


Application of Preemergence and Postemergence Herbicides for controlling Henbit (Lamium amplexicaule L.) in upper Coastal Bend area of Texas
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ABSTRACT 

	Background and Aims: Timely fall herbicide applications are an important management strategy for winter annual weeds, balancing erosion control benefits with the need to optimize spring planting conditions and early crop growth. Studies were conducted to evaluate herbicide programs for control of henbit under fallow conditions. 
Study design:  Randomized complete block design (RCBD) with 3 replications..
Place and Duration of Study: Upper Coastal Bend area of Texas near Ganado during the 2015 through 2017 growing seasons.
Methodology: Post-emergence herbicide applications were carried out using a CO₂-pressurised backpack sprayer equipped with TeeJet 11002 flat-fan nozzles, operated at a pressure of 180 kPa and calibrated to deliver 187 L ha⁻¹. An untreated control was included at each experimental site for comparative purposes. Henbit control was assessed visually using a rating scale ranging from 0 to 100, where 0 represented no observable control and 100 denoted complete control or plant mortality. Treatment means were separated using Fisher’s Protected Least Significant Difference (LSD) test at the 5% probability level. 
[bookmark: _Hlk217024163]Results: When evaluated early-season, 31 to 42 days after herbicide application (DAA), herbicide systems containing either atrazine or flumioxazin controlled henbit 97 to 100%.  When the evaluation was taken 19 DAA, henbit control with atrazine systems without flumioxazin was poor with control ranging from 47 to 57% while flumioxazin systems, with the exception of flumioxazin + thifensulfuron-methyl + tribenuron-methyl + glyphosate, provided at least 90% henbit control.  When evaluated 57 to 75 DAA, the combination of flumioxazin + pyrosulfone with or without atrazine provided 93 to 100% control.  Rimsulfuron + thifensulfuron-methyl alone or in combination with atrazine and atrazine + flumioxazin controlled henbit 80 to 98% while rimsulfuron + thifensulfuron-methyl + glyphosate provided 78 to 96% control. 
Conclusion: Several herbicide programs provided satisfactory to excellent henbit control and are options for reducing the  winter weed issue.  Flumioxazin + pyroxasulfone alone or in combination with atrazine provided the most consistent control.  These combinations not only provide ‘knock-down’ of the henbit but also can provide residual control.  
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1. INTRODUCTION 

[bookmark: _Hlk217024918]Winter annual weed infestations in fields designated for the subsequent planting of maize (Zea mays L.), cotton (Gossypium hirsutum L.), or soybean [Glycine max (L.) Merr.] during spring present significant challenges for producers. These weeds compete aggressively for essential resources, including nutrients and soil moisture, thereby impeding the successful establishment and early growth of the summer crops. [1].  They offer the benefit of soil cover for erosion control, but in addition to being a host for insect pests, winter annual weeds can delay soil warming in the spring, and interfere with planting or spring tillage operations [2,3]. Autumn herbicide applications targeting winter weeds can facilitate more rapid soil warming in spring by reducing vegetative ground cover. Lee and Witt [4] documented elevated surface soil temperatures in plots where henbit was effectively controlled using atrazine or simazine, compared with untreated areas.

The application of effective herbicides during late autumn or early winter can alleviate producers’ workload in spring and support the timely establishment of crops [5,6]. Moreover, autumn herbicide treatments are particularly advantageous in no-till systems, where the reduction of winter annual weed biomass facilitates smoother spring planting operations. In maize cultivation, uncontrolled henbit may hinder planting, growth, and early development through direct resource competition or by serving as a reservoir for pests [2]. Furthermore, diminished vegetative cover following autumn herbicide application can elevate spring soil temperatures, thereby shortening the interval between sowing and maize emergence [7] and reducing competition from winter annual weeds for essential nutrients and soil moisture [7,8]. Since there is limited information on the control of henbit under fallow situations, this study was undertaken to identify herbicide programs which would provide season-long control of this weed. 

2. material and methods 

2.1 Field studies

	Table 1. Variables associated with winter weed control studies in south-central Texas.

