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ABSTRACT
Cover crop management with a roller/crimper may reduce the need for herbicide
and/or tillage for weed control. For this thesis, two field experiments were conducted.
The first experiment examined weed suppression from a rolled cereal rye cover crop
compared to no cover crop with and without post emergence weed control in no-till
soybean, the rye was terminated at two different dates (early and late) and the study
was conducted at two different locations (Rock Springs and Landisville) in PA. The
results showed that a rye cover helped suppress weeds, and achieved acceptable weed
control without post emergence herbicide. The added cost of a rye cover crop was
$127.71 ha-1 or $74.36 ha-1 if a post emergence herbicide application could be avoided.
In this study, weed control alone did not justify the use of a cover crop managed with a
roller/crimper but with an increase in yield the system can be affordable.
The second field experiment was conducted at three locations in Pennsylvania
and examined rolling/crimping hairy vetch in no-till corn. Hairy vetch was planted in late
August and was rolled and planted to corn at four different dates between the end of
May and the middle of June. At one location, the corn was managed organically and at
two of three locations, no cover crop and herbicide controlled plots were included for
comparison. The results showed that hairy vetch control with the roller/crimper varied
through the flowering stage, but was consistent once pods began to develop. The hairy
vetch cover crop reduced total weed biomass dramatically compared to no cover plots.
Overall, results showed that it is possible to control cover crops with a roller/crimper and
manage cover crops in organic or reduced input systems. However, later planting dates
and appropriate no-till planting equipment are necessary to achieve successful cover
crop control, cash crop population and yield.
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Introduction to Cover Crops and Weed Dynamics
Cover crops are plant species grown specifically to prevent erosion, add organic
matter, and improve soil properties (Liebman and Mohler, 2001; Clark, 2007). Increased
weed suppression is an additional but indirect advantage of cover crops (Curran et al.,
1996; Brandsaeter and Netland, 1999; Hartwig and Ammon, 2002; Baldwin and
Creamer, 2005; Teasdale et al., 2005; Clark 2007). The extent to which cover crops
suppress weeds depends on a number of factors such as cover crop species, growth
habit, planting date, and control methods. Liebman et al. (2001) discuss in their work,
Ecological Management of Agricultural Weeds, how using cover crop residue for weed
control requires a significant redesign of the agricultural system. This review explores
restructuring agronomic systems for managing cover crops in order to optimize their
weed suppressive benefits.
Cover crops and weed suppression
Integrating cover crops into the cropping system as a cultural weed control
practice suppresses weeds through physical and chemical mechanisms by directly
competing with weeds for soil nutrients, water and light resources. Cultural weed control
management strategies also include practices such as crop rotation and planting date.
Cover crops are part of this weed management strategy. For example, cereal rye, a fallseeded, annual cover crop, grows over winter and competes with winter weed species
that would normally germinate in fallow fields (Clark, 2007). Ecological modeling
experiments have shown that taller plants captured more sunlight than shorter plants
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and that light levels at the soil surface were important factors in determining competition
between species (Tilman, 1988). Interactions between cover crops and weeds follow
similar principles of plant competition in unmanaged, natural systems. The rye cover
crop suppresses weeds because it is established earlier and reaches a greater height,
shading and reducing light levels at the soil surface, which diminishes the weed’s
resources and competitive ability.
Physical weed control methods include plastic or organic mulches. Cover crop
residue left on the soil surface, as an in situ organic mulch, provides a physical barrier
that alters light, moisture and temperature for weed germination (Curran et al. 1996;
Baldwin and Creamer, 2005; Smith and Gross, 2007). It should be noted that largeseeded weeds are less affected by residue cover than small-seeded weeds (Mohler and
Teasdale, 1993). In the ALLOCATE model developed by Tilman (1988), bigger seeds
survived and increased as nutrients increased, and low light levels at the soil surface
limited growth. With the use of cover crop residues, one might expect the weed
community to shift to weeds with larger seed that have enough nutrient reserves to
germinate through the mulch and are able to grow quickly and capture limited light
resources. Since mulches decrease the amount of light at the soil surface, mulches
should be left intact to prevent gaps in residue where weeds are more likely to occur.
Cover crops suppress weeds chemically by producing allelopathic compounds
that reduce weed seed germination and growth. The compounds are toxic to
neighboring plants and suppress germination and/or growth. While the cover crop grows
roots exudates cause allelopathy. Once the cover crop is killed; the residue containing
the allelochemicals decomposes releasing them into the soil (Clark, 2007). The amount
2

and toxicity of allelochemicals appears to be dependent on environmental conditions
and a plant’s particular life stage development (Baldwin and Creamer, 2005). There is
concern that allelochemicals will affect the growth of cash crops and it is commonly
recommended to wait 2 to 3 weeks after cover crop termination before planting cash
crops (Clark, 2007). There are still many unknown factors concerning allelopathy.
Differences between cover crop species in terms of weed suppressive abilities
Three types of crops are commonly used as cover crop species: legumes,
brassicas and grasses. They can be annuals, perennials or biennials depending on the
operation’s goals as each species has advantages and disadvantages. Legumes fix
nitrogen from the atmosphere in association with specific bacteria. Nitrogen in the roots
and foliage of the leguminous cover crop, once released through decomposition, will be
available for a cash crop (Curran et al, 2002; Clark, 2007). The field grown nitrogen
reduces production costs compared to inorganic nitrogen fertilizers (Pimentel et al.,
2005). However, legume seed is often more expensive than other cover crops species.
In addition, legumes require specific inoculants and early establishment. Some species
do not survive the harsh winters of northern climates. Dense legumes like hairy vetch
provide weed suppression early in the season as they smother weeds by their viney
growth habit.
Brassicas are often noted for their usefulness in biological pest management
strategies and alleviate compaction through their thick tap-roots. Thick tap roots are
important because they can be used to penetrate compacted soil and improve water
infiltration (Matthiessen and Kirkegaard, 2006). When incorporated, brassicas release
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chemical compounds that are harmful to soil pathogens. A study in Australia found that
compounds in rape and mustard persisted for 8 to12 days in the soil (Gimsing and
Kirkegaard, 2006). The particular compound of interest, glucosinolate (GSL) is
converted in the presence of water to isothiocynate (ITC) which is a biocide to
nematodes, fungi and some other soil pathogens. In the research by Gimsing and
Kierkegaard (2006), 7% of the total concentration of the GLS in rape tissue and 13%
from mustard was detected in the soil. This study showed that while GLS concentration
maybe high in the crop, it is found in much lower concentrations in the soil. Apparently,
tissue of brassica species must be disrupted, through tillage, root decay, mowing or
grazing in order for biofumigation products to be released into the environment.
Assessments of brassica residues have been shown to decrease weed seed
germination, emergence and delay growth (Haramoto and Gallandt, 2004). A two year
study on Michigan muck soils (Wang et al., 2008) determined the effects of several
brassica cover crops on weed suppression and onion yield. Yellow mustard reduced
weed density the most compared to a no cover crop control, but was not enough to
eliminate the need for other weed control tactics. This supported other work that
showed incomplete weed control when relying solely on brassica cover crops and their
residues and mixed some crop injury following brassica cover crops (Haramoto and
Gallandt, 2004). Brassicas are a good crop rotation choice but can also become
“weeds” if volunteer plants germinate.
Grass cover crops are known for their rapid growth and nutrient scavenging
abilities; however, the high biomass production makes planting challenging (Curran et
al., 2002; Clark, 2007). Grasses have a thick fibrous root system that is ideal for erosion
4

prevention. Some grasses, such as cereal rye, winter wheat and barley are winter-hardy
and adapted to cooler northern temperatures, where it can be challenging to establish
winter annual cover crops (Stoskopf, 1985; Clark, 2007). When grasses survive the
harsh winter climate they produce much biomass in the spring, with a high carbon to
nitrogen ratio (C:N). Their rapid and vigorous growth allows them to effectively compete
with weeds; their extensive root systems and high dry matter production makes grasses
an excellent cover crop choice (Stoskopf, 1985). The vast amount of high C:N biomass
produced by grasses persists in the environment and is not broken down as rapidly as
low C:N residues.
The amount of residue that cover crops produce is important because it is a
physical barrier to suppress weed germination and emergence. The type of residue and
the rate of decomposition also determine a cover crop’s weed suppressive abilities.
Cover crops with low C:N ratios will decompose faster than those with high C:N ratios.
Thus, weeds will be able to emerge faster through residues with low C:N ratios (Baldwin
and Creamer, 2005). Mohler and Teasdale (1993) observed that, early in the season,
before either hairy vetch or rye cover crop residue had decomposed, more weed
seedlings emerged through the hairy vetch residue than rye. They attribute this to the
nitrogen fertility supplied by the vetch and/or the allelopathic properties of rye.
Leguminous cover crops, like hairy vetch, provide nitrogen for crop growth, but that
nitrogen is also available for weeds. The same study showed that hairy vetch residue
decayed faster than rye and since total weed emergence paralleled light transmittance
through the residue, more weeds emerged through the hairy vetch (Mohler and
Teasdale, 1993). Rapidly decomposing residues may allow weeds to emerge prior to

5

crop canopy closure when weed control is most important to avoid reducing cash crop
yields.
Some research indicates that natural rates of residue production are not
sufficient to provide adequate weed control (Mohler and Teasdale, 1993). A study in
Ontario concluded that, while there are advantages when cereal cover crops are
included in soybean production, using cover crops for weed control without chemicals
was not one of them (Moore, 1994). This observation coincides with ecological weed
management theory portrayed in, “Many Little Hammers: Ecological Management of
Crop-Weed Interactions” (Liebman and Gallant, 1997). This work promotes using a
variety of weed control tactics to manage weeds rather than relying on one single
method of weed management. Relying solely on cover crops for weed suppression may
not be totally effective, but including them as one of many weed management tools in
the farming system is beneficial.
Managing cover crops for optimal weed suppression
Historically, cover crops were plowed under prior to cash crop planting; in this
case cover crops are referred to as green manure. Other mechanical control methods
include mowing, undercutting and rolling/crimping. Chemical control with a foliar applied
herbicide is also an effective way to kill cover crops.
Mowing leaves residue on the soil surface and is a method that allows perennial
cover crops to persist. Flail mowers uniformly distribute residues and are preferred over
rotary type mowers which leave patches of residues. One difficulty with controlling cover
crops by mowing is the timing of the operation. Certain cover crops will re-grow after
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mowing and compete with the cash crop (Creamer and Dabney, 2002; Teasdale and
Rosecrance, 2003). In addition, the finely chopped residue produced by mowing
decomposes rapidly and may drag on or clog planting equipment making cash crop
establishment troublesome. Undercutting is designed to leave residue intact and
minimally disturb soil. It involves dragging a blade under the soil and cutting the roots of
the cover crop. The method is effective, but is energy intensive and slow (Creamer and
Dabney, 2002).
Rolling/crimping is an alternative mechanical cover crop control method. A
roller/crimper is a hollow drum, with blunt blades that crush vascular tissue, resulting in
plant death. There are a number of different roller/crimper styles: straight bars, curved
blades, and short-staggered straight blades. Kornecki et al. (2006) determined that
rollers with curved blades transferred lower vibrations to the tractor and its operator.
Their study also noted that roller/crimpers operated at high speeds (8 km h-1) had higher
rye kill rates than lower speeds (1.6 km h-1). The rolling/crimping technique leaves
residue intact and does not require as much horse power as mowing or undercutting
(Creamer and Dabney, 2002). If planting is done in the same direction, there is little
problem planting through the residue (Kornecki et al., 2005). However, plant growth
stage is critical for adequate control of the cover crop without herbicides. Mirsky (2007)
showed that terminating a rye cover by rolling/crimping crop provided 85% control at rye
anthesis (pollen shed). In agreement, Ashford and Reeves (2003) compared termination
of three cereal cover crop species at three growth stages with roller/crimper only,
herbicides alone, or a combination of the two. They concluded that a herbicide
treatment killed the cover crop at all growth stages along with an herbicide/roller
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combination, but it was not until anthesis that the roller/crimper alone provided cover
crop control. Other studies have shown that herbicide plus cover crop residue
management systems can effectively control weeds and reduce herbicide rates or the
number of herbicide applications needed to control a cover crop (Reddy and Koger,
2003; Teasdale, 2005). This is an interesting area that demands further research
focused on integrated, ecological weed management systems.
Thinking within a ‘systems’ framework
There are numerous ways cover crops suppress weeds, a variety of cover crop
species and many management strategies offering plenty of options for fitting cover
crops into farming systems; however, there are also a lot of uncertainties and
challenges. The primary consideration when deciding to include cover crops in a
cropping system is the crop rotation. A fallow period of time provides the opportunity to
establish a cover crop. Adding a cover crop can help to break-up pest cycles that result
from continuous monoculture, add organic matter to the soil, and reduce erosion
(Baldwin and Creamer, 2005). A cover crop can also provide a habitat for weed seed
predators, and take up nutrients left at the end of a growing season that would be lost to
the environment. The rotational benefit of a cover crop can add to farming system
sustainability. However, cover crops can also be disadvantageous by providing habitat
for crop pests, extracting soil moisture, and leaving residue on the soil surface which
can delay soil warming and hinder cash crop establishment in early spring. These are
also important considerations when considering the role of cover crops in a farm
system.
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Cover crop planting date affects the competitive ability of a cover crop. A fall
cover crop should be planted early to provide soil cover over the winter and produce
significant biomass in the spring. Termination date is important to avoid pests. Legumes
have been noted to harbor pests, specifically cutworm species. To manage for cutworms the cover crop can be killed 3 to 4 weeks prior to cash crop planting (Dabney et
al., 2001). Cover crops can be terminated by mowing or herbicide, and banding an
insecticide can improve insect control. A cover crop should be managed just like any
other crop (Curran et al, 1996) and care should be taken in selecting an appropriate
cultivar, species, and seeding density.
Crop rotations are an important weed control strategy. For example, small grains
and legume hay crops have fewer weed problems compared to a corn-soybean rotation.
The small grains are planted earlier than corn or soybeans which allows for them to
compete with weeds earlier in the season. Also, hay crops which are frequently mowed
or grazed eliminate weeds through frequent disturbances. Additionally crops can
provide good weed control (Liebhardt et al, 1989). A key component of any ecological
weed management system should be optimizing crop conditions.
Another aspect of optimizing the agroecosystem is maximizing the space that a
crop occupies, which minimizes the ability of weeds to compete for that same space
(Liebman and Mohler, 2001). Cover crops play a key role to optimize field use
temporally and spatially, particularly in conjunction with crop rotations. Smith and Gross
(2007) determined the effect of crop rotation diversity on weed communities without
chemical inputs. They concluded that the identity of the specific crop affected weeds
more than overall cropping system diversity; if a crop was poorly competitive with
9

