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Abstract 

Herbicide resistant tall waterhemp (Amaranthus tuberculatus) continues to be one of the most problematic 

weeds in US field crops. Thus far, it has primarily established in western and central New York. Our second 

year of trial results generally followed our first-year results. Herbicides in WSSA groups 2, 5, and 9 should not 

be relied on for waterhemp control. However, programs that included at least two non-chemical tactics or 

herbicides from groups 4, 14, or 15 were very effective. Seedbank modelling showed that control at 95%, 98%, 

or 100% would cause waterhemp emergence to increase, maintain, or decrease over time, respectively. Our 

partial budget analysis showed that profitability generally reflected yields. We also found that cereal rye (Secale 

cereale) residue can provide up to 87% control of waterhemp, which, if used in conjunction with a moderately 

effective herbicide program, could provide excellent control. 



Background and Justification 

Herbicide resistant waterhemp has been reported in many western and central NY counties. Soybean farmers 

have reported yield losses of 50% due to this weed, even after herbicide applications. Our greenhouse spray 

chamber tests and field trials from 2019 suggest resistance to WSSA herbicide groups 2, 5, and 9 (ALS 

inhibitors, photosystem II inhibitors, and EPSPS inhibitors, respectively). Our most effective control programs 

in 2019 relied on herbicides from other groups as well as additional physical or cultural tactics.  

Waterhemp in other states has also developed resistance to different herbicide classes, including WSSA groups 

4 and 14 (http://www.weedscience.org/Pages/Species.aspx). These groups include dicamba, 2,4-D, Valor, and 

Cobra. Resistance to these additional herbicides would make successful waterhemp control even more 

challenging.  

Overwintering cover crops such as cereal rye can be sprayed or rolled-down to provide a weed suppressive 

mulch prior to soybean planting. In NY, Pethybridge et al (2019) showed that rolled rye achieved very effective 

suppression not only for weeds, but also for white mold. Furthermore, waterhemp and another problematic 

herbicide resistant weed in NY, called horseweed or marestail (Conyza canadensis), both have very small seeds 

that lack the stored energy to emerge through deep soil or mulch. 

Objectives 

Objective 1. Continue to evaluate the effectiveness of several different programs in controlling waterhemp in 

soybeans. 

Objective 2. Assess the potential for rye cover crop mulch to suppress waterhemp emergence. 

Procedures 

Objective 1.  

The trial site was in Seneca County, NY on a field of Odessa silt loam soil where waterhemp had survived 

various herbicide applications and produced seed in 2018 and was moderately controlled in 2019 in corn. In 

2020, the ground was prepared for planting with a field cultivator on May 5 and planted on May 6. Pre-

emergence applications were made after planting on May 8. Cultivation occurred on June 16 while the other 

post-emergence treatments were applied on June 18. All treatments are listed in Table 1. For fertilizer, DAP 

(10-46-0, 20 lbs N/A, 92 lbs P2O2/A) and muriate of potash (0-0-60, 125 lbs K2O/A) were applied prior to 

tillage and UAN (32-0-0, 30 lbs N/A) was applied at planting. 

Plots were 25’ long and 10’ wide. Each treatment was replicated four times in a randomized complete block 

design. Spraying was conducted using a backpack CO2 sprayer with a 10’ boom. Spray volume was 20 gal/A 

applied at 40 psi. Row cultivation was achieved using a Double Wheel Hoe (Hoss Tools) with two staggered 6” 

sweeps (12” effective width). Two passes were made per row so that 24” of the 30” rows were cultivated.  

Weed control was assessed August 15-22 by collecting all aboveground weed biomass within a 2 ft2 quadrat. 

