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ABSTRACT

Peanut (Arachis hypogaea L.) production is typically dependent on numerous chemical inputs
for fertilization and pest control. Field trials were conducted to observe decomposition and
nutrient effects of three cover crops on a subsequent peanut crop. All displayed potential for
releasing significant amounts of nutrients and increasing nutrient uptake by the peanut crop, but
there was little impact on peanut yield and crop quality under standard management. Field trials
were also conducted to evaluate eleven peanut cultivars and three approved fungicide
formulations for foliar disease management and six cultivation regimes for weed control in
peanut under organic management. Florida-07, Georgia-06G, and Tifguard exhibited the best
combination of disease resistance and yield potential, while all fungicide treatments improved
yields over the control only under heavy disease pressure. All levels of tine cultivation (plus
sweep cultivation and hand-weeding) provided sufficient weed control and profit maximization

over the control.
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CHAPTER 1

INTRODUCTION

As global populations continue to increase, greater pressure is placed on agricultural
producers to meet the food and fiber demands of an ever-flourishing populace. In light of
concerns regarding limited natural resources, more pressure is placed on producers to also
increase the efficiency of their production. Over 27% of the world’s land and 25% of U.S. land
is devoted to permanent crop or pasture land. Also, over 70% of water consumed by humans is
used in agricultural production. Of the water consumed in the U.S., 68% is devoted to
agriculture alone (FAO, 2009). Thus, the impact of agriculture on land and water quality
worldwide is enormous. In the last 20 years, however, land use efficiency of U.S. agricultural
lands has improved dramatically. In maize (Zea mays L.), cotton (Gossypium hirsutum L.),
soybean (Glycine max [L.] Merr.), and wheat (Triticum aestivum L.), soil loss per hectare has
significantly decreased (by 69%, 34%, 49%, and 50%, respectively), while yield per hectare has
increased (by 41%, 31%, 29%, and 19%, respectively). Irrigation water use per hectare and
energy use per output in maize, soybean, and cotton have also shown a marked decrease
(Keystone, 2009). Many techniques and approaches have been utilized to confer increased
efficiency, most of which focus on conservation-based production. The Food and Agriculture
Organization of the United Nations (FAO) has widely advocated the use of conservation
practices worldwide that reduce production inputs while promoting the long-term health and
viability of cropping systems. Two such techniques are cover cropping and conservation

(“reduced”) tillage (FAO, 2008).



Cover cropping is a technique that has been implemented in the production of many
different crops worldwide, including peanut (Arachis hypogaea L.). Cover crops are primarily
used to reduce soil erosion in the periods between cash crops, but they also provide numerous
other benefits, including weed suppression, soil moisture retention, and addition of organic
matter and recycled nutrients to soils (SAN, 2005). Cover cropping has been implemented in
peanut production, due to the highly-erodible nature of the sandy soils on which peanut is
typically grown (Gallaher and Hawf, 1997).

Conservation tillage is an appealing option because it significantly reduces soil losses via
wind and water erosion and subsequently improves the long-term quality and productivity of
soil. It also aids in reducing soil compaction and evaporation of soil moisture, increases soil
organic matter (SOM), and can improve water infiltration into the soil. From a production
standpoint, conservation tillage also requires fewer trips across the field, reducing equipment
needs and fuel costs (Bauer et al., 2004; Derpsch, 2003; Gallaher and Hawf, 1997; Gebhardt et
al., 1985; Johnson et al., 2001; Rowland et al., 2006; Simoes et al., 2009; Wright et al., 2009). In
the Southeast, adoption of conservation-tillage practices has occurred in maize, soybean, and
cotton production, and is now occurring with peanut (Banerjee et al., 2007; Gallaher and Hawf,
1997; Sholar et al., 1995; Wright et al., 2009).

With the adoption of cover cropping and conservation tillage practices in the southeastern
U.S., there is budding interest among growers in the nutrient cycling capabilities of various cover
crop species used in peanut production. Thus, there is a distinct need for information regarding
the nutrient cycling potential of cover crops and their respective impacts on peanut nutrition and

productivity. This information would be extremely beneficial to growers by providing



information that could possibly allow them to reduce costly fertilizer inputs to their cropping
systems.

Demand for and production of certified organic crops has also become prominent in U.S.
agriculture (Gaskell et al., 2000). Though they typically produce lower overall yields than
conventionally-produced crops, organics typify the image of low-input, conservation-oriented
agriculture through elimination of costly and potentially hazardous synthetic chemical and
energy inputs (Kuepper and Gegner, 2004). In the southeastern U.S., weed and disease control
have consistently proven to be the main inhibitory factors to organic production. Organic peanut
faces the same obstacles. Organic peanut production is largely localized in the southwestern
U.S., where issues with weeds and plant diseases are less prevalent in the predominantly arid
climate. Enormous potential exists in organic peanut markets for Georgia, the nation’s most
prolific peanut producer (NASS, 2009), since much of the industry’s infrastructure is already
established. However, little information is available to growers regarding effective, affordable

methods of disease and weed control for organic peanut.



CHAPTER 2

LITERATURE REVIEW

Conservation-Tillage in Peanut

The Conservation Technology Information Center (CTIC) defines “conservation tillage”
as any tillage and planting system that covers 30 percent or more of the soil surface with crop
residue, after planting, to reduce soil erosion by water. Where soil erosion by wind is the
primary concern, a conservation tillage system is one that maintains at least 1120 kg ha™ of flat,
small grain residue equivalent on the surface throughout the critical wind erosion period (CTIC,
2011). Gebhardt et al. (1985) described conservation tillage as any tillage practice that reduces
soil or water loss when compared to moldboard plowing. “Reduced-tillage” is classified as a
form of tillage which consists of disturbing the entire soil surface prior to and/or during planting,
leaving 15-30% residue cover after planting or 560-1120 kg ha™ of small grain residue
equivalent during the critical period of erosion. Alternatively, “conventional-tillage” is classified
as tillage that disturbs the entire soil surface before and/or during planting and other numerous
tillage trips, leaving less than 15% (or 560 kg ha™) of residue cover on the soil surface (CTIC,
2011). Of the approximately 112 million cultivated hectares in the U.S., 70 million (62%) are in
some form of conservation or reduced-tillage, compared to 42 million (38%) in conventional-
tillage (CTIC, 2004).

There are many types of conservation-tillage systems, but strip-tillage tends to be the
most-implemented type in peanut production in the southeastern U.S., due largely to

characteristic layers of soil compaction in the top 15-20 cm of soils on which peanut is typically



grown (Wright et al., 2009). Strip-tillage utilizes minor tillage (usually with subsoiling) of a 7-
to 30-cm band of soil to break apart the compaction layers, with little disturbance of crop residue
between rows. Seeds are then planted into the tilled bands, allowing for good seed-to-soil
contact while leaving the soil between drill rows relatively undisturbed (CTIC, 2011; Derpsch,
2003; Gallaher and Hawf, 1997; Johnson et al., 2001; Logan, 1990). Strip-tilling ensures that a
significant amount of crop residue is present on the soil surface in the row middles, providing a
number of different benefits to the soil and subsequent crop.

The benefits of strip-tillage are numerous. Strip-tillage requires fewer trips across the
field than the multiple passes required in a conventional-tillage system. This allows for quicker
land preparation in the spring, thus allowing for timelier planting. Economically, strip-tillage
also requires less equipment, combined with fewer trips across the field, reducing equipment and
fuel costs for the farmer (Gallaher, 1980; Gallaher and Hawf, 1997; Teare, 1989; Wright et al.,
2009). Agronomically, the presence of crop residue between rows significantly reduces soil
erosion from wind and water, and decreases the rate of soil water evaporation after rainfall
events. This is extremely valuable in the Southeast, an area of historic highly-erodible soils
(Durham, 2003; Gallaher and Hawf, 1997; Gebhardt et al., 1985; Jordan et al., 2001; Siri-Prieto
et al., 2007). Subsoiling and residual cover crop roots aid in alleviating soil compaction
(Schomberg et al., 2006; Simoes et al., 2009; Siri-Prieto et al., 2007). This effect improves water
infiltration into the soil, increasing the overall availability of soil moisture in strip-tillage
scenarios (Rowland et al., 2006). Cover crop production also provides significant organic matter
additions to the soil, which further improves overall soil quality (Bauer et al., 2004; Siri-Prieto et
al., 2007). In peanut, the presence of cover crop residues suppresses early leaf spot (Cercospora

arachidicola S. Hori) epidemics (Cantonwine et al., 2007) and significantly reduces the



incidence of tomato spotted wilt (Tospovirus) (TSWV), the most limiting disease for peanut
production in the Southeast over the last 15 years (Baldwin and Hook, 1998; Johnson et al.,
2001; Jordan et al., 2003; Marois and Wright, 2003; Wright et al., 2000).

Mechanical weed control is one of the main purposes of conventional-tillage for peanut
and a reduction in tillage typically results in decreased weed control. Additionally, the minor
amount of soil disturbance in strip-tillage systems can result in greater weed germination in the
drill row. Herbicide inputs, therefore, are typically higher in conservation-tillage systems
(Gallaher and Hawf, 1997; Gebhardt et al., 1985; Johnson et al., 2001, 2002; Wilcut et al., 1990;
Wright et al., 2009). However, some studies have reported little differences in weed control
inputs between conservation-tillage and conventional-tillage crops (Brecke and Stephenson,
2006; Price et al., 2007; Wright et al., 2009).

There have been some concerns regarding potentially reduced yields in strip-tillage
versus conventional-tillage peanut. Though some results have reported lower pod yields in strip-
tillage (Jordan et al., 2001, 2003; Grichar, 2006; Wilcut et al., 1990), strip-tillage peanut yields
are often equivalent to conventional-tillage yields (Colvin et al., 1988; Jordan et al., 2003; Tubbs
and Gallaher, 2005; Rowland et al., 2006; Wright et al., 2000). In long-term strip-tillage
scenarios, increased SOM, reduced soil losses, and improved tilth could result in consistently
equal or higher strip-tillage pod yields versus conventional-tillage yields (Johnson et al., 2001;

Jordan et al., 2008).

Benefits of Cover Cropping
The use of cover crops is another method of improving resource conservation in cropping

systems. Cover crops are temporary crops that are grown during the time between growth



periods of a main cash crop. They are utilized primarily to provide “cover”, preventing erosion
of topsoil (Gallaher and Hawf, 1997; Sainju et al., 2002; SAN, 2007; Truman and Williams,
2001). Prior to planting the cash crop, a cover crop is typically killed with rolling, mowing, a
non-selective herbicide application. Cover crops can also provide some level of weed
suppression in addition to herbicide use, either through physical suppression of germination or
chemical weed suppression via allelopathy. Cereal rye (Secale cereale L.) and wheat both have
some allelopathic properties that can aid in reducing weed germination (Phatak, 1998; Price et
al., 2007; SAN, 2007). However, high-biomass residues can sometimes limit the efficacy of
dinitroaniline herbicides applied post-emergence in strip-tillage peanut, by reducing the amounts
of herbicide that actually reach the soil (Johnson et al., 2002). Cover crop use can also aid in
conserving soil moisture during the growing season. As mentioned previously, cover crops roots
can improve water infiltration to soil through root channels during rainfall events. Also, surface
soil beneath crop residue is typically cooler than exposed soil, which slows water evaporation
after rainfall events (Bauer and Busscher, 1993; Coppens et al., 2006; Marois and Wright, 2003;
Munawar et al, 1990; Rowland et al., 2006; Simoes et al., 2009; Williams and Weil, 2004;
Wright et al., 2009). However, cover crops can also drain much-needed soil moisture prior to
planting of the subsequent crop in dry years and can retain excessive moisture in wet years, both
of which can be harmful to the subsequent crop (Collins et al., 2011).

Cover cropping also aids in protecting surface water quality. By reducing erosion and
surface runoff from agricultural areas, cover crops reduce non-point-source sediment and
chemical inputs to nearby surface water. They also scavenge excess nitrates and prevent them
from leaching into groundwater (Coppens et al., 2006; Dabney et al., 2001; Doran and Smith,

1991; Truman and Williams, 2001; Sainju et al., 1997; SAN, 2007; Tubbs, 2003). Cover crop



residues, whether incorporated or left on top of the soil, improve soil quality and subsequent crop
yields by providing significant additions of SOM. Residual cover crop roots also become SOM.
Greater amounts of SOM increase soil cation exchange capacity (CEC), provide carbon (C)
energy sources for microorganisms, and cycle nutrients back into the soil as the organic matter
decomposes (Coppens et al., 2006; Dabney et al., 2001; Kuo et al., 1997; Sainju et al., 2002;
Sarrantonio, 2007; Somda et al., 1991; Williams and Weil, 2004; Wright et al., 2009).

Typical cover crops used in peanut production are small cereal grain crops like wheat and
rye (Wright et al., 2009). Both are high biomass producers with thick diffuse root systems,
although rye typically produces the greatest aboveground biomass and root density (Kuo et al.,
1997; Sainju et al., 1997; Williams and Weil, 2004). High biomass accumulation is beneficial
because it minimizes the time that a soil is exposed and ensures a thick residue cover during the
subsequent peanut crop. It also provides quick and effective weed suppression (SAN, 2007).
However, these cover crops do not provide total weed suppression alone in strip-tillage peanut.
They must be used in concert with pre- and post-emergence herbicide applications to provide
sufficient weed control (Price et al., 2007). Both grain species are also effective at scavenging
residual nutrients left over from previous fertilizer applications, especially nitrogen (N),
phosphorus (P), and potassium (K) (Brandi-Dohrn et al., 1997; Sainju et al., 1997; SAN, 2007;

Tubbs, 2003).