weeds, it exhibited more weed problems regardless of whether it was in the one-crop,
two-crop or three-crop rotation. However, if this scenario is simulated for a longer
period of time, one would expect to have more weeds each year in the one-crop system
than with the same crop only occurring once every three years in the three-crop
rotation. When cover crops were added to the system, the cover crops reduced weed
pressure (Smith and Gross, 2007). In their simulation, while cultivation in corn and
soybean helped manage weeds, diverse rotations that included cover crops were an
essential element for success in non-chemical farming systems.
Other studies have also highlighted the importance of crop rotations for weed
management. In eastern Quebec, a study compared spring barley monoculture with a
spring barley-red clover rotation across tillage systems and weed management intensity
(Legere et. al, 1997). While no statistical significance was found due to the crop rotation
effect, the rotational effect was mostly beneficial and would impact weed community in a
time scale that the study was not designed to capture. In Boone, Iowa, a comparative
study of velvetleaf populations between a 2-year (corn-soybean) rotation and 4-year
(corn-soybean-triticale+alfalfa-alfalfa rotation) found that velvetleaf seed production was
greater in the 4 year rotation, but that loss of velvetleaf seed to predation was also
greater. The more diverse rotation was able to better buffer weed outbreaks, while using
less herbicide (Westerman et. al, 2005). Another Iowa study found that when herbicide
inputs are reduced, more diverse rotations are able to limit weed population growth,
particularly when highly competitive cereal or forage crops are included in a rotation
(Heggenstaller and Liebman, 2006). Crop rotations are important for numerous
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agronomic reasons, such as breaking pest cycles, managing diseases, and maintaining
productive soils.
When considering the agricultural system as a whole, a producer must first
define the goals and constraints of the operation. These could be economic factors,
time, topography or ideology. Cover crops supply many long-term benefits to soil quality
through reduced erosion, added organic matter, and nutrient cycling. When cover crops
are included in a system, they may require greater management, but the rewards of
moving towards a more sustainable agricultural system are significant.
Research Objectives
In light of the importance of including cover crops in agronomic systems and the
need for alternative management strategies that reduce chemical inputs, two studies
were conducted at the Pennsylvania State University Russell E. Larson Agricultural
Research Center near Rock Springs, PA and The Southeastern Agricultural Research
and Extension Center near Landisville, PA. These two sights were selected to allow for
a regional assessment of experiment, Rock Springs is located in central Pennsylvania
and Landisville is located in south eastern Pennsylvania. The first study looked at three
objectives: 1) quantify the amount of weed suppression offered by combining herbicide
and rolling/crimping cereal rye at two different dates in no-till soybean and 2) determine
the contribution of a post emergent herbicide for control in the cover crop-soybean
system and 3) assess the net economic costs to implement a rye cover crop managed
with a roller/crimper. The second study also included a third location, the Rodale
Institute, in Kutztown, PA. Including a third location broaden the regional scope of the
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project by adding a mid-south-eastern Pennsylvania location. The second experiment
has three objectives: 1) determine how the life-stage of hairy vetch influences its control
with a roller/crimper; 2) determine how timing of hairy vetch termination influences weed
suppression and 3) monitor how hairy vetch termination timing influences corn
establishment and grain yield.
This research is of value to government policy makers, who create laws which
hold in a delicate balance the immediate needs of a populace and long-term
sustainability. Government agencies will benefit from this research as they determine
how to best implement agricultural regulations. Producers, the stewards of the land, will
profit from considering the ideas put forth in this thesis, which offers them alternative
management options. Furthermore, educators, and industries involved with agricultural
systems, will benefit from this research as they interact with diverse clients and seek to
increase knowledge and expand markets.
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Rolling a rye Cover Crop for Weed Suppression in No-till Soybeans
Abstract
Cover crop management with a roller/crimper may reduce the need of herbicide
and/or tillage for weed control. In this study, the weed suppression from a rolled cereal
rye cover crop was compared to no cover crop with and without post emergence weed
control in no-till soybean. The study examined two different soybean planting dates
(early and late) and was conducted at two different locations (Rock Springs and
Landisville) in Pennsylvania over two years. Aroostook rye was drill-seeded in late
September and managed using glyphosate and the roller/crimper the following spring.
Soybean was no-till seeded after rolling and glyphosate was applied six weeks after
planting to selected plots. Weed density, weed biomass and soybean yield were
determined. Almost twice as much rye biomass was produced when delaying rye kill by
10-20 days in late spring resulting in greater weed suppression. Weed density was
significantly reduced by the cover crop. Weed biomass was often the same in cover
crop treatments with and without a post-emergence herbicide such that rye residue
alone provided effective weed suppression. In 2007 no differences in yields were
observed between treatments, while in 2008, yield was lower in plots without a rye
cover crop and post emergence herbicide. A rye cover helped suppress weeds, and
achieved acceptable weed control without post emergence weed control. The added
cost of a rye cover crop was $127.71 ha-1 with or $74.36 ha-1 without a post emergence
herbicide application. A rolled rye cover crop provided acceptable post-emergent weed
control, but weed control alone did not justify the use of the cover crop. Although when
yield increases and long-term cover crop benefits are considered, the short-term
economic costs are minimal.
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Nomenclature: Rye, Secale cereale L.; soybean, Glycine max L.; dandelion,
Taraxacum officinale; yellow nutsedge, Cyprus esculentus; ragweed, Ambrosia
artemisiifolia; pigweed Amaranthus sp.; lambsquarters, Chenopodium ablum;
carpetweed, Mollugo verticillata; purslane, Portulaca oleracea; foxtail Seteria sp.;
eastern black nightshade, Solanum ptycanthum Dun.; pennsylvania smartweed,
Polygonum pensylvanicum L.; wild buckwheat, Polygonum convolvulus L.; hairy
galinsoga, Galinsoga ciliate Raf. Blake; yellow woodsorrel, Oxalis stricta L.; broadleaf
plantain, Plantago major L.; canada thistle, Cirsium arvense L.; common pokeweed,
Phytolacca Americana L.
Key Words: cover crops, residue, weed suppression, roller/crimper.
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Cereal rye (Secale cereale L.) is an ideal cover crop for many agronomic
systems. It has a fibrous root system, tolerates low fertility soils, can scavenge for
available nitrogen, suppresses weeds, and prevents soil erosion that commonly occurs
when no residue or plant material is left on the soil surface. Previous research has
shown that rye mulch can be a key component of soil conservation throughout the
growing season. In an Illinois study, a cereal rye mulch persisted throughout the
growing season where as hairy vetch mulch did not (Ruffo and Bollero, 2003). The
persistence of the rye residue results in longer-lasting soil coverage which can protect
the soil from the erosive forces of wind and rain. In one conservation tillage study,
cereal rye reduced soil loss from over 5000 kg ha-1 to about 500 kg ha-1 (Edwards et al.,
1993). Other research showed that a winter cover crop reduced soil losses, in
conventionally tilled soybeans, from 8250 kg ha-1 to 1853 kg ha-1 in Tennessee and
from 9979 kg ha-1 to 1260 kg ha-1 in Kentucky (Langdale et al., 1991).
In the Northeast U.S., cover crops are promoted as a means for improving land
stewardship (Rudisill, 2007-2008). Cereal rye is noted for its ability to take up excess
nitrate, preventing watershed contamination and nutrient losses (Clark, 1998; Rudisill,
2007-2008). On the Maryland coastal plain, rye recovered 45% of fall applied N which
was more than any of the other cover crops evaluated (Shipley et al., 1992). The ability
of rye to produce winter growth and sequester nutrients makes it an ideal winter cover
crop candidate, particularly in watersheds that suffer from excess nutrients like the
Chesapeake Bay.
Besides reducing erosion and sequestering nutrients, a cereal rye cover crop can
also aid in weed management. Cereal rye can suppress weeds in at least two ways;
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first as a living cover by competing for limited resources such as sunlight and nutrients
and second as a dead rye mulch on the soil surface that can suppress weed
germination and emergence. A study from central Italy showed that a killed rye cover
crop reduced weed biomass 54 to 99% and weed suppression was better when cover
crop biomass production was greater (Barberi and Mazzoncini, 2001). However not all
summer annual species were suppressed by the mulch. Also, a shift in the weed
community towards troublesome weeds was observed. Others have also noted that
normal amounts of rye biomass produced by a cover crop are often insufficient to
suppress weeds throughout the growing season (Masiunas et al., 1995; Mohler and
Teasdale, 1993). In Ontario, cover crop mulches reduced weed biomass early in the
season, but the results varied between years and locations (Moore et al., 1994).
In much of the previous rye-weed suppression research, the rye cover crop was
killed by mowing, which accelerates the decomposition of the rye mulch, or by
herbicides at an early date, thus allowing for less rye biomass growth which would
diminish the cover crop mulch. Using a roller/crimper to kill the rye instead of a mower
allows for greater persistence of the residue (Creamer and Dabney, 2002), and
therefore should provide a better physical barrier to weed germination and emergence.
In Alabama, a roller equipped with curved bars that helped crimp the cover crop did
control cereal rye at the soft dough stage (Ashford and Reeves, 2003; Ashford et al.).
In the same experiment, using a full rate of herbicide alone or combining the
roller/crimper with a half rate of herbicide controlled the rye cover crop effectively at an
earlier growth stage. In research in Pennsylvania rye was consistently controlled at
anthesis with a roller/crimper but rolling the rye prior to anthesis was less effective
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(Mirsky, 2008). In the northeastern U.S., waiting until cereal rye reaches anthesis for
effective control can delay planting of the cash crop. Combining an effective herbicide
with a roller/crimper could offer the benefits of earlier and excellent cover crop control
along with weed suppression from the rolled cover.
Weed suppression through the use of cover crops is only part of an integrated
weed management strategy that should also include ecological approaches that involve
numerous methods to disturb weeds. The concept of “many little hammers” rather
than “one big hammer” (Liebman and Gallandt, 1997) such as inversion tillage or
herbicides helps prevent the prevalence of troublesome weed species that may evade a
single control tactic. An Iowa reseracher tested different cropping systems and found
that using numerous tactics that include more opportunities for weed mortality can be
effectively controlled weeds, while simultaneously reducing herbicide inputs
(Westerman et al., 2005). In this study, we are combining several tactics (cover crop,
timing of planting, and herbicide) to help manage weeds in no-till soybeans. The
objectives of this study were to: 1) quantify the amount of weed suppression offered by
combining herbicide and rolling/crimping cereal rye at two different dates in no-till
soybean and 2) determine the contribution of a rolled rye cover crop for residual weed
control the cover crop-soybean system and 3) assess the economic cost of
implementing a rolled cover crop into a no-till soybean system.
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Materials and Methods
Field Management. Cereal rye ‘Aroostock’ was seeded at 157 kg ha-1 with a no-till drill
(19 cm row spacing), on September 22, 2006 and September 21, 2007 at the Russell E.
Larson agricultural research farm (Rock Springs), Centre County, PA (40.72 degrees N,
77.93 degrees W). The same variety and seeding rate were used to no-till plant rye on
October 14, 2006 and September 27, 2007 at the Penn State Southeast Research and
Extension Center, (Landisville) Lancaster County, PA (40.12 degrees N, 76.43). The
soil at both locations was a Hagerstown silt loam (mesic Typic Hapludalf), a well drained
productive soil common to Pennsylvania (Baker, 1981). The soil pH at both Rock
Springs and Landisville ranged from 6.5 to 6.7 over the two years. The previous crops
were small grains at both Rock Springs and Landisville in both years.
The experiment was designed as a two-way factorial with rye
termination/soybean planting as the first factor (early vs. late) and weed control
treatment as the second. Plots were 3 x 10.7 m arranged in a randomized complete
block design with four replications. Within rye termination/soybean planting, three weed
control treatments were examined: 1) soybeans planted early (ER) or late (LR) into a
sprayed/rolled rye cover crop without further weed control; 2) soybeans planted early
(ERP) or late (LRP) into sprayed/rolled rye cover crop followed by post-emergence
herbicide application and; 3) soybeans planted early (EF) or late (LF) into sprayed
fallow (no cover crop) without further weed control. In 2007/08 the trial was modified by
adding a fourth treatment: 4) soybeans planted early (EFP) or late (LFP) into sprayed
fallow followed by post-emergence herbicide application.
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In order to establish the experiment, the entire study areas were planted to rye.
‘No rye’ plots were established by applying 0.175 kg ae ha-1 clethodim plus 1% v/v
methylated seed oil on Oct. 30 and Nov. 1 at Rock Springs and Landisville respectively
in 2007 and Nov. 14 at both locations in 2008. Clethodim was used to selectively
remove the cereal rye, but leave any winter annual broadleaves. In late March and/or
early April, urea was broadcast over the entire study at 79 kg N ha-1 to stimulate rye
growth and development to ensure a competitive cover crop. Both the early and late
rye were terminated by applying glyphosate at 0.84 kg ae ha-1 using a tractor mounted
compressed air sprayer between late April and mid May (table 2.1). Just prior to the
herbicide application, rye growth stage was determined using the Zadok’s cereal grain
development scale (Zadoks, 1974). In addition, above-ground biomass was sampled by
removing a 0.5 m2 quadrat from each plot. Rye biomass was oven-dried at 55 oC for at
least 48 h and weighed.
Following herbicide application by at least 24 h, the plots were rolled using a 3.04
m. cover crop roller/crimper (figure 2.1). The roller/crimper used in this study was
constructed using 41 cm diameter steel with blunt metal blades welded to the outside
cylinder in a chevron pattern1 (Ashford and Reeves, 2003). The roller/crimper weighed
about 900 kg and was front mounted to the tractor driven at approximately 7.2 km h-1.
At Rock Springs in 2008, a slightly heavier roller/crimper (1520 kg) was used (Mirsky,
2007). The rye was rolled perpendicular to the direction the rye was sown to obtain
maximum soil cover by the cover crop residue and to facilitate the soybean planting
operation (Kornecki et al., 2005). Glyphosate resistant soybean seed in 2007 and 2008

