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Introduction 
  
Currently there are only two treatments approved by USDA-APHIS for use by sod growers to certify 
grass sod for movement outside the imported fire ant (IFA) regulated area (USDA-APHIS. 2006). These 
treatments are chlorpyrifos applied at 8 lb ai/acre (6 weeks certification after 48 hour exposure) and 
fipronil applied in two separate applications of 0.0125 lb ai/acre each about 1 week apart (20 weeks 
certification after a 4 week exposure).  The only chlorpyrifos product labeled for the grass sod IFA 
quarantine treatment was Dursban® 50W and in 2008, the manufacturer withdrew this specific use from 
the label. This action left fipronil (Chipco® ChoiceTM & TopChoiceTM) as the only active ingredient 
available for sod growers to use as a quarantine treatment. The EPA, in 2001, granted a 5-year conditional 
registration for broadcast granular products containing fipronil insecticide for fire ant control and has 
recently indicated their intention to cancel that registration when the conditional registration expires (N. 
Royalty, Bayer Environmental Science, pers. comm.). This action would leave no USDA-APHIS 
approved materials for sod growers to use as IFA quarantine treatments. The objective of this trial was to 
evaluate candidate insecticides as potential quarantine treatments in commercial sod.  
 
Materials and Methods 
 
Evaluations were conducted on a commercial sod farm in Hempstead County, Arkansas.  Standard 
management practices (mowing and irrigation) were maintained throughout the test. No additional 
herbicides or insecticides were applied to the test area during the conduct of the trial. This trial consisted 
of 6 treatments arranged in a Randomized Complete Block Design (RCBD) with 3 replications. 
Treatments tested are listed in Table 1. 
 
Prior to treatment initiation, 18 one acre plots were marked by flagging plot corners. Each plot center was 
marked by staking a small plastic tag flat to the ground so as not to impede regular mowing and the GPS 
coordinates for each plot center marker were recorded to aid in relocating plot centers throughout the test. 
Plot center markers were used as an anchor point for a 58.9’ cord that delineated the radius of a ¼ acre 
circle in the middle of each plot. All ratings were made within this ¼ acre circle. Pretreatment counts 
were made on 05/29/08. Treatments were then initiated with application sequence #1 on 05/29/08, 
followed one week later with application sequence #2 on 06/05/08, followed one week later with 
application sequence #3 on 06/12/08.  All applications were made with a towed sprayer applying a 
finished spray at 20 GPA (15 ft. boom with ten 8003FF nozzles on an 18" spacing at 20 psi and 5.2 
MPH). 
 
Post-treatment efficacy was evaluated by determining red imported fire ant (RIFA) activity in mounds by 
gently probing mounds with a small diameter wire (minimal disturbance technique) and estimating the 
number of ants responding within 20 seconds (Jones et al. 1998). Post-treatment ratings (No. Active 



Mounds/Acre and AVG # of RIFA responding to probe in 20 seconds) were made on 06/16/08 4 DALA 
(Days After Last Applic.), 06/20/08 8 DALA, 06/26/08 14 DALA, 07/03/08 21 DALA, 07/10/08 28 
DALA, 07/17/08 35 DALA, 07/25/08 43 DALA, 07/31/08 49 DALA, 08/08/08 57 DALA, 09/08/08 88 
DALA, 10/06/08 116 DALA, and 10/30/08 140 DALA (or 20 weeks after the last application). 
 
All data were analyzed using Gylling’s Agriculture Research Manager Software (ARM 7.0.3.  2003).  
Analysis of variance was run and Least Significant Difference (p=0.05) was used to separate means only 
when AOV Treatment P(F) was significant at the 5%. 
 
Results and Discussion 
 
The efficacy of potential quarantine treatments in reducing the number of active RIFA mounds per acre is 
given in Table 2. There were no statistically significant differences among treatments with regard to RIFA 
mound density when rated (pretreatment) prior to the application of any control materials. Average 
pretreatment density of red imported fire ant mounds in the test area ranged from 20.0-29.2 mounds/acre. 
 
All treatments significantly reduced the number of active mounds per acre by two weeks after the last 
insecticide application when compared to the untreated control. Onyx Pro 2 EC at 12.8 fl/oz/A (bifenthrin 
at 0.2 lbai/A) applied two times with a one week interval between applications was the only treatment to 
reduce the level of active mounds to zero and did so by three weeks after the last application. Throughout 
the remainder of the 20 week rating period, none of the other treatments tested ever reduced the level of 
active RIFA mounds to zero while the level of active mounds in the treatment receiving two applications 
of Onyx Pro 2 EC at 12.8 fl/oz/A (bifenthrin at 0.2 lbai/A) remained at zero throughout the rest of the 20 
week rating period. 
 