Organic Matter Decomposition and Nutrient Cycling
Cover crops can enhance the nutrient cycling capabilities of a cropping system. By
reducing soil erosion, they reduce surface P loss and the loss of other nutrients adsorbed to

eroded soil particles. Cover crops also absorb and assimilate nutrients from the soil that would



otherwise leach out of the soil. This is especially valuable in winter months, when the risk of
leaching is greatest. Nitrogen (as nitrate [NO37), calcium (Ca**), and K* are all water-soluble
and tend to leach (especially NO3’). However, cover crop roots can draw these nutrients up from
deeper soil layers and prevent them from leaching out of the soil profile (Dabney et al., 2001;
Sarrontonio, 2007; Tubbs, 2003). Though, in sandy soils, nitrates typically leach faster than
cover crop roots can be established (Gallaher and Hawf, 1997; Marois and Wright 2003). The
absorption of water by cover crops also reduces the amount of water in the soil, thus reducing the
medium by which soluble nutrients could leach. Some cover crops can improve the availability
of P for plant uptake by secreting acids that increase its solubility (Sarrontonio, 2007). As
previously mentioned, rye and wheat are effective at scavenging N, P, and K from the soil and
are both used as cover crops in peanut (SAN, 2007; Wright et al., 2009). Rye is especially useful
for scavenging P and K from Coastal Plain soils (Tubbs, 2003). Leguminous cover crops
provide significant N additions to the soil through biological N-fixation, which can be beneficial
to a subsequent non-legume cash crop, but can also absorb significant amounts of Ca on Coastal
Plain soils (SAN, 2007; Tubbs, 2003). The N-fixation ability of peanut plants reduces the need
for residual soil N in peanut cropping systems (Cox et al., 1982).

When cover crops are killed prior to peanut planting, they will gradually decompose and
release many of their assimilated nutrients back into the soil. This process is primarily facilitated
by soil microorganisms. The C from the residue provides an energy source for these microbes,
which subsequently consume and mineralize other nutrients present in the decaying residue.

This process adds valuable humic substances to the soil and results in the slow release of
mineralized nutrients to the soil and the subsequent crop. In fact, the major source of N, P, sulfur

(S), and many micronutrients in cropping systems is SOM. Wheat residues provide significant
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amounts of N and K to soil through decomposition (Schomberg et al., 1994). Because the
addition of crop residues also increases the CEC of the soil, it increases the ability of the soil to
adsorb and retain many nutrients that would otherwise leach out of the profile.

Decomposition rates of crop residues are determined largely by the chemical composition
of the residue. Since decomposition is a biological process, residues with the highest
concentrations of nutrients beneficial to soil microorganisms typically break down very quickly.
Early in the decomposition process, easily-digestible simple sugars and amino acids are
decomposed rapidly. Polysaccharides, proteins, and lipids are broken-down at much slower rates
(Schomberg et al., 1994). Lignin is a complex carbohydrate that is difficult for microbes to
digest. Thus, greater amounts of lignin in residue typically result in slower microbial
degradation. The C:N ratio of crop residue is also an effective indicator of decomposition rates.
Greater amounts of N in residue (low C:N ratio) are more beneficial to microorganisms and are
consumed very quickly. Similarly, residues with low lignin:N ratios generally decompose faster
than those with high lignin:N ratios (Melillo et al., 1982; Quemada and Cabrera, 1995;
Sarrantonio, 2007). This facilitates rapid breakdown of high-N residues. Thus, leaf residues,
with a low overall C:N ratio, tend to decompose more rapidly than stem and root residues.
Immobilization (“binding-up”) of many nutrients by microbes usually occurs at C:N ratios >20.
When residues are <20, net mineralization will occur and nutrients will be released into the soil
solution (Coppens et al., 2006; Douglas and Rickman, 1992; Quemada and Cabrera, 1995;
Sarrantonio, 2007; Schomberg et al., 1994; Somda et al., 1991; Wagger et al., 1998).

Wheat, rye, and oat all have whole-plant C:N ratios that are >20. Crimson clover
(Trifolium incarnatum L.), a cool-season legume, has a C:N ratio that is <20. Therefore, wheat,

rye, and oat typically have slower rates of decomposition than crimson clover, based on their
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respective C:N ratios (Doran and Smith, 1991; SAN, 2007; Somda et al., 1991). Because wheat,
rye, and oat have higher C:N ratios, they are more effective than legumes at increasing soil C
(Sainju et al, 2002). Rapid decomposition results in a rapid release of nutrients to the soil. Ina
cover cropping scenario, it is ideal to facilitate residue decomposition and nutrient release at a
rate that accommodates nutrient uptake by the subsequent crop. This can be problematic if the
subsequent crop isn’t fully established to where it can take full advantage of the nutrients.
However, wheat, rye, and oat residues tend to facilitate slower rates of nutrient release
throughout the growing season, providing a slower flow of nutrients to the subsequent crop
(SAN, 2007; Sarrantonio, 2007).

Water and temperature also influence microbial activity. Increased soil water content and
increased soil temperature generally facilitate faster decomposition. Soil microorganisms
function at temperatures from 0-60°C, with maximum activity at 25-35°C. Optimum microbial
breakdown of wheat residues occurs between 30-35 °C (Schomberg et al., 1994). Also,
microbial activity peaks when soil pore spaces are 60% filled with water. At water values above
or below 60%, activity tends to decline (Sarrantonio, 2007).

Residue placement in relation to the soil surface has a significant impact on its rate of
decomposition. In conventional-tillage management, crop residues are incorporated directly into
the soil. In strip-tillage management, they are left on the soil surface as cover. Incorporated
residues typically break down faster because of more direct contact with soil microbes that
facilitate decomposition. Residue is also chopped to smaller particle sizes during incorporation,
resulting in greater surface area available for reactivity with microorganisms. In addition,

microbial activity increases with greater oxygen (O,) availability, contributing to faster rates of
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decomposition in cultivated soils (Derpsch, 2003; Gallaher and Hawf, 1997; Sarrantonio, 2007,

Schomberg et al., 1994).

Peanut Nutrition

In peanut production, soil conditions and residues that favor the availability of P, K, Ca,
magnesium (Mg), S, boron (B), manganese (Mn), and zinc (Zn) are optimum. However, peanut
yields tend to be most limited by Ca deficiencies. Calcium is required for sufficient pod-filling;
deficiencies result in the production of “pops,” or aborted or shriveled fruit. Therefore, the
availability of Ca heavily impacts final pod yields. Boron is also essential for kernel
development and can significantly impact the final quality of the crop. Boron deficiencies
prevent the peanut kernels from forming properly, resulting in a damaged state called “hollow
heart.” Thus, B does not affect yield quantity, but more yield quality. Soil test levels of <0.05
mg B kg™ in the Southeast will cause B deficiency symptoms in peanut. Phosphorus tends to be
the most commonly deficient nutrient for peanut worldwide, simply because it does not naturally
occur at high levels in soils that have never been fertilized. However, P deficiencies are easily-
remedied for peanuts by phosphate applications. Phosphorus fixation to soils is also minimal,
since peanut is typically grown in sandy soils with minimal clay content. Soil P levels as low as
4 mg kg™ have been shown to be sufficient for peanut production. Cobalt (Co) is a micronutrient
that is essential to N-fixation by rhizobia, though not directly essential to the peanut plant itself.
Cobalt can be applied either as a seed treatment or a foliar spray. Potassium, S, Mg, Mn, and Zn
are also necessary for peanut growth, but do not have a dramatic effect on pod yield or quality.

Lime (CaMg[COg],) applications are typically in the southeastern U.S. required to maintain a
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soil pH (between 6.0 and 7.0) that maximizes the availability of these nutrients, without raising

toxicity concerns (Cox et al., 1982; Hallock et al., 1971).

Organic Crop Production

The concept of “organic” agricultural production has existed since 1940, when the term
was first coined by J.I. Rodale. In the last 70 years, organic production has increased rapidly, led
largely by increases in market demand for organic products (Boudreau et al., 2008; Gaskell et al.,
2000). The National Organic Standards Board (NOSB) defines organic agriculture as “an
ecological production management system . . . based on minimal use of off-farm inputs and on
management practices that restore, maintain, and enhance ecological harmony” (Kruepper and
Gegner, 2004). Organic farming systems rely on cultural and biological pest management,
excluding the use of synthetic chemicals (USDA, 2005). Organic agriculture typifies the image
of low-input production by significantly reducing chemical and energy inputs for production
systems, compared to conventional agricultural systems (Pimental et al., 2005).

In 1990, the Organic Foods Production Act was passed, representing the first piece of

legislation designed to establish national standards for defining organic production and certifying
organic operations in the U.S. Therefore, by USDA definition, a certified organic product must

be:

e Produced and handled without the use of synthetic chemicals.
e Not produced on land to which any prohibited substances, including synthetic chemicals,
have been applied during the 3 years immediately preceding the harvest of the

agricultural products.
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e Produced and handled in compliance with an organic plan agreed to by the producer and

handler of such product and certifying agent (USDA, 2005).

Organic production has seen the greatest adoption in fruit and vegetable crops, which
accounted for 37% of U.S. organic food sales in 2008 (USDA-ERS, 2008). However, organic
production has also expanded to numerous field crops, including maize, soybean, cotton, rice
(Oryza sativa L.), alfalfa (Medicago sativa L.), and many others (Kruepper and Gegner, 2004;
Hively and Cox, 2001; Pimentel et al., 2005). Much of the impetus for increased organic
production has been an overwhelming market demand for organic products. Dimitri and Greene
reported in 2002 that organic food sales in the U.S. had increased 20-25% annually since the
early 1990s. Projected certified organic hectarage in 2008 totaled more than 1.6 million hectares
in the U.S., encompassing over 14,000 individual farms. Total farm commodity sales were also
projected to be over $3 billion.

Increased organic food sales and market demand for organic products have also translated
to U.S. peanut production. The demand for organic peanut products is widely regarded as the
fastest-growing sector of the entire peanut industry (Lamb et al., 2007; Puppala, 2007). The
growing demand for organic peanuts has subsequently resulted in market premiums for certified
organic versus conventional peanuts. In the Valencia markets of the southwestern U.S.,
premiums for organic peanut typically average $990 Mg, whereas conventional peanut ranges
close to $610 Mg™ (Puppala, 2007). In the Southeast, organic runner-type premiums occur up to
$1100 Mg, versus $720 Mg™ contracts for conventional peanut (N.B. Smith, personal
communication, 2010). Significant price incentives exist for peanut growers who are interested

in pursuing some organic production in the runner market. However, organic production is
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severely limited in the humid climatic conditions of the southeastern U.S. by heavy weed and
disease pressure (Cantonwine et al., 2008; Johnson and Mullinix, 2008). Therefore, identifying
effective methods of weed and disease control for organic peanut is essential for establishing

commercial levels of production in the southeastern region.

Non-Chemical Weed Control

Weed control is a major inhibitory factor to most organic cropping systems, where
synthetic herbicide applications are prohibited for the direct control of weed escapes (Baldwin,
2006; Barberi, 2002; Bond and Grundy, 2001; Boudreau et al., 2008; Guerena and Adam, 2008).
Approved herbicide options are available for weed control in organic peanut, but are often
expensive and limited in scope and efficacy (Johnson and Mullinix, 2008; Johnson et al., 2008).
Therefore, many innovative, non-chemical techniques have been used to provide weed control in
organic cropping systems. Research has been conducted to identify integrated weed
management programs including: crop rotation, cover cropping, false/stale seedbed techniques,
steaming, propane flame-weeding, mulching, solarization, cultivation, intercropping, and the use
of various crop cultivars. Of those techniques, however, tillage and hand-weeding are the most
effective methods of control (Barberi, 2002; Bond and Grundy, 2001; Caamal-Maldonado, 2001;
Gopinath et al., 2009; Johnson, 2006; Kruepper and Gegner, 2004). Johnson (2006) also
reported that frequent cultivation and hand-weeding, along with stale seedbed tillage, provides a
high degree of weed control in organic peanut.

The potential of cultivation for weed control in peanut has been shown in both organic
and conventional production systems (Ferrell et al., 2009; Johnson and Mullinix, 2008).

Cultivation is only possible until the peanut canopy reaches 50-75% closure, before the
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gynophores begin to fully develop. Therefore, intensive cultivation in the few weeks after
planting could reduce the amount of supplemental hand-weeding that is necessary later in the
season. Additionally, weeds have the greatest impact on peanut yields within the first 3-8 wk
after planting (Everman, 2008). Therefore, providing intensive cultivation during this critical
weed control period could significantly reduce yield losses due to weeds.

