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treatment with cover cropping systems
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Cogongrass management generally requires multiple herbicide applications,
however, success is limited if not integrated with other methods. Experiments were
conducted to evaluate the use of cover cropping systems with herbicides on cogongrass
control. Field studies determined that sequential glyphosate applications in the summer
were necessary to achieve 80% or greater control, but a single application could be
effective if weather conditions allowed early planting and good cover crop establishment
of Roundup Ready soybeans. Studies also indicated that the use of ALS-resistant Italian
ryegrass and white clover crop combinations showed no effect, but imazapyr applications
made in May or June provided 80% or higher control by October. Greenhouse
experiments showed that delayed planting at least 1 month after imazapyr preemergence
applications from 70 to 280 g ae ha-1, significantly reduced emergence failure, height and
biomass reductions of legumes used for revegetation.

DEDICATION
I would like to dedicate this work to my parents, Ronaldo and Aracy Zaccaro, and
my sisters, Ligia and Lilian, whose love and support throughout the years has been
immeasurable. You have encouraged me to push through difficult times and persevere,
you are my rock.
I would also like to dedicate this work to my grandmother Martha and to my lategrandparents, Leo, Orlando and Apparecida. You are the pillars of my life.
I would like to dedicate it to my aunt Rita Moraes, who inspired me to expand my
dreams abroad.

ii

ACKNOWLEDGEMENTS
Foremost, I would like to thank my major professor, Dr. John Byrd for allowing
me the opportunity to be part of his program. His patience, motivation, guidance and
support has allow me to improve my capabilities and achieve the highest point in my
professional life. I would also like to thank the members of my graduate committee, Dr.’s
Dan Reynolds, Rocky Lemus and Gary Ervin for their valuable contributions to this
project.
I would like to thank Nicole Barksdale, Dr. Victor Maddox and most importantly
David Russell, for their assistance during this research. I am grateful to have gained your
friendship and comradery while working along with each other every day.
I would like to express my sincere gratitude to the faculty and staff of the
Department of Plant and Soil Sciences at Mississippi State University, especially the
Weed Science faculty for your guidance throughout this research. Also, I would like to
thank the staff of the International Services Office for providing assistance during my
time in this great University.
I would like to thank Debbie Boykin for helping with statistical analysis.
Furthermore, I would like to thank Mr. Leon Douglas for permitting access to his farm,
and Mr. Eric Pigg and the TVA Company, who allowed access to the electric utility
powerline site.

iii

TABLE OF CONTENTS
DEDICATION .................................................................................................................... ii
ACKNOWLEDGEMENTS ............................................................................................... iii
LIST OF TABLES ............................................................................................................. vi
CHAPTER
I.

INTRODUCTION ................................................................................................1
Literature Cited ......................................................................................................9

II.

GLYPHOSATE TREATMENT WITH COVER CROPPING SYSTEM
IMPROVE COGONGRASS (Imperata cylindrica) CONTROL ...........15
Abstract................................................................................................................15
Introduction .........................................................................................................16
Materials and Methods ........................................................................................22
Results and Discussion ........................................................................................24
Species Diversity ...........................................................................................24
Cogongrass Visual Control............................................................................25
Cogongrass Biomass .....................................................................................27
Soybean Biomass...........................................................................................27
Literature Cited ....................................................................................................35

III.

COGONGRASS (Imperata cylindrica) MANAGEMENT USING
COVER CROPPING COMBINATIONS WITH IMAZAPYR
APPLICATION ......................................................................................40
Abstract................................................................................................................40
Introduction .........................................................................................................41
Materials and Methods ........................................................................................46
Results and Discussion ........................................................................................48
Species Diversity ...........................................................................................48
Cogongrass Visual Control............................................................................50
Cogongrass Biomass .....................................................................................51
Literature Cited ....................................................................................................57
iv

IV.

TOLERANCE OF SEVERAL LEGUMES TO RESIDUAL
IMAZAPYR APPLIED UNDER GREENHOUSE
CONDITIONS ........................................................................................63
Abstract................................................................................................................63
Introduction .........................................................................................................64
Materials and Methods ........................................................................................68
Results and Discussion ........................................................................................69
Crimson Clover .............................................................................................70
Number of Seedlings ...............................................................................70
Average Height ........................................................................................71
Shoot Biomass per Plant ..........................................................................71
Korean lespedeza ...........................................................................................72
Number of Seedlings ...............................................................................72
Average Height ........................................................................................73
Shoot Biomass per Plant ..........................................................................73
Soybean .........................................................................................................75
Number of Seedlings ...............................................................................75
Average Height ........................................................................................75
Shoot Biomass per Plant ..........................................................................76
White Clover .................................................................................................77
Number of Seedlings ...............................................................................77
Average Height ........................................................................................78
Shoot Biomass per Plant ..........................................................................78
Literature Cited ....................................................................................................87

v

LIST OF TABLES
2.1

List of plants by scientific and common names encountered during this
study, their life cycle and origin relative to the United States. ............31

2.2

Effects of cover crop, number of glyphosate applications and
interaction on cogongrass control in the 2014 season. ........................32

2.3

Effects of cover crop, number of glyphosate applications and
interaction on cogongrass control in the 2015 season. ........................32

2.4

Effects of cover crop, number of glyphosate applications and
interaction on cogongrass dry biomass in 2014 and 2015
seasons. ................................................................................................32

2.5

Cogongrass control affected by soybean cover at 1 and 4 weeks after
initial treatment (WAIT) in the 2014 season. ......................................33

2.6

Cogongrass control affected by number of herbicide applications at 10
and 40 weeks after initial treatment (WAIT) in the 2014
season. ..................................................................................................33

2.7

Cogongrass control affected by soybean cover at 5, 10 and 13 weeks
after initial treatment (WAIT) in the 2015 season. ..............................33

2.8

Cogongrass dry matter affected by number of herbicide applications at
10 weeks after initial treatment in the 2014 season. ............................34

2.9

Cogongrass dry matter affected by soybean cover at 13 weeks after
initial treatment in the 2015 season. ....................................................34

2.10

Soybean overall mean dry matter collected in 2014 and 2015 seasons. ..........34

3.1

List of plants by scientific and common names encountered during this
study, their life cycle and origin relative to the United States. ............54

3.2

Effects of ryegrass cover, white clover cover, herbicide timing and all
interactions on cogongrass control in the 2013-14 season...................55

3.3

Effects of ryegrass cover, white clover cover, herbicide timing and all
interactions on cogongrass control in the 2014-15 season...................55
vi

3.4

Effects of ryegrass cover, white clover cover, herbicide timing and all
interactions on cogongrass dry biomass in 2013-14 and 201415 seasons. ...........................................................................................55

3.5

Cogongrass control affected by herbicide application time at 30, 35, 40
and 45 weeks after initial treatment (WAIT) in the 2013-14
season. ..................................................................................................56

3.6

Cogongrass control affected by herbicide application time at 30, 35, 40
and 45 weeks after initial treatment (WAIT) in the 2014-15
season. ..................................................................................................56

3.7

Cogongrass dry matter affected by herbicide application time at 45
weeks after initial treatment in the 2013-14 and 2014-15
seasons. ................................................................................................56

4.1

Exact dates which the legumes were planted in each of the two
experiments (A and B). ........................................................................81

4.2

Effects of species, rate, planting date and all interactions on number of
emerged seedlings at 6 weeks after planting........................................81

4.3

Effects of species, rate, planting date and all interactions on average
height at 6 weeks after planting. ..........................................................82

4.4

Effects of species, rate, planting date and all interactions on shoot
biomass per plant at 6 weeks after planting. ........................................82

4.5

Crimson clover emerged seedlings, average height, shoot biomass per
plant, emergence, height and biomass reductions affected by
imazapyr rate and planting date. ..........................................................83

4.6

Korean lespedeza emerged seedlings, average height, shoot biomass
per plant, emergence, height and biomass reductions affected
by imazapyr rate and planting date. .....................................................84

4.7

Soybean emerged seedlings, average height, shoot biomass per plant,
emergence, height and biomass reductions affected by
imazapyr rate and planting date. ..........................................................85

4.8

White clover emerged seedlings, average height, shoot biomass per
plant, emergence, height and biomass reductions affected by
imazapyr rate and planting date. ..........................................................86

vii

INTRODUCTION
The major crops produced in the U. S. today, such as wheat (Triticum aestivum
L.), rice (Oryza sativa L.), soybean (Glycine max (L.) Merr.) and maize (Zea mays L.),
were introduced into the country. Like these useful plants, other exotic species were also
introduced with the intended purpose of cultivation. However, many plants thought to be
useful have become a significant weed problem (Pimentel et al. 2000). The invasion of
non-native species is an important issue not only in the United States, but around the
world. The economic impact caused by invasive weeds in the United States is estimated
to be $34 billion USD in damages and control costs each year (Pimentel 2011). And,
much of the damage caused by non-indigenous species in the U. S. occurs on natural
ecosystems located in the South and West regions (Pimentel 2011).
Cogongrass [Imperata cylindrica (L.) Beauv.], also known as speargrass, alangalang, japgrass and various other names, is an alien grass found in many countries around
the world. Considered to be native to the Old World, an area from Africa to Southeast
Asia, cogongrass is ranked among the top ten most troublesome weeds in the world
(Holm et al. 1991). Globally, it occupies about 500 million hectares, threatening both
tropical and subtropical regions (Dozier et al. 1998).
Cogongrass frequently appears to have a weedy impact not only to various
agricultural crops such as rubber, tea, coconut, oil palms, pineapple and others, but it is
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also a threat to forage, timber, timberland cleared for cultivation, reclaimed mines, rightsof-way, recreational and natural areas (Bryson and Carter 1993; Willard et al. 1997). Its
benefits are limited to paper making, thatching for homes and other buildings, as well as
soil conservation and temporary forage production, especially in poor regions of Africa
and Asia (Holm et al. 1991; Hubbard et al. 1944; Tempany 1951). More recently,
cogongrass has been reported to possess medicinal properties as researchers have found
anticancer and antibiotic activity from leaf extracts (Kuete et al. 2013; Parkavi et al.
2012).
While Hubbard et al. (1944) described five varieties of I. cylindrica: major
(originated in southeast Asia and Oceania), africana (central and south Africa), europaea
(Mediterranean and Middle East), condensata (northern Chile and west Argentina) and
latifolia (central India); Gabel (1982) considered condesata to be another species from
the genus Imperata, since it has longer ligule and shorter pedicels, and originated in
western South America. In the United States, only two species of the genus Imperata are
reported to exist, cogongrass and Brazilian satintail (I. brasiliensis Trin.). The latter is a
closely related species, native to South America (Bryson and Carter 1993). Brazilian
satintail and cogongrass are very similar, and often misidentified. The morphological
difference between them is found on the inflorescence; flowers from I. cylindrica have
two stamens, while I. brasiliensis has one stamen per flower (Hubbard et al. 1944).
The introduction of cogongrass to the United States occurred by accident, when a
shipment of mandarin oranges arrived from Japan to the port of Mobile, Alabama in 1912
(Dickens 1974; Tabor 1949, 1952). Then, cogongrass selections were intentionally
brought from Philippines (I. cylindrica var. major) to Mississippi in 1921 to be evaluated
2

as a new forage (Tabor 1949). Later, other trials were developed using Mississippi’s
collection for experiments in Florida, Alabama and Texas; however, the plantings in
Texas died out the first year (Dickens and Moore 1974; Hubbard et al. 1944). In 1939,
cattle farmers from Florida propagated and planted cogongrass to use as forage and for
soil stabilization; after 10 years, over 405 hectares were established at central and
northwest Florida (Coile and Shilling 1993; Tabor 1952). Although the forage
experiments concluded cogongrass forage was undesirable, due to inferior nutritional
value and poor palatability, indiscriminate and unauthorized plantings facilitated the
spread of the plant (Colvin et al. 1994). Cogongrass is currently present in South
Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, Texas, Virginia and Oregon
(USDA Plants Database 2015). According to the Mississippi Forestry Commission,
cogongrass has been documented in 62 counties in Mississippi, with major levels of
infestation in 28 of these counties (Grizard 2009).
Cogongrass is a warm-season, aggressive perennial grass that appears to be
stemless (Colvin et al. 1994). Leaves grow directly from creeping underground rhizomes,
reaching 1.2 m tall (Holm et al. 1991). Yellowish-green leaves are lanceolate, slender and
flat, with serrated margins and an off-center mid-rib. Margins of mature leaves
accumulate silica, a compound which prevents herbivory (Coile and Shilling 1993;
Colvin et al. 1994; Falvey et al. 1981; Holm et al. 1991; Hubbard et al. 1944; MacDonald
2007).
Cogongrass possess both sexual and asexual reproduction mechanisms. The
sexual reproduction period usually happens from March to May in U.S., when a
cylindrical panicle is produced. However, flowering can occur at other times of the year,
3

depending on environmental disturbances, such as frost, fire, mowing, etc. (Byrd and
Bryson 1999). Cogongrass is very prolific and on average may produce 3000 seeds per
plant (Burnell 2005). Viable seeds are produced only by cross pollination and viability
lasts for one year. The seed have silky trichomes at the base, which allows long distance
movement by wind. According to Holm et al. (1991), clumps of seeds have been found
15 m away from its source, but Yager (2007) observed seed dispersal as far as 48 m into
longleaf pine wiregrass savannahs and some that lofted too high to see where they
landed. Seeds have no dormancy mechanisms, so germination rates can be as high as
95% (Burnell 2005; Holm et al. 1991; Shilling et al. 1997).
According to Tominaga (2003), colonization usually initiates when seeds reach a
new area. After establishment, the population spreads asexually though rhizome
development, which begins between the third and fourth leaf-stage. The fibrous root
system along with the rhizomes account for 60% of the total biomass of the plant. This
low shoot:root ratio might, at least partly, be the reason cogongrass regenerates after
being mowed or burned (Sajise 1976). The rhizomes are white and scaly, with short
internodes. Rhizomes allow cogongrass to spread and produce similar genetic plants that
displace other vegetation (Dozier et al. 1998; MacDonald 2007). The rhizomes are means
to short and long distance dispersal, due to movement of contaminated soil and
machinery (Dozier et al. 1998; Willard et al. 1990). Also, the monotypic character of
cogongrass grasslands may be related to the fact that foliage, rhizome and root residues
have allelopathic properties, which could suppress the growth of other plants (Cerdeira et
al. 2012; Inderjit and Dakshini 1991; Koger and Bryson 2004; MacDonald 2004; Xuan et
al. 2009).
4

