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Waterhemp

(weedid.Missouri.edu for more descriptive info)

« Season long competition with soybean
(>20 plants ft?) can reduce yield ~44%

« Can grow 1 to 1.25” per day during the
growing season

* Multiple flushes will emerge throughout
the growing season

« Typically produces ~250,000 seeds
per plant

 Seed are very small (~3 mm) and
easily transported

« Seed can remain viable in the soil for
~4 years




What distinguishes waterhemp from other pigweeds?

Common Redroot Smooth Powell Palmer
Waterhemp Pigweed Pigweed Amaranth Amaranth
Seedling
shape
Stem
hairs
Leaf
shapes
Separate
n}:l;:]:d Yes No No No Yes
plants
Seedhead | smooth. long. prickly. _.Sllgl el -puckly \e-ry p;lc ¥
shape dender <hort. stout | PF ickly. long. very long, very long,
’ slender thick thick

Source: Identification of the weedy pigweeds and waterhemps of lowa, lowa State University.




Is it Palmer Amaranth or Waterhemp?

Palmer amaranth key features:
« Stems lack hairs

« Poinsettia type leaf
arrangement

A :’lx:w h 2 .

- Diamond-shaped \“!‘.&
‘fg‘

%4
.

 Very long petioles

« \Watermarks on leaf surface =
(sometimes)

* Prickly seedhead

© Dr. Kevin Bradley, University of Missouri






Herbicide Resistance In
Waterhemp - 2019

www.weedscience.org

(O Group 2, ALS-inhibitors (9
@ Group 5, Photosystem II (5)
@ Group 14, PPO-inhibitors (5)
@ Group 9, Glyphosate (14)

@ Group 27, HPPD-inhibitors (4)
© Group 4, Auxins (1)

’ Group 151 |-0|19 Chain fatty aCid inhibitOI'S (15) © Dr. Kevin Bradley, University of Missouri



Individual Plants Can Have Multiple Resistances.
6-Way resistance Confirmed in Missouri.

Population confirmed resistant to:
Chlorimuron (Group 2) 2,4-D (Group 4) Atrazine (Group 5)
Glyphosate (Group 9) Fomesafen (Group 14) Mesotrione (Group 27)

40% of individual waterhemp plants screened had
had > 5 way-resistance
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8 o Five-Way Resistance
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Dark blue bars represent plants that were resistant to 2, 3, or 4 different herbicides.

(Shergill et al. 2017 Weed Science)



Why is Waterhemp Quick to Develop Resistance?

1. Dioecious: male and female flowers on separate plants. Outcrossing
leads to increased genetic diversity, which in turn increases the

potential for developing resistance.

Waterhemp pollen can remain viable up to 120 hours after pollen shed.
Long distance pollen dispersal can occur to plants up to 72 mile away.

4. Pollen can transfer resistance traits!

0
o
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Palmer amaranth Spiny pieed

e
em

Wat r

Franssen et al. 2001. Weed Sci. 49:732-737; Liu et al. 2012. Weed Sci. 60:416-422; Sosnokie et al. 2012. Weed Sci. 60:366-373.



Waterfowl can Transport Pigweed Seed!

« ~49 million ducks (U.S. Fish and Wildlife Service)

« An average of 18 pigweed seeds emerged per duck

\r: / /
 Potential of | 4\

~ 882 million '
pigweed seed ‘ ———
transported annually'

\

« Mallards can
maintain flight
speeds of 48 mph
for 38 hours

« Potential to move pigweed >1,000 miles

(Farmer et al. 2017 Pest Management Science)



susceptible @ resistant

Distribution of Resistance to 3X Use Rates of
Selected Herbicides in Missouri Waterhemp (2013)

(Schultz et al. 2015 Weed Science)



Distribution of Waterhemp with Multiple
Herbicide Resistances in Missouri (2013)
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How effective are currently-available soybean systems and
herbicide programs on multi-resistant waterhemp control?
(2017-2018)

