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Reduced water and air quality coupled with declining soil productivity and increased 

energy costs are the greatest concerns of present day agricultural producers and 

environmentalists alike. This generates the need of developing new production systems to 

achieve the twin objectives of profitability and environmental quality. Use of 

conservation tillage systems and cover crops can overcome many of these concerns by 

reducing production costs and maintaining the soil quality. However, predictability of 

weed suppression provided by these systems continues to be unpredictable. In current 
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agronomic systems, where many weeds have acquired resistance or have proliferated 

within continually utilized crop technology, weed suppression through conservation 

tillage and cover crops offer a promising solution. Therefore, the objectives of this 

dissertation were to (a) develop a model that recommends dates for planting and 

terminating cover crops for optimum growth and weed suppression in conservation-

tillage cotton and corn, (b) evaluation of weed suppression provided by a high residue rye 

cover in strip-tilled peanut, and (c) evaluation of cover crops for weed suppression in 

conservation-tillage tomato. In the first study, five seeding dates and four termination 

dates were evaluated for cover crop biomass production and its effect on weed 

suppression and yield in corn and cotton rotation. Results showed biomass production by 

winter covers was impacted with even a week’s delay in winter cover crop seeding and 

corresponding reduction in summer annual weed suppression. A second study was 

conducted at Dawson, GA and at Headland, AL. In this study strip tillage provided 

increased weed control in 2005 at Headland and equivalent control at all other site years.   

Furthermore, peanut yield was greater in three of the four site years utilizing strip tillage 

system indicating a yield advantage for utilizing strip vs. conventional tillage. The third 

study was conducted at Cullman, AL and at Tuskegee, AL. In this study we evaluated the 

short term effects of converting from a conventional plastic mulch system of growing 

tomato to three high-residue conservation tillage systems. Results of this study indicate 

the economic possibility of growing fresh market tomato utilizing a conservation tillage 

system while maintaining yields and economic returns.  



vii 

ACKNOWLEDGEMENTS 

 

 

I would like to dedicate my work to my parents. It’s with their encouragement, 

love and inspiration, I have been able to quench my desire for higher studies and strive 

for excellence in research. I express my sincere gratitude to my co-chairs Dr. Andrew J 

Price and Edzard van Santen for all their support and assistance. I am highly thankful to 

my committee members Dr. Glenn Wehtje and Dr. Yucheng Feng. I am grateful to all the 

people at the USDA-ARS National Soils Dynamics Lab, especially Dr. Randy L. Raper, 

for their support, guidance and financial assistance. I would like to extend my 

appreciation to all the staff members at E. V. Smith Research Center, Tennessee Valley 

Research and Education center, North Alabama Horticulture Research Center in Cullman 

and the Wiregrass Research and Education Center of AL Agric. Exp. Station. I am also 

thankful to the staff of George Washington Carver Experiment Station of Tuskegee 

University and University of Florida’s West Florida Research and Education Center at 

Jay, FL for their help with my experiments. I am also thankful to all the faculty members, 

staff and fellow students at Department of Agronomy and Soils for extending timely help 

and guidance throughout my doctoral studies. I would like to thank my husband Manik 

for his love and support and also his family for help and support throughout my graduate 

studies. Finally I would like to acknowledge the love my daughter Siya has given me.  



viii 

Style manual used: Handbook and Style Manual of the American Society of Agronomy, 

Crop Science Society of America, and Soil Science Society of America                                                                          
 

Computer software used Microsoft Office 2007 and SAS v.9.1          

 

 

 

 

 

 

 



ix 

 

TABLE OF CONTENTS 

 

LIST OF TABLES x 

  

LIST OF FIGURES xv 

  

I. LITERATURE REVIEW  

               Introduction 1 

               Benefits of Conservation Tillage systems 2 

               Cover Crops in Conservation Tillage Systems 5 

               Challenges for Adoption of High Residue Cover Crops 9 

               Literature cited 20 

II. HERBICIDE AND RYE COVER CROP RESIDUE INTEGRATION AFFECT 

WEED CONTROL AND YIELD IN CONSERVATION  

TILLAGE PEANUT 

 

               Abstract 33 

               Introduction 34 

               Materials and methods 37 

               Results and Discussion 40 

               Literature cited 48 

III. HERBICIDE AND COVER CROP RESIDUE INTEGRATION  

EFFECTS ON WEED CONTROL, QUALITY AND YIELD IN 

CONSERVATION  TILLAGE TOMATOES 

 

               Abstract 64 

               Introduction 65 

               Materials and methods 69 

               Results and Discussion 74 

               Literature cited 86 

IV. COVER CROP RESIDUE EFFECTS ON EARLY-SEASON WEED 

ESTABLISHMENT IN A CONSERVATION-TILLAGE  

CORN-COTTON ROTATION 

 

               Abstract 108 

               Introduction 109 

               Materials and methods 114 

               Results and Discussion 118 

               Literature cited 130 

 



x 

 

LIST OF TABLES 

 

Table 2.01 Herbicide program used in strip and conventional peanut production. 52 

   

Table 2.02 Smooth pigweed control with residual and contact herbicides in 

Headland, AL. 53 

   

Table 2.03 Bermudagrass and large crabgrass control with residual and contact 

herbicides in Headland, AL. 54 

   

Table 2.04 Yellow nutsedge control as influenced by herbicide treatment and 

tillage system: Headland, AL. 55 

   

Table 2.05 Tall morningglory control as influenced by herbicide treatment and 

tillage system: Headland, AL. 56 

   

Table 2.06 Florida beggarweed control as influenced by herbicide treatment and 

tillage system: Headland, AL. 57 

   

Table 2.07 Sicklepod control as influenced by herbicide treatment and tillage 

system: Headland, AL. 58 

   

Table 2.08 Bermudagrass control as influenced by herbicide treatment and tillage 

system: Dawson, GA. 59 

   

Table 2.09 Smallflower morningglory control as influenced by herbicide 

treatment and tillage system: Dawson, GA.  60 

   

Table 2.10 Large crabgrass and crowfoot grass control with residual and contact 

herbicides in Dawson, GA. 61 

   

Table 2.11 Effect of herbicide treatments and tillage system on peanut yield. 62 

   

Table 2.12 Effect of herbicide treatments and tillage system on peanut market 

grade. 63 

   

Table 3.01 Details of herbicide treatment rates and application timings. 90 

   

Table 3.02 Analysis of variance for weed control. 91 



xi 

 

Table 3.03 Effect of herbicide treatments on broadleaf signalgrass (BRAPP), 

goosegrass (EELEIN), pokeweed (PHTAM), smooth pigweed 

(AMACH) and yellow nutsedge control at Cullman, AL in 2005. 92 

   

Table 3.04 Effect of herbicide treatments on ivyleaf morningglory (IPOHE), 

large crabgrass (DIGSA), smooth pigweed (AMACH), and yellow 

nutsedge control at Cullman, AL in 2006. 93 

   

Table 3.05 Effect of herbicide treatments on yellow nutsedge (CYPES), large 

crabgrass (DIGSA), Virginia buttonweed (DIQVI), smallflower 

morningglory (JAQTA), and wild radish control at Tuskegee, AL in 

2006. 94 

   

Table 3.06 

 

 

Effect of ground cover treatments on broadleaf signalgrass (BRAPP), 

goosegrass (EELEIN), pokeweed (PHTAM), smooth pigweed 

(AMACH) and yellow nutsedge control at Cullman, AL in 2005. 95 

   

Table 3.07 Effect of ground cover treatments on ivyleaf morningglory (IPOHE),  

Large crabgrass (DIGSA), smooth pigweed (AMACH), and yellow 

nutsedge control at Cullman, AL in 2006. 96 

   

Table 3.08 Effect of ground cover treatments on yellow nutsedge (CYPES), large 

crabgrass (DIGSA), Virginia buttonweed (DIQVI), smallflower 

morningglory (JAQTA), and wild radish control at Tuskegee, AL in 

2006. 97 

   

Table 3.09 Effect of ground cover and herbicide treatments on tall morningglory 

(PHBPU) and leafy spurge (ESULA) control at Cullman, AL in 2005. 98 

   

Table 3.10 Effect of ground cover treatments on tomato stand establishment at 

Cullman, AL and Tuskegee, AL. 99 

   

Table 3.11 Effect of herbicide treatments on tomato stand establishment at 

Cullman, AL and Tuskegee, AL. 100 

   

Table 3.12 Effect of ground cover treatments on total and marketable tomato 

yield at Cullman, AL. 101 

   

Table 3.13 Effect of herbicide treatments on total and marketable tomato yield at 

Cullman, AL. 102 

   

Table 3.14 Cost Budgets (USD ha
-1

) for tomato production by cover crop and 

herbicide treatment system at Cullman, AL, 2005. 103 

   



xii 

 

Table 3.15 Least square means of net returns over total costs for all the cover 

crop by herbicide systems at Cullman, AL. 105 

   

Table 4.01 Crimson clover seeding and termination dates. 136 

   

Table 4.02 Cereal rye seeding and termination dates. 137 

   

Table 4.03 P-values from the analysis of variance for cover crop biomass, weed 

biomass, corn populations and corn grain yield. 138 

   

Table 4.04 Clover biomass (kg ha
-1

) by location and year as influenced by cover 

crop seeding date, which were based on the 30-yr average day of first 

frost at each location. Further seeding dates were either 2 or 4 weeks 

prior (-) or later (+) than that date. Data averaged over termination 

dates. 139 

   

Table 4.05 Clover biomass (kg ha
-1

) by location and year as influenced by cover 

crop termination date, which were 4, 3, 2, and 1 week prior to corn 

planting. Termination dates were based on 30 year average soil 

temperature. Data averaged over seeding dates.  140 

   

Table 4.06 Weed dry biomass (kg ha
-1

) in corn by location and year as influenced 

by cover crop seeding date, which were based on the 30-yr average 

day of first frost at each location. Further seeding dates were either 2 

or 4 week prior (-) or later (+) than that date. Data averaged over 

termination dates. 141 

   

Table 4.07 Weed dry biomass (kg ha-1) in corn by location and year as 

influenced by cover crop termination date, which were 4, 3, 2, and 1 

week prior to corn planting. Termination dates were based on 30 year 

average soil temperature. Data averaged over seeding dates. 142 

   

Table 4.08 Corn populations (No. of plants per hectare) by location and year as 

influenced by cover crop seeding date, which were based on the 30-yr 

average day of first frost at each location. Further seeding dates were 

either 2 or 4 week prior (-) or later (+) than that date. Data averaged 

over termination dates. 143 

   

Table 4.09 Corn populations (No. of plants per hectare) by location and year as 

influenced by cover crop termination date, which were 4, 3, 2, and 1 

week prior to corn planting. Termination dates were based on 30 year 

average soil temperature. Data averaged over seeding dates. 144 

   

Table 4.10 Corn grain yield (kg ha-1) by location and year as influenced by cover 145 



xiii 

 

crop seeding date, which were based on the 30-yr average day of first 

frost at each location. Further seeding dates were either 2 or 4 week 

prior (-) or later (+) than that date. Data averaged over termination 

dates. 

 

Table 4.11 Corn grain yield (kg ha-1) by location and year as influenced by cover 

crop termination date, which were 4, 3, 2, and 1 week prior to corn 

planting. Termination dates were based on 30 year average soil 

temperature. Data averaged over seeding dates. 146 

   

Table 4.12 P-values from the analysis of variance for cover crop biomass, weed 

biomass, cotton populations and seed cotton yield. 147 

   

Table 4.13 Rye biomass (kg ha-1) by location and year as influenced by cover 

crop seeding date, which were based on the 30-yr average day of first 

frost at each location. Further seeding dates were either 2 or 4 week 

prior (-) or later (+) than that date. Data averaged over termination 

dates. 148 

   

Table 4.14 Rye biomass (kg ha-1) by location and year as influenced by cover 

crop termination date, which were 4, 3, 2, and 1 week prior to cotton 

planting. Termination dates were based on 30 year average soil 

temperature. Data averaged over seeding dates. 

 

 

 

149 

   

Table 4.15 Weed dry biomass (kg ha-1) in cotton by location and year as 

influenced by cover crop seeding date, which were based on the 30-yr 

average day of first frost at each location. Further seeding dates were 

either 2 or 4 week prior (-) or later (+) than that date. Data averaged 

over termination dates. 150 

   

Table 4.16 Weed dry biomass (kg ha-1) in cotton by location and year as 

influenced by cover crop termination date, which were 4, 3, 2, and 1 

week prior to cotton planting. Termination dates were based on 30 

year average soil temperature. Data averaged over seeding dates. 151 

   

Table 4.17 Cotton populations (No of plants per hectare) by location and year as 

influenced by cover crop seeding date, which were based on the 30-yr 

average day of first frost at each location. Further seeding dates were 

either 2 or 4 week prior (-) or later (+) than that date. Data averaged 

over termination dates. 152 

   

Table 4.18 Cotton populations (No. of plants per hectare) by location and year as 

influenced by cover crop termination date, which were 4, 3, 2, and 1 

week prior to cotton planting. Termination dates were based on 30 153 



xiv 

 

year average soil temperature. Data averaged over seeding dates. 

   

Table 4.19 Seed cotton yield (kg ha-1) by location and year as influenced by 

cover crop seeding date, which were based on the 30-yr average day 

of first frost at each location. Further seeding dates were either 2 or 4 

week prior (-) or later (+) than that date. Data averaged over 

termination dates. 154 

Table 4.20 Seed cotton yield (kg ha-1) by location and year as influenced by 

cover crop termination date, which were 4, 3, 2, and 1 week prior to 

cotton planting. Termination dates were based on 30 year average soil 

temperature. Data averaged over seeding dates. 155 

 

  



xv 

 

LIST OF FIGURES 

 

 

Figure 3.01 Picture of a modified RJ No-till transplanter with a subsoiler shank 

and two drive wheels. 

 

106 

   

Figure 3.02 Picture of a modified RJ No-till transplanter operating in rolled 

cereal rye winter cover crop residue. 

 

107 

   

Figure 4.01 Conservation tillage adoption for corn and cotton production in US 

from 1990 to 2004. 

 

156 

   

Figure 4.02 Buildup of residue with time at Tennessee Valley Research and 

Extension center in Belle Mina AL. 

 

157 

 



1 

 

I. LITERATURE REVIEW 

INTRODUCTION 

Soils in the Southeastern U.S. coastal plain are mainly acidic and sandy, with a 

low water holding capacity and moisture content. This region faces frequent but short 

drought periods. The soils are also low in organic matter content and are highly 

weathered (Schomberg et al. 2006; Shaw et al. 2002). Use of heavy machinery in the 

fields and natural reconsolidation have led to the development of a compact sub-surface 

layer in the soil, further impacting the water and nutrient uptake by the plants. These 

conditions impact crop growth and yield (Radford et al. 2001), but yield increases can be 

obtained by reducing the soil strength (Busscher et al. 2000; Raper et al. 2000).  

Inversion tillage is a typical practice to alleviate the problem of soil compaction 

but that practice is not without pitfalls. Tillage leads to soil erosion and increase in 

organic matter mineralization thus further adding to the problem of low soil organic 

matter (Franzluebbers et al. 1999; Schlesinger 1984). Another problem with tillage is 

decreased soil water infiltration leading to increased runoffs and loss of moisture.  

Use of inversion tillage thus does not suffice and a complete management system 

is required to maintain the overall health of a cropping system. Widespread adoption of 
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any management system in agriculture requires information about local conditions in 

order to optimize the benefits of that system for growers. Conservation agriculture 

systems have been successfully adopted to address these concerns as they offer 

significant agronomic, environmental and economic benefits. 

Benefits of Conservation tillage Systems  

A conservation tillage system as defined by USDA-NRCS is any tillage system 

that leaves at least 30% of the soil surface covered with residue at the time of planting the 

main crop. It is a system of crop production with little, if any, tillage. It increases the 

residue from the crop that remains in the field after harvest through planting. This results 

in increased natural recycling of crop residues. Currently, it is used on 38% (109 million 

acres) of all U.S. cropland (CTIC 2008). No-tillage is a type of conservation tillage 

system used where soil compaction is not present or is alleviated through use of cover 

crop, soil disturbance is minimized in this system. Conversely, conventional tillage leaves 

little or no residue on the soil surface at the time of planting crop. 

The most noticeable impact of conservation tillage systems is conservation of 

soils prone to erosion such as the sandy loam soils of the southeastern USA. Additionally, 

a uniform mat of residue left on the soil surface shields the soil from the impact of 

raindrops by dissipating the raindrop energy.  Crop residues also retard runoff from the 

field thereby greatly reducing the soil erosion. Other benefits of conservation tillage 

system include  
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1. Increase soil organic matter (Rasmussen and Collins 1991; Lal 1997): Crop 

residue left on the soil surface reflects light and reduces the soil temperature. Lower soil 

temperature reduces soil microbial activity and hence less organic matter loss by 

oxidation. In a study conducted on a Decatur silty loam soil in Tennessee Valley region 

of northern Alabama, Feng et al. (2003) reported no-till treatment increased soil organic 

carbon and total nitrogen contents in the surface layer by 130 and 70% respectively, 

compared to conventional tillage. Surface residues in conservation tillage systems 

prevent loss of organic matter rich top soil.  

2. Improved soil tilth: In agricultural soils, tillage and traffic are the major factors 

in soil structure degradation through fragmentation and compaction process (Kay 1990). 

No-tillage system results in minimum disturbance of the soil resulting in improved soil 

aggregation and structure (Lal et al. 1994). Reduction in tillage also reduces the trips 

across the field thus reducing compaction of the soil and resulting in better penetration by 

plant roots. 

3. Enhanced water infiltration and water availability: Improved soil macropores 

and root channels increase water infiltration in the soil. Surface residue also provides 

shading effect and reduces evaporation losses (Unger and Jones 1994). 

4. Increased soil biological activity: Enhanced root distribution results in more 

activity in the rhizosphere leading to increased microbial populations under conservation 

tillage systems (Doran 1980). Earthworm populations also increase under conservation or 

no tillage management compared to the conventional tillage as reported by Edward and 
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Lofty (1982) in a study conducted in Great Britain. Populations of Lumbericus terrestris 

and Allolobophora longa were greater in direct drilled than in ploughed soil. Populations 

of these two deep burrowing earthworms were intermediate in chisel tilled soil. 

5. Improved water quality: Crop residue reduces surface runoff rates from field 

and offsite pesticide loading into surface water bodies. Additionally, increased microbial 

populations can degrade the pesticides faster, hence, fewer chemicals will reach the 

ground water. Fawcett et al. (1994) reported all conservation tillage practices resulted in 

reduced pesticide runoff from the field compared to conventional tillage.  

6. Reduced labor, fuel and costs: Conservation tillage provides economic benefits 

as the number of trips across the field is reduced. Frye, 1984 reported 60 to 75 % 

reduction in fuel use and labor by eliminating pre-plant tillage. 

Crop residue left on the surface not only improves the water quality and overall 

soil productivity but it can also improve air quality as it reduces airborne particulates 

generated from wind erosion. Fossil fuel emissions from tractors are also reduced as 

fewer trips are made across the field and reduction in carbon sequestration into the 

atmospheric carbon by sequestering more carbon into the soil as organic matter.  

To attain maximum benefits offered by conservation tillage systems cover crop 

residues must be present on the soil surface. A minority of producers in southeastern 

USA utilize winter cover crops. However, this region receives appreciable rainfall during 

these months, leaving the soils prone to erosion and nutrient losses. Use of cover crop 
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residue has been advocated to maximize productivity of conservation systems in the 

southeastern USA and to overcome the above mentioned concerns (Langdale et al. 1990).  

Cover Crops in Conservation Tillage Systems 

Cover crops are defined as crops which are typically seeded to protect the soil 

from erosion and reduce nutrient leaching and water runoff (Reeves 1994). Cover crops 

are not harvested for immediate economic benefit. A cover crop can be grown as a living 

mulch or companion crop along with the main crop or can be included into the system as 

a rotational crop where it is usually grown in the fallow period when no main crop is 

being grown on the field. In the southeastern USA cover crops are usually grown during 

winter months. Cover crops can also be grown as a green manure or a catch crop. Based 

on the growth there are three types of cover crops annual, biennial, or perennials and 

include grasses, legumes, or other non-legume dicots. The choice of a cover crop depends 

on the individual needs of farmers and the costs associated with the management of a 

particular cover crop.  

Cover crops benefit the conservation tillage systems by increasing soil organic 

matter content of soil, water and soil conservation and enhanced nutrient cycling (Blevins 

et al. 1971; Sainju and Singh 1997; Kaspar et al. 2001) thus improving the overall health 

and productivity of the soil. Cover crop residue left on the soil surface in conservation 

tillage systems helps in reducing soil erosion by reducing runoff from field as residue acts 

as an obstacle to the free flow of water (Naderman 1991). Cover crop residue can act as a 

barrier and dissipate raindrop energy and protect the top fertile soil from the dislodging 
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effect of raindrops (Edwards and Burney 1991). Cover crop roots also improve soil 

porosity and increase the infiltration rate, thus reducing runoff from the field (McVay et 

al. 1989). Sullivan et al. (1991) reported an increase in soil moisture with increased 

amount of cover crop residue in a conservation tillage system compared to conventional 

tillage. Reduced runoff from agricultural fields can also help in reducing nutrient loss and 

improved water quality (Kinyangi et al. 2001). Nitrate leaching form agricultural fields is 

a major ground water pollutant. Cereal cover crops like cereal rye (Secale cereale L.), 

wheat (Triticum aestivum L.) and oat (Avena strigosa Schreb.), which have rapid growth 

and produce large amount of biomass are very efficient in capturing additional nitrogen 

from the fields during winter months (Delgado 1998). The N content of a wheat cover 

crop increased with an increase in the amount of N fertilizer applied to the preceding crop 

cotton (Breitenbeck and Hutchenson 1994). Kinyangi et al. (2001) also reported reduced 

nitrate leaching losses with a rye cover crop.  