The mean number of RIFAs responding to a wire probe as an indication of mound activity is given in 
Table 3. Again, Onyx Pro 2 EC at 12.8 fl/oz/A (bifenthrin at 0.2 lbai/A) applied two times with a one 
week interval between applications was the only treatment to reduce the mean number of RIFAs 
responding to the probe to zero and did so by three weeks after the last application. Hero 1.24 EC at 4.0 
floz/A (zeta-cypermethrin + bifenthrin at 0.009688 + 0.029063 lbai/A) applied both two and three times 
produced statistically significant reductions in responding ants at 35 and 88 days after their last 
application compared to the untreated control. However, only the Onyx (bifenthrin) treatment maintained 
a zero response rate throughout the remainder of the 20 week rating period.  
 
Previous work (James et al. 2006) evaluating a liquid bifenthrin formulation applied at 0.2 lb ai/acre 
demonstrated potential to provide a quarantine level of control for IFA infestations. Results obtained in 
this trial for the application of bifenthrin (0.2 lbai/application) strongly suggests its utility as a potential 
quarantine treatment for RIFAs in commercial sod. It was the only treatment providing the desired level 
of control for quarantine treatment of grass sod. Additional work is planned for the continued evaluation 
of bifenthrin as well as other potential quarantine treatment candidates.   
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Table 1.  Insecticides tested in the IFA quarantine treatment evaluation study. Hempstead Co. AR. 
                2008. 

Trt # Treatment Active Ingredient 
Applic. 

Sequence #
Rate 

(floz/A)
Rate 

(lbai/A) 
Total Applied 

lbai/A 
1 Untreated Control       
2 Mustang Max 0.8EC zeta-cypermethrin 9.6% 3 4.0 0.025  
   zeta-cypermethrin 9.6% 2 4.0 0.025 0.05 
3 Mustang Max 0.8EC zeta-cypermethrin 9.6% 3 4.0 0.025  
   zeta-cypermethrin 9.6% 2 4.0 0.025  
   zeta-cypermethrin 9.6% 1 4.0 0.025 0.075 
4 Hero 1.24 EC zeta-cypermethrin 3.75%   0.009688  
   bifenthrin 11.25%   0.029063  
   AS Hero 15.0% 3 4.0 0.03875  
   zeta-cypermethrin 3.75%   0.009688 0.019375 
   bifenthrin 11.25%   0.029063 0.058125 
   AS Hero 15.0% 2 4.0 0.03875 0.0775 
5 Hero 1.24 EC zeta-cypermethrin 3.75%   0.009688  
   bifenthrin 11.25%   0.029063  
   AS Hero 15.0% 3 4.0 0.03875  
   zeta-cypermethrin 3.75%   0.009688  
   bifenthrin 11.25%   0.029063  
   AS Hero 15.0% 2 4.0 0.03875  
   zeta-cypermethrin 3.75%   0.009688 0.0290625 
   bifenthrin 11.25%   0.029063 0.0871875 
   AS Hero 15.0% 1 4.0 0.03875 0.11625 
6 Onyx Pro 2EC bifenthrin 23.4% 3 12.8 0.2  
   bifenthrin 23.4%  2 12.8 0.2 0.4 

 
 
 
 
 
 
 
 
 



Table 2.  Efficacy of potential quarantine treatments in reducing the number of active RIFA 
                mounds per acre.  Hempstead Co., AR.  2008. 
Treatment 
(# of applications) Average number of active RIFA mounds /acre 

  
Pre 

Treat
4 

DALA 
8  

DALA 
14 

DALA
21 

DALA
28 

DALA
35 

DALA
43 

DALA
57 

DALA
88 

DALA
116 

DALA
140 

DALA
UTC 22.8a 17.2a 18.8a 16.0a 17.2a 16.0a 21.2a 13.2a 18.8a 25.2a 20.0a 18.8a 
Mustang Max 0.8 
EC 4.0 floz/A (2X) 24.0a 12.0ab 10.8ab 6.8b 8.0abc 2.8b 12.0ab 13.2a 12.0a 20.0a 20.0a 20.0a 
Mustang Max 0.8 
EC 4.0 floz/A (3X) 24.0a 6.8bc 4.0b 2.8bc 10.8ab 12.0a 12.0ab 20.0a 16.0a 28.0a 30.8a 22.8a 
Hero 1.24 EC 4.0 
floz/A (2X) 20.0a 1.2c 2.8b 4.0bc 5.2bc 2.8b 2.8b 8.0a 9.2a 25.2a 18.8a 16.0a 
Hero 1.24 EC 4.0 
floz/A (3X) 20.0a 4.0bc 4.0b 2.8bc 2.8bc 1.2b 2.8b 2.8a 9.2a 24.0a 18.8a 14.8a 
Onyx Pro 2 EC 
12.8 floz/A (2X) 29.2a 8.0bc 4.0b 1.2c 0.0c 0.0b 0.0b 0.0a 0.0a 0.0b 0.0b 0.0b
Means followed by same letter do not significantly differ (P=.05, LSD) 
Mean comparisons performed only when AOV Treatment P(F) is significant at mean comparison OSL. 

