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ABSTRACT 

Khakiweed (Alternanthera pungens Kunth) is a perennial broadleaf weed that 

readily invades managed turfgrass systems throughout the arid and semi-arid regions 

of the United States. The presence of this weed significantly reduces the aesthetic 

value and playability of desired turfgrass species. Morphological characteristics and 

the ability to adapt to a wide range of environmental factors have led to the increase in 

khakiweed prevalence in managed turf. Limited chemical control options exist for the 

reduction of khakiweed infestations. In fact, trifloxysulfuron is the only herbicide 

labeled for the postemergence control of khakiweed in turf. Therefore, investigation 

into the competitive response of khakiweed to cultural practices and examination of 

new herbicides may provide clues to long-term control. 

 The effect of simulated compaction on the lateral spread of khakiweed was 

determined in field studies conducted in 2009 and 2010 in Texas over three month 

periods. Reduction in lateral spread was most severe in the high (9,519 N) compaction 

regime. At the conclusion of the experiment, khakiweed lateral spread in the high 

(9,519 N) compaction regime had only increased 95%. Lateral spread in the medium 

(6,346 N) compaction regime increased 126%, while lateral spread in the low (3,173 

N) compaction regime increased 130%. Based upon these results, khakiweed can still 

increase in plant diameter when subjected to levels of compaction that may reduce 

bermudagrass quality and canopy cover. The effect of mowing regime on lateral 

spread of khakiweed was determined in field studies conducted in 2009 and 2010 in 

Texas over three month periods. Reduction in lateral spread compared to the non-
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mowed plots was most severe in the 1.3-cm mowing regime. At the conclusion of the 

experiment, khakiweed lateral spread in the 1.3-cm regime was reduced 250% 

compared to the non-mowed check. Lateral spread in the 2.5-cm regime was reduced 

158% compared to the non-mowed check, while lateral spread in the 5.1-cm regime 

was reduced 118%. Therefore, khakiweed infestations may be more prevalent in 

bermudagrass mowing heights common to golf course roughs, athletic fields, and 

home lawns (≥ 2.5 cm). However, the production of a thick taproot high in 

carbohydrate content may enable khakiweed to regenerate from frequent defoliation 

common to golf course fairways. Khakiweed response to single and sequential 

herbicide applications was evaluated during the summer of 2009 and 2010 in Texas. 

Although initial khakiweed injury was observed in all treatments, effective long-term 

control was difficult to achieve. Excellent control (95 to 97%) was exhibited by 

sequential metsulfuron applications 12 WAIT regardless of rate. Sequential 

applications of trifloxysulfuron (0.018 or 0.028 kg ai ha
-1

) and single applications of 

metsulfuron at 0.042 kg ai ha
-1

 exhibited moderate khakiweed control (75 to 80%) 12 

WAIT. All other treatments exhibited ≤ 57% khakiweed control 12 WAIT. The 

season-long (as assessed by the 12 WAIT control estimates) efficacy of sequential 

metsulfuron applications is a strong incentive for its adoption in place of sequential 

trifloxysulfuron (the only labeled herbicide) applications for the control of khakiweed 

in bermudagrass turf. 
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CHAPTER I 

LITERATURE REVIEW 

Khakiweed (Alternanthera pungens Kunth) is a prostrate perennial weed that is 

a member of the Amaranthaceae family. Khakiweed originates from South America 

and has become widely distributed throughout warmer climates of the world (McCarty 

et al. 2008). Although the introduction date and location into the United States is 

unknown, infestations are prevalent throughout the southern U.S. from Georgia to 

Arizona (Parsons and Cuthbertson 2001). An ability to adapt to various climatic 

conditions has enabled khakiweed to become one of the “fastest” growing weed 

problems in managed turf throughout arid and semi-arid regions of the United States 

(Kopec et al. 2004a).  

The presence of khakiweed often decreases the playability and aesthetic value 

of athletic fields, golf courses, and home lawns. The rapid formation of dense, 

prostrate mats may shade desired species leading to long-term reductions in the 

turfgrass canopy (Umeda 2008). The dark green glossy color of khakiweed present 

within a bermudagrass stand creates a mottled appearance and further reduces the 

aesthetic value of home lawns. An abundance of burred seed production in the fall 

may create a hazard for athletic field participants and is often linked to hay fever and 

asthma attacks in humans (Parsons and Cuthberson 2001). 

The prostrate growth habit of khakiweed stems can extend up to 60 cm in 

length (McCarty et al. 2008). Stems are reddish in color and covered in numerous fine 

hairs. They are capable of rooting at the nodes and producing new plants (Parsons and 

Cuthbertson 2001). Leaves are oval, 2-4 cm in length, and borne opposite one another 
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on the stem (Parsons and Cuthbertson 2001). Leaf margins are smooth, sparsely hairy, 

and prominently veined on the underside. Leaves develop a thick cuticle giving them a 

dark green glossy appearance (Kopec et al. 2004a). This cuticle thickens with age and 

in response to environmental stress. White, inconspicuous, stiff-bracted flowers are 

produced from mid-summer through early fall. Flowers may be borne solitary or 

clustered at the end of nodes (Parsons and Cuthbertson 2001). Khakiweed is a prolific 

seeder (Parsons and Cuthbertson 2001; McCarty et al. 2008; Umeda 2008; Umeda and 

Towers 2004; Kopec et al. 2004a). Seeds are formed in chaff-colored prickly burrs 

that reach a size of 1 cm (Parsons and Cuthbertson 2001). The burr-formed seed may 

attach to clothes, animal fur, and equipment, further assisting the dissemination of 

khakiweed (Parsons and Cuthbertson 2001). Seeds are produced in the fall and are 

capable of puncturing bare skin. They have been associated with hay fever and asthma 

attacks in humans (Parsons and Cuthbertson 2001). Khakiweed can also be propagated 

vegetatively. Root and stem fragments are capable of generating new plants 

Khakiweed produces a deep woody taproot that functions in carbohydrate storage and 

may further increase the difficulty in control. Failure to remove the entire taproot 

during mechanical cultivation may enable khakiweed to regenerate (Parsons and 

Cuthbertson 2001). The presence of a taproot in conjunction with a thick waxy cuticle 

enables khakiweed to survive acute drought conditions (McCarty et al. 2008) and may 

further explain tolerance to salinity.  

Environmental stewardship, overreliance on chemical control, and increasing 

concerns about pesticide resistance have led turfgrass managers to examine cultural 

practices for the reduction of turf weed infestations. Anecdotal evidence suggests that 
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khakiweed tolerates compacted soils, because turf managers often observe infestations 

in areas of heavy traffic and wear. Heavy traffic on athletic fields is often confined 

between hash marks, around goal mouths, and along player sidelines (Brosnan and 

Deputy 2007). Compaction on golf courses is most prevalent around tee boxes and 

greens (Beard 2002). Soil compaction may cause reductions in root growth, shoot 

density, and canopy cover of desired turfgrass species (Carrow 1980). Reductions in 

canopy cover may provide opportunities for weed encroachment. Dunn et al. (1994) 

examined the growth response of bermudagrass subjected to compaction levels of 

3,295 N. Bermudagrass exhibited poor quality and turfgrass cover (40 to 50% bare-

ground) at the end of spring and in late fall when subjected to compaction. However, 

bermudagrass was able to tolerate compaction during the summer when conditions 

were more conducive to growth. Cultural practices (aeration, verticutting, etc.) that 

alleviate compaction may increase turfgrass vigor and competitiveness with weed 

species.  