Cover crop residues aid in increasing soil organic matter content of the soil. Cover 

crop residue left on the soil surface in conservation tillage systems decompose and add to 

the soil organic matter content (Kuo et al. 1997). Larson et al. (1978) reported that soil 

organic C was linearly related to the quantity of residue added to the soil. Similarly, 

Havlin et al. (1990) obtained increased organic C in a soil under no-tillage system that 

was directly related to the amount of residue left on the soil surface.  A study conducted 

in southern Brazil on a sandy clay loam (Acrisol) concluded that cover crops increased C 

and N pools in both particulate and mineral-associated soil organic matter when 

compared with bare soil (Bayer et al. 2001). Soil organic matter plays a great role in 
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improving soil aggregation and structure. Liua et al. (2005) concluded that cover crops 

increased soil organic carbon and the amount of dilute acid extractable polysaccharides in 

the soil, which acts as a binding agent and improve the aggregate stability of the soil. 

Cover crops roots also hosts mycorrhizal fungi that release glomalin into the rhizosphere; 

glomalin is a water insoluble protein that helps in soil aggregation (Wright and Upadhaya 

1998; Wright et al. 1999).  

In addition to scavenging extra nitrogen which otherwise would leach, cover 

crops also help in cycling nutrients such as phosphorus. Phosphorus is converted to plant 

usable form by cover crops like buckwheat (Fagopyrum esculentum Moench) and white 

lupin (Lupinus albus L.) that secrete acids into the soil thereby converting phosphorus to 

a soluble form. Deep rooted cover crops can also help in bringing calcium and potassium 

to the soil surface. Legume cover crops can fix nitrogen and thus meet some of the 

nitrogen requirement of the following cash crop (Decker et al. 1994).  

Cover crop residue can also aid in early season weed suppression through 

chemical and physical inhibitory effects when winter covers are grown to maturity 

(Creamer et al. 1997; Teasdale and Abdul-Baki 1998; Price et al. 2006; Yenish et al. 

1996). Cover crops suppress weeds either by inhibiting the growth of already established 

weeds through competition and smothering, or by altering the soil environment 

conditions necessary for weed seed germination (Creamer 1996; Teasdale 1996). Weed 

suppression by cover crop is better if they are managed in accordance with conservation 

tillage principles (Blum et al. 1997). Killed cover crops residue left on the soil surface 
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influence factors such as soil moisture, light transmittance to the soil surface, soil 

temperature etc. These in turn have an effect on weed seed germination and seedling 

growth. The surface residue also acts as a physical barrier that inhibits the growth of 

weeds. Teasdale and Mohler (1993) reported that reductions in light transmission and 

daily soil temperature amplitude by hairy vetch (Vicia villosa Roth.) and rye residue 

reduces weed emergence but higher soil moisture during dry weather may increase weed 

emergence. Cover crops can also suppress weeds by changing the nutrient dynamics of 

the soil after the cash crop harvest. Cover crops scavenge additional nutrients such as 

nitrates (Ditsch et al. 1993) thus reducing the growth of weeds.  

Cover crop residue may also release phytotoxins that can inhibit germination and 

growth of weeds. Use of allelopathic cover crop mulches for weed control has been 

studied extensively (Barnes and Putnam 1983; Price et al. 2006; Rice 1984).  The degree 

of weed suppression provided by cover crops however, depends on the cover crop species 

and management system. Another important factor is the amount of residue produced. At 

equivalent amounts of residue weed suppression was similar with rye and hairy vetch 

cover crop residue (Teasdale and Mohler 1992).  

Utilizing cover crops in crop rotations may reduce pest and/or break disease 

cycles. Incorporation of alfalfa into a rotation in a potato cropping system reduced the 

incidence of Rhizoctonia solani by 50% (Honeycutt et al. 1996). Cover crops have also 

been deployed in various cropping systems to reduce the populations of plant pathogenic 

nematodes. Cover crops such as cereal rye are non hosts to nematodes (Minton 1986) and 
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incorporating them into the cropping system as a rotation crop can reduce nematode 

populations.  

Challenges for Adoption of High Residue Cover Crops 

In spite of the conservation tillage benefits, initial adoption of conservation tillage 

practices in the 1970s was limited due to inadequate weed control and equipment 

concerns.  Problems resulted in yield loss due to weed competition, poor cash crop stand 

establishment and increases in soil strength (Raper et al. 2000; Schwab et al. 2002). 

Tillage is sometimes necessary to break the life cycle of soil born plant pathogens. Soil 

moisture depletion by cover crops is also a concern in areas of limited rainfall. However, 

this will be less of a concern in the southeastern United States as rainfall during the 

winter months is adequate. Cover crops have also been reported to increase pest 

problems. The conditions in the Southeast with high temperatures and humidity are 

conducive for growth of pathogens.  

The major limiting factor in widespread adoption of conservation tillage systems 

in the 1970’s was increased weed infestation and the corresponding increase in herbicide 

use. Tillage can disrupt the underground plant parts of the perennial weed species and 

destroy other vegetative propagules. Exclusion of tillage also results in loss of weed 

control that can be achieved with preplant incorporated herbicides, which are considered 

an important component for effective weed control in many cropping systems. Numerous 

studies have pointed to increased weed pressure in reduced tillage systems. Newly shed 

weed seed remains on the surface with reduced tillage, thus easily emerging and 
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surviving (Barberi 2002; Cardina et al. 2002; Cardina et al. 1991). In addition, weed 

species composition might shift from easy to control weeds to more problematic weeds 

such as grasses and vegetatively-reproducing species (Young et al. 1996).   

Loss in efficacy of pre emergence (PRE) herbicides has also been a major concern 

in high residue conservation tillage systems. Plant residue left on the soil surface can 

reduce the effectiveness of PRE herbicides by intercepting some of the herbicide (Banks 

and Robinson 1982, 1984). Lowder and Weber (1979) reported at least 30% of the 

atrazine applied was intercepted by residue. Banks and Robinson (1984) reported as 

much as 50% of the metribuzin applied was intercepted by wheat mulch when residue 

level exceeded 2000 kg/ha an amount easily exceeded in conservation agriculture 

systems today. Herbicide interception can be overcome if herbicide application is 

followed by a rainfall event or irrigation (Ehrback and Lovely 1975).  

Allelochemicals released by cover crops which may aid in weed control can 

negatively affect cash crop seedlings. Bauer and Reeves (1999) showed in a greenhouse 

study that cotton emergence was lower when seeded into soil containing crimson clover 

(Trifolium incarnatum L.) compared to a soil that did not contain any cover crop residue. 

Hicks et al. (1989) reported a negative effect of wheat residue on cotton seedling growth. 

Reduction in stand establishment in conservation tillage systems has been reported 

because heavy cover crop residue interfered with seeding operations.  

Persistence of residual herbicides in conservation tillage systems is another 

concern. The residual herbicide can severely impact stand establishment of the 
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subsequent crop. Herbicides are often employed to terminate the cover crop. These 

herbicides can also negatively impact the cash crop if proper care is not taken.  

Making careful management choices in accordance with soil characteristics and 

temperature and rainfall patterns of a particular region can increase the effectiveness of 

cover crops. Weed control benefits with a cover crop can be increased if the cover crop is 

killed and residue left on the soil surface rather than incorporating it into the soil. 

Incorporation of residue also disturbs the soil.  Recent research has studied the benefit of 

mechanically rolling the cereal cover crops in addition to chemical termination (Ashford 

and Reeves 2003). This process leaves a uniform mat of residue on the soil surface that 

aids in weed suppression. Uniformly placed residue also makes the planting operations 

easy, the cash crop can be planted parallel to the direction of rolling thus reducing the 

concerns for reduced stand establishment in heavy residue.  

 Cover crop seeding and termination date influence many benefits associated with 

cover crops use in conservation tillage systems. Cover crops should be planted early 

enough to achieve adequate growth before winter temperatures slow down their growth. 

Timely planting of cover crops ensure sufficient biomass production. Cover crop 

termination timing is equally important as it affects biomass production, C: N ratio of the 

cover crops, and soil moisture. Cover crops if terminated late may increase the C: N ratio 

of cereal cover crops that slows their decomposition and results in immobilization of 

nutrients. The allelochemical effect of cover crops on cash crop seedlings is a concern if 
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crop is planted into the fresh residue compared to when it is planted into partially 

decomposed residue.  

Conservation Tillage Systems for Peanut  

Peanut (Arachis hypogaea L.) production in the southeastern United States has 

traditionally been a tillage intensive process utilizing both primary and secondary tillage 

to create a residue-free seedbed. Peanut production typically utilizes pre-plant 

incorporated (PPI) and/or PRE herbicides in conventional tillage systems. Concerns for 

decreased soil and environmental quality coupled with increased management and fuel 

costs have led to adoption of conservation tillage systems in peanut production. The most 

commonly used conservation tillage system in peanut production is strip tillage, which is 

used to alleviate soil compaction commonly found in the southeastern US soils (Busscher 

and Bauer 2003; Truman et al. 2003). Benefits of strip tillage include those of both 

conservation tillage and conventional systems.  Strip tillage utilizes coulters and rolling 

baskets that create a residue free smooth seedbed that offers increased seed soil contact, 

increased soil temperature at planting, and facilitates PRE-applied herbicide activation. 

Research in the southeastern United States indicated higher or equivalent yields with strip 

tillage compared to conventional tillage systems (Wilcut et al. 1987; Tubbs and Gallaher 

2004; Johnson et al. 2001).  Finally, adoption of conservation tillage systems reduces the 

economic inputs and brings desired cost benefits after several years of successful 

adoption (Bowman et al. 1998). 
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Another important component of strip tillage peanut production system in the 

southeastern United States is the use of cover crops.  Cover crop residue conserves water 

by preventing evaporative and runoff losses, aid in soil conservation, nutrient cycling and 

increasing soil organic matter content (Dabney et al. 2001; Snapp et al. 2005). Presence 

of residue around the seedbed also reduces the chances of sandblasting. Most commonly 

used cover crops in peanut production are cereal grains such as rye and wheat as they are 

easy to establish and provide good amount of biomass (Price et al. 2007; Wright et al. 

2002).  

The major crop management challenge of conservation tillage systems is the loss 

of weed control that can be accomplished with tillage and cultivation as well as 

interception of PRE herbicides by cover crop residues (Banks and Robinson 1986; 

Isensee and Sadeghi 1994). In conservation tillage, it is common to have an increase in 

the seed bank present on the soil surface leading to sporadic germination of these seeds 

over a longer time period of time (Kells and Meggitt 1985) requiring additional herbicide 

inputs.  Additionally, weed communities may shift from easy to control annual species to 

perennial perennial species with adoption of conservation tillage systems (Barberi 2002; 

Cardina et al. 2002). Therefore strip tillage management of peanut may require more 

intensive herbicide inputs compared to conventional tillage systems due mainly to 

reduced efficiency of PPI and PRE herbicides in these systems (Wilcut et al. 1987).  

Weed control is a very important factor determining profitability in peanut production; 

Webster (2001) reported total annual losses from weeds in Alabama and Georgia to be 

$11.2 and $47.5 million, respectively. 

javascript:void(0);


14 

 

Conservation Tillage Systems for Fresh Market Tomato Production 

Tomato (Lycopersicon esculentum L.) is the most popular fruit in the world. 

Nearly 1.7 million tons of fresh market field grown tomatoes were produced in USA in 

2005 (U.S. Department of Agriculture [USDA] 2008). The USA produces more than 

11% of the world’s tomato crop; production systems typically utilize conventional tillage, 

a bedded plastic mulch culture, and multiple herbicide applications to control weeds. 

These conventional tillage systems enhance soil erosion and nutrient loss by reducing 

rainfall infiltration (Blough et al. 1990). Additionally, tillage increases soil aeration, 

which in turn increases the rate of organic matter mineralization in the surface soil, thus 

reducing soil organic matter content and soil cation exchange capacity (Franzluebbers et 

al. 1999; Mahboubi et al. 1993).  

Plastic mulch can increase soil temperature which can expedite earliness 

(Teasdale and Abdul-Baki 1995). However, tomato growth was better only early in the 

season under plastic mulch compared to tomatoes grown under hairy vetch mulch 

systems (Abdul-Baki et al. 1996; Teasdale and Abdul-Baki 1997). The use of plastic 

mulch in sustainable or organic production systems is also questionable since the mulch 

itself is usually not biodegradable. Another issue with using plastic mulch vs. organic 

mulches is increased chemical runoff from the plastic mulch and offsite chemical 

loading. The intensive use of pesticides in vegetable production has also resulted in 

ecological concerns. Therefore, alternative production practices that reduce tomato 

production inputs while maintaining yield and quality are desirable.     
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One alternative for alleviating aforementioned concerns is the use of high residue 

cover crops combined with reduced tillage. Cover crops in conservation-tillage system 

are terminated during early reproductive growth by treating them with burndown 

herbicides followed by mechanically rolling to leave a dense mat of residue (> 4,480 

kg/ha) on the soil surface into which cash crops are planted (Derpsch et al. 1991; Reeves 

2003). High residue cover crops are increasingly adopted in southeastern US corn (Zea 

mays L.) and cotton (Gossypium hirsutum L.) production systems (Price et al. 2006; 

Reeves et al. 2005; Sainju and Singh 2001). Because the southeastern USA receives 

adequate rainfall during the winter months, timely planted winter cover crops can attain 

relatively high biomass before termination. Cover crops can enhance the overall 

productivity and soil quality by increasing organic matter and nitrogen content (Sainju et 

al. 2002), as well as aid in water conservation by increasing soil water infiltration rates 

(Arriaga and Balkcom 2006). Research has also focused on weed control provided by 

high residue cover crops in both field and vegetable crops (Teasdale and Abdul-Baki 

1998; Creamer et al. 1997; Price et al. 2006).  

Winter cover crop biomass can affect subsequent early season weed suppression 

(Saini et al. 2006; Teasdale and Mohler 2000). Weed suppression by cover crop residue is 

attributed to an unfavorable environment for weed germination and establishment under 

the residue (Teasdale 1996) and also to chemical inhibitory effects. Teasdale and 

Daughtry (1993) reported 52–70% reduction in weed biomass with live hairy vetch cover 

crop compared to a fallow treatment owing to changes in light and soil temperature 

regimen under the vetch canopy. Teasdale and Mohler (2000) concluded that legume 
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mulches such as crimson clover and hairy vetch suppressed redroot pigweed 

(Amaranthus retrofloxus L.) exponentially with increasing residue biomass.  

In spite of these benefits, adoption of cover crops in tomato production has been 

limited because (1) currently available transplanters have problems penetrating heavy 

residue and (2) concerns for cover crop residue intercepting delivery of soil-active 

herbicides. Research during the last two decades has extensively debated the advantages 

and disadvantages of cover crops versus conventional plastic mulch systems for tomato 

production. Better or comparable tomato yields were obtained with hairy vetch cover 

crop system compared to the conventional polyethylene mulch system (Abdul-Baki and 

Teasdale 1993; Abdul-Baki et al. 2002); Akemo et al. (2000) reported higher tomato 

yield with spring-sown cover crops than the conventionally cultivated check. Weed 

suppression with cover crops, however, varies with cover crop species, amount of residue 

produced, and environmental conditions. Teasdale (1996) reported that biomass levels 

achieved by cover crops before termination was sufficient only for early season weed 

suppression. Supplemental weed control measures are usually required to achieve season 

long weed control and to avoid yield losses (Masiunas et al. 1995; Teasdale and Abdul-

Baki 1998). 

Cereal rye and crimson clover are two common winter cover crops widely used in 

the southeastern US. Both cover crops contain allelopathic compounds and produce 

residues that inhibit weed growth (Price et al 2008; Barnes and Putnam 1983). Brassica 

cover crops such as Raphanus sativus L., Brassica napus L, Sinapis alba L., or Brassica 
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juncea (L.) Czern. are relatively new in the southeastern US but are becoming 

increasingly popular due to their potential allelopathic effects. 

Corn and Cotton Rotation in conservation Tillage Systems 

 Historically, cotton production has been a tillage intensive operation in the 

Southeast. Many farmers have been practicing cotton monocultures. Both these practices 

make cotton production one of the most erosive row crop production systems in the 

southeastern USA. Corn is increasingly becoming an important cash crop for many 

growers in the Southeast, often grown as a rotation crop with cotton. Crop rotation has 

become an important component of the cotton production in the southeast as continuous 

cotton production causes many problems including increased soil borne pathogen 

populations.  Lack of herbicide chemistry rotation also results in increased number of 

resistant weed species. Crop rotation can be an effective tool in reducing the buildup of 

problematic weeds and to keep their population under control (Reddy 2004). Using crop 

rotations with an effective herbicide program can help alleviate these problems. Rotations 

with corn are typical, due to the lower production costs, ease of production, and because 

corn is a non-host to many cotton pathogens. Corn can also add to the surface residue in 

corn-cotton rotations as cotton leaves minimal residue on the soil surface at the end of 

growing season. Paxton et al. (1995) reported 12% increase in cotton yield in an 

Arkansas study when cotton was rotated with corn.  Corn is also gaining popularity as a 

major cash crop because of its use as a bio-fuel feedstock. 
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Crimson clover and hairy vetch are two common winter cover crops for corn 

production. ‘AU Robin’ crimson clover was specifically developed for this purpose (van 

Santen et al. 1992). Both of these cover crops supplement the nitrogen requirement of the 

corn. Their residue has low C/N ratio and their residue can decompose easily to release 

nitrogen into the soil. Holderbaum et al. (1990) in a Maryland study reported that corn 

grain and silage yields were 3.5 Mg/ha higher following crimson clover compared to 

following no cover crop when no additional nitrogen was applied.  

Though weed control benefits associated with cover crops can be improved by 

increasing the amount of residue on the field, this can also result in some negative effects. 

High residue can interfere with cash crop establishment and also deplete the soil moisture 

(Teasdale 1993; Liebl et al. 1992).  Dense cover crop residue can also lead to a decrease 

in soil temperature, which can severely impact the cash crop stand establishment and 

yield, though these constraints are largely dependent on local weather and soil conditions 

and also on the type of cover crop mulch used.  Therefore having an optimum amount of 

residue on the soil is the key to optimizing the benefits from the cover crop system.  

Experience in the Southeast has shown that cover crop planting and termination 

has occurred at the discretion of grower’s schedule and weather conditions. Previous 

research has shown that planting and termination dates influence both quality and 

quantity of residue production.  
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GENERAL OBJECTIVES 

1. To compare weed control provided by high residue rye cover crop under 

conventional tillage and strip tillage systems and its effect on peanut yield in 

Alabama, and Georgia.  

2. To evaluate tomato stand establishment utilizing a prototype high residue 

transplanter, as well as weed control and tomato performance in three different 

high residue conservation tillage systems utilizing the Brazilian cover crop 

management system. Tomato yield, quality, and net returns of conservation-

transplanted tomato were compared to the plastic mulch system following three 

herbicide management systems. 

3. To study the influence of the timing of cover crop planting and termination on 

winter cover crop residue production, early season weed suppression, and corn 

and cotton yield.  
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II. HERBICIDE AND RYE COVER CROP RESIDUE INTEGRATION 

AFFECT WEED CONTROL AND YIELD IN 

CONSERVATION TILLAGE PEANUT 

 

ABSTRACT 

Acreage of reduced tillage peanut (Arachis hypogaea L.) production is increasing 

mainly due to reduced production costs and increased environmental and economic 

benefits compared to conventional systems. Experiments were conducted in Alabama and 

Georgia to evaluate strip tillage systems, utilizing high residue cereal rye cover crop for 

weed control and peanut yield, in comparison to conventional tillage systems. Six weed 

management schemes were evaluated including a pre-emergence (PRE) application of 

pendimethalin alone at 1.12 kg a.i. ha
-1

or in combination with S-metolachlor at 1.36 kg 

a.i. ha
-1

.  Both PRE treatments were applied alone or in conjunction with a post 

emergence (POST) application consisting of a tank mixture of paraquat at 0.140 kg a.i. 

ha
-1 

plus bentazon at 0.56 kg a.i. ha
-1 

plus 2, 4-DB at 0.224 kg a.i. ha
-1

. The remaining two 

treatments consisted of a no-herbicide control and the aforementioned POST application 

applied alone.  In 2005 at our Alabama location, pendimethalin PRE alone provided 81% 
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control of yellow nutsedge and 84% control of tall morningglory in strip tillage. 

Pendimethalin plus metolachlor provided greater than 91% control of all weeds in strip 

tillage and ≥ 85% control of tall morningglory, yellow nutsedge and bermudagrass in the 

conventional tillage system. Greater than 97% control of all weeds was observed 

irrespective of tillage system in treatments containing both PRE and POST applications. 

In Alabama in 2007, pooled over tillage systems, pendimethalin provided 84% and 82% 

control of smooth pigweed and large crabgrass, but only 57% and 55% control of Florida 

beggarweed and sicklepod, respectively. Post-emergence application alone was 

inadequate in controlling these four weeds. Higher peanut yields were observed at the 

Georgia location compared to the Alabama location. Since weed interference was 

negligible at Dawson in 2005, no-herbicide plots yielded 5346 kg ha
-1

 whereas the same 

treatment yielded least in 2007 (2995 kg ha
-1

). Peanut market grade was not affected by 

any herbicide treatments or tillage methods evaluated.  

