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ABSTRACT

Experiments were conducted with corn at two sites in 2003 to compare glyphosate-based
herbicide programs to conventional herbicide programs in conventional and no-till tillage
systems. Herbicide treatments included: s-metolachlor plus atrazine preemergence (PRE) or
no PRE; postemergence (POST) herbicide treatments were nicosulfuron plus rimsulfuron plus
dicamba, glyphosate alone or with atrazine, and no POST herbicide; and postemergence-
directed (PDIR) treatments included glyphosate, ametryn, or no PDIR herbicide. Entireleaf
morningglory, ivyleaf morningglory, pitted morningglory, and tall morningglory where
controlled 93% or greater 2 wk after POST herbicide application (WAP) with all treatments
including POST herbicides. By 2 wk after PDIR herbicide treatment (WAPD), control was
higher when a PDIR herbicides were applied. Broadleaf signalgrass, fall panicum, large
crabgrass, and sicklepod were controlled 96% or greater 2 WAP with all treatments receiving
a POST herbicide application. However, in the absence of a PDIR herbicide application,
control was lower 2 WAPD. Palmer amaranth and common ragweed were controlled 99% or
greater in the no-till tillage system by both herbicide programs, however in the conventional
tillage system control was reduced with the conventional herbicide program compared to the
glyphosate system. Smooth pigweed was controlled completely by both herbicide programs
regardless of the tillage system used. Corn yield in the conventional tillage system was 1010
kg/ha higher than in the no-till. Net returns varied according to grain yield, which varied
between tillage systems.

INTRODUCTION

Corn development and grain yield are influenced by the duration of weed interference, weed species,
density, and the environment in which corn grows (Knake and Slife, 1961; Staniforth, 1957; Tapia et
al., 1997; Vangessel et al., 1995; Young et al., 1984). Weeds compete with corn for sunlight, water,
nutrients, and space. Numerous studies have shown that weed control early in the growing season is
necessary to reduce yield losses in corn. Giant foxtail [Setaria faberi (L.) Herrm.], barnyardgrass
[Echinochloa cruss-galli (L.) Beauvi.], and Amaranthus spp. emerging with corn reduced yields up
to 13, 35, and 50%, respectively (Bosnic and Swanton, 1997; Fausey et al., 1997; Knake and Slife,
1965; Vizantinopoulos and Katranis, 1998). Carey and Kells (1995) found that a mixed weed
population competing with corn until the weeds reached 20 cm tall reduced corn grain yield up to
20%.

Soil-applied herbicides, such as atrazine plus metolachlor or atrazine plus alachlor, have been used
to control weeds in corn for many years, primarily because of their effectiveness and reasonable cost
(Swanton et al., 2002). However, with reductions in atrazine use, due to limitations imposed
because of atrazine found in ground water in areas of North Carolina and in other states (Cohen et al.
1986; Holden et al. 1992; Wade et al. 1998), growers are moving toward total POST weed
management systems. Reduced tillage systems may help reduce growers’ dependence on the use of
PRE herbicides and help them transition into a total POST weed management program. In no-till
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tillage systems weed seedlings tend to emerge later, but at greater densities compared with
conventional tillage systems (Halford et al., 2004). Also, in no-till systems, annual grass species
often dominate the weed population (Johnson et al., 1998).

Applied POST, nicosulfuron is effective on many annual grass species (Tapia et al., 1997).
However, there are limitations to using nicosulfuron. Nicosulfuron cannot be used on corn that has
been treated with organophosphate insecticides because of the potential for interactions that
negatively affect corn growth and development (Bailey and Kapusta, 1994; Kapusta and Krausz,
1992). However, glyphosate used in conjunction with glyphosate-resistant corn cultivars may allow
growers to better control weeds in a no-till tillage system and still use organophosphate insecticides.
Glyphosate-resistant (GR) corn would allow for a total POST herbicide program because of its broad
spectrum of weed control, convenience of POST application without crop injury, and rotational crop
flexibility (Ateh and Harvey, 1999; Culpepper and York, 1999; Culpepper et al., 2000).

Experiments were conducted to evaluate weed control, grain yield, and net economic returns in no-
till and conventional tillage systems. Conventional and glyphosate-based herbicide programs were
evaluated for each tillage system.