The cosmopolitan distribution of the plant is attributed to its tolerance to a wide
range of soil conditions; however, it grows better on soils that are acidic with low organic
matter and fertility (Holm et al. 1991). Reports of associations with mycorrhiza, low
nutritional requirements and high nutrient uptake, could explain its ability to grow
effectively on unfertile soils (Brewer and Cralle 2003; Brook 1989). Like other species of
the Poaceae family, cogongrass utilizes the C4 pathway for carbon fixation. While
cogongrass efficiently utilizes water, photosynthetic compounds are produced and
allocated mostly to the rhizomes. This mechanism of photosynthesis is an advantage that
allows the plant to survive and thrive in hot and dry conditions (Coile and Shilling 1993;
Taiz and Zeiger 2006). Moreover, cogongrass has the capability to develop under shaded
environments. In timber plantations, it has the ability to continue its growth; although low
light conditions may slow its development (Patterson 1980). According to Wilcut et al.
(1988), cogongrass is unlikely to extend into temperate regions of United States, but it
has the possibility to spread even more in the Lower Coastal Plains in the southeastern
U.S. Bradley et al. (2010) indicated that the cogongrass may expand as far north as
Kentucky and Virginia due to climate change.
Cogongrass is a pyrogenic species, with the ability to survive and spread after a
fire. This characteristic is one of the keys for its resilience and invasiveness (Brewer
2008; Holm et al. 1991). Fire events that occur on cogongrass dry stands are very intense
and hot, cause severe damage to less resistant vegetation, which can restrict secondary
succession (Lippincott 2000). In addition, after fire burns the thatch and ground
vegetation, it creates openings on the canopy that allow additional cogongrass dispersal
(Brooks et al. 2004; Holzmueller and Jose 2011; King and Grace 2000).
5

Cogongrass invasion to natural habitats is characterized by dominance of
terrestrial niche and reduction of the presence of native plants. Also, the indigenous
wildlife from the area may be affected by the loss of habitat, food source, and shelter
(Barnes et al. 2013). For instance, Basiotis (2007) emphasized that the endangered
gopher tortoise (Gopherus polyphemus Daudin) doesn’t feed on cogongrass and its
presence disrupts their movement patterns around their burrows.
According to Sheley et al. (2015), a successful plan for invasive weed
management program should start by preventing the introduction to new areas, and that
should also be the case for cogongrass. Preventing the transport of rhizome contaminated
soil and seeds, is the most effective way to accomplish that task. Cleaning mowers,
tillage equipment and other equipment before transporting them to the next field is
essential to contain cogongrass dispersal (Evans et al. 2007; MacDonald 2004).
Furthermore, cogongrass and Brazilian satintail are both listed on the Federal Noxious
Weed list and by several states as well. The transport of these plants across state lines is
prohibited without the U. S. Department of Agriculture (USDA) approval (MacDonald
2004).
Once cogongrass invades an area, management options become limited and
expensive. An important task is scouting the suspected areas to record geographical
locations of the infestations, utilizing GPS technology for example, to facilitate
management decisions (Yager and Smith 2009). Bradley et al. (2010) indicated that
surveillance and rapid eradiation of small pockets of invasion in the northern states
should be priority to limit the increasing risk of dispersal. Biological control has potential
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utilizing fungal pathogens, but further research has to be done to identify potential
biocontrol agents as well as to ensure effectiveness (Yandoc et al. 2004, 2005).
Cultural and mechanical practices are often used as part of cogongrass control.
Hand weeding and digging out rhizomes must be done several times during the growing
season to allow crop production in Africa (Hubbard et al. 1944; Udensi et al. 1999).
Tillage operations cut underground rhizomes and prepare the soil for planting. Also, due
to the intense growth habit and the persistence of the dead foliage, mowing and burning
are alternatives used to clean the area, with the objective to establish desired vegetation
(Byrd 2007; Myers 2007). But these techniques alone don’t provide long term control
(Willard et al. 1996).
Several herbicides have been tested for cogongrass control, but few provide
satisfactory long-term control (Barnett et al. 2001; Dickens and Buchanan 1975;
Sandanam and Jayasinghe 1977). Soil sterilants were successfully evaluated on
cogongrass control, but high prices, potential environment damage, and the goal of
selective control limits their use (Dickens and Buchanan 1975). A single application of
dalapon provided acceptable control in the 1970’s, however, this product is no longer
manufactured (Dickens and Buchanan 1975; Seth 1970; Willard et al. 1996). Although
glufosinate and paraquat show good control early, cogongrass regenerated rapidly
(Barnett et al. 2000, 2001; Seth 1970). Extensive research showed that glyphosate and
imazapyr are the most successful herbicides for cogongrass control (Barnett et al. 2001;
Dickens and Buchanan 1975; Dozier et al. 1998; MacDonald 2004; Udensi et al. 1999;
Willard et al. 1997). These herbicides have different modes of action, but they are both
broad-spectrum systemic herbicides (Miller 2000; Townson and Butler 1990).
7

