




















PEANUT (Arachis hypogaea L.) WEED CONTROL AND CROP RESPONSE WITH 
HERBICIDE PROGRAMS FOR THE SOUTH TEXAS PRODUCTION AREA    




ABSTRACT 

Aims: To evaluate peanut tolerance and weed efficacy with various peanut herbicide programs.  
Study Design:  Randomized complete block.
Place and Duration of Study: Field studies were conducted during the 2018, 2021 and 2022 growing seasons in the south Texas peanut growing region.
Methodology: A weed-free study was conducted in 2018 to evaluate crop safety while in 2021 and 2022 weed efficacy trials were conducted. The weed-free study was taken to yield; however, the weed efficacy studies were not.
Results: No noticeable peanut injury with any herbicide program was noted in 2018; however, paraquat + imazethapyr applied at cracking produced the lowest yield.  In the 2021 and 2022 studies, peanut stunting was noted with all herbicide systems which included paraquat. Amaranthus palmeri control was > 95% with pendimethalin + flumioxazin + S-metolachlor applied preemergence or any herbicide systems which included S-metolachlor + 2,4-DB applied postemergence.  Pendimethalin alone provided 83% control of Urochloa texana while herbicide systems which contained multiple herbicides provided > 90% control.  Similar results were seen with Cucumis melo.  Ipomoea hederacea L. required the use of multiple herbicides to provide effective control.  Pendimethalin alone or paraquat + pyroxasulfone provided <70% control while systems which included pendimetahlin + either S metolachlor, the premix of carfentrazone + pyroxasulfone, or imazapic provided 100% control.  
Conclusion: These studies indicate that grower concern about peanut injury are largely unfounded as only paraquat-containing herbicide systems consistently resulted in any stunting.  The premix of carfentrazone + pyroxasulfone caused leaf burn; however, peanuts recover quickly with no yield reduction.  Although the premix of carfentrazone + pyroxasulfone systems provided excellent control of U. texana, typically they do not effectively control large-seeded annual grasses.  Other herbicide systems which included pendimethalin plus either S-metolachlor, flumioxazin + S-metolachlor, dimethenamid, or imazapic provided excellent weed control.  These herbicide systems offer growers another option to help provide season-long weed control in the southwestern US peanut production areas.
 Keywords: Cracking, preemergence, postemergence, peanut stunting, weed efficacy, peanut tolerane.    


1. INTRODUCTION 

Peanut (Arachis hypogaea L.) is an important crop for sustainable human nutrition since it is an essential source of oil and protein in many countries around the world [1.2].  Production systems can vary considerably depending on geography, climate and weather, and access to production resources such as irrigation, fertilizer and pesticides, and tillage and cultivation equipment [3].  Although variation exists depending upon infestation of weeds, incidence of disease, and fluctuations in insect populations, pesticide expenditures for weed control exceed those for diseases and insects [4].  In a survey of 6 states which account for 93% of the 0.57 million hectares of peanut planted annually in the US, herbicides were applied to 94% of planted hectares, while fungicides and insecticides were applied to 88 and 37% of the planted hectares, respectively [4].  Among herbicides, flumioxazin was the most widely used active ingredient (applied to 65% of the planted acres, followed by pendimethalin and S-metolachlor (each applied to 34%) [4].  

The success of any weed management practices can be influenced by the ability of peanut to compete with weeds, cultural practices that minimize the soil seed bank and weed infestation, mechanical practices such as primary tillage prior to planting, cultivation during the growing season, and also by efficacy of herbicides [5,6].  Assessment of weed population dynamics in both the short and especially long-term is critical for identifying weed control practices that will ensure long-lasting and cost-effective weed management [6]. 

Most weed management strategies in peanut tend to focus on dicotyledonous species such as Palmer amaranth [Amaranthus palmeri (S.) Wats.], sicklepod (Senna obtusifolia (L.), Florida beggarweed [Desmodium tortuosum (Sw.) DC.], and morningglory (Ipomoea spp) species because they are capable of forming dense populations which makes digging difficult and are also hard to control [7-9]. Their ability to produce large amounts of seed and form persistent seed banks due to their hard seed coats greatly increase their survival within not only peanut but also other rotational crops including cotton (Gossypium hirsutum L.), corn (Zea mays L.) and soybean (Glycine max L.) [10]. 