MATERIALS AND METHODS
The experiment was conducted in North Carolina at the Central Crops Research Station located near
Clayton and at the Upper Coastal Plain Research Station located near Rocky Mount. Soils at Clayton
and Rocky Mount were a Johns sandy loam (Fine-loamy over sandy or sandy skeletal, siliceous,
thermic Aquic Hapludults) with 0.86% organic matter and pH 5.8 and a Goldsboro fine sandy loam
(Fine-loamy, siliceous, thermic Aquic Paleudults) with 0.97% organic matter and pH 5.6,
respectively.

Corn GR hybrids ‘DKC 69-71 RR/YG’ and ‘DKC 697" in 2003 were planted in mid-April. Plots
were four rows 9 m long with row spaced 97 cm apart at Clayton and Goldsboro. Plots were
conventionally tilled and bedded for the conventional tillage system or received a burndown
herbicide application for the no-till system. No-till system was planted into a wheat cover crop after
being bedded in the fall. Seed populations were 24,000 kernels per acre. No infurrow insecticide
was applied. Soil amendments were applied according to North Carolina Department of Agriculture
soil test recommendations.

Treatments are as follows: PRE herbicides were S-metolachlor plus atrazine at (1.1 + 1.4 kg ai/ha) or
no PRE herbicide, POST herbicides were nicosulfuron plus rimsulfuron plus dicamba plus surfactant
at [0.026+ 0.013 + 0.14 kg/ha + surfactant at 0.25% (V/V)], glyphosate at 0.8 kg ae/ha, or no POST
herbicide; and PDIR herbicides were ametryn at 1.1 kg/ha, glyphosate at 0.8 kg/ha, or no PDIR
herbicide treatment. Two non-treated checks were also included with each tillage system. PRE
herbicides were applied at immediately after planting. PRE and POST herbicides were applied with
a CO,-pressurized backpack sprayer equipped with extended range flatfan nozzles delivering 140
L/ha at 160 kPa. Corn had 5 to 6 leaves when POST herbicides were applied. PDIR herbicide
treatments were applied to 8- to 9-collar corn with a CO,-pressurized backpack sprayer equipped
with one flood nozzle per row calibrated to deliver 140 L/ha at 310 kPa.

The experimental design was a split split-block design with tillage systems as the main plot, hybrids

as the sub-plot, and herbicide treatments as the sub sub-plot. Treatments at all locations were
randomized four times except in Rocky Mount were treatments were replicated six times.
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Morningglory species consisted of pitted morningglory (lpomoea lacunosa L.), ivyleat morningglory
[lpomoea hederacea (L.) Jacq.], and entireleaf morningglory (I[pomoea hederacea var. integriuscula
Gray) in both tillage systems. Annual grass species consisted of fall panicum (Panicum
dichotomiflorum Michx.), large crabgrass [Digitaria sanguinalis (L ) Scop.], and broadleaf
signalgrass [Brachiaria platyphylla (Griseb.) Nash]. Other weeds present included, Palmer
amaranth [Amaranthus palmeri S. Wats.], smooth pigweed (Amaranthus hybridus L.), and common
ragweed (Ambrosia artemisiifolia L.). Weed control was estimated visually 2 wk after POST
application (WAP2), and 2 and 8 wk after PDIR application (WAPD) using a scale of 0 to 100
where 0 = no weed control and 100 = complete weed control or plant death (Frans et al., 1986).
Annual grasses and morningglory species were evaluated as a category; no attempt was made to
evaluate control of grasses and morningglories by species. The center two rows were harvested
mechanically in mid-September and corn grain yields were adjusted to 15.5% moisture.

An enterprise budget for all herbicide inputs was calculated using prices from the HADSS' program
for corn production in North Carolina. Additionally, available equipment from these budgets was
used to calculate cost of disking land ($5.96/A), bedding land ($6.11/A), herbicide burndown, PRE,
or POST application ($4.87/A), PDIR application ($3.71/A), planting crop ($6.57/A), and harvesting
crop ($19.42/A) (Bullen, 2004). Costs were calculated for the 2003 growing seasons.

Data were subjected to analysis of variance, and treatment sums of squares were partitioned to
reflect the split-plot design when evaluating herbicide system effects on GR corn. Non-transformed
data for weed control are presented as arcsine square root transformation did not affect data
interpretation. Means for all variables were separated using Fisher’s Protected LSD Test at P <
0.05. Data from all non-treated checks were removed before analysis of variance was conducted.

RESULTS AND DISCUSSION

Corn Tests 2003.