The quadrat was used four times per plot, placed randomly in the two middle rows of each plot. Weeds were 

placed in paper bags and dried at 113 degrees F for 7 days, then weighed. Control was calculated by subtracting 

the biomass of each treated plot from biomass of the untreated plots, dividing by the biomass of the untreated 

plots, and multiplying by 100. Waterhemp was the dominant species present in this trial. Other species did not 

provide enough data for comparison. All waterhemp was manually removed immediately after the weed control 

assessments in order to prevent seed production. 

http://www.weedscience.org/Pages/Species.aspx
http://www.weedscience.org/Pages/Species.aspx


Soybean yield was measured in mid-October by hand harvesting 20-row-feet from the two middle rows of each 

plot. In our partial budget analysis, gross income was calculated by multiplying the average yield per treatment 

across all sites for 2019 and 2020 by a soybean price of $10.05 per bushel (Langemeier 2018). Weed treatment 

costs were estimated based on personal communications with several local custom applicators.  

To illustrate the effects of allowing waterhemp to produce seed, we produced a 10-year model of waterhemp 

emergence based on the number of seeds in the soil. The model was created based on observed waterhemp 

emergence and biomass production in 2019 and assumed a preceding three-year period of uncontrolled growth. 

We also assumed that 8% of the seedbank would emerge each year (Davis et al. 2016) and that for a given 

cohort, viability was reduced by 81% after one year, reduced by an additional 50% after years two and three 

(Heneghan and Johnson 2017), and reduced by 32% each subsequent year (Davis et al. 2016). We also assumed 

waterhemp would produce 441 seeds per gram of biomass (Heneghan and Johnson 2017) with a maximum 

waterhemp biomass of 386 g/m2 based on our results. 

Table 1. A list of the treatments implemented to control of waterhemp in soybeans. Weed Science Society 

of America herbicide site of action group numbers are in parentheses following each herbicide. 

Treatment Pre-emergence Post-emergence 

1 – – 

2 FirstRate (2) 0.6oz  – 

3 Metribuzin (5) 5oz  – 

4 Warrant (15) 48 fl oz + 

RoundUp PowerMax (9) 22 

fl oz  

– 

5 ValorSX (14) 3oz  – 

6 ValorXLT (2, 14)4oz + 

Metribuzin (5) 5oz  

– 

7 Warrant Ultra (14, 15) 48 fl 

oz + Metribuzin (5) 5oz  

– 

8 – Warrant (15) 48 fl oz + RoundUp PowerMax (9) 32 

fl oz + XtendiMax (4) 22 fl oz + DRA 0.25% v/v 

9 – RoundUp PowerMax (9) 32 fl oz + XtendiMax (4) 

22 fl oz + DRA 0.25% v/v 

10 ValorXLT (2, 14) 4oz + 

Metribuzin (5) 5oz  

Row Cultivation 

11 ValorXLT (2, 14) 4oz + 

Metribuzin (5) 5oz 

Cobra (14) 12 fl oz + COC 1% v/v 

12 ValorXLT (2, 14) 4oz + 

Metribuzin (5) 5oz 

RoundUp PowerMax (9) 32 fl oz + XtendiMax (4) 

22 fl oz + DRA 0.25% v/v 

13 Warrant Ultra (14, 15) 48 

fl oz + Metribuzin (5) 5oz 

RoundUp PowerMax (9) 32 fl oz + XtendiMax (4) 

22 fl oz + DRA 0.25% v/v 

 

Objective 2.  

On separate regions of the field near the plots described in Objective 1, we set up two trials investigating the use 

of cereal rye residue as a waterhemp suppressive mulch. While a cereal rye cover crop was not available for 



these trials, we transported rye residue from a nearby field and applied it immediately following planting. We 

used rates of 0, 3570, and 7140 lbs/A. The high- and mid-rates represent attainable rye biomass production in 

NY with- and without fertilizer, respectively (Mirsky et al 2013; Pethybridge et al 2019). Plots were 5’ by 10’ 

and each treatment was replicated four times per trial in a randomized compete block design. Waterhemp 

control was measured in the same manner as Objective 1.  

Results and Discussion 

Objective 1.  

In 2020, waterhemp control was generally similar as 2019 (Table 2). Soil was dry at the time of pre-emergence 

application but we received 0.9” rain in the first 10 days after application, which was likely sufficient for 

activation. ValorSX did not perform as well as in the previous year, possibly related to weeds that had 

germinated prior to activation. WarrantUltra plus metribuzin remained very effective, providing further 

evidence that at least two effective modes of action – WSSA groups 14 and 15 in this treatment – are necessary 

for successful control.   