Several of these species have high interference potential. For example, a single Palmer amaranth plant per meter-row can reduce peanut yield 30% and at 4 to 5 plants per m-row peanut loss can reach 50 to 70% [10]. Similarly, at 1 plant per 10 m-2 (close to 1.1 plants m-row), sicklepod reduced peanut yield by 29-60% [11]. The presence of herbicide resistant biotypes has particularly benefited Palmer amaranth by limiting its control and allowing rapid explosions of its populations in not only peanut, but other key rotational crops [12-15].

Grass weed species including large crabgrass [Digitaria sanguinalis (L.) Scop.], goosegrass [Eleusine indica (L.) Gaertn.], crowfootgrass [Dactyloctenium aegyptium (L.) Wild.], browntop millet [Urochloa ramosa (L.) Nguyen], fall panicum (Panicum dichotomiflorum Michx.), and Texas millet [Urochloa texana (Buckl.) R. Webster] can reduce peanut yield more than 60%, especially when not controlled in a timely manner [16-18]. However, the fact that there are multiple preemergence (PRE) herbicides and selective postemergence (POST) grass herbicides registered for peanut (e.g. clethodim, sethoxydim, and fluazifop-P-butyl) makes grass weeds a less critical problem for peanut growers compared to key broadleaf species. 

These grass weed species are often found growing in peanut fields in Texas [17,19-22]. Crabgrass species are among the most frequent weeds in peanut, but they are easily managed and they are not considered troublesome [20,21]. Texas millet is found abundantly in the south Texas peanut growing region and is more difficult to control mainly because of its tolerance to preemergence and less consistent control with postemergence herbicides. Also, the large root mass that this plant produces can be an issue at digging [20-22].  This last point underscores the importance of considering not only weed frequency and density, but also the impact on production and challenges for management when determining the need for weed control and investment in time and financial resources.

Unlike most grass weeds, purple nutsedge (Cyperus rotundus L.) and yellow nutsedge (Cyperus esculentus L.) can represent major challenges for peanut production because of fewer effective herbicides and their adaptations to survive and propagate under tillage and cultivation [9,22-25]. Nutsedge species are frequently found in peanut fields, and although their importance has decreased as Palmer amaranth issues increased, they are consistently ranked among the most problematic weeds in peanut [26].

Some growers in south Texas feel that certain herbicide programs (programs containing paraquat, two- and three-way combinations of pendimethalin, flumioxazin, and S-metolachlor) may be causing peanut injury consequently affecting yield and grade.  Also, many growers have expressed concerns about the effectiveness of current herbicide programs for weed efficacy.  Imazapic and other herbicides are not as effective as they once were for effective weed control (author’s personal observation).  Also, concerns about Palmer amaranth, smellmelon, and yellow nutsedge resistance to imazapic are becoming more common, thus effective new herbicide programs need to be developed. Therefore, the objective of this research was to evaluate different herbicide programs for peanut response and effective weed control in the south Texas peanut growing region. 

2.	MATERIAL AND METHODS 

Two different peanut herbicide trials were conducted in producer’s fields near Pearsall in the south Texas peanut growing region in 2018, 2021 and 2022. Peanut response to herbicide programs under weed-free conditions was conducted in 2018 while in 2021 and 2022 weed efficacy trials were conducted (Table 1).  In the 2021 and 2022 studies, peanut stunting with the various herbicide programs was also evaluated in addition to weed efficacy.

Soils at the 2018 site were a Miguel fine sandy loam with < 1.0 % organic matter and pH 7.6 while soils in 2021 and 2022 were a Duval loamy fine sand (fine-loamy, mixed, superactive, thermic Aridic Paleustalls) with < 1% organic matter and a pH 6.8 (Table 1).  The experimental design in all studies was a randomized complete block with three replications. Herbicides were applied either preemergence (PRE) within two days after peanut planting (DAP), peanut cracking (CRACK) which was 14 to 16 DAP, early postemergence (EPOST) which was 26 to 30 DAP, and mid postemergence (MPOST) which was 44 DAP.  In 2018, no EPOST or MPOST applications were made.  An untreated check was included in each study.  At both weed efficacy study locations, 1.9 cm of overhead irrigation water was applied within 3 hrs after the PRE herbicide application.  