Mowing heights have long been examined as a means of cultural control of 

weeds in managed turfgrass systems (Busey 2003). Mowing height may exhibit 

differential effects on weeds and desired turfgrass species. Anecdotal evidence 

suggests that mowing turfgrass at higher heights or infrequently will increase weed 

infestations, while shorter mowing heights will stress desired turfgrass stands making 

them more susceptible to weed invasion. Although close mowing often discourages 

the presence of some perennial weeds, added stress to desired turfgrass stands may 

give weeds a competitive edge. Timely mowing may reduce stored carbohydrates of 

perennial weed structures (Stoll et al. 1998) and decrease the number of viable weed 
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seed in the seedbank (Williams 1984; Henskens 1998). The presence of a thick taproot 

with abundant carbohydrate reserves may allow khakiweed to regenerate following 

defoliation. Henry et al. (2007) noted that shallow rhizomes of bahiagrass were 

damaged by close mowing and traffic typical of a golf course fairway, while the deep 

rhizome system of dallisgrass enhanced its ability to spread vegetatively under the 

same environmental conditions. The presence of a deep taproot may enable khakiweed 

to tolerate close mowing.  

The only labeled herbicide for the control of khakiweed in turfgrass is 

trifloxysulfuron (Anonymous 2009). Trifloxysulfuron at 0.017, 0.029, and 0.053 kg ai 

ha
-1 

exhibited 95, 94, and 98% khakiweed control, respectively, 40 days after 

treatment (DAT) (Kopec et al. 2004a). Turfgrass managers have utilized metsulfuron 

for control of khakiweed in athletic fields and golf courses. Single applications of 

metsulfuron at 0.021 and 0.042 kg ai ha
-1

exhibited 99% khakiweed control 40 DAT 

(Kopec et al. 2004a).  Penoxsulam at 0.1 kg ai ha
-1

 exhibited 69% khakiweed control 

40 days after initial treatment (DAIT) (Kopec et al. 2004b). Umeda (2008) observed 

86% khakiweed control 36 DAIT with applications of carfentrazone + 2,4-D + 

mecoprop + dicamba at 0.45 kg ai ha
-1

. Tank-mixing carfentrazone + 2,4-D + 

mecoprop + dicamba at 0.45 kg ai ha
-1

 with fluroxypyr at 0.056 kg ai ha
-1

 provided 

85% khakiweed control 40 DAIT (Umeda and Towers 2004). However, applications 

of 2,4-D + mecoprop + dicamba at 0.14 kg ai ha
-1

 only controlled khakiweed 1% 27 

DAIT (Kopec et al. 2004a). 

The presence of a deep taproot enables khakiweed to regenerate from abundant 

carbohydrate reserves following defoliation (Umeda 2008). Minimal research has 
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examined sequential herbicide applications for the long-term control of khakiweed. 

Umeda (2008) reported 94% khakiweed control 36 days after sequential treatment of 

carfentrazone + 2,4-D + mecoprop + dicamba at 0.45 kg ai ha
-1

 tank-mixed with 

isoxaben at 0.84 kg ai ha
-1

. Sequential applications may reduce photosynthetic activity 

and associated carbohydrate production, therefore increasing long-term control. 

Metsulfuron and trifloxysulfuron belong to the sufonylurea herbicide family 

(Anonymous 2009; Anonymous 2011). Minimal to no bermudagrass phytotoxicity 

was observed following applications of metsulfuron and trilfoxysulfuron for weed 

control (Davis et al. 1997; Johnson 1987; McElroy et al. 2005; Butler et al. 2005). 

Sulfonylurea herbicides inhibit the enzyme acetolactate synthase, thereby blocking the 

biosynthesis of the branched-chain amino acids valine, leucine, and isoleucine (Brown 

1990; Senseman and Armbrust 2007). Inhibition leads to the termination of plant cell 

division and growth. Cessation of plant growth in conjunction with long-term 

reductions in new leaves and reproductive organs may be attributed to the 

accumulation of acetolactate synthase substrate (e.g. a-ke-tobutyrate) in leaf tissue 

(Brown 1990; LaRossa and Van Dyk 1987). 

Effective khakiweed control is likely limited by the amount of herbicide 

absorption and translocation to perennial plant structures. Several studies examining 

the absorption and translocation of metsulfuron and trifloxysulfuron may provide 

evidence in favor of their use. Leys and Slife (1988) reported 58% of applied 
14

C-

metsulfuron was readily absorbed by wild garlic (Allium vineale L.) 144 h after 

application and 16% of that absorbed material translocated out of the treated leaf. 

Troxler et al. (2003) observed ≤ 53% of applied 
14

C-trifloxysulfuron was absorbed by 
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yellow nutsedge (Cyperus esculentus L.) and purple nutsedge (C. rotundus L.) 96 h 

after treatment. Approximately 30% of the absorbed 
14

C-trifloxysulfuron translocated 

out of the treated leaf of both Cyperus spp. with 4% moving into tubers and roots. 

McElroy et al. (2004) observed similar results in green kyllinga (Kyllinga brevifolia 

Rottb.) and false-green kyllinga (Kyllinga gracillima Miq.). Both spp. absorbed 47% 

of the applied 
14

C-trifloxysulfuron 96 h after application. Approximately 2 and 4% of 

the absorbed herbicide translocated to the roots and rhizomes, respectively. Utilization 

of metsulfuron and trifloxysulfuron for the chemical control of khakiweed may 

provide long-term reductions in weed infestations as a direct result of translocation to 

perennial organs.  
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CHAPTER II 

EFFECT OF SIMULATED COMPACTION ON THE LATERAL 

SPREAD OF KHAKIWEED 

Abstract 

The effect of simulated compaction on the lateral spread of khakiweed 

(Alternanthera pungens Kunth) was determined in field studies conducted in 2009 and 

2010 in Texas over three month periods. Treatments were selected to simulate a range 

of compaction intensity common to intensively managed hybrid bermudagrass 

[Cynodon dactylon (L.) Pers. X Cynodon transvaalensis Burt-Davy] turf and consisted 

of low (3,173 N), moderate (6,346 N), and high (9,519 N) compaction regimes applied 

three times per week. A non-treated check was included for comparison purposes. 

Differences in lateral spread among compaction regimes were apparent 4 weeks after 

initial treatment (WAIT). Lateral spread of the non-compacted check plots increased 

182% in diameter 12 WAIT when compared with the initial diameters at the start of 

each trial. The lateral growth of khakiweed plants subjected to compaction was 

negatively impacted when compared to the non-compacted check. Reduction in lateral 

spread was most severe in the high (9,519 N) compaction regime. At the conclusion of 

the experiment, khakiweed lateral spread in the high (9,519 N) compaction regime had 

only increased 95%. Lateral spread in the medium (6,346 N) compaction regime 

increased 126%, while lateral spread in the low (3,173 N) compaction regime 

increased 130%. Based upon these results, khakiweed can still increase in plant 

diameter when subjected to levels of compaction that may reduce bermudagrass 
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quality and canopy cover. Cultivation practices during spring and fall when 

bermudagrass is most negatively affected by compaction may increase bermudagrass 

competition with khakiweed and decrease weed infestation. 

 

Introduction 

Khakiweed (Alternanthera pungens Kunth) is a perennial broadleaf weed that 

commonly invades managed turfgrass systems in the Southern United States. This 

weed was recently described as one of the fastest growing problems in semi-arid and 

arid environments (Kopec et al. 2004b). Infestations are easily spread through seed 

production or the dissemination of root and stem fragments (Parsons and Cuthbertson 

2001). The presence of khakiweed often interferes with the playability and aesthetic 

quality of home lawns, golf courses, and athletic fields.  