Glyphosate and imazapyr applications in the fall are recommended for long term control
of cogongrass. Effectiveness of fall applications can be attributed to the systemic
movement of the herbicides to the rhizomes, while the plant is storing carbohydrates
before dormancy (Johnson et al. 2000; Shilling et al. 1997; Tanner et al. 1992). In
general, satisfactory cogongrass control is achieved when multiple applications are made,
in order to suppress the intense regrowth capability of the plant from the rhizomes (Byrd
and Bryson 1999; Dozier et al. 1998).
Ideally, an integration of management systems is the most effective alternative to
control cogongrass (Dozier et al. 1998). In West Africa, cover crops such as velvetbean
(Mucuna spp.) combined with hand weeding and herbicides have been effectively used
on crop production systems in cogongrass infested areas (Akobundu et al. 2000, Chikoye
et al. 2001, 2002, Udensi et al. 1999). In another study, bermudagrass (Cynodon dactylon
(L.) Pers.) and hairy indigo (Indigofera hirsuta L.) combined with glyphosate or
imazapyr were also successfully established, and continued cogongrass free for up to two
years (Gaffney 1996).
According to Brook (1989), annual crops, perennial and legume cover crops may
be used as an intermediate stage between land clearance and establishment of crops. The
goal is to eradicate cogongrass, utilizing chemical treatment with the establishment of
desirable plants, to avoid the use of herbicides in excess and replace vegetation that will
resist cogongrass reinvasion (Shilling and Gaffney 1995).
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GLYPHOSATE TREATMENT WITH COVER CROPPING SYSTEM IMPROVE
COGONGRASS (Imperata cylindrica) CONTROL
Abstract
Field studies were conducted from 2014 through 2015 in Mississippi with the
objective to determine the efficiency of utilizing a cover cropping system with glyphosate
sequential applications for cogongrass control. The study area was tilled and ‘Big Fellow’
soybean cover was planted with a no-till drill. Sequential glyphosate applications were
made in August, September and October as needed based on cogongrass recovery. The
factorial experimental design included presence or absence of soybean cover and number
of herbicide applications. The experiment was replicated in the 2015 season at the same
location, however soybean was planted in June due to better weather conditions.
Herbicide applications were made in June and August, based on cogongrass recovery.
Statistical analysis revealed no significant interaction between factors either season. In
October of 2014 (10 weeks after initial treatment), number of glyphosate applications
was the independent factor that affected cogongrass control and cogongrass biomass,
regardless of cover crop use. A single herbicide application resulted in lower cogongrass
control (41%), than double or triple herbicide applications (83 and 82% control,
respectively). Glyphosate applied twice or three times reduced cogongrass biomass
weight by 85 and 92%, respectively. In September of 2015 (13 weeks after initial
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treatment), cover crop was the independent factor that affected cogongrass control and
biomass weight, regardless of the number of glyphosate applications. Cogongrass visual
control was 99% in the plots with soybean cover, while control dropped to 94% where no
cover was planted. Similarly, 31 kg ha-1 of cogongrass dry biomass was collected in the
plots without cover crop, while no living cogongrass plants were observed in the plots
with soybean cover. Soybean biomass was not affected by the number of herbicide
applications in both seasons. The soybean biomass produced in 2015 was more than three
times greater than the amount produced in 2014. In conclusion, planting soybean cover
crop with double glyphosate applications would be generally recommended to provide
80% or higher cogongrass control; when weather conditions allowed early planting and
good cover crop establishment, a single herbicide application also maintained a high level
of control.
Nomenclature: Glyphosate, N-(phosphonomethyl)glycine; cogongrass, Imperata
cylindrica (L.) Beauv. #1 IMPCY; soybean, Glycine max (L.) Merr. ‘Big
Fellow RR’.
Keywords: Imperata cylindrica, Cogongrass control, cover crop, soybean forage,
integrated weed management.
Introduction
Cogongrass (Imperata cylindrica (L.) Beauv.) is a federal noxious weed that has
been dispersed to all continents except Antarctica (Holm et al. 1991; Hubbard et al. 1944;
MacDonald 2004). The introduction to the United States was accidental (1912), when
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cogongrass was used as package material in a shipment of oranges arriving from Japan to
the city port of Mobile, Alabama (Dickens 1974; Tabor 1949, 1952). Later in 1921,
selections from Asia were successfully established in southern Alabama, Mississippi and
Florida with the purpose of soil conservation and forage research (Dickens and Moore
1974; Hubbard et al. 1944). Experiments showed that forage use was detrimental in
comparison to other species available (Coile and Shilling 1993; Dozier et al. 1998;
Falvey et al. 1981). However, cogongrass was established and dispersed in the
southeastern states of the United States (Bryson and Carter 1993; Byrd and Bryson 1999;
Shilling and Gaffney 1995).
Cogongrass is a warm-season, aggressive perennial grass that appears to be
stemless (Colvin et al. 1994). Leaves grow directly from creeping underground rhizomes,
reaching 1.2 m tall (Holm et al. 1991). Cogongrass has both sexual and asexual
reproduction mechanisms. It is very prolific and it produces 3000 seeds per plant on
average, which can be carried by wind for long distances (Burnell 2005; Holm et al.
1991; Yager 2007). Rhizomes allow cogongrass to spread and produce similar genetic
plants that tend to displace other vegetation (Dozier et al. 1998; MacDonald 2007). The
rhizomes are means to short and long distance dispersal, due to the transportation of
contaminated soil and equipment from infested areas (Dozier et al. 1998; Willard et al.
1990). The monotypic character of cogongrass grasslands might be related to the fact that
foliage, rhizome and root residues have allelopathic properties, which could suppress the
growth of other plants (Cerdeira et al. 2012; Inderjit and Dakshini 1991; Koger and
Bryson 2004; MacDonald 2004; Xuan et al. 2009). The cosmopolitan distribution of the
plant is attributed to its tolerance to a wide variety of soil conditions; however, it
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dominates an area with soils that are acidic with low organic matter and fertility (Holm et
al. 1991). In addition, cogongrass dispersal increases where fire occurs, because the
populations usually survives the event, and it thrives to occupy the openings in the
canopy created by the fire (Brooks et al. 2004; Holzmueller and Jose 2011; King and
Grace 2000; Lippincott 2000). Cogongrass is considered one of the top ten worst weeds
in the world (Holm et al. 1991).
Confidence on a single method of control usually results in failure to effectively
control cogongrass. An integrated management strategy is needed to achieve effective
long-term control (Johnson et al. 1997; MacDonald 2004).
Since seed viability is highly variable and it reduces rapidly after one year,
cogongrass local management strategies are not concerned primarily with seed longevity
in the soil seed bank; however, seed production is a concern to cogongrass spreading into
adjacent areas (Dozier et al. 1998; Minogue et al. 2012; Shilling et al. 1997). In contrast,
cogongrass rhizomes are characterized by their aggressive growth, persistence,
regenerative ability, and heat and drought resistance (Shilling et al. 1997; Wilcut et al.
1988). Ultimately, cogongrass patch control is achieved by the elimination of rhizomes
(Aulakh et al. 2014).
Several herbicides have been tested for cogongrass control, but few provide
satisfactory long-term control (Barnett et al. 2001; Dickens and Buchanan 1975;
Sandanam and Jayasinghe 1977). Extensive research showed that glyphosate and
imazapyr are the most successful herbicides for cogongrass control available today
(Barnett et al. 2001; Dickens and Buchanan 1975; Dozier et al. 1998; MacDonald 2004;
Udensi et al. 1999; Willard et al. 1997).
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Since its release to the market in the 1970’s by Monsanto Company, glyphosate
has become the most dominant herbicide worldwide (Baylis 2000; Duke and Powles
2008). Its broad-spectrum, low mammalian toxicity and low environmental hazard
contributed to increase glyphosate utilization in control of both terrestrial and aquatic
species (Senseman 2007).
Glyphosate is the only herbicide that inhibits 5-enolpyruvylshikimate-3-phosphate
synthase (EPSPS), an enzyme required in the shikimic acid pathway for the synthesis of
aromatic amino acids (phenylalanine, tyrosine and tryptophan), which are needed for
protein synthesis (Duke 1990; Senseman 2007). The herbicide is applied as a postemergent treatment over the foliage, then it is absorbed and translocated to the active
meristems of the plants (Duke and Powles 2008; Townson and Butler 1990). The addition
of a nonionic surfactant increases efficacy, while some commercial products already
contains surfactant in the formulation (Senseman 2007). The specific sequence of
phytotoxic processes that causes plant death is unclear (Duke and Dayan 2011; Senseman
2007).
In general, multiple herbicide applications are needed to inhibit regrowth from the
cogongrass’ extensive rhizome system, especially when chemical application is the sole
method of control (Johnson 1999). Due to the fact that glyphosate lacks soil activity, few
limitations appear to its use or effect on following vegetation (Duke and Powles 2008;
Senseman 2007). In central Florida, applications of glyphosate or imazapyr proved most
effective for cogongrass control in November or December (Shilling et al. 1997).
Herbicide applications made in the fall (before the last week of September) or spring
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followed by fall (from the last week of April to early May; before the end of September)
are recommended in Mississippi (Byrd 2007).
Mechanical and cultural practices are often used as part of cogongrass control.
The practice of hand weeding several times during the growing season is required to
allow crop production in Africa (Udensi et al. 1999). Tillage operations cut underground
rhizomes and prepare the soil for planting. Also, due to the intense growing habit and the
persistence of dead foliage, mowing and burning are alternatives used to clean the area
and establish desired vegetation (Byrd 2007; Myers 2007; Shilling and Gaffney 1995;
Tanner et al. 1992). But these techniques alone don’t provide long-term control (Willard
et al. 1996).
Integrating the utilization of cover crops to cogongrass control is ideal to the
process of establishing desirable plants, avoiding the use of herbicides in excess and
replacing vegetation that will resist cogongrass reinvasion (Shilling and Gaffney 1995).
According to Brook (1989), annual crops, perennial and legume cover crops could be
used as an intermediate stage between land clearance and establishment of crops.
Encouraging results were achieved in West Africa, where cover crops such as
velvetbean (Mucuna spp.) combined with hand weeding and herbicides have been
effectively used on crop production systems in cogongrass infested areas (Akobundu et
al. 2000; Chikoye and Ekeleme 2003; Chikoye et al. 2005; Udensi et al. 1999).
Bermudagrass (Cynodon dactylon (L.) Pers.) and hairy indigo (Indigofera hirsuta L.)
were successfully established in an area were glyphosate or imazapyr were used to
control cogongrass, and continued weed-free for up to two years (Gaffney 1996). In a
study carried out in central Florida, the combination of imazapyr, glyphosate or
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imazapyr/glyphosate mix application followed by bahiagrass (Paspalum notatum
Flüeggé) establishment maintained good cogongrass suppression (Barron et al. 2003).
Since transgenic crops were developed in the late 20th century, the acceptance of
this technology increased yearly (Duke and Powles 2008; Gianessi 2005). The fast
adoption of glyphosate and glyphosate resistant crops, generally provided a simpler and
cheaper approach to weed management than the conventional control (Gianessi 2005,
2008). However, this success generated not only the dependence on glyphosate as the
main tool for weed control, but also the emergence of glyphosate resistant weeds,
especially in row crop fields (Duke and Powles 2008; Heap 2016). For instance,
glyphosate-resistant soybeans (Roundup Ready) have been an excellent option for weed
control of species such as johnsongrass (Sorghum halepense (L.) Pers.), goosegrass
(Eleusine indica (L.) Gaertn.), common cocklebur (Xanthium strumarium L.), sicklepod
(Senna obtusifolia (L.) H.S. Irwin & Barneby) and red rice (Oryza sativa L.) (Reddy et al
1998). However, the fact that glyphosate resistant biotypes of johnsongrass, goosegrass
and Palmer amaranth (Amaranthus palmeri S. Wats.) were reported, showed the
importance of integrated weed management to sustain the weed control power of the
herbicides in use today (Heap 2016).
The objective of this research was to determine the efficacy of the utilization of
glyphosate-resistant cover cropping system with glyphosate sequential application for
cogongrass control, and determine the management system which maintained a level of at
least 80% cogongrass control. It was hypothesized that this management system was an
effective method of cogongrass control using glyphosate, which would allow the
reduction of the number of applications needed to achieve long-term control.
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Materials and Methods
An experiment was conducted from summer 2014 through fall 2015 in George
County (30.80oN, 88.65oW), Mississippi to evaluate cogongrass control using herbicideresistant forage soybeans [Glycine max (L.) Merr.] cover with sequential glyphosate
herbicide applications. The study site was located in abandoned pasture land. The soil
consisted of a McLaurin fine sandy loam (coarse-loamy, siliceous, subactive, thermic
Typic Paleudults) (USDA Soil Survey 1971) with a pH of 5.4. Average yearly rainfall for
George County is 1580.13 mm and average yearly temperature is 19.3 oC (USDA Soil
Survey 1971).
The soybean variety used in this experiment, known as ‘Big Fellow RR’ (Eagle
Seed Company, Weiner, AR 72479), is a late maturity group 7 forage variety, which is
capable of producing large quantities of high protein biomass. It would be used not only
to compete with cogongrass, but also to improve forage production in cogongrassinfested pastures, which could compensate the control costs.
In the first season, the soil was tilled and the ‘Big Fellow’ soybean cover was
planted July 2014 with a no-till drill calibrated to deliver 84.1 kg seed ha-1. Soybeans
seeds were inoculated with rhizobia (Bradyrhizobium japonicum) to encourage stand
uniformity. Sequential glyphosate applications at 1122 g ae ha-1 of Roundup PowerMax®
L (Monsanto Company, St. Louis, MO 63167) plus 0.25% v v-1 of Induce® nonionic
surfactant (Helena Chemical Company, Collierville, TN 38017) were made August,
September and October. Applications were made when weed recovery reached 10%.
Herbicide applications were made at 186 L ha-1 to 3x6 m plots using a CO2-pressured
backpack sprayer and 1.8 m hand-held boom equipped with XR8002VS TeeJet®
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(Spraying Systems Company, Wheaton, IL 60189) flat fan nozzles, under 140 kPa
pressure and walking at 3.2 km h-1.
Visual control was estimated at 1, 4 and 10 weeks after the initial treatment
(WAIT), using a scale of 0 to 100%, where 0 = no control and 100 = complete control.
The parameters used to visually estimate control were chlorosis, height reductions and
regrowth. Soybean and cogongrass biomass samples were collected in October (10
WAIT) by clipping the plants at 5 cm above ground level in a 1 m2-quadrat placed
randomly in each plot. The samples were dried at 65 oC in a force-draft oven for 4 days,
then the weight measured. In November, the farm owner applied 2.2 kg ha-1 of lime; then
planted 101 kg seed ha-1 of oats (Avena sativa L.) as winter cover crop, using the same
equipment across the entire area while cogongrass was dormant. After the spring
transition, cogongrass control was evaluated again (40 WAIT). The experiment was
replicated in 2015 at the same location. However, due to more favorable weather
conditions, soybean was planted early in June. Herbicide applications at the same rate
were made in June and August, again based on cogongrass recovery. Visual control was
estimated at 5, 10 and 13 WAIT. Biomass samples were taken in September (13 WAIT).
The experimental design was a 2 x 3 factorial arrangement of treatments in a
randomized complete block design with four replications. The factor A was absence or
presence of soybean cover crop, and factor B was number of herbicide applications.
An arcsin transformation of percent cogongrass weed control data was made and
the resulting data analyzed by PROC GLIMMIX in SAS software (version 9.4, SAS
Institute Inc., Cary, NC 27513) to determine differences among treatments or interactions
between factors. Also, a logarithmic transformation (base 10) of cogongrass dry biomass
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weight data was made and the resulting data analyzed with PROC GLIMMIX in SAS to
determine differences among treatments or interactions between factors. Cover crop and
number of sequential applications were considered fixed effects and the replicates were
considered random effects. Data for the two seasons were not combined for analysis.
Appropriate means were separated using least square means (LSMEANS) comparison at
0.05 significance level with the PDIFF option from the transformed and untransformed
data (SAS Institute Inc. 2013). However, the untransformed data were presented in tables
for ease of understanding the level of weed control obtained.
Results and Discussion
Species Diversity
The focus of this experiment was cogongrass management, however, a description
of the other major plant species observed in the research area was made, after the
establishment of the treatments to characterize the environment (Table 2.1). During the
first season, the species listed emerged in the plots, regardless of the cover crop
treatment. However, a higher number of other weeds were observed when only a single
glyphosate application was made in comparison to the other treatments. Few cogongrass
plants were observed in the plots that received two or more glyphosate applications at 10
WAIT. Still, a higher plant diversity was observed across treatments at 10 and 40 WAIT
than that when the study started. During the second season, all species listed were
observed only in the plots without soybean cover. A high number of smallflower
morningglory plants were observed in plots where a single herbicide application was
made and cover crop was absent. Few plants were observed in the plots without a cover
crop that received two or more glyphosate applications at 10 WAIT. No living plants
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were found in plots with soybean cover at 10 and 13 WAIT, regardless of the number of
glyphosate applications, possibly due to higher groundcover by soybeans cover crop in
the second season in comparison to the first.
These data indicated that the practices applied to control cogongrass, had a
positive impact on increasing species diversity in the research area where cogongrass
dominated. Yager (2007) reported that cogongrass plots with infestations greater than
75% showed lesser species richness than partially infested plots. Burnell (2005) reported
that less frequently mowed plots showed increased dominance by cogongrass in
comparison to more frequently mowed plots. Other researchers reported an increase in
species diversity following chemical treatment in cogongrass-infested areas (Bacon 1986;
Burns 2006; Udensi et al. 1999).
Cogongrass Visual Control
Statistical analysis revealed no significant interaction (p > 0.05) between factors
for any of the measurements taken during this experiment in both seasons.
At 1 WAIT in the 2014 season, none of the main factors were significant with
respect to cogongrass control (Table 2.2). At this point, only one week after the first
glyphosate application, there was no difference between absence or presence of soybean
cover, 73 and 74% visual control, respectively (Table 2.5). At 4 WAIT in the 2014
season, cover crop was the independent factor that affected cogongrass control (Table
2.2). The absence or presence of soybean cover treatments were different from each other
54 and 67% visual control, respectively (Table 2.5).
At 10 WAIT in the 2014 season, number of glyphosate applications was the
independent factor that affected cogongrass control, regardless of cover crop use (Table
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2.2). A single glyphosate application resulted in lower cogongrass control (41%) than the
other treatments. Double or triple applications of glyphosate resulted in 83 and 82%
visual control, respectively (Table 2.6).
According to the evaluation made after the spring transition (40 WAIT), number
of herbicide applications was the independent factor that affected cogongrass control,
regardless of cover crop use (Table 2.2). Similarly to the previous evaluation, cogongrass
control was lower (65%) when only a single application was made compared to other
treatments. Double or triple herbicide applications resulted in 88 and 92% control,
respectively (Table 2.6). This indicated that the utilization of this management system for
a single season was not enough to complete eradicate cogongrass, although a high level
of cogongrass control was achieved (80% or greater) by two or more sequential
applications during the summer.
At 5 WAIT in the 2015 season, none of the factors were significant with respect
to cogongrass control (Table 2.3). No difference between the treatments was observed,
and cogongrass control resulted in 88 and 90% when soybean cover was absent or
present, respectively (Table 2.7). Similarly, at 10 WAIT in the 2015 season, none of the
factors were significant with respect to cogongrass control (Table 2.3). At this point, 5
weeks lapsed since the second application and 10 weeks since the first glyphosate
application, no differences were observed between treatments. Cogongrass control
resulted in 91 and 95%, when soybean cover was absent or present, respectively (Table
2.7). The decision not to make the third glyphosate application was made because no
cogongrass regrowth could be found in the plots intended for the third application.
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At 13 WAIT in the 2015 season, cover crop was the independent factor that
affected cogongrass control, regardless of the number of glyphosate applications (Table
2.3). Cogongrass visual control was greater where soybean cover was present (99%) than
absent (94%) (Table 2.7).
Cogongrass Biomass
Statistical analysis revealed no significant interaction (p > 0.05) between factors
for any of the measurements taken during this experiment in both seasons.
In the 2014 season, number of glyphosate applications was the independent factor
that affected mean cogongrass dry biomass, regardless of cover crop use (Table 2.4). The
weight of cogongrass biomass collected (10 WAIT) from single, double or triple
glyphosate treatments were 88, 13 and 7 kg ha-1 of dry matter, respectively (Table 2.8).
So, double or triple herbicide applications reduced cogongrass biomass by 85 and 92%,
respectively, in comparison to a single application.
In the 2015 season, cover crop was the independent factor that affected mean
cogongrass dry biomass, regardless of number of herbicide applications (Table 2.4).
Cogongrass biomass weight was higher when soybean cover was absent (31 kg ha-1) than
when it was present (0 kg ha-1). At 13 WAIT, no living plants were observed in the plots
with soybean cover (Table 2.9).
Soybean Biomass
Soybean shoot biomass was not affected by the number of glyphosate applications
made in both seasons (data not shown). In the 2014 season, the overall mean biomass
weight was 1045 kg ha-1 of dry matter collected in October (10 WAIT), at 92 days after
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planting (Table 2.10). In the 2015 season, the overall mean biomass weight was 3281 kg
ha-1 of dry matter collected in September (13 WAIT), at 106 days after planting. So, the
soybean biomass produced in 2015 was three times greater than the amount of 2014; a
difference which might be attributed to the early planting date made in the second season
(June) in comparison to the first season (July) and/or the application of lime to increase
the soil pH. Also, after applying management practices in the first season, cogongrass
competition would decrease in the following season. Furthermore, the greater volume of
soybean biomass produced in the second season could explain the impact cover crop
presence had on cogongrass control in the 2015 season.
In addition, we would like to report an infestation of velvetbean caterpillars
(Anticarsia gemmatalis Hübner) occurred before biomass collection in the late summer
2015 season, causing great defoliation to the soybean plants in the field. Consequently,
we assumed that the amount of soybean biomass collected in the field in the 2015 season
was actually underestimated compared to the biomass produced during the season. No
insect control treatments were applied to the stand in either season. This pest is common
in the southeast of the United States, usually attacks soybeans and other leguminous
crops in late summer, causing severe defoliation in five to seven days (Wilkerson et al.
1986).
Peyton (2005) reported that three and four sequential glyphosate applications
provided 93 and 96% cogongrass control, respectively, which were better than two (77%)
or one (25%) applications at 120 days after initial treatment. Tanner et al. (1992) reported
glyphosate application at 2% (v v-1) solution in the fall following spring burn resulted in
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excellent control for at least two years. But, they also reported that sequential
applications would be necessary to completely eradicate cogongrass.
Roundup Ready soybeans allowed the utilization of glyphosate herbicide for weed
control of annual and perennial species (Reddy et al. 1998). However, the fact that
glyphosate resistant biotypes were reported, indicated the importance of integrating weed
management practices to preserve the weed control power of the “Once in a Century
Herbicide” (Duke and Powles 2008; Heap 2016).
Tanner et al. (1992) advised burning or other practices to remove aboveground
biomass before herbicide application, and to reduce the amount of glyphosate required to
treat cogongrass. Shilling and Gaffney (1995) recommended burning followed by tillage
and herbicide applications to contain cogongrass growth, and the establishment of
vegetation to compete with cogongrass for long-term control. Udensi et al. (1999)
described the effect of velvetbean smothering on cogongrass to be similar to the use of
glyphosate at 1.8 kg ha-1, but smaller than that of imazapyr at 0.5 kg ha-1. Burns (2006)
reported imazapyr application at 0.84 kg ha-1 resulted in 80% cogongrass control, while
imazapyr at 0.42 kg ha-1 in combination with an imidazolinone-tolerant cropping system
of maize (Zea mays L.) and wheat (Triticum aestivum L.) provided 60% control at 17
months after initial treatment.
In summary, based on the results of the first season, at least two sequential
applications in the summer maintained 80% cogongrass control or higher by the fall,
regardless of cover crop use. In the second season, the use of soybean cover resulted in
99% cogongrass control by early fall, regardless of the number of glyphosate
applications. So, we accept the hypothesis which the management system proposed
29

significantly affected cogongrass control and allowed the reduction of the number of
herbicide applications needed to achieve high level of control. However, utilizing this
system for a single season was not enough to completely eradicate cogongrass in the
research area. Therefore, the use of soybean cover crop with double glyphosate
applications could be recommended to achieve excellent cogongrass control; when
weather conditions allowed early planting and good cover crop establishment, a single
herbicide application also maintained a high level of control.
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Table 2.1

List of plants by scientific and common names encountered during this
study, their life cycle and origin relative to the United States.
Life

a

Scientific name

Common name

cycle a

Origin

Ambrosia artemisiifolia L.