Herbicides were applied using water as a carrier with a CO2-pressurized backpack sprayer using Teejet© 11002 flat-fan nozzles that delivered a spray volume of 190 L/ha at 180 kPa (Table 1).  Georgia-09B [27] was grown at each location and other specifics of the study can be seen in Table 1.  Under weed-free conditions, plots were maintained weed-free with the use of postemergence (POST) herbicides such as clethodim or 2,4-DB or hand-weeding. 

Weed populations in the weed efficacy studies varied according to location.  In 2021 only A. palmeri was present in populations (3 to 6 plants/m2) sufficient enough to evaluate.  At the 2022 location, weed populations were light to moderate.  A. palmeri, Urochloa texana, and Cucumis melo were present at 1 to 2 plants/m2 while Ipomoea hederacea was present at 2 to 4 plants/m2.

At all locations, plots consisted of two rows spaced 97 cm apart and 7.6 m long. Traditional production practices were used to maximize peanut growth, development, and yield.  Irrigation was applied as needed according to the grower irrigation schedule.  Peanut stunting and weed efficacy were based on visual subjective estimates using a scale of 0 to 100 (0 = no peanut stunting, weed control) to 100 (peanut death or complete weed control) relative to the untreated control [28].  

Peanut yield was only determined in 2018 by digging the pods based on maturity of non-treated control plots, air-drying in the field for 29 d, and harvesting peanut pods from each plot with a Gregory® PTO-driven two-row peanut combine. Peanuts were left in the field for such a long time period due to continued rainfall which prevented proper drying.  Yield samples were cleaned and adjusted to 10% moisture.  Pod, shell, and peanut kernel weight were determined from each
	Table 1. Variables associated each location in the study.

	Variable
	2018
	2021
	2022

	Location
	Pearsall, TX
	Pearsall, TX
	Pearsall, TX

	Location
coordinates
	       28.8411o N
-98.8788o W
	28.8649o N
-99.1528o W
	28.5037o N
-99.0752o W

	Planting date
	June 5
	June 16
	June 15

	Variety 
	      Georgia 09B
	Georgia 09B
	Georgia 09B

	Soil type
	Miguel fine sandy
loam
	Duval loamy fine sand 
	Duval loamy fine sand

	Description
	Fine, mixed, hyperthermic Udic Paleustalfa
	Fine-loamy, mixed, hyperthermic Aridic
Haplustalfa
	Fine-loamy, mixed, hyperthermic Aridic
Haplustalfa

	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

	PRE
	June 5
	June 18
	June 15

	CRACK
	June 21
	July 1
	June 29

	EPOST
	-
	July 16
	July 11

	MPOST
	-
	July 30
	July 29



sample.  Grades [percent sound mature kernels (SMK) plus sound splits (SS)] were determined for a 200-g pod sample from each plot following procedures described by the Federal-State Inspection Service [29].  

Peanut yields were not obtained in any years of the weed efficacy trial due to the difficulty of digging plots with high weed pressure [30-33].  The massive root systems of both A. palmeri and Urochloa texana can make plot separation difficult and can cause both digging and combing equipment breakdowns (author’s personal observations).  Also, since the test plots were dug with 6-row grower equipment, individual plot separation of the two row plots was difficult.    

Data for percentage of peanut stunting were transformed to the arcsine square root prior to analysis; however, nontransformed means are presented because arscine transformation did not affect interpretation of the data.  Data were subjected to ANOVA and analyzed using the SAS PROC MIXED procedure 23 [34].  Treatment means were separated using Fisher’s Protected LSD at P < 0.05.  The untreated check was used for peanut yield and grade calculation comparison and as a visual comparison for peanut stunting and weed control efficacy and were included in the analysis.  

