





Common waterhemp (Amaranthus rudis) Figure 10.17. Common waterhemp
Time of emergence: Typically emerges late in the
season after corn emergence.

Life cycle and reproduction: Annual, reproducing
from seed.

Distinguishing characteristics (fig. 10.17): The first
true leaves of seedlings are more lance-like than the
oval leaves seen on redroot pigweed. Leaf surfaces
are not hairy. This species has male and female
plants. The inflorescence of the female plant is more
highly branched than that of the redroot pigweed.
The female waterhemp has been reported to pro-
duce over 1 million shiny black seeds.

Areas of infestation: Disturbed areas with high
fertility.

Yield loss potential: Up to 55% corn yield
reductions reported, depending on density.
Effective management: Common waterhemp is
difficult to control and is often seen after layby
operations. Some resistant biotypes have been re-
ported in other states. Prevention and cultural con-
trol should be implemented in addition to chemical
management.

Herbicide resistance: Biotypes of this plant have (Photos courtesy of Mike Moechnig and Kurtis D. Reitsma, South
been reported to be resistant to amino acid synthesis Dakota State University)

inhibitor (ALS inhibitor) herbicides, PS II inhibitors (not used in corn production), glyphosate, and
cell-membrane disruptor (PROTOX-inhibitor) herbicides.

Common lambsquarters (Chenopodium album)
Time of emergence: This weed typically emerges at  Figure 10.18. Common lambsquarters
or just before planting.
Life cycle and reproduction: Annual, reproducing
from seed.
Distinguishing characteristics (fig. 10.18): Emerg-
ing plants are very small. Leaves are opposite and
are covered with a mealy powder, especially on the
underside. The stems are erect, may have green or
red stripes, and can grow to almost 6-feet tall under
certain conditions. The flowers are nonshowy and
without petals.
Areas of infestation: Found in disturbed sites.
Yield loss potential: Up to 40% corn yield
reductions reported, depending on density.
Effective management: Pre—emergent broadleaf (Photos courtesy of Mike Moechnig and Kurtis D. Reitsma, South
herbicides often give season-long control. Post- Dakota State University)
emergent herbicides work best on very young
plants. This species is difficult to control if taller than 6 inches. Prevention and cultural control
should be implemented in addition to herbicide application.
Herbicide resistance: Biotypes of this plant have been reported to be resistant to amino acid syn-
thesis inhibitors (ALS inhibitors) and to photosynthesis inhibitors. Reduced sensitivity to glyphosate
has been reported in some populations.
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Kochia (Kochia scoparia) Figure 10.19. Kochia
Time of emergence: Emerges at or before planting.
Life cycle and reproduction: Annual, reproducing
from seed.

Distinguishing characteristics (fig. 10.19): Seed-
lings can be very small—with over 1,000 present
ina 1 ft* area. Leaf margins are fringed with hair.
Leaf surfaces range from being without hairs to very
hairy. Wind-blown plants will disburse seed in the
fall.

Areas of infestation: Found in disturbed sites.
Yield loss potential: Yield losses of up to 40% have
been reported.

Effective management: Pre-emergent broad-

leaf herbicides may provide season-long control.
Post-emergent herbicides work best on very young
plants. This species is difficult to control if taller
than 6 inches. Prevention and cultural control
should be implemented in addition to herbicide
management.

Herbicide resistance: Some kochia biotypes are
resistant to atrazine, amino acid synthesis inhibitor
(ALS inhibitor) herbicides, and growth-regulator
(i.e., auxin) herbicides.

. .. 'Phot It f Mike Moechnig, South Dakota State Universit
Canada thistle (Cirsium arvense) (Photos courtesy of Mike Moechniy, South Dakota v

Time of emergence: Typically emerges before or
just at planting. Figure 10.20. Canada thistle
Life cycle and reproduction: This perennial has
deep and extensive root systems. It spreads by seeds
or pieces of root transported from one location to
another.

Distinguishing characteristics (fig. 10.20): Leaves
have crinkled edges and spiny margins, somewhat
lobed and hairless. Stems may be hairy, especially
when mature. Plants are diecious (males and
females are distinct). Pink to purple flowers are
numerous and compact at the top of the plant.
Areas of infestation: Found in disturbed sites

Yield loss potential: Up to a 40% corn yield reduc-
tions have been reported.

Effective management: Herbicides can control
seedlings, but older plants should be treated with
herbicides when in the bud stage or in the fall after
the first frost.

