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a b s t r a c t 

Pricklypear ( Opuntia spp.) occurs on about 28% of rangelands (10.3 million ha) in Texas and coverage 

is expanding due to overgrazing and mechanical disturbance. Although a native species to Texas range- 

lands, pricklypear can become so dense that it outcompetes other native vegetation, suppresses forage 

production, inhibits biodiversity, and limits livestock movement within pastures. Picloram (Pc) and pi- 

cloram + fluroxypyr (Pc + F) have been effective at managing pricklypear, however, a herbicide combining 

picloram, fluroxypyr, and aminopyralid (Pc + F + A) has been reported to increase speed of plant mortal- 

ity and enhance overall efficacy. We examined varying individual plant treatment and ground broadcast 

application rates consisting of combinations of picloram, fluroxypyr, and aminopyralid compared to stan- 

dard industry rates of picloram and picloram + fluroxypyr on overall pricklypear mortality using individ- 

ual plant treatment and ground broadcast applications across 13 sites on Texas rangeland from 2016 to 

2018. Individual plant treatment Pc + F + A (1%) achieved the highest mortality rate of 98.0 ± 3.5% two 

years post-application, significantly outperforming Pc (1%) at 76.4 ± 19.3%, while including aminopyralid 

at lower rates (0.75% and 0.5%) yielded comparable control at 96.2 ± 8.2% and 89.6 ± 14.5%, respectively. 

Ground broadcast applications showed no significant differences in mortality between Pc + F + A (2 336 

mL/ha), Pc (2 336 mL/ha), and Pc + F (4 672 mL/ha), ranging from 66.8 ± 21.3% to 78.1 ± 20.2%, though 

lower rates (8 oz/ac and 16 oz/ac) reduced control to 44–59% ± 25%. These findings highlight the ef- 

ficacy of higher treatment rates for consistent pricklypear management, with some lower rates offering 

similar outcomes, providing flexible options for rangeland managers. 

© 2026 The Author(s). Published by Elsevier Inc. on behalf of The Society for Range Management. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The rugged and distinct beauty of pricklypear cactus ( Opun- 

ia spp.) with its colorful blooms and fleshy, red fruits make it

niquely qualified to be the official state plant of Texas. Much like

he Lone Star state, this succulent is resilient and persistent. Its

ardiness allows it to survive drought conditions and makes it a

aluable alternative resource to rangeland managers when forage 

eserves have been exhausted ( Hanselka et al. 1993 ). Aggressively

rotected with spines, prickly pear’s mechanical defenses against 

rospective herbivores provide added security as a quail nesting 

ite, enhancing bird survivability ( Slater et al. 2001 ). Its compet-

tive nature and adaptability allow the plant to prosper, but this
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as created a chronic problem for landowners in Texas. In arid and

emi-arid climates, like the Edwards Plateau, limited rainfall often 

recludes the persistence of beneficial grass species. This presents 

n opportunity for prolific invaders, such as pricklypear, to domi- 

ate the landscape. As a result, depleted rangelands retrogress into 

 degraded resource ( Sosa 2019 ). 

Pricklypear can elicit detrimental ecological and economic con- 

equences on rangelands. This problematic cactus species can be- 

ome so dense that it outcompetes other native vegetation, sup- 

resses forage production, and limits livestock access to pastures. 

s pricklypear becomes predominate in a pasture, the number of 

razable acres available to livestock decreases and negatively im- 

acts stocking rates. Pricklypear cactus can be a serious impedi- 

ent for sustainable and profitable ranching enterprises. 

Contrasting views towards pricklypear cactus as a friend or foe 

ave impacted the scale of control in Texas. A 1981 survey of Texas

ounty agricultural agents revealed that up to 60% of producers 

elieved that cactus benefits their livestock operation, while 80% 
ange Management. This is an open access article under the CC BY-NC-ND license 
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onsidered prickly pear a positive asset for wildlife production. The

ame survey also indicated that a mere 16% of individual landown-

rs chose to control this opportunistic plant ( Lundgren et al. 1981 ;

rice et al. 1985 ). Other barriers prohibiting managers from con-

rolling pricklypear include lower densities of pear and high treat-

ent cost ( Hanselka and Paschal 1991 ). 