3. RESULTS AND DISCUSSION

3.1 Weed-free study.  
3.1.1 Peanut stunting.  No peanut stunting was observed with any herbicide program (data not shown); however, the typical foliar leaf burn with paraquat was noted for 10 to 14 days after application with no visible injury on the new growth.  Paraquat is one of the most frequently used POST herbicides in the Southeastern US peanut production area but is seldom used in the Southwestern US production area because crop injury may occur reducing yield and grade characteristics [35-37].  In the southeast, peanut tolerance to paraquat was first noted in the late 1970’s [6].   Johnson et al. [38] reported differences in cultivar tolerance to paraquat and reported that paraquat must be applied no later than 28 day after emergence (DAE) to avoid significant foliar damage to peanut.  Peanut injury with paraquat can be reduced and the flexibility of the application window increased by tank-mixing bentazon with paraquat [39,40]. The addition of bentazon to paraquat may either be antagonistic or synergistic in its effect on weed control depending on the weed species and herbicide rate [40] and often does not improve peanut yield despite the reduction in crop injury [40-42]. 

3.1.2 Peanut yield.  Peanut yield was greatest with flumioxazin alone at 0.07 kg ai ha-1, ethalfluralin plus flumioxazin, and trifluralin alone while paraquat plus imazethapyr reduced yield when compared with these treatments (Table 2).  No other yield differences were noted with any herbicide systems.  No differences were noted in SMK; however, S-metolachlor produced the highest percentage SS while pendimethalin at 1.06 kg ai ha-1 produced the lowest.  However, no differences in SMK + SS were noted (Table 2).  While paraquat can cause injury to peanut in all peanut growing areas of the US [6,35,36,41], this damage has not correlated to yield loss in the southeastern US [6,42]. However, our results contrasts with those from the southeast [6,42].  In earlier work in the southwestern US production area, Grichar and Dotray [35] reported that peanut stunting with paraquat alone or S-metolachlor plus pararquat combinations varied from 0 to 15% and increased as application timing was delayed.  Runner market type yields were variable while Virginia market type yields were not affected by paraquat or any combinations.  Also, peanut grade (% SMK + SS) of runner or Virgina market types were not affected by paraquat applications.  
  
3.2 Weed efficacy studies. 
3.2.1 Peanut stunt and leaf burn. The pre-mixture of carfentrazone plus pyroxasulfone (C + P) caused leaf burn (<15%) in both years and this injury was visible for 7 to 21 days after a C + P application (data not shown).  Typically, the peanut leaf burn can be attributed to the carfentrazone in the premix.  The peripheral leaves that were burned were replaced by new leaves that were void of any type of injury.  This leaf burn has also been noted in other studies with C + P 
and no stunting has been noted [30,31,33].   

	Table 2. Peanut response to herbicide programs under weed-free conditions, 2018.

	
	
	
	
	         Gradea

	
	
Rate
	Appl.
timingc
	
Yield
	
SMK
	
SS
	SMK
+SS

	Herbicide treatmentb
	         Kg ai ha-1
	
	Kg ha-1
	%

	Pendimethalin (P)
	0.53
	PRE
	5374
	  68
	 6
	74

	P
	1.06
	PRE
	5519
	  68
	 5
	73

	S-metolachlor (S)
	1.42
	PRE
	5399
	  66
	 9
	75

	Flumioxazin (F)
	0.07
	PRE
	5682
	  67
	 7
	74

	F
	0.11
	PRE
	5451
	  68
	 6
	74

	P + S + F
	1.06 + 1.42 + 0.11
	PRE
	5270
	  68
	 7
	75

	P + S 
	1.06 + 1.42
	PRE
	5476
	   68
	 6
	74

	P + F 
	1.06 + 0.11
	PRE
	5219
	  68
	 7
	75

	Ethalfluralin + F 
	1.26 + 0.11
	PRE
	5674
	  66
	 8
	74

	Trifluralin 
	0.56
	PRE
	5622
	  67
	 7
	74

	Ethalfluralin + S + F 
	1.26 + 1.42 +  0.11      
	PRE
	5270
	  66
	 8
	74

	Paraquat + imazethapyr
	0.28 + 0.07
	CRACK
	4953
	   68
	 6
	74

	LSD (0.05)
	
	
	580
	    4
	 3
	2

	aAbbreviations: SMK, sound mature kernels; SS, sound splits.
b CRACK treatment included Induce (nonionic surfactant) added at 0.25% v/v.
c Application timing: PRE, preemergence; CRACK, peanut cracking (16 days after plant).