 Environmental adaptation and unique morphological features have further led 

to an increase in khakiweed occurrence in managed turfgrass. The formation of dense, 

prostrate mats often shades desirable species, which leads to long-term reductions in 

turfgrass density (Umeda and Towers 2004). The presence of a thick waxy cuticle and 

the production of a deep taproot allow khakiweed to survive acute drought conditions 

(Parsons and Cuthbertson 2001). Furthermore, turfgrass managers have often observed 

the presence of khakiweed in areas of heavy traffic and wear (i.e. cart paths, athletic 

fields). 

 The only herbicide labeled for the postemergence control of khakiweed in 

bermudagrass turf is trifloxysulfuron (Anonymous 2009). Applications of 

trifloxysulfuron at 0.017, 0.029, and 0.053 kg ai ha
-1

 exhibited 95, 94, and 98% 
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khakiweed control, respectively, 40 days after treatment (DAT) (Kopec et al. 2004a). 

Metsulfuron has also been utilized by athletic field managers and golf course 

superintendents for khakiweed control. Single applications of metsulfuron at 0.021 

and 0.042 kg ai ha
-1

 exhibited 99% khakiweed control 40 DAT (Kopec et al. 2004a). 

Umeda (2008) observed 85% khakiweed control 36 days after initial treatment with 

applications of carfentrazone + 2,4-D + mecoprop + dicamba at 0.45 kg ai ha
-1

. 

Sequential applications are often necessary for adequate khakiweed control due to 

prolific regeneration from abundant carbohydrate reserves within the taproot (Umeda 

2008). Limited chemical control options and ineffective long-term control suggest 

further examination of khakiweed ecology for clues to cultural management.  

 Anecdotal evidence suggests that khakiweed tolerates compacted soils. 

Compaction is often most severe on athletic fields where heavier foot traffic occurs: 

between hash marks, goal mouths, and player sidelines (Brosnan and Deputy 2007). 

Areas around tee boxes and greens receive the highest levels of compaction on golf 

courses (Beard 2002). Soil compaction often causes reductions in root growth, shoot 

density, and canopy cover of desired turfgrass species (Carrow 1980). Open turf may 

provide opportunities for weed encroachment (Larsen et al. 2004). Alleviating soil 

compaction with cultivation practices may increase turfgrass vigor and 

competitiveness with weed species. Annual bluegrass (Poa annua L.), prostrate 

knotweed (Polygonum aviculare L.), goosegrass (Eluesine indica L.), broadleaf 

plantain (Plantago major L.), and several Cyperus spp. have been reported to tolerate 

compacted soils (Murphy and McCarty 1999; Leslie 1994; Waddington 1992). No 

published research has examined the effect of soil compaction on khakiweed growth 
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in bermudagrass turf. Therefore, the objective of this study was to evaluate the lateral 

spread of khakiweed to various levels of soil compaction in intensely managed 

bermudagrass roughs (3.8 cm). 

 

Materials and Methods  

Experiments were conducted during the summer and fall of 2009 and 2010 at 

the Quaker Research Farm in Lubbock, TX, on a Brownfield sandy clay loam (loamy, 

mixed, superactive, thermic Arenic Aridic Paleustalfs) with a pH of 8.2. Khakiweed 

plants were removed from naturally occurring infestations present in the common 

bermudagrass [Cynodon dactylon (L.) Pers.] rough of several holes at Meadowbrook 

Golf Course in Lubbock, TX (33
o
35‟55”N, - 101

o
49‟ 52”W). A 10.2 cm golf course 

cup-cutter centered over each plant was used to remove the above-ground biomass and 

corresponding taproot together as a plug. Plants were transplanted on June 12, 2009 

and June 16, 2010 into an established (5 years old) „TifSport‟ hybrid bermudagrass 

[Cynodon dactylon (L.) Pers. X Cynodon transvaalensis Burt-Davy] stand by 

removing and replacing a plug of turf with a plug of khakiweed. Bermudagrass was 

maintained at a height of 3.8 cm with a rotary mower
1
. Fertilizer

2
 was applied to each 

study area at time of transplant at a rate of 37 kg ha
-1

 N. Monthly applications of 

fertilizer
3
 were made throughout the duration of the study at a rate of 49 kg ha

-1
 N.  

 Compaction treatments were applied using a Brouwer Tr 224 Turf Roller
4
. A 

single pass of the roller applied 793 N (weight of the roller plus the operator). 

Treatments consisted of three compaction regimes: low- 4 passes (3,173 N total), 

moderate – 8 passes (6,346 N total), and high – 12 passes (9,519 N total) applied three 
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times weekly (Monday, Wednesday, and Friday) (Table 1). Compaction treatments 

were selected to simulate a range of traffic intensities typically observed on golf 

courses and athletic fields. A non-treated check was included for comparison 

purposes. Compaction was applied over a three month period from June through 

September. Plots were arranged in a randomized complete block design with four 

replications of treatments. Each experimental unit measured 1.5 x 3.0 m and contained 

four khakiweed plugs spaced 18.3 cm apart down the center of each plot. Khakiweed 

plants were allowed to acclimate for two weeks following transplant. Compaction 

treatments were initiated on June 26, 2009 and June 30, 2010. Irrigation was supplied 

as a supplement to rainfall at a rate of 5.0 cm wk
-1

 with an automated irrigation 

system. 

 Lateral plant diameters were taken at the beginning of each study and were 

recorded bi-monthly through September. Two diameter measurements were taken 

perpendicular to each other (the first measurement was taken in the largest diameter) 

and averaged to obtain the reported diameter of a plant at each sampling time. Bi-

monthly diameter measurements were converted to percent diameter increase by 

comparison to initial diameters. Measurements from the four plugs were averaged 

together to give estimates for each experimental unit.  

 No significant year x treatment interactions were observed so data were pooled 

across years and subjected to analysis of variance, using error partitioning appropriate 

to a randomized complete block design analysis in the general linear models procedure 

provided by SAS
5
. Means were separated using Fisher‟s protected LSD test at the 0.05 

significance level. 
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Results and Discussion 

Plant diameters increased 150 to 200% over the first 4 weeks regardless of 

compaction regime. Differences in lateral spread among compaction regimes were 

apparent 4 weeks after initial treatment (WAIT). Lateral spread of the non-compacted 

check plots increased 182% in diameter 12 WAIT when compared with the initial 

diameters at the start of each trial. The lateral growth of khakiweed plants subjected to 

compaction was negatively impacted when compared to the non-compacted check 

(Figure 1). Reduction in lateral spread was most severe in the high (9,519 N) 

compaction regime. At the conclusion of the experiment, khakiweed lateral spread in 

the high (9,519 N) compaction regime had only increased 95%. Lateral spread in the 

medium (6,346 N) compaction regime increased 126%, while lateral spread in the low 

(3,173 N) compaction regime increased 130% (Figure 1). 

 Based on the results of this study, the high (9,519 N) compaction regime 

common to heavily trafficked areas on golf courses and athletic fields significantly 

reduced the lateral spread of khakiweed. Although the medium (6,346 N) and low 

(3,173 N) compaction regimes also caused reductions in spread, khakiweed was better 

able to withstand those compaction regimes more common to moderately trafficked 

turf areas. Warwick (1980) observed similar results when comparing the effect of 

simulated human trampling on broadleaf plantain. Shoot weights of 4.23 to 7.21 g, 

1.53 to 2.5 g, and 0.71 to 0.72 g were reported for broadleaf plantain subjected to 0 N, 

2,745 N, and 10,980 N of compaction, respectively, 70 DAT (Warwick 1980). 