Sweep cultivation is an effective method of removing inter-row weeds in row crops, and
is used in conventional peanut production (Ferrell et al., 2009; Wilcut et al., 1987). Sweep
cultivation consists of using flat, triangular blades that travel below the top 2-4 cm of soil to cut
weeds below their growing points to kill them. Sweeps are effective for controlling inter-row
weeds, but are unable to reach weeds close to the peanut rows without causing significant
damage to the peanut plants themselves. These weeds, which are much closer to the row,
compete more directly for resources and must be effectively reduced or controlled to ensure
adequate peanut production (Bowman, 1997; Johnson and Mullinix, 2008; Smith et al., 2000). A
proven method of reducing weeds close to crop rows is tine cultivation. Tine cultivation utilizes
an implement that drags flexible, metal tines across the soil surface. As they drag, the tines
vibrate rapidly and mechanically disrupt the top 3 cm of soil. This soil disruption both uproots
and buries germinating weed seedlings, providing some level of weed control. The tines, along
with their capacity to bend and flex, are also adjustable, which allows them to disrupt weeds
close to crop rows without damaging the plants. This method of cultivation could be beneficial
for organic weed control in peanut, which has a low, spreading growth habit that is typically
vulnerable to damage by cultivation.

Little information is currently available for growers regarding effective, affordable weed

control techniques for use in organic peanut. There is a distinct need for information that
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identifies cultivation regimes that are not only effective, but also provide the greatest financial

return to growers interested in organic peanut production.

Disease Management for Organic Peanut

In the Southeast, the predominately warm, humid climate further exacerbates disease
control issues in organic crops. Peanut is a prime example. The bulk of organic peanut
production in the U.S. is localized in the arid Southwest (Guerena and Adam, 2008; NASS,
2007). However, commercial organic peanut production is only marginal in the southeastern
U.S. The most limiting diseases to organic peanut are early leaf spot and late leaf spot
(Cercosporidium personatum [Beck & Curtis] Deighton) diseases, both foliar diseases that cause
significant defoliation by the end of the growing season. If left untreated, leaf spot diseases
alone can result in up to 50% vyield loss at harvest (Smith, 1984). Leaf spot control is maintained
in conventional production through several synthetic fungicide applications every 10-14 days
during the growing season (Kemerait et al., 2009). However, in certified organic cropping
systems, synthetic agrichemical use is prohibited by USDA guidelines (USDA, 2005).

Some organically-approved fungicides are available and have shown some potential on
peanut, but are inconsistently effective. Cantonwine et al. (2008) reported that copper sulfate,
copper sulfate + Bacillus subtilis, copper sulfate + sulfur, sulfur, cupric hydroxide, and cupric
hydroxide + B. subtilis fungicide applications reduced defoliation from leaf spot compared to the
unsprayed control. However, only copper sulfate and cupric hydroxide improved pod yields
over the control. Shew et al. (2006) also reported that copper sulfate applications significantly
reduced leaf spot incidence compared to the unsprayed control, but did not improve final pod

yield. Additionally, fungicides in the form of seed treatments have shown little potential for
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suppressing disease or improving pod yields in organic peanut. Puppala (2007) reported that
Capsicum oleoresin and garlic extracts did not reduce disease incidence on peanut compared to
the control. Ruark and Shew (2008) evaluated 22 organic and synthetic seed treatments on
peanut in North Carolina. In one of the three years of the study, the B. subtilis and copper
hydrate seed treatments increased seedling survival over the untreated check. However, there
were no differences among treatments in the other two years of the study. These studies indicate
that there is some potential for improving organic peanut production with approved fungicides.
However, they also indicate that disease-resistant cultivar selection is paramount in managing
diseases for organic peanut.

Koike et al. (2000) and VVan Bruggen and Termorshuizen (2003) explained that cultivar
selection was the most important factor for managing plant diseases in organic cropping systems.
Use of disease-resistant cultivars has also been an essential component of disease management in
conventional peanut systems for years (Brown et al., 2007; Wynne et al., 1991). Desirable
characteristics for such cultivars include: resistance to foliar and soil-borne diseases, good
germination and seedling vigor, strong stand establishment, and high yield and grade potential.
Stand establishment is crucial for reducing TSWYV incidence and improving competition with
weeds and overall yield potential. Viable candidate cultivars have been identified for the
Virginia- and Valencia-type markets (Coker et al., 2007; Guerena and Adam, 2008), but little
cultivar information is available for the predominantly runner-type markets of the southeastern
U.S. In Georgia, Branch and Culbreath (2008) identified Georgia-01R and Georgia-05E as
multiple-pest-resistant cultivars that produced substantial yields without fungicide or insecticide

inputs. However, both of these cultivars are no longer commercially available.
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With recent improvements in cultivars, disease management for organic peanut is
showing promise in the Southeast (Boudreau et al., 2008; Branch and Culbreath, 2008; Gorbet
and Tillman, 2009; Holbrook and Culbreath, 2008; Holbrook et al., 2008a). Boudreau et al.
(2008) reported that the Georganic cultivar exhibited impressive resistance against early leaf spot
and late leaf spot diseases, TSWV, and southern stem rot (Sclerotium rolfsii Sacc.). Branch and
Culbreath (2008) also identified a number of different peanut cultivars that displayed exceptional
resistance to TSWV, southern stem rot, and leaf spot diseases in the absence of fungicide and
insecticide applications.

Research is needed to provide growers with the most successful cultivar options for
disease management in organic peanut and improving overall production. More research is
necessary to provide supplemental information regarding effective organic fungicide options for
use in peanut. Also, evaluating cultivars for yield potential and disease-resistance is crucial for

identifying viable seed options for growers.

Objectives

Currently, little data has been reported comparing cover crop decomposition between
conventional-tillage and strip-tillage peanut. Cover crops have been evaluated for weed
suppression ability in conservation-till peanut, but there is a lack of published research regarding
their decomposition and subsequent nutrient cycling potential for the crop. Such research would
provide valuable knowledge about the rates at which nutrients cycle from cover crops to soil to a
subsequent peanut crop. This information could help growers make more educated decisions

regarding cover crops for the long-term fertility management of their cropping systems.
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Rye and wheat are commonly-used cover crops in peanut production, but crimson clover
is more commonly used to precede non-leguminous crops (Price et al., 2007; Quemada and
Cabrera, 1995; SAN, 2007; Wright et al., 2009). Therefore, the first objective of this research is
to monitor the decomposition and nutrient release of crimson clover, rye, and wheat cover crops,
and determine the amounts of nutrients available for uptake by a subsequent peanut crop. This
research will also evaluate the impact of each cover crop on overall peanut production, in both
conventional- and strip-tillage systems.

Likewise, there is little research available regarding viable weed and disease control
techniques applicable for organic peanut production. Therefore, this research is aimed to
identify effective, affordable cultivation regimes for weed control in organic peanut. It will also
evaluate an assortment of commercial, high-yielding peanut cultivars and approved fungicides

for disease management and productive potential in an organic management scenario.
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CHAPTER 3
COVER CROP DECOMPOSITION AND NUTRIENT CYCLING IN CONVENTIONAL-

AND STRIP-TILLAGE PEANUT (ARACHIS HYPOGAEA L.)*

L Wann, D.Q., R.S. Tubbs, G.H. Harris, and J.P. Beasley, Jr. To be submitted to Agronomy Journal.
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Abstract: Cover crops are commonly used in peanut production and could potentially provide
some nutrient benefits to peanut as cover crop residues decompose. Therefore, the objective of
this experiment was to evaluate the rate of decomposition and nutrient cycling potential of
crimson clover, rye, and wheat cover crops grown in either conventional or strip-tillage and their
impacts on a subsequent peanut crop. Field trials were conducted in Tifton, GA from 2008-
2010. Crimson clover, rye, wheat, and no cover treatments were established in the fall preceding
each year of the trial in conventional and strip-tillage. Soil and plant tissue samples from cover
crop residues and peanut plants were collected at various points throughout the growing season
and analyzed for nutrient concentration and biomass. Wheat residues displayed the sharpest
decline in conventional-tillage both years, though not different from rye in 2010. Conventional-
tillage resulted in sharper cover crop biomass decline than strip-tillage in 2009. Despite the
sharper decline of wheat residues in 2009, crimson clover in conventional-tillage released the
greatest amounts of N, P, K, Ca, Mg, B, and Zn that year. Soil nutrient levels varied little among
cover crops and tillage at all sample dates, but levels did tend to increase within the first 60-90
days after cover crop burndown, as residues began to decompose. Cover crops did little to
improve nutrient content in peanut vegetation and actually reduced uptake of K, Mn, and Zn
compared to no cover in conventional-tillage in 2009 (P < 0.05). However, strip-tillage
increased total N, K, Mg, S, Mn, and Zn content in peanut pods under drought-like conditions in
2010 (P <0.05). There were almost no differences among treatments in vegetative peanut
production, yield, or grade. These results indicate that cover crops have some impact on nutrient
uptake of peanut, but have little impact on overall productivity. Tillage has some impact on

nutrient uptake in pods, but was not consistent in both years of this experiment.
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Introduction

The bulk of commercial peanut (Arachis hypogaea L.) production in the U.S. typically
occurs on well-drained, coarse-textured soils. While these soils are well-suited for successful
peanut production, they are highly vulnerable to wind and water erosion (Gallaher and Hawf,
1997; Henning, et al., 1982). Peanut production has traditionally been a tillage-intensive
operation, which further exacerbates problems with erosion. However, many peanut growers
have adopted conservation tillage and cover cropping techniques in an effort to reduce further
soil losses to erosion and sustain the viability of their cropping systems (Gallaher and Hawf,
1997; Sorensen et al., 2010; Wright et al., 2009).

Because of compacted clay layers characteristic of Coastal Plain soils and tomato spotted
wilt (Tospovirus) TSWV pressure, strip-tillage has become the most widely-adopted form of
conservation tillage among growers in the Southeast (Schomberg et al., 2006; Wright et al.,
2009). Strip-tillage involves cultivating and subsoiling a narrow 7-30 cm band of soil, leaving
the rest of the soil between rows undisturbed. This not only breaks apart the layers of soil
compaction but also leaves the majority of the soil undisturbed and less-vulnerable to erosion.
Reduced soil disturbance and the presence of surface residues also aids in reducing thrips
(Thysanoptera: Thripidae) activity on peanut, which are known vectors of TSWV.
Economically, strip-tillage also requires fewer passes across the field for tillage operations than
in conventional-tillage, reducing fuel, labor, and equipment inputs. Strip-tillage is typically
combined with use of a winter cover crop, which further aids in reducing soil erosion losses
(Derpsch et al., 2003; Gallaher and Hawf, 1997; Gebhardt et al., 1985; Johnson et al., 2001).

The benefits of cover crop usage are numerous and well-documented. Their primary

purpose is to reduce soil losses to erosion by anchoring soil around the crops’ roots and reducing
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soil dispersion from rainfall by covering the soil surface with residue (Gallaher and Hawf, 1997;
Sainju et al., 2002; SAN, 2007). Other benefits to soil of using cover crops include: increasing
soil organic matter (SOM), alleviating soil compaction, improving water infiltration, and
reducing soil moisture loss to evaporation, among many others (Coppens et al., 2006; Gallaher
and Hawf, 1997; Rowland et al., 2006; Siri-Prieto, 2007; Williams and Weil, 2004; Wright et al.,
2009). In peanut systems, cover crop use and strip-tillage have been documented to also reduce
early leaf spot (Cercospora arachidicola S. Hori) (Cantonwine et al., 2007) and TSWV
incidence (Baldwin and Hook, 1998; Johnson et al., 2001; Jordan et al., 2003; Marois and
Wright, 2003), two significant diseases in peanut production. However, cover crops are also able
to capture and cycle nutrients back to soils as their residues decompose. As cover crops actively
grow in the winter, they take up plant nutrients and store them in their tissues. When the cover
crops are terminated prior to tillage and planting of the subsequent crop, their residues
decompose and can act similarly to a slow-release fertilizer, releasing those assimilated nutrients
to the actively-growing crop plants (SAN, 2007; Schomberg et al., 1994; Siri-Prieto, 2007;
Somda et al., 1991). Schomberg et al. (1994) reported that the major source of nitrogen (N),
phosphorus (P), sulfur (S), and many micronutrients in cropping systems is from decaying soil
organic matter (SOM). Leguminous cover crops are especially beneficial in providing
significant amounts of nitrogen to a cropping system. lbewiro et al. (2000) reported that maize
(Zea mays L.) following mucuna (Mucuna pruriens [L.] DC. var. utilis [Wright] Bruck) or lablab
(Lablab purpureus [L.] Sweet) was able to recover up to 47% of the total N contained in the
preceding cover crop. Schomberg et al. (2006) observed significant N contributions of
leguminous winter cover crops to a following cotton (Gossypium hirsutum L.) crop. Similarly,

Ebelhar et al. (1984) reported that hairy vetch (Vicia villosa Roth.) increased inorganic soil N
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over rye (Secale cereale L.) and no cover in no-tillage and increased vegetative N and final grain
yield of a subsequent maize crop.

Peanut, however, is a warm-season legume and fixes its own N. It is therefore important
to examine the capability of cover crop species to cycle the other primary and secondary
nutrients, as well as boron (B), manganese (Mn), and zinc (Zn). Rye and wheat (Triticum
aestivum L.), two commonly-utilized cover crop species on Coastal Plain soils, are effective
scavengers of P and potassium (K) from soils, especially rye (Tubbs, 2003). Decaying organic
residues also release P to the soil in an organic form, which can increase the efficiency of its
uptake by a subsequent crop (SAN, 2007). Peanut responds better to residual soil fertility than to
direct fertilization, so decomposing cover crop residues could potentially provide a noticeable
nutrient benefit to peanut (Henning et al., 1982). Crusciol and Soratto (2009) observed an
increase in vegetative N in no-till peanut following a fertilized cover crop.