	Variable
	2015
	2016
		    2017

	Location
	Ganado
	Ganado
	Ganado

	Grower’s field
	Srubar
	Hajovsky
	Hajovsky

	
Coordinates
	29.0438o N
-96.4964o W
	29.0575o N
-96.4964o W
	29.0595o N
-96.4847o W

	Soils
	
	
	

	Type
	Laewest
	Laewest
	Laewest

	Taxonomic class
	Fine, smectic, hyperthermic Typic Hapluderts 
	Fine, smectic, hyperthermic Typic Hapluderts
	Fine, smectic, hyperthermic Typic Hapluderts

	OM (%)
	< 1.0
	< 1.0
	< 1.0

	pH
	7.3
	7.4
	7.3

	Herbicide application 
	
	
	

	Sprayer type
	CO2 backpack
	CO2 backpack
	CO2 backpack

	Spray pressure (kPa)
	180
	180
	180

	Nozzle type
	Flat fan
	Flat fan
	Flat fan

	Nozzles tips
	DG 11002
	DG 11002
	DG 11002

	Spray volume (L ha-1)
	187
	187
	187

	Application
	January 21, 2015
	December 4, 2015
	December 28, 2016

	Henbit size 
at application (cm) 
	
10-20
	
10-16
	
8-16



































Field studies were conducted during the 2015 through 2017 winter growing season along the upper Texas Gulf Coast near Ganado in a grower’s field at three different locations.  Specifics of each test site are given in Table 1.  Studies were arranged in a randomized complete block design with three replicates of treatments.   The fields were bedded and prepared for spring planting but fallow at time of herbicide application.  Plot dimensions were two rows, spaced 91 cm apart by 9.1 m long.  Henbit populations were from a naturally occurring population and varied from location to location and but were great enough to assure a good representation for evaluation (6 to !0 plants/m2).












2.2 Herbicide application, weed size and populations	
Post-emergence (POST) herbicide applications were conducted using a CO₂-pressurised backpack sprayer fitted with TeeJet 11002 flat-fan nozzles (Spraying Systems Co., North Avenue and Schmale Road, Wheaton, IL 60188). The sprayer was operated at a pressure of 180 kPa and calibrated to deliver a spray volume of 187 L ha⁻¹. An untreated control was maintained at each experimental site for comparative evaluation. Herbicide application rates were determined in accordance with the respective United States label recommendations. Where specified by the label, treatments included the addition of an appropriate adjuvant and either ammonium nitrate or ammonium sulfate.  Herbicide applications were made when the henbit was 8 to 20 cm tall to provide a good evaluation of herbicide activity (Table 1).  The late application in 2015  (Jan 21) was due to poor soil moisture during October through December of 2014 which delayed henbit growth while herbicide applications for the 2016 and 2017 studies were made in December of the previous year.  
2.4 Weed control evaluations and statistical analysis. 
Henbit control was assessed visually using a rating scale of 0 to 100, where 0 represented no observable control or injury and 100 denoted complete control or plant mortality [9]. Prior to analysis of variance, percentage control data were subjected to arcsine square-root transformation to satisfy assumptions of normality; however, the results are presented in their original (non-transformed) form for ease of interpretation, as the transformation did not influence the overall conclusions. Treatment means were separated using Fisher’s Protected Least Significant Difference (LSD) test at the 5% probability level [10]. The non-treated control was included in the statistical analysis of weed control.
3. results and discussion

Since henbit emergence in south Texas typically occurs from November through February, evaluations were planned for two times during the growing season but since the POST applications in 2015 were later in the winter growing season the grower decided to plant corn early and the test had to be abandoned with only one evaluation completed. 
[bookmark: _Hlk215738817][bookmark: _Hlk215740288]3.1 2015. Early-season.  When evaluated 19 days after application (DAA), henbit control was > 90% with treatments which included flumioxazin alone and flumioxazin in combination with either pyroxasulfone or atrazine.  Saflufenacil alone provided 97% control (Table 2).  Interestingly, when flumioxazin was in combination with thifensulfuron-methyl + tribenuron-methyl + glyphosate, henbit control was only 48%.   Any treatment that included atrazine without flumioxazin provided no better than 67% control.  Herbicide systems containing rimsulfuron + thifensulfuron-methyl controlled henbit < 57%.  Rimsulfuron + thifensulfuron-methyl typically is slow acting and usually takes about 28 days to see full activity under our cool, fall conditions  (author’s personal observations). In previous research, Lee and Witt [11] observed excellent henbit control with atrazine while Woolam et al. [12] reported that flumioxazin, oxyfluorfen, and rimsulfuron + thifensulfuron-methyl provided 90% to 
	Table 2. Henbit control with preemergence and postemergence herbicides. 

