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Biology

Redroot pigweed and smooth pigweed are summer
annual weeds that look very similar and can be
difficult to distinguish. They share most of the same
characteristics that make them successful weeds.
Their prolonged germination period, rapid growth
rate, and prolific seed production make them major
concerns for crop producers. Due to having a C4
photosynthetic pathway, these weeds are efficient in
photosynthesis and carbon dioxide fixation — that
means they need less water to grow and reproduce
than other weed species. They can reduce crop yield
and quality and serve as hosts for crop pathogens
and insect pests. Beyond the crop world, they can

be toxic to livestock and produce pollen that causes
allergic reactions in humans.

Redroot pigweed. (Photo credit: Dwight Lingenfelter, PSU)

The Integrated Weed Management (IWM) Resource Center, “GROW” is a place to find helpful,
research-based resources on using integrated weed management for herbicide resistant weeds.
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Redroot and Smooth Pigweed

Redroot pigweed and smooth pigweed rely on seed
dispersal for spread. They are both monoecious
(male and female flowers are on the same plant)
and can produce over 250,000 seeds per plant
under favorable conditions. Redroot pigweed will
occasionally hybridize with other Amaranthus
species, and smooth pigweed is known to hybridize
with common waterhemp and produce fertile new
plant generations.

At maturity, the stems of these weeds are 3 to 6 feet
tall, branched, and have indeterminate growth
habits. They respond to shade by growing taller and
increasing the amount of leaf area to capture light
more efficiently. Flower clusters are typically found
at terminal panicles (the flowering structure at the
end of branches) but can also be found at the leaf
axils (where a leaf sprouts from the stem). The seeds
are dark, reddish brown, lens-shaped and around 1
millimeter in diameter.

Redroot and smooth pigweeds can grow in a wide
range of soil types, but redroot pigweed is less
common in acidic soils. Some research suggests the
lower soil pH in the southeastern United States
limits the presence of redroot pigweed in that area.
Both pigweeds emerge from the uppermost soil
layer; their germination rates drop significantly
when the seeds are buried an inch or deeper in the
soil. As a result, they can be very problematic in
no-till crop production systems. In addition to crop
production fields, they are commonly found in
gardens, waste places, roadsides, and other
disturbed habitats.

Where are Redroot and Smooth Pigweeds
a problem?

Redroot pigweed is native to eastern and central
North America, while smooth pigweed is native to
eastern North America, Mexico, and Central and
South America. Smooth pigweed is more prevalent

in regions with higher rainfall or along streams and
riverbanks.

Both species are currently found in the United
States mainland. However, due to its shorter life
cycle, redroot pigweed extends further north than
smooth pigweed and can be found in Canada and
Alaska. Smooth pigweed is better adapted to
warmer climates and lower altitudes.

The distribution of smooth (left) and redroot pigweed (right) in
the continental United States, based on county-level reporting.
(Source: USDA NRCS PLANTS Database, 2023.)

What is the emergence pattern of Redroot
and Smooth Pigweeds?

The minimum germination temperature for redroot
pigweed is 41 degrees Fahrenheit, but the weed’s
preferred temperature range for maximum
germination is from 77 to 104 degrees. Optimum
germination of smooth pigweed seeds is found
between 90 and 93 degrees. They germinate better
in light than in darkness, so buried seeds often
germinate following soil disturbance.

Redroot and smooth pigweeds are considered
later-emerging weeds with a prolonged emergence
period. Depending on location and environment,
these weeds can start emerging in late spring to
early summer and continue to germinate
throughout the summer if adequate soil moisture is
available. This extended emergence window allows
late-emerging plants to avoid common
postemergence weed control tactics. These weed
escapes may not impact crop yields of the current
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year but will increase the weed seedbank for
subsequent years.

What are the lifecycles of Redroot and
Smooth Pigweeds?

The life cycle of smooth and redroot pigweed. This is an
approximation – regional variation in timing can occur. (Figure
was adapted from Loux et al. 2006.) (Photo credits: Dwight
Lingenfelter, PSU and Claudio Rubione, GROW.)

Redroot and smooth pigweed seedlings emerge
over a prolonged period with peak emergence from
late spring to summer, depending on the location.
Plants do not tolerate shade and complete their life
cycle before the onset of frost.

As daylight hours decrease later in the season, the
plants’ reproductive development speeds up.
Generally smooth pigweed has a longer life cycle
and matures later than redroot pigweed. Mature
plants produce a large number of seeds that are
dormant and do not germinate immediately in a
North American climate.

Redroot pigweed in the vegetative stage. (Photo credit:
Dwight Lingenfelter, PSU)

How do Redroot and Smooth Pigweeds
spread?