1

I&J Manufacturing, 5302 Amish Rd., Gap, PA 17527.
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were grown treated with thiamethoxam, mefenoxam [methyl N-(2,6-dimethylphenyl)N(methoxyacetyl)-D-alaninate], and fludioxonil [4-(2,2-difluror-1,3-benzodioxol-4-yl)-1Hpyrrole-3-carbonitrile] seed treatment. Soybeans were no-till planted as soon as
possible after rolling in the direction of rolling in a 19 cm row spacing at a seeding rate
of 500,000 seeds ha-1. Soybeans were seeded with a Great Plains2 no-till drill at Rock
Springs and by making two passes with a 38-cm row spaced White3 no-till planter at
Landisville. Glyphosate was again applied at 0.84 kg ha-1 using a hand-held CO2
backpack sprayer six weeks after soybean planting (WAP) to individual plots that were
to receive the post-emergence herbicide.
Weed, crop, and economic measurements. At 4 WAP, soybean populations were
determined by counting all soybean plants within four rows in three 0.5 m2 quadrates
per plot. Weed density was determined 4, 6, 8, and 10 WAP by counting all weeds by
species in three 0.5 m2 quadrates per plot where no wheel traffic disturbed the rye
residue. Weed density measurements were repeatedly taken from the same quadrate
location. Weed species were grouped by life history characteristics into annual
broadleaves, annual grasses, and perennials. Above ground weed biomass was
collected 10 WAP from the 3 established quadrates per plot, oven dried at 55 C for at
least 72 h and weighed. Soybean yield was determined using a small plot combine by
harvesting the center 1.5 m of each plot, for the entire length. Soybean grain was
weighed and percent moisture determined and standardized to 13%. Statistical analysis

2
3

Great Plains Mfg., Inc. Salina, Kansas
Landoll Corporation, Maryville, Kansas
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was performed using PROC MIXED (SAS, 2008) and means separated using TukeyKramer at P < 0.05.
An economic analysis was performed using a partial budget worksheet (Roth and
Hyde, 2002) with 2008 Machinery Custom Rates (Pike, 2008) using the Pennsylvania
average small grain drilling rate and custom spray application rate. The base system of
no-till soybeans without rye cover crop with two herbicide applications was compared to
two alternative systems 1) using a rye cover crop with a roller/crimper and a single preplant burn-down herbicide and 2) using a rye cover crop with a roller/crimper and a preplant and postemergence herbicide. Straight-line depreciation was used for
roller/crimper yearly use and tractor speed was assumed to be 8 km h-1 with a 3 m wide
roller/crimper with the PA state average rental cost of $32.30 per hour. Results are
reported in US dollars per hectare.
Results and Discussion
Rye biomass was analyzed separately by year and location because of
differences in homogeneity of variance in both factors (Steel et al., 1997). There were
major differences in rye biomass between termination dates as well as between years.
The differences observed between 2007 and 2008 can mostly be attributed to timing of
termination. Early and late termination dates were closer together in 2007 than in 2008,
so the rye did not have as much time to develop between termination dates as in 2008.
Also, the rye was planted about a month later at Landisville than at Rock Springs in fall
of 2006 decreasing rye biomass production at that location. Previous Pennsylvania
research showed that spring rye biomass accumulation increases by about 65%
between a late August seeding and Mid October (Mirsky, 2008). In three out of the four
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location/year combinations rye biomass at least doubled from the early rye termination
date to the later date (table 2.2). This increase in biomass with the delay in termination
was expected; cereal rye matured from as early as boot just swollen (Zadok 45) to early
anthesis (Zadok 62) between the early and late dates. Earlier Pennsylvania research
also showed about a 37% increase in spring biomass with each 10 day delay in cover
crop termination in May (Mirsky, 2008). The amount of rye biomass produced in this
study is similar or higher than that reported by Ruffo and Bollero (2003) in Illinois and
Westgate et al. (2005) in Iowa. The cereal rye at the later termination dates in this study
averaged from 5594 to 8940 kg ha-1 with plant height increases of 27 to 100% between
early and late termination. In addition to cover crop planting and termination date,
rainfall and soil fertility will strongly influence biomass accumulation and both were
ample during this study.
In 2007 at Rock Springs, perennial weed species included dandelion (Taraxacum
officinale Weber in Wiggers) and yellow nutsedge (Cyprus esculentus L.), while annual
broadleaf weeds included common ragweed (Ambrosia artemisiifolia L.), pigweed
(Amaranthus sp. ), common lambsquarters (Chenopodium ablum L), carpetweed
(Mollugo verticillata L.), and purslane (Portulaca oleracea L.). Annual grasses in 2007
at Rock Springs included giant and yellow foxtail (Setaria sp.). In 2008, the Rock
Springs weed species were similar to 2007. Very few weeds were present at Landisville
in 2007 and primary weeds included carpetweed and purslane, generally not major
problem weeds in row crops. In 2008, weeds were more prevalent at Landisville than in
2007. In 2008 a number of other weeds were found in the field (at both locations), but in
low density. Scattered populations of eastern black nightshade (Solanum ptycanthum
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Dun.), Pennsylvania smartweed (Polygonum pensylvanicum L.), wild buckwheat
(Polygonum convolvulus L.), hairy galinsoga (Galinsoga ciliate (Raf.) Blake), yellow
woodsorrel (Oxalis stricta L.), broadleaf plantain (Plantago major L.), Canada thistle
(Cirsium arvense L.), and common pokeweed (Phytolacca Americana L.) were
tabulated.
Weed density and biomass were analyzed separately by year and location
because of differences in homogeneity of variance within years (Steel et al., 1997) and
differences in treatment structure between years. At Rock Springs in 2007, despite
greater rye biomass at the later termination date, planting date did not impact weed
density. Since planting date was not a significant factor for weed density, planting dates
were pooled for the analysis. Time of sampling (4, 6, 8 or 10 WAP) also did not impact
total weed density, so data were pooled across collection timings (table 2.3). Weed
control did influence weed density with the highest density occurring in the fallow plots
and the lowest density occurring in the treatments that included the cover crop (table
2.4). Common lambsquarters, foxtail species, and yellow nutsedge densities were
reduced by the rye cover crop at Rock Springs in 2007. At Landisville in 2007, total
weed density (mostly carpetweed and purslane) had a significant termination date by
weed control treatment interaction where weed density was greatest in the ER and EF
treatments (table 2.4). The purslane and carpetweed likely emerged where there was
less residue in the early rye residue treatment and in the fallow soil the weeds were able
to take advantage of light and nutrient resources prior to soybean canopy. At both
locations in 2007, the post-emergence herbicide application did not improve the level of
weed control above the rye treatment at later termination dates (table 2.4).
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At Rock Springs in 2008, termination date, weed control and time of sampling
affected weed density (table 2.3). Figure 2 illustrates weed density trends by treatment.
At 4 WAP the EF treatment has the greatest weed density, although all treatments
ranged from 0-15 weeds m-2. At 6 WAP a separation between treatments is more
visible; EF and LF (including EFP and LFP, since post treatments had not been applied
yet) had greater weed densities than plots with a rye cover crop, regardless of
termination date. At 8 WAP treatments that included a post-emergence herbicide saw a
dramatic reduction in weed density. The EF treatment continued to have greater weed
density pressure and LF had the second greatest weed density. By 10 WAP the ER, LR
and LF plots had the same weed density. The rye residues prevented early season
weed germination but as the mulch decomposed throughout the season, weeds were
able to emerge. Treatments with a post-emergence herbicide had the lowest weed
densities and the EF treatment had more than double the weed density compared to
other treatments (figure 2.2). Common lambsquarters and foxtail species were the main
contributors to weed density at Rock Springs in 2008 as were, to a lesser degree,
common ragweed and yellow nutsedge. In general, weed density was the greatest in EF
and LF treatments with no difference between treatments with rye and those that
received a post-emergence herbicide. For common lambsquarter control, however a
post-emergence herbicide was sometimes necessary. At Rock Springs in 2008, the
earlier termination had a greater weed density than the later date. In terms of weed
control, the fallow treatments had the greatest weed density, the rye and the fallow with
post had similar weed densities and the rye with a post-emergence herbicide had the
lowest weed density (table 2.4).
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At Landisville in 2008, weed density did not differ across termination date or
collection time, so dates and times were pooled for the analysis. Weed density was
higher and more diverse than the previous year at Landisville and both annual grasses
and broadleaves were significant contributors to total weed density. However, common
ragweed and common lambsquarters were not prominent weeds at Landisville in 2008.
Instead, pigweed species were more prevalent (data not shown). The rye, rye with postherbicide, and fallow with post-emergence herbicide reduced weed density compared to
the fallow treatment (table 2.4). Weedy fallow plots has 7 times the total weed density of
rye cover crop plots and 18 times more than a rye cover crop with post-emergent
herbicide application; this was similar to the results observed at Rock Springs. Once
again, the need for post weed control was reduced in the presence of rye mulch.
In 2007 at Rock Springs, weed biomass differed across weed control method and
responded similarly to what was observed with weed density. Weed biomass was 116
kg ha-1 or less in the ER and LR treatments compared to greater than 1000 kg ha-1 in
the EF and LF treatments (table 2.5). Additionally, there was no benefit in delaying
cereal rye termination or in using a post-emergence herbicide to further reduce weed
biomass. Weed biomass was similar in both the early and late terminated rye and
between rye treatments and post herbicide treatments. At Landisville in 2007, unlike
weed density, weed biomass only differed across termination date. There was greater
weed biomass terminated treatments. The weeds that emerged in the earlier
termination date treatment that were not controlled with a post-emergence herbicide
accumulated the greatest dry matter. The growing conditions after the later termination
date were dry. This would have prevented many weeds from germinating. Purslane,
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which is a drought tolerant weed, and carpetweed, the other common weed at this site
in 2007, both have prostrate growth habits and do not accumulate as much above
ground biomass as other weeds observed in this study.
In 2008 at Rock Springs, while termination date was an important factor for weed
density, it was not a significant factor for weed biomass; however, weed control method
did affect weed biomass (table 2.3). ER and LR treatments had less weed biomass than
the EF and LF treatments, but greater weed biomass than the treatments that received
the post herbicide (table 2.5). Unlike 2007 results, the post-emergence herbicide was
critical to reducing weed biomass. Averaged across planting date, the post-emergence
herbicide reduced weed biomass from 453 to 4 kg ha-1. Previous research has shown
that the level of weed biomass present in the ER and LR treatments would likely not
significantly reduce soybean yield; yield reductions are likely above 800 kg ha-1 of weed
biomass (Burnside, 1979). Even though overall weed densities were less than in Rock
Springs in 2007, common ragweed was present in 2008 increasing the need for postemergence control. Seed size influences the success of weed emergence through
residue mulches. Larger seeded weeds (like common ragweed) are less impacted by
surface residues (Mohler and Teasdale, 1993).
At Landisville in 2008, a termination date by weed control treatment interaction
occurred (table 2.3); the ER and LR, ERP and LRP and EFP and LFP treatments had
lower weed biomass than the EF and LF treatments and the EF had more weed
biomass than the LF treatment (table 2.5). However, weed density data was not
impacted by termination dates. Presumably, the later termination date helped avoid
some early season weed emergence, although weed biomass was greater than 2000 kg
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ha-1 even in the LF treatment. Weed emergence periodicity research has identified that
individual species emergence is closely tied to soil degree days (Myers et al., 2004).
Early emerging weeds such as common ragweed and common lambsquarters’
emergence would be delayed in later rye termination treatments because of greater rye
biomass on the soil surface reducing surface temperature. The rye cover crop not only
prevents some small seeded weeds from acquiring enough light resources to
germinate, but emergence is also delayed through slower soil warming. Delayed
glyphosate applications in the later terminated rye would likely kill more weed seedlings.
Soybean population was analyzed separately by location in 2007 and 2008
because of heterogeneous variance (Steel et al., 1997). At Rock Springs in 2007,
soybean populations differed between termination date. There were more soybeans at
the early termination date than at the later date, reduced soil moisture at the later date
may have made it more difficult to achieve consistent soybean populations with the drill.
The reverse was the case at Landisville in 2007, with greater soybean populations at
the later date than the earlier date, perhaps because of timely rainfall and better
success with the planter, which was used at Landisville compared to the drill used at
Rock Springs. At both locations in 2008, soybean stands were reduced over 60% and
ranged from 75,000 to about 186,000 seeds ha-1. At Rock Springs in 2008, soybean
populations were reduced by more than 75% at the early planting date in the fallow and
rye cover crop treatments. Cool weather dominated the first half of May after planting at
both locations, contributing to the reduced stand. Even at the later planting, both rye
cover treatments had less than 25% of the targeted population, and even the fallow
treatments were reduced by at least 65%. As a result of the reduced stand, soybeans
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were replanted in late June in the late rye plots at Rock Springs. This occurred after
stand counts were done, so soybean populations do not reflect the re-planted soybean
populations. Seed quality also likely played a role in reduced stands.
At Landisville in 2008, there was a difference between planting dates (table 2.3);
the early planted soybeans had higher populations than the later planted soybeans
(table 6). Wet soil conditions at Landisville especially at the later date may have
reduced soybean establishment. Problems planting through the thick rye residue
explain part of the problem, but reduced stands even in the fallow plots also suggests
environment (cool and/or wet) and even seed quality likely played a role in achieving
successful soybean stands in 2008.
In 2007, at both Rock Springs and Landisville, soybean yield did not vary by
termination date or weed control (table 2.3). Grain yields were high, averaging 5192 kg
ha-1 across locations and treatments; the PA state average soybean yield was 2762 kg
ha-1 according to the National Agriculture Statistics Service (USDA, 2008). The soybean
stands were acceptable to good and the soybean was competitive with any weeds that
emerged. Even without the post herbicide treatment, the rye mulch did not affect yield
and seemed to persist up to soybean canopy closure, allowing for fewer weed escapes.
In contrast, the 2008 soybean yield at Rock Springs was impacted by an
interaction between termination date and weed control method (table 2.3) and the main
effect of weed control. In general, the earlier planting dates had lower yields than later
planting dates, but ERP had the highest yield (3530 kg ha-1), while EF (1905 kg ha-1)
had the lowest yield (table 2.6). In the early planted soybeans, the rye cover crop
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increased soybean yield, compared to the fallow treatment when no post herbicide was
included. The rye cover crop reduced both weed density and weed biomass allowing for
less competition with the soybean crop. The later dates at Rock Springs did not show a
difference in yield (table 2.6). At Landisville in 2008, both the EF and LF treatments had
reduced yield relative to treatments with rye cover. Yield in the fallow plot without weed
control was 1700 kg ha-1 less at the early termination and over 2,000 kg ha-1 less at the
late termination than other early or late treatments, respectively. In the absence of a
post-emergence application, the cover crop increased yield comparably to a postemergence herbicide application (table 2.6). The rye mulch provided a sufficient barrier
to weed germination and emergence to maintain soybean yield. Surprisingly, even with
reduced soybean stands, all yields except for those in the weedy fallow plots yielded
above the 2008 PA state average yield of 2560 kg ha-1 (USDA, 2008).
Partial budgeting (table 2.7) shows a base comparison of no rye cover crop with
two glyphosate application (pre and post soybean planting) to the scenario of using a
rye cover crop killed with glyphosate and then flattened with a roller/crimper. A second
alternative system was also included using the comparison of two glyphosate
applications plus the rye cover crop with a post-emergent herbicide application because
even though the added cost is greater, this would be a more typical production practice.
Fallow treatments that did not receive any post emergence herbicide were not included
in the comparison, because they were included in the experimental design as weedy
check plots and are not considered a viable production practice. Planting date data
(early and late) are pooled together for the economic comparisons since yields did not
differ between early and late dates. In the first scenario, the total net added cost of
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using the rye cover crop is $74.36 ha-1 (table 2.7). The price of soybeans sold in
Pennsylvania from 2000-2007 ranged from 0.1562 dollars kg-1 to 0.3575 dollars kg -1
(USDA, 2008). Using these prices, one would need to produce an additional 208 to 476
kg ha-1 to offset the added cost of the rye cover crop. Comparing the second alternative
system, using a rye cover crop with pre and post soybean plantings herbicide
applications, the total net added costs would be $127.71 ha-1 (table 2.7). Using the
same price scenario, an additional 357 to 818 kg ha-1 would be needed to off set the
costs of this system compared to a conventional no-till system without the rye cover
crop.
The main cost associated with the use of cover crops for soil conservation and
added weed management is the cover crop seed price. Seed price was calculated at
$0.33 kg-1 (2008a), and planted at a rate of 157 kg ha-1 (table 2.7). With some cover
crop incentive programs, the cost of seed is nearly often covered. For example, a 2008
Bedford County, Pennsylvania, Cover Crop Incentive Program, lists the price paid to the
producer for implementing a winter rye cover crop at $49.40 ha-1 (2008b). Maryland also
has a similar program, through the national Environmental Quality Incentives Program
(EQIP) which pays between $49.40 and 61.75 ha-1 per year for using cover crops and
other conservation practices (Morgart and Rose, 2007). If seed cost is taken away from
the partial budget through government subsidies there is still a $29.96 ha-1 total net
added cost when using the alternative single herbicide application cover crop system. If
the rolling and planting were done in one-pass, or if the producer waited to roll the rye
and did not use any herbicide, then it could be financially profitable to alter the current
agronomic system and implement a rye cover crop and control it with a roller/crimper.
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Also, if soybean production were increased between 70 and 160 kg ha-1 the added
costs would be covered. Cover crops also have many other benefits besides offering
short-term benefits such as weed suppression and reducing herbicide inputs as outlined
in this paper. Cover crops reduce soil erosion thereby keeping watersheds free of
excess sediments and pesticides; they also sequester nutrients which help in the
prevention of nutrients being lost into sensitive ecosystems, such as the Chesapeake
Bay. Long-term, societal, and environmental benefits are difficult to evaluate financially.
This study shows that it is possible to reduce weed density and biomass with the
integration of a rye cover crop into a no-till soybean cropping system. In this study,
delaying rye termination by 10 to 20 days nearly doubled cover crop biomass. Even at
the early rye termination, weed density and biomass were greatly reduced compared to
a no rye control. In this study, the rye alone treatment reduced weed biomass equally to
the rye or fallow plus post herbicide treatments three out of four times. In terms of yield,
no differences between treatments were observed in 2007, while in a more challenging
year, yield in the rye alone treatment equaled yield in the post herbicide treatments at
the early termination at Landisville and the late termination date at both locations.
Although this study did not examine rolled rye vs. rye that was not rolled, placing the
cover crop mulch on the soil surface should provide better weed suppression and could
allow for easier soybean seed placement. This potential advantage should be explored
more fully. In 2008, soybean populations were reduced at both locations, partially as a
result of the cover crop surface mulch. Large amounts of cover crop residue at planting
time will continue to challenge growers that direct seed. Improvement in planter and drill
technology should help alleviate some of these problems.
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This study showed that a rye cover crop can help reduce herbicide inputs and
could be a step towards a more diverse weed management strategy that improves
agricultural sustainability. While the short-term economic benefits do not favor the use
of a rolled rye cover crop, there are numerous long-term advantages that were not
included in this study, such as improving soil quality through reducing erosion,
increasing soil organic matter, and nutrient sequestration. These benefits of the system
justify further research and development.
Sources of Materials
1