INTRODUCTION 

Peanut (Arachis hypogaea L.) production in the southeastern United States has 

traditionally been a tillage intensive process utilizing both primary and secondary tillage 

to create residue-free raised or flat seedbeds. Peanut production typically utilizes preplant 

incorporated (PPI) and/or PRE herbicides in conventional tillage systems. However, 

increased concerns for decreased soil and environmental quality coupled with increased 

management and fuel costs have led to adoption of conservation tillage systems in peanut 

production. The most commonly used conservation tillage system in peanut production is 
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strip tillage, which is used to alleviate soil compaction commonly found in the 

southeastern US soils (Busscher and Bauer 2003; Truman et al. 2003). Benefits of strip 

tillage include those of both conservation tillage and conventional systems.  Strip tillage 

utilizes coulters and rolling baskets that create a residue free smooth seedbed that 

provides increased seed soil contact, increased soil temperature at planting and facilitates 

PRE herbicide activation. Previous research in the southeastern United States indicated 

higher or equivalent yields with strip tillage compared to conventional tillage systems 

(Wilcut et al. 1987; Tubbs and Gallaher 2004; Johnson et al. 2001).  Finally, adoption of 

conservation tillage systems reduces the economic inputs and brings desired cost benefits 

after several years of successful adoption of conservation tillage systems (Bowman et al. 

1998). 

Another important component of strip tillage peanut production system in the 

southeastern United States is the use of cover crops.  The cash crop benefits from cover 

crop residue through increase in soil organic matter content, water and soil conservation 

and enhanced nutrient cycling (Blevins et al. 1971; Sainju and Singh 1997; Kaspar et al. 

2001). Cover crop residue conserves water by preventing evaporative and runoff losses, 

aids in soil conservation by reducing wind and water erosion, enhances nutrient cycling, 

and increases soil organic matter content (Dabney et al. 2001; Snapp et al. 2005). The 

presence of residue around the seedbed also reduces the chances of sandblasting. Most 

commonly used cover crops in peanut production are cereal grain crops such as rye 

(Secale cereale L.) and wheat (Triticum aestivum L.) as they are easy to establish and 

provide good amount of biomass (Price et al. 2007; Wright et al. 2002). Cover crop 
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residue can also aid in early season weed suppression through chemical and physical 

inhibitory effects when winter covers are grown to maturity (Creamer et al. 1997; 

Teasdale and Abdul-Baki 1998; Price et al. 2006; Yenish et al. 1996).  

The major crop management challenge of conservation tillage systems is the loss 

of weed control through tillage and cultivation as well as interception of PRE herbicides 

by cover crop residues (Banks and Robinson 1986; Isensee and Sadeghi 1994) In 

conservation tillage, it is common to have an increase in the weed seed bank present on 

the soil surface leading to sporadic germination of these seeds over a longer time period 

of time (Kells and Meggitt 1985), requiring additional herbicide inputs.  Additionally, 

with the adoption of conservation tillage systems weed communities may shift from easy 

to control annual species to perennial (Barberi 2002; Cardina et al. 2002). Therefore strip 

tillage management of peanut may require more intensive herbicide inputs compared to 

conventional tillage systems due mainly to reduced efficiency of PPI and PRE herbicides 

in these systems (Wilcutt et al. 1987).  Weed control is a very important factor 

determining profitability in peanut production; Webster (2001) reported total annual 

losses from weeds in Alabama and Georgia to be $11.2 and $47.5 million respectively.  

Because of the above mentioned concerns and adoption of conservation tillage 

systems utilizing high residue cover crops by growers, further research is needed to 

evaluate weed control and yield under different tillage systems and herbicide options. 

Therefore, the objectives of this study were to compare weed control provided by high 
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residue rye cover crop under conventional tillage and strip tillage systems and its effect 

on peanut yield in Alabama, and Georgia.  

MATERIAL AND METHODS 

Field experiments were conducted at sites in Alabama and Georgia, each 

replicated in time for two crop years. The first site was located on a Dothan sandy loam 

(fine-loamy, siliceous, thermic, Plinthic Paleudults) at the Alabama Agricultural 

Experiment Station's Wiregrass Research and Extension Center (31°24′N, 85°15′W), 

located near Headland, AL conducted during 2004/05 and 2006/07 crop years. The 

second site was located on a Red Bay loamy sand (Fine-loamy, kaolinitic, thermic 

Rhodic Kandiudults) at the USDA-ARS National Peanut Research Laboratory field 

research site near Dawson, GA, conducted during the 2004/05 and 2005/06 crop years.  

At all location and years, the experiment was conducted as a randomized 

complete block design with four replicates. A cereal rye (cv. Elbon) cover crop was 

seeded (100 kg ha
-1

) in early November every year with a no-till drill. Irrespective of 

tillage system, the cover crop was terminated in early May of each year approximately 2 

wks prior to planting peanut (Feekes’ soft dough growth stage 11.2) with an application 

of glyphosate at 1.12 kg a.e. ha
-1

 utilizing a compressed CO2 backpack sprayer delivering 

140 L ha
-1

 at 147 kPa. For preparation of strip tillage plots the cover crop was then rolled 

with a mechanical roller-crimper to flatten residue on the soil surface. Conventional 

tillage plots were prepared with multiple passes of a disk and a seedbed conditioner.  All 

plots were then strip-tilled using a subsoiler equipped with coulters, rolling baskets, and 
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drag chains to eliminate confounding deep tillage affects. An area approximately 30 cm 

wide strip was tilled over each row.                         

Peanut cultivar GA Green was planted with a four-row planter each year at both 

locations at a rate of 28 seed per meter of row. Cooperative Extension System 

recommendations were used for insect and disease control and nutrient management at 

each experimental site. Peanut yield was determined by machine-digging followed by 

harvesting the middle two rows of each 4-row plot with a plot combine. 

Six herbicide weed management schemes were evaluated. The first and second 

included a PRE application of pendimethalin at 1.12 kg a.i. ha
-1

 either alone or in 

combination with S-metolachlor at 1.36 kg a.i. ha
-1

.  Both PRE treatments were applied 

alone or in conjunction with a POST application consisting of a tank mixture of paraquat 

at 0.140 kg a.i. ha
-1 

plus bentazon at 0.56 kg a.i. ha
-1 

plus 2, 4-DB at 0.224 kg a.e. ha
-1

. 

The remaining two treatments consisted of a no-herbicide control and the aforementioned 

POST application applied alone (Table 2.01).  These herbicide treatment schemes were 

applied as a factorial with the two tillage systems yielding 12 treatment combinations 

replicated four times. Due to lack of yellow nutsedge control late season in some 

treatments, imazapic (0.062 kg a.i./ha) was applied to all plots at Headland in 2007 to 

facilitate harvest. 

The effectiveness of herbicide programs was determined by visually rating the 

presence of weeds relative to the weed density in the untreated control of each 

replication, where 0% = no control and 100%  =  complete control. All weed species 
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present at the time of rating were evaluated for control as a reduction in total above 

ground biomass resulting from both reduced emergence and growth.   

Mixed models analysis of variance procedures as implemented in SAS
®
 PROC 

GLIMMIX were used to analyze weed control and yield data. Weed control data were 

analyzed separately for each environment (experiment location x year). The decision for 

separate analysis across locations was taken due to different weed spectrum encountered 

at the two locations. Herbicide treatment, tillage system and their interaction were 

considered fixed effects, whereas replication and their interaction with herbicide 

treatment and tillage system were considered random effects. Percent weed control data 

were subjected to the arcsine transformation to account for non-normality of residuals 

and heterogeneity of variances. Back-transformed means for appropriate main effects and 

interactions are presented with contrasts based on the transformed data. Significance of 

the means was tested by performing two types of comparisons. Effect of all herbicide 

treatments vs. no-herbicide control within each tillage system was accomplished by using 

Dunnett’s test option in least square means statement of PROC GLIMMIX.  Significance 

of the tillage system effect on performance of each herbicide regimen was tested using 

pdiff option in LSMEANS statement of PROC GLIMMIX.  
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RESULTS AND DISCUSSION 

Weed Control 

A total of twelve weed species were evaluated for weed control in this experiment 

but none of the species was present in all environments. This justifies the separate 

analysis for each environment. Since the objective of this experiment was to compare the 

efficacy of the chosen herbicide regimens in strip and conventional tillage systems, 

results for each weed species are discussed at the factorial treatment interaction level 

(herbicide treatment by tillage system).  

Headland, AL  

Interactions of tillage systems and herbicide treatments as well as their respective 

main effects were significant for all weed species evaluated at Headland, 2005 and 2007. 

Because the presence of weeds late in the season can affect yield and harvesting 

efficiency visual estimates for weed control of only late season estimates are reported.  

Smooth pigweed. Except the pendimethalin alone application, all herbicide treatments 

controlled smooth pigweed (Amaranthus hybridus L.) effectively (Table 2.02) in both 

tillage systems in 2005. All herbicide treatments provided significantly higher control 

compared to the no-herbicide control in 2007 only under conventional tillage system.  

The weed control provided by pendimethalin was not significantly different from the no-

herbicide control in both the tillage systems in 2005 and was significant only in 
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conventional tillage system in 2007; it controlled smooth pigweed 13% and 78% in 

conventional, and 61% and 69% in the strip tillage system. Pendimethalin plus S-

metolachlor provided 77% and 81% control under conventional tillage system and 98% 

and 84% in the strip tillage system.  A recent study in Texas reported less than 42% 

control of Palmer amaranth with pendimethalin applied PPI, and 95% control with 

pendimethalin PPI followed by S-metolachlor PRE (Grichar, 2008). Treadaway-Ducar et 

al. (2006) reported 73% control of smooth pigweed with S-metolachlor alone. Wilcut et 

al. (1994) however, reported good control of Amaranthus spp. with dinitroaniline 

herbicides such as pendimethalin, and less consistent control with S-metolachlor. In our 

study, the tank mixture of the two herbicides applied PRE improved control in 

comparison to pendimethalin applied alone. These results indicate both herbicides 

applied as a tank mixture or sequentially can significantly improve the control of 

Amaranth spp. Addition of paraquat plus bentazon plus 2, 4-DB to either pendimethalin 

or pendimethalin plus S-metolachlor significantly improved control (≥ 98%). POST 

herbicide application alone was also sufficient in controlling the smooth pigweed in both 

tillage systems at Headland 2005. In Headland in 2007, we observed 85% smooth 

pigweed control under conventional tillage system and 81% under strip tillage system 

with this herbicide regimen.  

Bermudagrass. Control of Bermudagrass [Cynodon dactylon (L.) Pers.] was adequate (≥ 

92%) for all the herbicide by tillage combinations except the pendimethalin PRE and 

POST herbicides applied alone (Table 2.03). POST application alone provided only 20% 

control in the conventional tillage system and only 59% control in the strip tillage system. 
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Control was 63% with pendimethalin PRE applied alone in the conventional tillage 

system but provided 81% control of bermudagrass in the strip tillage system. 

Large crabgrass. Without herbicides, large crabgrass [Digitaria sanguinalis (L.) Scop.] 

was controlled only 4% in conventional and 41% in the strip tillage system (Table 2.03). 

In the strip tillage system, treatments containing pendimethalin PRE alone or fb POST 

application of paraquat plus bentazon plus 2,4-DB provided only 62% and 78% control of 

large crabgrass. The tank mixture of pendimethalin plus S-metolachlor PRE applied alone 

provided 91% control whereas control was 95% when these herbicides were followed by 

the POST application. However, a POST application alone of paraquat plus bentazon plus 

2, 4-DB failed to control this weed species in both tillage systems.  

Yellow nutsedge. Without herbicides yellow nutsedge (Cyperus esculentus L.) control 

ranged from 0 to 18% in the conventional tillage to 28 and 51% in the strip tillage (Table 

2.04). Pendimethalin alone also failed to control yellow nutsedge. Grichar et al. (1992) 

also reported lack of control of nutsedge with dinitroanilines. Combination of 

pendimethalin with S-metolachlor improved the control to 89% and 91% in the 

conventional and strip tillage respectively, at Headland 2005. However, the same 

treatment failed to control yellow nutsedge in both tillage systems at Headland 2007. 

Both of the residual treatments followed by paraquat plus bentazon plus 2,4-DB 

controlled yellow nutsedge ≥ 97% irrespective of the tillage system at Headland 2005. In 

2007 at Headland, the only herbicide regimen which provided ≥ 90% control of yellow 

nutsedge was pendimethalin plus S-metolachlor fb paraquat plus bentazon plus 2,4-DB. 
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Combination of paraquat plus bentazon plus 2, 4-DB applied alone without PRE residual 

herbicide was inadequate in controlling yellow nutsedge. Overall, none of the herbicide 

treatments controlled yellow nutsedge significantly in the strip tillage system.  

Tall Morningglory.  Pendimethalin alone provided 65% and 84% control of tall 

morningglory (Ipomoea purpurea (L.) Roth) in conventional and strip tillage 

respectively, at Headland 2005 (Table 2.05). Control was 64% and 53% in conventional 

and strip tillage respectively, at Headland 2007. Grey and Wehtje (2005) also reported 

lack of tall morningglory control with pendimethalin PRE alone. Addition of S-

metolachlor to pendimethalin (PRE 2) improved the control in 2005, but failed to control 

tall morningglory in 2007 in both tillage systems.  Residual treatments fb paraquat plus 

bentazon plus 2, 4-DB provided 99% control in 2005 and ≥ 88% control in 2007 at 

Headland. Postemergence application of paraquat plus bentazon plus 2, 4-DB alone also 

provided  99% control in both conventional tillage and strip tillage. However the same 

treatment combination did not control tall morningglory in 2007 in either tillage system.  

Florida beggarweed. Only 8% control of Florida beggarweed (Desmodium tortuosum 

(Sec) L.) was achieved without herbicide application in conventional tillage and 53% in 

strip tillage (Table 2.06). Application of pendimethalin alone provided only 31% control 

in conventional tillage, and 76% control in strip tillage. Addition of S-metolachlor did not 

improve control irrespective of tillage system. The treatment containing pendimethalin fb 

paraquat plus bentazon plus 2, 4-DB controlled Florida beggarweed 87% in conventional 

and 88% in strip tillage.  Treatment containing pendimethalin plus S-metolachlor fb 
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paraquat plus bentazon plus 2, 4-DB controlled Florida beggarweed 95% in conventional 

tillage system but 79% in strip tillage, possibly due to reduction of efficacy of these 

herbicide regimens in strip tillage plots due to presence of more residue.  Requirement of 

POST herbicide application for effective control of Florida beggarweed has also been 

advocated by Webster and Cardina (2004) owing to the irregular germination of this 

weed species. Brecke and Stephenson (2006) also reported greater than 90% control of 

Florida beggarweed with treatments including either diclosulam or flumioxazin PRE fb 

either paraquat plus bentazon or paraquat plus bentazon fb 2,4 –DB. However, the POST 

application alone of paraquat plus bentazon plus 2,4-DB provided  ≤ 31% control. Wilcut 

et al. (1995) have reported variable control of Florida beggarweed with bentazon plus 

paraquat or paraquat alone.  This is likely attributed to lack of residual activity with 

bentazon and paraquat.  

Sicklepod. Pendimethalin alone failed to control sicklepod (Senna obtusifolia L.) in either 

tillage systems (Table 2.07). Pendimethalin plus S-metolachlor alone provided 92% 

control in strip tillage but provided only 63% control in conventional tillage at Headland 

2005. However the same treatment controlled sicklepod ≤ 48% at Headland 2007. 

Control was complete (99%) with residual herbicide treatments fb paraquat plus bentazon 

plus 2, 4-DB in both tillage systems at Headland 2005. The aforementioned treatments 

controlled sicklepod ≤ 92% at Headland in 2007. Tank mixture of paraquat plus bentazon 

plus 2, 4-DB also controlled sicklepod ≥ 96% in both tillage systems at Headland in 

2005. This observation was similar to that of Brecke and Stephenson (2006) who reported 

> 90% control with paraquat and bentazon applied early postemergence fb imazapic.  
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Control was 80% in strip tillage system but 39% in the conventional tillage with tank 

mixture of paraquat plus bentazon plus 2, 4-DB at Headland 2007.  

 Across both tillage systems, PRE-applied herbicides performed better in strip 

tillage system compared to conventional tillage system at Headland 2005. Significantly 

higher control of all weed species was observed in no-herbicide plots under strip tillage 

compared to conventional tillage.  Control was higher in strip tillage when PRE 

herbicides were applied, except yellow nutsedge, in which case pendimethalin + S-

metolachlor efficacy was similar in both conventional and strip tillage. No statistically 

significant differences in the efficacy of other herbicide treatments were observed across 

tillage systems in all weed species at Headland 2005. The similar comparison at 

Headland 2007 showed no differences in the efficacy of the various herbicide regimens 

across tillage systems except that pendimethalin was more effective in controlling Florida 

beggarweed in the strip tillage system compared to conventional tillage system. Tall 

morningglory was also controlled better under strip tillage system without herbicides.  

These observations indicate synergism for weed suppression between rye residue and 

PRE herbicides in this study. We can further conclude that cover crop residue left on the 

soil surface for sustainable agricultural practices aided in weed suppression during 

summer.            

Dawson GA, 2005 and 2006 

Bermudagrass was the only weed encountered at this location in 2005 (Table 

2.08). Smallflower morningglory (Jaquemontia tamnifolia Griseb.) (Table 2.09), large 
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crabgrass and crow-foot grass (Table 2.10) were present in 2006 in addition to 

bermudagrass. Results from only the late season rating are reported. Analysis of variance 

showed no significant interaction or main effect of tillage system and herbicide 

treatments on weed control in both years.  

Peanut Yield and Grade 

No significant interaction of tillage system by herbicide treatment was observed 

for pod yield in any of the environments. In 2007, impact of herbicide treatments on 

peanut pod yield was significant at Headland. Tillage affected yield significantly in all 

the environments except Dawson in 2005. Maximum yield was observed at Dawson in 

2005 (Table 11). High yield at this location corresponds to the least weed pressure 

encountered at this site year. Since the weed interference was negligible, no-herbicide 

plots yielded (5346 kg ha
-1

) maximum. Peanut receiving only POST herbicides yielded 

least (4712 kg ha
-1

) in this environment. At Dawson 2007 no-herbicide control yielded 

least, yield increased with additional herbicide applications; however, the difference was 

not statistically significant. Lower yield was observed at the Alabama location compared 

to the Georgia site ranging from 2555 kg ha
-1

 to 3898 kg ha
-1

 in 2005 and 2510 kg ha
-1

 to 

3495 kg ha
-1

 in 2007. In general herbicide treatments did not improve the peanut yield at 

Headland, AL compared to the no-herbicide plots.  Combined over herbicide treatments, 

strip tillage peanuts yielded higher than conventionally tilled peanuts in three of the four 

environments. Conventional tillage peanuts yielded (5179 kg ha
-1

) significantly higher 

than the strip tilled (4809 kg ha
-1

) peanuts at Dawson in 2005.  
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No significant interaction between years was observed for grade data; therefore, 

combined means over years are reported. Peanut grade was not affected by any of the 

herbicide treatments or tillage methods (Table 12). Percentage of TSMK (total sound 

mature kernels) remained unaffected by the level of the weed control inputs and 

increased by only one percentage point compared to the no-herbicide control in two of 

the five herbicide treatments.   

 In this study, strip tillage provided increased weed control in 2005 in 

Headland and equivalent control at all other site years.  Our results contradict studies that 

show reduced weed control with decreased tillage.  This may be due to relatively higher 

amounts of residue accumulated from the rye cover crop since the cover crop was 

terminated at the soft dough maturity stage. Furthermore, peanut yield was greater in 3 of 

4 experiments utilizing strip tillage system indicating a yield advantages for utilizing strip 

vs. conventional tillage.  Our results show that producers can improve weed control and 

equivalent grade and yield in reduced tillage systems utilizing a high residue cover crop.  

