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Effects of CO2 on Herbicidal Control of Pigweed
Plants use carbon dioxide (CO2) to build tissues and the
rising level of CO2 in the atmosphere (due largely to
human activities) usually leads to larger plants. Plants vary
in their growth response to higher levels of CO2 with C4
grass-type plants (like corn and sorghum) showing 10-20%
increases in growth and yield and C3 flowering plants (like
cotton and soybean) increasing around 30%.
Unfortunately, this is true for weeds as well as crop plants.
In fact, weeds have been shown to exhibit greater growth
increases to elevated atmospheric CO2 than crop plants,
prompting speculation that herbicide rates may need to be
increased to maintain effective control.
Palmer amaranth (Amaranthus palmeri [S.] Wats.),
commonly called pigweed, is a problem in many cropping
systems in the southeastern US (Figure 1). Some pigweed
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populations have been found to exhibit resistance to
herbicides such as glyphosate. The Global Change group
investigated how growth under high CO2 impacted
herbicidal control of this problematic pigweed. Seed from
both a glyphosate resistant and a glyphosate susceptible
population were germinated in a greenhouse and
transferred to open top field chambers for exposure to a
normal atmospheric CO2 level and an elevated (+ 200
ppm) atmospheric CO2 level. Plants were grown under
ambient and elevated CO2 conditions for 16 days prior to
being sprayed with glyphosate at ½, 1, and 1½ times the
recommended label rate plus an untreated control. Plants
were returned to the CO2 chambers and held for 11 days
before being destructively harvested.

Unlike previous high CO2 studies, we did not observe an
increase in plant dry weight (top, root, or total) due to
growth under high CO2. It was our intent to have plants
of a size that farmers would encounter in the field
requiring herbicidal control. Therefore, the short CO2
exposure period may explain the lack of a growth
response to elevated CO2. All rates of glyphosate reduced
growth of susceptible plants compared to control under
both levels of CO2. However, resistant plants were
unaffected by glyphosate, regardless of rate, under both
CO2 treatments. Results from this short-term study
suggest that weed control strategies for these populations
of pigweed (glyphosate resistant and susceptible) should
not be altered under future conditions of elevated
atmospheric CO2.

Figure 1. Palmer amaranth (pigweed).
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Rye Delays Weed Emergence
and Reduces Potential Cotton
Yield Loss

determines its end; the combination of both components
determines the duration of CWFP. Weeds that are present before or emerge after this period do not cause significant (>5%) yield loss.
We hypothesized the use of cover crops managed for
maximum biomass could decrease or delay weed emergence, effectively reducing the CPWC. A field experiment was conducted to evaluate the CPWC in cotton as
affected by a high biomass cereal rye cover crop and tillage. The three management systems evaluated included
conventional tillage following winter fallow, conservation tillage (CT) following winter fallow, and CT following a cereal rye cover crop (Fig. 2) managed for maximum biomass. Throughout most of the growing season,
weed biomass in cereal rye cover crop plots was less
than the CT winter fallow system in both years, and less
than both CT winter fallow and conventional tillage in
one year. The presence of a rye cover crop delayed the
CTWR approximately 8 days compared to the fallow
treatment both years, while conventional tillage delayed
CTWR about two weeks compared to winter fallow. Relative yield losses in both years did not reach the 5%
threshold limit until about 2 weeks after planting (WAP)
for CT following winter fallow, 3 WAP with CT following
a rye cover crop, and 3.5 WAP following conventional
tillage. Thus, CT following winter fallow should be
avoided to minimize cotton yield loss.

In the Mid-South and Southeast United States cotton producing states, pigweed, crabgrass, morningglory, nutsedges,
goosegrass, and sicklepod are the highest ranked troublesome weeds. Widespread herbicide resistant horseweed and
Palmer amaranth in this area has reemphasized the need for
integrated herbicide resistant weed control strategies. Our
recent pigweed research has focused on integrated cultural
and chemical weed management strategies to provide effective control and reduce selection pressure for resistance development.
The critical period for weed control (CPWC) is the time interval in crop growth when a weed-free state must be maintained to prevent substantial (≥5%) yield loss. The CPWC
has two separately measured weed-crop competition components: 1) the critical timing for weed removal (CTWR i.e.
the maximum time duration the crop can tolerate earlyseason weed competition before incurring increasingly substantial yield loss) and 2) the critical weed-free period
(CWFP; i.e. the minimum time duration from time of planting onward when a crop needs to be kept weed free to prevent substantial yield losses above a predetermined level).
The CTWR determines the beginning of CPWC while CWFP
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Figure 2. Cotton grown in a conservation tillage and
cereal rye production system.
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Figure 3. Leaching of horticulture nursery containers.