Herbicide resistance: Biotypes of Canada thistle
have been reported to be resistant to growth-regula-
tor (auxin-type) herbicides.

(Photos courtesy of Mike Moechnig, South Dakota State University)
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Field bindweed (Convolvulus arvensis)
Time of emergence: Late spring to early summer.
Life cycle and reproduction: Perennial, can grow
from rhizomes or seed.
Distinguishing characteristics (fig. 10.21): Leaves
are arrow-shaped on a twining stem. The root sys-
tem can be extensive and deep rooted. Flowers are
white to pink and bell or trumpet shaped.
Areas of infestation: Grows well in dry soils.
Yield loss potential: Can reduce yields 50%. Vining
nature of the plant can cause problems with harvest
equipment.
Effective management: Combination of herbicides
and competitive crops.
Herbicide resistance: This plant is tolerant of
glyphosate. Biotypes have been reported resistant
to growth-regulator (auxin-type) herbicides.

Hedge bindweed (Calystegia sepium)
Time of emergence: Typically emerges before
or at corn planting.
Life cycle and reproduction: Perennial vining plant,
reproducing from seed and rhizomes. It can be con-
fused with field bindweed. Figure 10.22. Hedge bindweed
Distinguishing characteristics (fig. 10.22): Leaves
have a long petiole and have a pointed tip. The
flowers are large, funnel shaped, and white to pink
in color.
Areas of infestation: Found in disturbed sites.
Yield loss potential: This plant is not as aggressive
as field bindweed, though the vines may cause
problems during harvest.
Effective management: Prevention and cultural
control should be implemented in addition to
herbicide application.
Herbicide resistance: To date, herbicide resistance
has not been reported.

(Photos courtesy of Mike Moechnig, South Dakota State University)

(Photos courtesy of Weed Science Society of America)

CHAPTER 10: Weeds and Herbicide Injury in Corn



Herbicide Damage in Corn
Herbicides can cause predictable symptoms to plants. The purpose of this section is to show symp-
toms and discuss the mode of action of commonly used herbicides.

Growth-Regulator Herbicides
A. Phenoxy acids Figure 10.23. Onion leafing due to 2,4-D

Example: 2,4-D 7
Mode of action: Acts as a synthetic auxin, disrupt-
ing nucleic acid metabolism and protein synthesis,
which ultimately leads to plant death.
Appearance of symptoms (fig. 10.23): Symptoms
appear within hours of application on sensitive

species.
Injury symptoms Injury cause
Rolled leaves. Applied to rapidly growing
Fused brace roots. corn. (Photo courtesy of Leon Wrage, South Dakota State University)

Stalk bending and brittleness.

Missing kernels on ear. Applied too late in grow-

ing season.

B. Benzoic acids Figure 10.24. Root pruning due to dicamba (Banvel®)
Example: dicamba (Banvel®)
Mode of action: Acts as a synthetic auxin. See 2,4-D
above.
Appearance of symptoms (fig. 10.24): First ap-
pearance of symptoms can come within hours after
application on sensitive species.

Injury symptoms Injury cause

Same as 2,4-D, but may occur | Variable hybrid sensitivity.
at lower application rates than | Applied during sensitive
2,4-D. growth stage of corn.

Lipid Synthesis Inhibitor Herbicides
A. Cyclohexanediones

Example: sethoxydim (Poast®)

Mode of action: Inhibits the formation of lipids
used for membrane development and stops growth
of new tissue.

Appearance of symptoms (fig. 10.25): Symptoms
may first appear 2 to 4 days after treatment. The
death of the plant is slow.

Injury symptoms Injury cause

Yellowing or reddening of new | Misapplication.
leaves. Tank contamination.
Stunting of plant.

Death of tissue and browning.
Growing point dies.

(Photo courtesy of Leon Wrage, South Dakota State University)
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Amino Acid Synthesis Inhibitor Herbicides
A. Amino acid derivatives Figure 10.26. Glyphosate (Roundup®) injury to non-

Example: glyphosate (Roundup®) tolerant corn
Mode of action: Amino acid synthesis inhibitor;
stops synthesis of aromatic amino acids (those that
contain a phenyl ring).

Appearance of symptoms (fig. 10.26): Symptoms
appear within 3 to 10 days after treatment. Environ-
mental conditions that slow growth (e.g., extreme
heat, cold, or drought) reduce the effects of gly-
phosate. May look like P deficiency, except purpling
is first seen on the older leaves.

