
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Table 2-3.  Percent dry weight reduction of greenhouse grown ragweed parthenium in 
response to herbicide treatments at 21 days after treatment. 

 
Herbicide treatmenta 

Rate Run 1 Run 2 
(g ai ha-1) ----------------------%--------------------------- 

Aminocyclopyrachlor + chlorsulfuron + NIS 83+33 100 100 
Aminocyclopyrachlor + chlorsulfuron + NIS 166+66 100 100 
2,4-D amine 1120 100 100 
2,4-D amine 2240 100 100 
Aminopyralid + NIS 70 b 100 100 
Aminopyralid + NIS 123 b  100 100 
Clopyralid 105 b 100 69 
Clopyralid 210 b 100 69 
Flumioxazin + NIS 53.5 100 92 
Flumioxazin + NIS 107 100 83 
Fomesafen + NIS 210 100 81 
Fomesafen + NIS 420 100 94 
Oxyfluorfen + NIS 224 96 47 
Oxyfluorfen + NIS 450 77 57 
Saflufenacil + dimethenamid-P + MSO 40+350 100 100 
Saflufenacil + dimethenamid-P + MSO 90+790 100 100 
Imazapic + NIS 2.8 b 100 65 
Imazapic + NIS 5.6 b  97 63 
Imazethapyr + NIS 35 b 69 40 
Imazethapyr + NIS 70 b  79 49 
Mesotrione + COC 52.5 80 60 
Mesotrione + COC 105 90 67 
Glyphosate 420b 13 13 
Glyphosate 840b 0 0 
Glufosinate 127 100 95 
Glufosinate 254 100 95 
Paraquat + NIS 420 60 60 
Paraquat + NIS 840 62 69 
Hexazinone 560 100 100 
Hexazinone 1120 100 100 
Untreated check  0 0 
LSD (0.05)  12 14 
aAbbreviations: COC, crop oil concentrate at 1.0% v/v, MSO, methylated seed oil at 
1.0% v/v; NIS, nonionic surfactant at 0.25% v/v. 
 bHerbicide rates are listed in g ae ha-1. 
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CHAPTER 3 
ALLELOPATHIC EFFECTS OF PARTHENIUM HYSTEROPHORUS L. EXTRACTS ON 

GERMINATION OF DIFFERENT CROPS GROWN IN THE EVERGLADES 
AGRICULTURAL AREA 

Allelopathy 

Ragweed parthenium (Parthenium hysterophorus L.) is an annual weed in the 

Asteraceae family native to tropical and subtropical America common in the Everglades 

Agricultural Area (EAA) of south Florida. It is typically associated with noncrop areas 

such as canals, ditch banks, and field edges in the EAA. Invasion of cultivated fields by 

ragweed parthenium has recently been noted by several growers in the EAA. The EAA 

is dominated by sugarcane (Saccharum L. spp. hybrids) grown in rotation with 

vegetables and rice (Oryza sativa L.) during the sugarcane fallow period. The main 

vegetables grown in the EAA include sweet corn (Zea mays L.), green bean (Phaseolus 

vulgaris L.), lettuce (Lactuca sativa L.), and radish (Raphanus sativus L.) cultivated in 

approximately 21,000 ha (Christian Miller, personal communication). Rice is cultivated 

in 6,100 ha in the EAA (Ron Rice, personal communication).  

 Interference of ragweed parthenium via competition can adversely affect crop 

yield by removing or reducing essential factors for crop growth such as water, light, and 

nutrients. Tamado et al. (2002) reported that competition of three ragweed parthenium 

plants m-2 resulted in 67% yield reduction in sorghum (Sorghum bicolor (L.) Moench) 

and up to 97% yield reduction at higher densities. Ragweed parthenium has been 

reported to interfere with several crops, weed species, and trees through addition of 

phytotoxic allelochemicals to the environment (Kanchan and Jayachandra 1979; Mersie 

and Singh 1987; Swaminathan et al. 1990; Batish et al. 2002; Tefera 2002; Singh et al. 