In 2021, peanut stunting 30 and 44 DAP (Table 3) was only observed with those 

herbicide systems which included paraquat and this stunting was present throughout the growing season (late-season data not shown).  In 2022, several herbicide systems resulted in peanut stunting (Table 4).  Any herbicide system that included paraquat resulted in season-long stunting while the bentazon plus acifluorfen premix also resulted in stunting which was not as severe.  Paraquat plus pyroxasulfone systems stunted peanuts at least 50% when evaluated 12 days after the CRACK application and this stunting decreased as the growing season progressed.  Imazapic plus the two-way mix of bentazon plus aciflurofen applied 25 DAP (EPOST) resulted in 18% stunting when evaluated 14 days after application (DAA); however, when evaluated 19 days later (33 DAA) the peanuts had grown out of the stunting (Table 4).  The combination of the premixes of carfentrazone plus pyroxasulfone and bentazon plus aciflurofen applied EPOST caused 22% peanut stunting when evaluated 14 DAA and stunting was still visible 63 and 83 DAP (13 and 5%, respectively).  In 2022, although yield was not taken from the plots, visual observations clearly showed the plots containing paraquat had less peanuts than the other plots (author’s personal observation).  

3.2.2 Weed efficacy. Only A. palmeri was present in both years.  Weed pressure with other weed species was low in 2021.  In 2022, late-season weed pressure 
was sufficient to evaluate.  This included Urochloa texana, Cucumis melo, and Ipomoea hederacea.

3.2.2.1 Amaranthus palmeri (Palmer amaranth). In 2021, several herbicide systems provided excellent early-season weed control but this control failed to last the whole growing season (Table 3).  When evaluated 30 DAP, pendimethalin plus imazethapyr applied PRE failed to control A. palmeri (43%) while pendimethalin alone applied PRE or paraquat plus pyroxasulfone applied at CRACK provided 70 and 73% control, respectively (early POST applications had not been made).  Pendimethalin plus acetochlor applied PRE controlled A. palmeri 81% while all other herbicide systems provided > 94% control.

At the late-season evaluation (90 DAP), pendimethalin alone, pendimethalin plus imazethapyr, or paraquat plus pyroxasulfone provided poor (< 37%) A. palmeri control (Table 3).  Herbicide systems which included the three-way combination of pendimethalin plus flumioxazin plus S-metolachlor applied PRE only or followed by a POST application of S-metolachlor plus 2,4-DB, pendimethalin applied PRE followed by imazapic plus 2,4-DB applied EPOST, or pendimethalin plus S-metolachlor applied PRE followed by S-metolachlor plus 2,4-D applied POST provided better than 90% control.  The lack of A. palmeri control with imazethapyr is baffling.  Grichar [43] reported that imazethapyr alone or pendimethalin applied PPI followed by imazethapyr applied PRE controlled Palmer amaranth at least 99%. In earlier work using only POST herbicides [44], imazapic at 0.04 to 0.07 kg ha-1 controlled Palmer amaranth at least 95% when applied EPOST while imazethapyr provided at least 90% control in 2 of the 3 years.  The poor control in one year was attributed to taller Palmer amaranth at time of EPOST treatments.     

In 2022, only A. palmeri was present early-season and other weed pressure was light so only the evaluation taken 84 DAP after weeds developed is presented.  A. palmeri control with all herbicide systems was at least 90% with the exception of paraquat plus pyroxasulfone applied at CRACK which provided 86% control (Table 5).  Several herbicide systems provided perfect (100%) control.  Steele et al. [45] reported that pyroxasulfone alone at 0.125 to 0.5 kg ha-1 provided similar levels of Palmer amaranth control as S-metolachlor at 1.1 to 4.3 kg ha-1.  Knezevic et al.
	Table 3. Peanut stunt and Palmer amaranth control with various herbicide programs, 2021.

