


Henbit (Lamium amplexicaule L.) Control with Preemergence and Postemergence Herbicides




.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT 

	Aims: Studies were conducted during the 2015 through 2017 growing seasons to evaluate various herbicide programs for winter control of henbit under fallow conditions. 
Study design:  Randomized complete block design with 3 replications..
Place and Duration of Study: The upper Coastal Bend area of Texas near Ganado during the 2015 through 2017 growing seasons.
Methodology: Herbicides were applied postemergence using a CO2-pressurized backpack sprayer with Teejet 11002 flat fan nozzles at a pressure of 180 kPa and calibrated to deliver 187 L ha-1. An untreated check was included for comparison at each location.  Henbit control were visually estimated on a scale of 0 to 100 (0 indicating no control and 100 indicating complete control or plant death). Means were compared with Fisher’s Protected 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%.  In the one year where 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 rated 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 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.  
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1. INTRODUCTION 

[bookmark: _Hlk217024918]Winter annual weed infestations in fields where corn (Zea mays L.), cotton (Gossypium hirsutum L.), or soybean [(Glycine max (L.) Merr.] will be planted in the spring can be troublesome for producers and compete for nutrients and water resources during the establishment of the summer crop [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]. Fall herbicide applications to control winter weeds allow soils to warm more rapidly in the spring by reducing vegetative cover.  Lee and Witt [4] reported warmer surface soil temperatures in plots where henbit was controlled by atrazine or simazine. 

The application of efficacious herbicides in late fall/winter can reduce producer workload in spring and aid in timely planting of the crop [5,6].  In addition, fall herbicide applications facilitate spring planting in no-till fields by reducing winter annual weed biomass. When planting corn in the spring, uncontrolled henbit may interfere with crop planting, growth, and development via direct competition or through harboring of other pests [2]. Additionally, reduced vegetative cover following fall herbicide applications can result in increased soil temperatures in the spring which will decrease the time from plant to corn emergence [7] and reduce the competition with winter annual weeds for nutrients and water resources [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

	
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 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	
Herbicides were applied postemergence (POST) with a CO2-pressurized backpack sprayer using Teejet 11002 flat fan nozzles (Spraying Systems Co., North Avenue and Schmale Road, Wheaton, IL 60188) with a pressure of 180 kPa and calibrated to deliver 187 L ha-1. An untreated check was included for comparison at each location.  All herbicide rates were based on the US label for that herbicide and applications included an adjuvant and either ammonium nitrate or sulfate when recommended according to the label.  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 for the 2015 study was due to poor soil moisture during October through December of 2014 which slowed 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 weed control were visually estimated on a scale of 0 to 100 (0 indicating no control or injury and 100 indicating complete control or plant death) [9].  Visual estimates of henbit control were transformed to the arcsine square root prior to analysis of variance, but are expressed in their original form for clarity because the transformation did not alter interpretation.  Means were compared with Fisher’s Protected LSD test at the 5% probability level [10].  The non-treated check was included in the weed control analysis.   

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.  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, henbit control following oxyfluorfen was greater than flumioxazin and rimsulfuron + thifensulfuron-methyl when evaluated 85 and 100 DAA.  Woolam et al. [12] concluded from their research that although oxyfluorfen control was greater 85 and 100 DAT, flumioxazin and rimsulfuron + thifensulfuron-methyl controlled henbit 84% to 87%, indicating that these treatments can also effectively control henbit.  Also, Hasty et al. [13] stated that fall applications for winter annual weed control were more effective than winter applications, because the weeds are targeted at an earlier growth stage.  Weed control following herbicide applications is increased when applied to weeds 50 mm or less in height [14-16]. Krausz et al. [17] observed 93% henbit control prior to planting in the spring following a mid-November application of rimsulfuron plus thifensulfuron-methyl.  
[bookmark: _Hlk215738876]3.2 2016.  At the 31 DAA evaluation, all herbicide treatments, with the exception of saflufenacil alone and rimsulfuron + thifensulfuron-methyl, provided 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]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.  At the 42 DAA evaluation, all herbicide treatments, with the exception of saflufenacil alone (57%), provided at least 97% henbit control (Table 2).  Saflufenacil is readily absorbed by plant roots, shoots, and leaves. Once absorbed, it is predominantly translocated via the xylem with relatively little movement in the phloem [19]. Saflufenacil has both contact and residual activity against susceptible weeds, which often show initial injury symptoms within a few hours [20]. Adjuvants also increased saflufenacil efficacy for henbit control compared with the herbicide applied alone [21]. In general, MSO provided the most enhancement of saflufenacil [21]. The effective dose (ED) 90 values obtained at 28 DAT were 98g/ha of saflufenacil applied alone compared with 52, 43, and35 g/ha doses of saflufenacil applied with NIS, COC, or MSO, respectively [21]. 
[bookmark: _Hlk217355968][bookmark: _Hlk215747742]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 while 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 while 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] observed 93% henbit control prior to planting in the spring following a mid-November application of rimsulfuron plus thifensulfuron.    Askew et al., [18] reported glyphosate alone and glyphosate combinations controlled henbit 100% and purple deadnettle 99%. 
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 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%).  

[bookmark: _GoBack]
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