 
 
 
Table 3.  Efficacy of potential quarantine treatments in reducing the number of RIFA responding 
                to mound probe.  Hempstead Co., AR.  2008. 
Treatment 

(# of applic.) Average number of  RIFA responding to probe in 20 seconds 

  
Pre 

Treat 
4 

DALA 
8 

DALA 
14 

DALA
21 

DALA
28 

DALA
35  

DALA
43 

DALA
57 

DALA
88  

DALA 
116 

DALA
140 

DALA
UTC 161.1a 118.8a 135.6a 77.1a 112.7ab 89.5a 198.5a 325.0a 108.2a 256.7a 197.0a 268.1a 
Mustang 
Max 0.8 EC 
4.0 floz/A 
(2X)  176.2a 96.7a 103.5a 74.4a 116.0a 150.0a 166.7ab 162.1a 112.3a 255.5a 200.8a 241.5a 
Mustang 
Max 0.8 EC 
4.0 floz/A 
(3X) 150.6a 64.2a 70.0a 50.0a 152.8a 127.8a 141.7abc 121.5a 112.3a 180.8ab 185.3a 245.6a 
Hero 1.24 
EC 4.0 
floz/A (2X) 169.7a 33.3a 103.3a 66.7a 79.2abc 25.0a 58.3bcd 125.0a 108.3a 136.0b 119.6a 214.7a 
Hero 1.24 
EC 4.0 
floz/A (3X) 182.1a 30.0a 24.4a 34.0a 16.7bc 50.0a 25.0cd 25.0a 102.8a 146.7b 115.3a 234.7a 
Onyx Pro 2 
EC 12.8 
floz/A (2X) 195.9a 45.8a 23.9a 10.0a 0.0c 0.0a 0.0d 0.0a 0.0a 0.0c 0.0a 0.0b 
Means followed by same letter do not significantly differ (P=.05, LSD) 
Mean comparisons performed only when AOV Treatment P(F) is significant at mean comparison OSL. 
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Abstract 
 Red imported fire ants, Solenopsis invicta Buren, are an invasive species that has 
infested over 300 million acres in the southern United States.  Not only is their damage to 
electrical equipment costly, but their sting can injure or kill humans, wildlife and 
domestic animals.  For these reasons, the use of chemicals is needed to manage their 
populations.  Organic chemical control options are preferred for most clientele, since they 
are perceived as safe options for the control of pests.  However, few scientific studies 
have been conducted to test home remedies and organic products that are currently on the 
market, to determine their effects on controlling fire ants.  In 2007 and 2008, we were 
able to test the effects of aspartame, garlic concentrate and two species of nematodes on 
fire ant populations in Texas. Our results indicate that both sprinkled and watered in 
aspartame treated plots did not significantly decrease fire ant populations compared to the 
untreated control plots; after 21 days, 4oz, 6oz, and 8oz rates of garlic concentrate had 
significantly fewer active fire ant mounds compared to the control plots; and the overall 
fire ant activity decreased among all nematode treated groups. 
 
 



Abstract
Red imported fire ants, Solenopsis invicta Buren, are an invasive species that has
infested over 300 million acres in the southern United States.  Not only is their damage to
electrical equipment costly, but their sting can injure or kill humans, wildlife and domestic
animals.  For these reasons, chemical controls need to be used to manage their 
populations.  Organic control options are preferred for most clientele, since they are
perceived as safe options for the control of pests.  However, few scientific studies have 
been conducted to test home remedies and organic products currently on the market to
determine their effects on controlling fire ants.  In 2007 and 2008, we were able to test 
the effects of aspartame, garlic concentrate and two species of nematodes on fire ant 
populations in Texas. Our results indicate that both sprinkled and watered in aspartame 
(Equal®) treated plots did not significantly decrease fire ant populations compared to the
untreated control plots; after 21 days, the 4oz, 6oz, and 8oz rates of garlic concentrate 
had significantly fewer active fire ant mounds compared to the control plots; infective 
juvenile nematodes were discovered from fire ant cadavers and overall fire ant activity
did decrease among all nematode treated groups.

Significance to Educators
Red imported fire ants are nuisance insects, making them a desirable pest to control 
Drees et al.2002).  On average, Americans spend over $6 billion a year on medical bills, 
repairing damage to electrical wiring and purchasing insecticides for treating fire ants 
(Drees et al 2008).  In the United States, there is a growing interest in using naturally 
derived, “organic” insecticides for controlling all insects (Drees and Lennon 1998).  Most 
organic treatments are perceived as being safe, but some can be dangerous to apply and 
can contaminate the environment. Although many organic treatments are discussed in 
the main stream media, very few have been scientifically proven to significantly reduce
fire ant populations.

Objectives
1) Test organic fire ant control treatments that have circulated the internet via email and 
gardening websites.
2) In 2007 and 2008, we were able to test aspartame, garlic concentrate and nematodes 
to control fire ant populations within Austin, Dallas and San Antonio.
3) Distribute this information at regional, state and national meetings.