Roller/crimper, I&J Manufacturing, 5302 Amish Rd., Gap, PA 17527.

2

RoundUp WeatherMax 4.0S (540 g ae/L, potassium salt formulation), Monsanto Co.,

800 North Lindbergh Boulevard, St. Louis, MO. 63167.
3

Great Plains no-till drill, Great Plains Mgf., Inc. 1525 E North Street, P.O. Box 5060,

Salina KS. 67401.
4

White No-till planter, Landoll Corporation, Maryville, KS. 66508.
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Table 2.1: Field operation timing across two Pennsylvanian locations, Rock Spring and
Landisville, in 2006-2008.

Rock Springs
Field Operation

Landisville

2006-2007

2007-2008

2006-2007

2007-2008

burn-down herbicide

5/8

4/25

5/4

4/25

roll rye

5/10

4/26

5/8

5/1

planting soybeans

5/10

5/2

5/8

5/3

post herbicide application

6/16

6/13

6/12

6/12

burn-down herbicide

5/17

5/14

5/14

5/13

roll rye

5/18

5/15

5/17

5/14

planting soybeans

5/19

5/26a

5/18

5/25

post herbicide application

6/29

7/11

6/27

6/28

Harvest soybeans

10/22

10/23

10/25

10/19

Early

Late

a

replanted on 25 June in late rye plots
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Table 2.2: Rye mean growth stage, height and biomass at Rock Springs and
Landisville, Pennsylvania in 2007/08.

Termination

Growth Stage

Height

Biomass

Zadok

m

Kg ha-1

Rock Springs 2007
Early

47

0.75

5013 b

Late

59

1.37

6955 a

Rock Springs 2008
Early

44.5

0.91

3090 b

Late

59

1.45

6498 a

Landisville 2007
Early

45

0.61

2593 b

Late

59

1.22

5594 a

Landisville 2008

a

Early

54

1.22

4515 b

Late

62

1.55

8940 a

Different letters in columns, within a location/year indicate a statistical different between treatments at

p<0.05 (Tukey-kramer mean separation).
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Table 2.3. Significance of effect of termination date (TD), weed control (WC) and sampling time (4, 6, 8, 10 wks after
planting) at two Pennsylvania locations, Rock Springs and Landisville, 2007/08.
Rock Springs
2007

2008

weed density

weed biomass

SB population

yield

weed density

weed biomass

SB population

yield

Termination Date

0.2205

0.9985

0.0028

0.3412

0.0482

0.7473

0.0012

0.2294

Weed Control

<.0001

0.0017

0.2033

0.2155

<.0001

<0.001

0.006

<0.0001

TD*WC

0.8122

0.9699

0.8494

0.7111

0.0590

0.206

0.0099

0.0293

Time

0.246

-

-

-

0.0007

-

-

-

Landisville
2007

2008

weed density

weed biomass

SB population

yield

weed density

weed biomass

SB population

yield

Termination Date

<.0001

0.0065

<0.0001

0.6495

0.5009

0.0371

0.0039

0.0681

Weed Control

0.0072

0.0709

0.1122

0.4566

<.0001

<0.0001

0.7888

<0.0001

TD*WC

0.008

0.0988

0.7529

0.5455

0.3706

0.0143

0.9694

0.4858

Time

0.3878

-

-

-

0.6243

-

-

-
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a

Table 2.4: Mean weed densities grouped by specific species 10WAP. Analysis separated by location
(Rock Springs (RS) and Landisville (LV), Pennsylvania in 2007/08. AMBEL= common rageweed,
CHEAL= common lambsquarters, SETSP= foxtail species, CYPES= yellow nutsedge.
AMBEL

CHEAL

SETSP

Treatment
RS 2007

#m

CYPES

Total

-2

Fallow

-

45 b

7.0 b

8.0 b

128 b

Rye

-

2.0 a

2.0 a

3.0 a

22 a

Rye+Post

-

0.0 a

0.0 a

1.0 a

9.0 a

Fallow

-

b

-

b

-

b

-

b

81.6 c

Rye

-

-

-

-

39.7 b

Rye+Post

-

-

-

-

8.1 a

Fallow

-

-

-

-

5.2 a

Rye

-

-

-

-

6.3 a

Rye+Post

-

-

-

-

6.2 a

Fallow

3.1 b

12.3 c

9.3 b

2.8 b

28.8 c

Rye

1.8 a

0.8 ab

1.6 a

0.3 a

7.4 b

Rye+Post

0.3 a

0.2 a

0.4 a

0.2 a

1.5 a

Fallow+Post

1.9 a

6.7 b

0.9 a

1.4 a

9.5 b

Fallow

2.4 b

7.3 c

2.7 a

3.0 b

13.6 bc

Rye

1.7 a

1.1 ab

3.3 a

1.2 a

7.4 b

Rye+Post

0.8 a

0.2 a

0.3 a

0.2 a

1.5 a

Fallow+Post

1.5 a

3.6 b

1.3 a

0.9 a

6.5 b

LV 2007
Early

Late

RS 2008
Early

Late

LV 2008

c

Fallow

-

d

-

d

67 b

9.3

e

110 b

Rye

-

-

6.0 a

0.25

15.0 a

Rye+Post

-

-

1.0 a

0.0

6.0 a

Fallow+Post

-

-

10.0 a

2.1

34 a
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a

Different letters in columns indicate a statistical difference between treatments at p<0.05 (Tukey mean
separation).

b

weed species were not prevalent at Landisville in 2007, common weeds were purslane and carpetweed.

c

Termination date means: early (12 b) and late (7.0 a); weed control means: fallow (21 c), rye (7.0 b),
rye+post (2.0 a) and fallow+post (8.0 b).
d

weed species were not prevalent at Landisville in 2007, common annual species were smooth and
redroot pigweed

e

CYPES did not differ across weed control or termination date.