Little research has been published regarding the potential nutrient effects of cover crops
on peanut. Additionally, since peanut is a legume, there could be potentially unique nutrient
effects of a preceding leguminous cover crop (i.e. crimson clover) on the total nutrient content of
peanut, since N is mostly provided for peanut plants through N-fixation. There is also little
information that compares the decomposition and nutrient cycling of cover crops in
conventional-tillage versus strip-tillage. This information could aid growers in making better,
more educated decisions regarding the overall nutrient management of their peanut systems,
especially on the low-fertility soils of the peanut-producing region of the U.S. The objectives of
this research were to measure the decomposition and nutrient release of crimson clover

(Trifolium incarnatum L.), rye, and wheat cover crop residues in conventional- and strip-tillage.



26

This research was also designed to evaluate the nutrient cycling of those three cover crops and

their impact on the nutrient uptake and productivity of a subsequent peanut crop.

Materials and Methods

Field trials were conducted from 2008-2010 at the University of Georgia (UGA) Coastal
Plain Experiment Station Lang-Rigdon Farm near Tifton, GA, on a Tifton loamy sand (Fine-
loamy, kaolinitic, thermic Plinthic Kandiudults). Crimson clover (‘AU Robin’ [van Santen et al.,
1992]), rye (‘Wrens Abruzzi’ [Morey, 1970]), and wheat (AGS 2026) cover crops were planted
19 Nov. 2008 and 23 Dec. 2009 with a Tye no-till grain drill*, at recommended seeding rates of
22 kg ha™, 99 kg ha*, and 99 kg ha™, respectively. Row spacing for all cover crops was 17.8
cm. Late-season rainfall and cold temperatures delayed harvest of the preceding crop and
subsequent preparation of the 2009/2010 test site, resulting in a much later planting date. All
plots were 7.3 m wide (8 peanut rows) x 12.2 m long in a randomized complete block design
with four replications both years. The experiment consisted of a 4 x 2 factorial treatment
arrangement each year: four cover crop treatments (crimson clover, rye, wheat, and no cover)
and two tillage treatments (conventional- and strip-tillage). Cover crops were terminated with
glyphosate® on 10 Apr. 2009 (1.40 kg a.i. ha™') and 26 Apr. 2010 (1.54 kg a.i. ha™™).

In 2009, the soil pH of the test site was approximately 5.7, which prevented adequate
germination and establishment of crimson clover, although both rye and wheat produced
somewhat normal stands. An application of finely-ground dolomitic lime® (CaMg[COs],) was
made on 17 Mar. (2240 kg ha™), as a fast-acting liming agent to try and salvage the crimson
clover treatments. The finely-ground lime successfully raised soil pH at the test site to

approximately 6.2 by burndown, but it was not timely enough to salvage crimson clover stands.
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A single N application (38 kg N ha™) was also made on 30 Mar. 2009 to improve rye and wheat
growth prior to burndown. Because of poor crimson clover stands, residues were cut and
removed from a similar cover crop trial and applied to the conventional-tillage crimson clover
treatment plots at a density of 4666 kg ha™ dry matter (DM) ha™ (which was the density in the
field where it was respectively growing) on 16 Apr., prior to tillage operations. Crimson clover
residues in 2009 were composed of both root and shoot residues, as the plants in the other trial
were inverted with a 2-row digger-shaker-inverter* prior to collection. The strip-tillage crimson
clover treatment was unsalvageable and subsequently abandoned. In 2010, crimson clover
stands were non-existent as a result of late planting in 2009 and record cold temperatures that
occurred from Dec. 2009 through Jan. 2010. Therefore, the same procedure was repeated in
2010: crimson clover residue was collected from another trial and spread on the conventional-
tillage crimson clover plots at the same density as the previous year (4666 kg DM ha™) on 26
Apr., prior to tillage operations. However, unlike 2009, only the shoot residues were collected
from the other trial, by cutting the crimson clover plants at ground level, because the crimson
clover was grown in a bahiagrass (Paspalum notatum Flugge) sod that could not be disturbed.
The 2010 strip-tillage crimson clover treatment was also subsequently abandoned.

Cover crop biomass samples were collected from all cover crop plots on 16 Apr. 2009
and 6 May 2010 to estimate total cover crop biomass production at burndown each year, prior to
tillage operations. Soil samples were also collected at a depth of 5 cm and 20 cm from the
biomass sample area in each plot to determine initial nutrient concentrations. Biomass samples
were collected using a 0.5-m? quadrat (91 cm x 55 cm) that equally spanned either side of the
drill row, clipping at ground level and collecting all of the biomass that fell within the quadrat

area. The samples were subsequently desiccated in a forced-air oven until completely dried and
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then weighed. Dried residues were then placed in mesh litterbags composed of fiberglass
screening® with 2.86 mm? hole™ (35 holes cm™) at equivalent densities to what was determined
for each cover crop from the field (crimson clover = 14.0 g bag™, rye = 14.3 g bag™, and wheat =
9.9 g bag™ in 2009). Dimensions of each bag were 15 cm x 20 cm (300 cm?) (Wang et al.,
2004). Rye and wheat biomass production in 2010 was much lower than in 2009 (as a result of
the later planting date), resulting in very low amounts of residue to be placed in the litterbags.
Because this would likely result in sampling problems later in the season (when residues are
highly-decomposed and more difficult to quantify), the 2010 bags were filled with the same
amounts of residue for each cover crop as in 2009. This ensured that enough residues would be
present in each bag for accurate sampling later in the season.

Tillage operations occurred on 5-7 May 2009 and 21 May 2010. All conventional-tillage
plots were tilled with a disc harrow, followed by tillage with a ripper-bedder to keep organic
residues within sampling depth in the soil. Strip-tillage plots were tilled once each with a
Rip/Strip in-row subsoiler®. Seven litterbags were buried in each conventional-tillage plot on 12
May 2009 and 26 May 2010, corresponding to the cover crop in each plot. Bags were buried at a
depth of 15 cm to simulate incorporated residue in a conventional-tillage system.

All plots were subsequently planted with ‘Georgia-03L" (Branch, 2004) and ‘Georgia-
06G’ (Branch, 2007) peanut cultivars, two cultivars with excellent TSWV resistance and
widespread commercial availability, on 9 June 2009 and 25 May 2010, respectively. All plots
were planted using a 2-row precision air planter® at a seeding rate of 20 seed m™ and a depth of 6
cm. Phorate’ insecticide was also applied in-furrow at planting, at a rate of 1.4 kg a.i. ha™. All
seed were treated with azoxystrobin® seed treatment fungicide. Georgia-03L seed was

unavailable for the second year of this experiment. Georgia-06G is a common cultivar with
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widespread commercial hectarage and high yield potential and was therefore selected as an
alternative large-seeded runner-type cultivar for the 2010 growing season.

Numerous spray fungicide applications were made to all plots both years for disease
management. In 2009, applications of pyraclostrobin® (164 g a.i. ha™*) were made on 9 Jul. and
20 Jul. and applications of prothioconazole™ (84 g a.i. ha™) were made on 4 Aug., 20 Aug., and
3 Sept. In 2010, an application of pyraclostrobin® (164 g a.i. ha™) was made on 25 Jun.
Azoxystrobin'! applications (327 g a.i. ha™') were made on 23 Jul. and 20 Aug. and

12 (1.26 kg a.i. ha™) applications were made on 9 Jul., 6 Aug., 3 Sept., and 17 Sept.

chlorothaloni
Gypsum (CaS04-2H,0) was applied on 3 Aug. 2010 at 1100 kg ha™ to provide calcium for pod-
filling. Mid-season soil test calcium (Ca) at 7 cm in depth (the pegging zone) did not indicate a
need for Ca fertilization in 2009. Boron'® was also supplied to all plots mid-season at 0.4 kg B
ha™* via foliar applications made on 9 July 2009 and 25 June 2010 to ensure adequate peanut
kernel development, as recommended by UGA. All other production practices were conducted
according to UGA recommendations for irrigated peanut (Beasley et al., 1997).

Following the initial samplings, subsequent cover crop biomass and 5-cm and 20-cm
soil samples were also collected on 1 May, 12 June, 13 July, 18 Aug., 22 Sept., and 15 Oct. in
2009 and on 6 May, 26 May, 22 June, 28 July, 18 Aug., 14 Sept., and 5 Oct. in 2010. One
litterbag was also sampled from each conventional-tillage plot (except the plots with no cover) at
each of the aforementioned sample dates. Peanut whole-plant samples were also collected within
the 0.5-m? quadrat as plants began to develop. Peanut plants were uprooted using a pitchfork to
loosen the soil, and then separated into root, aboveground vegetation, and pod components. All

biomass samples were desiccated in a forced-air oven until dried and then weighed. After

weighing, all tissue samples (excluding peanut roots) and soil samples were analyzed for nutrient
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concentrations at the UGA Soil, Plant, and Water Lab in Athens, GA. Phosphorus, K, Ca, Mg,
B, Mn, and Zn were extracted from tissue samples by microwave-acid (HNO3) digestion, using a
CEM Mars5 Microwave Digestion System®. They were subsequently analyzed via inductively
coupled plasma (ICP) spectroscopy with a Thermo Jarrell-Ash Enviro | ICAP Spectrometer™.
Due to significantly higher costs for N and S analyses, however, only tissue samples from the
initial and final sample dates were analyzed for N and S concentrations. Nitrogen and S
concentrations were determined with the dry combustion method (Tabatabai and Bremner,
1991), using a LECO CNS-2000 Analyzer'®. Due to circumstances beyond our control, some of
the 2010 conventional-tillage cover crop samples were accidentally spilled during analysis. The
remaining sample quantities were too small to be analyzed with the standard amounts of
analytical compounds required to perform P, K, Ca, magnesium (Mg), B, Mn, and Zn analysis.
Therefore, each sample was analyzed using half-rates of the necessary compounds. Total
content of each nutrient in cover crop residues and peanut vegetation and pod tissues were
calculated by multiplying the concentration of the specific nutrient by the respective biomass
quantity. Subsequently, “total nutrient release” was determined for each cover crop by
subtracting the total nutrient content of residues at the final sample date each year from the initial
content at burndown. “Total nutrient uptake” indicates the total nutrient content of respective
peanut tissues collected at the final sample date each year.

Soil P, K, Ca, Mg, Mn, and Zn were extracted using the Mehlich-1 extraction method
(Mehlich, 1953) and analyzed via ICP spectroscopy with a Thermo Jarrell-Ash Enviro | ICAP
Spectrometer’®. Similar to tissue analyses, higher costs for NOz-N and OM limited these
analyses to those soil samples collected at the initial and final sample dates. Nitrate-N

concentration was determined colorimetrically and organic matter concentration was determined
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using the Loss on Ignition (LOI) method (Ball, 1964). Soil pH for all samples was determined
by CaCl, titration using an automated LabFit AS-3000 pH Analyzer®’.

Soil moisture data (% volumetric water content) were collected using a FieldScout TDR
300 Soil Moisture Meter'®, at a depth of 7.6 cm. Soil moisture readings were conducted by
treatment at each sample date, beginning on 13 July 2009 and 22 June 2010. Plots were inverted
3 Nov. 2009 and 18 Oct. 2010 using a 2-row digger-shaker-inverter®. Two non-sampled rows
were harvested from each plot on 9 Nov. 2009 and 22 Oct. 2010 using a 2-row small plot peanut
combine. Yield and grade data were determined for each treatment, with pod yields adjusted to
7% moisture.

Statistical Analyses. Cover crop biomass decline was analyzed using the PROC NLIN
function of SAS 9.2 software™®. Biomass data were subjected to non-linear regression and

responses were described by the exponential decay equation

—B.e &M
y=B,e

where y is the response variable of treatment, By is the value of the response variable (y) when x
is equal to zero (kg DM ha), By is the rate of decline of cover crop biomass, and x is time (days
after burndown [DAB]). Data for biomass decline by treatment were analyzed by ANOVA
using the general linear model procedure in PROC NLIN in SAS 9.2 and means were separated
using 95% asymptotic confidence intervals (Grey et al., 2007). All other data were analyzed by
ANOVA using the PROC GLIMMIX function in SAS 9.2 and means were separated using
pairwise t-tests at P < 0.05. Because of the unbalanced experimental design resulting from the

abandoned strip-tillage crimson clover plots, however, nearly all analyses were separated by
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tillage treatment, except where data were pooled over rye, wheat, and no cover treatments for

tillage comparisons.

Results and Discussion

Cover Crop Decomposition. All cover crop residues tended to display the greatest
amount of decomposition in the first 60-90 DAB. In the conventional-tillage plots, wheat
displayed the greatest rate of biomass decline among residues both years (Figs. 3.1a & 3.2a;
Tables 3.1 & 3.2), although wheat and rye did not differ in 2010. This contrasts slightly with the
literature that designates C:N ratio as the greatest indicator of decomposition rates: wheat has an
average whole-plant C:N ratio of approximately 50:1, whereas crimson clover is approximately
21:1. However, in the first year of this experiment, wheat residues had an average C:N ratio of
22:1 at burndown, which was very close to that of crimson clover (Table 3.3). This could have
resulted in a greater rate of wheat residue breakdown, although it is unable to fully explain why
wheat decomposed so much more rapidly than the other cover crop residues. The relatively low
C:N ratio of wheat in 2009 could have been a result of the spring N fertilization that year, which
likely increased N uptake by cover crops prior to burndown. Likewise, both rye and wheat C:N
ratios were lower in 2009 than 2010 (when no N fertilization was made). In a lab experiment,
Quemada and Cabrera (1995) observed wheat residues to decompose as rapidly as crimson
clover residues in soil columns. They also reported that the average C:N ratio of wheat leaves
(13:1) is near that of crimson clover (10:1) (rye leaves are approximately 29:1), which could aid
in accelerating whole-plant decomposition. Similarly, Collins et al. (1990) reported that the
decomposition of incorporated wheat leaf and stem parts is 25% greater than the sum of

decomposition from the individual plant parts. Therefore, because whole wheat plants were
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placed in the litterbags (stems + leaves), the leaf residues could have increased total wheat
decomposition significantly, compared to wheat stems alone.