Reducing P Leaching from
Containerized Media with
Gypsum
Phosphorus (P) loss from agricultural production systems
is the major culprit causing blooms of harmful algae to
occur in rivers, lakes and streams. Once excess algae
growth ensues in these fresh water ecosystems, the water
becomes depleted of oxygen causing dead zones to occur
that damages the vitality of these systems for aquatic life.
Scientist at the NSDL have been researching ways to improve water quality by binding P into the soil under forage
and row crop production systems to prevent it from running off. Research discoveries from this lab have shown
that flue gas desulfurization (FGD) gypsum can be used as
a soil additive to curb P losses from these agricultural
fields. This FGD gypsum source is produced as a byproduct of removing sulfur from emissions at coal-fired electric utility plants. Thus, there is no shortage of this synthetic gypsum source; half of this material has to be landfilled.
Similar to forage and row crop production systems, horticultural nursery production can be responsible for introducing P into the environment. Throughout the US,
nursery crops are primarily being grown in containerized
production using light-weight soil-less media, primarily
consisting of pine bark or peat-based substrates. This media has a high percentage of air space for enabling the
growth of plants in containers. However, as a result of this
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… Reducing Leaching cont.
Dr. Andrew Price guest lectured twice in Auburn University
Entomology and Plant Pathology 'Integrated Pest Management'
class. The title of his presentation was 'Cover Crops As An Aid
In Weed Management'. 4/7/2020
Mr. Aleksandr Kavetskiy and Drs. Galina Yakubova,, Steve Prior,
and Allen Torbert presented at the International Conference on
Agricultural Soil Science and Soil Analysis (ICASSSA 2020) in
San Francisco, CA. The title of the presentation was ‘Neutrongamma technology for soil elemental analysis and mapping’.
6/4-5/2020
Dr. Kip Balkcom was invited to present at an Alabama
Agricultural Experiment Station sponsored virtual field day
about cover crop mixtures preceding corn. Dr. Balkcom’s
presentation was recorded and posted to an Alabama
Agricultural Experiment Station FaceBook page. 8/21/2020
Dr. Kip Balkcom was invited to present at the Virtual Cover Crop
In Service Training for Alabama, Georgia, and Florida. The title
of his presentation was ‘Nitrogen Management and Cover
Crops’. 9/21/2020

Figure 4. Applying water to horticulture nursery containers.

Figure 5. Differences in leachate clarity between 15%
FGD gypsum + media and the 100% media.
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high porosity, frequent daily irrigation cycles are
required (upwards of 1/2 acre inch of water or more). In
addition, the media components have a low nutrient
sorption capacity often allowing as much as 75 % of the
applied P to be lost from the containers. One approach to
reduce horticulture’s footprint on the environment could
be to amend the nursey containers with FGD gypsum. A
series of pilot studies were conducted by NSDL scientist
to evaluate varying rates of FGD gypsum in pine bark
substrates and its effectiveness on P retention within the
media. These horticultural leaching experiments
consisted of evaluating two fertilizer sources (fast release
and slow release), four gypsum rates (2.5, 5, 10, and 15%
v/v gypsum:media), and two application methods
(mixed or placed at base of container). The containers
were saturated and leached daily (Figs. 3 and 4).
Preliminary evaluations showed that the FGD gypsum
was effective at retaining P within the container (Fig. 5).
Dissolved P concentrations in leachate decreased over
time regardless of whether the containers were fertilized
with a slow release or fast release fertilizer. With both
FGD gypsum application methods, increasing FGD rates
decreased dissolved P that leached. Mixing FGD gypsum
with the media tended to be more effective than placing
the gypsum at the base of the media containing the fast
release fertilizer, while the two FGD gypsum application
methods were comparable for media containing the slow
release fertilizer. Initial results from these experiments
suggest that the addition of FGD gypsum to
containerized nursey media could be a new management
strategy for improving the sustainability of our
environment.

Send updated contact information, questions, comments, and/or suggestions to: NSDL-Highlights@ars.usda.gov
USDA is an equal opportunity provider, employer, and lender.

4