Table 2.5: End of the season total weed biomass at Rock Springs and Landisville,
Pennsylvania, in 2007/08.
2007
Rock Springs

2008

Landisvilleb Rock Springs

Landisville

Weed biomass (kg ha-1)

Treatment
Early
Fallow

1208 b

331 b

1079 c

4367 c

Rye

116 a

262 b

270 b

329 a

Rye+post

24 a

11 a

3.5 a

0.0 a

-

-

1.75 a

0.0 a

1295 b

1.0 a

840 c

2242 b

Rye

54 a

21 a

635 b

200 a

Rye+post

0.5 a

0.9 a

5.0 a

0.0 a

-

-

0.0 a

38 a

Fallow+post
Late
Fallow

Fallow+post
a

Different letters in columns indicate a statistical different between treatments at p<0.05 (Tukey mean

separation).
b

means for termination date main effect, early (201 b) and late (8.0 a).
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Table 2.6: Soybean population and grain yield at Rock Springs and Landisville,
Pennsylvania, in 2007/08.
Rock Springs
2008b

2007

Yield

SB
population

no ha-1

kg ha-1

no ha-1

150670 a

5368 a

Fallow

-

-

91667 b

Rye

-

-

Rye+post

-

Fallow+post

2007

Yield

Yield

no ha-1

kg ha-1

no ha-1

kg ha-1

146394 b

5142 a

1905 c

-

-

165833 a

2837 b

91667 b

2590 bc

-

-

150000 a

4537 a

-

83334 b

3530 a

-

-

152500 a

4848 a

-

-

117500 a

3036 ab

-

-

166667 a

4664 a

123305 b

5096 a

218678 a

5147 a

Fallow

-

-

186667 a

2660 bc

-

-

125834 b

1882 b

Rye

-

-

75833 b

2811 ab

-

-

122500 b

3927 a

Rye+post

-

-

106667 b

3126 ab

-

-

123333 b

5022 a

Fallow+post

-

-

176667 a

3086 ab

-

-

130833 b

4052 a

Treatment

Early

Late

a

Yield

SB
population

kg ha-1

2008
SB
population

a

SB
population

Landisville

Different letters in columns indicate a statistical different between treatments at p<0.05 (Tukey mean

separation).
b

soybean population does not include replanted soybeans for RS 2008 late planted rye treatments.

c

soybean seed variety likely contributed to low populations at RS and LV in 2008.
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Table 2.7: Partial budget scenarios focusing on most contrasting treatments base
(EFP/LFP) and change one (ER/LR) and change two (ERP/LRP). Planting date is
combined because yield did not differ between these treatments for either location or
year.
Base: No rye cover crop + 2 glyphosate applications (pre and post planting)
Change: Rye cover crop with roller/crimper (only pre plant glyphosate application)
Benefits
Item
Description
Amount
$/ha
RoundUp Weather Max cost of $19.29/L at a rate of
Herbicide
1.29 L/ha (USDA, 2008).
$24.88
Custom spray application PA 2008 average (Pike, 2008).
$23.47
Total Benefits
$48.35
Costs
Item
Description
Amount
$/ha
rye seed
$0.33/kg at seeding rate of 157 kg/ha (2008a).
$51.81
planting rye
Drilling small grain PA 2008 average (Pike, 2008).
$42.73
Straight line depreciation with roller/crimper cost of
roller/crimper
$3000- the salvage value of $0 over 5 years used
depreciation
on 40 hectares per year (I&J Manufacturing Inc.).
$15.00
Driven at 8 km/h at a 80-120 HP PA 2008 average
tractor pass
rental price of $32.30/h (Pike, 2008).
$13.17
Total costs
$122.71
Net benefit
-$74.36
Base: No rye cover crop + 2 glyphosate applications (pre and post planting)
Change: Rye cover crop with roller/crimper+ 2 glyphosate applications (pre/post
planting)
Costs
Item
Description
Amount
$/ha
rye seed
$0.33/kg at seeding rate of 157 kg/ha (2008a).
$51.81
planting rye
Drilling small grain PA 2008 average (Pike, 2008)
$42.73
Straight line depreciation with roller/crimper cost of
roller/crimper
$3000-salvage value of $0 over 5 years used on 40
depreciation
hectares per year (I&J Manufacturing Inc.)
$15.00
Driven at 8 km/h at a 80-120 HP PA 2008 average
tractor pass
$13.17
rental price of $32.30/h (Pike, 2008).
Total costs
-$122.71
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Figure 2.1: Side view of an I&J cover crop roller/crimper with chevron blade pattern (I&J
manufacturing, Gap, PA).
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early fallow
early fallow+post
late fallow
late fallow+post
late rye
early rye
late rye+post
early rye+post

50
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no. weeds m
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Weeks after Termination
Figure 2.2. Total weed density at Rock Springs 2008 over 4, 6, 8, and 10 wks after termination.
Early terminated treatments are shown with a solid line while late terminated treatments are
shown with a dashed line.
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Effectiveness of Rolling Hairy Vetch (Vicia villosa) for Weed Suppression in No-till Corn
(Zea maize)
Abstract
Field studies across three locations in Pennsylvania examined rolling/crimping
hairy vetch in no-till corn. Hairy vetch was planted in late August and was rolled and
planted to corn at four different dates between the end of May and the middle of June.
Hairy vetch biomass was collected at each termination date to determine dry weight and
tissue samples were analyzed for nitrogen content. Weed density by species was
collected 4, 8, and 12 weeks after planting (WAP) and total end of season weed
biomass was collected. Corn population and grain yields were determined. At one
location, the corn was managed organically and at the two other locations, no cover
crop and herbicide controlled plots were included for comparison.
The results showed that hairy vetch control with the roller/crimper varied through
the flowering stage, but was consistent once pods began to develop. The hairy vetch
cover crop reduced annual broadleaf and grass weed density and reduced total weed
biomass dramatically compared to no cover plots, but perennial weeds were not
effectively controlled. Corn population decreased at later cover crop termination dates in
some instances, because of difficulties planting through the thick vetch residue and
maintaining good seed to soil contact. The organically grown corn population was
reduced in 2007 at the earlier cover crop termination dates due to competition with
vetch regrowth and black cutworm. When hairy vetch was not effectively controlled,
corn yield was reduced. In 2008, corn population was reduced at the middle two
termination dates due to black cutworm at the same location. At another location in
50

2007, plots that received the residual herbicide yielded over twice as much as the plots
managed with the roller/crimper alone (2,227 vs. 6,539 kg ha-1) due to competition and
nutrient deficiency. In most instances hairy vetch did not meet the nitrogen demand of
the corn crop and would require additional nitrogen fertilizer to achieve optimal yields.
Overall, results showed that it is possible to control hairy vetch with a roller/crimper and
manage cover crops in organic or reduced input systems. However, later corn planting
dates and appropriate no-till planting equipment are necessary to achieve successful
cover crop control and corn population.

Nomenclature: Hairy vetch, Vicia villosa; corn, Zea maize; yellow nutsedge, Cyprus
esculentus; commom ragweed, Ambrosia artemisiifolia; pigweed, Amaranthus sp.;
common lambsquarters, Chenopodium ablum; velvet leaf, Abutilon theophrasti;
pennsylvania smartweed, Polygonum pensylvanicum; foxtail, Seteria sp.; wild
buckwheat, Polygonum convolvulus; yellow woodsorrel, Oxalis stricta; hairy galinsoga,
Galinsoga ciliate; eastern black nightshade, Solanum ptycanthum; prostrate knotweed,
Polygonum aviculare ; horseweed, Conyza Canadensis; Canada thistle, Cirsium
arvense ; pokeweed, Phytolacca Americana; dandelion, Taraxacum officinale; hemp
dogbane, Apocynum cannabinum; oxeye daisy, Chrysanthemum leucanthemum;
plantain, Plantago sp..

Keywords: Cover crops, hairy vetch, roller/crimper, no-till, reduced input systems,
residue management.
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Most organic production systems rely heavily on mechanical weed control in the
form of tillage and cultivation, along with cultural practices, such as crop rotation, to
provide successful weed management. However, inherent tillage operations in these
systems can leave the soil vulnerable to degradation. Bare exposed soil is subject to
wind and water erosion leading to decreased soil quality (Pimentel et al., 1995; Wang et
al., 2002). By 2004, no-till farming had been adopted on 25.3 million hectares in the
United States, an increase of 5.5 percent nation-wide from 2000 (USDA, 2004). No-till
has been adopted because the system reduces energy use, lowers labor requirements,
increases the efficiency of farm operations, conserves soil, and improves soil quality
(Uri, 2000). No-till cropping systems preserve soil resources (Derpsch, 2003; Hartwig
and Ammon, 2002). The introduction of herbicide resistant crops has helped increase
the adoption of no-till, but has also resulted in an increase in herbicide use (Young,
2006). At the same time, organic farming in the United States has been increasing by
12 percent per year (USDA, 2000) and demand for organic foods now accounts for
2.5% of US food sales (USDA, 2007). Greater use of cover crops in cropping systems
has been suggested as a way to combine the environmental benefits of organic farming
with the soil preservation benefits of no-till (Teasdale et al., 2007).
Cover crops can be managed to create an in-situ mulch that is a suppressive
barrier to weed seed germination and emergence. Recently, agricultural researchers
and farmers have been experimenting with roller/crimpers to help manage cover crops
and reduce or eliminate the need for herbicides. Organic farmers are particularly
interested in identifying ways to manage cover crops without tillage or herbicides. A
roller/crimper is a hollow drum with blunt blades on the outside surface that can crush
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vascular tissue and kill certain annual cover crops and at the same time place them flat
on the soil surface. Previous studies have shown that this can be an effective method
for control of cereal rye (Secale cereal L.) once it has reached anthesis (Ashford and
Reeves, 2003; Mirsky, 2008).
There are a number of roller/crimper designs. Kornecki et al. (2006) tested three
different models: one with long, straight bars, a second with curved blunt bars, and a
third smooth roller with an oscillating crimping bar. All roller/crimper types were
effective at terminating a rye cover crop without herbicides but they differed in the
amount of vibration transported to the tractor frame. A smooth roller with oscillating
bars compared to a commercial length straight bar roller/crimpers produced less
vibration (Kornecki et al., 2006). The reduction of vibration is important for operator
safety, comfort and equipment adoption. Hoffman et al. (1993) compared hairy vetch
control by rolling, chopping, and mowing. In this research, hairy vetch was successfully
controlled by rolling at late bloom, but not at early bud or mid bloom. Mowing hairy vetch
was not an effective control at early bud, but could control vetch by mid bloom (Hoffman
et al., 1993). In contrast, a Mississippi study found that rolling hairy vetch in the
vegetative stage provided at least 80% control with complete control at 20% bloom
(Creamer and Dabney, 2002).
Hairy vetch is a winter-hardy, leguminous cover crop suited for the northeastern
region of the United States (Teasdale et al., 2004). Once controlled, the decomposing
hairy vetch residue is a good nitrogen source that can potentially be utilized by a
subsequent crop (Ruffo and Bollero, 2003). In a Maryland study, optimal N benefits and
soil moisture conservation from a hairy vetch mulch occurred when the cover crop was
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killed in late April (Clark et al., 1995). Because of its high biomass and N production as
well as its ability to suppress weeds, hairy vetch is recommended as a winter annual
cover crop in some northern climates (Brandsaeter and Netland, 1999). Hairy vetch
produces more dry matter with a higher N concentration than big flower vetch (Vicia
grandiflora W. Koch var Kitailbeliana) or crimson clover (Trifolium incarnatum L.) and
can provide 90 to 100 kg ha-1 N annually to a corn crop (Ebelhar et al., 1984). The
amount of N available to a subsequent crop depends on hairy vetch biomass
production, which is primarily a function of timing of cover crop control.
Previous research has demonstrated that the weed suppressive ability of hairy
vetch can vary. Teasdale et al. (2003) showed that hairy vetch alone can reduce grass
emergence by 50 to 90%, while other work showed that hairy vetch was good at
suppressing some summer annual weeds and yellow nutsedge (Cypres esculentus L.),
but not some grasses (Reddy and Koger, 2003). Another study concluded that twice as
much hairy vetch residue as is typically produced would be required to reduce
emergence of a variety of weed seedlings (Mohler and Teasdale, 1993). No difference
in weed biomass between a hairy vetch cover crop and no cover crop was observed in
another study; the hairy vetch cover crop also reduced corn yield because it was not
fully controlled and competed with the corn (Yenish et al., 1996).
Successful mechanical control of hairy vetch is likely linked to phenology, while
weed suppression by the cover crop will be impacted by both the quantity and quality of
the surface mulch. To better predict the utility of the cover crop roller/crimper and the
resulting cover crop mulch on weed suppression this research was performed to: 1)
determine how the life-stage of hairy vetch influences its control with a roller/crimper; 2)
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determine how timing of hairy vetch termination influences weed suppression and 3)
monitor how hairy vetch termination timing influences corn establishment and grain
yield.
Materials and Methods
Field management. A field trial was established at two locations in 2006 and repeated
in three locations in 2007. The three locations included The Rodale Institute research
farm, Kutztown, PA (40.63 degrees N, 75.95 degrees W); the Penn State University
Russell E. Larson Agricultural Research Center (Rock Springs), Centre County, PA
(40.72 degrees N, 77.93 degrees W) ; and in 2007, the Penn State University
Southeastern Research and Education Center, (Landisville) Lancaster County, PA
(40.95 degrees N, 76.41 degrees W). At Rock Springs and Landisville, the experimental
design was a modified split plot with termination date as the main plot, cover crop vs. no
cover crop as a subplot, and herbicide vs. no herbicide as a sub-sub plot treatment. At
The Rodale Institute, only termination date was examined in a randomized complete
block design and the study was managed using certified organic practices (USDA,
2008a). These locations were chosen to offer a regional aspect to the research.
In 2006, a Nebraska hairy vetch seed source (variety not stated) was seeded at
The Rodale Institute, on a Berks Weikert soil, well drained, loamy-skeletal (active, mesic
Typic Dystrudepts), while seed from a local Pennsylvania grower variety “Auburn Early
Cover” (Teasdale et al., 2004) was seeded at Rock Springs, on a Hagerstown silt loam
(mesic Typic Hapludalf). In 2007, all locations were seeded to the Pennsylvania-grown
hairy vetch (Auburn Early Cover). At Rock Springs and Landisville hairy vetch was drill
seeded in late August or early September at 22.5 kg ha-1 in combination with 54 kg ha-1
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oats as a nurse crop. In all cases, hairy vetch was grown after small grain and straw
harvest in July/August. In late spring and early summer of 2007 and again in 2008, the
hairy vetch cover crop was controlled using a roller/crimper.
The roller/crimper used in this study was a 3.04 m wide (figure 3.1) and similar in
design to the roller with curved bars tested by Kornecki et al. (2006). The roller/crimper
was constructed using 41 cm diameter steel with blunt metal blades welded to the
outside cylinder in a chevron pattern4 (Ashford and Reeves, 2003). The roller was filled
with water, at each rolling and when filled weighed about 900 kg and was front mounted
to the tractor driven at 7.2 km h-1. At Rock Springs in 2008, a slightly heavier (total wt=
1520 kg), roller/crimper of similar design was used (Mirsky, 2008). Since the
roller/crimper was followed immediately by planting, this study assessed the
combination of the two implements on hairy vetch control.
Immediately following rolling, a 95 day corn hybrid “Blue River 40M21” was no-till
planted in a 76 cm row spacing into the hairy vetch residue. At both Rock Springs and
Rodale a Monosem5 vacuum planter was used and at Landisville a White6 No-till planter
was used. The corn seeding rate was 79,040 seeds ha-1 at Rock Springs and
Landisville and 83,980 seeds ha-1 at The Rodale Institute. The slightly higher seeding
rate is more typical of organic corn management (Moyer, personal communication,
2008). At Rock Springs and Landisville, the no hairy vetch plots received N fertilizer
applied at 112 kg N ha-1 prior to corn planting. The low rate of fertilizer was use to
approximate the amount of nitrogen expected to be offered by the hairy vetch cover

4

I&J Manufacturing, 5302 Amish Rd., Gap, PA 17527.
Monosem Inc., 1001 Blake Street, Edwards, KS 66111
6
Landoll Corporation, Maryville, KS 66508
5
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crop. Which is documented to provide 90 to 100 kg ha-1 N annually to a corn crop
(Ebelhar et al., 1984). The hairy vetch plots relied solely on the cover crop for the corn
crop nitrogen needs at all locations. At Rock Springs, Tefluthrin (2,3,5,6-tetrafluoron 4methylphenyl) methyl-(1alpha, 3 alpha)-(Z))-(+/-)-3-(2-chloro-3,3,3-trifluoro-1-propenyl)trifluoro-1-propenyl)-2-2-dimethylcyclopropone carboxylate) was applied at 3.7 kg ai ha-1
with the seed to control soil insect pests. Cyfluthrin (0-[2-1,1-Dimethyl)-5-pyrimidinyl]-0ethyl 0-(1-methylethyl) phoshorothioate; Cyfluthrin: Cyano(4-fluoro-3-phenoxyphenyl)methyl 3-(2,2-dichloroethenyl0-2,2-dimethylcyclopropanecarboxylate) at 3.4 kg ai ha-1
was used at Landisville. At Rock Springs in 2007 and at both Rock Springs and
Landisville in 2008, a portion (3/8 to 1/2) of each plot length was treated with a foliar
plus residual herbicide (2.26 kg ai ha-1 s-metolachlor, 0.84 kg ai ha-1 atrazine, and 0.23
kg ai ha-1 mesotrione, and 0.86 kg ae ha-1 glyphosate) shortly after corn planting to
provide complete hairy vetch and weed control and serve as a weed-free treatment.