Common ragweed

SA

Native

Conyza canadensis (L.) Cronq.

Horseweed

WA

Native

Cyperus esculantus L.

Yellow nutsedge

P

Exotic

Eleusine indica (L.) Gaertn.

Goosegrass

SA

Exotic

Ipomoea coccinea L.

Red morningglory

A

Exotic

Jacquemontia tamnifolia (L.) Griseb.

Smallflower morningglory

A

Native

Mollugo verticillata L.

Carpetweed

SA

Exotic

Paspalum notatum Flüeggé

Bahiagrass

P

Exotic

Phytolacca americana L.

Pokeweed

P

Native

Portulaca oleracea L.

Common purslane

A

Exotic

Richardia scabra L.

Florida purslane

A

Native

Rumex crispus L.

Curly dock

P

Exotic

Senna occidentalis (L.) Link

Coffee senna

A/P

Exotic

Solanum sisymbriifolium Lam.

Sticky nightshade

A

Exotic

Stellaria media (L.) Vill.

Common chickweed

WA

Exotic

Verbena brasiliensis Vell.

Brazilian vervain

A

Exotic

Abbreviations; A, annual; SA, summer annual; WA, winter annual; P, perennial.
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Table 2.2

*

Effects of cover crop, number of glyphosate applications and interaction on
cogongrass control in the 2014 season.

Effect
Cover
Number sequential applications
Cover*Number sequential applic.

DF
1
2
2

Weeks After Initial Treatments
1
4
10
40
Pr ˃ F*
0.4457
0.0104
0.5615
0.4520
0.4817
0.9278
< 0.0001
0.0137
0.3770
0.9708
0.2152
0.8599

Probability of F greater, determined using LSMEANS procedure and PDIFF option
within each column, at 0.05 significance level.
Table 2.3

*

Effects of cover crop, number of glyphosate applications and interaction on
cogongrass control in the 2015 season.

Effect
Cover
Number sequential applications
Cover*Number sequential applic.

DF
1
2
2

Weeks After Initial Treatments
5
10
13
Pr ˃ F*
0.0884
0.2402
0.0021
0.8256
0.2533
0.0840
0.8256
0.2533
0.0840

Probability of F greater, determined using LSMEANS procedure and PDIFF option
within each column, at 0.05 significance level.
Table 2.4

*

Effects of cover crop, number of glyphosate applications and interaction on
cogongrass dry biomass in 2014 and 2015 seasons.

Effect
Cover
Number sequential applications
Cover*Number sequential applic.

2014

DF
1
2
2

0.2123
0.0042
0.3485

Pr ˃ F*

2015
0.0106
0.3226
0.3226

Probability of F greater, determined using LSMEANS procedure and PDIFF option
within each column, at 0.05 significance level.
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Table 2.5

Cogongrass control affected by soybean cover at 1 and 4 weeks after initial
treatment (WAIT) in the 2014 season.

Soybean cover
Absent
Present

1
4
WAIT
WAIT
a
------------------------------ Control (%) ------------------------------73 Ab
54 B
74 A
67 A

a

Data pooled over number of herbicide applications, with differences detected using
LSMEANS procedure and PDIFF option.
b
Means followed by same letter, within the same column, are not different from each
other at 0.05 significance level.
Table 2.6

Cogongrass control affected by number of herbicide applications at 10 and
40 weeks after initial treatment (WAIT) in the 2014 season.

Number herbicide applications
Single
Double
Triple
a

10
40
WAIT
WAIT
a
------------------------- Control (%) ------------------------41 Bb
65 B
83 A
88 A
82 A
92 A

Data pooled over cover crop, with differences detected using LSMEANS procedure and
PDIFF option.
b
Means followed by same letter, within the same column, are not different from each
other at 0.05 significance level.
Table 2.7

Cogongrass control affected by soybean cover at 5, 10 and 13 weeks after
initial treatment (WAIT) in the 2015 season.

Soybean cover

a

Absent
Present

5
10
13
WAIT
WAIT
WAIT
---------------------------- Control (%)a ---------------------------88 Ab
91 A
94 B
90 A
95 A
99 A

Data pooled over number of herbicide applications, with differences detected using
LSMEANS procedure and PDIFF option.
b
Means followed by same letter, within the same column, are not different from each
other at 0.05 significance level.
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Table 2.8

Cogongrass dry matter affected by number of herbicide applications at 10
weeks after initial treatment in the 2014 season.
2014
Season
----------- Dry Matter (kg ha-1)a ----------88 Ab
13 B
7B

Number herbicide applications
Single
Double
Triple
a

Data pooled over cover crop, with differences detected using LSMEANS procedure and
PDIFF option.
b
Means followed by same letter are not different from each other at 0.05 significance
level.
Table 2.9

Cogongrass dry matter affected by soybean cover at 13 weeks after initial
treatment in the 2015 season.
2015
Season
----------- Dry Matter (kg ha-1)a ----------31 Ab
0B

Soybean cover
Absent
Present
a

Data pooled over number of herbicide applications, with differences detected using
LSMEANS procedure and PDIFF option.
b
Means followed by same letter are not different from each other at 0.05 significance
level.
Table 2.10

Soybean overall mean dry matter collected in 2014 and 2015 seasons.
2015
Season

2014
Season

a

------------------------ Dry Matter (kg ha-1)a -----------------------1045
3281

Data pooled over number of herbicide applications, with differences detected using
LSMEANS procedure and PDIFF option at a significance level of 0.05.
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COGONGRASS (Imperata cylindrica) MANAGEMENT USING COVER CROPPING
COMBINATIONS WITH IMAZAPYR APPLICATION
Abstract
Field studies were conducted from the fall 2013 through 2015 in Mississippi with
objective to determine the efficacy of utilizing cover crop combinations with imazapyr
applications at different times for cogongrass control. The study area was mowed and
aboveground biomass removed from the research plots in November 2013. ALS-resistant
Italian ryegrass was broadcast planted at a rate of 33.8 kg seed ha-1. Imazapyr
applications at 841 g ae ha-1 were made at the time of planting (PRE), May (EPOST) or
June (LPOST) of 2014. One month after each herbicide application, white clover
‘Durana’ was also broadcast planted at a rate of 3.4 kg seed ha-1. The factorial
experimental design included presence or absence of ryegrass cover, presence or absence
of white clover cover, and timing of herbicide applications. The experiment was
replicated in the following season, however, the entire experimental area was tilled prior
to ryegrass seeding. Statistical analysis revealed no significant interaction between
factors and herbicide application timing was the independent factor that affected
cogongrass control and cogongrass dry biomass, regardless of cover crop use in both
seasons. In October 2014 (45 WAIT), the application made in May provided 90%
cogongrass control while the application made in June provided only 50% control. An
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application made in November 2013, didn’t impact cogongrass growth. In October 2015
(45 WAIT), the June application provided 80% visual cogongrass control, while the
application made in May resulted in 60% control. Cogongrass wasn’t eliminated by the
utilization of this management system for a single season. The cover crops tested had no
effect over cogongrass visual control or biomass. Evaluation of other plant species would
be needed to improve the establishment of desirable plants. Applications made in May or
June could be recommended to provide 80% or higher cogongrass control in October.
Nomenclature: Imazapyr, (+/-)-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5oxo-1H-imidazol-2-yl]-3-pyridinecarboxylic acid; cogongrass, Imperata
cylindrica (L.) Beauv. #1 IMPCY; Italian ryegrass, Lolium multiflorum
Lam.; white clover, Trifolium repens L. ‘Durana’.
Key words: Cogongrass control, cover crop, integrated weed management.
Introduction
The invasion of non-native species is an important issue around the world as it
causes large economic and environmental impacts (Pimentel 2011). In the early 1920’s,
cogongrass [Imperata cylindrica (L.) Beauv.] selections were introduced to the United
States from Asia, with the intended purpose of research for cultivation (Dickens 1974;
Dickens and Moore 1974; Tabor 1949, 1952). But, due to its inferior nutritional value
and poor palatability, cogongrass forage was not recommended (Coile and Shilling 1993;
Tabor 1952). However, indiscriminate and unauthorized plantings facilitated the spread
of this plant (Colvin et al. 1994; Dickens and Buchanan 1975). Currently, cogongrass