Broadleaf plantain subjected to compaction regimes of 0 N, 2,745 N, and 10,980 N 
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exhibited root weights of 0.8 to 1.14g, 0.25 to 0.38g, and 0.17 to 0.18g, respectively, 

70 DAT (Warwick 1980). On the contrary, Arrieta et al. (2009) observed that 

goosegrass growth was greater in response to a soil bulk density of 1.26 g cm
-3

 

compared to 1.07 g cm
-3

. Goosegrass plants grown in a bulk density of 1.26 g cm
-3

 

produced 1.62 tillers plant
-1

, while those subjected to a bulk density of 1.07 g cm
-3

 

produced 1.19 tillers plant
-1

 (Arrieta et al. 2009). Although the response of khakiweed 

to compaction was differential, an increase in lateral spread was observed regardless 

of compaction regime.  

 Examination into the morphology of khakiweed may explain its ability to 

tolerate soil compaction. As subsoil layers become compacted, rooting depth becomes 

restricted and plants have less access to water and nutrients deeper within the soil 

profile (Voorhees 1992, Unger and Kaspar 1994). The production of a thick taproot 

may allow khakiweed to penetrate through layers of compacted soil. Bushamuka and 

Zobel (1998) analyzed the ability of several corn and soybean cultivars to penetrate 

compacted soil. The maize cultivar „SA-3” penetrated through a compacted layer (100 

mm below the soil surface) and maintained 92% relative taproot length (RTRL) in the 

lower levels of the soil profile (100 to 300 mm). The soybean cultivar „PI 416937‟ 

penetrated through a compacted layer and maintained 97% RTRL in the lower soil 

profile (Bushamuka and Zobel 1998). Investigation of these root systems revealed that 

maize and soybean cultivars capable of penetrating compaction layers maintained 

higher RTRL. Khakiweed may exhibit similar root morphology allowing it to 

penetrate compaction layers and access water and nutrients deeper in the soil profile.  
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 Bermudagrass (Cynodon spp.) is the major turfgrass species utilized in the 

southern U.S., Australia, and South America (Duble 1996), where khakiweed 

infestations are most prevalent (Parsons and Cuthbertson 2001, Kopec et al. 2004b). 

Dunn et al. (1994) examined the growth response of bermudagrass subjected to 

compaction levels of 3,295 N. Bermudagrass exhibited poor quality and turfgrass 

cover (40 to 50% bare-ground) at the end of spring and in late fall when subjected to 

compaction (Dunn et al. 1994). However, bermudagrass was able to tolerate 

compaction during the summer when conditions were more conducive to growth. 

When similar compaction (3,173 N) was applied to khakiweed in our research, plant 

diameters increased 130% 12WAIT. Bermudagrass quality and cover were reduced in 

response to this compaction regime 12 WAIT (data not shown). Openings in the turf 

canopy in response to compaction may enhance khakiweed establishment in the 

spring. Higher levels of compaction could further reduce bermudagrass cover and 

increase weed infestation. Even at the moderate (6,346 N) and highest (9,519 N) levels 

of compaction, khakiweed plant diameters increased 126 and 95%, respectively, 12 

WAIT. Based upon these results, khakiweed can still increase in plant diameter when 

subjected to levels of compaction that may reduce bermudagrass quality and canopy 

cover. Cultivation practices during spring and fall when bermudagrass is most 

negatively affected by compaction may increase bermudagrass competition with 

khakiweed and decrease weed infestation. 
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Source of Materials 

1 
Cub Cadet mower model 50 z, P.O. Box 368022, Cleveland, OH 44101 

2
 Griggs Brothers 7-7-7 Seven Iron, P.O. Box 128 Albion, ID 83311.  

3
Griggs Brothers 16-4-8 Turf Rally, P.O. Box 128 Albion, ID 83311.  

4
 Brouwer Turf 23324 Woodbine Avenue, Keswick, Ontario, Canada L4P 3E9 

5
 SAS, Statistical Analysis Systems, 2002-2008, Release 9.2, Statistical 

Analysis Systems Institute, Cary, NC 27513. 
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Table 2.1. Compaction regimes applied to khakiweed in 2009 and 2010. 

Treatment Passes Compaction (N) Frequency (# wk
-1

) 

Low 4
a
 3,173 3 

Medium 8 6,346 3 

High 12 9,519 3 

Non-compacted N/A N/A N/A 

a
 Each pass is the weight of the roller and the operator (793.25 N). 
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Figure 2.1 Effect of compaction on khakiweed lateral spread. Vertical bars represent 

least significant differences of treatment means presented bimonthly. 
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CHAPTER III 

GROWTH RESPONSE OF KHAKIWEED (ALTERNANTHERA 

PUNGENS KUNTH) TO MOWING HEIGHTS 

Abstract 

The effect of mowing regime on lateral spread of khakiweed (Alternanthera 

pungens Kunth) was determined in field studies conducted in 2009 and 2010 in Texas 

over three month periods. Treatments were selected to simulate mowing regimes 

common to intensively managed common bermudagrass [Cynodon dactylon (L.) Pers.] 

turf and included 1.3 cm mowed three times per week, 2.5 cm mowed two times per 

week, and 5.1 cm mowed two times per week. A non-mowed check was included for 

comparison. Differences in lateral spread among mowing regimes were apparent 6 

weeks after initial treatment (WAIT). However, all mowing regimes exhibited 

increases in lateral spread when compared to initial diameters at the start of each trial. 

Lateral spread of non-mowed check plots increased 792% in diameter 12 WAIT. 

Reduction in lateral spread compared to the non-mowed plots was most severe in the 

1.3-cm mowing regime. At the conclusion of the experiment, khakiweed lateral spread 

in the 1.3-cm regime was reduced 250% compared to the non-mowed check. Lateral 

spread in the 2.5-cm regime was reduced 158% compared to the non-mowed check, 

while lateral spread in the 5.1-cm regime was reduced 118%. Therefore, khakiweed 

infestations may be more prevalent in bermudagrass mowing heights common to golf 

course roughs, athletic fields, and home lawns (≥ 2.5 cm). However, the production of 
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a thick taproot high in carbohydrate content may enable khakiweed to regenerate from 

frequent defoliation common to golf course fairways. Adjustments in mowing height 

may not be enough to effectively reduce khakiweed populations. 

 

Introduction 

Khakiweed (Alternanthera pungens Kunth) was recently described as one of 

the fastest growing weed problems in semi-arid and arid environments (Kopec et al. 

2004). Common to the Southern United States (McCarty et al. 2008), this perennial 

broadleaf weed spreads through seed production or dissemination of root and stem 

fragments (Parsons and Cuthbertson 2001). Infestations are often associated with areas 

of heavy traffic and wear (i.e. cart paths, athletic fields). Environmental adaptation and 

unique morphological features have further led to an increase in khakiweed occurrence 

in desirable species, which leads to long-term reductions in turfgrass density (Umeda 

and Towers 2004). A thick waxy cuticle and a deep taproot help khakiweed survive 

acute drought conditions (Parsons and Cuthbertson 2001) and may explain tolerance to 

soil salinity. Infestations may interfere with aesthetic quality and playability of turf.         