As interest in high-residue conservation agriculture increases due to economic advantages 

and agricultural policy (e.g. incentive payments), applied research evaluating these 

systems is helpful in understanding what cultural practices improve conservation 

agriculture systems.  
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Table 2.01: Herbicide program used in strip and conventional peanut production 

Preemergence
†
  Postemergence

‡
 

Herbicides
a
 Rate  Herbicides

a
 Rate 

 -------kg/ha-------   ----------kg/ha-------- 

None -  None - 

Pend 1.12  None - 

Pend  + S-met 1.12 + 1.36  None - 

Pend 1.12  Pqt + Bzn + DB 0.14 + 0.56 + 0.22 

Pend  + S-met 1.12 + 1.36  Pqt + Bzn + DB 0.14 + 0.56 + 0.22 

None -  Pqt + Bzn + DB 0.14 + 0.56 + 0.22 
†
 Preemergence herbicides were applied on the day of planting peanut. 
‡ 

Postemergence herbicides were sprayed 4 wks after planting peanut 
a 
Abbreviations: Pend, Pendimethalin; S-met, S-metolachlor; 

Pqt, paraquat; Bzn, Bentazon; DB, 2, 4-DB 
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Table 2.06: Florida beggarweed control as influenced by herbicide treatment and tillage  

system: Headland, AL 
  2007 

Treatment
 ab

 
 

Conventional Tillage 

Strip  

Tillage 

Tillage 

Contrast
‡
 

Pre Emergence 
Post 

Emergence 

 
Mean 

Dunnett’s 

P
†
 

Mean 
Dunnett’s 

P
†
 

P Value 

   %  %   

   8  53  0.140 

Pend None  31 0.916 76 0.797 0.092 

Pend  + S-met None  45 0.633 53 1.000 0.773 

Pend Pqt + Bzn + DB  87 0.020 88 0.374 0.937 

Pend  + S-met Pqt + Bzn + DB  95 0.004 79 0.723 0.278 

None Pqt + Bzn + DB  31 0.914 8 0.427 0.459 
a
 For herbicide rate and application timing information refer to Table 2.01 

†
 P - values from Dunnett test conducted to compare means of herbicide treatments with the non treated 

control 
‡ 
P-values form contrast performed to compare efficacy of herbicide regimens across tillage systems 

b 
Abbreviations: Pend, Pendimethalin; S-met, S-metolachlor; Pqt, paraquat; Bzn, Bentazon; DB, 2, 4-DB 
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Table 2.09: Smallflower Morningglory control as influenced by herbicide treatment and  

tillage system: Dawson, GA 

  2006 

Treatment
 ab

 
 Conventional 

Tillage 

Strip  

Tillage 

Tillage 

Contrast
‡
 

Pre Emergence 
Post 

Emergence 

 
Mean 

Dunnett’s 

P
†
 

Mean 
Dunnett’s 

P
†
 

P Value 

   %  %   

   79  70  0.657 

Pend None  98 0.366 89 0.701 0.347 

Pend  + S-met None  94 0.647 92 0.523 0.790 

Pend Pqt + Bzn + DB  80 1.000 74 1.000 0.721 

Pend  + S-met Pqt + Bzn + DB  82 1.000 86 0.827 0.799 

None Pqt + Bzn + DB  81 1.000 95 0.325 0.278 
a
 For herbicide rate and application timing information refer to Table 2.01 

†
 P - values from Dunnett test conducted to compare means of herbicide treatments with the non treated 

control 
‡ 
P-values form contrast performed to compare efficacy of herbicide regimens across tillage systems 

b 
Abbreviations: Pend, Pendimethalin; S-met, S-metolachlor; Pqt, paraquat; Bzn, Bentazon; DB, 2, 4-DB 
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Table 2.11:  Effect of herbicide treatments and tillage system on peanut yield 

Treatment
ab

 Dawson GA   Headland AL 

Preemergence Postemergence 2005 2006  2005 2007 

  ------------------ kg/ha ------------------ 

None None 5346 2925  3239 2539 

Pend None 4891 3161  2555 2596 

Pend  + S-met None 4968 3849  3312 3495 

Pend Pqt + Bzn + DB 4878 3236  3336 2791 

Pend  + S-met Pqt + Bzn + DB 5171 3560  2816 2510 

None Pqt + Bzn + DB 4712 3149  3898 2388 

 

P Values from Dunnett's test vs. untreated control   

Pend None 0.577 0.980  0.529 1.000 

Pend  + S-met None 0.729 0.217  1.000 0.015 

Pend Pqt + Bzn + DB 0.553 0.949  1.000 0.873 

Pend  + S-met Pqt + Bzn + DB 0.983 0.512  0.868 1.000 

None Pqt + Bzn + DB 0.275 0.984  0.562 0.983 

      

Conventional Tillage(CT) 5179 3193  2699 2433 

Strip Tillage(ST) 4809 3435  3686 3007 

 

Contrast P-values      

CT vs ST 0.079 0.381   0.002 0.002 
a
 For herbicide rate and application timing information refer to Table 2.01    

b 
Abbreviations: Pend, Pendimethalin; S-met, S-metolachlor; Pqt, paraquat; Bzn, Bentazon; DB, 2, 4-DB 
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Table 2.12:  Effect of herbicide treatments and tillage system on peanut market grade 

Treatment
ab

 Grade
b
 

Preemergence Postemergence SMK SS TSMK 

  ----------------%-------------- 

  61 10 71 

None None 59 12 71 

Pend None 59 12 72 

Pend  + S-met None 58 13 71 

Pend Pqt + Bzn + DB 59 12 71 

Pend  + S-met Pqt + Bzn + DB 60 12 72 

None Pqt + Bzn + DB    

 

P Values from Dunnett's test vs. untreated control  

Pend None 0.862 0.421 1.000 

Pend  + S-met None 0.936 0.416 0.997 

Pend Pqt + Bzn + DB 0.770 0.230 1.000 

Pend  + S-met Pqt + Bzn + DB 0.862 0.453 1.000 

None Pqt + Bzn + DB 0.999 0.645 0.949 

    

Conventional Tillage(CT) 59 12 71 

Strip Tillage(ST) 60 12 71 

Contrast P-values    

CT vs ST 0.693 0.594 0.942 
a
 For herbicide rate and application timing information refer to Table 2.01     

b 
Abbreviations: Pend, Pendimethalin; S-met, S-metolachlor; Pqt, paraquat; Bzn, Bentazon; DB, 2, 4-DB 

              SMK, Sound mature kernels; SS, Sound split; TSMK, Total sound mature kernels  
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III. HERBICIDE AND COVER CROP RESIDUE INTEGRATION AFFECTS 

ON WEED CONTROL, QUALITY AND YIELD IN 

CONSERVATION TILLAGE TOMATOES 

 

ABSTRACT 

The increased adoption of conservation tillage in vegetable production requires 

more information on the role of cover crops in weed control, tomato quality and yield. 

Three conservation-tillage systems utilizing crimson clover, turnip or cereal rye as winter 

cover crops were compared to a conventional black polythene mulch system, with or 

without herbicide, for weed control and tomato yield. Herbicide treatments included a 

preemergence (PRE) application of S-metolachlor (1.87 kg a.i. /ha) either alone or 

followed by an early postemergence (POST) metribuzin (0.56 kg a.i. /ha), application 

followed by a late POST application of clethodim (0.28 kg a.i. /ha). All cover crops were 

flattened with a mechanical roller/crimper prior to chemical desiccation. Rye produced 

9363 kg/ha of dry matter at Cullman and 6404 kg/ha at Tuskegee. Pooled over ground 

cover treatments weed control ranged from 6 to 30%, 4 WAT at Cullman 2005 without 

herbicides. Yellow nutsedge was controlled 84% at Tuskegee and 80% at Cullman 2006 
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without herbicides. Turnip and crimson clover residue failed to control most of the weeds 

at Cullman 2005 and Tuskegee. For a majority of weed species evaluated, no significant 

differences in weed control were observed under rye residue and plastic mulch 

treatments. Plastic mulch failed to control smallflower morningglory and Virginia 

buttonweed and large crabgrass was controlled only 33% under rye residue at Tuskegee. 

Tomato yield was least in no herbicide treatments and was maximized with inclusion of 

the POST application. Pooled over herbicide treatments yield was less following either 

crimson clover or turnip cover crops compared to rye or the polythene mulch system. 

Averaged across cover crops, both herbicide programs resulted in better yields compared 

to the no-herbicide treatments. Economic analysis indicated that there was no significant 

difference between using a rye cover crop or plastic under any of the alternative herbicide 

treatment regimes in year 2005.  

INTRODUCTION 

Tomato (Lycopersicon esculentum L.) is the most popular fruit in the world. 

Nearly 1.7 million tons of fresh market field grown tomatoes were produced in USA in 

2005 (U.S. Department of Agriculture [USDA] 2008). The USA produces more than 

11% of the world’s tomato crop. USA tomato production systems typically utilize 

conventional tillage, a bedded plastic mulch culture, and multiple herbicide applications 

to control weeds. These conventional tillage systems enhance soil erosion and nutrient 

loss by reducing rainfall infiltration (Blough et al. 1990). Additionally, tillage increases 

aeration which increases the rate of organic matter mineralization in the surface soil, thus 
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reducing soil organic matter content and soil cation exchange capacity (Franzluebbers et 

al. 1999; Mahboubi et al. 1993).  

Plastic mulch can increase soil temperature which can expedite earliness 

(Teasdale and Abdul-Baki 1995). However, tomato growth was better only early in the 

season under plastic mulch compared to tomatoes grown under hairy vetch mulch 

systems (Abdul-Baki et al.1996; Teasdale and Abdul-Baki 1997). The use of plastic 

mulches in sustainable or organic production systems is also questionable since the mulch 

itself is non-biodegradable. Another issue with using plastic mulch vs. organic mulches is 

increased chemical runoff from the plastic mulch and offsite chemical loading. The 

intensive use of pesticides in vegetable production has also resulted in ecological 

concerns. Therefore, alternative production practices that reduce tomato production 

inputs while maintaining yields and quality are desired.     

One possible alternative for alleviating aforementioned concerns is the use of high 

residue cover crops combined with reduced tillage. Cover crops in conservation-tillage 

system are terminated during early reproductive growth by treating them with burn down 

herbicides and can be mechanically rolled to leave a dense mat of residue (> 4,480 kg/ha) 

on the soil surface into which cash crops are planted (Derpsch et al. 1991; Reeves 2003). 

High residue cover crops are increasingly adopted in southeastern US corn (Zea mays L.) 

and cotton (Gossypium hirsutum L.) production systems (Price et al. 2006; Reeves et al. 

2005; Sainju and Singh 2001). Because the southeastern USA receives adequate rainfall 

in the winter months, timely planted winter cover crops can attain relatively high biomass 
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before termination. Cover crops can enhance the overall productivity and soil quality by 

increasing organic matter and nitrogen content (Sainju et al. 2002), as well as aid in water 

conservation by increasing soil water infiltration rates (Arriaga and Balkcom 2006). 

Additionally, previous research has also focused on weed control provided by high 

residue cover crops in both field and vegetable crops (Teasdale and Abdul-Baki 1998; 

Creamer et al. 1997; Price et al. 2006).  

Winter cover crop biomass can affect subsequent early season weed suppression 

(Saini et al. 2006; Teasdale and Mohler 2000). Weed suppression by cover crop residue is 

attributed to unfavorable environment for weed germination and establishment under the 

residue (Teasdale 1996) and also to chemical inhibitory effects. Teasdale and Daughtry 

(1993) reported a 52–70% reduction in weed biomass with live hairy vetch cover crop 

compared to a fallow treatment owing to changes in light and soil temperature regimen 

under the vetch canopy. Teasdale and Mohler (2000) concluded that legume mulches 

such as crimson clover and hairy vetch (Vicia villosa Roth) suppressed redroot pigweed 

(Amaranthus retrofloxus L.) at an exponential rate as a function of residue biomass.  

In spite of these benefits adoption of cover crops in tomato production has been 

limited because (1) currently available transplanters have problems penetrating heavy 

residue and (2) concerns for cover crop residue intercepting delivery of soil-active 

herbicides. Research in the last two decades has extensively debated the advantages and 

disadvantages of cover crops vs. conventional plastic mulch systems for tomato 

production. Better or comparable tomato yields with hairy vetch cover crop system have 
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been reported compared to the conventional polyethylene mulch system (Abdul-Baki and 

Teasdale, 1993; Abdul-Baki et al. 2002). Akemo et al. (2000) also reported higher tomato 

yield with spring sown cover crops than the conventionally cultivated check. Weed 

suppression with cover crops however varies with cover crop species, amount of residue 

produced, and environmental conditions. Teasdale (1996) reported that biomass levels 

achieved by cover crops before termination was sufficient only for early season weed 

suppression. Supplemental weed control measures are usually required to achieve season 

long weed control and to avoid yield losses (Masiunas et al. 1995; Teasdale and Abdul-

Baki 1998). 

Cereal rye and crimson clover are two common winter cover crops widely used in 

the southeastern USA. Both cover crops contain allelopathic compounds and produce 

residues that inhibit weed growth (Price et al. 2008; Barnes and Putnam 1983). Brassica 

cover crops are relatively new in the southeastern USA but are becoming increasingly 

popular due to their potential allelopathic effects. Therefore, the objectives of this 

research were to evaluate: 1) weed control and tomato performance in three different high 

residue conservation tillage systems utilizing the Brazilian cover crop management 

system and 2) tomato yield, quality, and net returns of conservation-transplanted 

tomatoes compared to the polythene mulch system following three different herbicide 

management systems. 
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Materials and Methods 

Field Experiment. The experiment was established in the autumn of 2004 and 2005 at 

the North Alabama Horticulture Experiment Station, Cullman, AL and in autumn of 2005 

at Tuskegee University’s George Washington Carver Agriculture Experiment Station, 

Tuskegee, AL. The soils were a Hartsells fine sandy loam (Fine-loamy, siliceous, sub-

active, thermic Typic Hapludults) at Cullman and a Marvyn fine sandy loam (Fine-

loamy, kaolinitic, thermic Typic Kanhapludults) at Tuskegee. The experimental design 

was a randomized complete block with four replicates. Plot size at both locations was 2.5 

by 6 m containing a single row of tomatoes with a 0.46 m spacing between plants.  

The three winter cover crops [cereal rye cv Elbon, crimson clover cv AU Robin 

and turnip (Brassica rapa L subsp. rapa cv Civastro)] were compared to black polythene 

mulch for their weed suppressive potential and effect on yield and grade of fresh market 

tomatoes. Winter cover crops were planted with a no till drill each fall. Rye was seeded at 

a rate of 100 kg/ha, whereas clover and turnip were seeded at 28 kg/ha. Nitrogen was 

applied at a rate of 67 kg/ha on rye and turnip plots in early spring of each year. To 

determine winter cover crop biomass production, plants were clipped at ground level 

from one randomly selected 0.25 m
2
 area per replicate immediately before termination. 

Plant samples were dried at 65 C for 72 hours and weighed. The winter cover crops were 

terminated each spring with a mechanical roller crimper prior to an application of 
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glyphosate at 1.12 kg a.e. /ha. The rolling process produced a uniform residue cover over 

the plots.  

All four cover systems (three winter cover crops plus plastic mulch) were 

evaluated with and without herbicides for weed control. Herbicide treatments included a 

preemergence (PRE) application of S-metolachlor (1.87 kg a.i./ha) either alone or 

followed by an early postemergence (EPOST) metribuzin (0.56 kg a.i./ha) application, 

followed by a late POST (LPOST) application of clethodim (0.28 kg a.i./ha). These three 

herbicide treatments were applied in a factorial combination with the four mulch 

treatments. The PRE application occurred one day before transplanting, the EPOST 

application was applied 14 days after transplanting, and the LPOST application was 

delayed until tomatoes were near mid-bloom. PRE herbicide application to plastic mulch 

plots was done before preparing the beds and POST applications were done over the total 

surface of the beds including the plant holes and any other open spaces. Tomato cv. 

‘Florida 47’ seedlings were transplanted on 4
th

 April 2005 and on April 9
th

 2006 at 

Cullman and April 19
 th

 2006 at Tuskegee.  

Tomato seedlings were planted with a modified RJ No-till transplanter (RJ 

Equipment, Blenhiem, Ontario, Canada) (Figures 3.01 and 3.02), which had a subsoiler 

shank installed to penetrate the heavy residue and disrupt a naturally occurring 

compacted soil layer found at both experimental sites at a depth of 30-40 cm. 

Additionally, two driving wheels were utilized (one wheel on each side of the tomato 

row) instead of the original single wheel at the center of the row, to improve stability. 
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This modification also eliminated the driving wheel re-compaction of the soil opening 

created by the shank. The plastic-mulch plots were conventionally tilled utilizing a tractor 

mounted rototiller prior to bedding and plastic installation; tomatoes were hand 

transplanted in the plastic mulch each year. Water was applied to all the plots 

immediately after transplanting. Thereafter, plots were irrigated every other day using a 

surface drip tape. General production practices included staking and fertilization. 

Fertilizer 13-13-13 was applied prior to planting achieving 58 kg of N ha
-1

 and then 7.8 

kg of calcium nitrate ha
-1

 was applied once every week with the irrigation system. 

Weed control was evaluated by visual ratings (0% = no control, 100% = complete 

control) 28 days after treatment (DAT) of the EPOST herbicide application. All weed 

species present were evaluated for control (as a reduction in total above ground biomass 

resulting from both reduced emergence and growth). Ripe tomatoes were hand harvested 

from the entire plot area in weekly intervals and sorted according to size (small, medium, 

large, and extra large categories). 

Statistical Analysis.  Non-normality and heterogeneous variances are usually 

encountered with percent control data that span a large range. Various approaches were 

tried to alleviate these statistical problems and the arcsine transformation was deemed the 

best compromise between achieving normality of residuals and among treatment 

homogeneity of variances. The data were subjected to analysis of variance as 

implemented in SAS PROC GLIMMIX. Based on the arguments presented by Piepho et 

al. (1998), replicate within environment was considered a fixed effect since this was not 
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based on a randomization event. Herbicide treatments and ground cover treatments were 

considered fixed effects while their interaction with reps was considered random effects. 

If a given weed species occurred at more than a single environment, we conducted a 

multi-environment analysis. Because environments themselves were not replicated, tests 

of environment effects are questionable and thus were not conducted. Interaction effects 

with environments, however, can be done with confidence. Differences between 

treatments means were determined by single degree of freedom contrasts using the pdiff 

option in the LSmeans statement of PROC GLIMMIX. 

Economic Analysis.  Enterprise budgets were generated using Mississippi State (2005) 

vegetable planning budgets. These budgets, assuming a standard yield of 39,230 kg ha
-1

 

(35,000 lbs ac
-1

), are presented in Table 14. Seed and plant costs include the cost of cover 

crop seed (Turnip - $146 ha
-1

; Crimson Clover - $58 ha
-1

; Rye - $49 ha
-1

) and the cost of 

tomato transplants ($838 ha
-1

). Fertilizer costs included the cost of N application and 

calcium nitrate for the cash crop ($228 ha
-1

), as well as, the additional N applied for the 

rye and turnip cover crops ($68 ha
-1

). Herbicide costs were based on treatment 

applications as described above and varies with cover crop x herbicide treatment 

combinations. Insecticide and fungicide costs followed extension recommendations and 

varied by year due to different climatic conditions (i.e. insecticide and fungicide costs 

were $122 ha
-1

 and $189 ha
-1

 in 2006, respectively). Harvesting costs are based on 

custom rates for harvesting, packing and grading of tomatoes based on hand harvesting. 

Supplies costs represent purchase of stakes, string, buckets, as well as other harvesting 

and planting supplies. Irrigation costs are broken into the variable cost of water 
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application ($26 ha
-1

) and the fixed costs of the machinery ($1890 ha
-1

). Irrigation costs 

were calculated based on the cost of surface drip tape and pumping 152 mm of water 

every week from surface water reservoirs located on both experiment stations. 

Machinery costs are broken into variable and fixed costs. Variable machinery 

costs represent the cost fuel, as well as repair and maintenance costs. Fixed machinery 

costs represent cost of machinery purchase based on an annual payment of loan, interest, 

taxes and depreciation. Labor costs represent operator labor for machinery, as well as 

hand labor in the field. Equipment used during production included a no-till drill for 

sowing cover crops, a tractor mounted cover crop roller (Bingham Brothers Inc., 

Lubbock TX, USA), a tractor mounted rototiller, and a RJ tomato transplanter. For all the 

fungicide and insecticide applications a JACTO vegetable air blast sprayer (Jacto Inc., 

Tualatin, OR, USA) mounted on a John Deere 4030 tractor (Moline, IL, USA) was used.  

The interest on operating capital represents the opportunity costs of investing 

monies spent on variable costs in its next best alternative. This is calculated based using 

an interest rate of 7 % over an investment period of six months (length of the tomato 

growing season). Overhead and management costs represent those costs that pertain to 

operation of the whole farm that are partially attributed to the vegetable production 

enterprise, such as the costs for property taxes and insurance. As seen in Table 14, overall 

costs fluctuated between $22,131 ha
-1

 to $22,822 ha
-1

 due to changes in herbicide 

treatments and cover crop regimes.   
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Net revenue data, representing the return over total costs, was estimated by 

calculating total revenues for each plot on a per hectare basis and subtracting total costs. 

Only data from the Cullman, AL location was utilized for this analysis. Total crop 

revenue ($ ha
-1

) was calculated by multiplying the price of tomatoes ($0.63 kg
-1

) times 

the plot yield (kg ha
-1

) (USDA, 2007). Total costs were calculated using the cost budgets 

in Table 3.14, adjusted for year (i.e. insecticide and fungicide costs). All estimates were 

calculated using 2005 dollars to minimize variability due to price fluctuations, allowing 

comparisons over time. Net revenue data was analyzed using analysis of variance as 

implemented in SAS
®
 using PROC Mixed. Difference between treatments means were 

determined by single degree of freedom contrasts.  

RESULTS AND DISCUSSION 

Cover Crop Biomass. Winter cover crop biomass estimation was done only in 2006. The 

quantity of cover crop biomass produced at both locations differed among cover crops, 

with rye producing 9363 kg/ha, and crimson clover producing 5481 kg/ha of dry matter. 

Turnip produced the least amount of biomass at 3860 kg/ha at Cullman. In Tuskegee dry 

matter production by all cover crops was less compared to Cullman. Turnip produced 

only 224 kg/ha of dry matter and crimson clover produced 1624 kg/ha biomass at 

Tuskegee. Biomass production was maximum in rye plots averaging 6404 kg/ha.  

Weed Control. Twelve weed species were evaluated in this experiment. Only three 

weeds were present in more than one field location (Table 3.02). The major weeds in the 

cover crop and plastic mulch plots included yellow nutsedge (Cyperus esculentus L.), 
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large crabgrass (Digitaria sanguinalis L.), smooth pigweed (Amaranthus hybridus L.), 

pokeweed (Phytolaca americana L.), ivyleaf morningglory (Ipomoea hederacea Jacq.), 

tall morningglory [Ipomoea purpurea (L.) Roth] and wild radish (Raphanus 

raphanistrum L.). Other weeds present included goosegrass [Eleusine indica (L.) 