Letters following this symbol are a WSSA-approved computer code from the Composite List of Weeds,
Revised in 2010. Available from WSSA.
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infestations can be found throughout the southeastern states of the United States (Bryson
and Carter 1993; Byrd and Bryson 1999). Cogongrass is registered on the Federal
Noxious Weed list, and by several states as well (MacDonald 2004).
Cogongrass invades low disturbance areas such as reclaimed mines, pine
plantations, pastures, rangelands and natural areas (Coile and Shilling 1993; Dozier et al.
1998; Willard et al. 1990). However, it can survive in shaded areas (Jose et al. 2002;
Patterson 1980). Cogongrass may invade natural communities via seed dispersal, since
one plant produces an average of 3000 seeds, which can be carried by wind for long
distances (Burnell 2005; Holm et al. 1991; King and Grace 2000; Yager 2007). Viable
seeds are produced only by cross pollination and viability lasts for one year (Burnell
2005; Shilling et al. 1997). According to Wilcut et al. (1988), it would be unlikely that
cogongrass dispersed into the temperate regions of United States, but there was a
possibility it would spread even more in the Lower Coastal Plains in the southeastern
U.S.
Cogongrass is considered one of the top ten worst weeds in the world (Holm et al.
1991). The cosmopolitan distribution of the plant is attributed to its tolerance to a wide
variety of soil conditions; though, it thrives in soils that are acidic with low organic
matter and fertility (Holm et al. 1991). Cogongrass possesses both sexual and asexual
reproduction mechanisms (MacDonald 2004). Rhizomes allow cogongrass to spread and
produce similar genetic plants that tend to displace other vegetation (Dozier et al. 1998;
MacDonald 2007). The rhizomes are sources to short and long distance dispersal, due to
movement of contaminated dirt and equipment from infested areas (Dozier et al. 1998;
Willard et al. 1990).
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The monotypic character of cogongrass grasslands may be related to the fact that
foliage, rhizome and root residues have allelopathic properties, which could suppress the
growth of other desirable plants (Cerdeira et al. 2012; Inderjit and Dakshini 1991; Koger
and Bryson 2004; MacDonald 2004; Xuan et al. 2009). Fire events favor cogongrass
dispersal, as its resistance allows the plant to thrive and occupy the openings in the
canopy created by the fire (Brooks et al. 2004; Holzmueller and Jose 2011; King and
Grace 2000; Lippincott 2000).
Cogongrass control requires the complete removal of living tillers and rhizomes,
which is a challenging task that often requires multiple years to accomplish (MacDonald
2004; Tanner et al. 1992; Willard et al. 1997).
Cultural and mechanical practices are often used as part of cogongrass control.
Tillage operations cut underground rhizomes and prepare the soil for planting. Also, due
to the intense growth habit and the persistence of the dead foliage, mowing and burning
are alternatives used to clean the area, with the objective to establish desired vegetation
(Byrd 2007; Myers 2007). The increase in frequency of this practices is needed to reduce
cogongrass growth, which may be limited in some situations (Johnson et al. 1999; Myers
2007; Willard et al. 1996). But these techniques alone don’t provide long term control
(Willard et al. 1996).
Several herbicides have been tested for cogongrass control, but few provide
satisfactory long-term control (Barnett et al. 2001; Dickens and Buchanan 1975;
Sandanam and Jayasinghe 1977). Imazapyr, glyphosate and dalapon are the best options
for herbicide control with few environmental risks, but the latter is no longer in
production (Dickens and Buchanan 1975; Willard et al. 1996). In general, multiple
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herbicide applications are needed to inhibit regrowth from the extensive rhizome system,
especially when chemical treatment is the sole method of control (Johnson 1999).
Imazapyr is an herbicide that belongs to the imidazolinone chemical family,
which was discovered and developed at the American Cyanamid Company in the late
1970s (Muhitch et al. 1987; Senseman 2007). Today, imazapyr is commercialized by
BASF Company as Arsenal® and other corporations as generic formulations. Its
herbicidal activity is associated with the inhibition of acetolactate synthase (ALS; also
called acetohydroxyacid synthase, AHAS), an enzyme in the pathway to the production
of the branched chain amino acids leucine, isoleucine, and valine (Duke 1990; Senseman
2007). When applications are made to the soil or foliage, imazapyr is absorbed and
translocated to actively growing parts of the plant (Muhitch et al. 1987; Townson and
Butler 1990). Efficacy on foliar application is enhanced with the addition of nonionic
surfactant to the tank mix (Senseman 2007). The death of the plant result from events
occurring from the ALS inhibition such as accumulation of phytotoxic compounds (2oxybutyrate and transamination of 2-amino butyrate), but the sequence of events that
cause plant death is unclear (Duke and Dayan 2011; Senseman 2007).
The herbicide imazapyr acts slower than glyphosate, but provides better long term
control due to residual soil activity (Dozier et al. 1998; Senseman 2007; Willard et al.
1997). Recommendations for cogongrass control are the utilization of sequential
herbicide applications to achieve long-term control (Byrd 2007; MacDonald 2004).
November or December applications of glyphosate or imazapyr proved most effective for
cogongrass control in Florida (Shilling et al. 1997). However, cogongrass is typically
dormant by this time of the year in areas further north, indicating the need for testing
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earlier application dates for use in areas with a shorter growing season (Minogue et al.
2012).
The ideal process to establish desirable plants is to integrate the utilization of
cover crops to cogongrass control, in order to avoid the use of herbicide in excess and
replace vegetation that will resist reinvasion (Shilling and Gaffney 1995). According to
Brook (1989), annual crops, perennial and legume cover crops could be used as
intermediate stage between land clearance and establishment of crops. However,
establishing new species in cogongrass-infested areas is difficult not only due to the
allelopathic compounds released by the plant, but also the residual effect of herbicides
used in cogongrass control, such as imazapyr, which may persist in the soil for months
(Koger and Bryson 2004; Senseman 2007; Shilling and Gaffney 1995).
Faircloth et al. (2003) established a study in south Alabama utilizing imazapyr
and glyphosate applications in combination with two cover crops and resulted in
complete aboveground cogongrass control with two years of continuous treatment.
Gaffney and Shilling (1996) utilized a combination of hairy indigo (Indigofera hirsuta
L.) and imazapyr to control cogongrass and obtained an excellent result 12 months after
treatment. Furthermore, a study in central Florida, where a combination of imazapyr,
glyphosate or imazapyr/glyphosate mix application followed by bahiagrass (Paspalum
notatum Flüeggé) establishment provided good cogongrass suppression (Barron et al.
2003).
Since cogongrass control usually requires multiple herbicide applications and the
fact that the number of ALS-resistant weeds has grown yearly, the reliance on imazapyr
applications as the main tool for control was not sustainable (Byrd 2007; Heap 2016).
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Consequently, integrated weed management is vital to preserve the power of the
herbicides in use today (Heap 2016).
The objective of this research was to evaluate cogongrass management using
cover crop combinations with imazapyr applications at different timings, and determine
the system which maintained at least 80% control of cogongrass. It was hypothesized that
this management system was an effective method of cogongrass control using imazapyr,
and revegetation of the treated area would result in long-term control.
Materials and Methods
An experiment was conducted for two seasons from fall 2013 through fall of 2015
in Choctaw County (33.34oN, 89.15oW), Mississippi to evaluate cogongrass control using
cover cropping combinations and imazapyr applications at different intervals. The study
sites were located adjacent to each other, within a segment of the electric utility
powerline right-of-way. The soil consisted of a Smithdale fine sandy loam (fine-loamy,
siliceous, subactive, thermic Typic Paleudults)–Maben fine sandy loam (fine, mixed,
active, thermic Ultic Hapludalfs) soil complex (USDA Soil Survey 1986), with pH of 5.5.
Average yearly rainfall in Choctaw County is 1395.98 mm and average yearly
temperature is 16.9 oC (USDA Soil Survey 1986).
The selection of Italian ryegrass (Lolium multiflorum Lam.) used in this
experiment, was obtained in a field located at Mississippi State University R. R. Foil
Plant Science Research Center in Starkville (Mississippi), where ryegrass was planted
and a pre-application of imazapyr at 1680 g ae ha-1 was made; maximum dosage used in
cogongrass management. This selection was identified by Taylor and Coats (1996) to be
resistant to sulfometuron applied to a highway right-of way in Mississippi. Also, the
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cover crop combination of Italian ryegrass and white clover (Trifolium repens L.) was
intended to improve wildlife food sources and habitat.
The field study started in November 2013, when cogongrass was mowed and
aboveground biomass removed from the research plots. ALS-resistant Italian ryegrass
was broadcast seeded using a drop-spreader (Scotts Pro® turf professional drop spreader.
The Scotts Company LLC, Marysville, OH 43041) at the rate of 33.8 kg seed ha-1.
Imazapyr applications of Polaris® AC (Nufarm Americas Inc., Alsip, IL 60803) at 841 g
ae ha-1 were made at the time of planting (PRE), May (EPOST) or June (LPOST) of
2014. Nonionic surfactant (Induce®, Helena Chemical Company, Collierville, TN 38017)
at 0.25% v v-1 was included with the post-application treatments. Herbicide applications
were made at 186 L ha-1 to 3x6 m plots using a CO2-pressured backpack sprayer and 1.8
m hand-held boom with TeeJet® XR8002VS flat fan nozzles (Spraying Systems
Company, Wheaton, IL 60189), under 140 kPa pressure and walking at 3.2 km h-1. One
month after each herbicide application, white clover ‘Durana’ (Rackmaster® Wildlife
Seed, Pennington Seed Co., Madison, GA 30650) was also planted at the rate of 3.4 kg
seed ha-1 using the same spreader.
Visual cogongrass control was estimated at 30, 35, 40 and 45 weeks after initial
treatment (WAIT), using a scale of 0 to 100%, where 0 = no control and 100 = complete
control. The parameters used to visually estimate control were chlorosis, height
reductions and regrowth. Cogongrass biomass samples were taken in October (45 WAIT)
by clipping the plants at 5 cm above ground level in a 1 m2-quadrat randomly placed in
each plot. The samples were dried at 65 oC in a force-draft oven for 4 days, then the
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weight measured. The experiment was replicated in the following season, however,
tillage was made with a rototiller prior to plot establishment.
The experiment design was a 2 x 2 x 3 factorial arrangement of treatments in a
randomized complete block design with four replications. Factor A was absence or
presence of Italian ryegrass, factor B was absence or presence of white clover and factor
C was herbicide application timings.
An arcsine transformation of cogongrass control data was made and the resulting
data analyzed by PROC GLIMMIX in SAS software (version 9.4, SAS Institute Inc.,
Cary, NC 27513) to determine differences among treatments or interactions between
factors. Also, a logarithmic transformation (base 10) of cogongrass shoot biomass data
was made and the resulting data analyzed with PROC GLIMMIX in SAS to determine
differences among treatments or interactions between factors. Ryegrass cover, white
clover cover and herbicide timing were considered fixed effects and the replicates were
considered random effects. Data for the two seasons were not combined for analysis.
Appropriate means were separated using least square means (LSMEANS) comparison at
0.05 significance level with the PDIFF option from the transformed and untransformed
data (SAS Institute Inc. 2013). However, the untransformed data were presented in tables
for ease of understanding the level of weed control obtained.
Results and Discussion
Species Diversity
The focus of this experiment was cogongrass management, however a description
of the other major plant species observed in the research area was made after establishing
the treatments, to characterize the environment (Table 3.1). During the first season, the
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species listed were observed in the plots which were sprayed in May or June, regardless
of cover crop treatment. However, the plots sprayed in November were dominated by
cogongrass. During the second season, all species listed, except for dogfennel, were
observed in the plots, again regardless of cover crop use. Furthermore, there was a higher
in the number of yellow foxtail and large crabgrass plants in the plots that received
imazapyr in November than the later treatments.
These data indicated that the techniques utilized to control cogongrass, had a
positive impact on increasing species diversity in the research area where cogongrass
dominated. Yager (2007) reported that species richness was greater in plots with partial
cogongrass infestations than plots with high infestations. Burnell (2005) reported that
species richness was influenced by mowing frequency in cogongrass-infested areas.
Other researchers reported an increase in species diversity following chemical treatment
in cogongrass-infested areas (Bacon 1986; Burns 2006; Udensi et al. 1999).
Statistical analysis revealed no significant interaction (p > 0.05) between the
factors for any of the evaluations taken during this experiment in both seasons (Table 3.2
through Table 3.4). The herbicide application timing was the independent main factor
that affected cogongrass visual control and cogongrass dry matter in both seasons,
regardless of cover crop use.
Italian ryegrass and white clover cover alone or in combination had no effect over
cogongrass control or aboveground biomass collected in both 2013-14 and 2014-15
seasons. The cover crop combinations tested were not successful to fill the entire plot
area. This failure could possibly be associated with allelopathic compounds in the soil
released from cogongrass, which inhibited Italian ryegrass and white clover emergence.
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Koger and Bryson (2004) reported that extracts of cogongrass root and foliage residue
inhibited germination and seedling development of several species. Also, the time which
the cover crops were planted wasn’t ideal to establish these plants (Italian ryegrass, in
November; white clover, in December, June or July). The evaluation of other plant
species and/or lime applications, would be required to improve establishment of desirable
plants in cogongrass infested areas.
Cogongrass Visual Control
In the 2013-14 season (Table 3.5), imazapyr application in November (PRE) had
no significant impact on cogongrass growth. The herbicide application made in May
(EPOST) showed the highest level of cogongrass control; from 80% by July to 90%
control by October (at 35 and 45 WAIT, respectively). Imazapyr application made in
June (LPOST) resulted in 50% cogongrass control at 35, 40 and 45 WAIT.
According to Shilling et al. (1997), herbicide applications from October to
December were recommended for cogongrass control in Florida. However, based on this
study, cogongrass control was not affected by imazapyr pre-application made in
November of 2013. It might be attributed to the fact that cogongrass naturally senesced
by this period in Mississippi, and the residual level of the herbicide application in the
following spring was not sufficient to affect cogongrass regrowth (Shilling et al. 1997).
The imazapyr applications made in May or June showed better results because
cogongrass was actively growing during this period, which would have improved
herbicide mobility and activity in the plants.
In the 2014-15 season (Table 3.6), imazapyr application in November (PRE)
showed 20% cogongrass control in June (30 WAIT) and 40% control in October (45
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WAIT). Herbicide application made in May (EPOST) resulted in 60% cogongrass control
in June (30 WAIT). In July (35 WAIT), the imazapyr application made in May had 70%
control, but a reduction to 60% occurred again in the following evaluations (40 and 45
WAIT). The application made in June (LPOST) showed the highest level of cogongrass
visual control; 70% control in July and 80% control in September.
Herbicide application made in November 2014 resulted in higher cogongrass
control than the same application made in the past season, but it was still below the
acceptable level of 80%. Also, the difference in the observations from applications made
in June and May, could be attributed to environmental conditions such as soil moisture,
which could impact herbicide mobility in the soil, absorption, translocation and activity
in plants (Hess 1985; Senseman 2007). Overall, May or June application treatments were
effective to maintain a level of 80% cogongrass control.
Cogongrass Biomass
In the 2013-14 season (Table 3.7), the weight of cogongrass biomass collected (45
WAIT) from the herbicide applications made in November (PRE), May (EPOST) or June
(LPOST) were 2268, 180 and 1451 kg ha-1 of dry matter, respectively. So, imazapyr
applications made in May or June reduced cogongrass biomass weight by 92 and 36%,
respectively, in comparison to the November treatment.
In the 2014-15 season (Table 3.7), the weight of cogongrass biomass collected (45
WAIT) from the herbicide applications made in November, May or June were 550, 292
and 165 kg ha-1 of dry matter, respectively. The application made in May was not
different from the other treatments, with respect to cogongrass biomass collected in
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October of 2015. The herbicide application made in June reduced cogongrass biomass
weight by 70% in comparison to November treatment.
The tillage operation made before the establishment of plots in the 2014-15
season, could have influenced positively all treatments. No soil disturbance was made in
the 2013-14; season; cogongrass was mowed and the aboveground biomass removed
from the plots. According to Gaffney (1996), discing alone didn’t effectively control
cogongrass but contributed to reduce biomass. According to Myers (2007), tillage prior to
chemical treatment of cogongrass increases the efficacy of both glyphosate and imazapyr
applications.
Byrd (2007) recommended glyphosate and imazapyr applications either by the fall
(before the last week of September), or spring followed by fall (from the last week of
April to May; before the end of September) application in Mississippi. MacDonald et al.
(2002) considered imazapyr treatment to be one of the best options for long-term
cogongrass control due to soil residual activity, but non-target effects would limit
revegetation species. Burns (2006) reported that the utilization of imazapyr applied at
0.84 kg ha-1 resulted in 80% cogongrass control, while imazapyr at 0.42 kg ha-1 in
combination with an imidazolinone-tolerant cropping system of maize (Zea mays L.) and
wheat (Triticum aestivum L.) provided 60% visual control at 17 months after initial
treatment. Furthermore, Peyton (2005) suggested glyphosate application followed by
imazapyr application to cogongrass regrowth resulted in a better, cost-effective herbicide
program.
In conclusion, we partially accepted the hypothesis because the proposed
management system significantly affected cogongrass control and biomass collected.
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However, none of the cover crop combinations tested (absence or presence of ALSresistant Italian ryegrass and /or white clover) influenced neither cogongrass control nor
biomass collected. Imazapyr application timing was the independent factor that affected
cogongrass control and biomass weight. The utilization of the management techniques for
a single season was not enough to completely eradicate cogongrass. Imazapyr
applications made in May or June could be recommended to provide 80% cogongrass
control in October.
Still, several researchers agreed upon the importance of revegetation as a key
component of cogongrass long-term management (Barron et al. 2003; Johnson et al.
1997, 2000; MacDonald et al. 2002; Shilling and Gaffney 1995). An experiment which
evaluated how other plants responded to revegetation following imazapyr applications
would be necessary.
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Table 3.1

List of plants by scientific and common names encountered during this
study, their life cycle and origin relative to the United States.
Life

a

Scientific name

Common name

cycle a

Origin

Andropogon virginicus L.