(Photo courtesy of Leon Wrage, South Dakota State University)

Injury symptoms Injury cause
Yellow then brown foliage. Misapplied to non-tolerant
Growing point dies. corn.
Purpling of foliage. Tank contamination.
B. Phosphoric acid-type Figure 10.27. Glufosinate (Liberty®) injury to non-
Example: glufosinate (Liberty®) tolerant corn

Mode of action: Stops the synthesis of the amino
acid glutamine, resulting in buildup of toxic levels
of ammonia in the leaves.

Appearance of symptoms (fig. 10.27): Symptoms
appear within 3 to 5 days after treatment

Injury symptoms Injury cause
Pale yellow or purple leaves. | Misapplied to non-tolerant
Water-soaked lesions. corn. (Photo courtesy of Mlke Moechmg South Dakota State University)
Applied too late in the
season.

Figure 10.28. Primisulfuron (Beacon®) injury to
corn

C. Sulfonylureas and imidiazalinones (ALS inhibitors)
Example: primisulfuron (Beacon®)
Mode of action: Inhibits the formation of
branched-chain amino acids.
Appearance of symptoms (fig. 10.28): The grow-
ing point becomes yellow within 2 to 4 days after
treatment. Plant death occurs within 7 to 10 days after

treatment.
e
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internodes. Applied too late.
Yellow translucent leaves. Tank contamination. fﬁi‘;;:'{‘“H“;iir;{?ﬁn%ﬂl"ﬂ
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(Photos courtesy of Leon Wrage, South Dakota State University)
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Pigment Inhibitor Herbicides
A.Isoxazoles

Example: isoxaflutole (Balance®); mesotrione
(Callisto®)

Mode of action: Inhibit enzymes in the carotenoid
pigment pathway; these pigments protect chloro-
phyll from destruction.

Appearance of symptoms (fig. 10.29): White areas
on plants or albino plants appear during emer-

gence.
Injury symptoms Injury cause

White tissue. Applied on cool, wet, or

Poor emergence. sandy soils.

Stunted plants. Carryover problem.

Growing point dies.

Cell-Membrane Disruptor Herbicides
A. Bipyridiliums

Example: paraquat (Gramoxone®)
Mode of action: Destruction of cell membranes.
Appearance of symptoms (fig. 10.30): Symptoms
are often observed within hours. Contact herbi-
cide symptoms primarily seen on treated leaves as
speckling. Untreated and new leaves may not show
symptoms.

Injury symptoms Injury cause

Limp leaves. Drift.

Water-soaked appearance Tank contamination.
(looks like frost damage).
Brown tissue in water-
soaked areas.

B. Aryl triazolinones (PROTOX inhibitors)
Example: carfentrazone (Aim®)
Mode of action: Inhibits the protoporphyrinogen
oxidase, resulting in cell membrane destruction.
Appearance of symptoms (fig. 10.31): Appearance
of necrotic (dead tissue) speckling on leaves within
a few days after exposure. Symptoms are most often
observed during emergence or in seedling plants.

Injury symptoms Injury cause
Yellowing or reddening of Misapplication.
new leaves. Tank contamination.

Stunting of plant.
Death of tissue and browning.
Growing point dies.
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Figure 10.29. Isoxaflutole (Balance®) injury

(Photo courtesy of lowa State University)
Figure 10.30. Paraquat (Gramoxone®) injury

(Photos courtesy of Mike Moechnig, South Dakota State University)
Figure 10.31. Carfentrazone (Aim®) injury

Corn seedlings have chlorotic to white veins (tiger
stripping), and the lower leaves may droop.
(Photos courtesy of Mike Moechnig, South Dakota State University)



Photosynthetic Inhibitor Herbicides

A. Triazines

Example: atrazine (Aatrex®)
Mode of action: Stops electron flow in

photosynthesis.

Appearance of symptoms (fig. 10.32): Symptoms
are observed within a few days. If due to soil
application, older leaves show the most damage.
If applied to leaves, treated leaves and outer
margins of treated leaves show the most damage.

Injury symptoms

Injury cause

Yellow and brown leaves.
Crop oil synergy if applied as
a post emergence.

Cool wet conditions slow-
ing corn growth.

B. Benzonitriles

Example: bromoxynil (Buctril®)
Mode of action: Stops electron flow in

photosynthesis.

Appearance of symptoms (fig. 10.33): Symptoms
are observed within a few hours. Contact-type

herbicide-speckling of treated areas first observed.

Figure 10.33. Bromoxynil (Buctril®) injury

Injury symptoms

Injury cause

Yellow and brown leaves.

Crop oil with the post-
emergence application.