Common techniques implemented to reduce pricklypear on 

angelands include biological, mechanical, cultural (prescribed fire),

nd chemical control ( Hanselka and Falconer 1994 ). Many her-

ivores prefer pricklypear, making them a natural enemy of the

lant. Although pricklypear’s strategically placed spines aid in de-

erring mammalian predators, numerous insects have also been

ound to feed primarily on Cactaceae. In the United States, how-

ver, no biological control options have been shown to effectively

anage pricklypear. 

Mechanical options like grubbing, rootplowing, raking, and 

haining are commonly employed on rangelands to manage dense

tands of brush. Because pricklypear can reproduce from both

eed dispersion and by rooting from dislodged pads, mechanical

eans often compound the problem ( Felker and Russell 1988 ).

odd (1968) found that rootplowing with or without raking caused

rickly pear to rapidly propagate, multiplying the density of cactus

y as much as two to three times compared to the untreated con-

rol. 

In comparison to mechanical and chemical methods, the most

conomical tool for land management is prescribed fire ( Weir

009 ). The success of prescribed fire in achieving prickly pear mor-

ality has been linked to season of growth. In north-central Texas,

nsley and Castellano (2007) found that at 3 years post-fire sum-

er fire treatment was much more effective at controlling brown-

pine pricklypear (80–100% mortality) than high-intensity and low-

ntensity winter fires ( < 30%, < 10% mortality, respectively) inde-

endent of motte size. Likewise, a case study by Taylor (2001) in

he Edwards Plateau achieved comparable results for summer

re versus winter fires for reducing pricklypear density (97% vs.

7%). Adoption of this strategy, however, can be limited by lesser

mounts of fine fuels. Areas of thick brush or prickly pear pre-

ent accumulation of herbaceous forage, reducing fine fuel loads

nd the viability of prescribed fire. Mechanical or chemical reduc-

ion of brush prior to the implementation of a prescribed fire may

ncrease surrounding forage production and improve the efficacy

f fire treatments ( Ansley and Taylor 2004 ). The post-fire appli-

ation of herbicide may also significantly improve plant mortality

y increasing chemical absorption through the already fire stressed

lant ( Ansley and Castellano 2006 ). 

Using herbicides, either alone or in combination with other

ethods, is often considered the most efficient approach to prick-

ypear management ( Ferrell et al. 2014 ). The active herbicide in-

redient credited as being the most successful in controlling prick-

ypear is picloram ( Mayeux and Johnson 1989 ). Corteva Agri-

cience’s (formerly Dow AgroScience) picloram (P) product, called

ordon 22KTM (24.4% picloram), was established in 1964 and is a

estricted-use chemical that is widely utilized for pricklypear man-

gement by licensed pesticide applicators throughout the state of

exas. The mode of action for picloram is classified by the Weed

cience Society of America as a “Group 4-Synthetic Auxin” herbi-

ide. In low concentrations, these auxin-mimicking chemicals stim-

late uninhibited cell division and growth that eventually leads to

ortality of vascular plant tissue. Contrastingly, the same chem-

cals impede meristematic division and growth processes at high

oncentrations, resulting in a similar fate for the plant ( Weed Sci-

nce Society of America [WSSA] 2011 ). Although the effectiveness

f picloram is substantiated, pricklypear death may take up to 2 to

 years following initial application. 

In 2004, Dow AgroScience released an additional option for

ricklypear control when they established a patent on a chemical
ormulated with picloram (13.24%) and fluroxypyr (10.64%) and in-

roduced the product SurmountTM . The addition of fluroxypyr, also

 synthetic auxin, was found to expedite pricklypear yellowing and

ortality. While the enhanced rate of mortality does increase the

ppeal of this product to range managers, the recommended rate

f application for picloram + fluroxypyr (Pc + F) (2% v/v) is double

hat of picloram (Pc) (1% v/v) for aerial, ground broadcast (GB), and

oliar individual plant treatment (IPT) applications. An increased

olume of chemical makes Pc + F formulations a less cost-efficient

ontrol option for producers. 