Broomsedge

P

Native

Ambrosia artemisiifolia L.

Common ragweed

SA

Native

Conyza canadensis (L.) Cronq.

Horseweed

WA

Native

Croton capitatus Michx.

Wooly croton

A

Native

Digitaria sanguinalis (L.) Scop.

Large crabgrass

SA

Exotic

Diodia virginiana L.

Virginia buttonweed

A/P

Native

Eleusine indica (L.) Gaertn.

Goosegrass

SA

Exotic

Eupatorium capillifolium (Lam.) Small

Dogfennel

P

Native

Mollugo verticillata L.

Carpetweed

SA

Exotic

Portulaca oleracea L.

Common purslane

A

Exotic

Rubus trivialis Michx.

Southern dewberry

P

Native

Setaria pumila (Poir.) Roem. & Schult.

Yellow foxtail

SA

Exotic

Solidago canadensis L. var. scabra Torr. & Gray

Tall goldenrod

P

Native

Richardia scabra L.

Florida purslane

A

Native

Verbena brasiliensis Vell.

Brazilian vervain

A

Exotic

Abbreviations; A, annual; SA, summer annual; WA, winter annual; P, perennial.
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Table 3.2

*

Effects of ryegrass cover, white clover cover, herbicide timing and all
interactions on cogongrass control in the 2013-14 season.

Effect
Ryegrass
Clover
Ryegrass*Clover
Herbicide timing
Ryegrass*Herbicide timing
Clover*Herbicide timing
Ryegrass*Clover*Herbicide timing

DF
1
1
1
2
2
2
2

Weeks After Initial Treatment
35
40
45
Pr > F*
0.6233
0.1187
0.1627
0.3939
0.1887
0.4823
0.3442
0.1649
0.1887
0.7866
0.1661
0.5719
< 0.0001
< 0.0001
< 0.0001 < 0.0001
0.7835
0.5256
0.3762
0.4820
0.1809
0.5884
0.6969
0.3566
0.1809
0.9397
0.3133
0.7241
30

Probability of F greater determined using LSMEANS procedure and PDIFF option
within each column, at 0.05 significance level.
Table 3.3

*

Effects of ryegrass cover, white clover cover, herbicide timing and all
interactions on cogongrass control in the 2014-15 season.

Effect
Ryegrass
Clover
Ryegrass*Clover
Herbicide timing
Ryegrass*Herbicide timing
Clover*Herbicide timing
Ryegrass*Clover*Herbicide timing

DF
1
1
1
2
2
2
2

Weeks After Initial Treatment
35
40
Pr > F*
0.9879
0.6792
0.7016
0.1887
0.1955
0.9218
0.8402
0.1540
0.2096
< 0.0001
< 0.0001
< 0.0001
0.6119
0.4934
0.8321
0.6459
0.8554
0.0542
0.8143
0.5173
0.2084
30

45
0.4814
0.8672
0.4117
0.0013
0.9819
0.0914
0.6150

Probability of F greater determined using LSMEANS procedure and PDIFF option
within each column, at 0.05 significance level.
Table 3.4

*

Effects of ryegrass cover, white clover cover, herbicide timing and all
interactions on cogongrass dry biomass in 2013-14 and 2014-15 seasons.

Effect
Ryegrass
Clover
Ryegrass*Clover
Herbicide timing
Ryegrass*Herbicide timing
Clover*Herbicide timing
Ryegrass*Clover*Herbicide timing

2013-14

DF
1
1
1
2
2
2
2

0.8815
0.3154
0.5514
< 0.0001
0.7293
0.3996
0.6932

Pr > F*

2014-15
0.6706
0.6966
0.5950
0.0252
0.9695
0.0937
0.9083

Probability of F greater determined using LSMEANS procedure and PDIFF option
within each column, at 0.05 significance level.
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Table 3.5

Cogongrass control affected by herbicide application time at 30, 35, 40 and
45 weeks after initial treatment (WAIT) in the 2013-14 season.

Herbicide Application
Time
PRE
EPOST
LPOST

a

30
35
40
45
WAIT
WAIT
WAIT
WAIT
------------------------------ Control (%)a ---------------------------0 Bb
0C
5C
6C
70 A
84 A
88 A
90 A
53 B
56 B
48 B

Data pooled over cover crops, with differences detected using LSMEANS procedure and
PDIFF option.
b
Means followed by same letter, within the same column, are not different from each
other at 0.05 significance level.
Table 3.6

Cogongrass control affected by herbicide application time at 30, 35, 40 and
45 weeks after initial treatment (WAIT) in the 2014-15 season.

Herbicide Application
Time
PRE
EPOST
LPOST

a

30
35
40
45
WAIT
WAIT
WAIT
WAIT
------------------------------ Control (%)a ---------------------------22 Bb
21 B
34 C
43 C
62 A
77 A
62 B
63 B
73 A
78 A
81 A

Data pooled over cover crops, with differences detected using LSMEANS procedure and
PDIFF option.
b
Means followed by same letter, within the same column, are not different from each
other at 0.05 significance level.
Table 3.7

Cogongrass dry matter affected by herbicide application time at 45 weeks
after initial treatment in the 2013-14 and 2014-15 seasons.

Herbicide Application
Time
PRE
EPOST
LPOST
a

2013-14
2014-15
season
season
-1 a
----------------------- Dry Matter (kg ha ) --------------------2268 Ab
180 C
1451 B

550 A
292 AB
165 B

Data pooled over cover crops, with differences detected using LSMEANS procedure and
PDIFF option.
b
Means followed by same letter, within the same column, are not different from each
other at 0.05 significance level.
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TOLERANCE OF SEVERAL LEGUMES TO RESIDUAL IMAZAPYR APPLIED
UNDER GREENHOUSE CONDITIONS
Abstract
Cogongrass management depends heavily on chemical treatment, but success is
limited unless integrated with other practices. The utilization of cover crops in the system
is ideal to avoid the use of herbicide in excess and replace vegetation that will resist
cogongrass reinvasion. Greenhouse studies were conducted from 2013 through 2015 in
Mississippi with the objective to evaluate ‘AG4934 RR/STS’ soybeans, Korean
lespedeza, crimson clover and ‘Durana’ white clover tolerance to soil-applied imazapyr at
selected rates and various planting times after application. Plastic containers filled with a
mixture of 2:1 sand:topsoil were treated with imazapyr at 0, 70, 140 and 280 g ae ha-1.
Legume species were planted 0, 1, 3 and 6 months after treatment (MAT). The factorial
experimental design included legume species, imazapyr rate and planting time. At 6
weeks after each planting, the number of seedlings, average plant height and shoot
biomass were measured. Statistical analysis revealed the species x imazapyr rate x
planting time interaction was significant with respect to number of emerged seedlings,
average height and shoot biomass per plant. All species tested showed that seedling
development varied by planting date in treatments without imazapyr. This indicated that
environmental conditions at different planting dates most likely affected seedling
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emergence and development; for instance, photoperiod or temperature. It was also
observed that the legumes planted at 0 MAT after application of imazapyr rate of 70 g ae
ha-1 or higher resulted in reduction of emerged seedlings, average height and biomass
production. In general, treatments planted at 1 MAT or later in combination with these
same herbicide rates were better. In conclusion, cogongrass sites treated with imazapyr
rates from 70 to 280 g ae ha-1 should not be seeded with legumes for ground cover
revegetation less than at least 1 month after treatment to reduce emergence failure,
legume height and biomass production.
Nomenclature: Imazapyr, (+/-)-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5oxo-1H-imidazol-2-yl]-3-pyridinecarboxylic acid; cogongrass, Imperata
cylindrica (L.) Beauv. #1 IMPCY; soybean, Glycine max (L.) Merr.
‘AG4934 RR/STS’; Korean lespedeza, Kummerowia stipulacea (Maxim.)
Makino; crimson clover, Trifolium incarnatum L.; white clover, Trifolium
repens L. ‘Durana’.
Key words: Imazapyr, herbicide tolerance, legumes.
Introduction
Cogongrass [Imperata cylindrica (L.) Beauv.], a rhizomatous perennial grass
native to the Old World, is considered one of the top 10 worst weeds in the world (Holm
et al. 1991). Globally, it occupies around 500 million hectares, threatening both tropical
and subtropical regions (Dozier et al. 1998). Cogongrass was introduced to the United
States with the purpose of soil stabilization and forage use in early 20th century (Dickens