Seedling Growth Inhibitor Herbicides

A. Dinitroanalines

Example: trifluralin (Treflan®); pendimethalin

(Prowl®)

Mode of action: Inhibits the growth of roots or

shoots of seedlings.

Appearance of symptoms (fig. 10.34): Symptoms
are apparent during or soon after plant emer-
gence. Roots shortened with few fine root hairs.

Injury symptoms

Injury cause

Stunted plants.
Roots short and thick.

Carryover.
Misapplication.
Over-application.

Seedling Growth Inhibitor Herbicides continue on pg. 90

(Photo courtesy of Leon Wrage, South Dakota State University)

Figure 10.32. Atrazine (Aatrex®) injury

(Photo courtesy of lowa State University)
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Figure 10.34. Root clubbing from pendimethalin

(Photo courtesy of Leon Wrage, South Dakota State University)
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Seedling Growth Inhibitor Herbicides continued

B. Acetanilides
Example: metolachlor (Dual®); acetochlor (Har-
ness®)
Mode of action: Growth inhibitor that affects roots
or shoots of seedlings.
Appearance of symptoms (fig. 10.35): During or
soon after plant emergence. Leaves do not unfurl.

Figure 10.35. Metolachlor (Dual®) injury

Injury symptoms Injury cause
Poor emergence. Over-application.
Stunted plants. Cool, wet soils.
Leaf out underground
before emergence. (Photo courtesy of Greg Stewart and Mike Cowbrough, Ontario
Ministry of Agriculture and Food)
C. Thiocarbamates Figure 10.36. EPTC + safener (Eradicane®) injury

Example: EPTC + safener (Eradicane®); butylate +
safener (Sutan®)

Mode of action: Inhibits the growth of roots or
shoots of seedlings.

Appearance of symptoms (fig. 10.36): Symptoms
appear during or soon after plant emergence.
Leaves show buggy whipping.

Injury symptoms Injury cause
Buggy whipping (leaf Over-application.
entrapment). Cool, wet soils.
Stunted plants.

’ .I ri. | [ ﬁ(

(Photos courtesy of Leon Wrage, South Dakota State University )
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Documenting Suspected Herbicide Drift Damage
Herbicide drift to non-target plants can result in significant economic losses. Careful attention to
application techniques can help minimize drift. At some point it may be necessary to document drift.
The following guidance is provided to document losses:
* Record information related to the suspected problem.
— Date, rate, and name of herbicide used.
— When damage occurred/was noticed.
— When adjacent fields were sprayed.
— The crop in neighboring fields.
— Herbicides used in neighboring fields (if possible).
— Wind speed, application type, and speed of travel.
— Cultural practices in the damaged field.
+ Consider all possible causes of the injury.
— Diseases, nutrients, herbicide carryover, growing conditions, and flooding.
— Possible tank contamination.
— Plant samples may need to be submitted to a disease or nutrient laboratory.
* Make a map of the area.
— Include the legal land description of the field.
+ Collect quality photographs.
— Include tops, roots, and close-ups of affected portions.
« Estimate yield losses.
— In many situations, it is not possible to calculate yield losses until 10 to 20 days after damage.
— Visual estimation is not reliable.
— Compare yields in damaged and undamaged areas during or just before harvest.
+ Promptly contact all parties suspected of being involved.
— Insurance companies may need to be contacted for inspections.
— It may be necessary to file a complaint with the South Dakota Department of Agriculture.
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Support for this document was provided by South Dakota State University, South Dakota Coop-
erative Extension Service, South Dakota Agricultural Experiment Station; South Dakota Corn Utiliza-
tion Council; USDA-CSREES-406; South Dakota Department of Environment and Natural Resources
through EPA-319; South Dakota USGS Water Resources Institute; USDA-North Central Region SARE
program; Colorado Corn Growers Association; and Colorado State University.

The information in this chapter is provided for educational purposes only. Product trade names
have been used for clarity, but reference to trade names does not imply endorsement by South Dakota
State University; discrimination is not intended against any product. The reader is urged to exercise
caution in making purchases or evaluating product information. Label registrations can change at any
time. Thus, the reccommendations in this chapter may become invalid. The user must carefully read the
entire most-recent label and follow all directions and restrictions.
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Best Management Practices for Corn Production in South Dakota is the collective work

of agricultural professionals from South Dakota State University, South Dakota
Cooperative Extension Service, and Cooperative State Research, Education, and

Extension Service. All content has been peer-reviewed and includes 66 informational tables
and over 100 full-color illustrations.
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