Materials and Methods
Aspartame Trial: Two trials were conducted in Williamson County, Texas to determine 
the effects of aspartame on individual fire ant mounds. On October 3, 2007 a trial was 
conducted to determine if one tablespoon of aspartame (Equal®) was effective as a 
mound treatment for fire ants, compared to applying one tablespoon of Ortho® Orthene®
Fire Ant Killer (50% acephate) and an untreated control group.  Another trial, conducted 
on April 11, 2008 was designed to test if applying one tablespoon of aspartame onto an
active fire ant mound and then watering it in with one gallon of water was effective at
controlling fire ant populations, compared to the application of one tablespoon of Ortho®
Orthene® Fire Ant Killer (50% acephate) and an untreated control.  A total of 15 plots, 
each containing five red imported fire ant mounds, with the same width but varying 
lengths were established for each trial. Treatments were assigned randomly within each
replicate and the total length within treatment group was roughly equal. Prior to
treatment, each active mound was marked with field paint and examined for ant activity 
using the minimal disturbance method whereby a mound was considered active if a
dozen or more worker ants emerged en masse following mild disturbance. This 
assessment method was also used to evaluate plots at 3, 7, 14, and 28 days post 
treatment. 
Garlic Trial: Garlic concentrate (99.3% garlic, 0.5% citric acid, and 0.2% potassium
sorbate) was used to evaluate the reduction of fire ant populations with individual mound
treatment rates of 4oz, 6oz and 8oz per gallon of water compared to water and untreated 
controls.  A total of twenty plots, each containing ten red imported fire ant mounds, with
the same width but varying lengths were established for this trial. Treatments were
assigned randomly within each replicate so the total length within each treatment group
was roughly equal. Prior to treatment, each active mound was marked with a field flag 
and examined for ant activity using the minimal disturbance method whereby a mound
was considered active if a dozen or more worker ants emerged en masse following mild 
disturbance. This assessment method was also used to evaluate plots at 3, 7, 14, 21, 28,
42, and 56 days post treatment.
Entomopathogenic nematodes trial: Entomopathogenic nematodes in the genua
Steinernema and Heterorhabditis have been previously used in the biological control of 
soil-inhabiting insect pests (Neumann & Shields 2008; Shields et al 1999).  On
October 3, 2008, the species strains Heterorhabditis bacteriophora ‘Oswego’, 
Steinernema carpocapsae ‘NY001’ and a combination of Steinernema carpocapsae
‘NY001’ and Heterorhabditis bacteriophora ‘Oswego’ were evaluated to determine their 
efficacy on fire ant mounds when used as individual mound treatments compared 
to water and untreated controls.  The rate of application was 3000 infective juvenile
nematodes per individual fire ant mound. Two sites were utilized for this trial: 
(1) Clarksville, TX and (2) Elemendorf, TX.  At each site, all five treatment groups were 
evaluated with the addition of evaluating d-limonene (Safer® Brand Fire Ant Killer-
78.2% d-limonene) at Site 1.

Entomopathogenic nematodes trial: At Site 1, a 100 acre hay meadow in Clarksville, TX 
was divided into two strips measuring 50-feet wide.  A total of 20 plots, each containing 10 
active fire ant mounds were established and measured.  For Site 2, 20 acres of pasture 
land in Elemendorf, TX was divided into 20 plots, each containing seven active mounds, 
with the untreated control plots containing five active mounds. Treatments were assigned 
randomly within each replicate so the total length within each treatment group was roughly 
equal. At Site 1, each active mound was marked with a field flag and examined for ant 
activity using the minimal disturbance method whereby a mound was considered active if a 
dozen or more worker ants emerged en masse following mild disturbance. At Site 2, 
mound activity was determined using a Lickert Scale.  After disturbing mounds, a rating of 
0-4 was designated after ten seconds: 0 = no ants emerged; 1 = 1-25 ants emerged; 2 = 
26-50 ants emerged; 3 = 51-100 emerged; and 4 = 100 emerged.  Evaluations for Site 1 
were made at 7, 14, 21, 30 and 60 days post treatment.  Evaluations for Site 2 were made 
at 7, 14, 30, and 71 days post-treatment.  In addition, the presence of dead piles of fire 
ants were noted and collected to evaluate the presence of nematodes. 

Data for all of the trials were analyzed using Analysis of Variance (ANOVA) test with 
means separated using Duncan’s Multiple Range Test at P 0.05 (SPSS for Windows, 
Lead Technologies, Version 13.0).

Results:
Aspartame trial: At all post treatment observations within the two trials, the acephate
(Ortho® Orthene®) treated plots had significantly less active fire ant mounds compared to 
the aspartame (Equal®) treated plots and untreated control (Tables 1 and 2). Both 
sprinkled and watered in aspartame (Equal®) treated plots were not significantly different 
than the untreated control plots throughout both trials.  

Table 1. Mean number of active fire ant mounds at each observation in the sprinkled 
aspartame trial, Williamson Co, TX, initiated on October 3, 2007.

aMeans followed by the same letter within the same column were not significantly different using Analysis of 
Variance (ANOVA) and means separated using Duncan’s Multiple Range Test at p≤0.05 (SPSS, Windows 
11.5).

Table 2. Mean number active fire ant mounds found at each observation in the watered in 
aspartame trial, Williamson Co, TX, initiated on April 11, 2008.

aMeans followed by the same letter within the same column were not significantly different using Analysis of 
Variance (ANOVA) and means separated using Duncan’s Multiple Range Test at p≤0.05 (SPSS, Windows 
11.5).