Gaertn.], leafy spurge (Euphorbia esula L.), broadleaf signalgrass [Urochloa platyphylla 

(Munro ex C. Wright) R.D. Webster], and Virginia buttonweed (Diodia virginiana L.). 

However, they were not uniformly distributed across the test site. Since only the plastic 

mulch plots had raised beds weeds present in the whole plot were evaluated for control 

by the ground cover and herbicide treatments 

Analysis of variance showed that the three way interaction (cover*herbicide 

treatment*environment) was not significant for any of the weed species present in 

multiple locations. Significant environment*herbicide treatment or environment*ground 

cover treatment interaction was observed for yellow nutsedge and large crabgrass. 

Herbicide treatment effects were significant for most weeds except ivyleaf morningglory 

and Virginia buttonweed. The cover* treatment interaction was significant only for tall 

morningglory and leafy spurge. Lack of cover by herbicide treatment interaction for most 

weeds indicates the absence of weed control synergism. Means for individual year, cover 

crop, and herbicide combinations were estimated separately if significant interactions 

were found. If no significant interactions were found only main effect means were 

estimated.  

http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=URPL2&display=63
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=URPL2&display=63


76 

 

Broadleaf signalgrass was present only at Cullman in 2005. Averaged over 

ground cover treatments (Table 3.03), broadleaf signalgrass was controlled only 11% 

without herbicides. Control improved significantly with herbicide application. S-

metolachlor applied PRE controlled broadleaf signalgrass 79% control improved to 97% 

when S-metolachlor PRE was followed by EPOST application of metribuzin fb LPOST 

clethodim application. Averaged over herbicide treatments (Table 3.06), turnip and 

crimson clover residue controlled broadleaf signalgrass only 57% and 55% respectively. 

Control was significantly higher in rye and plastic mulch plots at 81% and 84% 

respectively compared to turnip and crimson clover plots.  

Goosegrass was present only at Cullman 2005. Averaged over all ground cover 

treatments (Table 3.03), goosegrass could not be controlled (6%) without herbicides. S-

metolachlor PRE controlled goosegrass 76%. S-metolachlor PRE fb metribuzin EPOST 

fb clethodim LPOST controlled gossegrass 96%. Averaged over herbicide treatments 

(Table 3.06), turnip and crimson clover residue controlled goosegrass less than 60%. Rye 

residue and plastic mulch provided similar (80% and 79%) and significantly higher 

control than turnip and crimson clover.  

Pokeweed was present at Cullman 2005. Averaged over ground cover treatments 

(Table 3.03) pokeweed was controlled only 16% without herbicides. Control improved 

significantly with S-metolachlor PRE at 60% and S-metolachlor PRE fb metribuzin 

EPOST fb clethodim LPOST at 83%. Averaged over herbicide treatments (Table 3.06), 

turnip and crimson clover residue controlled pokeweed less than 40%. Rye residue 
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controlled pokeweed only 68% whereas pokeweed control was recorded at 86% in plastic 

mulch plots. However, the differences were not significant (P = 0.324) for rye and plastic 

mulch plots.  

Smooth pigweed was present at Cullman site during both the years. Averaged 

over ground cover treatments (3.03 & 3.04), similar to other aforementioned weeds 

smooth pigweed was controlled only 9% in 2005, and 50% in 2006 without herbicides. 

None of the herbicide treatments provided acceptable control of smooth pigweed (less 

than 70%). Averaged over herbicide treatments (Tables 3.07 & 3.08) control was in 

general less in 2005 compared to 2006. Turnip residue suppressed smooth pigweed 30% 

in 2005 and 67% in 2006. Smooth pigweed was controlled only 12% in 2005 and 52% in 

2006 in crimson clover plots. Control was better in plastic mulch plots in 2005 (73%)  but 

trend reversed in 2006, where rye plots recorded 71% and plastic mulch plots had only 

57% suppression of smooth pigweed. However, differences in smooth pigweed control in 

rye and plastic mulch plots were not significant in either year.  

Yellow nutsedge was present at all the site years in this experiment. Averaged 

over ground cover treatments (Tables 3.03, 3.04 & 3.05), S-metolachlor application was 

required for acceptable yellow nutsedge control (84%) at Cullman 2005. Yellow nutsedge 

control increased to 95% when S-metolachlor was fb metribuzin EPOST fb clethodim 

LPOST. No significant differences in yellow nutsedge control among herbicide 

treatments were observed at Cullman and Tuskegee 2006. Averaged over herbicide 

treatments (Tables 3.06, 3.07 &3.08), rye residue provided ≤ 94% control of yellow 
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nutsedge at all site years. However no significant differences in yellow nutsedge control 

among rye and plastic mulch plots was observed at any site years.  

Ivyleaf morningglory was present only at Cullman during 2006. Averaged over 

ground cover treatments (Table 3.05) ivyleaf morningglory control did not differ among 

herbicide treatments. Averaged over herbicide treatments (Table 3.07), turnip and rye 

residue provided 94% and 90% control of ivyleaf morningglory. Control was only 66% in 

crimson clover plots and 70% in plastic mulch plots.  

Large crabgrass was present both at Cullman and Tuskegee during 2006. 

Averaged over ground cover treatments (Tables 3.04 & 3.05) no significant differences in 

large crabgrass control were observed among herbicide treatments at Cullman. However, 

S-metolachlor PRE fb metribuzin EPOST fb clethodim LPOST was required for 90% 

control of large crabgrass in Tuskegee. Averaged over herbicide treatments (Tables 3.07 

& 3.08) large crabgrass control was 88% in both turnip and rye plots. Control was 75% in 

crimson clover and plastic mulch plots at Cullman. Plastic mulch was the only treatment 

at Tuskegee that provided 70% control of large crabgrass for all the organic mulch plots 

control ranged from 30-40%.  

Virginia buttonweed was present only at Tuskegee test site in 2006. Averaged 

over ground cover treatments (Table 3.05), no significant differences in Virginia 

buttonweed control were observed among herbicide treatments. Unlike other weed 

species evaluated at this site year control of Virginia buttonweed declined with herbicide 

application. Averaged over herbicide treatments (Table 3.08), plastic mulch failed to 
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suppress Virginia buttonweed growth. Rye controlled Virginia buttonweed 90%. Turnip 

and crimson clover provided 39% and 54% control respectively.  

Smallflower morningglory [Jacquemontia tamnifolia (L.) Griseb.] was present at 

Tuskegee in 2006. Averaged over ground cover treatments (Table 3.05) smallflower 

morningglory was controlled 82% in no-herbicide plots and control of smallflower 

morningglory also decreased with herbicide treatments. Averaged over herbicide 

treatments (Table 3.08) plastic mulch (12%) failed to control smallflower morningglory. 

Maximum small flower morningglory control (96%) was observed in plots containing rye 

residue. 

Wild radish was present only at Tuskegee in 2006. Averaged over mulch 

treatments (Table 3.05), wild radish could not be controlled (9%) without herbicides or 

with S-metolachlor PRE. 59% control of wild radish was recorded with treatment 

consisting S-metolachlor PRE fb metribuzin EPOST fb clethodim LPOST. Averaged 

over herbicide treatments (Table 3.08), none of the mulch treatments provided acceptable 

control of wild radish. Maximum wild radish control was 56% observed under rye 

residue.  

Tall morningglory was present only at Cullman in 2005. Ground cover by 

herbicide treatment interaction was significant for tall morningglory control (Table 3.09). 

Ground cover treatments failed to control tall morningglory without herbicides (0-23%). 

Pre emergence application of S-metolachlor controlled tall morningglory 41% in turnip 

plots but did not control it in crimson clover plots. However the same treatment provided 
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good control of tall morningglory in plastic mulch (94%) and rye residue (98%) plots. S-

metolachlor PRE fb metribuzin EPOST fb clethodim LPOST controlled tall 

morningglory less than 50% in turnip and crimson clover plots but controlled tall 

morningglory 98% in plastic mulch plots. Tall morningglory control declined to 71% in 

rye residue plots when S-metolachlor PRE was fb metribuzin EPOST fb clethodim 

LPOST.  

Ground cover by herbicide treatment interaction was significant for leafy spurge 

also. Turnip and crimson clover residue failed to control leafy spurge with or without 

herbicides (Table 3.09). Preemergence application of S-metolachlor alone controlled 

leafy spurge 86% in plastic mulch plots and 97% in rye residue plots. Control of leafy 

spurge increased in plastic mulch plots, when S-metolachlor PRE was fb metribuzin 

EPOST fb clethodim LPOST but decreased under rye residue.  

This research demonstrates that high residue cover crops such as rye can provide 

improved weed suppression compared to black polyethylene mulch. Crimson clover and 

turnip residue in general were less effective in controlling summer weeds. This could 

partially be due to less biomass production by these cover crops and also rapid 

decomposition of the legume residue due to lower C: N ratio. Decomposition rate of 

brassicas is between grasses and legumes. Previous research has also reported improved 

weed control with increased mulch biomass present on the soil surface (Teasdale and 

Mohler 2000). Increased weed suppression has also been observed by Nagabhushna et al. 

(1995) with an increase in the seeding rate of rye. Another important factor which could 
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have aided in better weed suppression by rye residue is suppression of rye with 

mechanical roller crimper prior to its termination with glyphosate. The rolling process 

leaves a uniform mat of residue on the soil surface that acts as a physical barrier for weed 

seedlings to emerge through, compared to only chemical termination where residue is 

lodged irregularly even leaving some bare soil. Despite improved weed suppression 

herbicides were always required to provide acceptable weed control by ground cover 

treatments, which is in agreement with the previous research (Teasdale and Abdul-Baki 

1998).  Pre emergence application alone was also not sufficient in controlling majority of 

weeds. Yenish et al. (1996) also reported inconsistent control with cover crop residue and 

concluded herbicides were always required to achieve optimum weed control in corn. 

They however cautioned weed control should not be the only criterion in selection of 

cover crops. Factors like cost and ease of establishment, impact on yield should be taken 

into consideration before selecting a cover crop.  

Tomato Stand Establishment. Fewer tomato transplants survived at Tuskegee compared 

to Cullman. No significant difference in stand establishment among the plastic mulch and 

rye residue plots was observed when data were pooled over herbicide treatments at 

Cullman during both the years (Table 3.10). At Tuskegee, stand establishment was 

significantly higher in the rye plots compared to plastic mulch plots. Though not 

statistically significant, crimson clover plots had maximum stand reduction at Cullman 

2005. Non-significant differences in tomato stand establishment were observed among 

ground cover treatments at Cullman 2006 (Table 3.11).  Herbicide treatments had no 

significant effect on tomato stand establishment at Cullman 2005 and Tuskegee 2006 
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(Data pooled over ground cover treatments). Stand establishment was however reduced at 

Cullman in 2006 with herbicide application. 

Tomato Yield. Tomatoes were harvested only at the Cullman location in 2004 and 2005. 

Tomato plants were lost at Tuskegee due to an irrigation system failure immediately prior 

to fruit maturation. There was no cover crop by herbicide interaction. Thus, the model 

reduces to a main effects model for cover crop and herbicide treatment effects (P ≥ 

0.166). Yield was greater in 2005 compared to 2006. Pooled over herbicide treatments 

(Table 3.12), tomato yield was similar following rye cover and plastic mulch systems. 

Both these systems yielded 50 Mg/ha and 51 Mg/ha marketable tomato respectively in 

2005 and 38 Mg/ha in 2006. However the number of rotten tomato was more in plastic 

mulch plots than in rye plots in 2005, whereas no differences in total and marketable 

tomato yield were observed in these systems in 2006. Crimson clover plots yielded least 

in 2005. The lower yields following clover were likely due to higher weed interference in 

these systems. Yield was similar in turnip and crimson clover plots in 2006. Non 

significant differences in tomato yield among ground cover treatments were observed in 

2006. Averaged across ground cover treatments (Table 3.13), both herbicide regimen 

resulted in better yields compared to the no herbicide plots during both the years. Higher 

yields were obtained with the system containing both PRE and POST herbicides. 

Teasdale and Abdul-Baki (1998) also concluded that marketable tomato yields were 

lower in cover crop treatments without herbicides than the corresponding treatments with 

herbicides in two of three years. No significant cover or herbicide treatment differences 

(P > 0.50) were observed for marketable classes of fruit, although there was a difference 
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in frequency of market classes between the two years (data not shown). The number of 

small and medium-sized fruits was greater in 2005 than in 2006.  

Our study indicates that winter cover crop residue can provide early season weed 

control with supplemental use of EPOST herbicides. However, total reliance on a winter 

cover crop for weed control was not sufficient and in all cases herbicides were required to 

provide season-long weed control and to maintain tomato yield. As hypothesized, it was 

evident that the use of winter cover crop for weed control cannot completely replace 

herbicides. However, by reducing the use of PRE herbicides, growers can decrease the 

amount of pesticide introduced into the environment. Our results further indicate that 

performance of a rye winter cover crop was either equal or comparable to plastic mulch 

in controlling weeds and maintaining tomato yields, thus reducing the need for tillage and 

other seedbed preparation operations. Tomato establishment was also not affected by 

presence of high residue at the time of transplanting, which is a valid concern in high 

residue conservation tillage systems. These findings can further the development of 

sustainable farming systems. 

Economic Analysis. Economic costs of tomato production varied by treatment 

combination, but differences in costs due to treatment differences were relatively small 

overall, never larger that 3 percent of total costs (Table 3.14). Yield differences between 

treatments resulted in significant changes in total costs. Given that tomatoes were hand 

harvested, the cost of custom harvesting was the most significant cost of production 

(roughly 35 % of total costs). Harvesting costs are a function of tomato yield. As yield 



84 

 

increases, harvesting costs increase as more tomatoes need to be harvested from the field. 

Given that tomato yield varied significantly, this affected the total costs across treatments 

when calculating net returns. Furthermore, yield is a significant factor in calculating total 

crop revenue, resulting in significant variations in total crop revenue across treatments. 

Thus, primary differences in net revenue were primarily due to differences in tomato 

yields across treatments. However, given yield impacts both costs and revenues, net 

returns may not move in the same direction as yield.  

In 2005, for all cover crop by herbicide system interactions, rye receiving only a 

PRE application provided the highest returns ($13,924 ha
-1

) followed by rye receiving 

both herbicide applications ($12,211 ha
-1

) (Table 3.15). The lowest returns in 2005 were 

from clover with only a PRE application (-$1067 ha
-1

) followed by clover with no 

herbicide application (-$765 ha
-1

). Both treatments with the highest return were 

significantly different from the two treatments with the lowest returns in 2005. For all the 

treatment combinations in between, excluding turnips with a PRE application, treatment 

differences were insignificant. In addition, results in 2005 indicate that there is no 

significant difference between using a rye cover crop or plastic under any of the 

alternative herbicide treatment regimes.  

In 2006, the returns in general were significantly lower compared to 2005. In 

addition, differences in net returns between treatment combinations were not statistically 

significant (Table 3.15). The highest net returns were from using turnips with only a PRE 

application ($4654 ha
-1

), followed by plastic with only a PRE application ($4563 ha
-1

). 
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Clover and rye returns were maximized when both PRE and POST herbicide application 

were applied. For the herbicide treatments, the highest returns were achieved with only 

the PRE emergence application and lowest when herbicides were excluded. 

Results in this paper are short term effects of converting from a conventional 

plastic mulch system to three high-residue conservation tillage systems. These results 

indicate the economic possibility of growing fresh market tomatoes utilizing a 

conservation tillage system while maintaining yields and economic returns. This research 

also shows the feasibility of growing tomatoes in cover crop based systems without 

severely impacting the economic returns. However, the long term impact of these systems 

on yield and profitability require further investigation. 
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Table 3.01: Details of herbicide treatment rates and application timings 

Preemergence
†
   Postemergence

‡
 

Herbicides Rate (kg/ha)   Herbicides Rate (kg/ha) 

None  -   None  -  

S-metolachlor 1.87  None  -  

S-metolachlor 1.87   Metribuzin fb Clethodim 0.56 + 0.28  

†
 All preemergence herbicides were applied on the day of transplanting tomato. 

‡ 
Postemergence application of metribuzin was accomplished 4 weeks after transplanting 

tomato followed by clethodim application at bloom initiation. 
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Table 3.04: Effect of herbicide treatments on ivyleaf morningglory (IPOHE), large 

crabgrass (DIGSA), smooth pigweed (AMACH), and yellow nutsedge control at 

Cullman, AL in 2006. Herbicide rate and application timing can be found in Table 3.01 

Herbicide Treatments Weed Control 

Preemergence Postemergence IPOHE DIGSA AMACH CYPES 

  -------------------------%---------------------- 

None None 76 73 50 80 

S-metolachlor None 88 90 65 89 

S-metolachlor metribuzin fb clethodim 81 81 70 83 

P-values from contrasts: 

PRE+POST vs.PRE alone 0.781 0.624 0.958 0.800 

PRE+POST vs. Non Treated 0.907 0.793 0.546 0.973 

PRE alone vs. Non Treated 0.539 0.284 0.717 0.682 

 



94 

 

 

Table 3.05: Effect of herbicide treatments on yellow nutsedge (CYPES), large crabgrass 

(DIGSA), Virginia buttonweed (DIQVI), smallflower morningglory (JAQTA), and wild 

radish control at Tuskegee, AL in 2006. Herbicide rate and application timing can be 

found in Table 3.01 

Herbicide Treatments Weed Control 

Preemergence Postemergence CYPES DIGSA DIQVI JAQTA RAPRA 

  ---------------------------------%----------------------------- 

None None 84 6 64 82 13 

S-metolachlor None 68 28 48 51 9 

S-metolachlor 

metribuzin fb 

clethodim 77 90 36 56 59 

P-values from contrasts: 

PRE+POST vs.PRE alone 0.837 <0.001 0.761 0.949 0.003 

PRE+POST vs. Non Treated 0.856 <0.001 0.214 0.184 0.006 

PRE alone vs. Non Treated 0.510 0.133 0.587 0.103 0.965 



95 

 

 

Table 3.06: Effect of ground cover treatments on broadleaf signalgrass 

(BRAPP), goosegrass (EELEIN), pokeweed (PHTAM), smooth pigweed 

(AMACH) and yellow nutsedge control at Cullman, AL in 2005. 

  Weed Control 

Cover BRAPP ELEIN PHTAM AMACH CYPES 

 --------------------------------------%---------------------------- 

Brassica 57 58 25 30 53 

Crimson clover 55 50 38 12 70 

Plastic 84 80 86 73 85 

Rye 81 79 65 46 87 

P-values from contrasts:     

Brassica vs. Clover 0.998 0.886 0.904 0.770 0.591 

Brassica vs. Plastic 0.023 0.107 0.002 0.050 0.043 

Brassica vs. Rye 0.055 0.137 0.101 0.782 0.023 

Clover vs. Plastic 0.016 0.017 0.009 0.005 0.446 

Clover vs. Rye 0.036 0.023 0.348 0.243 0.302 

Plastic vs. Rye   0.981 0.999 0.337 0.324 0.993 
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Table 3.07. Effect of ground cover treatments on ivyleaf morningglory 

(IPOHE), large crabgrass (DIGSA), smooth pigweed (AMACH), and 

yellow nutsedge control at Cullman, AL in 2006.  

  Weed Control 

Cover IPOHE DIGSA AMACH CYPES 

 ----------------------------%---------------------------- 

Brassica 94 88 67 95 

Crimson clover 66 75 52 69 

Plastic 70 75 57 71 

Rye 90 88 71 94 

P-values from contrasts:    

Brassica vs. Clover 0.139 0.726 0.916 0.219 

Brassica vs. Plastic 0.190 0.719 0.970 0.234 

Brassica vs. Rye 0.967 1.000 0.997 0.999 

Clover vs. Plastic 0.995 1.000 0.997 1.000 

Clover vs. Rye 0.277 0.735 0.817 0.263 

Plastic vs. Rye   0.378 0.727 0.907 0.278 
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Table 3.08: Effect of ground cover treatments on yellow nutsedge (CYPES), 

largecrabgrass (DIGSA), Virginia buttonweed (DIQVI), smallflower 

morningglory (JAQTA), and wild radish control at Tuskegee, AL in 2006.  

  Weed Control 

Cover CYPES DIGSA DIQVI JAQTA RAPRA 

 ----------------------------%----------------------------------- 

Brassica 69 38 39 56 14 

Crimson clover 80 39 54 71 9 

Plastic 75 72 0 12 29 

Rye 80 33 90 96 56 

P-values from contrasts:     

Brassica vs. Clover 0.992 1.000 0.864 0.860 0.992 

Brassica vs. Plastic 0.820 0.014 0.301 0.190 0.820 

Brassica vs. Rye 0.069 0.970 0.014 0.035 0.069 

Clover vs. Plastic 0.663 0.016 0.069 0.038 0.663 

Clover vs. Rye 0.038 0.957 0.084 0.180 0.038 

Plastic vs. Rye   0.366 0.005 <0.001 <0.001 0.366 
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Table 3.10: Effect of ground cover treatments on tomato stand 

establishment at Cullman, AL and Tuskegee, AL. 

