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Waterhemp is a troublesome summer annual broadleaf weed species that has evolved resistance to glyphosate and
other herbicide sites of action (SOA) in Nebraska, including to groups 2 (i.e., Classic, Pursuit, FirstRate), 4 (i.e., 2,4-
D), 5 (i.e., atrazine) and 27 (e.g., Callisto, Laudis). The overall objectives of this study were to

1. evaluate the efficacy of PRE applied atrazine, metribuzin and sulfentrazone to control Nebraska waterhemp
populations;

2. evaluate the efficacy of POST applied atrazine to control Nebraska waterhemp populations; and

3. determine the mechanism of atrazine resistance in Nebraska waterhemp populations.

This research was recently published in the Weed Science Journal (https://www.cambridge.org/core/journals
/weed-science/article/prevalence-and-mechanism-of-atrazine-resistance-in-waterhemp-amaranthus-tuberculatus-
from-nebraska/BBE30DB0605D0245C6F9B85E75B7A43C).

Objective 1. Screening of Nebraska Waterhemp with PRE Applied Atrazine, Metribuzin, and
Sulfentrazone

The first objective was to evaluate the response of 109
common waterhemp populations collected in Nebraska
(Figure 1) to PRE applied PSII and PPO herbicides
sprayed at label rates. Herbicide treatment consisted of
atrazine (Atrazine 4L SC, 2.4 pts/acre), metribuzin
(Sencor, 0.67 Ibs/acre) and sulfentrazone (Spartan, 8 fl
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oz/acre). The experiment was conducted in 3.5-inch o,
square plastic pots filled with regular soil (Loam soil, pH % o L 30N
= 6.4, and 1.7% OM). A volume of 0.04 ml of seeds was - ‘o, Ly
planted per pot (average of 90 seeds). =] T L™ s e
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The herbicides were applied immediately after planting ¥ o 100 200km Paide Ceind 2
using a spray chamber calibrated to deliver 10 gallons g - . : Tt e
per acre (GPA) using AIXR110015 nozzles. After being 10 g 400 . »
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sprayed, pots were placed in a greenhouse with
controlled temperature and were watered daily. At 30
days after treatment (DAT), the total number of
established plants per pot was recorded. The percent
reduction in total plant density was calculated for each
herbicide treatment. In an additional study, 106
waterhemp populations were screened with soil-applied
atrazine at 3X the label rate (Atrazine 4L SC, 7.2
pts/acre), using the experimental procedures described

https://cropwatch.unl.edu/2018/research-atrazine-resistance-waterhemp

Figure 1. Distribution of waterhemp populations collected in
Nebraska in 2014 and screened with soil-applied PSII (atrazine and
metribuzin) and PPO (sulfentrazone) inhibitor herbicides. Seeds from
a total of 109 populations from 32 counties were collected by Greg
Kruger’s lab. These populations were also screened for resistance to
glyphosate by UNL Graduate Student Bruno Vieira. (See Distribution
of glyphosate-resistant Amaranthus spp. in Nebraska
(https://onlinelibrary.wiley.com/doi/full/10.1002/ps.4781) in Pest
Management Science.)

above. Populations with less than 50% reduction in plant stand were considered resistant to the respective herbicide

treatment and rate.

Results

e Metribuzin and sulfentrazone controlled all
populations tested (100% density reduction;
Figure 2). Thus, these two commonly used
herbicides for PRE weed control in soybeans
were effective on all waterhemp populations
tested in this research.

e Atrazine PRE applied at 1X and 3X did not
effectively control 39% (43 out of 109
populations) and 40% (42 out of 106 populations)
of all populations screened (Table I). Therefore,
resistance to PRE applied atrazine is prevalent in
Nebraska waterhemp populations.

e Even though atrazine and metribuzin belong to
the same herbicide SOA, cross-resistance
(mechanism that provides a weed population the
ability to withstand herbicides from different
chemical families within the same SOA) was not
confirmed. That’s good news!

Atrazine

Metribuzin

Sulfentrazone

Control

Saule Cla2 Pie9 Fill Salll Sar7 Sauls

Figure 2. Response of seven Nebraska waterhemp populations to
PRE applied herbicide treatments (1X rate). Note that atrazine was
not effective in all populations. (Photo by Felipe Faleco)

Objective 2. Screening of Waterhemp with POST Applied Atrazine.

The second objective of the study was to evaluate the
response of 85 waterhemp populations to atrazine
applied POST waterhemp emergence at 1X (Atrazine 4L
SC, 2.4 pts/acre) and 3X (Atrazine 4L SC, 7.2 pts/acre)
the label rate. Waterhemp plants (total of 12 plants per
population were screened for each rate) were grown in
cones (2.5-inch in diameter and 10-inch in depth),
maintained in a greenhouse with a controlled
environment, and watered daily.

Treatments were applied when waterhemp plants
reached 2.5 to 3.5 inches in height using the
aforementioned sprayer equipment and calibration
settings. At 21 DAT, visual evaluation (VE) of plant
growth was taken on a scale of 1 to 10, with one being
dead and ten being completely healthy (Figure 3). For
each population and treatment, the percent of treated
plants with VE > 7 was calculated. In this experiment,
waterhemp populations were considered resistant to
each atrazine rate (1X or 3X) if more than 50% of the
treated plants had a VE = 7.