Hairy vetch growth stage field measurements. Hairy vetch growth stage
development was determined prior to rolling/crimping and planting by two methods: 1)
visual assessments based on 0 to 100% flowering where 0 = no flowers present and
100 = complete flowering on the entire stem length and 2) ten stems per plot were
removed and the number of nodes, buds, flowers (any purple color on the raceme) and
pods were determined. Percent flowering was calculated by taking the ratio of flowers
and pods to the total number of nodes. The second method proved cumbersome
because the hairy vetch vines easily become entangled and difficult to remove and
since hairy vetch has indeterminate growth, flower buds, purple petaled flowers and
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immature pods are present all at the same time; thus a percent flowering value was
difficult to determine.
In 2008 the second method was modified whereby the first 5 nodes, below the
apical meristem, were counted (nodes must be at least 5 cm apart) on two stems per
plot. Nodes must be at least 5 cm apart to allow for an estimate representative of the
entire length of the stem, which can often be over 1.5 m in length. If a node was less
than 5 cm from the previous node, it was not included and the next sequential node was
counted. Each node was recorded as a bud, flower, or pod.


If all five nodes are buds this corresponded to a vegetative stage.



One flower out of five nodes equals 20% flowering.



Two nodes flowering out of five equals 40% flowering (see figure 3.2).



Percent flowering was determined from 20 to 100%.



If 1 to 2 nodes contained pods with immature seeds (flattened and not hard), this
was considered early pod set.



Three nodes with pods was considered mid pod set.



More than three nodes with pods and/or seeds maturing in the pod corresponded
to late pod set.

Data collection. Hairy vetch biomass was collected in two 0.5 m2 quadrates per plot the
same day as termination. Samples were dried at 55 C for 72 h and weighed. A
subsample of hairy vetch tissue was removed from biomass cuttings, compiled across
replications and later analyzed for N content at all locations. N content analysis was
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conducted by the Penn State Agricultural Analytical Services Laboratory7. Four weeks
after planting (WAP), hairy vetch control was assessed visually on a 0 to 100% scale,
where 0 = no control and 100 = complete control. In order to estimate regrowth after
rolling, any living hairy vetch was sampled 4 WAP from two 0.5 m2 quadrates in each
cover crop plot that did not receive the herbicide treatment; these samples were dried
and weighed. Corn stand was recorded 4 WAP by counting the number of emerged
plants in a center row of each plot for a 5.28 m length (Rudisill, 2007-2008). Weed
density was determined by counting all emerged weed species in three 0.5 m2 quadrats
per plot at 4, 8, and 12 WAP. Weed density was not collected at the Rodale Insitute.
After the final density count, weed biomass was harvested from the three 0.5 m2
quadrats, from all locations, dried at 55 C for 72 h and weighed. Weed species were
grouped according to life-history stage for analysis. Weed density was not determined
at Rodale, only end of season weed biomass.
In 2007 at Rock Springs and at both Penn State locations in 2008, soil was
sampled from the front and rear of each plot to a depth of 30.5 cm 6 WAP to determine
nitrate content, an estimate of nitrogen availability to the corn (PSNT). In addition, in
late September, corn stalks were sampled from each plot by collecting two 20-cm long
sections of corn stalk cut into 5 cm sections, 15 cm above the soil surface, to determine
if the corn received sufficient nitrogen (Rudisill, 2007-2008) (Appendix A). Both PSNT
soil samples and corn stalks were analyzed for N by the Pennsylvania State University
Agricultural Analytical Services Laboratory. Corn grain yield was collected either
mechanically (small plot combine) or by hand from the center two rows of each plot. In

7

Agricultural Analytical Services Laboratory, Penn State University, University Park, PA 16802.
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2007, because of the smaller size of the weed-free treatment plots, grain yield for the
herbicide control plots at Rock Springs was determined by hand-harvesting all four
rows. Hand harvested corn was shelled using the small plot combine equipped with
scale and moisture recorder. All yields were standardized to 15.5% moisture.

Statistical analysis. All analysis was done in SAS v. 9.1 using PROC MIXED and
Tukey-Kramer mean separations at a p-value of 0.05. Data were analyzed separately
across location and year because of the heterogeneity of the variances. The analyses of
variances showed significant differences between locations at a p-value of 0.0002 and
between years at <0.0001. Because weed density counts were performed in fixed subplots at 4, 8, and 12 WAP typical of a repeated measures design, ‘time’ was included in
the model as a factor. Interactions of the main effects of termination date, cover crop
and herbicide were also tested at a p-value of 0.05.

Results and Discussion
Hairy vetch development and control. Across all locations, the visual assessment
method tended to over-estimate vetch flowering stage and yet under-estimate
reproductive development compared with the count method (Table 3.1). The accuracy
in the visual method is reduced once pods begin to form, since it consider pods as
flowers. These results suggest that the visual percent flowering values at a reproductive
stage do not accurately account for the physiological maturity of vetch. The modified
counting method is a quick, quantitative method for determining hairy vetch
development without the subjective bias inherent in a visual assessment method.
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Therefore hairy vetch termination results will be reported using the modified counting
method for 2008.
Hairy vetch biomass at Rock Springs in 2007 increased as termination was
delayed. From the first termination date to the last, a period of about three weeks, there
was an addition of over 1,500 kg ha-1 of above-ground biomass (table 3.1). The
roller/crimper did not provide complete control of the hairy vetch until the fourth
termination date, although 89% control was achieved once pods had begun to form at
the third termination period. Hairy vetch regrowth followed a similar pattern with no
regrowth after the fourth termination date and more than double the regrowth after the
first termination date than after the third date (table 3.1). At Rock Springs in 2008, hairy
vetch biomass also increased as termination was delayed, peaking at the third
termination date on June 12 and adding about 1000 kg ha-1 of above ground biomass in
about two weeks. Like the previous year, as flowering and pod set continued to
progress so did hairy vetch control with complete control by the third termination date
(table 1). Better control was achieved earlier in 2008 than in 2007 at the Rock Springs
location. By the second date, or at about 50% flowering, hairy vetch control was 87%
with about 80% less regrowth than the first termination date (table 3.1).
As with the other locations, hairy vetch biomass at Landisville increased as
termination was delayed, with greater biomass at the last two termination dates
compared to the first two. Above ground biomass at the last termination date was 1,500
kg ha-1 more than at the first date (table 3.1). Hairy vetch control with the roller/crimper
was 94% or higher at Landisville, regardless of termination date. Acceptable control of
hairy vetch was achieved at the first termination date even when flowering was only
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about 45% (table 3.1). The weather at Landisville was warm and dry, which may have
contributed to the rapid progression of vetch senescence.
Hairy vetch biomass at Rodale in 2007 was similar at the 1st through 3rd
termination dates averaging about 7100 kg ha-1 (table 3.1). Biomass amounts were
greater at The Rodale Institute than at Rock Springs in 2007, perhaps due to the
differences in hairy vetch cultivar (Nebraska vs. Auburn Early Cover), and/or differences
in growing conditions. At The Rodale Institute in 2007, hairy vetch control ranged from
78 to 99% at the four dates which was similar to the results observed at Rock Springs
(table 3.1). Due to labor constraints, hairy vetch biomass after termination was not
collected at The Rodale Institute, but a visual percent re-growth (0 to 100% scale) was
recorded. The first timing had the greatest regrowth and the third and fourth timings had
1.5% or less hairy vetch re-growth (table 3.1). In 2008, hairy vetch biomass at Rodale
was similar across all termination dates averaging 7741 kg ha-1 (table 3.1). Similar to
Landisville in 2008, hairy vetch control was good across all dates and there was very
little regrowth, particularly at the last three timings. The termination dates were one to
two weeks later than the other locations, which could have contributed to the greater
vetch biomass and the successful control of the vetch. Although hairy vetch was
successfully controlled prior to full flowering, this location also confirmed that control is
better when some pods are present.
A delay in hairy vetch termination of three weeks often added up to 1,500 kg ha-1
of above ground biomass, however successful mechanical control of the hairy vetch
occurred prior to the last termination date. In 2007, 80% control of hairy vetch was
achieved at about 60% flowering, while in 2008, over 85% control was achieved at
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Landisville at about 50% flower. Waiting until pods are visible allows for consistent vetch
control with near zero regrowth, although it seems that hairy vetch physiology is not the
only factor contributing to hairy vetch control by the roller/crimper. Other research has
also shown that cover crops can be controlled more successfully at the late bloom
growth stage compared to early bud or mid bloom (Hoffman et al., 1993).