2003; Singh et al. 2005; Wakjira et al. 2005; Belgeri et al. 2011; Mishra and Nautiyal 
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2012). Allelopathy in ragweed parthenium is attributed mainly to parthenin, a potent 

phytotoxic sesquiterpene lactone that can constitute up to 8% of plant’s dry weight 

(Rodriguez et al. 1976). Allelochemicals play an important role in regulating the 

structure of plant communities by impacting plant dominance and productivity in both 

natural and agricultural ecosystems (Kohli et al. 2001). For example, allelochemicals 

from ragweed parthenium leaf or root tissue added to the field resulted in reduced 

germination, number of nodules, and root biomass of green bean and cowpea (Vigna 

sinensis L.) (Kanchan and Jayachandra 1979). This study also showed a reduction in 

branching and yield of tomato (Lycopersicum esculentum Mill.) grown in plots where 

ragweed parthenium leaf tissue was added. Ragweed parthenium has been reported to 

exhibit autotoxicity (Kumari and Kohli 1987). However, survival and colonization of 

ragweed parthenium probably occurs because either the allelochemicals do not escape 

from the environment fast enough for a critical concentration to be reached or do not 

persist for sufficiently long time to affect the species (Kumari and Kohli 1987). 

 Allelochemicals produced by ragweed parthenium can potentially adversely 

affect both emergence and growth of crop species cultivated in the EAA. Previous 

studies on allelopathic effect of ragweed parthenium on crops have been conducted 

using flower, leaf, stem, and root extracts of ragweed parthenium (Mersie and Singh 

1987; Tefera 2002; Singh et al. 2003; Singh et al. 2005; Wakjira et al. 2005; Belgeri et 

al. 2011). For example, Mersie and Singh (1987) reported that extracts from different 

parts of the ragweed parthenium resulted in allelopathic inhibition of root growth of field 

corn, ryegrass (Lolium multiflorum Lam.), wheat (Triticum aestivum L.), and soybean 

(Glycine max (L) Merr.), but the effects were species and extract concentration 
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dependent. Because ragweed parthenium present in fields gets incorporated into the 

soil when fields are cultivated, research on the allelopathic potential of the whole plant 

(flowers, leaves, stems, and roots) on germination of crops grown in the EAA is needed. 

Therefore, the objective of this study was to determine the allelopathic effect of an 

aqueous ragweed parthenium extract on germination of green bean, sweet corn, radish, 

lettuce, and rice cultivated in the EAA. 

Materials and Methods 

Whole Plant Aqueous Extraction 

 The effect of whole ragweed parthenium plant residue on germination of crops 

(green bean, sweet corn, radish, lettuce, and rice) grown in the EAA was evaluated in 

growth chamber experiments at the University of Florida, Gainesville in 2013. Ragweed 

parthenium plants with flowers, seeds, leaves, stems, and roots were collected from 

Hillsboro Sugar Farm near Belle Glade, FL (26.53 latitude and 80.43 longitude) in 2012. 

Whole plants were oven dried at 60 °C for 5 days and finely ground using a Thomas 4 

Wiley® mill (Thomas Scientific, Swedesboro, NJ 08085). The ground powder was 

placed in polythene bags and stored in darkness at 2 °C prior to use.  

 Eight percent (w/v) aqueous extract solution of ragweed parthenium was 

prepared by mixing 60 g of the ground powder with 750 ml of distilled water in a dark 

container and kept at room temperature over a 24 hour period. The extract was filtered 

by vacuum filtration using a Buchner funnel and flask with Whatman No. 1 filter paper 

(Whatman No. 1 filter paper, Whatman International Ltd., Maidstone, U.K.) and stored in 

a dark container at 2 °C prior to use.  Seven treatment solutions of 0.0625, 0.125, 0.25, 
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0.5, 1.0, 2.0 and 4.0% were prepared by diluting the 8.0% aqueous solution with 

distilled water. A control treatment consisting of distilled water was also included. 