Redroot and smooth pigweed seeds are small with
no special adaptations for dispersal, and as a result,
they often fall near the mother plant. However,
other methods of movement such as farm
machinery, water, birds, animals, and the spreading
of manure and compost can disperse them farther
away. Their seeds can float easily, and they are able
to move by rain runoff, surface irrigation, and water
courses. Redroot pigweed was among the most
common weed seeds found in surface-irrigation
canals in western Nebraska. Viable seeds can also be
dispersed after ingestion and elimination by birds
and mammals such as sheep and cattle.
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Smooth pigweed can be hard to control when proper weed
control steps are not taken early in the season. (Photo credit:
Kreshnik Bejleri, USDA-ARS Beltsville, MD.)

How many seeds can Redroot and Smooth
Pigweed produce and how long can those
seeds survive?

Both species are prolific seed producers and can
produce more than 250,000 seeds per plant under
favorable growing conditions. Under near-perfect
conditions, without crop competition, redroot
pigweed plants have produced over one million
seeds per plant. More commonly, pigweed plants
growing in competition with a crop can produce
10,000 to 40,000 seeds. Shade, moisture stress, and
delayed emergence can reduce seed production
considerably.

Both species retain most of their seeds until the
average soybean harvest timing in the fall. A
nationwide U.S. seed rain study showed that smooth
pigweed retained higher amounts (95%) than
redroot pigweed (75%) four weeks after full-season
soybean maturity. At maturity, seeds are dormant
but may germinate under high temperature and
light conditions. Seed survival varies with burial
depth, temperature, moisture, and dormancy, but

most studies report that buried seeds of redroot
pigweed can remain
viable for at least 6
years.

In a study in Colorado,
redroot pigweed seed
reserves in the soil were
reduced by 95% in four
years when the weeds
were controlled, and no
plants were permitted
to produce seeds.
When excellent weed
control was not
achieved, the number
of seeds in the soil
quickly rebounded.

Redroot (left) and smooth pigweed
(right) seedheads. (Photo credit:
Dwight Lingenfelter, PSU)

What other biological weaknesses do
Redroot and Smooth Pigweed have that
can be targeted with management
techniques?

Both species have small seeds, and most of the
seeds are light sensitive for germination; only seeds
near the surface of the soil are able to emerge due
to limited carbohydrate reserves. The need to be
close to the soil surface is an attribute that can be
targeted with mechanical and cultural weed control.
The species’ high seed retention up to crop harvest
makes it suitable for mechanical removal or harvest
weed seed control technologies. (See the
management section below).

Herbicide resistance
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This diagram shows reported herbicide-resistance
for Redroot and Smooth Pigweed in the US; both
resistance to a single herbicide group as well as
resistance to multiple herbicide groups. The
diagram is based on reports to the International
Herbicide-Resistant Weed Database and published
research.

The first report of triazine resistance worldwide was
a smooth pigweed population in the US in 1972.
Redroot pigweed resistance to Group 2 herbicides
was first reported in North America in 1995.
Resistant populations of both species to Group 2
and Group 5 herbicides are now widespread in
North America. In 2022, a redroot pigweed
population from North Carolina was found to be
resistant to ALS-inhibiting herbicides (Group 2),
PPO-inhibiting herbicides (Group 14), and
HPPD-inhibiting herbicides (Group 27). Glyphosate
(Group 9) and auxin-resistance (Group 4) have been
reported in smooth pigweed in other parts of the
world, but not yet in the US.

Contact your local extension office for details about
resistance in your area and management options.

*Herbicide names listed are not the only products that contain
these specific active ingredients. Please check herbicide labels
for more information. Last updated: 02/11/2022.

Smooth pigweed seedlings (Photo credit: Missouri Weed ID
Guide)

Integrated weed management
strategies

Cultural Tactics: Cultural practices that are essential
for good control of these pigweed species include
crop rotation and maximizing crop competitiveness.
Rotations involving perennial forage crops such as
alfalfa with repeated cuttings can help to minimize
pigweed seed production. Fall-seeded small grain
crops are established well before these pigweeds
start to emerge and can help smother the weeds
during pigweed’s spring emergence period. And
since smooth and redroot pigweed don’t tolerate
shade, cropping practices that quickly develop a
crop canopy to shade the soil will reduce weed
competition. For instance, soybean canopies close
seven to 15 days earlier at 15-inch row spacing
compared to 30-inch row spacing, improving early
season crop competitiveness.

Scouting: Scouting and proper identification of
smooth and redroot pigweed are important. Smooth
and redroot pigweed can look similar to other
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pigweed species and might be found together with
other much more aggressive species of the same
genus such as Palmer amaranth or waterhemp.
Since all of the amaranth species are known to
evolve herbicide resistance, preventing seed
production and replenishing the weed seedbank is
important irrespective of economic thresholds.
Scouting can determine if management tactics were
successful and detect any potential new resistance
cases.