The newest Corteva herbicide labeled for pricklypear manage-

ent (Pc + F + A) received registration by the Environmental Pro-

ection Agency (EPA) in 2017. This product is manufactured with

hree group four synthetic auxins: picloram (10.06%), fluroxypyr

12.53%), and aminopyralid (5.15%). Aminopyralid is considered a

reduced risk pesticide” due to its low toxicity to fish, mam-

als, and aquatic species ( EPA 2018 ). Aminopyralid also has a

reater ability for soil sorption, and therefore reduced risk of off-

arget mobility, compared to picloram ( Fast et al. 2010 ). The posi-

ive chemical attributes obtained by the inclusion of aminopyralid

re suspected to make the picloram + fluroxypyr + aminopyralid

Pc + F + A) formulation even quicker and more reliable than its

redecessors. 

Although Pc + F + A formulation is said to produce quicker mor-

ality, no studies have been executed to validate these claims. Re-

earch is necessary to provide land managers appropriate recom-

endations for treatment methods and rates of chemicals available

o improve the control pricklypear on rangelands. The objectives of

his study were to determine pricklypear plant mortality following

PT and GB herbicide applications with varying rates and active in-

redients; and 2) contrast IPT and GB treatments to existing con-

rols and determine whether picloram + fluroxypyr + aminopyralid

Pc + F + A) is a suitable substitute or replacement for picloram

Pc) and picloram + fluroxypyr (Pc + F) in rangeland. We hypothe-

ized that picloram + fluroxypyr + aminopyralid (Pc + F + A) would

1) yield higher rates of pricklypear plant mortality at 1% IPT and

.34 l ·ha−1 GB rates, and (2) Pc + F + A at 1% IPT and 2.34 l ·ha−1 

B rates would increase pricklypear plant mortality compared to

raditional picloram (Pc) formulations. 

ethods 

A statewide study across 13 sites in West and Central Texas

as performed from 2016 to 2018 to compare the effects of her-

icide rates and application of three products labeled for prick-

ypear management that are readily available to licensed pes-

icide applicators in Texas: picloram (Pc), picloram + fluroxypyr

Pc + F), and picloram + fluroxypyr, and aminopyralid (Pc + F + A).

icloram (often sold as Tordon 22KTM by Corteva Ag Sciences)

s a standalone active ingredient product consisting as potas-

ium salt at 24.4% by weight and acid equivalent (ae) of ap-

roximately 0.91 kg ae/L (21.1% ae). SurmountTM (also sold by

orteva Agsciences) is a premix containing picloram active ingre-

ients of picloram (triisopropanolamine salt): 13.24% (142.59 g/L;

0.29 g/L) and fluroxypyr (1-methylheptyl ester): 10.64% (115.02

/L; 80.28 g ae/L). MezaVueTM (also spelled MezaVue sold by

orteva Agsciences) is a three-way premix containing aminopy-

alid + picloram + fluroxypyr with active ingredients of aminopy-

alid (potassium salt): 5.15% (58.72 g/L; 50.33 g ae/L); picloram

potassium salt): 10.06% (119.826 g/L; 99.46 g ae/L); and flurox-

pyr (1-methylheptyl ester): 12.53% (143.79 g/L; 99.46 g ae/L).

round broadcast (GB) and IPT field trials (n = 13 and n = 13, re-

pectively) represent various landscape attributes including pre- 

ipitation, topography, soil type, and vegetation ( Table 1 ). Ground

roadcast and IPT application methods were randomly assigned to

ocation and all treatments were applied during the spring and
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Table 1 

Location data for the ground broadcast and individual plant treatment applications 

across Texas from 2016 to 2018. 