Germination Assays 

Germination assays were conducted using twenty seeds of green bean ‘Caprice’, 

sweet corn ‘Attribute’, radish ‘Red Silk’, iceberg lettuce ‘9285’, and rice ‘Well.’  Seeds of 

each species were placed on 10 cm diameter Petri dishes lined with Fisherbrand P8 

filter paper (Fisherbrand P8 filter paper, Fisher Scientific, Pittsburgh, PA 15275) and 

moistened with 10 ml of each treatment of the aqueous extract solutions. Petri dishes 

were sealed with Parafilm paper (Parafilm® M Laboratory Film, Pechiney Plastic 

Packaging, Chicago, IL 60631) to prevent desiccation and placed in growth chambers 

with day/night temperature of 26 °C and 16 hour photoperiod. Germination was 

recorded 7 days after initiation of the experiment. Seeds were considered germinated 

when the radicle was visible for green bean, sweet corn, radish, and lettuce. Rice was 

considered germinated when the coleoptile was visible. Radicle length for green bean, 

sweet corn, radish, and lettuce were measured 7 days after germination. Similarly, 

shoot length of rice was measured 7 days after germination because reduced oxygen 

conditions may cause the coleoptile to emerge before the root in rice (Moldenhauer and 

Slaton (2011).The experiment was arranged as a completely randomized design with 

four replications of each treatment for each plant species and repeated twice. The first 

run and second experimental runs were planted on July 21, 2013, and August 4, 2013, 

respectively. Data from sweet corn and green bean are not presented because of poor 

germination. 
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Statistical Analysis 

 All data were tested for normality using PROC UNIVARIATE procedure in SAS 

9.2 (SAS 2009) and arcsine square root transformed.  Analysis of variance was 

conducted and data combined across experimental run when no significant 

experimental run-by-treatment interaction occurred. Transformation did not normalize 

data; therefore nontransformed data are presented. The relationship between 

germination and radicle growth of radish, lettuce, and shoot length of rice with ragweed 

parthenium aqueous extract were described using nonlinear and linear regression 

models. Linear and nonlinear regression models were fitted using the nlme and drc 

packages of R, respectively (Ritz and Streibig 2005; R Development Core Team 2009; 

Pinheiro et al. 2013). Model selection was based on Akaike’s information criterion (AIC) 

using the qpcR package of R (Ritz and Spiess 2008). The two-parameter exponential 

decay model (Equation 1) was used to describe the relationship between radish and 

lettuce germination, and ragweed parthenium aqueous extract: 

 Y = d × exp (-x/b)         [1] 

where Y is the response (percentage germination or radicle length), x is the aqueous  

extract solution concentration, d is upper limit or asymptote of the fitted curve, and b is 

the slope of the fitted curve. Linear regression model (Equation 2) was used to describe 

the relationship between rice germination and ragweed parthenium aqueous extract: 

 Y = a + bx          [2] 

where Y is the response (percentage germination or radicle length), x is the aqueous 

extract solution concentration, a is the intercept of the fitted line, and b is the slope of 

the fitted line.  
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Radish and lettuce radicle length relationship with ragweed parthenium aqueous extract 

were described using Equation 2. The four-parameter Brain-Cousens model (Equation 

3) obtained by extending the three-parameter log-logistic model to take into account the 

inverse u-shaped hormesis effect was used to describe the relationship between rice 

shoot length and ragweed parthenium aqueous extract:  

Y = d + fx / 1 + exp{b[log(x) – log(e)]}      [3] 

where Y is the response (shoot length), x is the aqueous extract solution concentration, 

b is the slope of the curve after the maximal hormetic effect, d is the upper limit or 

asymptote, e is the lower bound of the aqueous dose causing 50% response, and f is 

the theoretical upper bond of the hormesis effect (the rate of growth stimulation at 

aqueous extract solution concentration close to zero). In the Brain-Cousens model 

unlike the three-parameter log-logistic model, the parameter e is no longer the inflection 

point and b losses its interpretation as relative slope at the inflection point (Cedergreen 

et al. 2005).  