In the post-emergence-only treatments, this year the Warrant improved the effectiveness of the Roundup and 

Xtendimax, probably due to our earlier planting and spray dates in 2020 that likely allowed more waterhemp to 

germinate after the post-emergence application, making use of the residual activity of the Warrant. 

Similar to the previous year, the two-pass programs were generally more effective than the pre- or post-

emergence-only programs. Having two passes reduces the burden on each pass. So if conditions are not optimal 

in one of the passes, the other pass can help ensure successful control is still achieved. They are also generally 

more expensive, but inclusion of more diverse chemistries and/or non-chemical tactics can reduce the risk of 

worsening the resistance problem.  

In our partial budget analysis, the highest grossing (highest yielding) treatments were generally the most 

profitable (Table 2). The high yields of the row cultivation treatment may reflect the increase in soil aeration 

and nutrient release associated with soil disturbance. But also, due to small plot size there was some variability 

in yield results due to random chance. 

 

 

 

 

 

 

 

 

 

 



Table 2. Waterhemp control effectiveness and partial budget analysis for our treatments in soybeans. 

Gross income was calculated by multiplying average yields for the 3 site-years by a soybean price of 

$10.05 per bushel. 

      

Mid-August Waterhemp 

Control (%) 
Gross 

Income 

($USD/A) 

Estimated 

Treatment 

Cost from 

Custom 

Applicator 

($USD/A) 

Gross 

Income 

Minus 

Treatment 

Cost 

($USD/A) Treatment PRE POST 2019 2020 

1 – – 0 0 319 0 319 

2 FirstRate – 0 0 361 33 328 

3 Metribuzin   – 22 53 393 18 375 

4 Warrant  + 

RoundUp 

– 63 56 468 33 435 

5 ValorSX   – 77 31 409 24 385 

6 ValorXLT + 

Metribuzin   

– 50 51 475 34 441 

7 WarrantUltra 

+ Metribuzin  

– 98 99 452 43 409 

8 – Warrant + 

RoundUp + 

XtendiMax  

69 92 408 47 361 

9 – RoundUp + 

XtendiMax 

83 79 464 32 432 

10 ValorXLT + 

Metribuzin 

Row 

Cultivation 

82 86 514 50 464 

11 ValorXLT + 

Metribuzin 

Cobra  97 81 435 66 369 

12 ValorXLT + 

Metribuzin 

RoundUp + 

XtendiMax 

97 91 475 66 409 

13 WarrantUltra 

+ Metribuzin 

RoundUp + 

XtendiMax 

100 100 457 75 382 

 

Our waterhemp production and emergence model demonstrates that programs that control 100% of the 

waterhemp can result in greatly reduced emergence in subsequent years, whereas programs achieving 98% 

control or less will perpetuate the problem (Figure 1). Although 95% control would likely allow farmers to 

avoid a crop yield loss, the resulting waterhemp seed production and increase in emergence in subsequent years 

would likely make successful control more difficult over time. 



Figure 1. A model of waterhemp emergence for 95%, 98%, and 100% control (dotted, dashed, and solid 

lines respectively) over time. In this scenario, the newly established waterhemp population grows 

uncontrolled (shaded region) until year 4. The model shows that greater than 98% control is required to 

reduce populations over time. 

 

Objective 2. 

Across the two trials, cereal rye cover crop residue at high (7140 lbs/A) and medium rates (3570 lbs/A), 

representing biomass NY farmers could attain with- or without-fertilizer, provided an average of 87% and 73% 

waterhemp control compared to the untreated check, respectively. Used alone, these levels of control may be 

sufficient to avoid soybean yield loss. But this tactic could also be used in conjunction with a herbicide 

program. In such a system, 99% waterhemp control could be achieved with the high level of rye residue plus a 

herbicide program that only provides 92% control when used alone. 

 



 
Figure 2. Suppression of waterhemp by cereal rye residue applied at 0 lbs/A (photo A) and 7140 lbs/A 

(photo B). 
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