B Glyphosate ODicamba BGlufosinate ®2,4-D w/ Glyphosate ®2,4-D w/ Glufosinate

100 ab ab ab ab
9
o 80
=
c
S 60
Q.
5
2 40
|
2 c
‘;U 20 I
0
PRE fb POST

d d

ab

cde cd
de . def gef ef
. .
PRE fb POST w/ PRE fb POST
Residual Conventional

*Bars followed by the same letter are not significantly different, P> 0.05

© Dr. Kevin Bradley, University of Missouri



How effective are currently-available soybean systems and
herbicide programs on multi-resistant waterhemp control?
(2017-2018)

100 a

O N o0 O
o O O o

Waterhemp Control (%)
3]
o

40
30
20 b
-
0
Glyphosate Dicamba Glufosinate 2,4-D w/ 2,4-D w/

Glyphosate  Glufosinate

*Bars followed by the same letter are not significantly different, P>0.05
**Non-treated and conventional treatments removed in comparison © Dr. Kevin Bradley, University of Missouri



Rotate or Mix Herbicides?

* Analysis of 500 site years of data from 105
lllinois fields (2004 to 2010).

* Glyphosate-resistant waterhemp was
greatest in fields where glyphosate had
been used in over 75% of the seasons,
including sites where herbicide rotation
occurred annually.

« Growers that mixed 2.5 herbicide sites of
action (SOA’s) on average per application
were 83 times less likely to have
glyphosate resistance than growers that
had mixed 1.5 SOA'’s on average.

 MIXING EFFECTIVE HERBICIDE SOA’S
IS THE BEST OPTION!

Evans et al. 2015. Pest Manag. Sci.



Additional Thoughts on Current
Waterhemp Management:

. Use full use rates and/or combinations of pre-emergence

residual herbicides as close to planting as possible.

. Overlapping residual herbicide programs aren’t for all weed
species, but they match waterhemp.

. The LibertyLink soybean system is still a mechanism of
action that still works in most regions.

. New technologies will not “solve” the problem of resistant
waterhemp, or change #'s 1-3.



But there are still some product labels that talk about reduced rates!!!

FULL USE RATE (25)
Rate Table 1:

Fall Application, Early Pre-plant, Preplant Burndown, Pre-plant

Incorporated, and Preemergence:

No-Till, Minimum-till, Conventional tillage

Organic Matter

Soil Texture 05-2% | 2-4%

Ounces Product Per Acre
Coarse:
Loamy Sand, Sandy loam 50-6.0 6.0-7.0
Medium:
Loam, Silt Loam, Silt, Sandy clay loam 65-75 7.0-8.0
Fine:
Silty Clay Loam, Clay Loam, Clay 70-80 80-96

REDUCED RATE FOR GMO SOYBEAN

(ROUNDUP READY, LIBERTY LINK etc.) (26)
Rate Table 2:

Use rates in Table 2 are to be used in conjunction with a planned
POST herbicide program; AMXMBRKIWYXXK at these reduced rates
will provide early season control or suppression to reduce early
season weed competition.

Fall application, Early Pre-plant, Early Pre-plant Burndown, Pre-
plant Incorporated, Preemergence:

No-Till, Minimum-till, Conventional Tillag

Organic Matter

Soil Texture 05-2% | 2-4%

Ounces Product Per Acre
Coarse:
Loamy Sand, Sandy loam 30-4.0 32-4.0
Medium:
Loam, Silt Loam, Silt, Sandy clay loam 32-4.0 32-48
Fine:
Silty Clay Loam, Clay Loam, Clay 40-5.0 40-5.0
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#3. Liberty provides a mechanism of action that
still works, but if we abuse it we will break it.

Only with a pre-emergence herbicide
Only with timely POST applications of Liberty

L

= © Dr. Kevin Bradley, University of Missouri
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#4. New technologies cannot “solve” the
problem of resistant waterhemp, or change

the emphasis that we should place on good
weed management

practices. = C?
@ndug | %

8 .. . w
= Enlist 'y

Weed Control System I




What’s the
future of
waterhemp

management
look like?