Ground broadcast Individual plant treatment 

Location Application date Location Application date 

Comanche Co. April1, 2016 Coke Co. March 3, 2017 

Brown Co. April 11, 2016 Reagan Co. May 2, 2017 

Menard Co. August 15, 2016 Hamilton Co. March 30, 2017 

Schleicher Co. August 15, 2016 Upton Co. June 21, 2017 

Mills Co. May 16, 2016 Young Co. April 28, 2017 

Eastland Co. May 6, 2017 Callahan Co. June 5, 2017 

Mills Co. April 26, 2017 Young Co. April 17, 2018 

Sutton Co. April 6, 2017 Lampasas Co. May 24, 2018 

McMullen Co. May 30, 2017 Tom Green Co. May 31, 2018 

Callahan Co. May 29, 2018 Runnels Co. June 6, 2018 

Palo Pinto Co. April 2, 2018 Nolan Co. June 21, 2018 

Parker Co. March 20, 2018 Kent Co. June 29, 2018 

Llano Co. April 4, 2018 Scurry Co. July 13, 2018 

Table 2 

Herbicide mixtures and rates for IPT (individual plant treatment) and GB (ground 

broadcast) applied directly above pricklypear canopies during 2016−2018, Central 

and West Texas. 

Treatment Herbicide and rate 

IPT (1%) GB (l ·ha−1 ) 

Pc 1 2.34 

Pc + F 1 4.69 

Pc + F + A 0.25; 0.50; 0.75 0.585; 1.17; 1.76 

1 The Pc and Pc + IPT and GB treatments were applied at the recommended rate 

( Lyons et al. 2020 ). 

Total spray volume was 93.6 l ·ha−1 (10 gal ·ac−1 ) with nonionic surfactant adjuvant. 

Each replicate plot was 10 × 10-m) and consisted of seven 1-m wide straight-line 

spray swaths along the long direction. Some plots were shorter in length but wider 

and remained similar in total size. Texas A&M AgriLife employees supervised the 

mixing of each treatment load. 
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ummer months. Each plot averaged approximately 40–50 prick- 

ypear individuals and plants within each plot were marked with 

dentification tags and assessed for mortality post-herbicide ap- 

lication. Visual ratings of mortality offer a reliable and efficient 

pproach for assessing herbicide efficacy on pricklypear, allowing 

on-destructive evaluation under field conditions where quantita- 

ive biomass measurements are challenging. Plants qualified as in- 

ividuals when there was a 20-cm gap between multiple clado- 

es. If less than 20-cm, the cladodes were marked as the same

lant. Untreated controls consisted of 100% live, healthy prickly- 

ear showing no insect or frost damage and was included in the

ata as an initial comparison to ensure no natural mortality that

ay have occurred in the two years between treatment and visual

ssessment. 

ndividual plant sites 

Six treatments were applied at each of the 13 IPT study site

ocations. Each 10 × 10-m plot was designated with rebar stakes 

nd included a 5-m buffer in between treatments. The follow- 

ng treatments were applied at each IPT site: (1) Pc + F + A at a

ate of 0.25% total volume, (2) Pc + F + A at a rate of 0.50% to-

al volume, (3) Pc + F + A at a rate of 0.75% total volume, (4)

c + F + A at a rate of 1% total volume, (5) P + F at a rate of 1%

otal volume, (6) Pc at a rate of 1% total volume ( Table 2 ). Indi-

idual Plant Treatment applications were applied using a hand- 

prayer at 2-gallons total volume with a X8 nozzle on a back-

ack sprayer. A non-ionic surfactant at 0.25% v/v was included with

ach treatment. All plots were sprayed approximately from 26 to 

32 °C ambient air temperature, 24–32 °C soil temperature at 30-

m depth, 40–60% relative humidity, and with winds 0–2.24 m 

sec−1 . Treated pricklypear on all IPT sites were healthy, showing
o insect and/or disease damage. Mortality rates were determined 

p to 2 years after treatment. Apparent plant mortality was de-

ermined by estimating percentage of visual plant desiccation. Pi- 

loram (often sold as Tordon 22KTM by Corteva Ag Sciences) is a

tandalone active ingredient product consisting as potassium salt 

t 24.4% by weight and acid equivalent (ae) of approximately 240

 ae/L (21.1% ae). SurmountTM (also sold by Corteva Agsciences) is 

 premix containing picloram active ingredients of picloram (triiso- 

ropanolamine salt): 13.24% (142.59 g/L; 80.28 g ae/L) and flurox- 

pyr (1-methylheptyl ester): 10.64% (115.04 g/L; 80.29 g ae/L). 