Garlic trial: At the three days and 1 week evaluations, the 8oz treatment of garlic 
concentrate had significantly fewer active fire ant mounds compared to the other 
treatments and controls (Table 3). At the 21, 28 and 56 day evaluations, the 4oz, 6oz and 
8oz treatments of garlic concentrate had significantly fewer active fire ant mounds 
compared to the controls.  Future studies should be conducted to compare efficacy of other 
organic fire ant mound treatments to varying rates of garlic concentrate. 

Table 3. Mean number of active red imported fire ant mounds at each observation in the 
garlic concentrate trial in Clarksville, TX initiated on September 25, 2008 . 

aMeans followed by the same letter within the same column were not significantly different using Analysis of 
Variance (ANOVA) and means separated using Duncan’s Multiple Range Test at p≤0.05 (SPSS, Windows 
11.5).

Discussion:
Scientifically tested effective organic control options for controlling fire ants can be found 
on the Texas Imported Fire Ant Research and Management Project website 
(http://fireant.tamu.edu), such as spinosad bait, spinosad concentrate, orange oil and d-
limonene.  We will continue to evaluate organic options for controlling red imported fire 
ants every year, since it is critical to provide scientific evidence to our clientele. 
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Entomopathogenic nematode trial: Site 1: D-limonene treated plots had significantly 
fewer active mounds compared to all other treatments throughout the study (Table 4).  
At 7, 14 and 21 day evaluations, there were no significant differences between the 
nematode treated plots and control plots.  At 28 days post treatment, the 
‘NY100’/’Oswego’ combination treated plots had significantly less active fire ant mounds 
compared to the control and ‘Oswego’ treated plots.  At 60 days post treatment, 
‘NY100’ and ‘NY100’/’Oswego’ combination treated plots had significantly less active 
fire ant mounds compared to the ‘Oswego’ and control plots;  however, those 
treatments were not significantly different than water treated controls, indicating that 
disturbing mounds with any drench may cause enough agitation to move the mound 
from the initial location. Site 2: There was no significant difference in mound activity 
throughout the duration of the study, although overall activity did decrease among all 
treatment groups (Table 5). However, this cannot be correlated with nematode 
infestation and may be due to the lack of rain and drop in temperatures, which caused 
the fire ants to move deeper in the soil.  Infective juvenile nematodes were discovered 
from fire ant cadavers collected from a dead pile in the ‘NY100’ treated group, indicating 
parasitism occurred (Figure 1).  Overall, in both studies, the Heterorhabditis
bacteriophora ‘Oswego’ strain did not decrease mound activity, since fire ants thrive in 
unstable ecosystems; ‘Oswego’ is more suited for long term insect suppression within 
stable ecosystems (Sheilds et al 1999).

Table 4. Mean number of active fire ant mounds at each observation for the nematode 
trial in Clarksville, TX initiated on October 3, 2008.

aMeans followed by the same letter within the same column were not significantly different using Analysis 
of Variance (ANOVA) and means separated using Duncan’s Multiple Range Test at p≤0.05 (SPSS, 
Windows 11.5).

Table 5. Mean fire ant activity as determined by a Lickert Scale at each observation for 
the nematode trial in Elmendorf, TX initiated on October 3, 2008.

aMeans followed by the same letter within the same column were not significantly different using Analysis 
of Variance (ANOVA) and means separated using Duncan’s Multiple Range Test at p≤0.05 (SPSS, 
Windows 11.5).

4.40a4.80a5.00a4.80aAspartame 
(Equal®)

0.00b0.00b0.00b0.00bAcephate (Ortho®
Orthene®)

4.60a4.80a4.80a4.80aUntreated Control

28 Days21 Days14 Days3 DaysTreatment

4.00a4.00a4.20a4.00aAspartame 
(Equal®)

1.20b0.40b1.20b0.80bAcephate (Ortho®
Orthene®)