 Trifloxysulfuron is the only post-emergence herbicide labeled for the control 

of khakiweed in warm-season turf (Anonymous 2009). Kopec et al. (2004) reported 

95, 94, and 98% khakiweed control 40 days after treatment (DAT) with 

trifloxysulfuron applied at 0.017, 0.029, and 0.053 kg ai ha
-1

, respectively. Athletic 

field managers and golf course superintendents have also utilized metsulfuron for 

khakiweed control. Single applications of metsulfuron at 0.036 of 0.07 kg ai ha
-1
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exhibited 99% khakiweed control 40 DAT (Kopec et al. 2004). Umeda (2008) 

observed 86% khakiweed control 36 days after initial treatment with applications of 

carfentrazone + 2,4-D + mecoprop + dicamba at 0.45 kg ai ha
-1

. Khakiweed often 

regenerates from initial herbicide burn-down, so sequential applications may be 

necessary for adequate control (Umeda 2008). Few labeled herbicides coupled with 

ineffective long-term control suggest further examination into the physiological 

ecology of khakiweed for clues to improved cultural management.  

 Environmental stewardship, overreliance on chemical control, and increasing 

concerns about pesticide resistance has led turfgrass managers to examine cultural 

practices for the reduction of turfgrass weeds. Mowing heights may exhibit differential 

effects on weeds and desired turfgrass species. Anecdotal evidence suggests that 

mowing turfgrass at higher heights will increase weed infestations, while shorter 

mowing heights will stress desired turfgrass stands making them more susceptible to 

weed invasions. However, Voigt et al. (2001) recommends maintaining cool-season 

turfgrass, such as tall fescue [Schedonorus phoenix (Scop.) Holub], at 7.6 cm to reduce 

weed encroachment and lessen the effects of summer stress. Smooth crabgrass 

[Digitaria ischaemum (Schreb.)Muhl.] infestations have been observed to increase at 

lower mowing heights in cool-season turfgrasses such as Chewings fescue {Festuca 

rubra var. commutate Gaudin [= F. rubra subsp. Fallaz (Thuill.) Nyman]} (Jagschitz 

and Ebdon 1985); and tall fescue (Dernoeden et al. 1993). Hoyle et al. (2009) 

observed increases in large crabgrass pressure as mowing heights decreased from 5.1 

cm to 1.3 cm. Annual bluegrass (Poa annua L.) infestations increased from 9 to 34% 
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as perennial ryegrass (Lolium perenne L.) mowing height dropped from 7.5 to 1.3 cm 

(Adams 1980). Reducing the mowing height of carpetgrass {Axonopus affinis Chase 

[= A. fissifolius (Raddi) Kuhlm.]} from 7.6 to 3.8 cm decreased annual bluegrass 

infestation from 9 to 31% (Bush et al. 2000). Purple nutsedge (Cyperus rotundus L.) 

exhibited reductions in rhizome length (45 to 82%), tuber size (7 to 19%) when 

mowed at 3.8 and 1.3 cm, respectively, compared to non-mowed plants (Summerlin et 

al. 2000). Mowing green kyllinga (Kyllinga brevifolia Rottb.) at 1.2 cm reduced shoot 

number and plant spread 52 and 32%, repectively, while mowing at 3.8 cm resulted in 

reductions of 0 and 13%, respectively (Summerlin et al. 2000). In contrast, Lowe et al. 

(2000) reported an increase (200 to 500%) in green kyllinga infestation when mowing 

height was decreased from 5.0 to 2.5 cm, respectively. Although close mowing often 

discourages the presence of some perennial weeds, added stress to desired turfgrass 

stands may give weeds a competitive edge. Timely mowing may reduce stored 

carbohydrates of perennial weed structures (Stoll et al. 1998) and decrease the number 

of viable seeds in the seedbank (Williams 1984; Henskens 1998). Therefore, desired 

turfgrass species and weed infestations must be considered when selecting a proper 

mowing height. Little published research has examined the effect of mowing height 

and frequency common to managed turfgrass on the growth of khakiweed. Therefore, 

the objective of this study was to evaluate the lateral spread of khakiweed in response 

to mowing heights common to intensely managed bermudagrass golf course fairways 

and roughs.  
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Materials and Methods 

Experiments were conducted during the summer and fall of 2009 and 2010 at 

the Quaker Research Farm in Lubbock, TX on a Brownfield Sandy Clay Loam 

(loamy, mixed, superactive, thermic Arenic Aridic Paleustalfs) with a pH of 8.2 and 

organic matter content of 1.3%. Khakiweed plants were removed from naturally 

occurring populations present in the common bermudagrass [Cynodon dactylon (L.) 

Pers.] rough of several holes at Meadowbrook Golf Course in Lubbock, TX 

(33
o
35‟55” N, -101

o
49‟52” W). A 10.2 cm golf course cup cutter centered over each 

plant was used to remove the above-ground biomass and corresponding taproot 

together as a plug. Plants were transplanted on June 15, 2009 and June 14, 2010 into 

bare-ground by removing a core of soil and replacing it with a khakiweed plug. 

Fertilizer
1
 was applied to each study area at time of transplant at a rate of 37 kg ha

-1
 N. 

Monthly applications of fertilizer
2
 were made throughout the duration of the study at a 

rate of 49 kg ha
-1

 N.  

 Treatments consisted of three mowing regimes: 1.3, 2.5, and 5.1 cm mowed 

three times per week. Each mowing height was selected to simulate bermudagrass 

management on golf course fairways and roughs. A non-mowed check was included 

for comparison purposes. Mowing was conducted over a 3 month period from June to 

September. Plots were arranged in a randomized complete block design with four 

replications of treatments. Each experimental unit measured 1.5 by 3.0 m and 

contained four plugs spaced 18.3 cm apart down the center of each plot. Mowing 

height in the 1.3 cm treatment was reduced gradually during the two weeks prior to 
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study initiation. Mowing treatments in both studies were initiated on June 29, 2009 

and June 30, 2010. Plants cut to 1.3 cm were mowed with a walk-behind reel mower
3
, 

while plants cut to 2.5 or 5.1 cm were mowed with a walk-behind rotary mower
4
.  

Irrigation was supplied as a supplement to rainfall at a rate of 5
.
0 cm

-1 
wk with an 

automated irrigation system. Plots were maintained weed free by hand weeding in 

order to ensure plant growth in response to mowing height was examined without 

competition.  

 Lateral plant diameters were taken at beginning of each study and were 

recorded bi-monthly through September. Two diameter measurements were taken 

perpendicular to each other (the first measurement was taken in the largest diameter) 

and averaged to obtain the reported diameter of a plant at each sampling time. Bi-

monthly diameter measurements were converted to percent diameter increase by 

comparison to initial diameters. Data from the four plugs were averaged to give 

estimates for each experimental unit.  

 No significant year x treatment interactions were observed, so data were 

pooled for locations and subjected to analysis of variance
5
 (ANOVA), using error 

partitioning appropriate to a randomized complete block design analysis in the general 

linear models procedure provided by SAS. Means were separated using Fisher‟s 

protected LSD test at P = 0.05.  
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Results and Discussion 

 Differences in lateral spread among mowing regimes were apparent 6 weeks 

after initial treatment (WAIT). However, all mowing regimes exhibited increases in 

lateral spread when compared to initial diameters at the start of each trial (Figure 1). 

Lateral spread of non-mowed check plots increased 792% in diameter 12 WAIT. 