  Cullman  Tuskegee 

Cover 2005 2006  2006 

 ---------------No of Plants/ha------------ 

Brassica 10903 10671 
 

8274 

Crimson clover 9743 10980 
 

6495 

Plastic 12140 11135 
 

6263 

Rye 11522 11599 
 

8351 

P-values from contrasts:  
 

 

Brassica vs. Clover 0.657 0.901 
 

0.073 

Brassica vs. Plastic 0.609 0.723 
 

0.036 

Brassica vs. Rye 0.926 0.180 
 

1.000 

Clover vs. Plastic 0.106 0.987 
 

0.988 

Clover vs. Rye 0.312 0.514 
 

0.058 

Plastic vs. Rye   0.926 0.723 
 

0.027 
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Table 3.11: Effect of herbicide treatments on tomato stand establishment at 

Cullman, AL and Tuskegee, AL.  Herbicide rate and application timing can be 

found in Table 3.01  

    Cullamn  Tuskegee 

Herbicide Treatments 2005 2006  2006 

Preemergence Postemergence ---------------No of Plants/ha----------- 

None None 11193 10381 
 

6901 

S-metolachlor None 11019 11599 
 

7365 

S-metolachlor metribuzin fb clethodim 11019 11309 
 

7771 

P-values from contrasts: 

PRE+POST vs.PRE alone 1.000 0.730 
 

0.789 

PRE+POST vs. Non Treated 0.978 0.054 
 

0.342 

PRE alone vs. Non Treated 0.978 0.010 
 

0.734 



101 

 

 

Table 3.12: Effect of ground cover treatments on total and marketable 

tomato yield at Cullman, AL.  

  Tomato Yield 

 2005  2006 

Cover Total Marketable   Total Marketable 

 -------------------------Mg/ha------------------------- 

Brassica 49 42  36 29 

Crimson clover 38 33  36 29 

Plastic 59 50  38 31 

Rye 58 51  38 31 

P-values from contrasts:     

Brassica vs. Clover 0.323 0.375  1.000 1.000 

Brassica vs. Plastic 0.331 0.400  0.972 0.996 

Brassica vs. Rye 0.462 0.348  0.970 0.998 

Clover vs. Plastic 0.007 0.013  0.975 0.995 

Clover vs. Rye 0.014 0.010  0.973 0.997 

Plastic vs. Rye   0.996 1.000   1.000 1.000 
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Table 3.15: Least square means of net returns over total costs for all 

the cover crop by herbicide systems at Cullman, AL. Herbicide rate 

and application timing can be found in Table 3.01 

Treatment   Net Returns 

Grond Cover Herbicide   2005   2006 

    --------- USD ha
-1

 --------- 

Turnip None  7838 abc -4199 

Turnip Pre  3461 ab 4654 

Turnip Pre + Post  6176 abc
†
 390 

      

Crimson clover None  -765 ab 566 

Crimson clover Pre  -1067 ab -1274 

Crimson clover Pre + Post  8288 abc 2101 
      

Plastic None  9487 bc -4884 

Plastic Pre  8720 abc 4563 

Plastic Pre + Post  9918 bc 2280 
      

Rye None  4060 abc -190 

Rye Pre  13,924 c 341 

Rye Pre + Post  12,311 bc 1295 
†
Single degree of freedom contrasts were conducted with SAS® 

PROC MIXED to examine differences between least square means 

at P < 0.05. Least square means followed by the same letter are not 

significantly different. 
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Figure 3.01: Picture of a modified RJ No-till transplanter with a subsoiler shank and two 

drive wheels 
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Figure 3.02: Picture of a modified RJ No-till transplanter operating in rolled cereal rye 

winter cover crop residue 
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IV. COVER CROP RESIDUE EFFECTS ON EARLY-SEASON WEED  

ESTABLISHMENT IN A CONSERVATION-TILLAGE 

CORN-COTTON ROTATION  

 

ABSTRACT 

Use of the winter cover crops is an integral component of the conservation 

systems in corn (Zea mays L.) and cotton (Gossypium hirsutum L.). Field experiments 

were conducted from autumn of 2003 at the Alabama Agricultural Experiment Station’s 

E.V. Smith Research Center at Shorter, AL and Tennessee Valley Research and 

Extension Center at Belle Mina, AL through cash crop harvest in 2006. The experiment 

was also conducted at the University of Florida’s West Florida Education and Research 

Center at Jay, FL from autumn of 2004 to cash crop harvest in 2006. The treatments were 

five cover crop seeding dates each autumn and four cover crop termination dates the 

following spring. The seeding dates were based on the 30 year average date of the first 0 

C temperature at each location. The five seeding dates were: on the first average 0 C 

temperature date, two and four weeks prior and two and four weeks after the average 0 C 

date. Termination dates were four, three, two, and one week prior to the average date for 

the establishment of the cash crop, which is based the long-term average soil temperature.  
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Rotation for winter cover crops included clover (Trifolium incarnatum L.) 

preceding corn and cereal rye (Secale cereale L.) preceding cotton.  Results showed 

biomass production by winter covers was impacted with even a week’s delay in winter 

cover crop seeding and corresponding reduction in summer annual weed suppression. 

Different weather conditions encountered at the three locations resulted in large 

differences in cover crop biomass production. In general, winter cover crop biomass 

increased with the earlier planting and later termination and weed biomass decreased with 

increasing biomass.  Observations indicate that high cover biomass should decrease early 

season weed interference and facilitate flexibility of POST application timing. 

INTRODUCTION 

Soils in the Southeastern USA coastal plain are mainly sandy with a low water 

holding capacity and moisture content. This region faces frequent but generally short 

drought periods. The soils are also low in organic matter content. Use of heavy 

machinery and natural reconsolidation in the fields has led to the development of a 

compact sub-surface layer in the soil, further impacting the water and nutrient uptake by 

the plants. These conditions impact crop growth and yield (Radford et al. 2001). 

However, yield increases can be obtained by reducing soil strength (Busscher et al. 2000; 

Raper et al. 2000).  

Deep tillage is a typical practice to alleviate the problem of soil compaction but it 

has some negative effects as well. Tillage leads to soil erosion and increase in organic 

matter mineralization thus further adding to the problem of low soil organic matter 
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(Franzluebbers et al. 1999). Other problems with tillage include decreases in soil water 

infiltration leading to increased runoffs and loss of moisture. Finally, deep hard-pans may 

develop leading to the recommendation to confine deep tillage to a depth that just breaks 

the hard-pan but not deeper. 

Use of inversion tillage thus does not suffice and a complete management system 

is required to maintain the overall health of the cropping system. Widespread adoption a 

management system in agriculture requires information about local conditions in order to 

optimize the benefits of that system for growers. Conservation crop management systems 

have been successfully adopted to address these concerns as they offer significant 

agronomic, environmental and economic benefits. 

Initial adoption of conservation tillage practices in the 1970s was however limited 

due to environmental and economic concerns.  Problems included yield loss, poor cash 

crop stand establishment and increases in soil strength (Brown et al. 1985; Sojka and 

Busscher 1989). The major limiting factor was increased weed infestation and the 

corresponding increase in herbicide use. Numerous studies have pointed to increased 

weed pressure. Newly shed weed seeds remain on the surface with reduced tillage, thus 

easily emerging and surviving (Barberi 2002; Cardina et al. 2002; Cardina et al. 1991). In 

addition, weed species composition might shift from easy to control weeds to problematic 

weeds such as grasses and vegetatively reproducing species (Young et al. 1996). The 

main problem in the 1970s was the absence of a suitable chemical weed management 

system. 
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Use of cover crop residue has been advocated to maximize productivity of 

conservation systems in the southeastern USA and to overcome the abovementioned 

concerns (Langdale et al. 1990). Benefits of cover crops include reduced soil erosion and 

compaction, better infiltration and moisture retention, and enhanced nutrient cycling 

(Blevins et al. 1971; Bradley 1995; Kaspar et al. 2001; Reeves 1997). Cover crops 

combined with reduced tillage results in rapid buildup of soil organic matter (Sainju et al. 

2002). Cover crop research over the last two decades has also focused on weed control 

provided by high residue cover species (Teasdale and Abdul-Baki 1998; Creamer et al. 

1997; Price et al. 2006) in agronomic and horticultural crops. One practical consequence 

of this research has been increased adoption of these practices in the southeastern USA, 

e.g., corn hectarage managed in accordance with conservation management principles 

increased from 50% in 1990 to more than 70% in 2004. The increase in cotton was even 

more dramatic, increasing from 10% in 1990 to 60% in 2004 (Fig 1). 

It has been shown that cover crops in conservation tillage systems can help in 

achieving the dual benefits of reduced costs (Morton and Bergtold, 2006) and overall 

improved soil sustainability (Frye et al. 1988; Reeves 1997). Cover crops also suppress 

weeds either by inhibiting the growth of already established weeds through competition 

and smothering or by altering the soil environment conditions necessary for weed seed 

germination (Creamer 1996; Teasdale 1996). Cover crops influence factors such as soil 

moisture, light transmittance to the soil surface, soil temperature etc. These in turn affect 

weed seed germination and seedling growth. The surface residue also acts as a physical 

barrier that inhibits the growth of weeds.  
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Cover crop residue also releases phytotoxins that can inhibit germination and 

growth of weeds. Use of allelopathic cover crop mulches for weed control has been 

studied extensively (Barnes and Putnam 1983; Putnam and Defrank 1983, Price et al. 

2006; Rice 1984).  The degree of weed suppression provided by cover crops depends on 

the cover crop species and management system. However, the most important factor is 

the amount of residue produced. At equivalent amounts of residue weed suppression was 

similar with rye (Secale cereale L.) and hairy vetch cover (Vicia villosa Roth.) crop 

residue (Teasdale and Mohler 1992).  

Cereal rye and soft red winter wheat (Triticum aestivum L.) are the two most 

common cereal winter cover crops in southeastern USA row crop production systems. 

Both have been shown to possess allelopathic activity against weeds (Akemo et al. 2000; 

Perez and Ormeno-Nunez 1991; Barnes and Putnam 1983). A 50% reduction in early 

season weed infestation has been reported compared to the fallow control by using rye 

along with hairy vetch (Burgos and Talbert 1996). Black oat (Avena strigosa Schreb.) has 

recently been introduced into the southeastern USA through a joint release between 

Auburn University and The Institute of Agronomy of Paraná, Brazil, and is currently 

marketed as “SoilSaver black oat” (Bauer and Reeves 1999).  Crimson clover (Trifolium 

incarnatum L.), Austrian winter peas (Pisum sativum spp arvense (L.) Poir) and vetch 

(Vicia villosa Roth) are the main leguminous cover crops used in the southeastern USA. 

Allelopathic activity of these covers has been established in a greenhouse study (Price et 

al. 2008). Yenish et al. (1996) reported up to 95% reduction in weed biomass with rye, 

crimson clover and subterranean clover compared to conventionally-tilled fallow plots.    
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Corn (Zea mays L.) is increasingly becoming an important cash crop for many 

growers in the southeast. Corn is often grown as a rotation crop with cotton (Gossypium 

hirsutum L.) in southeastern USA. Crop rotation has become an important component of 

cotton production in the Southeast as continuous cotton production causes many 

problems including increased soil borne pathogen populations. Furthermore, the lack of 

herbicide chemistry rotation also results in increased number of resistant weed species. 

Crop rotation can be an effective tool in reducing the buildup of problematic weeds and 

to keep their population under control (Reddy 2004). Using crop rotations with an 

effective herbicide program can help alleviate these problems. Rotations with corn are 

typical, due to the lower production costs, ease of production, and because corn is a non-

host to many cotton pathogens. In an Arkansas study, Paxton et al. (1995) reported a 12% 

yield increase in cotton rotated with corn. Corn is also gaining popularity as a major cash 

crop because of its use as a main bio-fuel feedstock. 

Crimson clover and hairy vetch are the two most common winter cover crops for 

corn production. Both of these cover crops supplement the nitrogen requirement of the 

corn. Their residue has low C/N ratio and thus decomposes easily to release nitrogen into 

the soil. Holderbaum et al. (1990) reported in a Maryland study that corn grain yields 

were higher following crimson clover compared to following no cover crop. 

Though weed control benefits associated with cover crops can be improved by 

increasing the amount of residue on the field, this can also result in some negative effects. 

High residue can interfere with cash crop establishment and also deplete the soil moisture 
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(Teasdale 1993; Liebl et al. 1992). Dense cover crop residue can also lead to a decrease 

in soil temperature, which can severely impact the cash crop yield, though this is largely 

dependent on local weather conditions and the type of mulch used. Therefore having an 

optimum amount of residue on the soil is the key to optimizing the benefits from the 

cover crop system.  

Experience in the Southeast has shown that cover crop planting and termination 

has occurred at the discretion of growers schedule and weather conditions. Previous 

research has shown that planting and termination dates influence both quality and 

quantity of residue production. Therefore the objective of this research was to study the 

influence of the timing of cover crop planting and termination on winter cover crop 

residue production, early season weed suppression, and cash crop yield in a corn cotton 

rotation.  

MATERIALS AND METHODS 

General trial information 

 Field experiments were conducted at the Alabama Agricultural Experiment 

Station’s E.V. Smith Research Center at Shorter, AL and the Tennessee Valley Research 

and Extension Center at Belle Mina, AL from autumn of 2003 through corn and cotton 

harvest in 2006. The experiment was also conducted at the University of Florida West 

Florida Education and Research Center at Jay, FL from autumn of 2004 to corn and 

cotton harvest in 2006. The soil types were Compass loamy sand (coarse-loamy, 
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siliceous, subactive, thermic Plinthic Paleudults) at Shorter, AL, Decatur silty loam (fine, 

kaolinitic, thermic, Rhodic Paleudult) at Belle Mina, AL and a Dothan sandy loam (Fine-

loamy, siliceous, thermic Plinthic Kandiudults) at Jay, FL. The treatments were five 

cover crop planting dates each autumn and four cover crop termination dates the 

following spring. The planting dates were based on the 30 year average date of the first 0 

C freeze. The five planting dates for each location were on the first average frost day, two 

and four weeks prior and two and four weeks after the average freeze for a total of five 

planting dates (Table 4.01 & 4.02). Termination dates were four, three, two, and one 

week prior to the average date for the establishment of the cash crop corn and cotton, 

which is based the long-term average soil temperature (Table 4.01 & 4.02). Rotation for 

winter cover crops included crimson clover (Trifolium incarnatum L.) cv. AU Robin 

preceding corn and cereal rye (Secale cereale L.) cv. Elbon preceding cotton. In each 

crop year both the phases of rotation were present on adjacent fields.  

Experiment and treatment design 

 The experiment design for each location was a randomized complete block 

design (r = 3) with a split block restriction on randomization. This design was chosen for 

practical reasons because it enabled us to handle seeding and termination operations for 

the cover crop efficiently. We assigned cover crop planting dates (PD = 5) to horizontal 

and termination dates (TD = 4) to vertical strips. For each location x year combination, 

therefore, we had three different sizes of experimental units (Steel and Torrie, 1987). The 

largest experimental unit (TD) equals one quarter of the block size, the second largest 
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(PD) equals one fifth of the block size and the smallest (PD x TD combinations) equals 

1/20 of the block size (Fig. 1). This design also led to three different sources of 

experimental errors catering to each experimental unit.  Depending on location, the 

smallest experimental unit (henceforth called plot) was 4m wide and 8m long with four 

rows of corn and cotton at a 1-m row spacing.  

Cover crop management 

 Crimson clover (Trifolium incarnatum L.) cv. AU-Robin and cereal rye cv. Elbon 

were established with a no-till drill at a seeding rate of 28 kg ha
-1

 and 100 kg ha
-1

, 

respectively, in the autumn of each year. In the spring, cover crop biomass samples were 

collected just before terminating the clover and rye by clipping all aboveground plant 

parts close to the soil surface from one randomly selected 0.25-m
2
 section in each plot. 

Plant material was dried at 60
 
C for 72 h and weighed. Clover was then terminated with 

glyphosate at 1.12 kg ae ha
-1

 plus 2,4-D amine at 0.20 kg ai ha
-1

 utilizing a compressed 

CO2 backpack sprayer delivering 140 L ha
-1

 at 147 kPa. Rye was rolled with mechanical 

roller crimper prior to glyphosate application as described by Ashford and Reeves, 2003 

to aid in termination and the process leaves a uniform mat of residue on the soil surface.  

Cash crop management 

Because the central Alabama and West Florida sites had a well-developed 

hardpan, the experimental areas were in-row sub-soiled prior to corn planting with a 

narrow-shank parabolic subsoiler equipped with pneumatic tires to close the subsoil 
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channel (KMC, Tifton GA, USA). Corn (Zea mays L.) hybrid cv. Dekalb 69-72RR and 

Cotton cultivars DP 444 BG/RR, ST 5242 BR and DP555BRR were planted at Shorter, 

Belle-Mina and Jay Florida, respectively. The cash crop was planted after the final 

termination date for winter cover crops at each location (Table 4.01) with a four-row 

planter equipped with row cleaners and double-disk openers (Great Plains Mfg., Inc. 

Salina, KS, USA).  

Sampling and harvest 

 At the corn 8-leaf or cotton 4-leaf growth stage, all aboveground parts for all 

weeds were harvested from two randomly selected 0.25-m
2
 sections per plot and treated 

in a similar manner as to cover crop samples described above. Immediately after weed 

sampling we applied glyphosate at 1.12 kg a.e. ha
-1

. Plots were then kept weed-free until 

harvest utilizing Alabama Cooperative Extension Systems recommended herbicide 

applications.  

Before harvest, all plants in a randomly selected 3 m-section for each of the two 

center rows of each plot were counted for both corn and cotton. For estimation of corn 

grain yield the two center rows of each plot were harvested with a plot combine, dried to 

constant moisture (150 g H2O kg
-1

) and weighed. Seed cotton yield was determined by 

machine harvesting the middle two rows of each plot with a spindle picker. 
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Statistical analysis 

Data were analyzed separately for each location using generalized linear mixed 

models methodology as implemented in SAS
®
 PROC GLIMMIX. Year, planting date 

and termination date and all their interactions were considered fixed effects. Interaction 

of reps with planting date and termination date were considered random effects. 

Interaction effects were considered to be important or at least deserving a 2
nd

 look 

whenever the calculated P-value was less than 0.10. The arguments for this approach, 

based on Carmer (1976) were presented by Sulc et al. (2001, 2004). Significance of 

treatment differences were calculated by single degree of freedom contrasts.  

RESULTS AND DISCUSSION 

Crimson clover cover crop 

Weather conditions encountered at the three locations resulted in large differences 

in biomass production. Maximum biomass production (5447 kg ha
-1

) was observed at 

Shorter, AL when crimson clover was seeded four weeks prior to the average first day of 

a 0 C freeze and terminated one week prior to planting the corn cash crop. The least 

biomass production (24 kg ha
-1

) was observed at Belle-Mina, AL when the clover was 

seeded at the last establishment date (4-wk post 0 C freeze) and terminated one week 

prior to corn planting.  

The most general model for this type of study is a classification model that treats 

seeding and termination dates as categorical variables resulting in a 5 x 4 factorial 
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arrangement. The three-way interaction was significant (P = 0.051) only for the Bella 

Mina location (Table 4.03). The two-way interactions termination date x year was 

significant for the northern and southernmost locations only (P ≤ 0.001), whereas seeding 

date interacted significantly with years for all three locations (P < 0.0001). The seeding x 

termination date interaction was significant only for Belle Mina and Jay (P < 0.026). 

Main effects for seeding and termination dates were significant at all locations except for 

termination date at Shorter.  

Crimson clover shoot dry biomass yield was significantly impacted by the delay 

in seeding date at all locations and years (Table 4.04). At Belle-Mina, crimson clover 

planted prior to the average 0 C date yielded significantly higher than the plots, which 

were planted after that date. This is the coldest of three locations with an average 

temperature of 10 C, 5.5 C and 3.8 C during November, December and January 

respectively. These observations indicate that it is very important to plant a legume cover 

crop such as crimson clover early enough to get sufficient growth before the cooler 

temperatures set in. Waiting too long to seed the cover crop in the northern regions of 

Alabama severely impacted the amount of biomass produced by crimson clover. Less 

than 400 kg/ha of biomass was produced when crimson clover was seeded two weeks 

after the average day of 0 C freeze at Belle-Mina.  

At Shorter, the variability in crimson clover biomass production among the years 

was very pronounced; biomass production was less in 2003 compared to 2004 and 2005. 

Significant reduction in crimson clover biomass production was observed with an 
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advanced seeding date only in 2004 and 2005, as indicated by contrasts. If the seeding of 

crimson clover was delayed by 4 weeks 3689 kg/ha and 2553 kg/ha less biomass was 

produced in 2004 and 2005 respectively. No significant differences in crimson clover 

biomass production were however observed with either early or delayed termination in 

2004 and 2005 (Table 4.05). Dry biomass accumulation was maximum if crimson clover 

was allowed to grow until one week prior to corn planting in 2006. 

At the southernmost location Jay, except the three way interaction, all other main 

and interaction effects were significant for crimson clover biomass production (Table 

4.03). Significant differences among years were observed, biomass production was less in 

2004 compared to 2005. In 2005 with every two week delay in seeding the cover crop 

biomass production was reduced by more than half (Table 4.04). Significantly higher 

biomass was accumulated when crimson clover was terminated only a week or two prior 

to the planting of the main crop, corn (Table 5). However, no significant differences in 

biomass accumulation were observed if cover crop was terminated either four or three 

weeks prior to planting corn.  

Weed biomass in corn 

The three-way interaction (Year x PD x TD) was not significant for any location. 