4.00a3.80a4.80a4.60aUntreated Control

28 Days21 Days14 Days3 DaysTreatment

8.25b8.25b9.25b9.25c9.25c10.00d10.00cDry 
Control

8.25b8.25b9.25b9.25c9.25c9.75d9.75cWater 
Control

5.25a5.75a6.00a5.25a4.25a4.50a6.25a8 oz

5.75a6.25a6.25a6.25ab5.25a6.25b8.25b6 oz

6.25a7.00ab7.00a7.25b7.50b8.25c9.00bc4 oz

8 Weeks6 Weeks4 Weeks3 Weeks2 Weeks1 Week3 DaysTreatmen
t

9.00c9.25c9.25b10.00b10.00bDry Control

8.00bc8.50bc8.75b9.50b9.75bWater Control

6.25b7.00b9.00b9.00b9.25bNY001/ 
Oswego

8.25c8.75c9.00b9.50b9.75bOswego

7.00b7.50bc8.25b9.25b9.75bNY001

3.00a4.00a3.75a3.50a5.75aD-limonene

60 Days28 Days21 Days14 Days3 DaysTreatment

1.95a1.75a2.45a2.25a3.40aDry Control

2.11a2.14ab2.61a2.14a3.32aWater Control

1.75a2.25ab2.43a2.36a3.39aNY001/Oswego

1.79a2.00ab2.71a2.61a3.29aOswego

1.86a2.50b3.07a2.68a3.15aNY001

71 Days30 Days14 Days7 DaysPre-treatTreatment
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A true symbiont

Abstract
The midgut of the red imported fire ant harbor different species of bacteria. Their populations keep each others at check, mainly through competition for food, providing a certain balance that does not affect the 
fire ant host.  Colonies from different locations in southeastern United States did not showed a repetitive pattern on the presence of certain bacteria species. Even though Enterococcus sp. Is the most abundant of 
all, it is not present in all colonies. The second two most abundant species, Kluyvera cryocrescens and Lactococcus garvieae are also inconsistently found. The findings suggest that bacteria are very diverse and none 
of the cultured species are by itself essential for the fire ant survivorship. In the other hand, two to three days after feeding the colonies with antibiotics, the queens stopped their egg production. These results indi-
cated at least two things; if antibiotics caused an imbalance in the bacteria community inside the midgut of the fourth instar larvae, it must have affected the queens. Results from the electrophoresis gels before 
and after antibiotic feeding, showed that while some bacteria were present before and absent after, others behaved the opposite way. Therefore we can only conclude that there has been changes in the bacteria 
population which somehow affected the queens. The other theory is that antibiotics must have had a direct impact on the queens and not through the fourth instar larvae. Either way, it will be very valuable to us 
to continue with our experiments and try to elucidate this challenge. Even though, we could not conclude there is a possible symbiont in the midgut, the entire bacteria community sure plays an important role 
in the midgut. 

Since its introduction in the 1930’s, the Red Imported Fire Ant (RIFA) has been classified as a serious 
pest in southeastern United States. It is not until the 1950’s that the potential problem of their invasion 
became a major concern. Although fire ant eradication programs started almost 60 years ago and 
large amounts of pesticides have been applied, today fire ants still have no intention of leaving the 
comfort of our farms, parks, roads and backyards. Alternative methods of fire ant control are desper-
ately needed, particularly approaches that do not rely on the application of broad-based insecticides. 
Of all the natural enemies documented in fire ants, microorganisms may offer the greatest hope for 
biological control. The use of genetically modified bacteria that are associated with insect species is an 
emerging field of research that offers great promise.
Bacteria in the red imported fire ant has been recently studied and documented. Culture independent 
methods provided us with knowledge about their diversity and about their opportunistic presence in 
the midgut of fourth instar larvae. At the same time, culture dependent methods allowed us to carry 
antibiotic resistance tests, and to their complete biochemical characterization, but most importantly 
to a successful genetic transformation with a red fluorescent protein of three bacteria species from the 
fire ant midgut. Fluorescence properties of the transformed bacteria were later used to track their 
movement within the fire ant colony and between colonies.

The good and the bad

According to Heinrich Anton de Bary 1879, a symbiont is an organism living in association with an-
other organism of different species. The term true symbiont refers to a mutualistic relationship where 
at least one of the organisms benefits from the other. This association can be obligate or facultative. 
Sometimes symbionts can either provide essential nutrients and/or can manipulate the host normal 
physiology. Many true symbionts have evolved alongside their host and are always present regardless 
of the host habitat..

1. In search of a symbiont
Geographical distribution of ten cultured bacteria species from the midgut of fire ants in southeastern 
United States. 

Table 1. Bacteria diversity found in the midgut of RIFA in 
colonies collected along the way from TAMU to Mobile AL. 
(August, 2004)- 17 sites including point of entree.

Fig. 2. Kluyvera cryocrescens, 
2% agarose gel. 

2. Sample Screening

Homogenization:
20 midguts were homog-

enized with 1mm glass 
beads in a Mini bead-

beater for 70 sec 
at 5000 rpm.

Fig. 1. Fire ant colonies collected from these 
sites were brought alive into the Entomology 
Research Laboratory at Texas A&M University. 
For each site, a sample of more than 20 fourth 
instar larvae was separated for sterilization, dis-
section, and DNA extraction. 

Surface sterilization:
15% sodium hypoclorite 

and 70% ethanol solution 
for 1 min, wash 5X in 

sterile deionized water 
and 1X in sterile PBS

Fourth instar larvae

Gel Electrophoresis

DNA Extraction:
QIAGEN DNeasy 
Blood & Tissue Kit

PCR and Screening:
95°C 2min
(94°C 1min, 55°C 1min, 72°C 2min) X 30 cycles
72°C 5min

Dissect midgut under
sterile conditions

Table 3. Bacteria diversity found in the midgut of RIFA 
from colonies collected in the Brazos Valley, Texas.

Table 2. Bacteria deversity found in the midgut of 
RIFA from colonies collected in south Texas.