Results and Discussion 

Seed Germination 

 There was significant experimental run-by-treatment interaction for lettuce and 

radish germination, but not for rice. Therefore, data were analyzed separately by 

experimental run for lettuce and radish, and pooled across experimental runs for rice. 

The two parameter exponential decay model (Equation 1) provided the best fit to model 

lettuce and radish seed germination as a function of ragweed parthenium aqueous 

extract concentration (Figures 3-2A and 3-3A). The linear regression model (Equation 2) 

provided the best fit to describe rice germination as a function of ragweed parthenium 
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aqueous extract concentration (Figure 3-1A). Model parameters are listed in Table 3-1 

and 3-2. There was reduction in germination of the three crops as ragweed parthenium 

aqueous extract concentration increased. The ragweed parthenium aqueous extract 

concentration required to provide 50% reduction in germination (ED50) was estimated to 

be 0.72 and 1.15% for lettuce, and 0.87 and 0.39% for radish, for experimental run 1 

and 2, respectively. The ED50 for rice was predicted to be 0.09% of ragweed parthenium 

aqueous extract concentration. Variable response of different crops to ragweed 

parthenium aqueous extract has been previously reported (Mersie and Singh 1987; 

Kohli et al. 1996; Belz et al. 2007). Kohli et al. (1996) reported that pigeon pea (Cajanus 

cajan L. Millsp.) and cowpea (Vigna unguiculata L. Walp.) were highly susceptible to 

leaf leachates of ragweed parthenium, resulting in 84 and 100% reduction in 

germination, respectively, followed by onion (Allium cepa L.), radish, and pepper 

(Capsicum annuum L.) with 67, 50, and 45% reduction in germination, respectively. In 

the same study, leachates of ragweed parthenium reduced germination of Egyptian 

clover (Trifolium alexandrinum L.) and alfalfa (Medicago sativa L.) by 0 and 5%, 

respectively. Similarly, Belz et al. (2007) reported that the concentration of parthenin 

required to provide 50% reduction in germination of lettuce and barnyardgrass 

(Echinochloa crus-galli L.) were 450 and 645 µg of parthenin ml-1 of deionized water, 

respectively. Wakjira et al. (2005) reported germination reduction of up to 100% in 

lettuce using aqueous extracts of flowers, leaves, stems, and roots with concentrations 

of 5, 10 and 15% w/v. In contrast, germination of wheat was not affected by parthenin 

concentration ranging from 0.02 to 0.1 mg of parthenin ml-1 of distilled water (Batish et 

al. 1997). Research has shown that flowers followed by leaves have more allelopathic 
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effect than stem and roots of ragweed parthenium (Kanchan and Jayachandra 1979; 

Mersie and Singh 1986; Pandey 1994; Tefera 2002; Wakjira 2005). Rodriguez et al. 

(1976) reported that up to 8 and 5% dry weight of flowers and leaves of ragweed 

parthenium, respectively where sesquiterpene lactones in which parthenin was the 

major component. This can be related to the higher allelopathic effects of flowers 

compared to the leaves. 

Radicle and Shoot Growth 

 There was a significant experimental run-by-treatment interaction for lettuce and 

radish radicle growth, and rice shoot growth. Therefore, data were analyzed separately 

by experimental run for each species. The linear regression model (Equation 2) 

provided the best fit to describe lettuce and radish radicle length as a function of 

ragweed parthenium aqueous extract concentration (Figure 3-2B and 3-3B). The four-

parameter Brain-Cousens model (Equation 3) provided the best fit to model rice shoot 

length as a function of ragweed parthenium  aqueous extract concentration (Figures 3-