ezaVueTM (sold by Corteva Agsciences) is a three-way premix 

ontaining aminopyralid + picloram + fluroxypyr with active ingre- 

ients of aminopyralid (potassium salt): 5.15% (58.71 g/L; 50.33 

/L); picloram (potassium salt): 10.06% (116.23 g/L; 99.46 g/L) and 

uroxypyr (1-methylheptyl ester): 12.53% (1.43.79 g/L; 99.46 g 

e/L). 

round broadcast sites 

Six plots were established at each of the 13 GB locations. Each

0 × 10-m plot was designated with rebar stakes and included a

-m buffer in between treatments. The following treatments were 

sed at the GB sites: (1) Pc + F + A at a rate of 0.585 l ·ha−1 , (2)

c + F + A at a rate of 1.17 l ·ha−1 , (3) Pc + F + A at a rate of 1.76

 ·ha−1 , (4) Pc + F + A at a rate of 2.34 l ·ha−1 , (5) Pc + F at a rate

f 4.69 l ·ha−1 (per industry standard), (6) Pc at a rate of 2.34 l

ha−1 (per industry standard) ( Table 2 ). Ground broadcast treat- 

ents were applied at 10 GPA at 35 PSI with six flat fan noz-

les on a boom sprayer 30-cm apart approximately 1.5-m from the

round. A non-ionic surfactant at 0.25% v/v was included with each

reatment. All plots were sprayed approximately from 26 to 32 °C
n ambient air temperature, 24–32 °C soil temperature at 30-cm 

epth, 40–60% relative humidity, and with winds 0–2.24 m ·sec−1 . 

reated pricklypear on all GB sites were healthy showing no insect

nd/or disease damage. Mortality rates were determined up to 2 

ears after treatment. Apparent plant mortality was determined by 

stimating percentage of visual plant desiccation. 

tatistical analysis 

Data were analyzed using repeated measures analysis of vari- 

nce using a randomized block design with location as the block,

reatment as the main effect, and time of collection as the repeated

easure. Means were separated using Tukey’s Protected LSD with 

 ≤ 0.05. Data were analyzed using the statistical package JMP ( SAS

nstitute Inc, 2023 ). 

esults 

ndividual plant treatment 

Pricklypear mortality varied across IPT rates and active ingre- 

ients ( P < 0.05). Picloram + F + A (1%) yielded the highest mortal-

ty (98 ± 4%) across all 13 sites two years following application

 Table 3 ). While pricklypear control when treated with Pc + F + A

1%) was significantly greater than Pc (1%) ( P < 0.05; 98 ± 4% vs.

6 ± 19%, respectively), Pc + F + A (1%) was similar in mortality

ates compared to Pc + F (1%) (P = 0.61). Interestingly, there were

o differences in pricklypear mortality between treatments Pc + F 

1%) (93 ± 12%) and Pc (1%) (76 ± 19%). 

Treatment rate variation also yielded varying responses when 

ven though Pc + F + A (1%) showed the highest rates of plant mor-

ality, Pc + F + A (0.75%) and Pc + F + A (0.5%) treatments afforded

omparable pricklypear control ( P = 0.28; 96 ± 8% and 90 ± 15%)

wo years post-application on all sites, respectively. However, the 
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Table 3 

Individual plant treatment (IPT) treatment effects on pricklypear as affected by 

main effects of herbicide treatment. 