Bacteria presence 
(tables 1, 2 and 3)

+: weak
+: strong 

blank: none 

Fig. 3. Lactococcus garvieae, left: south texas samples, right: Brazos Valley samples.

a) Set up and tools

c) After feeding

Fig. 4. Fire Ant 
colony and nest

Using ImageJ, each picture was processed for analysis. The contrast created between the white brood 
and the black background allowed us to calculate the area occupied by the lighter color, therefore the 
amount of brood can be calculated using this non intrusive method. The regular weighting method 
was not a choice for our experiment due to mortality rates associated with handling and carbon diox-
ide use.

Antibiotics: Erythromycin (5mg in 100mL of 
liquid diet;  10mg in 200 mL of artificial diet) and 
Gentamicin (2.5mg in 100mL of liquid diet; 5mg in 
200mL of artificial diet). 

Incubator: before introducing the fire ant colo-
nies, incubators were cleaned with a 1:10 Sodium 
Chloride solution for 10 min, then UV sterilized. 
Temperature set at 29°C, L:D 12:12h.

Controls: under the exact same incubator set-
tings, these were fed with the same amount of ar-
tificial diet with no antibiotics added.

Cricket Smoothie: four cups of frozen crickets, 1 
cup of water, and 1/4 cup of natural vegetable oil 
were thoroughly blended and mixed. The result-
ing paste was autoclaved at 121°C for 30min. After 
reaching room temperature is then placed at 4°C. 
Antibiotics are added as needed under sterile 
conditions in a clean and UV sterilized hood. Colo-
nies were daily fed with the artificial diet, sterile 
water, and sterile honey-water respectively.

Findings and Challenges
Bacterial ecology in the midgut of fire ants is very complex, just the few cultured bacteria studied here 
already represent a challenge to interpret the results. RIFA randomly acquires bacteria with their food 
and through trophylaxis among colony mates, as it has already been demonstrated in our work. Even 
though, we could not conclude there is a single symbiont in the midgut, we can demonstrate that an 
entire bacteria community in balance served as a symbiont. This community plays an important role 
for the entire colony even directly or indirectly by affecting the queen’s ability to reproduce. When we 
look at the antibiotics effects in brood production, we see the same pattern in the treatments and con-
trols. Treatments effects were observed within 2 to 3 days after feeding while in the control it took 
about 7 to 10 days longer. After keeping the colonies for a month, the brood in the colonies completed 
their normal development, but no new eggs were laid by the queens. This indicates that changes in 
the bacteria community are somehow affecting the queens. Therefore we wanted to find out if bacte-
ria populations change overtime in colonies fed with diets used in our laboratory and in colonies fed 
sterile food. The preliminary results (not shown here) confirmed that in fact the bacteria community 
rapidly changes overtime. We are currently working to demonstrate if antibiotics are affecting other 
bacteria communities from different tissues in fire ants. b) Before feeding

Fig.5. Same fire ant nest photographed 
before antibiotic feeding and processed for 
analysis. Left, uncovered nest; center, gray-
scale; right, threshold adjusted for area cal-
culations. After threshold is adjusted, the 
area in black corresponds to the area occu-
pied only by the brood.

Fig. 6. Same fire ant nest photo-
graphed after antibiotic feeding and 
processed for analysis. Left, uncov-
ered nest; center, grayscale; right, 
threshold adjusted for area calcula-
tions. Notice the accuracy when se-
lecting only the white areas (brood).

Fig. 8. Selected gel electrophoresis images. There are only nine treatment colonies, one of the treat-
ments had no brood at all after the antibiotic treatment and therefore no DNA sample was available.  
b- before treatment, a- after treatment, (M) marker,  (+) positive control and (-) negative control.

Fig. 7.  Bar graph showing the effects of the antibiotics 
on the amount of brood in each colony. Note that the last 
three control colonies seemed to have double the 
amount of brood, which is a fact, due to their large size 
each of them had two nests instead of one. Because they 
were all under the same conditions, each nest can be 
considered as an individual replicate that way if we 
divide the last three colonies results by two, all the bars 
would appear leveled.  

Colonies 1 2 3 4 5 6 7 8 9 c1 c2 c3 c4+  - +  -
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3. Antibiotic Experiment
Healthy fire ant colonies were selected from our laboratory for the following experiment. Of those, only 
four were used as control and ten as treatments for feeding with a mixture of two antibiotics. In previ-
ous antibiotic resistant tests, the combination of erythromycin and gentamicin were effective against 
the ten isolates from the RIFA midgut. The amount of brood in the nests was recorded as images before 
and after feeding, any abnormal behavior was also closely observed.



Two Methods of Treating Burlap with Bifenthrin, Pre-treated vs. Spray-on: Both 
Worked Well in Protecting Root-Balls of Nursery Stock from Newly-Mated IFA 

Queens Infestation 
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INTRODUCTION 
 
     The primary objective of a quarantine treatment for field grown nursery stock is to 
render the plants fire ant free.  The method using bifenthrin-treated burlap has advantages 
over other treatment methods that are currently approved for use by nursery industry such 
as post-harvest dip, drench, and pre-harvest (in-field) band application of contact 
insecticides following approved bait broadcasting. This method treats only the trees to be 
harvested using a tree-ring chemogation avoiding unnecessary treatment to the entire 
field. Compared to post-harvest dip, this method could avoid the use of heavy equipment 
and there is no disposal of large volume of chemical waste.  
     The objective of this study was to compare the effectiveness of two methods of 
treating burlap with bifenthrin, pre-treated vs. spray-on, in protecting balled and 
burlapped root-balls of nursery stock from newly-mated IFA queens’ infestation. 
 