1B). Model parameters are listed in Table 3-1 and 3-2. Similar to germination, radicle 

length reduction was observed as the concentration of the ragweed parthenium 

aqueous extract solution increased for lettuce and radish. However, there was a 

biphasic relationship between rice shoot length and ragweed parthenium aqueous 

extract solution. Low concentrations of the aqueous extract solution resulted in a 

hormetic effect on rice shoot growth. The hormetic effect was higher for experimental 

run 1 (f = 9.10) compared to 2 (f = 6.82). Allelochemicals can result in hormetic 

responses in plant species (Duke 2011). Low concentration of parthenin has been 

shown to have a hormetic effect on wheat, barnyardgrass, and weeping lovegrass 
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(Eragrostis curvula (Schrad.) Nees) by increasing root length (Batish et al. 1997; Belz 

et. al 2007). Similarly, pronounced hormesis at low doses of parthenin has been 

reported on mustard (Sinapis arvensis L.) and lettuce seedlings (Belz 2008; Belz and 

Cedergreen 2010). The concentration of ragweed parthenium aqueous extract that 

reduced shoot length by 50% (ED50) was 3.50 and 5.89% for the first and second 

experimental runs for rice, respectively. Pandey (1994) reported an increase in length 

and weight of roots of rice seedlings grown for 10 days in aqueous solutions of ragweed 

parthenium residue with concentrations of 0.10 and 0.25% compared to the untreated 

control. Similar observations have been reported in wheat, barnyardgrass, weeping 

lovegrass, and mustard (Batish et al. 1997; Belz et al. 2007; Belz 2008). The ED50 

values for lettuce radicle length were 0.20% for both experimental runs, and 0.21 and 

0.23% for the first and second experimental runs, respectively for radish radicle length. 

These results indicate that rice was 18.0- and 29.45-fold more tolerant than lettuce and 

17.1- and 25.6-fold more tolerant than radish to residues of ragweed parthenium. In 

contrast, Belz et al. (2007) reported that lettuce roots were 1.5- to 3.9-fold more tolerant 

to aqueous extracts of ragweed parthenium when compared to barnyardgrass, weeping 

lovegrass, teff (Eragrostis tef (Zuccagni) Trotter), and tropical whiteweed (Ageratum 

conyzoides L.). Root growth of velvetleaf (Abutilon theophrasti Medik.) and ryegrass 

were reduced 75 and 15% in 4% aqueous solution of ragweed parthenium residues, 

respectively, indicating that broadleaf plants are more susceptible than grasses to 

ragweed parthenium allelochemicals (Mersie and Singh 1986).  

 These results show that ragweed parthenium aqueous extracts may affect 

germination of crops cultivated in the EAA. Therefore it is important to control ragweed 
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parthenium before it encroaches into cultivated fields as it can have negative effects on 

crops in the EAA. Furthermore, the results indicate that members of the Poaceae family 

such as rice or commercial sod are an option to consider for cultivation in areas with a 

history of high infestation levels of ragweed parthenium because they are more tolerant 

to the plant’s allelochemicals. 
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Table 3-1.  Parameter estimates and standard errors (in parenthesis) for the two-parameter exponential decay model 
(Equation 1) and the four-parameter Brain-Cousens model (Equation 3).  

 
Crop 

 
Response 

 
Run 

Model parameters (±SE) 
b d e f ED50 

Lettuce Germination 1 1.04 (0.11) 87.05 (2.93) -- -- 0.72 (0.08) 
  2 1.67 (0.16) 92.23 (2.61) -- -- 1.15 (0.11) 
Radish Germination 1 0.87 (0.10) 84.94 (3.33) -- -- 0.60 (0.07) 
  2 0.39 (0.04) 93.70 (3.97) -- -- 0.27 (0.03) 
Rice Shoot length 1 3.37 (0.47) 28.56 (1.23) 2.52 (0.32) 9.10 (3.50) 3.59 (0.24) 
  2 3.04 (0.58) 23.28 (1.15) 3.61 (0.57) 6.82 (2.62) 5.89 (0.55) 
aED50 is equivalent to the rate required to cause 50% response. 
 
 
Table 3-2.  Parameter estimates and standard errors (in parenthesis) for the linear regression model (Equation 2). 