Reduction in lateral spread compared to the non-mowed plots was most severe in the 

1.3-cm mowing regime. At the conclusion of the experiment, khakiweed lateral spread 

in the 1.3-cm regime was reduced 250% compared to the non-mowed check (Figure 

1). Lateral spread in the 2.5-cm regime was reduced 158% compared to the non-

mowed check, while lateral spread in the 5.1-cm regime was reduced 118%.  

 Low mowing height and frequent shoot removal of the 1.3-cm mowing regime 

common to golf course fairways significantly reduced the lateral spread of khakiweed. 

Although the 2.5 and 5.1-cm mowing regimes also caused reductions, khakiweed was 

better able to withstand these mowing regimes common to golf course roughs, athletic 

fields, and home lawns. Summerlin et al. (2000) observed similar results when 

comparing the effect of mowing height on several problematic sedge species. A 

greater reduction in plant spread was observed in green kyllinga when mowed at 1.3 

cm than 3.8 cm. Bahiagrass mowed at 7.6 and 5.2 cm exhibited reductions in lateral 

spread of 21 to 27% and 40%, respectively, while bahiagrass mowed at 1.3 cm 

exhibited reductions of 44 to 62% 5 months after initial treatment (Henry et al. 2007). 

Bermudagrass maintained at mowing heights of 1.3 cm or less often forms a dense 

canopy making weed encroachment more difficult (McCarty 1991). Higher heights of 
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cut (≥ 2.5 cm) may provide openings in the canopy that contribute to khakiweed 

infestation (Duble 2001). The differential response of khakiweed to the mowing 

heights employed in this research may explain the predominant presence of this 

species in turfgrass maintained at higher mowing heights. The presence of a thick 

taproot with abundant carbohydrate reserves allows khakiweed to regenerate following 

defoliation. Henry et al. (2007) noted that shallow rhizomes of bahiagrass were 

damaged by close mowing and traffic typical of a golf course fairway, while the deep 

rhizome system of dallisgrass enhanced its ability to spread vegetatively under the 

same environmental conditions. Although lateral spread was most negatively impacted 

by the 1.3 cm mowing height, the deep taproot of khakiweed may allow it to continue 

to increase in size.  

 Methods employed in this research neglected to account for several factors 

pertinent to proper turfgrass management practices. Managed turfgrass systems (golf 

courses, athletic fields, and home lawns) are frequently mowed, so the lateral spread 

observed in the non-mowed check plots is not likely to occur. In our research, 

khakiweed was grown on bare-ground without the presence of a competing desired 

turfgrass species. Cultural and chemical practices were also conducted to alleviate 

competition from weeds. Lateral spread may have been further reduced if khakiweed 

plants were subjected to competition from bermudagrass (unpublished data), because 

bermudagrass varieties are bred to form dense canopies under frequent, low mowing 

conditions. However, based on the growth exhibited by khakiweed in our experiment 

combined with previous observations on control difficulties, this species may be able 
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to thrive and reproduce vegetatively under common mowing conditions present on 

both fairways and roughs. While lower mowing heights were not an effective means 

of cultural control. They did cause the level of lateral spread exhibited by khakiweed 

to plateau. The mowing height of 1.27 cm was successful in causing minor receding of 

the lateral spread 12 WAIT. While it cannot be recommended that mowing alone be 

used for the control of khakiweed, it can be shown that lower mowing heights coupled 

with other cultural and chemical controls may be successful in reducing khakiweed 

infestations in turfgrass systems.  

  

Source of Materials 

 
1
 Griggs Brothers 7-7-7 Seven Iron, P.O. Box 128 Albion, ID 83311.  

 
2
 Griggs Brothers 16-4-8 Turf Rally, P.O. Box 128 Albion, ID 83311.  

 
3
 Jacobsen Walk-Behind GK 500, Jacobsen, A Textron Company, 11108 

Quality Drive, Charlotte, NC 28273. 

 
4
 Honda mower model HRR216K5VKA, American Honda Power Equipment 

Division, 4900 Marconi Dr., Alpharetta, GA 88472. 

 
5
 SAS, Statistical Analysis Systems, 2002-2008, Release 9.2, Statistical 

Analysis Systems Institute, Cary, NC 27513. 
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Figure 3.1. Effect of mowing height on khakiweed lateral spread. Vertical bars    

represent least significant differences of treatment means presented bi-monthly. 
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CHAPTER IV 

SEQUENTIAL POSTEMERGENCE APPLICATIONS FOR THE 

CONTROL OF KHAKIWEED IN BERMUDAGRASS 

Abstract 

Khakiweed response to single and sequential herbicide applications was 

evaluated during the summer of 2009 and 2010 in Texas. No bermudagrass 

phytotoxicity was observed throughout the length of each trial regardless of herbicide 

treatment. Carfentrazone at 0.034 kg ai ha
-1

, metsulfuron + carfentrazone at 0.021 + 

0.034 kg ai ha
-1

, and trifloxysulfuron + carfentrazone at 0.018 + 0.034 kg ai ha
-1

 

exhibited 74 to 85% khakiweed control 2 weeks after initial treatment (WAIT). 

Control with the lower rate of carfentrazone (0.017 kg ai ha
-1

) was only 63 to 65% 2 

WAIT. Metsulfuron and trifloxysulfuron treatments exhibited ≤ 54% khakiweed 

control 2 WAIT regardless of rate. Six weeks later (8WAIT), sequential applications 

of metsulfuron exhibited 98% control regardless of rate, while control with single 

applications was 79 to 87%. Sequential applications of trifloxysulfuron exhibited 86 to 

88% khakiweed control 8 WAIT regardless of rate, while single applications exhibited 

≤ 47% control. Carfentrazone treatments exhibited ≤ 5% control regardless of rate or 

sequential application 8 WAIT. Tank-mixing metsulfuron or trifloxysulfuron with 

carfentrazone exhibited less control 8 WAIT than either sulfonylurea herbicide applied 

alone. Although initial khakiweed injury was observed in all treatments, effective 

long-term control was difficult to achieve. Excellent control (95 to 97%) was exhibited 
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by sequential metsulfuron applications 12 WAIT regardless of rate. Sequential 

applications of trifloxysulfuron (0.018 or 0.028 kg ai ha
-1

) and single applications of 

metsulfuron at 0.042 kg ai ha
-1

 exhibited moderate khakiweed control (75 to 80%) 12 

WAIT. All other treatments exhibited ≤ 57% khakiweed control 12 WAIT. The 

season-long (as assessed by the 12 WAIT control estimates) efficacy of sequential 

metsulfuron applications is a strong incentive for its adoption in place of sequential 

trifloxysulfuron (the only labeled herbicide) applications for the control of khakiweed 

in bermudagrass turf. 

 

Introduction 

Khakiweed (Alternanthera pungens Kunth) is a perennial broadleaf weed that 

readily invades managed turfgrass systems throughout the arid and semi-arid regions 

of the United States (McCarty et al. 2008). The presence of this weed significantly 

reduces the aesthetic value and playability of desired turfgrass species. Morphological 

characteristics and the ability to adapt to a wide range of environmental factors have 

led to the increase in khakiweed prevalence in managed turf. Long-term reductions in 

turfgrass density often result from the aggressive spread of dense, prostrate khakiweed 

mats throughout the summer (Sholedice and Renz 2006; Umeda and Towers 2004). A 

deep taproot and a thick waxy cuticle help khakiweed avoid acute drought stress 

(Parsons and Cuthbertson 2001) and may explain tolerance to soil salinity. 

Furthermore, turfgrass managers often observe khakiweed in areas of heavy traffic and 
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wear (i.e. cart paths, athletic fields) where desired turfgrass species are thin and less 

vigorous.  