	
	Rate
	2015e
	2016
	2017

	Treatmentsa
	Ml ha-1
	DAAf

	
	
	19
	31
	75
	42
	57

	
	
	%

	Check
	-
	0
	0
	0
	0
	0

	Atrazine + 2,4-D
	2339 + 2339
	47
	100
	55
	100
	72

	Atrazine + glyphosate
	2339 + 2339
	67
	100
	42
	100
	62

	[bookmark: _Hlk219441508]Rimsulfuron + thifensulfuron-methylb + glyphosate
	19.8 +
19.8 +
2339
	
53
	
99
	
96
	
100
	
78

	Atrazine + rimsulfuron + thifensulfuron-methyl
	2339 +
19.8 + 19.8
	57
	100
	97
	100
	83

	Flumioxazin
	146.1
	93
	100
	73
	97
	91

	Flumioxazin
	219.2
	-
	100
	71
	100
	99

	Flumioxazin + pyroxasulfonec
	73.4 +
93.2
	96
	100
	95
	99
	95

	Saflufenacil
	146.1
	97
	88
	74
	57
	88

	Flumioxazin + thifensulfuron-methyl +
tribenuron-methyld +
glyphosate
	74.5 +
9.1 +
9.1+
2339
	

48
	

100
	

73
	

100
	

99

	Atrazine + flumioxazin 
	2339 + 146.1
	90
	100
	83
	100
	99

	Atrazine + flumioxazin + pyroxasulfone
	2339 +73.4
+ 93.2
	98
	100
	93
	100
	100

	Atrazine
	2339
	47
	100
	48
	100
	63

	Rimsulfuron + thifensulfuron-methyl
	19.8 +
19.8
	32
	95
	98
	99
	80

	Atrazine + paraquat
	2339 + 2339
	-
	100
	40
	100
	63

	LSD (0.05)
	
	21
	4
	25
	2
	6

	a All treatments included adjuvants as recommended on the product label.
b Premix marketed in the US, sold as Leadoff® by Corteva Agriscience™.
c Premix marketed in the US, sold as Fierce® by Valent USA™.
d Premix marketed in the US, sold as Afforia® by Corteva Agriscience™.
e Due to late season application only one evaluation was completed.
f Abbreviation: DAA, days after herbicide application.
