It is possible that lignin content of cover crop residues could have caused the somewhat
counterintuitive distribution of decomposition rates among cover crop species. In addition to
C:N ratios, lignin content and lignin:N ratios are also effective indicators of decomposition rates,
in that greater amounts of lignin tend to slow decomposition (Douglas and Rickman, 1992;
Melillo et al., 1982; Schomberg et al., 1994; Sarrantonio, 2007). Although crimson clover
residues have relatively low C:N ratios, they can contain relatively high concentrations of lignin
compared to wheat (Quemada and Cabrera, 1995). Additionally, lignin content of plants can
vary at different stages of growth; the lignin content of crimson clover, for example, can increase
by 87% from the late-vegetative to early seed-set stage (Ranells and Wagger, 1992). However,
we did not collect lignin content or lignin:N data on cover crop residues in this experiment
because of time considerations and cost limitations for lignin analysis.

Rate of decomposition did not differ between rye and wheat residues in the strip-tillage
treatments both years (Figs. 3.1b & 3.2b; Tables 3.1 & 3.2). This was most likely due to less
overall decomposition in the strip-tillage plots, which would minimize differences among
treatments. All strip-tillage treatments also displayed lower rates of decomposition compared to
conventional-tillage in 2009, but not in 2010 (despite different initial biomass amounts in 2010)
(Figs. 3.1c & 3.2c; Table 3.4). This was likely due to less overall decomposition in all
treatments in 2010, which would again reduce differences among treatments. Total soil moisture
in 2010 was also much less than in 2009 (P < 0.05) (data not shown), because of less total
rainfall from cover crop termination to final sampling date in 2010 (48 cm) versus 2009 (75 cm)

and record-setting high temperatures during the 2010 season. Hot, dry soil conditions likely
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reduced soil microbial activity and residue decomposition. The greater rates of decomposition
and differences among treatments in conventional-tillage in 2009 were likely due to greater
soil/residue contact and soil aeration from incorporation, compared to the strip-tillage treatments
(Douglas and Rickman, 1992).

Along with biomass, total cover crop nutrients tended to decline most rapidly in the first
60-90 DAB both years, when the greatest amount of cover crop decomposition was occurring.
There were few treatment effects on soil nutrients at the 20-cm depth, therefore only the 5-cm
soil data are reported below. Cover crops did not have a strong impact on total nutrient contents
of peanut vegetation and pods, although some differences were apparent.

Nitrogen and Soil Organic Matter. Crimson clover residues in conventional-tillage
released the greatest quantity of N in 2009 (P < 0.05), but were not different from wheat (Table
3.5). However, in 2010, total N release did not differ among cover crops, probably as a result of
the lower overall rates of decomposition in 2010 (Table 3.6). In strip-tillage, total N release did
not differ between rye and wheat in either year, likely due to the reduced decomposition in strip-
tillage treatments mentioned above and less initial biomass that year. In conventional-tillage, rye
resulted in greater soil N than no cover at 6 DAB in 2009 (P < 0.10) and crimson clover resulted
in the greatest soil N at 10 DAB in 2010 (P <0.05) (Tables 3.7 & 3.8). Because crimson clover
is a legume, it is not surprising that it increased initial soil N levels in 2010. However, it is
unclear as to why rye resulted in greater soil N in 2009, since the higher C:N ratio of rye residues
would typically reduce N mineralization or result in N immobilization compared to the other
cover crops. Rye produced the greatest amount of biomass in 2009, providing a thick cover for
soil during winter and early spring. It is possible that this thick cover reduced NOj™ leaching

during that time, compared to the other treatments, resulting in greater soil NO3-N.
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Despite greater total N release from conventional-tillage crimson clover in 2009, rye
resulted in the greatest soil N by the end of the season in 2009 and all cover crops resulted in
greater soil N than no cover in 2010 (P <0.05) (Tables 3.7 & 3.8). However, N levels were
relatively low by that point each year. This indicates that the N released from crimson clover
residues in 2009 was either lost via leaching or volatilization, or was taken up by the actively-
growing peanut plants. However, N leaching and volatilization measurements were not
conducted in this experiment. Soil N did not differ among cover crop treatments in strip-tillage
at either point in the season. Soil organic matter also did not differ among cover crop or tillage
treatments both years, at burndown or at the end of the season (Tables 3.7 & 3.8). In a long-term
strip-tillage system, however, some organic matter buildup could occur, but we were unable to
examine this within the short timeframe of our experiment. Long-term cropping systems that
increase organic matter inputs to soil can increase soil biological activity, which subsequently
increases the ability of the soil to cycle nutrients more rapidly (Dick, 1992).

Nitrogen content of peanut vegetation did not differ among cover crops in conventional-
and strip-tillage either year (Tables 3.9 & 3.10). Because peanut is a legume, any cover crop
effects on N uptake by peanut vegetation were likely masked by the ability to fix N. However,
this conflicts with the results reported by Crusciol and Soratto (2009), who observed greater
amounts of N in peanut vegetation as a result of conservation-tillage. Total N in peanut pods
also did not differ among cover crop treatments in either tillage (Tables 3.11 and 3.12).
However, strip-tillage in 2010 resulted in greater total N in pods (P < 0.10) than conventional-
tillage (Table 3.13). This was probably due to the in-row subsoiling component of strip-tillage,
which allows plant roots to travel much deeper soils with hardpan layers, in order to better-

scavenge for water and nutrients. Additionally, the near-drought conditions in 2010 resulted in
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low water availability in soil, which could have caused deeper root growth by peanut plants.
Greater root growth is a common response of peanut to drought conditions in the soil (Pandey et
al., 1984; Beasley et al., 1997). Peanut also is also an inherently effective scavenger of residual
soil nutrients because of its normally deep taproot growth (Beasley et al., 1997). Therefore,
peanut roots in 2010 could have traveled much deeper in strip-tillage, scavenging significant
amounts of additional N as pods developed late in the season.

Phosphorus. Cover crop P in conventional-tillage tended to decline most rapidly within
the first 30 days after incorporation (30-60 DAB) both years, as residues came into direct contact
with soil microorganisms (Figs. 3.3a & 3.4a). All cover crop species displayed a similar rate of
P decline, despite the differing rates of biomass decline mentioned previously. However, by
approximately 60 DAB, wheat residues contained lower amounts of P than crimson clover or
rye, indicating that much of the P in wheat had been released during the first rapid period of
decomposition each year. By the end of the season in 2009, crimson clover released the greatest
total P (P < 0.05) (Table 3.5), although there were no differences in P release among cover crops
in 2010 (Table 3.6). Despite greater total P release from crimson clover in 2009, there were no
significant cover crop effects on soil P or P content of peanut vegetation and pods at any sample
date in 2009 or 2010 (Figs. 3.3b-d & 3.4b-d; Tables 3.9, 3.10, 3.11, & 3.12).

In strip-tillage, rye and wheat varied little in cover crop P, although rye tended to contain
slightly greater total P initially than wheat in 2009 (Fig. 3.5a). By the end of each season, neither
differed in total P release (Tables 3.5 & 3.6). The greater biomass produced by rye in 2009
resulted in lower soil P initially than the no cover treatment (Fig. 3.5b), since much of the soil P
was likely taken up and assimilated by rye. However, this did not hinder P uptake by peanut

vegetation or pods (Figs. 3.5¢-d; Tables 3.9 & 3.11). Wheat actually resulted in greater total P in
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pods in 2009 (P < 0.10). Total P did not differ among cover crops in 2010 (Fig. 3.6a) or soil,
peanut vegetation, and pods at any sample date that year (Figs. 3.6b-d; Tables 3.10 & 3.12).
Potassium. Total K in cover crop residues showed a drastic decline in the first 60 DAB
in conventional-tillage both years (Figs . 3.7a & 3.8a). By 60-90 DAB both years, almost all of
the K had been released from cover crop residues. Crimson clover released the greatest amounts
of K both years (P <0.05) (Tables 3.5 & 3.6). Potassium release did not differ among rye and
wheat in 2009 (Table 3.5), but rye released greater total K than wheat in 2010 (Table 3.6). Rapid
K release from cover crop residues also appeared to affect soil K. Cover crops slightly increased
soil K from 0-90 DAB in 2009 (Fig. 3.7b). Soil K eventually declined until approximately 120-
165 DAB both years (as total K increased in peanut vegetation and pods), but then increased
slightly in all cover crop treatments by the final sample dates (Fig. 3.7b & 3.8b). It is unclear as
to why soil K increased at the end of the season, since nearly all of the cover crop K had been
released by then. Total K in peanut vegetation was greater from wheat than rye at approximately
85 DAP in 2010. Otherwise, it did not differ among cover crop treatments at any other sample
date each year, other than at the final sample date in 2009 (Figs. 3.7¢ & 3.8c; Tables 3.9 & 3.10).
This was likely due to almost all cover crop K having been released by the time peanut plants
were of significant size. No cover resulted in greater total vegetative K that year (P < 0.05),
which indicates that, though cover crops released significant amounts of K to soil early on, the
peanut plants were not large enough to take full advantage of that K. Total K in pods at 140
DAP was greater from crimson clover than from rye and no cover in conventional-tillage (Fig.
3.8d). Otherwise, total K in pods did not differ among cover crops either year at any other

sample date (Figs. 3.7d & 3.8d; Table 3.11 & 3.12).
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In strip-tillage, rye residues displayed a slightly greater rate of initial K decline than
wheat both years (Figs. 3.9a & 3.10a), however they did not differ from one another in total K
release both years (Tables 3.5 & 3.6). Both rye and wheat residues subsequently increased soil
K over no cover by approximately 65-95 DAB in 2009 (Fig. 3.9b). Cover crop treatments did
not differ in soil K at any sample date in 2010 (Fig. 3.10b). However, soil K both years followed
the same trend as it did in the conventional-tillage treatments, where it declined until
approximately 115-130 DAB as K uptake by peanut plants increased (Figs. 3.9¢c & 3.10c). Total
K in peanut vegetation and pods did not differ among cover crop treatments at any sample date
both years (Figs. 3.9c-d & 3.10c-d; Tables 3.9, 3.10, 3.11, & 3.12), however no cover resulted in
greater total K in peanut vegetation (P < 0.05) at the end of the season in 2010 (Table 3.10).
Alternatively, wheat resulted in greater total K in pods (P < 0.10) than no cover at the end of the
season in 2009 (Table 3.11).

In 2010, strip-tillage resulted in a greater final pod K (P < 0.05) (Table 3.13), however
this was not observed in 2009. Similar to pod N in strip-tillage, there was likely greater root
growth in response to the drought conditions that occurred in 2010, allowing for potentially
greater K uptake at greater soil depths. Because K is a relatively mobile nutrient in sandy soils,
some amounts of K could have leached to greater soil depths, potentially providing additional
amounts of K for uptake for peanuts with deeper roots.

Calcium. Because Ca applications were made at some point during the trial both years, it
is possible that some of the treatment effects on Ca uptake by peanut plants were masked
(especially with the later Ca application in 2010), though not entirely. Crimson clover displayed
potential for absorbing and assimilating large amounts of Ca, as evidenced by the greater total Ca

in crimson clover residues than rye and wheat in conventional-tillage both years. All cover crops
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displayed a steady rate of decline in 2009, although crimson clover appeared to display a sharper
decline than either rye or wheat (Fig. 3.11a). Cover crop calcium data in 2010, however, was
nonsensical (Fig. 3.12a). There did not appear to be any decline in total Ca, although total
biomass showed a consistent decline in all cover crops. The abnormal nature of the data was the
result of the lab accident mentioned previously, where many of these samples were spilled and
then analyzed at half-concentrations. This resulted in considerable variation in Ca
concentrations among sample dates (Fig. 3.13a-b), which resulted in the counterintuitive trends
observed in Fig. 3.12a. Total Ca release was greatest from crimson clover in 2009 (P < 0.05)
(Table 3.5). Cover crop Ca in 2010 was too sporadic to confidently determine Ca release values
(Table 3.6). Initial soil Ca in conventional-tillage was greater in 2009 than in 2010, because of
the lime application made prior to peanut planting. However, soil Ca did not differ among cover
crop treatments at any sample date, including the final sample date (Figs. 3.11b & 3.12b). In
20009, soil Ca in all cover crop treatments declined slightly from approximately 100-165 DAB, as
peanut vegetation and pods increased in Ca content (Figs. 3.11c-d & 3.12c-d). This trend was
not as strong in 2010, likely because of a combination of more limited Ca mobility from less soil
moisture in 2010 and the gypsum application that occurred on 3 Aug. (99 DAB). The gypsum
application caused a noticeable jump in soil Ca to over 400 mg Ca kg™. This soil Ca increase
caused a resultant increase in vegetative Ca in peanut in the rye and wheat treatments at
approximately 85 DAP (Fig. 3.12c¢), although it is unclear why this effect would not have been
observed in all cover crop treatments. Alternatively, in 2009, wheat and no cover caused a slight
increase in total vegetative Ca over crimson clover and rye at 140 DAP (Fig. 3.11c), as a result
of less Ca being tied up by cover crop residues in those two treatments. Final vegetative Ca

uptake did not differ among cover crop treatments both years (Tables 3.9 & 3.10). Additionally,
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though total Ca in pods was less in 2010, there were no differences in total pod Ca among cover
crops at any sample date both years (Figs. 3.11d & 3.12d; Tables 3.11 & 3.12).