	 

	

	
	  Stunt           
	AMAPAd

	
	
	Appl
	            DAPe

	Herbicide treatmenta,b
	Rate
	timingc
	30 
	44
	 30
	 90

	
	(Kg ai ha-1)
	
	                (%)

	Untreated
	-
	-
	0
	0
	0
	0

	Pendimethalin (P)
	1.06
	PRE
	0
	0
	70
	37

	P + flumioxazin (F)
	1.06 + 0.07
	PRE
	0
	0
	98
	78

	P + F + S-metolachlor (S)
	1.06 + 0.07 + 1.42
	PRE
	0
	0
	100
	95

	P + S
	1.06 + 1.42
	PRE
	0
	0
	95
	83

	P + imazethapyr
	1.06  + 0.07
	PRE
	0
	0
	43
	35

	P + [carfentrazone (C)+ pyroxasulfone (Py)] 
	1.06 + [0.005 + 0.065]
	
PRE
	
0
	
0
	
94
	
78

	P + dimethenamid-P
	1.06 + 0.63
	PRE
	0
	0
	95
	73

	P + acetochlor
	1.06 + 1.26
	PRE
	0
	0
	81
	70

	P 
Paraquat + Py 
	1.06
0.28 + 0.036
	PRE
CRACK
	25
	20
	96
	63

	P 
[C + Py] + 2,4-DB
	1.06
[0.008 + 0.11] + 0.44
	PRE
EPOST
	0
	0
	70
	88

	P  
Imazapic + 2,4-DB
	1.06
0.07 + 0.44
	PRE
EPOST
	0
	0
	74
	92

	Paraquat + Py
	0.28 + 0.07
	CRACK
	20
	15
	73
	20

	P + F + S
S + 2,4-DB
	1.06  + 0.07 + 1.42
1.042 + 0.44
	PRE
POST
	0
	0
	100
	98

	P + S
S + 2,4-DB
	1.06 + 1.42
1.42 + 0.44
	PRE
POST
	0
	0
	96
	97

	LSD (0.05)
	
	
	 2
	 2
	 10
	 17

	a Carfentrazone (C)+ pyroxasulfone (Py) sold as a premix (Anthem Flex©.
b CRACK, EPOST, and POST treatments had either Agridex (crop oil concentrate)  
   (1.0 % v/v) or Induce (nonionic surfactant) (0.25% v/v) added.
c Application timing: PRE, preemergence; CRACK, peanut cracking (15 days after 
  plant) EPOST, early postemergence (30 days after plant), POST, postemergence 
  (44 days after plant). 
d Bayer code for weeds: AMAPA, Palmer amaranth (Amaranthus palmeri L.).
e Abbreviation: DAP, days after planting



[46] reported that 90% control of tall waterhemp [Amaranthus tuberculatus (Moq.)] was achieved with pyroxasulfone at 0.16 kg ha-1 at 28 DAT.  They also stated that a higher dose was required to obtain the same control at 45 (0.2 kg ha-1) and 65 DAT (0.27 kg ha-1).  

	Table 4. Peanut response to various herbicide systems in 2022.

	
	    
	    
    Appl.
	     Peanut stunt (%)

	
	      
	
	                DAPc

	Treatmentsa,b
	       Rate (Kg ai ha-1)
	  timingc
	 26 
	44
	 63
	 83

	Untreated
	-
	-
	0
	0
	0
	0

	Pendimethalin (P)
	1.06
	PRE
	0
	0
	0
	0

	P + flumioxazin (F)
	1.06 + 0.07
	PRE
	0
	0
	0
	0

	P + F + S-metolachlor (S)
	1.06 + 0.07 + 1.42
	PRE
	0
	0
	0
	0

	P + S
	1.06 + 1.42
	PRE
	0
	0
	0
	0

	P + F + S
	1.06 + 0.11 + 1.42
	PRE
	0
	0
	0
	0

	P + F + S fb
   S + (Bentazon +
   aciflurofen)
	1.06 + 0.11 + 1.42 fb
1.42 + (0.56 + 
0.28)
	PRE fb
MPOST
	
0
	
0
	
0
	
0

	P + dimethenamid-P
	1.06 + 0.63
	PRE
	0
	0
	0
	0

	P + acetochlor
	1.06 + 1.26
	PRE
	0
	0
	0
	0

	P fb paraquat 
+ pyroxasulfone 
	1.06  fb 0.28 + 0.07

	PRE fb
CRACK
	
40
	
39
	
18
	
3

	P fb
   (Carfentrazone +
    pyroxasulfone) + 
    (bentazon + acifluorfen)
	1.06 fb
(0.008 +
0.11) +
(0.56 + 0.28)
	PRE fb
EPOST

	
0
	
22
	
13
	
5

	P fb
   Imazapic + (bentazon +
   acifluorfen)
	1.06 fb
0.07 + (0.56 +
0.28)
	PRE fb
EPOST
	