Interaction of termination date with year was significant for both Belle Mina and Shorter 

locations (P ≤ 0.04). Interactions of seeding date with year as well as with termination 

date were not significant (P ≥ 0.11). Years did not have a significant effect at any of the 
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locations (P ≥ 0.12). The effect of termination date (P ≤ 0.05) and seeding date (P = 0.09) 

was significant at Belle Mina and Shorter only (Table 4.03).  

At Belle-Mina weed biomass was only 81 kg/ha in 2003-04 growing season 

corresponding to crimson clover biomass of 2861 kg/ha when the cover crop was seeded 

four weeks prior to the average frost (Table 4.06). Weed biomass increased with delay in 

cover crop seeding date indicating greater amount of crimson clover residue produced on 

earlier seeding dates suppressed early season weed biomass production in corn. However 

contrasts indicate no significant reduction in weed biomass if crimson clover was planted 

four or two weeks prior to the average frost. In the 2004-05 growing season, weed 

biomass production was significantly reduced by seeding crimson clover four and two 

weeks prior to the average frost, the larger the biomass production the smaller was the 

weed biomass. No significant differences in weed biomass production were observed if 

crimson clover was seeded on the average day of first 0 C freeze or thereafter. In 2005-06 

seeding dates had no significant effect on weed biomass production. No significant effect 

of delayed termination on weed biomass production was observed in 2003-04 and 2004-

05 growing seasons compared to the first termination date (4 wks prior to average 0 C 

freeze). However in 2005-06 growing season, a significant reduction in weed biomass 

was observed with only a 1 wk delay in crimson clover termination. This could be 

attributed to the increase in crimson clover biomass production with delayed termination, 

which in turn resulted in early season weed suppression.  
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At Shorter, no significant increase or decrease in weed biomass production was 

observed with seeding of crimson clover earlier or later than the average frost date. 

However weed biomass production in general increased with delay in crimson clover 

seeding date, in 2003-04 and 2005-06 growing seasons weed biomass ranged from 16-28 

kg/ha for the first two crimson clover seeding dates, whereas the final seeding date plots 

averaged nearly 109 kg/ha weed biomass during both the growing seasons. We do not 

have a clear explanation for higher weed biomass observed at this location for the first 

three seeding dates during 2004-05 growing season since the crimson clover biomass 

production was similar to the 2005-06 growing season. The effect of termination dates 

was pronounced only in 2005-06; significantly less weed biomass was produced if the 

termination was delayed by a even a week (Table 4.07).  

At Jay, our southernmost location no definite trend in weed biomass production 

was observed with earlier seeding or termination of the crimson clover. This could be due 

to rapid decomposition of residue due to warmer temperatures at this location compared 

to the northern locations (Table 6 & 7).  

Corn plant populations 

Only the main effect of years was significant at Jay and Shorter (Table 4.03), no 

other effect was significant at any of the locations. Effect of years is also questionable for 

Jay as the estimation of plant populations was done after the crop had been severely 

impacted with Hurricane Dennis.  
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There were no significant differences in plant populations among seeding and 

termination date treatments at Belle-Mina and Shorter (Table 4.08 & 4.09), indicating 

that the presence of heavy residue in some of the plots did not impact corn seed 

germination and establishment. There were large differences in plant populations among 

the years at Jay, probably due to weather conditions. An increase in plant populations was 

observed with delay in termination dates at Jay, although the differences were not 

statistically significant from the first termination date.  

Corn grain yield 

Corn grain yield was not affected by crimson clover seeding and termination dates 

at Belle-Mina. Though no statistically significant differences were observed plots with 

the earliest seeding of the crimson clover yielded highest at this location. At both Shorter 

and Belle-Mina significant differences in corn yield were observed across the years 

(Table 4.10 & 4.11). Grain yield decreased with the progression of the experiment. 

Weather conditions were different among the years, 2004 being a normal rainfall year 

whereas in 2005 majority of the rainfall was received in July at Belle-Mina (6 in.) and 

Shorter (8.5 in.) and 2006 was a drought year at both the locations. These differences in 

rainfall events can explain some of the yield differences observed among years at both 

the locations. Corn is most sensitive to water stress during the silking or flowering and 

pollination stage of growth and drought stress during this period can result in poor grain 

development and yield losses. However, rotations with rye and cotton could also have 

played a role in the decreasing corn grain yield. We noticed buildup of residue at Belle 
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Mina (Fig. 4.02) over the soil surface as the experiment progressed, this residue could 

have immobilized some of the nutrients thus negatively impacting corn grain yield with 

time. We reached this conclusion as better yields were observed at both the locations in 

first year of the experiment when corn crop was preceded by crimson clover only. 

Residue buildup with time was also noted by Reddy et al. (2004) at this site. Halvorson et 

al. (2002) also found that surface crop residues increased with time under no-tillage with 

corn rotations due to carryovers from year to year. This study, however, was conducted in 

Colorado, where climatic conditions are considerably different from the subtropical 

climate of Tennessee Valley region of northern AL. 

Reduction in corn grain yield following rye cover crop has been reported by 

previous research; this does not relate to our study directly but could be a valid 

explanation as rye was a part of the rotation and could have impacted the nutrient 

dynamics of the soil.  

Cereal rye cover crop 

 When analyzed by location, the three-way interaction was not significant 

at Belle-Mina. Interaction of experiment years with seeding date was significant. Main 

effect of seeding date, termination date and year was also significant (Table 4.12). In 

general rye biomass production declined with every 2 wk delay in cover seeding (Table 

4.13). Delaying the cereal rye planting 4 wk significantly lowered the rye biomass yield 

in all the years. Biomass production was in general less at this location in 2003-04 and 

2004-05 growing seasons. Earlier termination of rye also significantly reduced its 
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biomass yield. Biomass production in all the years was more if rye was terminated a 

week or two prior to cotton planting (Table 4.14). However, no significant differences in 

biomass production were observed if rye was terminated three or four weeks prior to 

cotton planting.  

At Shorter, all  interactions and main effects were significant for rye biomass 

production (Table 4.12). Delayed seeding of rye significantly reduced dry biomass 

accumulation (Table 4.13). In 2004-05 no significant differences in rye dry biomass 

accumulation occurred if rye was seeded on the third seeding date or later. Significant 

planting and termination date interaction was also observed at this location. Maximum 

biomass production was 8523 kg ha 
-1 

in year 2006 when rye planted 2 wks before the 0 

C freeze and terminated one week prior to cash crop planting. Least biomass produced at 

Shorter was 140 kg ha 
-1

 when covers were planted on the last planting date and 

terminated on the first planting date (Data not shown).  

At our southernmost location Jay all two-way interactions and main effects were 

significant (Table 4.12). Rye biomass production was better in year 2006 compared to 

year 2005. As observed at other two locations delayed seeding or earlier termination 

reduced dry biomass accumulation by rye (Table 4.13 & 4.14). Maximum observed rye 

biomass at this location was 7468 kg/ha produced when rye was planted four weeks prior 

to 0 C freeze and terminated two weeks before the seeding of cotton.  
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Weed biomass in cotton 

Dry weights of weeds were more in cotton compared to corn at all site years. This 

is likely due to the earlier sampling time in corn when fewer summer annual weeds had 

emerged. The cover crop biomass observed at these locations can explain some of the 

results observed for weed control. The three-way interaction was not significant at any of 

the locations. Interaction of year with seeding and termination date was significant at all 

the locations except at Jay. Seeding*termination date interaction was not significant at 

any location (Table 4.12).  

In general there was an increase in weed biomass in cotton with earlier 

termination and late planting of the rye cover crop. At Belle-Mina, numerically less weed 

dry biomass was observed corresponding to a high rye cover crop residue (Table 4.15). 

Weed biomass averaged only 31 kg/ha corresponding to rye biomass of 8878 kg/ha in 

plots seeded with rye 4 wks before 0 C freeze in 2003. No significant differences in weed 

biomass production were observed in 2004 among different seeding dates. In 2005, weed 

biomass was maximum in plots seeded with rye on the median seeding date averaging 

945 kg/ha and less in the later seeded plots. This could be due to the less rye biomass 

(2479 kg/ha) production in these plots. No significant differences in the weed biomass 

production were observed among the termination dates in 2003 and 2004 (Table 4.16). In 

2005 however, the plots terminated on the final termination date had the least weed 

biomass.  
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At Shorter, no significant differences in weed biomass production were observed 

among seeding dates in 2004 and 2005 (Table 4.15). Maximum observed weed biomass 

was 970 kg/ha corresponding to rye biomass of 1276 kg/ha in 2005, when rye was seeded 

four weeks after 0 C freeze. The effect of termination dates on weed biomass production 

was significant in 2003; weed biomass decreased with delay in rye cover crop 

termination date (Table 4.16).  

At Jay, weed biomass production was less compared to other two locations. No 

differences in weed biomass production were observed among seeding dates at this 

location (Table 4.15). Delay in rye termination decreased weed biomass production. In 

2004 however, plots terminated a week before cotton planting had more weed biomass 

than plots terminated two and three weeks prior to cotton planting (Table 4.16).  

Decrease in dry weed biomass with corresponding increase in rye biomass is in 

accordance with the previous studies. Teasdale 1996, concluded weed biomass 

production is correlated with the cover crop biomass. Smeda and Weller (1996) also 

reported increase in residual weed suppression by no till-rye residues when the time 

between cover crop desiccation and crop planting was reduced, probably due to 

allelopathic effects. 

Cotton plant populations 

There was little effect of cover crop seeding and termination date treatments on 

the cotton stand establishment (Table 4.17 & 4.18). No significant differences in cotton 
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populations were observed among seeding and termination dates at any of the site years, 

indicating presence of heavy rye residue in the early seeded or late terminated rye plots 

did not negatively impact cotton germination and establishment. This observation has 

also been supported by Reddy et al. 2004, who reported cotton seedling counts were 

similar in conventional tillage (no surface residue) and no-tillage systems (with rye 

residue on surface) in each year of the study. Stand establishment was, however, less at 

Jay, FL, compared to Shorter and Belle Mina but this does not appear to be related to 

poor soil to seed contact. In row sub-soiling was employed to break the hardpan at this 

location. Subsoiler was equipped with row cleaners which usually eliminate the concerns 

for poor soil to seed contact and reduced germination.  

Seed cotton yield 

There were differences in cotton yield among the years possibly due to weather 

conditions but cotton lint yield was not affected by rye cover crop seeding and 

termination dates at any site year (Table 4.19 & 4.20). Seed cotton yield averaged 3784 

kg/ha in 2003, 4269kg/ha in 2004 to 2252 kg/ha in 2005 at Belle-Mina. At Shorter, 

maximum cotton yield was obtained in year 2004 averaging 4065 kg/ha. At Jay, yield 

was less in 2005 but was comparable to other two locations in 2005.  

In this study, leaving cover crops alive up to 1wk before planting the cash crops 

corn and cotton increased cover crop biomass accumulation compared with killing 4 wks 

before planting. Increased cover crop biomass suppressed total weed dry biomass. These 

findings indicate that high residue cover crops have the potential for suppressing early 
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season weeds in corn and cotton. If farmers are utilizing glyphosate-resistant corn-cotton 

rotation systems these findings hold particular importance. Weeds can be managed with a 

glyphosate POST-only program and reliance on preemergence herbicides can be reduced. 

Thus the additional costs associated with cover crop establishment can be offset by 

decrease in herbicide use to some extent. Because corn and cotton yields were similar 

between treatments we can conclude that the benefit of early season weed suppression in 

corn and cotton can be obtained by planting crimson clover and rye cover crops timely 

and terminating them a week or two prior to cash crop planting. This can result in 

maximum cover crop biomass production without negatively impacting the stand 

establishment and yield of corn and cotton crops.  
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Table 4.01: Crimson clover seeding and termination dates 

Belle Mina, AL   Shorter, AL   Jay, FL 

2003/4 2004/5 2005/6   2003/4 2004/5 2005/6   2004/5 2005/6 

Seeding dates         

25-Sep 27-Sep 25-Sep  09-Oct 08-Oct 12-Oct  29-Oct 04-Nov 

09-Oct 11-Oct 11-Oct  20-Oct 21-Oct 25-Oct  10-Nov 17-Nov 

22-Oct 26-Oct 24-Oct  10-Nov 10-Nov 07-Nov  29-Nov 02-Dec 

04-Nov 08-Nov 07-Nov  21-Nov 03-Dec 22-Nov  13-Dec 12-Dec 

18-Nov 18-Nov 18-Nov  08-Dec 16-Dec 07-Dec  20-Dec 22-Dec 

Termination dates        

23-Feb 23-Feb 22-Feb  23-Feb 23-Feb 22-Feb  03-Feb 10-Feb 

01-Mar 01-Mar 01-Mar  01-Mar 01-Mar 01-Mar  10-Feb 17-Feb 

08-Mar 09-Mar 08-Mar  08-Mar 09-Mar 08-Mar  17-Feb 24-Feb 

15-Mar 18-Mar 15-Mar   15-Mar 18-Mar 15-Mar   24-Feb 03-Mar 
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Table 4.02: Cereal rye seeding and termination dates 

Belle Mina, AL   Shorter, AL   Jay, FL 

2003/4 2004/5 2005/6   2003/4 2004/5 2005/6   2004/5 2005/6 

Seeding dates         

25-Sep 27-Sep 25-Sep  09-Oct 08-Oct 12-Oct  29-Oct 04-Nov 

09-Oct 11-Oct 11-Oct  20-Oct 21-Oct 25-Oct  10-Nov 17-Nov 

22-Oct 26-Oct 24-Oct  10-Nov 10-Nov 07-Nov  29-Nov 02-Dec 

04-Nov 08-Nov 07-Nov  21-Nov 03-Dec 22-Nov  13-Dec 12-Dec 

18-Nov 18-Nov 18-Nov  08-Dec 16-Dec 07-Dec  20-Dec 22-Dec 

Termination dates        

02-Apr 04-Apr 05-Apr  23-Mar 23-Mar 22-Mar  10-Mar 16-Mar 

09-Apr 11-Apr 10-Apr  31-Mar 30-Mar 29-Mar  17-Mar 24-Mar 

16-Apr 18-Apr 17-Apr  07-Apr 06-Apr 04-Apr  24-Mar 31-Mar 

22-Apr 28-Apr 24-Apr   13-Apr 13-Apr 12-Apr   29-Mar 07-Apr 
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Table 4.03: P-values from the analysis of variance for cover crop biomass, weed 

biomass, corn populations and corn grain yield. 
    Response variables 

  

Effect DF 

Clover 

Biomass 

Weed 

Biomass 

Corn 

Population 

Corn 

Yield 

Belle-Mina, AL 

PD (Seeding Date) 4 <0.0001 <0.0001 0.476 0.269 

TD (Termination Date) 3 <0.0001 <0.0001 0.278 0.801 

PD*TD 12 0.022 0.105 0.707 0.834 

Year 2 0.596 0.674 0.242 <0.0001 

Year*PD 8 <0.0001 0.834 0.436 0.084 

Year*TD 6 0.001 <0.0001 0.887 0.016 

Year*PD*TD 24 0.051 0.152 0.876 0.625 

Shorter, AL 

PD (Seeding Date) 4 <0.0001 0.089 0.128 0.777 

TD (Termination Date) 3 0.268 0.051 0.221 0.146 

PD*TD 12 0.411 0.248 0.227 0.743 

Year 2 0.036 0.115 0.012 <0.0001 

Year*PD 8 <0.0001 0.265 0.303 0.042 

Year*TD 6 0.505 0.037 0.351 <0.0001 

Year*PD*TD 24 0.804 0.625 0.975 0.721 

Jay, FL 

PD (Seeding Date) 4 <0.0001 0.383 0.226 0.341 

TD (Termination Date) 3 0.005 0.218 0.126 0.836 

PD*TD 12 0.026 0.357 0.528 0.654 

Year 1 0.038 0.275 0.001 0.002 

Year*PD 4 <0.0001 0.402 0.441 0.055 

Year*TD 3 0.001 0.513 0.878 0.941 

Year*PD*TD 12 0.186 0.249 0.958 0.805 
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Table 4.04: Clover biomass (kg ha
-1

) by location and year as influenced by cover crop 

seeding date, which were based on the 30-yr average day of first frost at each location. 

Further seeding dates were either 2 or 4 weeks prior (-) or later (+) than that date. Data 

are averaged over termination dates. Actual seeding dates are in Table 4.01. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 2861  1928  1904 

- 2 weeks 1435  2336  1753 

Median Date 604  945  757 

+ 2 weeks 304  263  381 

+ 4 weeks 76  121  85 

SE 172 

Dunnett's P vs. median seeding date 

- 4 weeks <0.0001  <0.0001  <0.0001 

- 2 weeks <0.0001  <0.0001  <0.0001 

+ 2 weeks <0.0001  0.009  0.265 

+ 4 weeks <0.0001  0.001  0.010 

 Shorter, AL 

- 4 weeks 1808  4750  4511 

- 2 weeks 2135  3827  3935 

Median Date 1223  1061  1958 

+ 2 weeks 1321  359  805 

+ 4 weeks 914  414  425 

SE 332 

Dunnett's P vs. median seeding date 

- 4 weeks 0.462  <0.0001  <0.0001 

- 2 weeks 0.117  <0.0001  <0.0001 

+ 2 weeks 0.998  0.302  0.030 

+ 4 weeks 0.884  0.373  0.002 

 Jay, FL 

- 4 weeks NA  601  2123 

- 2 weeks NA  468  979 

Median Date NA  230  465 

+ 2 weeks NA  103  205 

+ 4 weeks NA  90  132 

SE 86 

Dunnett's P vs. median seeding date 

- 4 weeks NA  0.011  <0.0001 

- 2 weeks NA  0.164  <0.0001 

+ 2 weeks NA  0.683  0.113 

+ 4 weeks NA   0.605   0.026 
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Table 4.05: Clover biomass (kg ha
-1

) by location and year as influenced by cover 

crop termination date, which were 4, 3, 2, and 1 week prior to corn planting. 

Termination dates were based on 30 year average soil temperature. Data are 

averaged over seeding dates. Actual termination dates are in Table 4.01. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 1637  1015  1323 

- 2 week prior 1116  1364  1131 

- 3 week prior 832  1119  833 

- 4 week prior 639  977  617 

SE 144 

Dunnett's P vs. First termination date 

- 1 week prior <0.0001  0.991  <0.0001 

- 2 week prior 0.022  0.059  0.007 

- 3 week prior 0.550  0.729  0.431 

 Shorter, AL 

- 1 week prior 1860  2348  2827 

- 2 week prior 1315  2005  2385 

- 3 week prior 1691  1813  2389 

- 4 week prior 1054  2162  1706 

SE 335 

Dunnett's P vs. First termination date 

- 1 week prior 0.187  0.956  0.039 

- 2 week prior 0.891  0.972  0.310 

- 3 week prior 0.360  0.781  0.306 

 Jay, FL 

- 1 week prior NA  474  1144 

- 2 week prior NA  217  945 

- 3 week prior NA  201  588 

- 4 week prior NA  300  446 

SE 77 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.264  <0.0001 

- 2 week prior NA  0.787  <0.0001 

- 3 week prior NA   0.687   0.426 
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Table 4.06: Weed dry biomass (kg ha
-1

) in corn by location and year as influenced 

by cover crop seeding date, which were based on the 30-yr average day of first 

frost at each location. Further seeding dates were either 2 or 4 week prior (-) or 

later (+) than that date. Data are averaged over termination dates. Actual seeding 

dates are in Table 4.01. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 81  27  111 

- 2 weeks 103  61  119 

Median Date 154  167  190 

+ 2 weeks 153  159  171 

+ 4 weeks 187  135  178 

SE 42 

Dunnett's P vs. median seeding date 

- 4 weeks 0.228  0.003  0.180 

- 2 weeks 0.534  0.036  0.255 

+ 2 weeks 1.000  0.999  0.976 

+ 4 weeks 0.842  0.852  0.996 

 Shorter, AL 

- 4 weeks 26  62  16 

- 2 weeks 28  120  18 

Median Date 83  136  49 

+ 2 weeks 75  90  100 

+ 4 weeks 109  115  108 

SE 27 

Dunnett's P vs. median seeding date 

- 4 weeks 0.329  0.134  0.768 

- 2 weeks 0.358  0.978  0.798 

+ 2 weeks 0.998  0.513  0.437 

+ 4 weeks 0.886  0.935  0.309 

 Jay, FL 

- 4 weeks NA  26  78 

- 2 weeks NA  72  58 

Median Date NA  42  35 

+ 2 weeks NA  53  142 

+ 4 weeks NA  48  163 

SE 45 

Dunnett's P vs. median seeding date 

- 4 weeks NA  0.995  0.849 

- 2 weeks NA  0.956  0.982 

+ 2 weeks NA  0.999  0.168 

+ 4 weeks NA   1.000   0.073 
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Table 4.07: Weed dry biomass (kg ha
-1

) in corn by location and year as influenced by 

cover crop termination date, which were 4, 3, 2, and 1 week prior to corn planting. 