In strip-tillage, rye and wheat residues showed only minimal decline in Ca content all
season in 2009 (Fig. 3.14a). The 2010 data was nonsensical (Figs. 3.15a) because of Ca
concentrations (Fig. 3.13b), since the tissue samples related to these treatments and sample dates
were also part of the accident mentioned above. Therefore, we were able to conclude little from
the 2010 data, although the initial sample dates followed a similar trend as in 2009. Soil Ca in
2009 did not differ among cover crop treatments (Fig. 3.14b), however Ca levels in all treatments
did decline slightly at approximately 165 DAB, when Ca in peanut vegetation was at its greatest.
Soil Ca in 2010 did not follow this trend and varied minimally all season (Fig. 3.15b). Total Ca
in peanut vegetation and pods varied little among treatments at any sample date each year (Figs.
3.14c-d & 3.15c¢-d; Tables 3.9-3.12).

Magnesium. Magnesium followed similar trends as Ca in cover crop residues, soils, and
peanut tissues. Crimson clover contained the greatest total Mg at burndown in conventional-
tillage in 2009 (Fig. 3.16a). Total Mg decline in cover crop residues was very similar among
cover crop treatments, although wheat lost almost all of its Mg by approximately 130 DAB.
Similar to Ca in conventional-tillage in 2010, total cover crop Mg data was nonsensical (Fig.
3.17a) because of significant variation in Mg concentrations among residues (Fig. 3.18), as many
of the samples related to those data were included in the accident mentioned above. Therefore,
we are also able to conclude little from cover crop Mg in 2010. Total Mg release from cover
crops was greatest from crimson clover in 2009 (P < 0.05) (Table 3.5). However, because of the
sporadic cover crop Mg, we were unable to confidently determine total Mg release. Because

dolomitic lime was applied prior to cover crop burndown in 2009, initial soil Mg was greater in
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2009 than in 2010 (Figs. 3.16b & 3.17b). However, there was little variation in soil Mg among
cover crops in conventional-tillage both years (Figs. 3.16b & 3.17b), although there appeared to
be a slight decline in soil Mg from 30-165 DAB in 2010. Magnesium in peanut vegetation and
pods did not differ among cover crops at any sample date in 2009 (Figs. 3.16¢ & 3.16d; Tables
3.9 & 3.11). Rye and wheat resulted in slightly greater Mg in peanut vegetation than crimson
clover and no cover at approximately 85 DAB in 2010 (Fig. 3.17c), although there were no
differences at any other sample date or at the end of the season (Table 3.10). Similarly, crimson
clover and wheat resulted in slightly greater total Mg in pods at the end of the season (Fig. 3.17d;
Table 3.12), but differences were not significant.

In strip-tillage, total Mg in wheat displayed significant decline in 2009 (Fig. 3.19a). Rye
and wheat residues in 2010, however, appeared to exhibit little difference in Mg decline (Fig.
3.20a), which was likely due to the much smaller quantities of cover crop biomass and
subsequent Mg that were present at burndown. Neither rye nor wheat differed in total Mg
release both years (Tables 3.5 & 3.6). Soil Mg varied little over the course of the season and did
not differ among cover treatments both years (Figs. 3.19b & 3.20b). However, there was a slight
decline in soil Mg from approximately 90-115 DAB in all treatments in 2010, as Mg increased in
peanut vegetation (Fig. 3.20c). Total Mg in peanut vegetation and pods did not differ among
cover crop treatments at any point in the growing season both years (Figs. 3.19¢c-d & Figs. 3.20c-
d; Tables 3.9-3.12).

Similar to K and N, strip-tillage resulted in greater total Mg in peanut pods at the end of
the season than conventional-tillage (P < 0.10) in 2010 (Table 3.13). This was also likely a result
of deeper root growth of peanut plants in strip-tillage, where the hardpan had been disrupted in

the drill row with in-row subsoiling.
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Sulfur. Sulfur release did not differ among cover crops in conventional- or strip-tillage
in 2009 or 2010 (Tables 3.5 & 3.6). Subsequently, total S uptake by peanut vegetation was not
different among all cover crop treatments both years (Tables 3.9-3.12). However, similar to K,
Mg, and N, total S in pods was greatest in strip-tillage at the end of the season in 2010 (P <0.10)
(Table 3.13). Because SOy is easily-leached in soils (Havlin et al., 2005), deeper root growth in
the subsoiled strip-tillage plots likely allowed peanut plants to take advantage of SO, that had
leached to deeper portions of the soil profile.

Boron. In conventional-tillage, crimson clover appeared to contain greater quantities of
total B than rye and wheat at burndown in 2009 (Fig. 3.21a). Subsequently, crimson clover
residues exhibited a slightly sharper B decline than both rye and wheat, culminating in greater
total B release from crimson clover that year (Table 3.5). However, similar to Ca and Mg, cover
crop B data in 2010 (Fig. 3.22a) were notably erratic because of variation in tissue B
concentrations (Fig. 3.23a). Therefore, we are unable to report meaningful results for cover crop
B that year. Total B in peanut vegetation was insignificant among cover crop treatments at all
sample dates both years (Figs. 3.21b & 3.22b; Tables 3.9 & 3.10). Total B in pods appeared to
be slightly greater from crimson clover than the other treatments at approximately 140 DAP in
2010 (Fig 3.22c), but was not significant. Otherwise, total pod B was insignificant among cover
crops at all other sample dates in 2009 and 2010 (Figs. 3.21c & 3.22c; Tables 3.11 & 3.12).

In strip-tillage, wheat residues exhibited a slightly sharper B decline than rye in both
2009 (Fig. 3.24a), although the two cover crops did not differ in total B release (Table 3.5).
Similar to the conventional-tillage treatments, cover crop B in 2010 (Fig. 3.25a) was nonsensical,
because of sporadic B concentrations in tissues (Fig. 3.23b). Therefore, we also cannot

confidently reach any conclusions regarding cover crop B or total B release for that year. Total
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B in peanut vegetation and pods did not differ among cover crop treatments at any sample date in
2009 or 2010 (Figs. 3.24b-c & 3.25b-c; Tables 3.9-3.12). It is possible that the foliar B
applications made in both years of this experiment may have masked potential treatment effects
on B uptake by peanut plants. Future research could therefore focus on evaluating cover crop
effects on B uptake, with and without B fertilization.

Manganese. Conventional-tillage wheat and rye cover crops appeared to contain the
most initial Mn in 2009 (Fig. 3.26a), although rye did not appear to differ from crimson clover.
Wheat also exhibited a sharp decline in total Mn over the course of the season in 2009.
However, total Mn release did not differ among cover crop treatments (Table 3.5). Similar to B,
Ca, and Mg, cover crop Mn in 2010 (Fig. 3.27a) was extremely erratic, due to significant
variation in Mn concentrations among sample dates (Fig. 3.28). Again, the data were too
sporadic to confidently calculate and report total Mn release from cover crop residues. Soil Mn
did not differ among cover crops at each sample date both years (Figs. 3.26b & 3.27b), although
overall soil Mn was greater in 2009 than 2010. A consistent decline in soil Mn occurred both
years among all cover crops, indicating that any Mn contributions from cover crops were not
enough to overcome Mn removal from soil by peanut plants. However, liming acidic soils
decreases solution and exchangeable Mn?* by precipitation as MnO, (Brady and Weil, 2002;
Havlin et al., 2005), so some amounts of soil Mn could have been lost to precipitation, especially
with the early-season lime application in 2009. Total Mn in peanut vegetation varied little
among cover crops in 2009, but was greater in the no cover treatment at 135 DAP (Fig. 3.26c).
However, final vegetative Mn was not different among cover crop treatments (Table 3.9).
Vegetative Mn in 2010 was not different among cover crops at any sample date (Fig. 3.27c;

Table 3.10). Similarly, total pod Mn was not different among cover crops at any point during the
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season in 2009 (Fig. 3.26d; Table 3.11). Crimson clover resulted in the greatest total pod Mn at
approximately 140 DAB in 2010, but was not different among treatments at any other sample
date (Fig. 3.27d; Table 3.12).

In strip-tillage in 2009, both rye and wheat residues exhibited similar rates of Mn decline
(Fig. 3.29a). Rye appeared to display a sharp Mn decline in 2010 (Fig. 3.30a), although cover
crop Mn amounts were much lower in 2010. By the end of the season in 2009, rye and wheat did
not differ in total Mn release (Table 3.5), although rye exhibited greater total release in 2010 (P <
0.05) (Table 3.6). There were no differences in soil Mn among cover crop treatments in soil both
years (Figs. 3.29b & 3.30b), although in both years we observed the aforementioned decline in
soil Mn over time. Total Mn in peanut vegetation did not differ among cover crops in 2009 until
approximately 160 DAP, where both rye and wheat resulted in greater total Mn than no cover (P
<0.05) (Fig. 3.29c; Table 3.9). Subsequently, wheat resulted in greater total pod Mn at the end
of the season (P < 0.05) (Fig. 3.29d; Table 3.11). It is unclear as to why rye and wheat improved
Mn uptake by peanut plants in 2009. It is possible that rye and wheat residues released Mn that
was in a more plant-available form for uptake by the peanut plants. These effects were not
observed in 2010, however—there were no differences in total Mn in peanut vegetation and pods
among cover crops at any sample date (Figs. 3.29¢-d & 3.30c-d; Tables 3.10 and 3.12). This was
likely a result of the much drier soil conditions that occurred in 2010, as Mn®* availability is
greatly reduced in dry, aerated soil by precipitation as MnO, (Havlin et al., 2005). Total Mn in
pods was also greater in strip-tillage than in conventional-tillage (P < 0.05) in 2010, similar to K,
Mg, N, and S (Table 3.13).

Zinc. There were clear differences in total Zn content of cover crop residues in

conventional-tillage at the beginning of the season in 2009 (Fig. 3.31a), with crimson clover



45

appearing to contain the greatest total Zn. All three cover crops exhibited similar rates of Zn
decline over the course of the season, although wheat released nearly all of its Zn by
approximately 130 DAB. By the end of the season, crimson clover released the greatest total
amount of Zn (P < 0.05) (Table 3.5). Similar to cover crop B, Ca, Mg, and Mn in 2010, cover
crop Zn was notably sporadic because of significant variation in Zn concentrations among all
sample dates (Figs. 3.32a & 3.33). Therefore, no conclusions were able to be made confidently
regarding total Zn release from cover crop residues that year. Despite differences in total Zn
release among cover crop residues, there were no significant treatment effects on soil Zn (Fig.
3.31Db), total Zn in peanut vegetation (Fig. 3.31c; Table 3.9), or total Zn in pods (Fig. 3.31d,;
Table 3.11) at any sample date in 2009. In 2010, soil Zn did not differ among treatments at any
sample date (Fig. 3.32b). Total Zn in peanut vegetation was apparently greater from rye than
from crimson clover at approximately 85 DAP, but was not different among cover crops for any
other sample date that year (Fig. 3.32c; Table 3.10). Similarly, total Zn in pods was not different
among treatments for any sample date in 2010 (Fig. 3.32d; Table 3.12).

In strip-tillage, wheat exhibited a slightly sharper Zn decline in 2009 and 2010 (Figs.
3.34a and 3.35a). However, by the end of the season, both cover crops did not differ in total Zn
release both years (Tables 3.5 & 3.6). Soil Zn concentrations also did not differ among cover
crops at any point during the season either year (Figs. 3.34b & 3.35b). Total Zn in peanut
vegetation did not vary among cover crops in 2009 until 160 DAB, when both rye and wheat
resulted in greater vegetative Zn (P < 0.05) (Fig. 3.34c; Table 3.9). Similarly, rye and wheat
resulted in greater total pod Zn than no cover at 160 DAB (P < 0.05) (Fig. 3.34d; Table 3.11). In
2010, total Zn in peanut vegetation and pods did not differ among cover crop treatments at any

point in the season (Fig. 3.35¢-d; Tables 3.10 & 3.12).
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Strip-tillage also resulted in greater total Zn in pods than conventional-tillage in both
2009 and 2010 (P <0.10), similar to K, Mg, Mn, N, and S (Table 3.13). It is unclear why this
effect occurred, as Zn is considered relatively immobile and highly-resistant to leaching in
Coastal Plain soils (Beasley et al., 1997). It is possible that deeper root growth increased the
amount of soil Zn that came into direct content with the peanut roots that was subsequently
absorbed.