Treatment Mortality, % 

Pc + F + A 1.0% 98 ± 4 a 

Pc + F + A 0.75% 96 ± 8 a 

Pc + F + A 0.50% 90 ± 15 a 

Pc + F + A 0.25% 74 ± 21 b 

Pc + F 1% 93 ± 12 ab 

Pc 1% 76 ± 19 b 

Pc + F + A, picloram + fluroxypyr + aminopyralid; Pc + F, picloram + fluroxypyr; Pc, 

picloram. 

Means ( ± least squares standard error) with similar letters within each column are 

not significantly different at P ≤ 0.05. 

Table 4 

Ground broadcast (GB) treatment effects on pricklypear as affected by main effects 

of herbicide treatment. 

Treatment Mortality, % 

Pc + F + A2 , 336mL /ha 78 ± 20 a 

Pc + F + A1 , 752mL /ha 67 ± 21ab 

Pc + F + A1 , 168mL /ha 59 ± 25 bc 

Pc + F + A584mL /ha 45 ± 18c 

Pc + F4 , 672mL /ha 76 ± 18ab 

Pc 2 , 336mL /ha 73 ± 19 b

Pc + F + A, picloram + fluroxypyr + aminopyralid; Pc + F, picloram + fluroxypyr; Pc, 

picloram. 

Means ( ± least squares standard error) with similar letters within each column are 

not significantly different at P ≤ 0.05. 
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c + F + A (0.25%) treatment rate caused less plant mortality and

as highly variable, averaging 74 ± 21 %, respectively ( P < 0.0). 

Plant mortality did not differ between Pc + F + A at 0.75% and

% rates ( P = 0.94). And increased plant mortality also did not oc-

ur between Pc + F + A at 0.75% and Pc + F (1%) ( P = 0.92). Interest-

ngly, Pc + F + A (0.75%) was 20% greater in plant mortality than Pc

1%) ( P < 0.01). 

A few unexpected comparisons existed between Pc + F + A

0.25%) and Pc (1%), showing no difference between the two treat-

ents even with differing rates ( P = 0.94). Another interesting

reatment and rate showing no differences in plant mortality ex-

sted between Pc + F + A (0. 5%) and (1%) (P = 0.08), even though

pproximately 8.5% more plant mortality was achieved with the

ull 1% rate. Pc + F + A (0. 5%) generated similar plant mortality

esponses as Pc + F (1%) showing even less plant mortality gains

 P = 0.87) compared to Pc + F + A (1%). Untreated controls consisted

f 100% live, healthy pricklypear showing no insect or frost damage

nd applied as benchmark prior to statiscal analyses. 

round broadcast 

Ground broadcast applications generated similar plant mor- 

ality trends and patterns as the IPT treatments. No differences

ere observed at the full rates of Pc + F + A (2 336 mL/ha) vs.

c (2 336 mL/ha) ( P = 0.90) or Pc + F + A (1 752 mL/ha) vs. Pc + F

4 672mL/ha) ( P = 1.0) or Pc + F (4 672 mL/ha) vs. Pc (2 336 mL/ha)

 P = 1.0) ( Table 4 ). 

Surprisingly, there were no differences in plant mortality be-

ween Pc + F + A 2 336 mL/ha ( P = 0.23; 78 ± 20%) and Pc + F + A

 168 mL/ha ( P = 0.23; 67 ± 21%). And even more surprising, no dif-

erences in plant mortality between Pc + F + A (1 168 mL/ha) vs.

c + F (4 672 mL/ha) ( P = 0.43) vs. Pc (2 336 mL/ha) ( P = 0.84). 

Differences in plant mortality only were revealed when the

esser rates of Pc + F + A (1 168 mL/ha and 584 mL/ha) were ap-

lied. These treatments yielded 44–59% ± 25% control as compared

o the 67–78% ± 17% plant mortality estimates with the 1 168

L/ha and 1 752 mL/ha rates, respectively. Untreated controls con-
isted of 100% live, healthy pricklypear showing no insect or frost

amage. 

iscussion 

This study assessed pricklypear plant mortality following the

pplication of IPT and GB herbicide methods, utilizing varying rates

nd active ingredients. Additionally, this study aimed to compare

he efficacy of IPT and GB treatments against untreated “healthy”

on-treated controls and evaluate whether the herbicide combi-

ation of picloram + fluroxypyr + aminopyralid (Pc + F + A) serves

s an effective alternative to the use of picloram (Pc) and piclo-

am + fluroxypyr (Pc + F) formulations in rangeland management. 