 Limited chemical control options exist for the reduction of khakiweed 

infestations. In fact, trifloxysulfuron is the only herbicide labeled for the 

postemergence control of khakiweed in turf (Anonymous 2009). However, several 

turfgrass managers have utilized metsulfuron for the control of khakiweed on athletic 

fields and golf courses. Trifloxysulfuron and metsulfuron both belong to the 

sulfonylurea herbicide family. Good crop selectivity, very low acute and chronic 

animal toxicity, and broad-spectrum weed control at very low use rates (as low as 2 to 

75 g ha
-1

) make these chemistries very attractive from a use and environmental risk 

standpoint (Beyer et al. 1988). 

 Sulfonylurea herbicides inhibit the enzyme acetolactate synthase, thereby 

blocking the biosynthesis of the branched-chain amino acids valine, leucine, and 

isoleucine (Brown 1990; Senseman and Armbrust 2007). Inhibition leads to the 

termination of plant cell division and growth. Cessation of plant growth in conjunction 

with long-term reductions in new leaves and reproductive organs may be attributed to 

the accumulation of acetolactate synthase substrate (e.g. a-ke-tobutyrate) in leaf tissue 

(Brown 1990; LaRossa and Van Dyk 1987).  

 Trifloxysulfuron and metsulfuron are both labeled for the postemergence 

control of broadleaf weeds in warm-season turf (Anonymous 2009; Anonymous 

2011). Minimal to no bermudagrass phytotoxicity was observed following 

applications of metsulfuron and trifloxysulfuron for weed control (Davis et al. 1997; 
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Johnson 1987; McElroy et al. 2005; Butler et al. 2005). Busey (2009) reported 77% 

control of dollarweed (Hydrocotyle umbellata L.) 10 weeks after initial treatment 

(WAIT) in St. Augustinegrass [Stenotaphrum secundatum S. (Walt.) Kuntze] with 

applications of metsulfuron at 0.021 kg ai ha
-1

. Metsulfuron at 0.017, 0.034, and 0.05 

kg ai ha
-1

 exhibited 95 to 100% control of broom snakeweed [Gutierrezia sarothrae 

(Pursh) Britt. & Rusby] present in pasture land 7 WAIT (McDaniel and Duncan 1987). 

Singh and Singh (2004) observed 80 to 88% control of redroot pigweed (Amaranthus 

retroflexus L.), Florida beggarweed [Desmodium tortuosum (Sw.) DC.], hairy 

beggarticks (Bidens pilosa L.), tall morningglory [Ipomoea purpurea (L.) Roth], and 

ivyleaf morningglory (Ipomoea hederacea Jacq.) in the greenhouse with applications 

of trifloxysulfuron at 0.063 kg ai ha
-1

. Trifloxysulfuron at 0.005 kg ai ha
-1

 exhibited 

73% control of sicklepod [Senna obtusifolia (L.) H.S. Irwin Barneby] 3 WAIT in the 

greenhouse (Koger et al. 2005). 

 Minimal research has examined the postemergence control of khakiweed in 

turfgrass systems. Trifloxysulfuron at 0.017, 0.029, and 0.053 kg ai ha
-1

exhibited 95, 

94, and 98% control, respectively, 40 days after treatment (DAT) (Kopec et al. 2004a). 

Single applications of metsulfuron at 0.021 and 0.042 kg ai ha
-1

exhibitd 99% 

khakiweed control 40 DAT (Kopec et al. 2004a). Penoxsulam at 0.1 kg ai ha
-1

 

exhibited 69% khakiweed control 40 days after initial treatment (DAIT) (Kopec et al. 

2004b). Umeda (2008) observed 86% khakiweed control 36 DAIT with applications 

of carfentrazone + 2,4-D + mecoprop + dicamba at 0.45 kg ai ha
-1

. Tank-mixing 

carfentrazone + 2,4-D + mecoprop + dicamba at 0.45 kg ai ha
-1

 with fluroxypyr at 
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0.056 kg ai ha
-1

 provided 85% khakiweed control 40 DAIT (Umeda and Towers 

2004). However, applications of 2,4-D + mecoprop + dicamba at 0.14 kg ai
-1

 only 

controlled khakiweed 1% 27 DAIT (Kopec et al. 2004a). Therefore, our research will 

examine the efficacy of carfentrazone applied alone for the control of khakiweed. 

 The presence of a deep taproot enables khakiweed to regenerate from abundant 

carbohydrate reserves following defoliation (Umeda 2008). Minimal research has 

examined sequential applications for the long-term control of khakiweed. Umeda 

(2008) reported 94% khakiweed control 36 days after sequential treatment of 

carfentrazone + 2,4-D + mecoprop + dicamba at 0.45 kg ai ha
-1

 tank-mixed with 

isoxaben at 0.84 kg ai ha
-1

. Sequential applications may be necessary to reduce the 

photosynthetic capability of khakiweed and associated carbohydrate production in 

order to obtain long-term control of perennial plant portions. Therefore, the objective 

of our research was to examine single versus sequential applications of various 

chemistries and rates for the control of khakiweed present in bermudagrass turf.   

 

Materials and Methods 

Field experiments were initiated in June during the summer of 2009 and 2010 

at Meadowbrook Golf Course in Lubbock, TX (33
o
35‟55” N, -101

o
49‟52” W). 

Research was performed on established khakiweed infestations present in a common 

bermudagrass [Cynodon dactylon (L.) Pers.] rough that was maintained at a height of 

5.0 cm. Plots measured 1.5 x 1.5 m
 
and were arranged in a randomized complete block 
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design with four replications of treatments. Each plot was assessed at the time of 

initial herbicide application for percent khakiweed control. Initial canopy cover of 

khakiweed within each plot was recorded for control estimation and ranged from 40 to 

90%. All experimental areas were mowed once weekly. There was no rain or irrigation 

applied for a 24 hour period following herbicide applications. 

 Fourteen herbicide treatments and a non-treated control were included in both 

years and are listed in Table 1. Herbicide treatments were initiated on June 9, 2009 

and June 10, 2010. Herbicides included trifloxysulfuron, carfentrazone, and 

metsulfuron (Table 1). Treatments were applied using a CO2 pressurized backpack 

sprayer equipped with XR8004VS Teejet nozzle tips and calibrated to deliver 375 

L/ha at 221 kPa.   

Data collected included percent bermudagrass phytotoxicity and percent 

khakiweed control based on visual estimates and grid counts, respectively. 

Bermudagrass phytotoxicity was rated 1, 2, 4, 6, 7, and 8 WAIT, on a scale of 0 (no 

visual phytotoxicity symptoms) to 100% (complete turfgrass necrosis). Khakiweed 

control was rated 1, 2, 4, 6, 8, and 12 WAIT using a 1-ft
2
 grid (25 intersecting points) 

tossed randomly into each plot. Grid counts were converted to % khakiweed control 

by comparing each plot to the canopy cover assessed at initial herbicide application. 

Visual estimates of percent bermudagrass phytotoxicity and percent khakiweed control 

were arc-sin square root transformed prior to analysis. Transformation did not improve 

variance homogeneity; therefore, non-transformed data were used in analysis and 

presentation. There were no significant year interactions, so data were combined and 
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subjected to analysis of variance, using error partitioning appropriate to a randomized 

complete block design analysis in the general linear models procedure provided by 

SAS. Means were separated using Fisher‟s protected LSD at the 0.05 significance 

level.  