Vegetative Peanut Production, Yield, and Grade. Despite varying cover crop effects on
nutrient uptake, peanut vegetation did not differ among cover crop treatments in conventional- or
strip-tillage at any point in the season both years (data not shown) and did not differ at the end of
the season (Table 3.14). Total peanut root biomass at the end of the season was greatest in 2010
(P <0.05), likely as a result of drought-like conditions causing greater root growth (Table. 3.14).
Crimson clover in conventional-tillage did result in greater peanut root biomass (P < 0.10) than
wheat and no cover, but was not different from rye. This could have been a result of the greater
soil N present in crimson clover plots and numerically greater soil N in rye plots prior to peanut
planting, which could have helped bolster early-season peanut root growth over the other
treatments. Root biomass in strip-tillage wheat was also greater than no cover, although it was
not different from rye. This effect also appeared to follow the trend of soil N among strip-tillage
treatments in 2010, although soil N amounts were not different among cover crops that year.
The greater overall root growth in 2010 could have also resulted in greater potential for
differences among cover crop treatments, since differences among cover crops in either tillage
were not apparent in 2009. Final peanut stands were greater in 2009 than 2010, but were not

different among cover crop treatments in either tillage system both years (Table. 3.14).
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Pod yields were not different among cover crop treatments in conventional- or strip-
tillage both years, although mean yields were greater in 2009 than 2010 (Table 3.15). This was
also likely the result of greater rainfall during the 2009 season. Strip-tillage rye resulted in a
greater percentage of total sound mature kernels (TSMK) than no cover in 2009, although it was
not different from wheat (Table 3.15). However, there were no other grade differences among
cover crops in either tillage system both years. The cause of this effect in 2009 is unclear, since

it was only observed in one tillage treatment in one year of the study.

Summary and Conclusions

The results of this experiment indicate that there are clear differences in rate of
decomposition and nutrient release of cover crops among species and tillage system. However,
these effects had only minor impacts on nutrient uptake in peanut vegetation and pods. Cover
crop decomposition was greatest in the first 60-90 DAB and biomass decline was greatest in
conventional-tillage in 2009. Wheat biomass exhibited the sharpest decline in conventional-
tillage both years, but was not different from rye in 2010. This is somewhat contrary to the
traditional method of using C:N as a predictor of decomposition, since wheat typically has a high
C:N ratio. However, the whole-plant C:N ratio of wheat in 2009 was almost equivalent that of
crimson clover, likely due to an N fertilization that was made in the winter prior to cover crop
burndown that year. Lignin:N ratios are also effective predictors of decomposition and could
have been a factor in the slower decomposition of crimson clover, which can contain large
amounts of lignin. Lignin:N was not evaluated in these experiments because of time and
financial limitations, but this indicates a need for future research evaluating lignin:N as an

indicator of cover crop decomposition on a field scale.
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Cover crops had little effect on SOM in the first 5 cm of soil, although the limited
timeframe of these experiments precluded potential long-term cover crop effects on SOM
buildup. Crimson clover and rye displayed potential for increasing soil N at burndown, which
also appeared to increase peanut root biomass later in the season. Nutrient release varied
significantly among cover crops and tillage systems. Despite the sharper decline of wheat
residues, crimson clover residues in conventional-tillage released the greatest amounts of N, P,
K, Ca, Mg, B, and Zn in 2009. However, wheat released equivalent amounts of total N that year
as crimson clover. Nutrient release from cover crop residues resulted in some amount of soil
nutrient increase, but was inconsistently apparent and varied by nutrient. Soil nutrients varied
little among actual cover crop species and tillage.

Total nutrient content in peanut vegetation and pods varied little among cover crop and
tillage both years, although some nutrient effects may have been masked by fertilizer
applications. Cover crops in conventional-tillage actually reduced total K in peanut vegetation in
conventional-tillage in 2009 and strip-tillage in 2010. Rye and wheat, however, increased total
Mn and Zn in peanut vegetation and pods in strip-tillage in 2009. Strip-tillage wheat also
resulted in greater total P and K in pods in 2009, although was not different from rye in total pod
K. Strip-tillage resulted in greater N, K, Mg, S, Mn, and Zn uptake by pods under drought-like
conditions experienced in 2010, likely because of in-row subsoiling and greater root growth in
response to drought conditions. Strip-tillage can therefore improve the uptake of the more
leachable nutrients by peanut under drought conditions. Despite these differences, however,
there were few significant cover crop or tillage effects on vegetative peanut biomass production,

final plant stand, yield or grade both years.
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These results indicate that there is some nutrient benefit to peanut (however minimal)
grown after crimson clover, rye, or wheat cover, although benefits vary based on tillage system.
However, there are no apparent yield or grade advantages resulting from these nutrient benefits.
In a long-term scenario, nutrient benefits might become more apparent over time, although
peanut could not be grown in successive growing seasons because of pest limitations from the
peanut root-knot nematode (Meloidogyne arenaria). More research is needed to evaluate cover
crop effects on nutrient cycling in more long-term cropping scenarios. Since peanut is a
leguminous crop, N effects from decomposing cover crop residues on peanut plants were not as
dramatic as they would potentially be on a non-leguminous crop. Additionally, the significant
fungicide inputs typically utilized in peanut systems could impede or restrict the activity of soil
fungi in decomposing cover crop residues. Future research should therefore focus on the nutrient
cycling effects of cover crops on non-legumes like maize and cotton, which typically receive
almost no fungicide applications and are commonly grown in rotation with peanut on the Coastal

Plain.
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Figure 3.1. Biomass decline of three cover crop species in (a) conventional-tillage, (b) strip-tillage, and (c) among tillage treatments

in Tifton, GA, 2009. Values for the tillage comparison were pooled over rye and wheat only.
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Figure 3.2. Biomass decline of three cover crop species in (a) conventional-tillage, (b) strip-tillage, and (c) among tillage treatments

in Tifton, GA, 2010. Values for the tillage comparison were pooled over rye and wheat only.
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Table 3.1. Interactive effects of tillage and crop species on rate of cover crop biomass decline in

Tifton, GA in 2009.

Rate of decline®

Tillage Cover Crop B; 95% ClI Bo 95% ClI
Conventional kg DM? ha™
Crimson Clover 0.0281b  +0.0064 11,089 b + 2947
Rye 0.0265b  +0.0059 10,750 b + 2712
Wheat 0.0562a  +0.0074 19,901 a + 4968
Strip
Crimson Clover
Rye 0.0091a  +0.0023 5675 b + 763
Wheat 0.0147a  +0.0053 3739a +720

First-order rate constant means within a column followed by the same lowercase letter are not

significantly different according to Fisher’s protected LSD test at P < 0.05; means were

separated using a general linear model procedure with 95% asymptotic confidence intervals.

% Dry matter.

® Rate of biomass decline was determined with respect to time using non-linear regression and

responses were described by the exponential decay equation y = Boe’Bl(X’ , where y is the

response variable of treatment, By is the value of the response variable y when x is equal to zero

(kg DM ha™), By is the rate of decline of cover crop biomass, and x is time (days after

burndown).
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Table 3.2. Interactive effects of tillage and crop species on rate of cover crop biomass decline in

Tifton, GA in 2010.

Rate of decline”

Tillage Cover Crop B 95% ClI Bo 95% ClI
Conventional kg DM? ha™*
Crimson Clover  0.0107 b +0.0025 5716 a + 996
Rye 0.0162ab  +0.0031 7086 a +1241
Wheat 0.0240 a +0.0063 6312 a + 1725
Strip
Crimson Clover
Rye 0.0138 a +0.0077 879 a + 307
Wheat 0.0169 a + 0.0058 668 a + 147

First-order rate constant means within a column followed by the same lowercase letter are not

significantly different according to Fisher’s protected LSD test at P < 0.05; means were

separated using a general linear model procedure with 95% asymptotic confidence intervals.

% Dry matter.

® Rate of biomass decline was determined with respect to time using non-linear regression and

responses were described by the exponential decay equation y = Boe’Bl(X’ , where y is the

response variable of treatment, By is the value of the response variable (y) when x is equal to zero

(kg DM ha™), By is the rate of decline of cover crop biomass, and x is time (days after

burndown).
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Table 3.3. Average carbon (C) and nitrogen (N) concentration and C:N ratios of crimson clover,

rye, and wheat residues at burndown in Tifton, GA in 2009-2010.

C N C:N
2009 2010 2009 2010 2009 2010
Cover Crop
________________ g kg'l________________
Crimson Clover 370 380 18 14 2001 26:1
Rye 410 390 13 8 3221 441

Wheat 400 380 17 10 221  36:1




Table 3.4. Tillage effects on rate of cover crop biomass decline in Tifton, GA in 2009-2010.

Rate of decline®

Year Tillage® B 95% ClI Bo 95% CI
2009 kg DM ha™
Conventional 0.0366 a + 0.0085 12,830 a + 4058
Strip 0.0108 b +0.0030 4664 a + 694
2010
Conventional 0.0187 a +0.0039 6480 a +1290
Strip 0.0150 a +0.0054 770 b + 175

First-order rate constant means within a column followed by the same lowercase letter are not

significantly different according to Fisher’s protected LSD test at P < 0.05; means were

separated using a general linear model procedure with 95% asymptotic confidence intervals.

®Pooled over rye and wheat treatments only.

® Dry matter.

¢ Rate of biomass decline was determined with respect to time using non-linear regression and

responses were described by the exponential decay equation y = Boe’Bl(X’ , Wwhere y is the
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response variable of treatment, By is the value of the response variable (y) when x is equal to zero

(kg DM ha™), By is the rate of decline of cover crop biomass, and x is time (days after

burndown).



56

Table 3.5. Effects of species and tillage on total release of primary and secondary plant nutrients and select micronutrients from

decaying cover crop residues in Tifton, GA in 2009.

Tillage Cover Crop N P K Ca Mg S B Mn Zn

Conventional

Crimson Clover 70a 9a 141a 33a 8a 5a 0.100a 0.09a 0.11a

Rye 42 b 8b 76b 8D 4b 4a 0.003b 0.12a 0.05b
Wheat 58ab 8b 64b 8b 4b 5a 0.001b 0.20a 0.07b
LSD? 19 1 13 8 2 3 0.011 0.11 0.02

Strip

Crimson Clover

Rye 52a 8a 79a 6a 3a 5a 0.005a 0.17a 0.07a
Wheat 60 a 8a 69a 7a 4a 6a 0.006a 0.24a 0.07 a
LSD 13 2 29 9 2 1 0.003 0.07 0.02

Means within a column followed by the same lowercase letter are not significantly different according to pairwise t-tests at P = 0.05.

? Least Significant Difference.



Table 3.6. Effects of species and tillage on total release of primary and secondary plant nutrients and select micronutrients from

decaying cover crop residues in strip-tillage in Tifton, GA in 2010.

Tillage Cover Crop N P K Ca Mg S B Mn Zn

Conventional®

Crimsonclover 32a 3.7a 131a 2.7a
Rye 23a 9.2a 57b 2.6a
Wheat 26a 65a 32c 3.6a
LSD" 10 62 14 -~ 15

Strip
Crimson clover  ---
Rye 5a 1l5a 7a 0.13a 040a 0.59a 0.0003a 0.010a 0.007a
Wheat 4a 09a 4a 003a 040a 046a 0.0009a 0.003b 0.006a

LSD 2 0.9 3 0.1 0.11 0.25 0.0009 0.001  0.003
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Means within a column followed by the same lowercase letter are not significantly different according to pairwise t-tests at P = 0.05.
# Residues for the conventional-tillage treatments were artificially elevated to the 2009 densities, to ensure adequate residue for
accurate sampling late in the season.

® Least Significant Difference.
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Table 3.7. Effects of cover crop species and tillage on soil nitrogen (N) and soil organic matter

(OM) in Tifton, GA in 2009.

Soil N Soil OM
Tillage Cover Crop 6 DAB* 188DAB 6DAB 188 DAB
--------- g kgt-----—-- SR 77 o U—
Conventional
Crimson Clover 7.8 ab® 0.3b 9.2a 9.0a
Rye 11.3a 04a 10.1a 9.2a
Wheat 59ab 0.3b 9.6a 8.1la
No Cover 3.0b 0.3b 9.1a 9.2a
LSD® 5.2 0.1 1.9 1.4
Strip
Crimson Clover
Rye 75a 0.3a 94a 95a
Wheat 7.4a 13a 104 a 10.1a
No Cover 41a 0.3a 9.4a 89a
LSD 4.0 15 14 2.1

Means within a column followed by the same lowercase letter are not significantly different

according to pairwise t-tests at P = 0.05.

% Days after cover crop burndown.

b Significant at P = 0.10.

¢ Least Significant Difference.
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Table 3.8. Effects of cover crop species and tillage on soil nitrogen (N) and soil organic matter

(OM) in Tifton, GA in 2010.

Soil N Soil OM
Tillage Cover Crop 10 DAB* 162DAB 10DAB 162 DAB
----------- T D —, Y 10, o S—
Conventional
Crimson Clover 9.2a 16a 6.5a 6.6 a
Rye 34b 12a 6.3a 7.4a
Wheat 15D 12a 6.7 a 7.6a
No Cover 15D 0.5b 57a 8.1la
LSD" 4.7 05 18 4.5
Strip
Crimson Clover
Rye 19a 0.6a 57a 6.8 a
Wheat 2.1a 09a 57a 9.8a
No Cover 1.7a 09a 6.4 a 79a
LSD 1.9 0.5 1.2 4.0

Means within a column followed by the same lowercase letter are not significantly different

according to pairwise t-tests at P = 0.05.

% Days after cover crop burndown.

b |east Significant Difference.