Weed control. Due to the heterogeneity of the variance for weed density error terms for
both locations (Rock Springs and Landisville) and years (2007 and 2008), each was
analyzed separately (table 3.2). A number of weedy species were identified at each
location and were grouped by lifecycle into annual broadleaves, grasses, perennials,
and total weed density. Dominant annual broadleaf weeds included common ragweed
(Ambrosia artemisiifolia L.), smooth and redroot pigweed (Amaranthus sp.), common
lambsquarters (Chenopodium ablum L.), velvetleaf (Abutilon theophrasti Medicus),
Pennsylvania smartweed (Polygonum pensylvanicum L.), and more scattered
populations of wild buckwheat (Polygonum convolvulus L.), yellow woodsorrel (Oxalis
stricta L.), hairy galinsoga (Galinsoga ciliate (Raf.) Blake), eastern black nightshade
(Solanum ptycanthum Dun.), prostrate knotweed (Polygonum aviculare L.) and
horseweed (Conyza Canadensis (L.) Cronq.). For grass, giant and yellow foxtail
(Setaria sp.) were common. Perennial weeds included yellow nutsedge (Cyprus
esculentus L.), Canada thistle (Cirsium arvense (L.) Scop.), pokeweed (Phytolacca
Americana L.), dandelion (Taraxacum officinale Weber in Wiggers), and scattered
hemp dogbane (Apocynum cannabinum L.), oxeye daisy (Chrysanthemum
leucanthemum L.) and plantain species (Plantago sp.).
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At Rock Springs in 2007, weed density varied across sampling time (4, 8 and 12
WAP) (table 3.2) although the largest differences occurred in the first and second no
cover crop planting dates (figure 3.3). There was a sharp increase in weed density
between the 4 and 8 WAP assessments and total weed density in the early no cover
crop treatments was higher than in the other treatments. It is likely that the bare soil and
readily available N from the preplant application allowed weeds to flourish in the earlier
terminated no cover crop treatments. Weed density was high across all treatments at
Rock Springs in 2007. However, the cover crop reduced weed density compared to the
first two no cover crop termination dates, but the benefit of the cover crop diminished at
later termination dates.
At Rock Springs in 2007, annual broadleaf weed density differed across the main
effect of cover crop. There were fewer annual broadleaf weeds with a cover crop than
without. Annual grasses, perennials and total weed density were impacted by both
cover and termination date (table 3.3). In general, annual grasses were more abundant
without the cover crop than with the cover crop. Weed density was highest at the
second termination date in the no cover crop plots (table 3.3). There was no difference
in annual grass density in the presence of the cover crop between the termination
dates. For the perennial species, density was higher after the first termination date
without the cover crop compared to the first termination treatment with cover (table 3.3).
Perennial species density declined with termination date in the no cover crop treatments
and was unaffected in the cover crop plots. Total weed density 12 WAP followed a
similar trend with no difference between termination dates in the presence of the cover
crop and greater weed density at the first two termination dates in the no cover crop
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treatments. These results showed that the hairy vetch mulch prevented weeds from
emerging early in the season (timing one and two) but by the later two dates, weed
emergence had declined and there was no difference between plots that had a hairy
vetch cover crop and those that did not.
At Rock Springs in 2008, average weed density at 4, 8 or 12 WAP did not vary,
nor did it vary across termination date, but there was variation in the main effects of
cover crop and herbicide application and an interaction between cover crop and
herbicide use (table 3.2). Annual broadleaf density was more than seven times greater
(7 vs. 55 plants m-2) in no cover crop plots compared to plots with a cover crop (table
3.3). In addition, broadleaf weed density was the same in the cover crop plots that
received the herbicide application and the cover crop alone treatment. A similar
response was observed for grass species (table 3.3). The hairy vetch cover crop did not
affect perennial weed density (6 vs. 10 plants m-2). Total weed density was more than
six times greater in no cover crop treatments compared to cover crop treatments (table
3.3). The thick hairy vetch mulch was capable of reducing annual weed density to a
level equivalent to the herbicide treatment at this location.
At Landisville in 2008, the interaction between termination date and herbicide for
weed density was significant along with the main effects of termination date, cover crop
and herbicide application (table 3.2). There was also an interaction between the cover
crop and herbicide for weed density. Weed density did not differ between sampling
dates (4, 8, or 12 WAP). For annual broadleaves, in the absence of the herbicide,
density decreased as termination was delayed with nearly twice as many weeds in the
first termination date as the last. The hairy vetch cover crop reduced annual broadleaf
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weed density by almost two-thirds compared to no cover crop (table 3.3). Annual grass
weeds were less abundant at Landisville in 2008, and their density was only affected by
herbicide. Plots that received herbicide had excellent weed control. Perennial weed
density was affected by both termination date and herbicide application and they were
more prevalent when herbicide was not used. Total weed density followed the same
trend as the annual broadleaves. Without herbicide, weed density was greatest at the
first termination date and decreased with delay in termination. With the addition of the
herbicide, weeds were completely controlled irrespective of termination date or
presence of cover crop.
Even though weed density was impacted by termination date at Rock Springs
and Landisville, weed biomass did not differ across termination date (table 3.4). This
was likely due to numerous, small, and spatially variable annual broadleaf weeds that
contributed to weed density, but did not contribute much to weed biomass. Weed
biomass was affected by cover crop (presence or absence) at Rock Springs in 2007
(table 3.2) where the hairy vetch cover crop reduced biomass 47% compared to no
cover crop (table 3.4). At Rock Springs in 2008 the main effects of cover crop and
herbicide application were significant while planting date was not and there was a cover
crop by herbicide application interaction (table 3.2). Weed biomass was over 14 times
greater in no cover crop treatments and the cover crop alone reduced weed biomass to
a level equivalent to the herbicide treatment (table 3.4). Weed biomass in Landisville in
2008 showed a similar trend with planting date not impacting weed biomass, but there
was a significant cover crop by herbicide application interaction and significant main
effects of cover crop and herbicide application (table 3.2). Weed biomass was over 16
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times greater in the no cover crop treatment and the cover crop alone reduced weed
biomass to a level equivalent to the herbicide treatment (table 3.4). This is similar to
research reported by Hoffman et al. (1993) and Reddy and Koger (2004) where a hairy
vetch cover crop reduced total weed biomass compared to a weedy check and reduced
weed biomass to a level similar to an herbicide treatment.
At Rodale weed density was not collected. However, observed species included:
common ragweed (Ambrosia artemisiifolia L.), smooth and redroot pigweed
(Amaranthus sp.), common lambsquarters (Chenopodium ablum L.), velvetleaf (Abutilon
theophrasti Medicus), Pennsylvania smartweed (Polygonum pensylvanicum L.), Curly
dock (Rumex crispus L.), and Giant foxtail (Setaria faberi L.). At Rodale in 2007, weed
biomass differed across termination date (table 3.5). The greatest amount of weed
biomass was observed at the second termination date, with about 40% greater weed
biomass than the first termination date. Weed biomass in the third and fourth
termination dates was approximately 25 and 12% of that accumulating in the second
termination date, respectively. The greater vetch mulch in the later timings helped to
reduce weed biomass at Rodale, although, other factors such as reduced corn
population also impacted weed biomass dynamics. At Rodale in 2008, weed biomass
was over 66% greater at the first termination date than the other three termination
dates, but was much lower than weed biomass levels in 2007. The hairy vetch biomass
did not differ across termination dates in 2008 and in all dates supplied good weed
control. Another study has shown that 100 g m2 of giant ragweed biomass would reduce
yield by less than 20% (Harrison et al., 2001). In this study, the hairy vetch mulch was
an effective suppressor of weed growth as long as biomass production was sufficient. At
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later termination dates, the hairy vetch cover crop reduced weed biomass to a level
equivalent to the herbicide program.

Nitrogen contribution. Hairy vetch nitrogen content varied between locations and
years. At Rock Springs in 2007, the latest termination date contained the most nitrogen
(table 3.6), and this treatment produced the greatest amount of hairy vetch. At Rodale in
2007, there was much more above-ground nitrogen available, particularly because the
Nebraska variety of vetch produced more biomass. However, above-ground nitrogen
content of the vetch did not vary much between termination dates. In 2008 at Rock
Springs, the above-ground nitrogen content of the hairy vetch did not vary much
between termination dates. At Rodale in 2008, the above-ground nitrogen did not vary
much between termination dates and the tissue had greater amounts of N than at the
other two locations. At Landisville in 2008, the third termination date (early pod set) had
the most above-ground nitrogen compared to the fourth (late pod set) and the first (45%
flowering) termination dates (table 3.6). Also, the second termination date had the
lowest amount of total above-ground nitrogen even though the second and first roll
dates did not differ in hairy vetch biomass. Other studies have found that differences in
nitrogen availability are a result of dry matter production (Holderbaum et al., 1990)
however the range of N contributed by a hairy vetch cover crop widely varies in the
literature from, 72 to 350 kg N ha-1 (Ebelhar et al., 1984; Hargrove, 1986; Holderbaum
et al., 1990). Part of the variation in N seen is this study could be contributed to the
different vetch production, climatic conditions, soil properties, and the very late
termination dates. Previous research has commonly terminated the hairy vetch in mid-
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April or early May (Clark et al., 1997; Wagger, 1989) and has found that hairy vetch
accumulates N at a rate of 2 kg N ha-1 per day or in a two week period total N content
increases 41%. Perhaps different nitrogen dynamics occur when terminating vetch
nearly a month later and has contributed to the variability in N content seen in this
study.

Corn establishment and yield. At Rock Springs in 2007, corn populations were similar
across all treatments and neither termination date nor cover crop affected corn stand
(table 3.2). A cover crop by herbicide application interaction occurred for corn grain yield
and the main effect of herbicide application was also significant. Herbicide treated plots
resulted in higher yields at Rock Springs in both the cover and no cover plots. When
weeds were not controlled with the herbicide, the yield suffered. Even though the cover
crop had 1.5 times less weed biomass compared to no cover, the cover crop did not
supply adequate control to prevent yield loss. The corn yields at Rock Springs in 2007
were uniformly low; the combination of low corn populations, inadequate nitrogen
fertilization, weed competition and later planting dates contributed to the low yields
observed.
In 2008 at Rock Springs, corn population was significantly affected by weed
control, but not by termination date. However, there were interactions between
termination date by cover crop and cover crop by herbicide application (table 3.2). The
earlier planting dates had similar corn populations 4 WAP regardless of cover crop
treatment; however, the last planting date had a reduced corn stand in the no cover
crop treatment compared to the cover crop treatment. The corn in the no cover crop
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treatment without herbicide planted at the end of June suffered from low rainfall and
abundant weed growth at planting time as many summer annual weeds had already
emerged. The no cover crop no herbicide plots were the equivalent of a weedy check.
Yield at Rock Springs in 2008 showed a similar trend to corn population; in the
absence of cover crop or herbicide, yields were reduced. Regardless of planting date,
the cover crop maintained yields at a similar level to the herbicide treated plots at Rock
Springs (table 3.7), although yields were lower than the Pennsylvania state average of
7670 kg ha-1 (USDA, 2008b). The low yields, even with good weed control, were likely
due to both the late planting date, compared to conventionally planted corn, and
inadequate amounts of available N at key periods of corn growth and development. The
optimum corn planting date, in the area, is the 1-10th of May (Rudisill, 2007-2008). In
this study the planting dates were a month or more later than this target date. A study in
Nebraska found that regardless of the amount of residue, planting corn after the
optimum date resulted in a decrease in leaf area, leaf duration, total dry matter and yield
(Swanson and Wilhelm, 1996). Delaying corn planting can significantly contribute to
decreased yield.
At Landisville in 2008, corn population was affected by termination date, cover
crop, and herbicide application, and there was an interaction between planting date by
cover crop and cover crop by herbicide application (table 3.2). Corn population was
reduced at later termination dates in both the cover crop and no cover crop plots. The
dry weather at planting time was the main factor in reducing corn population, but the
thick mulch residue also made successful corn establishment difficult in the cover crop
plots. Corn populations were further reduced at these later planting dates when
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herbicide was not used and weed populations flourished early in the season. The cover
crop treatment alone reduced corn stand by more than 1,000 plants ha-1 compared to
no cover crop plus herbicide. Planting through cover crop residue and/or a weed
infested plot made achieving good seed to soil contact challenging, especially at the
later planting dates.
Corn yield at Landisville was affected by termination date, cover crop, and
herbicide application and all two-way interactions were significant (table 3.2). In terms of
the termination date by cover crop interaction, yields were lower at later termination
dates particularly when corn populations were reduced. The planting date by herbicide
application interaction revealed that, at the first two termination dates, the additional
weed control provided with herbicide improved yields but that, by the later termination
dates, treatments with or without herbicide achieved similar yields. For the cover crop
by herbicide application interaction, despite lower corn populations in some cover crop
treatments, yields were similar to the no cover crop with herbicide treatment. As
expected, the no cover crop, no herbicide treatment yielded over 5,000 kg ha-1 less than
the cover crop, no herbicide treatment (table 3.7). Yields across most treatments were
lower than the Pennsylvania state average of 7670 kg ha-1 (USDA, 2008b).
At Rodale in 2007 corn populations differed across termination date (table 5)
mostly due to black cutworm [Agrotis ipsilon (Hufnagel)] damage (Wilson, 2008). Black
cutworm feeding peaked at the second termination date and by the third and fourth
dates the critical larva stage that damages the corn had passed and populations were
higher. Corn yields at Rodale in 2007 mirrored trends seen in the corn populations and
end of the season weed biomass levels. The first two termination dates had lower
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yields than the later two termination dates (table 3.5). The later dates had better corn
populations than the first two dates, there was more hairy vetch biomass resulting in
less weed competition and more corn plants because of fewer black cutworms. Despite
the very late planting date for the region, good yields were achieved. The fourth
termination date yielded more than the Pennsylvania state average corn grain yield of
8048 kg ha-1 (USDA, 2008b).
In 2008 at Rodale, corn population differed across termination date (table 3.5)
due to cutworm and also crow (Corvus) damage. The first and last planting dates had
the greatest corn populations, while in the middle two dates, population was reduced.
Corn yields did not differ between termination date at p<0.05 level but were significant
at the 0.10 level. At the earlier termination dates higher yields were obtained than at the
later dates, likely due to the shorter growing season and decrease in yield potential
resulting from the very late planting dates of June 20 and June 25 at the last two
termination dates. The first two termination dates averaged 8312 kg ha-1, more than the
Pennsylvania state average corn grain yield (USDA, 2008b). Yields at Rodale were
higher and more consitent than at Rock Springs and Landisville.
This study showed that a hairy vetch cover crop can be consistently controlled by
a roller/crimper when rolled and planted at early pod set. Other research reported
similar results; hairy vetch could be controlled with rolling before late bloom (Creamer
and Dabney, 2002). When rolling earlier there is the risk of incomplete control which
could result in crop competition or some vetch plants may mature and produce seed.
This could result in the cover crop acting as a weed in small grain production.
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More accurately assessing hairy vetch growth stage at termination is important
for predicting the success of any mechanical control. In this study we developed a
quick and simple technique to determine hairy vetch growth stage by counting the first
five nodes of a vetch plant below the apical meristem. This study showed that it may be
possible to terminate the cover crop before early pod development with the
roller/crimper, but that some hairy vetch regrowth and, more importantly, less effective
weed suppression could influence corn growth and yield. The hairy vetch cover crop
reduced annual broadleaf and grass weed density and weed biomass, but perennial
weed species including yellow nutsedge could still be a problem. Other studies have
found that a hairy vetch cover crop reduces grass density by 50 to 90% (Teasdale et al.,
2003) and weed biomass by at least 50% (Hoffman et al., 1993). In agreement with this
study’s results, the cover crop reduced some annual weed species while others were
not reduced and some perennial species were not effectively controlled (Reddy and
Koger, 2003). It is also probable that annual weeds that escape control without
herbicide use will gradually increase in severity over time in the absence of other weed
control measures in a no-till system.
Difficulty in direct seeding corn and other crops in a thick cover crop residue
caused plant population and corn yield reductions in this study, showing the importance
of planting equipment and optimum soil condition that can help guarantee good seed to
soil contact. When soil conditions are dry (especially common at later planting dates),
planter penetration is a major concern. In wet soil conditions, open seed slits, exposed
seeds, and hair-pinning of cover crop residue can be a problem. Further, at the Rodale
Institute there were challenges with cutworm damage directly related to the timing of
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pest life cycles. Achieving a good corn population is essential to the success of this
system.
Except for some treatments at Rodale in 2007 and 2008, grain yields were often
lower in this study than the state average. Nitrogen deficiency was considered a major
reason for lower yield. Supplemental fertilizer will most likely be required to consistently
meet crop demand in a hairy vetch cropping system. Soil tests and other mid-season
nitrogen tests may aide in determining the need to side-dress nitrogen to achieve high
corn yields. Different levels of soil organic matter levels could also have affected yields.
Soil organic carbon was 0.5-1% greater at Rodale. The greater soil organic matter
would help soil nutrient availability and ease the stress to crops due to planting late.
Finally, continuous no-till without pesticides or the occasional use of tillage does
not seem feasible at present due to the eventual build-up of perennial and annual weed
populations. Other methods of weed control would need to be further explored to make
long-term no-till viable in organic cropping systems. Additionally, weed control with the
aid of a cover crop requires that the cover crop supply a significant amount of biomass
to create long lasting mulch. To accomplish this, cash crop planting must be delayed
along with the use of a shorter season corn hybrid. The organic, no-till system can be
successful but these results also illustrate that risk is significantly increased compared
with plow-down of hairy vetch or conventional systems that can rely on pesticides for
effective control. However, the erosion reduction, weed suppression, labor reductions,
and soil quality improvement are important benefits of this system which justifies further
research and development.
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Sources of Materials
1

Roller/crimper, I&J Manufacturing, 5302 Amish Rd., Gap, PA 17527.