Redroot pigweed. (Photo credit: Missouri Weed ID Guide)

Cover crops: Cover crops can help with pigweed
control through reduced emergence and growth.
Cover crop species that produce high amounts of
biomass that persists (such as cereal cover crops)
are the most suitable cover crop for pigweed
management. Legume cover crops are less effective
in suppressing pigweeds, because they add nitrogen
to the soil, and their residue dissipates quickly. To
achieve maximum biomass, early establishment of
the cover crop and/or delayed spring termination is
essential. In northern climes, interseeding into
standing cash crops can help accomplish this.
Delayed termination timing is also important
because it allows for maximum development of
plant stems which do not break down quickly. There
is some concern with terminating too close to crop

planting due to the potential for “green bridges” for
insect pests and disease and avoiding nutrient
tie-up, particularly before corn. But some growers
are finding success with terminating cereal rye at or
after planting (planting green), particularly in

soybean. Cereal rye
can be terminated
either using a roller
crimper (mostly for
organic growers) or
through a herbicide
application, such as
glyphosate. For
optimum pigweed
control, cover crops
should be integrated
with preemergence
and postemergence
herbicide
applications. Be
mindful of potential

herbicide carryover injury to cover crops from
residual herbicides and potential antagonism when
tank mixing soil-applied herbicides with herbicides
for cover crop termination.

Prevention: Prevention is an important but often
overlooked management strategy. Using weed-free,
certified seed is critical. Cleaning clothing, shoes,
and agricultural equipment, including tractors and
combines, to prevent spread is important. If mature
pigweed plants are present at harvest, plan the
harvest schedule to limit spread within a field by
harvesting weed-free areas first and thoroughly
cleaning the combine before moving to other fields.

Mechanical: Mechanical weed control through
tillage, inter-row cultivation, mowing, flaming and
harvest weed seed control (HWSC) can be an
important addition to the pigweed management
toolbox.
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Due to their small seeds, limited reserves in the
seeds, and fragile taproots, pigweeds are more
susceptible than other weed species to “blind
cultivation” – the practice of cultivating a field with
no attention to field rows, with implements such as
rotary hoes or spring-tine cultivators. Blind
cultivation should be done before seedlings progress
beyond the cotyledon stage.

Smooth pigweed. (Photo credit: Claudio Rubione, GROW)

Shallow inter-row cultivation can be a useful tool,
especially in organic crop production and should be
used to target small seedlings under three inches
tall. Cultivation may be less effective on mature
weeds, needs to be repeated and should not be
adopted as a standalone pigweed management
technique.

Shallow tillage can increase pigweed emergence,
but in heavily infested fields, strategically timed
deep tillage can bury the seed beyond the depth of
emergence, reducing emergence from the surface
soil. However, frequent deep tillage can bring seeds
back to the surface, so moldboard plowing
management should only occur once every four or
more years.

Stale-seedbed – the practice of allowing weed seeds
just below the soil surface to germinate in order to
terminate them – is effective on these species. Most

of the plants will emerge by early summer, but
emergence at a much slower rate will continue into
late summer. A two-week interval between tillage
passes will help stimulate emergence with the
second pass destroying most of the seedlings.

Mowing smooth and redroot pigweed along
roadsides or field edges can decrease seed
production, but will not kill plants. Multiple
mowings within a season are needed to reduce
pigweed seed production. Mowing plants with
mature seeds may result in spreading the infestation
and should be avoided.

Harvest weed seed control (HWSC) involves
processing the crop chaff exiting a combine during
harvest to minimize weed seeds returning to the
field. HWSC is most successful on weeds that retain
their seeds up to crop maturity and during crop
harvest. High seed retention in these species (95%
for smooth pigweed and 80% for redroot pigweed)
suggests that the technology is suitable to reduce
next-year pigweed emergence and herbicide
selection pressure in the field. These techniques are
most effective for soybean and small grain
production systems where a combine cutter bar
collects all aboveground crop material during

Smooth pigweed. (Photo credit: Claudio Rubione, GROW)
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harvest. There are various HWSC systems currently
in use around the world. Among these, chaff lining
(which concentrates chaff into rows) and impact
mills (which pulverize chaff to make weeds seeds
nonviable) are under investigation by various North
American institutions. Adopting this technology
could help minimize pigweed seed deposition and
future populations.