96% henbit control 50 DAA. However, Woolam et al. [12] reported that henbit control achieved with oxyfluorfen exceeded that obtained with flumioxazin and the combination of rimsulfuron + thifensulfuron-methyl when assessments were conducted at 85 and 100 days after application (DAA). Despite the comparatively lower efficacy, flumioxazin and rimsulfuron + thifensulfuron-methyl provided 84–87% control, demonstrating that these treatments can also offer effective management of henbit. Similarly, Hasty et al. [13] indicated that autumn applications for the control of winter annual weeds were more effective than winter treatments, as they target weeds at earlier growth stages. Consistent with this observation, previous studies [14–16] have shown that herbicide efficacy is enhanced when applications are made to weeds measuring 50 mm or less in height. Furthermore, Krausz et al. [17] documented 93% henbit control prior to spring planting following a mid-November application of rimsulfuron in combination with thifensulfuron-methyl.  
[bookmark: _Hlk215738876]3.2 2016.  Early-season. At the 31 DAA evaluation, only saflufenacil alone and rimsulfuron + thifensulfuron-methyl did not provide at least 99% henbit control (Table 2).  Rimsulfuron + thifensulfuron-methyl controlled henbit 95% while saflufenacil alone provided 88% control.  
[bookmark: _Hlk215747372][bookmark: _Hlk215740471][bookmark: _Hlk217028505]Late-season. At the 75 DAA evaluation, control was reduced considerably with several herbicide treatments.  Atrazine in combination with either 2,4-D, glyphosate, or paraquat provided 40 to 55% control while atrazine alone controlled henbit 48%.  Woolam et al. [12] noted that paraquat plus flumioxazin, oxyfluorfen, or rimsulfuron + thifensulfuron-methyl applied November 1 through December 15 provided 90% to 96% henbit control.  Other research has noted an increase in weed control with the addition of 2,4-D or glyphosate [17,18].  Krausz et al., [17] reported adding 2,4-D to metribuzin increased control of common mouse-ear chickweed (Cerastium fontanum Baumg.) and henbit to 80% and control of wild garlic (Allium vineale L.) to 75%.  Increasing the rate of flumioxazin from 146 ml ha-1 to 219 ml ha-1 did not improve henbit control (73% vs 71%, respectively).  Rimsulfuron + thifensulfuron-methyl alone or in combination with either glyphosate or atrazine, flumioxazin + pyroxasulfone, or atrazine + flumioxazin + pyroxasulfone controlled henbit at least 93%. (Table 2).  Askew et al., [18] reported glyphosate alone and any combinations with glyphosate controlled henbit 100%.  Fall-applied atrazine, rimsulfuron + thifensulfuron-methyl, and simazine provided 93% control of mouse-ear chickweed and henbit prior to planting a spring annual crop [17].
3.3 2017. Early-season.  At the 42 DAA evaluation, only  saflufenacil alone (57%) did not  provide at least 97% henbit control (Table 2).  Saflufenacil is readily absorbed through plant roots, shoots, and foliage. Following uptake, it is primarily translocated via the xylem, with minimal redistribution through the phloem [19]. Saflufenacil exhibits both contact and residual activity against susceptible weed species, with visible injury symptoms frequently appearing within a few hours of application [20]. The inclusion of adjuvants has been shown to enhance the efficacy of saflufenacil for henbit control compared with application of the herbicide alone [21]. Among the adjuvants evaluated, methylated seed oil (MSO) provided the greatest enhancement of herbicidal activity [21]. The effective dose 90 values obtained at 28 days after treatment (DAT) was 98 g ha⁻¹ when saflufenacil was applied alone, whereas lower ED₉₀ values of 52, 43, and 35 g ha⁻¹ were recorded when saflufenacil was applied in combination with a non-ionic surfactant (NIS), crop oil concentrate (COC), or MSO, respectively [21].
[bookmark: _Hlk217355968][bookmark: _Hlk215747742]Late-season. At the 57 DAA evaluation, flumioxazin alone at 219.2 ml ha-1, combinations of atrazine + flumioxazin or flumioxazin + thifensulfuron-methyl + tribenuron-methyl + glyphosate or atrazine + flumioxazin + pyroxasulfone provided 99 to 100% control. Flumioxazin + pyroxasulfone controlled henbit 95%.  Increasing the rate of flumioxazin from 146.1 ml ha-1 (91%) to 219.2 ml ha-1 (99%) improved henbit control 8%.  Atrazine alone or in combination with either 2,4-D, glyphosate, or paraquat resulted in < 72% control.Rimsulfuron + thifensulfuron-methyl alone or in combination with either glyphosate or atrazine provided 78 to 83% henbit control.  Henbit control with saflufenacil alone improved to 88%.  Krausz et al. [6] reported 93% control of henbit prior to spring planting following a mid-November application of rimsulfuron in combination with thifensulfuron. Similarly, Askew et al. [18] demonstrated that glyphosate applied alone, as well as in combination treatments, achieved 100% control of henbit and 99% control of purple deadnettle.
[bookmark: _GoBack]4. Conclusion

Several POST herbicides provided good to excellent henbit control and are options to reduce this winter weed issue.  Flumioxazin + pyroxasulfone alone or in combination with atrazine provided the most consistent control.  These combinations not only provide ‘knock-down’ of the henbit but also can provide residual control.  Although flumioxazin alone provided 71 to 99% control when evaluated 57 and 75 DAA, the addition of atrazine to flumioxazin provided 83 to 100% control while the three-way combination of atrazine + pyroxasulfone + to flumioxazin provided the most consistent control ((93 to 100%).  Atrazine alone provided perfect early-season weed control but late-season henbit control was poor (< 50%).  
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