We Must Integrate Cultural
Management Techniques Wiith
Herbicides




Effects of soybean row spacing on
waterhemp density
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Drilled 15-inch 30-inch

*Results summarized across herbicide programs, tillage types, and planting populations.

**Means followed by the same letter are not different, P<0.05
© Dr. Kevin Bradley, University of Missouri



Effects of soybean row spacing and herbicide
programs on waterhemp density in LL Soybean
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# Waterhemp/Plot

Non-treated
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Liberty (LPOST) Liberty+Warrant

(POST)



Late-season Density (#/6 m?2)

Effects of soybean planting population on
waterhemp density
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130k 160k 190k 220k

*Results summarized across herbicide programs, tillage types, and row spacings.
**Means followed by the same letter are not different, P<0.05

© Dr. Kevin Bradley, University of Missouri



Impact of Crop Rotation

In one Missouri survey, the likelihood of finding
resistant waterhemp was 44% higher in fields with
soybeans grown continuously for 5 years compared to
fields that had at least one other crop added to the
rotation during the 5-year time period.
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Waterhemp seed do not emerge from low soil depths
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What effect does tillage have?

© Dr. K@l@%ﬁ@(umversny of
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Conventional and minimum tillage were not effective

Soil depth (cm)

T
-—
o
2
3

15-25 cm

in burying Amaranthus seed

% of Total Seed Emerged

83 33

60

*Across 4 Site-Years
(Farmer et al. 2017)

No-Till Minimum Conventional Deep

Tillage Treatment



Deep tillage with a residual herbicide program
was most effective in reducing weeds

Min. Till POST-only
No-Till POST-only
Conv. Till POST-only
No-Till W/ Residual

Treatment

Deep Till POST-only
Min. Till W/ Residual
Conv. Till W/ Residual
mm) Deep Till W/ Residual

0 200 400 600
Number of Weeds

*Across 10 of 14 Site-Years
*Bars followed by the same letter are not different, LSD=0.05

(Farmer et al. 2017)
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Cereal Rye and residual herbicide programs had similar
effects on early-season waterhemp emergence

5 summarize o sites in 2 years in Missouri)

Non-treated control de

Spring PRE w/o residual herbicide program - Al;; Ik R I IInnntifty|f de
|:> Fall herbicide program M\\\\\\\\W g
|:> Spring PRE residual herbicide program M\\\\\\\\W gf

Austrian winter pea [ .
Hairy vetch B mEERL e = ab
Crimson clover [SUSSISISIIISIINII I o
Winter oat [EEsis st e i e sl e e e ] (|
Italian ryegrass RS i : : : = : B RS : cde
ot

|:> Cercalrye RS

Winterwheat i e di s s = e ] hed

0 100 200 300 400 500 600

Early-season waterhemp m™
(Cornelius and Bradley, Weed Technology, 2017)



Cereal Rye Seeding Rate Influences the Effect on
Waterhemp Control (2018)

2 80
5
o 70
2
©
@ 60
a m Cereal rye at 30 Ib/a
N 50
IS m Cereal rye at 50 Ib/a
é 40 m Cereal rye at 70 Ib/a
% 30 m Cereal rye at 90 |b/a
>
= Cereal rye at 110 Ib/a

20

10

0

Waterhemp

*Cereal rye terminated immediately after planting. © Dr. Kevin Bradley, University of Missouri



Influence of Cover Crop Species and Herbicide
Programs on Waterhemp Control in Soybean
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(Columbia, MO 2016 and 2017)

© Dr. Kevin Bradley, University of Missouri



Whattever management approach
you talke, the uliimate cbjective must
be to reduce the soll seedbank.




Seed Retained per Plant (%)

Escaped Waterhemp Plants Retain Much of the Seed at Harvest

Waterhemp seed retention (24 plants)
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an Harvest Weed Seed Management reduce the number of
waterhemp seed that make it to the soil?

Researching Windrow Burning for Missouri
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Questions?
E-mail Dr. Bradley @ bradleyke@missouri.edu

Y

Mizzou Weed Science @ShowMeWeeds ID Weeds App Herbicide Injury App
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