Redroot pigweed seedlings. (Photo credit: Missouri Weed ID
Guide)

Chemical Control: Chemical control remains an
important tool for pigweed management. It is
important to start clean (no emerged weeds at
planting) either through tillage or through
burndown herbicide applications. Glyphosate
(Roundup), glufosinate (Liberty), dicamba (Banvel,
Clarity), 2,4-D (2,4-D), and paraquat (Gramoxone)
are effective for burndown control of both species.
A preemergence residual herbicide application
followed by at least one postemergence application
is required to achieve early and late-season pigweed
control. When applied as preemergence herbicides,
various premixes of the following herbicides can

provide effective control for three to four weeks:
Group 3 [pendimethalin (Prowl)], Group 5
[metribuzin (Sencor), atrazine (Atrazine)], Group 7
[linuron (Lorox)], Group 14 [flumioxazin (Valor),
sulfentrazone (Spartan), saflufenacil (Sharpen)],
Group 15 [acetochlor (Warrant, Harness),
dimethenamid (Outlook), metolachlor (Dual),
pyroxasulfone (Zidua)], and Group 27 [mesotrione
(Callisto), isoxaflutole (Balance)].

Postemergence herbicides should be applied when
pigweeds are less than four inches in height. If the
population is susceptible to them, ALS inhibitors and
atrazine provide effective control. Resistance to PPO
inhibitors (acifluorfen, fomesafen, and lactofen) and
HPPD inhibitors (Callisto, Armezon, Laudis) has been
reported in North Carolina. Herbicides from Group 4
[(2,4-D (2,4-D), dicamba (Banvel, Clarity)], Group 9
[glyphosate (Roundup)], Group 10 [glufosinate
(Liberty)], Group 14 [fomesafen (Reflex), lactofen
(Cobra)], and Group 27 [mesotrione (Callisto)] can
be applied in appropriate crops and crop traits for
effective control. For optimum pigweed control with
PPO herbicides and glufosinate (Liberty), target
weeds under four inches tall with good coverage (15
GPA of water or more and medium droplets).

Given their wide emergence period, tank-mixing
residual herbicides at the time of postemergence
herbicide application can minimize pigweed seed
production. Group 15 herbicides [acetochlor
(Warrant), dimethenamid (Outlook), pyroxasulfone
(Zidua), S-metolachlor (Dual II Magnum)] are
effective and suitable for postemergence tank-mixes
in many summer crops. Refer to your local
Extension’s weed management guide for effective
options.

Biological: Biological control of smooth and redroot
pigweed relies on ecological processes since no
bio-control commercial products are available.
There are leaf-feeding insects that attack smooth
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pigweed but the damage caused seldom kills the
plant or stops seed production. The amaranth flea
beetle (Disonycha glabrata) consumes foliage and
Coleophora lineapulvella caterpillars feed on
Amaranthus seeds before dispersal. Some fungal
pathogens like Myrothecium verrucaria infect
Amaranthus plants and may be serving as
population checks.

Seeds on or near the soil surface or within chaff
lines are often consumed by rodents and
invertebrates such as ground beetles (Carabidae),
crickets (Gryllidae), and mice. Ground cover can
increase the density of these seed predators.
Wildlife (i.e. ducks and geese) will also consume
these species’ seeds, however, if seeds remain
viable through the animal’s digestive system, the
seeds can be dispersed in new areas.

Similar weed species

There are over forty-five species in the Amaranthus
genus in the United States. Redroot pigweed
(Amaranthus retroflexus) and smooth pigweed
(Amaranthus hybridus) are closely related to other
common and problematic pigweed species,
including waterhemp (Amaranthus tuberculatus),
Palmer amaranth (Amaranthus palmeri), Powell
amaranth (Amaranthus powellii), and spiny
amaranth (Amaranthus spinosus). It is important to
distinguish redroot and smooth pigweed from
waterhemp and Palmer amaranth due to differences
in response to management. Currently, herbicide
resistance in these species is not as problematic as
waterhemp and Palmer amaranth, so more
herbicide choices are available for both the species.
The table below compares the characteristics of the
most common pigweeds to infest summer grain
crops in North America.

*Separating redroot pigweed from smooth pigweed relies on the length at maturity of sepals/tepals. Sepals of redroot pigweed are
about twice as long as the seed and often curved outward; sepals of smooth pigweed are the same length as seed.
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institutions participating in or administering USDA programs are prohibited from
discriminating based on race, color, national origin, religion, sex, gender identity
(including gender expression), sexual orientation, disability, age, marital status,
family/parental status, income derived from a public assistance program, political
beliefs, or reprisal or retaliation for prior civil rights activity, in any program or activity
conducted or funded by USDA (not all bases apply to all programs). Remedies and
complaint filing deadlines vary by program or incident. USDA is an equal opportunity
provider, employer, and lender.
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