Data supported the hypotheses, demonstrating that the her-

icide combination of picloram + fluroxypyr + aminopyralid (Pc +
 + A) resulted in higher rates of pricklypear plant mortality at

oth 1% IPT and 2 336 mL/ha GB application rates. Furthermore,

c + F + A at these specified rates significantly increased prickly-

ear plant mortality compared to traditional picloram (Pc) formu-

ations. 

Our results provide valuable insights into the efficacy of her-

icide treatments for pricklypear control, highlighting the influ-

nce of active ingredient combinations and application rates on

lant mortality across both IPT and GB methods. The Pc + F + A

1%) treatment in IPT applications achieved the highest prickly-

ear mortality across all 13 sites two years post-application, sig-

ificantly outperforming Pc (1%) alone, which aligns with previous

esearch demonstrating the synergistic effects of combining piclo-

am, fluroxypyr, and aminopyralid for enhanced control of woody

nd herbaceous species ( DiTomaso et al. 2010 ). However, the lack

f significant differences between Pc + F + A (1%) and Pc + F (1%),

s well as between Pc + F + A at 0.75% and 0.5% rates, suggests that

ower rates or alternative combinations may offer comparable con-

rol, providing cost-effective options for rangeland managers. The

igh variability observed at the lowest Pc + F + A rate indicates that

educed rates may compromise consistency, likely due to insuffi-

ient herbicide uptake under varying environmental conditions, a

henomenon noted in similar studies on herbicide efficacy ( Bovey

nd Meyer 1981 ). 

Ground broadcast applications mirrored IPT trends, with no sig-

ificant differences in mortality between full rates of Pc + F + A,

c + F (4 672 mL/ha), and Pc (2 336 mL/ha), suggesting that higher

ates do not always translate to improved control in broadcast sce-

arios, possibly due to uneven coverage or environmental factors

uch as soil moisture and temperature affecting herbicide absorp-

ion ( Price et al. 2015 ). Notably, the reduced rates of Pc + F + A re-

ulted in significantly lower mortality compared to the 584 mL/ha

nd 2 336 mL/ha rates, underscoring a threshold effect where

erbicide concentration becomes limiting for effective pricklypear 

ontrol. These findings emphasize the importance of tailoring ap-

lication rates and methods to specific management goals, balanc-

ng efficacy with economic and environmental considerations, and

uggest that further research into optimizing surfactant use and

pplication timing could enhance outcomes in diverse rangeland

onditions. 

Managing pricklypear ( Opuntia spp.) on rangelands should be

 priority due to its significant negative impacts on ecosys-

em health, biodiversity, and livestock productivity. Pc + F + A has

merged as an effective herbicide option for controlling prickly-

ear, providing several advantages over other management strate-

ies. If left unmanaged, pricklypear invasion can lead to significant

hifts in plant community composition, often resulting in reduced

iodiversity. Dense pricklypear stands outcompete native grasses 

nd forbs, critical for maintaining diverse and healthy rangeland

cosystems ( Archer et al. 2011 ). The dominance of pricklypear re-
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uces plant diversity and habitat quality for wildlife, negatively af- 

ecting the overall ecosystem. 