MATERIALS AND METHODS 
 
Burlap immersion treatment 
In a metal bucket of 12” h x 36” dia., 12 gal of water and 52 ml of bifenthrin (OnyxPro 
23% EC) were added to mix into a solution at 0.23 lb ai/100 gal. Twenty four burlap 
liners (12 in 10 oz and 12 in 7.5 oz) were immersed in the solution overnight. After 24 h 
of soaking, burlap liners were taken out to dry. Dried burlap was ready to use for 
wrapping root balls (Fig. 1). A local nursery harvested 40 boxwood plants on April 22, 
2008 and wrapped the root balls with either bifenthrin-treated or plain burlap according 
our experimental design. The trial was repeated in the fall 2008 on October 20. 
  
Spray on procedure 
Root balls wrapped with plain burlap (8 in 10 oz and 8 in 7.5 oz) were treated by 
spraying bifenthrin solution directly onto the entire burlap wrapping on April 24, 2008. A 
general purpose pressure sprayer (GardenPlusTM Lawn and Garden) was used to spray 2 
gal of bifenthrin solution (same rate of 0.23 lb ai/100 gal) evenly onto the surface of all 8 
root balls assigned in one treatment with each root ball receiving 0.25 gal of solution. The 
trial was repeated on October 22, 2008. 
 
Bioassay procedures with burlap and soil 
 
 A single bioassay cup containing 10 female alates was utilized for each burlap and soil 
sample. Five replicates were used for each treatment.  Female alate mortality was 
recorded two times a week during the 14-day exposure period, and dead alates were 
removed from bioassay cups during these observations.  



RESULTS AND DISCUSSION 
 
Burlap bioassay 
In all burlap bioassays conducted in the spring and fall of 2008, all treatments in the test 
except control obtained a 100% efficacy (Figs. 4 & 5). There were no differences in 
efficacy between burlap types (7.5 oz vs. 10.0 oz) nor in burlap treatment methods 
(pretreated “immersion” vs. post-harvest “spray on”). Consistent results among various 
bioassays conducted at different time during both trials showed that bifenthrin remained 
in the burlap was potent enough to effect quarantine level control even at the end of the 
trial. 
 
Soil bioassay 
For all the soil sample bioassays conducted, 100% efficacy was also recorded for all 
treatments (Fig. 6). A 100% efficacy was achieved even for the soil samples taken from 
the root balls wrapped with pre-treated burlap only one day post-harvest, meaning that 
the soil having direct contact with the bifenthrin-treated burlap gained the killing power 
soon after it made close contact with the treated burlap. Similar results are expected at the 
6 month soil bioassay because longer contact with the treated burlap would make the soil 
more potent in killing the newly mated fire ant queens. 
 
Chemical analysis results 
When newly treated, burlap immersed in bifenthrin solution overnight had much higher 
concentration of bifenthrin (1000 – 1500 ppm) than that treated with spray on method 
(400 – 600 ppm) (Fig.7). At 3rd month post-treatment, however, there was not much 
difference in bifenthrin concentrations in all four treatments. At 4th and 6th months, 
bifenthrin concentrations were still well above 50 ppm for all the treatments (50 - 200 
ppm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Efficacy of Treated Burlap After Aging in Weeks 
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Fig. 4. Efficacy of bifenthrin-treated burlap on 
female alates of RIFA after aging outdoors under 
simulated nursery storage conditions. Spring 2008 
Mississippi trial. 

Efficacy of Treated Burlap After Aging in Weeks 
Fall 2008 MS (Ongoing)
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Fig. 5. Efficacy of bifenthrin-treated burlap on 
female alates of RIFA after aging outdoors under 
simulated nursery storage conditions. Fall 2008 
Mississippi trial. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
 
Using either pre-treated or spray-on method to treat burlap with bifenthrin at rates of 0.23 
lb ai/100 gal could protect harvested B&B nursery stock for at least 6 months from 
infestation by newly mated fire ant queens.  
 
Soil that had close contact with bifenthrin-treated burlap quickly acquired enough 
bifenthrin to kill newly mated queens, providing added protection to the root balls from 
fire ant infestation.  
 
Bifenthrin in burlap degraded rapidly in the initial two weeks but still remained potent 
after 6 months in the environment. 

Efficacy of Soil Having Direct Contact with Treated Burlap 
Fall 2008 MS (Ongoing)
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Fig. 6. Efficacy of surface soil that had close 
contact with the bifenthrin-treated wrapping 
burlap after aging outdoors in simulated nursery 
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Bifenthrin Remaining in Burlap after Aging Outdoors for Varous 
Intervals, MS 2008
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Fig. 7. Chemical analyses of bifenthrin-treated 
burlap at various points of time during the six 
months aging under simulated nursery storage 
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