There was a location by herbicide treatments within corn hybrid interaction for morningglory control
2 WAP, 2 WAPD, and 8 WAPD. The glyphosate herbicide system controlled morningglory 96 to
100% 2 WAP at both locations (data not shown). The conventional herbicide system controlled
morningglory 72 to 100% 2 WAP. Differences among herbicides in the conventional program were
due to treatments which only received s-metolachlor plus atrazine PRE and no POST herbicide. At
Clayton, all glyphosate treatments controlled morningglory 97% or greater 2 WAPD except for the
glyphosate POST only treatment. There were no differences in the glyphosate herbicide system at
Rocky Mount. Trends remained the same for the conventional system at both locations , were the
PRE herbicide only treatment was 22 to 24 percentage points lower than all other treatments.

There was a location by herbicide program interaction for control of annual grasses. Annual grass
control was at least 80% (data not shown). However, the glyphosate POST only treatment and PRE
herbicide only treatment controlled annual grasses less effectively than all other treatments 2
WAPD. Trends remained the same 8 WAPD.

Glyphosate controlled grasses completely 2 WAP at Rocky Mount. Additionally, s-metolachlor plus
atrazine followed by nicosulfuron plus rimsulfuron plus dicamba controlled grasses 100%, which
was better than all other conventional treatments 2 WAP. By 2 WAPD, glyphosate POST or
glyphosate plus atrazine followed by glyphosate or ametryn PDIR controlled grasses 100%, which
was greater than glyphosate or glyphosate applied POST alone. All conventional treatments

"HADSS, Herbicide Decision Support System. 2004. Web page: http://www.hadss.comy/.
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controlled annual grass 99% or greater 2 WAPD, except for the PRE herbicide only treatment.
Trends for annual grass were similar 8 WAPD.

There was a tillage by herbicide system interaction for control of Palmer amaranth. Therefore, data
were pooled over herbicides within a system and locations. There were no differences in Palmer
amaranth control among herbicide programs in the no-till tillage system (data not shown). However,
in the conventional tillage system, the conventional herbicide controlled Palmer amaranth 97%.
There were no differences in control 2 WAPD or 8 WAPD for control of this weed (Data not
shown).

There were no differences in control of smooth pigweed. Smooth pigweed was controlled 100%
with both herbicide systems 2 WAP, 2 WAPD, and 8 WAPD (data not shown). Tillage systems had
no effect on control of smooth pigweed.

There was a location by herbicide system interaction for control of common ragweed. Data were
pooled over herbicides within a system and tillage systems. There were no differences in control of
common lambsquarters at Clayton (data not shown). However, at Rocky Mount the glyphosate
herbicide system controlled common lambsquarters 99% or greater 2 WAP, while the conventional
herbicide system controlled common lambsquarters 96% 2 WAP. This small difference could be
due to glyphosate being very good at controlling Amaranthus spp (York, 2004). No differences
were found for control of common lambsquarters 2 WAPD or 8 WAPD among treatments.

There was a location by tillage system interaction for corn grain yield. Data were pooled over
hybrid and herbicide systems due to lack of interaction or main effect. Corn grain yield at Rocky
Mount averaged 6640 and 6570 kg/ha for no-till and conventional tillage systems, respectively, with
no differences between tillage systems (data not shown). However, at Clayton the conventional
tillage system yielded 175 bu/A, which was 15 bu/A higher than the average yield for the no-till
system.

There was a tillage system by herbicides interaction for net return. Net returns in the conventional
system were similar for all treatments, ranging from $210 to $230/A (Table 5), except for the s-
metolachlor plus atrazine PRE herbicide treatment followed by nicosulfuron plus rimsulfuron plus
dicamba. Trends were similar within the no-till tillage system. However, net returns from the no-till
systems averaged $20/A less than with the conventional tillage system. This is a direct reflection in
the differences observed from the yields when comparing tillage systems.

Results from these experiments indicate that herbicide programs that include glyphosate can control
weeds as effectively as conventional herbicide programs in both conventional and no-till tillage
systems. Corn grain yields did not differ among herbicide systems. However, in 2003 yields did
vary by tillage systems. Net returns were similar in the fact that they only varied with yield.
Combining herbicide programs which include glyphosate plus a conventional herbicide that will
increase morningglory control and provide some residual control. Under similar weed complexes
this would be a better system than trying to go with a total glyphosate herbicide system.
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