Termination dates were based on 30 year average soil temperature. Data are averaged 

over seeding dates. Actual termination dates are in Table 4.01. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 132  143  73 

- 2 week prior 138  47  73 

- 3 week prior 142  161  159 

- 4 week prior 131  89  311 

SE 40 

Dunnett's P vs. First termination date 

- 1 week prior 1.000  0.346  <0.0001 

- 2 week prior 0.996  0.540  <0.0001 

- 3 week prior 0.982  0.132  <0.0001 

 Shorter, AL 

- 1 week prior 40  83  38 

- 2 week prior 76  116  17 

- 3 week prior 68  77  31 

- 4 week prior 72  142  147 

SE 24 

Dunnett's P vs. First termination date 

- 1 week prior 0.583  0.147  0.002 

- 2 week prior 0.999  0.738  <0.0001 

- 3 week prior 0.998  0.095  0.001 

 Jay, FL 

- 1 week prior NA  45  84 

- 2 week prior NA  16  101 

- 3 week prior NA  54  42 

- 4 week prior NA  77  155 

SE 77 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.851  0.344 

- 2 week prior NA  0.491  0.562 

- 3 week prior NA   0.939   0.064 
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Table 4.08: Corn populations (No. of plants per hectare) by location and year as 

influenced by cover crop seeding date, which were based on the 30-yr average day of 

first frost at each location. Further seeding dates were either 2 or 4 week prior (-) or 

later (+) than that date. Data are averaged over termination dates. Actual seeding 

dates are in Table 4.01. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 21726  20909  23522 

- 2 weeks 21399  19166  21072 

Median Date 22597  20909  21780 

+ 2 weeks 22651  20364  21562 

+ 4 weeks 20854  20909  21726 

SE 977 

Dunnett's P vs. median seeding date 

- 4 weeks 0.866  1.000  0.369 

- 2 weeks 0.687  0.369  0.930 

+ 2 weeks 1.000  0.971  0.999 

+ 4 weeks 0.369  1.000  1.000 

 Shorter, AL 

- 4 weeks 22488  24993  21834 

- 2 weeks 21617  25319  21018 

Median Date 23196  22433  19656 

+ 2 weeks 22706  24339  21236 

+ 4 weeks 24067  25319  20963 

SE 922 

Dunnett's P vs. median seeding date 

- 4 weeks 0.923  0.080  0.168 

- 2 weeks 0.430  0.039  0.561 

+ 2 weeks 0.978  0.267  0.430 

+ 4 weeks 0.854  0.039  0.596 

 Jay, FL 

- 4 weeks NA  15125  23172 

- 2 weeks NA  16577  24745 

Median Date NA  15125  24563 

+ 2 weeks NA  15670  26681 

+ 4 weeks NA  16880  26015 

SE 945 

Dunnett's P vs. median seeding date 

- 4 weeks NA  1.000  0.735 

- 2 weeks NA  0.719  0.999 

+ 2 weeks NA  0.965  0.564 

+ 4 weeks NA   0.642   0.719 
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Table 4.09: Corn populations (No. of plants per hectare) by location and year as 

influenced by cover crop termination date, which were 4, 3, 2, and 1 week prior to 

corn planting. Termination dates were based on 30 year average soil temperature. 

Data are averaged over seeding dates. Actual termination dates are in Table 4.01. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 21954  20125  22433 

- 2 week prior 21649  19863  21693 

- 3 week prior 22346  21127  22390 

- 4 week prior 21432  20691  21214 

SE 837 

Dunnett's P vs. First termination date 

- 1 week prior 0.879  0.852  0.361 

- 2 week prior 0.989  0.658  0.903 

- 3 week prior 0.588  0.924  0.390 

 Shorter, AL 

- 1 week prior 22041  24176  19733 

- 2 week prior 23261  22695  20604 

- 3 week prior 22913  25657  21911 

- 4 week prior 23043  25395  21519 

SE 919 

Dunnett's P vs. First termination date 

- 1 week prior 0.717  0.586  0.286 

- 2 week prior 0.995  0.055  0.768 

- 3 week prior 0.999  0.992  0.974 

 Jay, FL 

- 1 week prior NA  15052  23958 

- 2 week prior NA  16166  24926 

- 3 week prior NA  16262  26184 

- 4 week prior NA  16020  25071 

SE 837 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.747  0.694 

- 2 week prior NA  0.997  0.997 

- 3 week prior NA   0.987   0.694 
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Table 4.10: Corn grain yield (kg ha
-1

) by location and year as influenced by cover crop 

seeding date, which were based on the 30-yr average day of first frost at each location. 

Further seeding dates were either 2 or 4 week prior (-) or later (+) than that date. Data 

are averaged over termination dates. Actual seeding dates are in Table 4.01. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 10471  9262  4646 

- 2 weeks 9474  8712  4686 

Median Date 9963  8684  5228 

+ 2 weeks 10054  8434  4607 

+ 4 weeks 9344  8414  4831 

SE 370 

Dunnett's P vs. median seeding date 

- 4 weeks 0.501  0.386  0.380 

- 2 weeks 0.534  1.000  0.445 

+ 2 weeks 0.998  0.919  0.324 

+ 4 weeks 0.326  0.897  0.702 

 Shorter, AL 

- 4 weeks 11986  7631  5703 

- 2 weeks 11701  7701  5709 

Median Date 12429  7333  5629 

+ 2 weeks 11325  7363  5840 

+ 4 weeks 11533  7864  5296 

SE 379 

Dunnett's P vs. median seeding date 

- 4 weeks 0.592  0.847  0.999 

- 2 weeks 0.175  0.731  0.999 

+ 2 weeks 0.015  1.000  0.949 

+ 4 weeks 0.065  0.431  0.792 

 Jay, FL 

- 4 weeks NA  5582  13520 

- 2 weeks NA  6259  14328 

Median Date NA  5236  12982 

+ 2 weeks NA  6318  12083 

+ 4 weeks NA  6432  12694 

SE 945 

Dunnett's P vs. median seeding date 

- 4 weeks NA  0.972  0.878 

- 2 weeks NA  0.446  0.216 

+ 2 weeks NA  0.397  0.560 

+ 4 weeks NA   0.310   0.986 
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 Table 4.11: Corn grain yield (kg ha
-1

) by location and year as influenced by cover 

crop termination date, which were 4, 3, 2, and 1 week prior to corn planting. 

Termination dates were based on 30 year average soil temperature. Data are 

averaged over seeding dates. Actual termination dates are in Table 4.01. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 9880  8389  4946 

- 2 week prior 9707  8392  5201 

- 3 week prior 10117  9196  4842 

- 4 week prior 9741  8827  4209 

SE 425 

Dunnett's P vs. First termination date 

- 1 week prior 0.988  0.745  0.370 

- 2 week prior 1.000  0.748  0.155 

- 3 week prior 0.818  0.827  0.491 

 Shorter, AL 

- 1 week prior 10916  7579  4382 

- 2 week prior 12094  7424  5949 

- 3 week prior 12453  8225  6933 

- 4 week prior 11717  7085  5278 

SE 500 

Dunnett's P vs. First termination date 

- 1 week prior 0.482  0.797  0.392 

- 2 week prior 0.895  0.920  0.616 

- 3 week prior 0.547  0.209  0.037 

 Jay, FL 

- 1 week prior NA  5615  12565 

- 2 week prior NA  5867  12872 

- 3 week prior NA  6225  13468 

- 4 week prior NA  6155  13581 

SE 784 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.926  0.673 

- 2 week prior NA  0.987  0.853 

- 3 week prior NA   1.000   0.999 
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Table 4.12: P-values from the analysis of variance for cover crop biomass, weed 

biomass, cotton populations and seed cotton yield. 
   Response variables 

  

Effect DF 

Rye 

Biomass 

Weed 

Biomass 

Cotton 

Population 

Cotton 

Yield 

                             Belle-Mina, AL 

PD (Seeding Date) 4 <0.0001 <0.0001 0.001 0.863 

TD (Termination Date) 3 <0.0001 0.316 0.166 0.458 

PD*TD 12 0.450 0.786 0.083 0.082 

Year 2 0.006 0.017 0.087 0.003 

Year*PD 8 0.001 0.038 <0.0001 0.088 

Year*TD 6 0.601 0.020 0.091 0.048 

Year*PD*TD 24 0.500 0.816 0.513 0.880 

                             Shorter, AL 

PD (Seeding Date) 4 <0.0001 0.001 0.020 0.492 

TD (Termination Date) 3 0.002 0.008 0.920 0.537 

PD*TD 12 0.005 0.438 0.456 0.926 

Year 2 0.006 0.011 0.000 0.001 

Year*PD 8 <0.0001 0.000 0.216 0.001 

Year*TD 6 <0.0001 0.000 0.052 0.357 

Year*PD*TD 24 0.084 0.559 0.637 0.923 

                            Jay, FL 

PD (Seeding Date) 4 <0.0001 0.137 0.611 0.542 

TD (Termination Date) 3 0.003 <0.0001 0.321 0.540 

PD*TD 12 0.012 0.923 0.579 0.874 

Year 1 0.003 0.636 0.010 0.013 

Year*PD 4 0.042 0.493 0.892 0.582 

Year*TD 3 0.002 0.015 0.265 0.348 

Year*PD*TD 12 0.170 0.859 0.863 0.519 
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Table 4.13: Rye biomass (kg ha
-1

) by location and year as influenced by cover crop 

seeding date, which were based on the 30-yr average day of first frost at each 

location. Further seeding dates were either 2 or 4 week prior (-) or later (+) than that 

date. Data are averaged over termination dates. Actual seeding dates are in Table 

4.02. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 8878  5062  6396 

- 2 weeks 7852  5232  4078 

Median Date 6584  2863  2479 

+ 2 weeks 4500  2149  3085 

+ 4 weeks 2649  913  2066 

SE 611 

Dunnett's P vs. median seeding date 

- 4 weeks 0.004  0.006  <0.0001 

- 2 weeks 0.200  0.003  0.070 

+ 2 weeks 0.010  0.701  0.788 

+ 4 weeks <0.0001  0.018  0.933 

 Shorter, AL 

- 4 weeks 5566  5331  6177 

- 2 weeks 5053  4893  6269 

Median Date 4344  2610  5372 

+ 2 weeks 2779  518  2553 

+ 4 weeks 1276  213  1370 

SE 356 

Dunnett's P vs. median seeding date 

- 4 weeks 0.020  <0.0001  0.198 

- 2 weeks 0.298  <0.0001  0.128 

+ 2 weeks 0.002  <0.0001  <0.0001 

+ 4 weeks <0.0001  <0.0001  <0.0001 

 Jay, FL 

- 4 weeks NA  3605  5006 

- 2 weeks NA  2982  5341 

Median Date NA  2559  4695 

+ 2 weeks NA  1687  3349 

+ 4 weeks NA  1545  2706 

SE 253 

Dunnett's P vs. median seeding date 

- 4 weeks NA  0.005  0.727 

- 2 weeks NA  0.480  0.142 

+ 2 weeks NA  0.026  <0.0001 

+ 4 weeks NA   0.007   <0.0001 
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Table 4.14: Rye biomass (kg ha
-1

) by location and year as influenced by cover 

crop termination date, which were 4, 3, 2, and 1 week prior to cotton planting. 

Termination dates were based on 30 year average soil temperature. Data are 

averaged over seeding dates. Actual termination dates are in Table 4.02. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 8095  4781  4725 

- 2 week prior 6421  3767  3839 

- 3 week prior 5460  2693  3523 

- 4 week prior 4394  1734  2396 

SE 552 

Dunnett's P vs. First termination date 

- 1 week prior <0.0001  <0.0001  <0.0001 

- 2 week prior 0.001  0.001  0.032 

- 3 week prior 0.150  0.219  0.120 

 Shorter, AL 

- 1 week prior 3987  2686  5435 

- 2 week prior 4731  3089  4498 

- 3 week prior 4659  2794  4384 

- 4 week prior 1837  2282  3076 

SE 338 

Dunnett's P vs. First termination date 

- 1 week prior 0.637  <0.0001  0.135 

- 2 week prior 0.128  0.002  0.005 

- 3 week prior 0.457  0.005  0.414 

 Jay, FL 

- 1 week prior NA  2613  4840 

- 2 week prior NA  3128  5370 

- 3 week prior NA  2352  4015 

- 4 week prior NA  1809  2653 

SE 295 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.135  <0.0001 

- 2 week prior NA  0.005  <0.0001 

- 3 week prior NA   0.414   0.004 
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Table 4.15: Weed dry biomass (kg ha
-1

) in cotton by location and year as 

influenced by cover crop seeding date, which were based on the 30-yr average 

day of first frost at each location. Further seeding dates were either 2 or 4 week 

prior (-) or later (+) than that date. Data are averaged over termination dates. 

Actual seeding dates are in Table 4.02. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 31  133  214 

- 2 weeks 54  182  455 

Median Date 406  275  945 

+ 2 weeks 250  297  368 

+ 4 weeks 345  478  664 

SE 102 

Dunnett's P vs. median seeding date 

- 4 weeks 0.010  0.601  <0.0001 

- 2 weeks 0.017  0.865  <0.0001 

+ 2 weeks 0.519  0.999  <0.0001 

+ 4 weeks 0.965  0.283  0.077 

 Shorter, AL 

- 4 weeks 316  289  62 

- 2 weeks 318  381  53 

Median Date 470  440  58 

+ 2 weeks 474  467  81 

+ 4 weeks 970  378  88 

SE 101 

Dunnett's P vs. median seeding date 

- 4 weeks 0.425  0.438  1.000 

- 2 weeks 0.437  0.953  1.000 

+ 2 weeks 1.000  0.997  0.998 

+ 4 weeks <0.0001  0.944  0.996 

 Jay, FL 

- 4 weeks NA  48  53 

- 2 weeks NA  50  48 

Median Date NA  80  88 

+ 2 weeks NA  53  85 

+ 4 weeks NA  87  65 

SE 14 

Dunnett's P vs. median seeding date 

- 4 weeks NA  0.338  0.259 

- 2 weeks NA  0.390  0.160 

+ 2 weeks NA  0.495  1.000 

+ 4 weeks NA   0.993   0.626 
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Table 4.16: Weed dry biomass (kg ha
-1

) in cotton by location and year as influenced 

by cover crop termination date, which were 4, 3, 2, and 1 week prior to cotton 

planting. Termination dates were based on 30 year average soil temperature. Data are 

averaged over seeding dates. Actual termination dates are in Table 4.02. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 287  201  272 

- 2 week prior 153  150  424 

- 3 week prior 165  397  755 

- 4 week prior 265  345  665 

SE 116 

Dunnett's P vs. First termination date 

- 1 week prior 0.998  0.678  0.035 

- 2 week prior 0.815  0.456  0.288 

- 3 week prior 0.858  0.975  0.890 

 Shorter, AL 

- 1 week prior 104  141  17 

- 2 week prior 341  389  74 

- 3 week prior 532  430  64 

- 4 week prior 1061  603  118 

SE 24 

Dunnett's P vs. First termination date 

- 1 week prior <0.0001  0.001  0.771 

- 2 week prior <0.0001  0.228  0.973 

- 3 week prior <0.0001  0.392  0.952 

 Jay, FL 

- 1 week prior NA  64  20 

- 2 week prior NA  51  51 

- 3 week prior NA  48  83 

- 4 week prior NA  91  118 

SE 77 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.322  <0.0001 

- 2 week prior NA  0.070  0.001 

- 3 week prior NA   0.052   0.125 

 



152 

 

Table 4.17: Cotton populations (No of plants/ hectare) by location and year as influenced 

by cover crop seeding date, which were based on the 30-yr average day of first frost at 

each location. Further seeding dates were either 2 or 4 week prior (-) or later (+) than that 

date. Data are averaged over termination dates. Actual seeding dates are in Table 4.02. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 35447  42144  39367 

- 2 weeks 44322  39204  40511 

Median Date 51782  42798  39912 

+ 2 weeks 51129  44976  43614 

+ 4 weeks 53361  46391  43124 

SE 2131 

Dunnett's P vs. median seeding date 

- 4 weeks 0.151  0.990  0.995 

- 2 weeks 0.319  0.585  0.992 

+ 2 weeks 0.990  0.784  0.572 

+ 4 weeks 0.882  0.585  0.631 

 Shorter, AL 

- 4 weeks 49332  51020  53415 

- 2 weeks 48188  53633  51564 

Median Date 51727  54995  54995 

+ 2 weeks 49931  58316  53470 

+ 4 weeks 49005  56138  54014 

SE 1379 

Dunnett's P vs. median seeding date 

- 4 weeks 0.678  0.473  0.832 

- 2 weeks 0.518  0.875  0.531 

+ 2 weeks 0.789  0.544  0.843 

+ 4 weeks 0.626  0.915  0.942 

 Jay, FL 

- 4 weeks NA  24442  36240 

- 2 weeks NA  20812  33275 

Median Date NA  22990  36603 

+ 2 weeks NA  21054  35332 

+ 4 weeks NA  20328  35514 

SE 2198 

Dunnett's P vs. median seeding date 

- 4 weeks NA  0.946  1.000 

- 2 weeks NA  0.861  0.715 

+ 2 weeks NA  0.891  0.962 

+ 4 weeks NA   0.798   0.976 
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Table 4.18: Cotton populations (No. of plants per hectare) by location and year as 

influenced by cover crop termination date, which were 4, 3, 2, and 1 week prior to 

cotton planting. Termination dates were based on 30 year average soil temperature. 

Data are averaged over seeding dates. Actual termination dates are in Table 4.02. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 46174  38812  42035 

- 2 week prior 47001  44693  41121 

- 3 week prior 49049  44693  40337 

- 4 week prior 46609  44213  41730 

SE 1970 

Dunnett's P vs. First termination date 

- 1 week prior 0.989  0.341  0.996 

- 2 week prior 0.992  0.985  0.973 

- 3 week prior 0.635  0.985  0.834 

 Shorter, AL 

- 1 week prior 50617  54232  51619 

- 2 week prior 47393  56367  54450 

- 3 week prior 49310  54450  55321 

- 4 week prior 51227  54232  52577 

SE 1338 

Dunnett's P vs. First termination date 

- 1 week prior 0.971  1.000  0.915 

- 2 week prior 0.447  0.677  0.727 

- 3 week prior 0.718  0.998  0.577 

 Jay, FL 

- 1 week prior NA  21974  33735 

- 2 week prior NA  20812  32283 

- 3 week prior NA  21877  35187 

- 4 week prior NA  23038  40366 

SE 2217 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.964  0.420 

- 2 week prior NA  0.827  0.354 

- 3 week prior NA   0.955   0.512 
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Table 4.19: Seed cotton yield (kg ha
-1

) by location and year as influenced by cover 

crop seeding date, which were based on the 30-yr average day of first frost at each 

location. Further seeding dates were either 2 or 4 week prior (-) or later (+) than that 

date. Data are averaged over termination dates. Actual seeding dates are in Table 

4.02. 

Cover crop 

seeding date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 4 weeks 3587  4261  2316 

- 2 weeks 3292  4224  2274 

Median Date 3645  4070  2208 

+ 2 weeks 3646  4387  2177 

+ 4 weeks 3699  4405  2288 

SE 203 

Dunnett's P vs. median seeding date 

- 4 weeks 0.997  0.814  0.971 

- 2 weeks 0.341  0.902  0.995 

+ 2 weeks 1.000  0.435  1.000 

+ 4 weeks 0.998  0.386  0.990 

 Shorter, AL 

- 4 weeks 2463  3772  3399 

- 2 weeks 2220  4310  3321 

Median Date 2294  3943  3183 

+ 2 weeks 2393  4074  3104 

+ 4 weeks 2465  4233  3172 

SE 166 

Dunnett's P vs. median seeding date 

- 4 weeks 0.550  0.536  0.332 

- 2 weeks 0.955  0.031  0.710 

+ 2 weeks 0.882  0.748  0.945 

+ 4 weeks 0.541  0.119  1.000 

 Jay, FL 

- 4 weeks NA  1896  2868 

- 2 weeks NA  2073  2928 

Median Date NA  1980  2833 

+ 2 weeks NA  2032  2787 

+ 4 weeks NA  2266  2885 

SE 174 

Dunnett's P vs. median seeding date 

- 4 weeks NA  0.963  0.999 

- 2 weeks NA  0.949  0.944 

+ 2 weeks NA  0.994  0.996 

+ 4 weeks NA   0.264   0.994 
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Table 4.20: Seed cotton yield (kg ha
-1

) by location and year as influenced by 

cover crop termination date, which were 4, 3, 2, and 1 week prior to cotton 

planting. Termination dates were based on 30 year average soil temperature. Data 

are averaged over seeding dates. Actual termination dates are in Table 4.02. 

Cover crop 

termination date 

Growing Season 

2003-04   2004-05  2005-06 

 Belle Mina, AL 

- 1 week prior 3486  4247  2375 

- 2 week prior 3555  4371  2240 

- 3 week prior 3480  4284  2145 

- 4 week prior 3775  4177  2251 

SE 159 

Dunnett's P vs. First termination date 

- 1 week prior 0.029  0.864  0.548 

- 2 week prior 0.126  0.202  0.999 

- 3 week prior 0.025  0.654  0.665 

 Shorter, AL 

- 1 week prior 2224  3803  2971 

- 2 week prior 2334  4172  3214 

- 3 week prior 2507  4258  3566 

- 4 week prior 2404  4033  3193 

SE 233 

Dunnett's P vs. First termination date 

- 1 week prior 0.884  0.789  0.806 

- 2 week prior 0.992  0.941  1.000 

- 3 week prior 0.974  0.801  0.470 

 Jay, FL 

- 1 week prior NA  1902  2898 

- 2 week prior NA  2240  2922 

- 3 week prior NA  2057  2759 

- 4 week prior NA  1998  2861 

SE 172 

Dunnett's P vs. First termination date 

- 1 week prior NA  0.893  0.992 

- 2 week prior NA  0.343  0.968 

- 3 week prior NA   0.971   0.874 
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Fig. 4.01: Conservation tillage adoption for corn and cotton production in US 

from 1990 to 2004 (CTIC, 2008).  
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Fig. 4.02: Buildup of residue with time at Tennessee valley research station in 

Belle Mina AL  
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