Results

Visual%ﬁaluaﬂon (21 DAT):

TN s Al
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Figure 3. Representation of visual evaluation ratings at 21 days after
treatment (DAT) of POST applied atrazine. Populations with more
than 50% of screened individuals with visual evaluation greater than
7 were considered resistant to the respective atrazine rate (1X and
3X). (Photo by Felipe Faleco)
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e Atrazine at 1X and 3X did not effectively control .
73% (62 out of 85 populations) and 49% (42 out of
85 populations) of all populations screened (Table 5
I). Therefore, resistance to POST applied atrazine
is prevalent in Nebraska waterhemp populations.

e In this study 31% of 85 populations were

415 420
.
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confirmed resistant to both PRE and POST at 3X g ; - - s [ -
. . . 1 Kkm -
label rate (Figure 4). Atrazine was more effective el -
. . . = LY
(e.g., fewer populations classified as resistant) ¢ e o ps
when PRE- versus POST-applied. Thus when
using atrazine in corn, farmers are more like]y to Figure 4. Distribution of con}mon waterhemp populations collected
: : in Nebraska in 2014 and confirmed resistant to atrazine applied PRE
Obtal.n.bet!:er levels of Waterhemp .Contr91 if the and POST at 3X label rate (7.2 pts Atrazine 4L SC/acre). A total of 85
herbl(flde is used PRE in combination with other populations were screened and 31% were confirmed resistant to both
effective SOA. treatment times (PRE and POST at 3X label rate).

Table 1. Resistance frequency of waterhemp populations from Nebraska to PRE and POST applied atrazine
(1X= 2.4 pts Atrazine 4L SC/acre and 3X= 7.2 pts Atrazine 4L SC/acre).

TREATMENT POPULATIONS SCREENED A RESISTANT POPULATIONS % RESISTANT POPULATIONS B
ATRAZINE PRE 1X 109 43 39%
ATRAZINE PRE 3X 106 42 40%
ATRAZINE POST 1X 85 62 73%
ATRAZINE POST 3X 85 42 49%

2 Not all 109 populations were evaluated for all treatments because of seed availability.

b populations with less than 50% reduction in plant stand and populations with more than 50% of treated plants with visual evaluation
> 7 (healthy plants capable of reproducing) were classified as resistant to the respective PRE and POST atrazine rate, respectively.

Objective 3. Investigation of Molecular Mechanism of Nebraska Waterhemp Resistance fo
Atrazine

Target-site mutation. The Ser-264-Gly substitution is known to confer resistance to atrazine in the majority of weed
species. The chloroplastic psbA gene, coding for D1 protein (target site of atrazine), was sequenced using DNA
extracted from 85 plants representing 27 populations of waterhemp from Nebraska. The comparison of the
nucleotide sequence of the psbA gene between the atrazine-resistant waterhemp plants from Nebraska and a known
waterhemp atrazine susceptible population from Missouri did not reveal any mutation resulting in a Ser-264-Gly
substitution (data not shown). This indicates that the common target-site mutation is not the common mechanism
conferring resistance to atrazine in Nebraska waterhemp populations.

Metabolism of atrazine. Twenty-four plants selected
randomly from four atrazine-resistant populations from
Nebraska were used to determine the metabolism of

(9]

100

atrazine via GST conjugation. Rapid metabolism of o 21 [ R EHAT m 24HAT
atrazine via GST conjugation has been reported to S% 80

confer resistance in waterhemp in Illinois. Our results §5 701

also confirm rapid detoxification of atrazine via GST- €8 60

mediated conjugation in the evaluated waterhemp 29 50

populations from Nebraska (Figure 5). The outcome of £s 40

this study clearly demonstrate the predominance of =2 a0

metabolism-based resistance to atrazine in common 2S5 20

waterhemp from Nebraska, which may predispose this % 10 I--|_L|
species to evolve resistance to other herbicide families. 0 P o I s B .

This is a concern and a new frontier of studies within JACKSON-2  CAS6 GAG16  HAM10 DOUs
the Weed Science Discipline. Amaranthus tuberculatus populations

Figure 5. Metabolism of [U-'4C] atrazine in an atrazine-susceptible
population from Missouri (JACKSON-2) and four atrazine-resistant
populations from Nebraska (CAS6, GAG16, HAM10 and DOUS5). Note
how atrazine is rapidly metabolized in the waterhemp-resistant
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-|-a ke-HUme Message E;)(fftél:lstéirjjsug&r:ml\geiraa;ka. This research was conducted in

e PRE-emergence soybean herbicides metribuzin
and sulfentrazone are effective to manage common waterhemp in Nebraska.

e The control of most Nebraska populations was not satisfactory when atrazine was solely used as PRE or POST;
however, PRE application of atrazine was more effective than POST application.

e No cross-resistance to atrazine and metribuzin was observed in this study.

e Rapid metabolism of atrazine via GST conjugation conferred resistance in the populations tested. The
metabolism-based resistance may trigger the evolution of cross-resistance to other herbicides, which may
represent a challenge to effectively control common waterhemp in Nebraska and beyond.

¢ Integrated weed management strategies and diversified herbicide programs with selective soil-applied
herbicides can assist growers to achieve better common waterhemp control and ameliorate the issues with
herbicide resistance.
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