Letters following this symbol are a WSSA-approved computer code from the Composite List of Weeds,
Revised in 2010. Available from WSSA.
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1974; Dickens and Moore 1974; Hubbard et al. 1944; Tabor 1949). Experiments showed
that forage use was inferior compared to other species available (Coile and Shilling 1993;
Dozier et al. 1998; Falvey et al. 1981). But, now it infests many areas of the United
States, especially in Florida, Alabama and Mississippi (Johnson et al. 1999). Cogongrass
is found predominately in non-agricultural settings in the U.S., but it is also found in
pastures and hay fields. Due to its aggressive growth, it has the tendency to spread,
suppress and displace native plants (Bryson and Carter 1993). Cogongrass is registered
on the Federal Noxious Weed list, and by several states (MacDonald 2004).
Today, cogongrass management depends heavily on chemical treatment, but
success is limited unless integrated with other practices (Johnson et al. 1997; MacDonald
2004). Extensive research showed that glyphosate and imazapyr are the most successful
herbicides for cogongrass control in the market (Barnett et al. 2001; Dickens and
Buchanan 1975; Dozier et al. 1998; MacDonald 2004; Udensi et al. 1999; Willard et al.
1997). Imazapyr activity is usually slower than glyphosate, but it provides better long
term control due to residual soil activity (Dozier et al. 1998; Senseman 2007; Willard et
al. 1997). Imazapyr herbicide is used to control annual and perennial weeds, trees and
vines in rights-of-way and other noncroplands areas, as well as to release conifers in
forestry plantations (Senseman 2007).
The mode of action of imazapyr is associated with the inhibition of acetolactate
synthase (ALS; also called acetohydroxyacid synthase, AHAS), an enzyme in the
pathway to the production of the branched chain amino acids leucine, isoleucine, and
valine (Duke 1990; Senseman 2007). The death of the plants result from events occurring
from the ALS inhibition such as accumulation of phytotoxic compounds (2-oxybutyrate
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and transamination of 2-amino butyrate), but the sequence of events that cause plant
death is uncertain (Duke and Dayan 2011). According to the Weed Science Society of
America Herbicide Handbook, soil type and environmental conditions affects imazapyr
persistence, with field half-life ranging from 25 to 142 days; soil adsorption is influenced
by organic matter and clay content as well as soil pH (Senseman 2007).
According to Anderson (1996), soil physical-chemical properties determine
herbicide behavior and residual activity, especially soil texture, structure, colloids content
(organic and inorganic) and pH. Leaching occurs more often in loose-textured soils
because fewer charged sites exist to adsorb herbicide. Consequently, sandy soils contain
lower residual levels after a certain period of time than clay soils, which possess greater
affinity for adsorption. For the same reason, herbicides also tend to persist longer in
loamy and silty soils compared to sandy soils (Anderson 1996). The primary dissipation
mechanisms for imidazolinones in aerobic conditions are microbial degradation and, to a
lesser degree, photolysis (Loux and Reese 1993). Cultural practices, including tillage
after herbicide application, can alter persistence and distribution of an herbicide in the
soil (Wixson and Shaw 1992).
General recommendations for cogongrass management include sequential
herbicide applications to achieve long-term control (Byrd 2007; MacDonald 2004).
However, integrating weed management practices is essential to increase efficacy and
achieve long-term control (Johnson et al. 1997).
Integrating cover crops for cogongrass management is ideal to the process of
establishing desirable plants, avoiding the use of herbicides in excess and replacing
vegetation that will resist cogongrass reinvasion (Shilling and Gaffney 1995). Cover
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crops reduce soil erosion, increase organic matter and provide or conserve nitrogen for
following crops (Hartwig and Ammon 2002). According to Brook (1989), annual crops
or perennial and legume cover crops could be used as intermediate stage between land
clearance and establishment of cash crops.
An important step is to establish plants as soon as residual herbicide levels in the
soil become tolerable to the revegetation species (Dozier et al. 1998). Also, it is important
to consider herbicide persistence to predict the timing to effectively establish vegetation
and accomplish effective cogongrass suppression. Usually, the injury symptoms caused
by imidazolinone herbicides are stunted plants, shortened internodes and yield reductions
(Ulbrich et al. 2005). Therefore, the verification of how plant species respond to
imazapyr residues in soil would benefit restoration of many cogongrass-infested
ecosystems in the southeastern United States (MacDonald et al. 2002).
Hurst (1987) reported that legumes, and especially lespedeza species, show
resistance to imazapyr. Shaner (1989) reported that legumes species were able to
metabolize imazapyr to an inactive compound. Therefore, legume tolerance to imazapyr
generated an interest for uses in conservation reserve programs (CRP) and rights-of-way,
to control vegetation and promote establishment plants for wildlife food (Shaw et al.
2001).
The objective of this study was to evaluate tolerance of selected legume species to
soil-applied imazapyr at selected rates and various planting times after application. It was
hypothesized that the residual impact of imazapyr would be detrimental to these species,
and that delayed planting would improve plant development.
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Materials and Methods
Experiments were conducted from 2013 through 2015 in a greenhouse located on
the Mississippi State University R. R. Foil Plant Science Research Center in Starkville
(Mississippi), to evaluate the effect of planting time and rates of soil-applied imazapyr
influenced seedling development of legume plants. Plastic containers (Thinwall Rounds.
Dillen Products, Middlefield, OH 44062) were filled with 800 cm3 of 2:1 sand:topsoil
(loamy sand; 86% sand, 11.5% silt and 0.25% clay; 1.02% organic matter, 8.1 CEC and
pH 6.6) (Mississippi State University Soil testing Lab, Mississippi State, MS 39762) mix
and surface irrigated to soil capacity. Imazapyr herbicide treatments of Arsenal® 2L
(BASF Co., Research Triangle Park, NC 27709) at 0, 70, 140 and 280 g ae ha-1 were
made using a compressed air spray chamber equipped with a single 8002EVS TeeJet®
(Spraying Systems Company, Wheaton, IL 60189) flat-fan nozzle at an application rate
of 234 L ha-1 and a pressure of 140 kPa. ‘AG4934 RR/STS’ (Asgrow®, Monsanto Co., St.
Louis, MO 63167) soybean [Glycine max (L.) Merr.], Korean lespedeza7 [Kummerowia
stipulacea (Maxim.) Makino], crimson clover (Oktibbeha County Co-op., Starkville, MS
39759) (Trifolium incarnatum L.) and ‘Durana’ (Rackmaster® Wildlife Seed, Pennington
Seed Co., Madison, GA 30650) white clover (Trifolium repens L.) were planted at 0
(same day of the application), 1, 3 and 6 months after treatment (MAT). For the exact
dates which each treatment was planted, see Table 4.1.
All treatment combinations had 15 seeds planted 1 cm deep in the containers held
at 25/30 °C night/day temperature. Surface irrigation was provided as needed based on
the response of 0 g ae ha-1 seedlings. At 6 weeks after each planting, number of emerged
seedlings and average height were measured. Shoot biomass samples were collected by
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cutting all plants in each pot at ground level. Biomass samples were dried in a force-draft
oven at 65 °C for 4 days then weighted. Biomass data were converted to a per plant basis
prior to analysis. Furthermore, emergence, height and shoot biomass reductions were
calculated as percentage of the untreated planted at 0 MAT.
The experiment design was a 4 x 4 x 4 factorial arrangement of treatments in
randomized complete block design with four replications of each treatment combination.
The experiment was replicated in time. Factor A was legume species, factor B was
imazapyr rate and factor C was planting time. Data were analyzed with PROC
GLIMMIX in SAS software (version 9.4, SAS Institute Inc., Cary, NC 27513) to
determine differences between treatments and interactions between factors. Data were
pooled across experimental replications because experimental replications were
considered a random variable. Appropriate means were separated using least square
means (LSMEANS) comparison with the PDIFF option, at 0.05 significance level (SAS
Institute Inc. 2013).
Results and Discussion
Statistical analysis revealed a significant species x herbicide rate x planting time
interaction for number of emerged seedlings, average height and shoot biomass per plant,
respectively (Table 4.2 through Table 4.4). Therefore, a description of the results was
made for each species in separate tables.
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Crimson Clover
Number of Seedlings
Treatment combinations of 0 g ae ha-1 imazapyr with legumes planted 0 to 3 MAT
demonstrated no differences in number of emerged seedlings. However, when planting
date was delayed from 3 to 6 MAT, an increase in number of emerged seedlings was
measured (Table 4.5).
At imazapyr level of 70 g ae ha-1 when the planting date was postponed from 0 to
1 MAT, there was an increase in number of emerged seedlings. While no change in the
number of emerged seedlings was observed when planting date was delayed from 1 to 3
MAT, an increase in the number of emerged crimson clover seedlings did occur when
planting date was delayed from 3 to 6 MAT (Table 4.5).
At the imazapyr rate of 140 g ae ha-1 in combination with planting delayed from 0
to 1 MAT, there was an increase in the number of seedlings as was observed at 70 g ae
ha-1 rate. However, when planting date was delayed from 1 to 3 MAT, no change in the
number of emerged legume seedlings was observed. However, an increase occurred in
the number of emerged crimson clover seedlings when planting date was postponed from
3 to 6 MAT (Table 4.5).
At imazapyr level of 280 g ae ha-1 in combination with planting delayed from 0 to
1 MAT, there was an increase in number of seedlings. When planting date was delayed
from 1 to 3 MAT, no change in emergence was observed. However, an increase occurred
in number of seedlings when planting date was postponed from 3 to 6 MAT (Table 4.5).
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Average Height
Treatment combinations without imazapyr and postponed planting from 0 to 6
MAT, there was no change in average height, except for legumes planted 3 MAT.
Seedlings planted at 3 MAT were taller compared to crimson clover seedlings with this
herbicide rate planted at 0 MAT, but did not differ from the other treatments (Table 4.5).
Treatment combinations with crimson clover planted at 1 MAT or later with
imazapyr applied at 70 or 140 g ae ha-1 did not differ from each other, but resulted in
taller seedlings than when the planting date was 0 MAT (Table 4.5).
Imazapyr applied at 280 g ae ha-1 in combination with seeds planted at 1 MAT or
later resulted in taller plants compared to those planted at 0 MAT. When planting date
was 1 or 3 MAT, no change was observed. Also, no differences were detected between
heights of crimson clover planted 3 or 6 MAT after imazapyr applied at 280 g ae ha-1
(Table 4.5).
Shoot Biomass per Plant
No change resulted from the combination of treatments without imazapyr at all
planting dates, with respect to mean dry weight per plant (Table 4.5).
All imazapyr rates of 70 g ae ha-1 or higher in combination with crimson clover
planted 1 MAT or later, resulted in larger shoot biomass per plant compared to treatments
planted at 0 MAT (Table 4.5).
In general, a trend was observed of planting crimson clover at 1 MAT or later,
benefitted crimson clover emergence and development if imazapyr application rates were
70 g ae ha-1 or higher. However, differences were observed between planting dates when
no imazapyr was applied. This indicated that environmental conditions at different
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planting times, such as photoperiod or temperature in the greenhouse, most likely
affected crimson clover seedling emergence and development.
Differences were also observed between planting dates with respect to the number
of emerged plants and plant height, but no differences were detected in biomass
measurements. Although fewer plants emerged, those that did emerge produced more
biomass per individual plant, which masked differences among treatments. This indicated
that even though emergence failure occurred, seedlings that emerged had metabolized
imazapyr and maintained similar biomass production per plant.
Therefore, planting crimson clover should be delayed at least 1 month after
applications of imazapyr from 70 to 280 g ae ha-1 to reduce injury, such as emergence,
height and biomass reductions (Table 4.5).
Korean lespedeza
Number of Seedlings
The treatment combinations without imazapyr and planting delayed from 0 to 1
MAT or later, resulted in an increase in the number of emerged lespedeza seedlings.
Treatments planted 6 MAT resulted in higher number of emerged seedlings than when
seeds were planted 0 or 1 MAT (Table 4.6).
At imazapyr rate of 70 g ae ha-1 in combination with seeds planted at 1 MAT or
later, no differences were observed. However, these treatments were better than when
planted at 0 MAT (Table 4.6).
At imazapyr rate of 140 g ae ha-1 in combination with planting date delayed from
0 to 1 MAT or later, an increase in number of emerged lespedeza seedlings resulted. No
differences were observed when lespedeza was planted 1 or 3 MAT following imazapyr
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applied at 140 g ae ha-1. Again, seeds planted at 1 or 6 MAT resulted in no change in
number of emerged seedlings (Table 4.6).
At the imazapyr application rate of 280 g ae ha-1 in combination with planting
delayed from 0 to 1 MAT or later, resulted in an increase in number of emerged
seedlings. Seeds planted at 1 or 6 MAT resulted in no change for this rate of imazapyr.
Lespedeza planted 3 MAT resulted in lower number of emerged lespedeza seedlings
compared to those planted 1 or 6 MAT (Table 4.6).
Average Height
Treatment combinations without imazapyr and all planting dates except 1 MAT,
resulted in no change in average lespedeza seedling height. However, planting delayed
from 1 to 3 MAT or later, resulted in a decrease in average height of plants (Table 4.6).
At the imazapyr rate of 70 g ae ha-1 in combination with planting delayed from 0
to 1 MAT or later, resulted in an increase in seedling height. When planted 1 or 3 MAT,
no change was observed. Lespedeza planted 3 or 6 MAT with 70 g ae ha-1 imazapyr was
not different. Average height of lespedeza plants seeded 6 MAT was less than when
planted 1 MAT (Table 4.6).
Treatment combinations of imazapyr at 140 or 280 g ae ha-1 and planting dates at
1 MAT or later, resulted in no change. However, these treatments were taller than when
planted at 0 MAT (Table 4.6).
Shoot Biomass per Plant
Treatments without imazapyr in combination with planting delayed from 0 to 1
MAT, were not different with respect to shoot biomass per plant. Nor was there a
73

difference when planting date was 3 MAT. However, lespedeza planted at 6 MAT
resulted in lower shoot biomass per plant than when planted at 0 or 1 MAT (Table 4.6).
At the imazapyr rate of 70 g ae ha-1 in combination with planting date at 0, 3 or 6
MAT, no differences were observed. Seeds planted at 1 or 3 MAT resulted in no change.
Lespedeza planted at 1 MAT resulted in higher shoot biomass per plant than when
planted at 0 or 6 MAT (Table 4.6).
At imazapyr level of 140 g ae ha-1 combined with planting delayed from 0 to 1
MAT or later, resulted in an increase in dry weight per plant. Lespedeza planted at 1 or 3
MAT resulted in no difference. A decrease in shoot biomass was observed when planting
was delayed from 1 to 6 MAT. No differences were observed when comparing treatments
planted 3 or 6 MAT with 140 g ae imazapyr ha-1 (Table 4.6).
At imazapyr level of 280 g ae ha-1 combined with planting delayed from 0 to 1
MAT or later, resulted in an increase in shoot biomass per plant. Lespedeza planted at 1
MAT resulted in a higher shoot biomass than treatments planted later (Table 4.6).
The general trend observed of planting lespedeza seed 1 MAT or later, benefitted
lespedeza emergence and development when imazapyr was applied at 70 g ae ha-1 or
higher. However, differences were observed between planting times when no imazapyr
was applied. This indicated that environmental conditions, such as temperature or
photoperiod at different planting times, most likely affected seedling emergence and
development.
Therefore, plating lespedeza should be delayed at least 1 month after treatment
with imazapyr from 70 to 280 g ae ha-1, to reduce injury such as emergence, height and
biomass reductions (Table 4.6).
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Soybean
Number of Seedlings
The treatment combinations without imazapyr and all planting dates except 6
MAT, resulted in no change in number of emerged seedlings. However, seeds planted at
6 MAT resulted in higher number of emerged soybean seedlings than treatments planted
0 or 1 MAT (Table 4.7).
The combined treatment of imazapyr at 70 or 280 g ae ha-1 with all planting dates
tested, resulted in no change in number of emerged soybean plants. This indicated a level
of tolerance to imazapyr (Table 4.7).
At imazapyr level of 140 g ae ha-1 in combination with all planting dates except 3
MAT, resulted in no change in the number of emerged soybean plants. Seeds planted at 3
MAT resulted in higher number of emerged plants than the other planting intervals with
this rate of imazapyr (Table 4.7).
Average Height
The treatment combinations with no imazapyr and all planting dates except 1
MAT, resulted in no change of soybean seedling heights. Seedlings emerged from seeds
planted 1 or 3 MAT, were not different with respect to average height. However, those
seedlings from seeds planted 0 or 6 MAT, were taller plants than those emerged from
seeds planted at 1 MAT (Table 4.7).
At imazapyr rate of 70 g ae ha-1 in combination with planting delayed from 0 to 3
MAT or later, an increase in average height was observed. However, when comparing
seedlings of seeds planted 1 MAT to the other treatments, no change in height of plants
was observed (Table 4.7).
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At imazapyr rates of 140 or 280 g ae ha-1 in combination with soybeans planted at
1 MAT or later, resulted in an increase in average height compared to treatments planted
at 0 MAT (Table 4.7).
Shoot Biomass per Plant
The treatment combinations with no imazapyr and planting delayed from 0 to 1
MAT or later, resulted in a decrease in shoot biomass per plant. However, treatments
planted at 3 or 6 MAT, resulted in higher shoot biomass than seedlings emerged from
seed planted 1 MAT. These differences could have been the result of environmental
conditions at planting dates, such as greenhouse temperature or photoperiod, which
influenced soybean development (Table 4.7).
At the imazapyr rate of 70 g ae ha-1 in combination with all planting dates except
6 MAT, resulted in no differences in soybean seedling biomass. Treatments planted 6
MAT were better than the earlier plantings with respect to shoot biomass per plant (Table
4.7).
At the imazapyr rate of 140 g ae ha-1 in combination with seeds planted 0 MAT
resulted in lower shoot biomass than treatments planted 1 or 6 MAT. No differences were
observed between soybeans planted 0 or 3 MAT. Also, planting delayed from 3 to 6
MAT resulted in an increase in shoot biomass per plant (Table 4.7).
At the imazapyr rate of 280 g ae ha-1 in combination with all planting dates except
6 MAT, resulted in no change. Treatments planted at 6 MAT resulted in higher shoot
biomass per plant than treatments planted earlier (Table 4.7).
In general, the trend observed of planting soybean seed 1 MAT or later after
imazapyr applications, improved soybean development when imazapyr applications were
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70 g ae ha-1 or higher. However, differences were observed between planting times when
no imazapyr was applied. This indicated that environmental conditions at different
planting dates, such as greenhouse temperature and photoperiod, probably impacted
seedling development.
Therefore, planting soybeans should be delayed at least 1 month after application
of imazapyr at rates of 70 to 280 g ae ha-1, to reduce injury such as height and biomass
reductions (Table 4.7).
White Clover
Number of Seedlings
The treatment combination without imazapyr and planting delayed from 0 to 3
MAT or later, resulted in an increase in number of emerged seedlings. No differences
were observed when comparing number of seedlings emerged from seeds planted at 1 or
3 MAT and 3 or 6 MAT. However, seeds planted 6 MAT resulted in higher number of
emerged seedlings than treatments planted at 0 or 1 MAT (Table 4.8).
At the imazapyr rate of 70 g ae ha-1 combined with planting delayed from 0 to 1
MAT or later, resulted in an increase in number of emerged white clover seedlings. No
differences were observed between seeds planted at 1 or 3 MAT with respect to the
number of emerged seedlings. However, seeds planted 6 MAT of 70 g ae ha-1 imazapyr
resulted in higher number of emerged seedlings than treatments planted earlier (Table
4.8).
At the imazapyr rate of 140 or 280 g ae ha-1 in combination with planting delayed
from 0 to 1 MAT or later, resulted in an increase in number of emerged seedlings (Table
4.8).
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No significant differences were observed when planting date was 1 or 6 MAT
after an application of 280 g ae ha-1 of imazapyr. However, these treatments were better
than white clover seedlings planted at 3 MAT with this rate of imazapyr (Table 4.8).
Average Height
No change was observed when comparing treatment combinations without
imazapyr at all planting dates, with respect to average height of white clover (Table 4.8).
Treatment combinations of imazapyr at 70 g ae ha-1 or greater and seeds planted
at 1 MAT or later, resulted in taller seedlings than treatments planted at 0 MAT (Table
4.8).
Shoot Biomass per Plant
No change was observed when comparing treatment combinations without
imazapyr at all planting dates, with respect to shoot biomass per plant (Table 4.8).
The treatment combinations of imazapyr at 70 g ae ha-1 or higher and seeds
planted at 1 MAT or later, resulted in higher shoot biomass per plant than treatments
planted at 0 MAT (Table 4.8).
Treatments planted at 0 MAT and imazapyr applied at a rate of 70 g ae ha-1 or
higher, resulted in a decrease in shoot biomass per plant compared to treatments without
imazapyr (Table 4.8).
In general, the trend was planting white clover 1 MAT or later, benefitted white
clover emergence and development when imazapyr levels were 70 g ae ha-1 or higher.
However, differences were observed between planting times when no imazapyr was
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applied. This indicated that environmental conditions, such as photoperiod or temperature
at different planting times, most likely affected seedling emergence and development.
Therefore, planting white clover should be delayed at least 1 month after
treatment with imazapyr from 70 to 280 g ae ha-1 to reduce injury such as emergence,
height and biomass reductions (Table 4.8).
According to Franklin (2009), light and temperature are two of the most important
environmental stimuli which regulates plant development. Since lespedeza and soybean
are warm season legumes and the clover species are cool season, the ideal period to
establish these plants would have been in spring and fall, respectively (Ball et al. 2007).
This practice would have contributed to reduce the differences observed among planting
dates when imazapyr rate was 0 g ae ha-1.
Shaw et al. (2001) reported that legume species have shown tolerance to imazapyr
and imazapic, but also warned about the fact that planting timing is important. Ulbrich et
al. (2005) successfully utilized a bioassay with cucumber (Cucumis sativus L.) to
evaluate safe planting interval after imazapic + imazapyr applications in two locations in
southern Brazil. Also, they found much faster soil dissipation time of imidazolinones
under subtropical conditions compared to studies made in temperate regions. In addition,
imidazolinone-tolerant crops could be part of the management system when utilizing
imazapyr treatments to cogongrass, without the need to postpone planting time, because
the carry-over effect would not injury these crops (Burns 2006).
Therefore, the hypothesis that imazapyr rate and planting dates significantly
influenced seedling development of crimson clover, Korean lespedeza, soybean and
white clover was accepted. In conclusion, when utilizing imazapyr from 70 to 280 g ae
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ha-1 to treat cogongrass, recommendations about delayed planting at least 1 month after
treatment should be made to reduce emergence failure, height and biomass reductions of
legumes used for revegetation.
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Table 4.1