 
Crop 

 
Response 

 
Run 

Model parameters (±SE)  
R2 

 
ED50 a b 

Rice Germination 1+2 76.14 (3.09) -6.38 (0.53) 0.71 0.09 

Lettuce Radicle 
length 

1   8.50 (0.57) -1.21 (0.16)  0.62 0.20 

  2 10.67 (0.53) -1.63 (0.17) 0.73 0.20 

Radish Radicle 
length 

1 10.03 (0.09) -1.65 (0.30) 0.47 0.21 

  2   8.50 (1.11) -1.44 (0.36) 0.32 0.23 

aED50 is equivalent to the rate required to cause 50% response. 
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Figure 3-1.  Effect of ragweed parthenium aqueous extract on A) rice germination 

combined over two experimental runs, and B) shoot length for experimental 
runs 1 and 2. 
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Figure 3-2.  Effect of ragweed parthenium aqueous extract on A) radish germination for 

experimental runs 1 and 2, and B) radicle length for experimental runs 1 and 
2. 
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Figure 3-3.  Effect of ragweed parthenium aqueous extract on A) lettuce germination for 

experimental runs 1 and 2, and B) radicle length for experimental runs 1 and 
2. 
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CHAPTER 4 
SUMMARY 

 Glyphosate no longer provides control of ragweed parthenium (Parthenium 

hysterophorus L.) in fallow fields and in noncrop areas in the Everglades Agricultural 

Area (EAA). Furthermore, the use of glyphosate in this region opens up niches where 

ragweed parthenium is able to colonize and further proliferate because of reduced 

interference from other weeds. Dose response experiments using ragweed parthenium 

known to be susceptible to glyphosate from Mississippi and ragweed parthenium known 

to survive glyphosate application from the EAA were able to confirm ragweed 

parthenium resistance to glyphosate in the EAA. However, reduced absorption and 

translocation were not the mechanisms of ragweed parthenium from the EAA resistance 

to glyphosate. Dose response experiments showed that ragweed parthenium from the 

EAA was 40 to 67-fold less sensitive to glyphosate compared to the susceptible biotype 

from Mississippi. 

 Out of 15 herbicides evaluated under field conditions, aminocyclopyrachlor + 

chlorsulfuron, aminopyralid, hexazinone, and saflufenacil + dimethenamid-P provided 

complete control of flowering ragweed parthenium in the EAA at between 3 to 9 weeks 

after treatment (WAT). Furthermore, hexazinone and saflufenacil + dimethenamid-P 

showed the most rapid burndown of flowering ragweed parthenium by providing 

complete control 3 WAT. Glufosinate and 2,4-D were also able to provide complete 

control of ragweed parthenium at the rosette stage of development. Flumioxazin and 

fomesafen provided acceptable control (>80%) of ragweed parthenium at the rosette 

stage. These herbicides can be grouped in four modes of action which include synthetic 

auxins, glutamine synthase inhibitors, protoporphyrinogen oxidase inhibitors, and 
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photosystem II inhibitors. These results provide growers in the EAA with information to 

develop herbicide rotational programs that can help prevent development of ragweed 

parthenium resistance to other herbicides. 

 If left uncontrolled, ragweed parthenium can encroach into cultivated fields and 

interfere with crop germination, growth, and development. Allelopathic effect of ragweed 

parthenium on germination of rice (Oryza sativa L.), lettuce (Lactuca sativa L.), and 

radish (Raphanus sativus L.) was evaluated 7 days after exposure to aqueous extract 

solutions obtained by mixing whole plant tissue with distilled water in a weight by 

volume basis. All crops exhibited germination and radicle or shoot growth reductions as 

the concentration of the aqueous extract solution of ragweed parthenium increased. 

However, the reduction in germination and radicle or shoot growth was species 

dependent. Results showed that rice was the most tolerant crop followed by lettuce to 

ragweed parthenium aqueous extract solution. Radish was the most susceptible to 

ragweed parthenium aqueous extract solution. This information can help EAA growers 

with decision making on suitable crops to grow in fields with history of heavy ragweed 

parthenium infestation, thereby minimizing potential economic losses that might result 

from the negative effect of ragweed parthenium allelochemicals. 
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