0
	
18
	
0
	
0

	Paraquat + pyroxasulfone
	0.28 + 0.07
	CRACK
	50
	39
	23
	10

	P + F + S fb
   S + 2,4-DB
	1.06 + 0.07 + 1.42
fb 1.42 + 0.44
	PRE fb
MPOST
	
0
	
0
	
0
	
0

	P + S fb S + 2,4-DB  
	1.06 + 1.42 fb 1.42 + 0.44
	PRE fb
MPOST
	
0
	
0
	
0
	
0


	LSD (0.05)
	
	
	  2
	   9
	   6
	  6

	a Bentazon + acifluorfen premix sold as Storm©; carfentrazone + pyroxasulfone premix sold as Anthem Flex©.
b All CRACK, EPOST, and MPOST treatments included Induce (nonionic surfactant) added at 0.25% v/v.
c Application timing: PRE, preemergence; EPOST, early postemergence; MPOST
d Abbreviation: DAP, days after planting; fb, followed by.


3.2.2.2 Urochloa texana (Texas millet).  Only pendimethalin alone and pendimethalin plus flumioxazin applied PRE provided less than 90% control of U. texana (Table 5).  In earlier work, Grichar et al. [32,33] reported in a study at two locations in one year, herbicide systems which included either imazapic or imazethapyr provided 98% U. texana control while treatments that included the premix of carfentrazone plus pyroxasulfone without imazapic controlled this weed 
88 to 98%.  The herbicide systems that included the premix of carfentrazone plus 
	Table 5. Weed control with various herbicide programs in 2022a.

	
Treatmentsb,c
	          Rate
        (Kg ha-1)
	  Appl timingd
	                                      
AMAPAd
	Control UROTE
	(%)
CUMME
	
IPOHE

	Untreated
	-
	-
	0
	0
	0
	0

	Pendimethalin (P)
	1.06
	PRE
	90
	83
	80
	67

	P + flumioxazin (F)
	1.06 + 0.07
	PRE
	98
	88
	87
	80

	P + F 
+ S-metolachlor (S)
	1.07 + 0.07 
+1.42
	PRE
	100
	96
	99
	95

	P + S
	1.06 + 1.42
	PRE
	97
	92
	99
	100

	P + F 
+ S
	1.06 + 0.11 
+ 1.42
	PRE
	100
	97
	100
	92

	P + F 
+ S followed by (fb)
S + (Bentazon + 
acifluorfen)
	1.06 + 0.11 
+ 1.42 fb
1.42 + (0.56 + 
0.28)
	PRE
fb
MPOST
	

100
	

95
	

100
	

97

	P + dimethenamid-P
	1.06 + 0.63
	PRE
	99
	96
	100
	98

	P + acetochlor
	1.06 + 1.26
	PRE
	95
	97
	97
	75

	P fb
Paraquat 
+ pyroxasulfone 
	1.06  Fb 0.28 
+ 0.07
	PRE fb
CRACK
	
99
	
100
	
97
	
85

	P + (Carfentrazone + pyroxasulfone) fb 
(bentazon 
+ acifluorfen) 
	1.06 + (0.008 +
0.11) fb 
(0.56 
+ 0.28)
	PRE
fb
EPOST
	

100
	

97
	

80
	

100

	P fb
Imazapic + (bentazon 
+ acifluorfen)
	1.06 fb
0.07 + (0.56 
+ 0.28)
	PRE fb
EPOST
	
99
	
100
	
100
	
100

	Paraquat 
+ pyroxasulfone
	0.28 
+ 0.07
	
CRACK
	
86
	
96
	
89
	
67

	P + F 
+ S fb
S + 2,4-DB
	1.06  + 0.07     + 1.42 fb
1.42 + 0.44
	PRE
fb
MPOST
	

100
	

93
	

100
	

95

	P + S fb
S + 2,4-DB
	1.06  + 1.42 fb
1.042  + 0.44
	PRE fb
MPOST
	
100
	
99
	
100
	
98

	LSD (0.05)
	