2

White no-till planter, Landoll Corporation, Maryville, KS 66508.

3

Monosem vacuum planter, Monosem Inc., 1001 Blake St., Edwards, KS 66111.

3

Aztec 2.1% granular insecticide, Bayer Crop Science LP, P.O. Box 12014, 2
T.W. Alexander Drive, Research Triangle Park, NC 27709.

4

Force 3G (1.36 kg ai per 45.5 kg of product), Syngenta Crop Protection Inc.,
Greensboro, NC 27409.

5

Lumax (S-metolachor 1.2 kg ai, mesotrione 0.12 kg ai, and Atrazine 0.45 kg ai),
Syngenta Crop Protection Inc., Greensboro, NC 27409.

6

RoundUp WeatherMax 4.0S (540 g ae/L, potassium salt formulation), Monsanto
Co., 800 North Lindbergh Boulevard, St. Louis, MO. 63167.
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Table 3.1. Hairy vetch flowering percentage, biomass, percent control and regrowth
across four termination dates at three locations in Pennsylvania.

Termination

Date

Flowering
Visual
Count
method methodb

Biomass Control Regrowthc

%
kg ha-1
%
kg ha-1
Rock Springs 2007
First
5-29
53
44
2903 b
69 c
136 c
Second
6-2
70
61
3513 ab
82 b
88 cb
Third
6-7
95
early pod 3969 ab
89 ab
51 ab
100
late pod
4459 a
100 a
0a
Fourth
6-13
Rock Springs 2008
First
5-30
0
10
1969 b
68 c
199 b
Second
6-7
47
50
1991 b
87 b
42 a
100
85
3290 a
99 a
0a
Third
6-12
Fourth
6-20
100
late pod
2990 a
99 a
0a
Landisville 2008
First
5-29
41
45
2473 b
94 a
32 b
Second
6-6
66
58
2571 b
99 a
0a
Third
6-12
100
early pod
3663 a
99 a
0a
100
mid pod
3973 a
99 a
0a
Fourth
6-18
Rodale 2007
First
5-30
55
58
6936 b
78 c
45 c
Second
6-7
65
62
7054 ab
89 b
28 b
100
early pod 7376 ab
98 a
1.5 a
Third
6-14
Fourth
6-21
100
late pod
7811 a
99 a
1a
Rodale 2008
First
6-6
65
7808 a
93 b
7.5 b
Second
6-16
90
7956 a
99 a
<2 a
Third
6-20
100
pods
7401 a
99 a
<2 a
Fourth
6-25
100
pods
7798 a
99 a
<2 a
a
Numbers followed by the same letter within a column at a site-year combination are
%

not significantly different ( Tukey-Kramer mean separation at p<0.05).
b

counting method differed in 2007 and 2008.

c

Rodale 2007 regrowth is a visual assessment by percent.
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Table 3.2. Significance of effect of cover crop termination date, cover crop presence, herbicide application and sampling time and
their interactions on weed density, weed biomass, corn population, and corn yield at Rock Springs and Landisville, Pennsylvania, in
2007/08.

Termination Date
Cover Crop
Herbicide Application
TD*CC
TD*HA
CC*HA
TD*CC*HA
Time

Rock Springs 2007
Weed Density Weed Biomass Corn Population
<0.0001
0.354
0.8985
<0.0001
0.0194
0.0685
NA
NA
NA
<0.0001
0.1911
0.9028
NA
NA
NA
NA
NA
NA
NA
NA
NA
<0.0001
NA
NA

Yield
0.3227
0.2242
<0.0001
0.5044
0.4543
0.0465
0.1799
NA

Rock Springs 2008
Weed Density Weed Biomass Corn Population
0.9552
0.2229
0.1255
<0.0001
<0.0001
0.1252
<0.0001
<0.0001
<0.0001
0.851
0.2737
0.0083
0.7773
0.2229
0.1734
<0.0001
<0.0001
0.0005
0.5666
0.2737
0.0751
0.5099
NA
NA

Yield
<0.0001
0.005
<0.0001
0.2999
0.0004
<0.0001
0.3619
NA

Landisville 2008
Weed Density Weed Biomass Corn Population
0.0003
0.539
<0.0001
<0.0001
<0.0001
0.168
<0.0001
<0.0001
<0.0001
0.1104
0.3232
0.0176
0.0003
0.5391
<0.0001
<0.0001
<0.0001
<0.0001
0.1104
0.3232
0.3286
0.3854
NA
NA

NA = not applicable, TD= termination date, CC= cover crop, HA= herbicide application, and Time= 4, 8, and 12 Wks after planting.
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Yield
0.0009
0.0196
0.0005
0.0003
0.00089
0.0014
0.9038
NA

Table 3.3. Effect of termination date, cover crop, and herbicide application on weed
density at Rock Springs and Landisville, Pennsylvania, in 2007/08 averaged across
sampling time.
Cover crop
Cover

Location
RS 2007

No cover

Cover

RS 2008

No cover
Cover

LV 2008

Termination
1
2
3
4
Mean
1
2
3
4
Mean
1

Herbicide
-

3
4
-

Mean
a

-1

grasses

12.4b
13.7
12.8
13.0
13.0 a
10.0
29.0
20.5
17.4
19.2 b
7.0 a
0.0 a
55 b
4.0 a
49 c
0.0 a
43 c
0.0 a
32 bc
0.0 a
27 b
0.0 a
20 b
0.0 a
57 c
0.0 a
38.2
0.0

25 a
23 a
19 a
24 a
22.7
95 a
174 b
40 a
33 a
85.7
8.0 a
0.0 a
68 b
2.0 a
33c
0
8
0
4
0
14
0
14d
0.0
16
0.0
14.9 b
0.0 a

-1

perennials

total

54 a
79 ab
96 ab
62 a
73
214 b
119 ab
58 a
37 a
107
6.0 b
0.0 a
10 b
0.0 a
2.0
0.0 a
0.4 b
0.0 a
0.9 b
0.0 a
3.2 c
0.0 a
e
2.0
0.0
1.0
0.0
1.6 b
0.0 a

96 a
121 a
132 a
99 a
112
331 b
326 b
122 a
89 a
217
21 a
0.0 a
134 b
7.0 a
85 c
0.0 a
52 b
0.0 a
36 b
0.0 a
47 b
0.0 a
36 b
0.0 a
74 c
0.0 a
55.2
0.0

# m-2

-

2

No cover

broadleaves
a

no
yes
No
yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

-1

Interaction of cover crop by termination is not significant at p<0.05, nor are main effects.

c

Interaction of termination by weed control is not significant at p<0.05, main effect of weed control is.

d

Interaction of cover by weed control is not significant at p<0.05, main effect of weed control is.

e

Interaction of cover by weed control is not significant at p<0.05, main effect of weed control is.

f

-1

2.26 kg ai ha s-metolachlor, 0.84 kg ai ha atrazine, and 0.23 kg ai ha mesotrione, and 0.86 kg ae ha glyphosate

b

Letters in columns within a location/year combination indicate differences at p<0.05 (Tukey-kramer mean

separation).
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Table 3.4. Average weed biomass in Rock Springs (RS) and Landisville (LV),
Pennsylvania, in 2007/08 as affected by hairy vetch cover crop (presence or absence)
and herbicide application.
Cover Crop
Cover
No Cover

Herbicide

RS 2007

No

90 a

52 a

46 a

Yes

-

0a

0a

No

132 b

762 b

764 b

RS 2008
Kg ha-1

LV 2008

Yes

a

0a
0a
Letters in columns indicate differences at p<0.05 (Tukey-kramer mean separation).

Table 3.5. Weed biomass, corn population, and corn grain yield at Rodale,
Pennsylvania in 2007/08 by termination date.

Weed
biomass

Yield

g m-2

# ha-1

Kg ha-1

First

708 b

38572 b

Second

1165 c

Third

298 a

Termination

a

2008

2007
Corn
population

Weed
Corn
biomass population

Yield

3913 b

g m-2
116 b

# ha-1
56299 a

Kg ha-1
8528 a

18694 c

2300 b

46 a

46829 b

8096 a

69155 a

8351 a

31 a

41718 b

7846 a

40 a
50178 a
7096 a
Fourth
135 a
74078 a
9614 a
Letters in columns indicate differences at p<0.05 (Tukey-kramer mean separation).
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Table 3.6. Hairy vetch tissue nitrogen levels as a function of termination date, at Rock
Springs (RS), Rodale (RD) and Landisville (LV), Pennsylvania in 2007/08.

RD 2008
RD 2007
RS 2008
LV 2008
Hairy vetch above ground N
kg ha-1
290 a
First
77 c
225 b
92 ab
108 b
280 a
Second
93 bc
282 a
82 b
78 c
208 a
Third
109 ab
213 b
121 a
126 a
217
a
Fourth
135 a
223 b
115 a
107 b
a
Letters in columns indicate differences at p<0.05 (Tukey-kramer mean separation).
Termination

RS 2007
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Table 3.7. Corn Population and Yield in Rock Springs and Landisville, 2007/08. All two-way
ANOVA interactions are shown.

Termination Date
1
2
3
4
Mean
Termination Date
1
2
3
4
Mean
Cover Crop
Yes
No

Cover
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Herbicide
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
Herbicide
No
Yes
No
Yes

Rock Springs
2007
Corn
Pop.
Yield
-1
# ha
kg ha-1
56845a
3830b
65958
4526
58997
3506
64098
3517
56845
3264
60092
4606
54514
3919
63955
5623
56800
3630 b
63526
4568 a

Rock Springs
2008
Corn
Pop.
Yield
-1
# ha
kg ha-1
69160 ab 7356e
75952 a
3828
68543 ab 7768
68234 ab 4547
66381 ab 7991
62676 ab 4004
747718 a 4919
55884 b
3233
69700
7009 a
65687
3903 b

Landisville 2008
Corn
Pop.
Yield
-1
# ha
kg ha-1
75026 a 9235 a
66690 ab 4023 b
68850 ab 7560 a
72556 a 3875 b
47239 c 4349 b
52796 c 2684 b
46621 c 4313 b
57427 c 3730 b
59434
6364
62367
3578

-

3004c
5351
1547
5475
2140
5730
2955
6587
2412 b
5786 a

71939d
73174
61750
75026
57119
71939
57428
73174
62059 b
73328 a

3495 b
7690 a
3637 b
8678 a
3834 b
8163 a
3614 b
4538 b
3645
7267

68851 ab
72865 a
72865 a
68543 ab
33654 d
66381 ab
47856 c
56192 bc
55807
65995

4320 b
8938 a
3623 b
7812 a
2332 b
4701 b
3520 b
4524 b
3449
6494

-

2227 b
5033 a
2596 b
6539 a

68851 a
70549 a
55266 b
76107 a

6808 a
7210 a
482 b
7324 a

58971 b
59898 b
52642 b
72093 a

6078 a
6650 a
819 b
6337 a

a

indicates that interaction is not significant at p<0.05 nor is main effect.

b

indicates that interaction is not significant at p<0.05.

c

indicates that interaction is not significant at p<0.05, main effect weed control is significant.

d

indicates that interaction is not significant at p<0.05, main effect weed control is significant.

e

indicates that interaction is not significant at p<0.05, main effects are significant.

f

Letters in columns indicate differences at p<0.05 (Tukey-kramer mean separation).
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Figure 3.1. Side view of an I&J cover crop roller with chevron blade pattern (I&J
manufacturing, Gap, PA).
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Vegetative
1

20%
Flower
2

40%
Flower
3

60%
Flower
4

80%
Flower
5

100%
Flower
6

Early
Pod Set
7

Mid Pod
Set
8

Late Pod
Set
9

Figure 3.2. Hairy vetch growth and development stages. Only top five nodes shown.
Vegetative, where only buds are visible. Levels of flowering depends on the number of
buds that have begun to bloom. Early pod set, when 1-2 pods are visible. Mid pod set,
where 3 pods are visible and late pod set where 4+ pods are viable.
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450

HV First Termination

400

No HV First Termination

350

HV Second Termination

no. m

-2

300

No HV Second
Termination

250

HV Third Termination

200

No HV Third Termination

150

HV Fourth Termination

100

No HV Fourth Termination

50
0
4

8

12

weeks after planting/termination

Figure 3.3. Rock Springs 2007 effect of termination date and cover crop (presence or
absence) on weed density over weeks after termination. No cover crop plots are
indicated with dashed lines and cover crop plots with solid lines. Error bars shows the
standard error of the means across weeks.
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Appendix A
Table A1. Pre-side dressed soil nitrate test results at Rock Springs (RS) and Landisville
(LV), Pennsylvania in 2007/08.
Termination

RS 2007

RS 2008

LV 2008

CC

No CC

CC

No CC

CC

No CC

First

9.5*

58.9

32.3

26.6

29.6

66.7

Second

23.2

127

30.6

19.7

36.8

45.7

Third

15.5*

72.8

19.4*

47.5

23.5

34.8

Fourth

18.1*

59.1

18*

61.4

27.1

23.9

* indicated additional nitrogen recommended to achieve desired yield.
CC= Cover Crop, No CC= No Cover Crop.

Table A2. End of the season corn nitrate stalk analysis at Rock Springs (RS) and
Landisville (LV) in 2007/08 by cover crop presence or absence and termination timing.
Termination
Cover

No Cover

First
Second
Third
Fourth
First
Second
Third
Fourth

RS 2007
6*
34*
32*
23*
NA
NA
NA
NA

RS 2008
ppm
444*
88*
496*
56*
292*
675*
422*
124*

LV 2008
102*
57*
370*
944
251*
720
76*
871

* indicates level is low and nitrogen levels probably limited corn yield.
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