Exact dates which the legumes were planted in each of the two experiments
(A and B).
A
0
Jun-1
2013

1
Jul-2
2013

B
Planting times in each trial (MAT)*
3
6
0
1
3
Sep-2 Dec-1 Aug-4
Sep-5
Nov-4
2013
2013
2014
2014
2014

Lespedeza

Jun-1
2013

Jul-2
2013

Sep-2
2013

Dec-1
2013

Aug-4
2014

Sep-5
2014

Nov-4
2014

Feb-5
2015

Soybeans

Aug-4
2014

Sep-5
2014

Nov-4
2014

Feb-5
2015

Sep-24
2014

Oct-27
2014

Dec-23
2014

Mar-25
2015

White clover

Jun-1
2013

Jul-2
2013

Sep-2
2013

Dec-1
2013

Aug-4
2014

Sep-5
2014

Nov-4
2014

Feb-5
2015

Legumes
Crimson clover

6
Feb-5
2015

*The dates which correspond to planting time 0 MAT (months after treatment), also
correspond to the dates which imazapyr was applied.
Table 4.2

Effects of species, rate, planting date and all interactions on number of
emerged seedlings at 6 weeks after planting.

Effect

DF

Species
Rate
Species*Rate
Planting date
Species*Planting date
Rate*Planting date
Species*Rate*Planting date

3
3
9
3
9
9
27
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F-value
76.25
2.84
1.35
142.22
20.29
5.89
1.79

p-value
< 0.0001
0.0395
0.2152
< 0.0001
< 0.0001
< 0.0001
0.0132

Table 4.3

Effects of species, rate, planting date and all interactions on average height
at 6 weeks after planting.

Effect

DF

Species
Rate
Species*Rate
Planting date
Species*Planting date
Rate*Planting date
Species*Rate*Planting date

3
3
9
3
9
9
27

Table 4.4

F-value
793.57
57.11
8.27
385.69
102.82
48.26
6.93

p-value
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Effects of species, rate, planting date and all interactions on shoot biomass
per plant at 6 weeks after planting.

Effect

DF

F-value

p-value

Species
Rate
Species*Rate
Planting date
Species*Planting date
Rate*Planting date
Species*Rate*Planting date

3
3
9
3
9
9
27

278.00
7.39
1.28
6.43
10.49
8.47
3.11

< 0.0001
< 0.0001
0.2461
0.0003
< 0.0001
< 0.0001
< 0.0001
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280

140

2 CDb
4C
3C
8 AB
1 DE
3C
4C
8 AB
0E
3C
4C
10 A
0E
3C
3C
8 AB

Number of
Seedlingsa

Emergence
Reductionc
(%)
0E
0E
30 BCD
0E
75 A
30 BCD
8 DE
0E
88 A
19 CDE
6E
0E
96 A
43 B
34 BC
0E

Average
Heighta
(cm)
5.0 BCDE
7.1 AB
7.5 A
6.8 ABC
0.1 F
4.4 CDE
6.0 ABCD
6.6 ABC
0.0 F
4.3 CDE
4.7 BCDE
6.3 ABC
0.0 F
3.1 E
3.8 DE
5.8 ABCD

Height
Reductionc
(%)
0F
12 EF
14 DEF
18 CDEF
97 A
37 BCD
13 DEF
16 DEF
99 A
33 BCDE
20 CDEF
18 CDEF
100 A
56 B
42 BC
22 CDEF

Shoot Biomass
per Planta
(mg)
185.4 A
173.9 AB
169.9 ABC
124.0 ABC
1.9 D
128.4 ABC
134.3 ABC
145.1 ABC
0.0 D
123.4 ABC
93.0 BC
93.8 BC
0.0 D
132.8 ABC
91.5 BC
83.5 C

Biomass
Reductionc
(%)
0E
30 CD
26 DE
38 BCD
98 A
40 BCD
41 BCD
38 BCD
100 A
44 BCD
55 BC
40 BCD
100 A
63 B
64 B
41 BCD

b

Data pooled over replications, with differences detected using LSMEANS procedure and PDIFF option.
Means followed by same letter, within the same column, are not different from each other at 0.05 significance level.
c
Means calculated as percent reduction of the untreated planted at 0 MAT.
d
Abbreviation; MAT, months after treatment.

a

0
1
3
6
0
1
3
6
0
1
3
6
0
1
3
6

0

70

Planting date
(MATd)

Crimson clover emerged seedlings, average height, shoot biomass per plant, emergence, height and biomass
reductions affected by imazapyr rate and planting date.

Imazapyr rate
(g ae ha-1)

Table 4.5
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280

140

5 EFb
8 CD
9 BC
11 AB
3 FG
11 ABC
10 ABC
13 A
1G
10 BC
8 CD
11 AB
1G
9 BC
6 DE
12 AB

Number of
Seedlingsa

Emergence
Reductionc
(%)
0D
9D
10 CD
0D
54 B
0D
0D
0D
80 A
0D
8D
0D
86 A
0D
34 BC
0D

Average
Heighta
(cm)
17.8 AB
19.8 A
13.5 BC
12.5 BC
6.4 D
19.9 A
14.6 ABC
12.1 BC
0.2 E
12.4 BC
9.4 CD
11.8 BC
0.1 E
12.8 BC
8.8 CD
12.0 BC

Height
Reductionc
(%)
0I
4 HI
24 EFGHI
29 DEFGH
63 B
5 GHI
19 FGHI
30 DEFG
99 A
44 BCDEF
50 BCD
34 CDEF
99 A
47 BCDE
57 BC
30 DEFG

Shoot Biomass
per Planta
(mg)
264.8 A
173.3 ABC
94.6 BCD
44.8 D
25.8 D
176.4 ABC
100.3 BCD
39.6 D
0.0 E
147.6 BC
76.6 CD
36.4 D
0.5 E
181.4 AB
80.0 CD
35.8 D

Biomass
Reductionc
(%)
0E
19 DE
54 BC
58 BC
65 BC
24 DE
56 BC
62 BC
100 A
52 BC
71 B
65 BC
100 A
43 CD
74 AB
79 AB

b

Data pooled over replications, with differences detected using LSMEANS procedure and PDIFF option.
Means followed by same letter, within the same column, are not different from each other at 0.05 significance level.
c
Means calculated as percent reduction of the untreated planted at 0 MAT.
d
Abbreviation; MAT, months after treatment.

a

0
1
3
6
0
1
3
6
0
1
3
6
0
1
3
6

0

70

Planting date
(MATd)

Korean lespedeza emerged seedlings, average height, shoot biomass per plant, emergence, height and biomass
reductions affected by imazapyr rate and planting date.

Imazapyr rate
(g ae ha-1)

Table 4.6
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280

140

4 BCDb
4 CD
5 ABCD
7A
4 CD
4 CD
5 ABC
4 CD
3D
4 CD
6 AB
4 CD
5 ABC
4 ABCD
6 AB
4 BCD

Number of
Seedlingsa

Emergence
Reductionc
(%)
0C
25 AB
25 AB
6 BC
16 ABC
19 ABC
6 BC
23 ABC
39 A
22 ABC
4 BC
24 AB
13 BC
22 BC
7 BC
25 AB

Average
Heighta
(cm)
20.5 A
15.2 BC
19.4 AB
19.9 A
13.6 CD
18.1 ABC
18.5 AB
18.4 AB
10.4 D
17.6 ABC
18.6 AB
19.3 AB
9.3 D
17.1 ABC
17.1 ABC
19.2 AB

Height
Reductionc
(%)
0D
24 BCD
16 CD
8D
34 ABC
15 CD
18 CD
21 CD
49 AB
20 CD
19 CD
12 CD
55 A
23 CD
23 CD
19 CD

Shoot Biomass
per Planta
(mg)
1045.0 A
294.2 GH
704.1 BCD
647.1 BCDE
509.1 DEFG
362.9 EFGH
584.6 CDEFG
929.1 AB
306.6 GH
632.1 BCDEF
483.8 DEFGH
883.9 ABC
201.4 H
484.4 DEFGH
335.9 FGH
855.7 ABC

Biomass
Reductionc
(%)
0G
69 AB
35 DEF
35 DEF
50 BCDE
64 ABC
38 CDEF
24 EFG
67 AB
52 ABCDE
46 BCDEF
20 FG
79 A
58 ABCD
61 ABCD
20 FG

b

Data pooled over replications, with differences detected using LSMEANS procedure and PDIFF option.
Means followed by same letter, within the same column, are not different from each other at 0.05 significance level.
c
Means calculated as percent reduction of the untreated planted at 0 MAT.
d
Abbreviation; MAT, months after treatment.

a

0
1
3
6
0
1
3
6
0
1
3
6
0
1
3
6

0

70

Planting date
(MATd)

Soybean emerged seedlings, average height, shoot biomass per plant, emergence, height and biomass reductions
affected by imazapyr rate and planting date.

Imazapyr rate
(g ae ha-1)

Table 4.7
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280

140

6 Db
8 CD
9 BC
12 AB
1E
10 BC
9 BC
13 A
0E
11 AB
11 AB
13 A
0E
11 AB
7 CD
12 A

Number of
Seedlingsa

Emergence
Reductionc
(%)
0C
20 BC
8 BC
0C
76 A
5C
12 BC
0C
97 A
2C
0C
1C
96 A
3C
30 B
0C

Average
Heighta
(cm)
5.9 ABC
7.1 AB
8.0 A
5.4 ABC
0.2 D
5.8 ABC
5.1 ABC
5.6 ABC
0.0 D
4.0 C
6.0 ABC
5.4 ABC
0.0 D
4.1 C
5.8 ABC
4.2 BC

Height
Reductionc
(%)
0E
23 BCDE
1E
15 DE
95 A
22 BCDE
44 BC
13 DE
100 A
45 B
42 BC
19 CDE
99 A
47 B
47 B
34 BCD

Shoot Biomass
per Planta
(mg)
87.6 A
55.9 AB
66.8 AB
47.1 AB
0.0 D
61.7 AB
33.8 BC
48.9 AB
0.0 D
60.2 AB
47.6 AB
49.1 AB
0.0 D
68.8 AB
52.0 AB
34.7 BC

Biomass
Reductionc
(%)
0E
27 BC
20 CD
31 BC
100 A
23 BCD
48 BC
32 BC
100 A
40 BC
45 BC
45 BC
100 A
36 BC
54 B
35 BC

b

Data pooled over replications, with differences detected using LSMEANS procedure and PDIFF option.
Means followed by same letter, within the same column, are not different from each other at 0.05 significance level.
c
Means calculated as percent reduction of the untreated planted at 0 MAT.
d
Abbreviation; MAT, months after treatment.

a

0
1
3
6
0
1
3
6
0
1
3
6
0
1
3
6

0

70

Planting date
(MATd)

White clover emerged seedlings, average height, shoot biomass per plant, emergence, height and biomass
reductions affected by imazapyr rate and planting date.

Imazapyr rate
(g ae ha-1)

Table 4.8
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