	
	12
	14
	23
	14

	a  Evaluations taken 84 days after planting.
b Bentazon + acifluorfen premix sold as Storm©;  carfentrazone + pyroxasulfone premix sold as Anthem Flex©.
c All CRACK, EPOST, and MPOST treatments included Induce (nonionic surfactant) added at 0.25% v/v.
d Application timing: PRE, preemergence; EPOST, early postemergence; MPOST
e  Bayer Code for weeds: AMAPA,  Palmer amaranth (Amaranthus palmeri L.); UROTE, Texas panicum, Coloradograss [Urochloa texana (Buckl.)]; CUMME, smellmelon (Cucumis melo L. var. Dudaim Naud);  IPOHE, ivyleaf morningglory [Ipomoea hederacea (L.) Jacq].  



pyroxasulfone applied either PRE and POST provided comparable control to those systems that included a POST application of imazapic [33].  At another location, C + P applied PRE controlled U. texana 47 to 75%, applied EPOST provided 46 to 85% control, and applied POST provided 48 to 80% control while the herbicide standard of pendimethalin + S-metolachlor provided 66% control.  Baughman et al. [30] and Grichar et al. [32] had previously reported that U. texana control with pyroxasulfone applied preplant incorporated (PPI) or PRE was inconsistent when used alone; however, when used in a systems approach with either pendimethalin, S-metolachlor, or dimethenamid control was > 90%.  
 
3.2.2.3 Cucumis melo (Smellmelon).  C. melo control was good (80-89%) with pendimethalin applied PRE alone, pendimethalin applied PRE followed by the premixes of carfentrazone plus pyroxasulfone and bentazon plus aciflurofen applied EPOST, pendimethalin plus flumioxazin applied PRE, and paraquat plus pyroxasulfone applied at CRACK (Table 5).  All other herbicide systems provided > 97% control.  Grichar et al. [33] previously reported that C + P applied PRE and POST controlled C. melo 95 to 100% while the combination of C + P applied PRE followed by imazapic + S-metolachlor applied POST failed to control C. melo (63%).  Thompson et al. [49] reported that imazapic at 0.07 and 0.14 kg ha-1 applied either PRE, EPOST, or late POST (LPOST) controlled C. melo greater than 90% in IMI-tolerant corn (Zea mays L.),.  Other research in peanut has indicated that imazapic provides excellent control of C. melo [43], similar to the results from this study.

3.2.2.4 Ipomoea hederacea (Ivyleaf morningglory). Control was poor (< 70%) with pendimethalin alone applied PRE and paraquat plus pyroxasulfone applied CRACK.  Fair control (75-85%) was achieved with pendimethalin plus either flumioxazin or acetochlor applied PRE or pendimethalin applied PRE followed by paraquat plus pyroxasulfone applied at CRACK (Table 5).  All other herbicide systems provided > 92% I. hederacea control.  Pyroxasulfone is not considered an outstanding herbicide for morningglory control [47]; however, Hardwick [48] reported in Zea mays that pyroxasulfone at 0.15 kg ha-1 alone applied PRE controlled I. hederacea at least 89% and Ipomoea lacunose L. (pitted morningglory) no better than 70% throughout the growing season.   


4. CONCLUSION

These studies indicate that grower concern about peanut injury (mainly stunting) are largely unfounded as only paraquat-containing herbicide systems consistently resulted in any stunting.  The premix of C + P (WSSA group 14 and 15 herbicides, respectively) will cause leaf burn; however, peanuts recover quickly with no yield reduction.  Carfentrazone plus pyroxasulfone provided excellent season-long residual control of several broadleaf weeds including A. palmeri, C. melo, and Ipomoea spp.  This herbicide combination offers control of pigweed species including ALS- and glyphosate-resistant Palmer amaranth, which are becoming major problem in many areas of Texas and Oklahoma [30,31,33].  

Although the premix of carfentrazone plus pyroxasulfone system provided excellent control of U. texana, typically it does not effectively control large-seeded annual grasses and requires the use of a graminicide such as fluazifop-P-butyl, clethodim, or sethoxydim (WSSA Group 1 herbicides) to provide season-long control [30,31,33].  Other herbicide systems including pendimethalin plus S-metolachlor, pendimethalin plus flumioxazin plus S-metolachlor, pendimethalin plus dimethenamid,and pendimethalin plus imazapic provided excellent weed control.  These herbicide systems offer growers another option to help provide season-long weed control in the southwestern US peanut production areas.
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