Pricklypear reduces forage availability for livestock. Its thick 

ads and spines create physical barriers, preventing grazing an- 

mals from accessing underlying grasses and other herbaceous 

lants (Bovey, 1977). This reduction in forage availability directly 

mpacts livestock carrying capacities and can lead to decreased 

ivestock productivity and economic losses for ranchers ( Scifres 

nd Brock 1972 ). Pc + F + A has been shown to provide consistent

ontrol of pricklypear compared to other herbicides. This com- 

ination of active ingredients including picloram, fluroxypyr, and 

minopyralid, works synergistically to improve herbicide uptake 

nd translocation within the plant, resulting in higher mortality 

ates ( Cai et al. 2015 ) with inevitable implications for forage pro-

uctivity following initial plant mortality. The combination and 

ynergy of Pc + F + A in controlling pricklypear reduces the compe-

ition for resources, thereby promoting the growth of desirable for- 

ge species and enhancing overall plant community diversity. This 

mprovement in forage availability directly supports higher live- 

tock carrying capacities and improved grazing outcomes ( Scifres 

nd Brock 1972 ; Fuhlendorf et al. 2012 ). Without a doubt, piclo-

am adds significant synergy to other actives, and still remains a

iable option as a stand-alone herbicide treatment in root-kill and 

otte canopy reduction ( Price et al. 1985 ; Peterson et al. 1988 ). 

These results indicate the effective and safe use of Pc + F + A

hat exceeded commonly reported effects of mechanical treat- 

ents. Mechanical methods, such as bulldozing or grubbing, can 

e labor-intensive, costly, and disruptive to the soil and existing 

egetation. These approaches often lead to soil erosion, habitat 

estruction, and unintended damage to non-target plant species 

 Teague et al. 2001 ; Archer et al. 2011 ). In contrast, Pc + F + A

an be applied with precision (either IPT or broadcast), minimiz-

ng collateral damage and preserving the integrity of the range-

and ecosystem. Its application is less labor-intensive and can cover 

arge areas more efficiently than mechanical techniques ( Britton 

nd Dodd 1976 ) without the severe soil disturbance. 

Furthermore, since Pc + F + A contains picloram, it can be effec-

ively used in synergy with prescribed fire to restore rangelands.

he combination of herbicide treatment and prescribed burning 

an enhance the control of pricklypear by targeting different life

tages and improving the accessibility of the herbicide to the plant.

rescribed fire can remove the above-ground biomass of prickly- 

ear by making the remaining tissue more susceptible to herbicide 

enetration and efficacy ( Ansley and Castellano 2006 ). This inte-

rated approach not only improves the management of pricklypear 

ut also promotes the regeneration of native plant species and the

estoration of a more diverse and resilient rangeland ecosystem 

 Davies et al. 2009 ; Twidwell et al. 2013 ). 

anagement implications 

Landowners and producers benefit from more control options 

or invading pricklypear. Here, we offer herbicide results for range- 

and managers seeking effective and sustainable strategies to con- 

rol pricklypear ( Opuntia spp.), a species that threatens ecosystem 

ealth, biodiversity, and livestock productivity by outcompeting na- 

ive vegetation and reducing forage availability. All herbicides and 

ombinations tested provided a very high level of control. This 

nhanced efficacy, driven by the various rates tested for syner- 

istic action of the three active ingredients, supports its use as

n additional option for restoring forage production and promot- 

ng plant community diversity. Managers can expect these rates 

f specific well-known pricklypear products to achieve consistent 

ontrol, even though lower rates (e.g., 0.5% or 0.75%) may suffice

n some contexts, offering cost-effective alternatives where budget 

onstraints are a concern, albeit with potential trade-offs in con- 
istency under variable environmental conditions. For larger-scale 

pplications, GB treatments at 2.34 l ·ha−1 provide reliable out- 

omes, but exceeding this rate may not yield proportional benefits 

ue to factors like uneven coverage or environmental limitations. 

ompared to mechanical methods, herbicide applications minimize 

oil disturbance and non-target damage, preserving rangeland in- 

egrity while reducing labor and costs. Additionally, integrating any 

erbicide or combination with prescribed fire can further enhance 

ontrol by targeting multiple plant life stages, facilitating herbicide 

ptake, and fostering native species recovery. Managers should tai- 

or application rates and methods to site-specific goals, balancing 

fficacy with economic and ecological considerations, and consider 

urther exploration of surfactants and timing to optimize results 

cross diverse rangeland conditions. 
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