   

Results and Discussions 

 No bermudagrass phytotoxicity was observed throughout the length of each 

trial regardless of herbicide treatment (data not shown). Johnson (1987) observed 

similar results on bermudagrass in response to metsulfuron at 0.03, 0.07, and 0.13 kg 

ai ha
-1

, while McElroy et al. (2005) reported bermudagrass seedling tolerance to 

trifloxysulfuron applications 

 Herbicide treatment main effects were observed for khakiweed control (Table 

1). Carfentrazone at 0.034 kg ai ha
-1

, metsulfuron + carfentrazone at 0.021 + 0.034 kg 

ai ha
-1

, and trifloxysulfuron + carfentrazone at 0.018 + 0.034 kg ai ha
-1

 exhibited 74 to 

85% khakiweed control 2 WAIT. Umeda (2008) observed similar results (72% 

khakiweed control 10 DAIT) with applications of carfentrazone + 2,4-D + mecoprop + 

dicamba at 0.45 kg ai ha
-1

. Weeds treated with carfentrazone often exhibit necrosis and 

die within a few days (Senseman and Armbrust 2007). Carfentrazone alone (0.017 kg 

ai ha
-1

) in our research exhibited 63 to 65% control 2 WAIT. However, metsulfuron 

and trifloxysulfuron treatments exhibited ≤ 54% khakiweed control 2 WAIT, 

regardless of rate. Injury symptoms following application of metsulfuron and 
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trifloxysulfuron have been reported to take > 1 to 2 weeks to appear (Senseman and 

Armbrust 2007). 

 Six weeks later (8 WAIT), sequential applications of metsulfuron exhibited 

98% control regardless of rate, while control with single applications of metsulfuron 

was 79 to 87%. Kopec et al. (2004a) reported 99% khakiweed control 40 DAT with 

single applications of metsulfuron at 0.021 and 0.042 kg ai ha
-1

. Sequential 

applications of trifloxysulfuron exhibited 86 to 88% khakiweed control 8 WAIT 

regardless of rate, while single applications exhibited ≤ 47% control. Kopec et al. 

(2004a) observed greater khakiweed control (94 to 99%) 40 DAT with applications of 

trifloxysulfuron at 0.017, 0.029, and 0.053 kg ai ha
-1

. Carfentrazone treatments 

exhibited ≤ 5% khakiweed control regardless of rate or sequential application 8 

WAIT. Tank-mixing metsulfuron or trifloxysulfuron with carfentrazone exhibited less 

control 8 WAIT than either sulfonylurea herbicide applied alone. Rapid burn-down of 

khakiweed foliage in response to carfentrazone may reduce sulfonylurea translocation, 

therefore decreasing long-term control.  

 Although initial khakiweed injury was observed in all treatments, effective 

long-term control was difficult to achieve. Excellent control (95 to 97%) was exhibited 

by sequential metsulfuron applications 12 WAIT regardless of rate. Sequential 

applications of trifloxysulfuron (0.018 or 0.028 kg ai ha
-1

) and single applications of 

metsulfuron at 0.042 kg ai ha
-1

 exhibited moderate khakiweed control (75 to 80%) 12 

WAIT. All other treatments exhibited ≤ 57% khakiweed control 12 WAIT. Previous 
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research examined khakiweed control over shorter time periods, except for Umeda 

(2008) where control was recorded 64 DAIT.   

 Khakiweed produces a deep taproot used to store carbohydrates for emergence 

and growth in subsequent years. Effective khakiweed control is likely limited by the 

amount of herbicide absorption and translocation to perennial plant structures. Several 

studies examining the absorption and translocation of metsulfuron and trifloxysulfuron 

may provide some insight. Leys and Slife (1988) reported 58% of applied 
14

C-

metsulfuron was readily absorbed by wild garlic (Allium vineale L.) 144 h after 

application and 16% of that absorbed material translocated out of the treated leaf. 

Troxler et al. (2003) observed ≤ 53% of applied 
14

C-trifloxysulfuron was absorbed by 

yellow nutsedge (Cyperus esculentus L.) and purple nutsedge (C. rotundus L.) 96 h 

after treatment. Approximately 30% of the absorbed 
14

C-trifloxysulfuron translocated 

out of both Cyperus spp. treated leaves, with 4% moving into tubers and roots. 

McElroy et al. (2004) observed similar results in green kyllinga (Kyllinga brevifolia 

Rottb.) and false-green kyllinga (Kyllinga gracillima Miq.). Both spp. absorbed 47% 

of the applied 
14

C-trifloxysulfuron 96 h after application. Approximately 2 and 4% of 

the absorbed 
14

C-trifloxysulfuron translocated to the roots and rhizomes, respectively.  

 The season-long (as assessed by the 12 WAIT control estimates) efficacy of 

sequential metsulfuron applications is a strong incentive for its adoption in place of 

sequential trifloxysulfuron (the only labeled herbicide) applications for the control of 

khakiweed in bermudagrass turf. Although sequential trifloxysulfuron applications 

may provide moderate khakiweed control, late-season regrowth enables carbohydrate 
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production and storage necessary for reemergence in following years. Enhanced initial 

control exhibited by carfentrazone treatments may be of interest in the future. Further 

examination of trifloxysulfuron and metsulfuron treatments following initial 

carfentrazone applications may provide quicker and more long-term defoliation to 

further control this perennial weed. 

 

Source of Materials 

 
1
Monument, Syngenta Crop Protection, LLC, P.P. Box 18300, Greensboro, NC 

27419 

 
2
Quicksilver, FMC Corporation, 1735 Market St. Philadelphia, PA 19103 

 
3
Blade, PBI Gordon Corporation, 1217 W. 12

th
 St. Kansas City, MO 64101 

4
Teejet flat-fan extended range spray tips. Spraying Systems Co., North 

Avenue and Schmale Road, Wheaton, IL 60129 

5
 SAS, Statistical Analysis Systems, 2002-2008, Release 9.2, Statistical 

Analysis Systems Institute, Cary, NC 27513   
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Table 4.1. Percent control of khakiweed  in bermudagrass 2, 8, and 12 WAIT.
a
 

Treatment
b Rate 2 WAIT 8 WAIT 12 WAIT 

 kg/ha  % control  

Tri 0.018 32 30 22 

Tri 0.028 50 47 28 

Tri fb Tri 5 WAIT 0.018 + 0.018 37 86 75 

Tri fb Tri 5 WAIT 0.028 + 0.028 53 88 80 

Carfen 0.017 65 0 0 

Carfen 0.035 82 0 0 

Carfen fb Carfen 3WAIT 0.017 + 0.017 63 0 0 

Carfen fb Carfen 3 WAIT 0.035 + 0.035 85 5 0 

Met 0.021 42 79 57 

Met 0.042 54 87 79 

Met fb Met 5 WAIT 0.021 + 0.021 41 98 95 

Met fb Met 5 WAIT 0.042 + 0.042 53 98 97 

Met + Carfen 0.021 + 0.035 78 60 42 

Tri + Carfen 0.018 + 0.035 74 26 9 

Nontreated  0 0 0 

LSD (P=0.05)  5.7 5.7 5.7 

 
a 
Data were pooled over locations and experimental years. Abbreviations 

WAIT, weeks after initial treatment; fb, followed by; carfen, carfentrazon; tri, 

trifloxysulfuron; met, metsulfuron. 



Texas Tech University, Andrew J. Hephner, August 2011 

54 

 
b 

Single or sequential applications were made with each application within a 

treatment receiving the same herbicides  