Table 3.9. Total nutrient content of peanut vegetation as affected by four cover crop treatments and two tillage treatments in Tifton,

GA in 2009%

Tillage Cover Crop N P K Ca Mg S B Mn Zn
----------------------------------- L e ——
Conventional
Crimson Clover 66a 4a 94b 46a 12a 5a 008a 0.13a 0.10a
Rye 62a 4a 93b 47a 12a 4a 0.08a 0.12a 0.09a
Wheat 59a 4a 77b 48a 13a 3a 0.08a 008a 0.07a
No Cover 70a 4a 115a 6la 15a 6a 0.10a 0.17a 0.06a
LSD® 34 18 19 23 6 2 003 010 005
Strip
Crimson Clover  ---
Rye 7la 4a 105a 53a 12a 4a 0.09a 0.17a 0.12a
Wheat 74a 4a 103a 54a 12a 4a 0.09a 0.15a 0.11la
No Cover 65a 4a 84a 47a 13a 4a 0.08a 0.06b 0.05b
LSD 22 1 23 14 3 1 0.02 0.03 0.03
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Means within a column followed by the same lowercase letter are not significantly different according to pairwise t-tests at P = 0.05.
% Nutrient data determined from the final sample date that year (15 Oct. 2009).

® Least Significant Difference.
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Table 3.10. Total nutrient content of peanut vegetation as affected by four cover crop treatments and two tillage treatments in Tifton,

GA in 2010%

Tillage Cover Crop N P K Ca Mg S B Mn Zn
----------------------------------- kg ha™
Conventional
Crimson Clover 95a 6a 108a 57a 15a 7a 0.13a 0.12a 0.09a
Rye 99a 5a 93a b56a 20a 7a 0.14a 020a 0.11a
Wheat 91a S5a 7la 57a 17a 6a 0.14a 0.13a 0.09a
No Cover S54a 4a 5S0a 40a 13a 5a 0.09a 0.10a 0.07a
LSD® 43 3 62 25 10 3 0.06 0.14 0.05
Strip
Crimson Clover ~ ---  ---
Rye 84a 5a 86b 57a 17a 7a 0.14a 0.13a 0.08a
Wheat 80a 5a 98b 53a 14a 6a 0.13a 0.10a 0.10a
No Cover 88a 4a 126a 73a 1l7a 7a 0.15a 0.11a 0.1la
LSD 19 1 16 25 8 1 0.04 0.05 0.03
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Means within a column followed by the same lowercase letter are not significantly different according to pairwise t-tests at P = 0.05.
% Nutrient data determined from the final sample date that year (5 Oct. 2010).

® Least Significant Difference.
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Table 3.11. Total nutrient content of peanut pods as affected by four cover crop treatments and two tillage treatments in Tifton, GA in

2009°

Tillage Cover Crop N P K Ca Mg S B Mn Zn
N — S —
Conventional
Crimson Clover 211a 15a 40a 36a 87a 97a 0.09a 0.1la 0.14a
Rye 174a 12a 3la 31a 72a 80a 0.07a 0.09a 0.13a
Wheat 176a 13a 35a 38a 80a 87a 007a 009a 0.12a
No Cover 210a 13a 38a 40a 85a 97a 008a 0.10a 0.10a
LSD" 58 4 12 2.2 3.1 2.9 0.03 0.04 0.06
Strip
Crimson Clover  ---
Rye 210a 14b° 39ab° 41a 80a 95a 0.08a 0.12a 0.15a
Wheat 230a 1l6a 45a 43a 97a 10.7a 009a 0.13a 0.17a
No Cover 189a 13b 34D 36a 82a 85a 007a 008b 0.11b
LSD 66 3 11 1.9 2.2 3.4 0.03 0.07 0.09
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Means within a column followed by the same lowercase letter are not significantly different according to pairwise t-tests at P = 0.05.
% Nutrient data determined from the final sample date that year (15 Oct. 2009).

b |_east Significant Difference.

¢ Significant at P = 0.10.
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Table 3.12. Total nutrient content of peanut pods as affected by four cover crop treatments and two tillage treatments in Tifton, GA in

2010°

Tillage Cover Crop N P K Ca Mg S B Mn Zn
----------------------------------- L B —
Conventional
Crimson Clover 102a 7.7a 20a 18a 42a 6.2a 0.03a 0.04a 0.10a
Rye 97a 78a 2la 15a 43a 6.2a 0.05a 004a 0.06a
Wheat 103a 7.7a 2la 17a 43a 66a 003a 0.04a 0.10a
No Cover 9%a 7.7a 18a 18a 43a 6.7a 0.03a 004a 0.06a
LSD® 100 70 18 16 40 63 003 004 006
Strip
Crimson Clover ~ ---
Rye 126a 95a 28a 22a 56a 82a 005a 0.06a 0.07a
Wheat 132a 9.7a 26a 20a 54a 83a 004a 0.06a 0.08a
No Cover 130a 98a 29a 2l1a 58a 85a 0.04a 0.06a 0.09a
LSD 28 3.0 8 08 15 23 002 002 0.03




68

Means within a column followed by the same lowercase letter are not significantly different according to pairwise t-tests at P = 0.05.
# Nutrient data determined from the final sample date that year (5 Oct. 2010).

® Least Significant Difference.



Table 3.13. Total nutrient content of peanut pods as affected by tillage in Tifton, GA in 2009-2010.

Year  Tillage N P K Ca Mg S B Mn Zn
N —— T ————
2009
Conventional 187 a 13a 35a 36a 79a 88a 0.08a 0.09a 0.12b
Strip 209 a 14a 39a 40a 86a 95a 0.07a 0.11a 0.14a
LSD" 48 3 7 1.8 2.3 2.4 0.03 0.03 0.02
2010
Conventional 98b* 7.7a 20b 1.6a 43b* 65b*® 004a 0.04b 0.06b
Strip 129 a 96a 27a 2la 56a 83a 0.04a 0.06a 0.08a
LSD 31 24 6 0.6 1.3 2.0 0.01 0.01 0.02

Means within a column followed by the same lowercase letter are not significantly different according to pairwise t-tests at P = 0.05.

% Significant at P = 0.10.

b |east significant difference.
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Figure 3.3. Phosphorus content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

four cover crop treatments in conventional-tillage in Tifton, GA, 2009. ® Days after burndown (DAB).
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Figure 3.4. Phosphorus content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

four cover crop treatments in conventional-tillage in Tifton, GA, 2010. ® Days after burndown (DAB).
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Figure 3.6. Phosphorus content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

three cover crop treatments in strip-tillage in Tifton, GA, 2010. ? Days after burndown (DAB).
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Figure 3.11. Calcium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of four

cover crop treatments in conventional-tillage in Tifton, GA, 2009. ? Days after burndown (DAB).



60

50 A

40 A

kg Ca ha™

20 A

10 A

140

120

100

80

kg Ca ha

60

40

20

30 A

2010 Conventional-Tillage o Crimson Clover
a — 0 — Rye
——A——  Wheat
Peanut Planting (29 DAB?)
l - ™~ ~
%\%\é
0 20 40 60 80 100 120 140 160 180
Days after burndown
2010 Conventional-Tillage C
——@——  Crimson Clover
— 0 — Rye
A —A— Wheat
——-%—— No Cover
20 40 60 80 100 120

Days after planting

140

79

700
b 2010 Conventional-Tillage
600 -
500 -
< 400
(2]
X
(o]
€ 300 -
200 -
—@&——  Crimson Clover
— 0 — Rye
100 - Peanut Planting (29 DAB) —A——  Wheat
——-%——  No Cover
0+ T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Days after burndown
5
2010 Conventional-Tillage d
4 -
——@——  Crimson Clover
— 40 — Rye
—A——  Wheat
- 34 No Cover
©
e
o
O
(=]
X 2 A
1 -
0
80 100 120 140 160 180

Days after planting

Figure 3.12. Calcium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of four

cover crop treatments in conventional-tillage in Tifton, GA, 2010. ? Days after burndown (DAB).
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Figure 3.13. Calcium concentration of three cover crop residues in (a) conventional-tillage and (b) strip-tillage in Tifton, GA, 2010.
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Figure 3.14. Calcium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

three cover crop treatments in strip-tillage in Tifton, GA, 2009. ? Days after burndown (DAB).
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Figure 3.15. Calcium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

three cover crop treatments in strip-tillage in Tifton, GA, 2010. ? Days after burndown (DAB).
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Figure 3.16. Magnesium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

four cover crop treatments in conventional-tillage in Tifton, GA, 2009. ® Days after burndown (DAB).
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Figure 3.17. Magnesium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

four cover crop treatments in conventional-tillage in Tifton, GA, 2010. ® Days after burndown (DAB).
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Figure 3.19. Magnesium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

three cover crop treatments in strip-tillage in Tifton, GA, 2009. ® Days after burndown (DAB).
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Figure 3.20. Magnesium content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of
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Figure 3.21. Boron content of (a) cover crop tissues and (b) peanut vegetation and (c) pods as a result of four cover crop treatments in

conventional-tillage in Tifton, GA, 2009. ? Days after burndown (DAB).
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Figure 3.22. Boron content of (a) cover crop tissues and (b) peanut vegetation and (c) pods as a result of four cover crop treatments in

conventional-tillage in Tifton, GA, 2010. ? Days after burndown (DAB).
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Figure 3.23. Boron concentration of three cover crop residues in (a) conventional-tillage and (b) strip-tillage in Tifton, GA, 2010.
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Figure 3.24. Boron content of (a) cover crop tissues and (b) peanut vegetation and (c) pods as a result of three cover crop treatments

in strip-tillage in Tifton, GA, 2009. ? Days after burndown (DAB).



0.0014 0.4
a 2010 Strip-Tillage b 2010 Strip-Tillage
0.0012 - T
—_ — O — Rye
Peanut Planting (29 DAB® 03 Xo co
0.0010 - eanut Planting ( ) _ : ——%—— NoCover
g 0.0008 - o
ey <
o o 02
2 0.0006 - 2
0.0004 -
0.1
0.0002 -
0.0000 . . . . . . . . 0.0 T T T T T
0 20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140
Days after burndown Days after planting
0.10
2010 Strip-Tillage c
0.08 - - _
— 0 — Rye
——A——  Wheat 1
- 0.06 ———%—— No Cover i
'©
ey
m
2
0.04 -
0.02 -
0.00
80 100 120 140 160 180

Days after planting
Figure 3.25. Boron content of (a) cover crop tissues and (b) peanut vegetation and (c) pods as a result of three cover crop treatments

in strip-tillage in Tifton, GA, 2010. ? Days after burndown (DAB).
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Figure 3.26. Manganese content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

four cover crop treatments in conventional-tillage in Tifton, GA, 2009. ® Days after burndown (DAB).
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Figure 3.27. Manganese content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

four cover crop treatments in conventional-tillage in Tifton, GA, 2010. ® Days after burndown (DAB).
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Figure 3.28. Manganese concentration of three cover crop residues in conventional-tillage in

Tifton, GA, 2010.
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Figure 3.30. Manganese content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of

three cover crop treatments in strip-tillage in Tifton, GA, 2010. ? Days after burndown (DAB).
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Figure 3.31. Zinc content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of four

cover crop treatments in conventional-tillage in Tifton, GA, 2009. ? Days after burndown (DAB).
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Figure 3.32. Zinc content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of four

cover crop treatments in conventional-tillage in Tifton, GA, 2010. ? Days after burndown (DAB).
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Figure 3.33. Zinc concentration of three cover crop residues in conventional-tillage in Tifton,

GA, 2010.
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Figure 3.34. Zinc content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of three

cover crop treatments in strip-tillage in Tifton, GA, 2009. ® Days after burndown (DAB).
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Figure 3.35. Zinc content of (a) cover crop tissues, (b) soil (5-cm depth), and (c) peanut vegetation and (d) pods as a result of three

cover crop treatments in strip-tillage in Tifton, GA, 2010. ® Days after burndown (DAB).
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Table 3.14. Effects of cover crop and tillage on aboveground peanut vegetation, root biomass,

and final plant stand of peanut in Tifton, GA in 2009-2010.

Peanut
Vegetation® Root Biomass® Final Stand”
Tillage Cover Crop 2009 2010 2009 2010 2009 2010
------ kg ha'-———-- -—-—gplant’---—- --—---plants m™"-----

Conventional

Crimson Clover 3892a 4978a 12a 3.1a° 110a 9.8a

Rye 3842a 4449a 1l1lla 2.2 ab 9.3a 9.1a
Wheat 3597a 4660a l1l2a 1.8b 119a 85a
No Cover 4162a 3986a 13a 20D 104a 9.2a
LSD* 1122 1976 0.5 1.3 3.1 1.7

Strip

Crimson Clover

Rye 4042a 4552a 14a 2l1ab® 95a 10.3a
Wheat 4142a 4544a 1lla 25a 95a 9.7a
No Cover 3777a 4578a 13a 18D 105a 86a
LSD 673 1565 0.6 0.7 14 2.0

Means within a column followed by the same lowercase letter are not significantly different
according to pairwise t-tests at P = 0.05.
% Aboveground vegetation and root biomass data collected from the final sample dates both years

(15 Oct. 2009 and 5 Oct. 2010).
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® Determined after peanut inversion, prior to harvest.
¢ Significant at P = 0.10.

¢ Least Significant Difference.
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Table 3.15. Final pod yield and grade of peanut as affected by four cover crop treatments and

two tillage treatments in Tifton, GA in 2009-2010.

Pod Yield Grade
Tillage Cover Crop 2009 2010 2009 2010
------- kg hat------- - %TSMK*-----
Conventional
Crimson Clover 5216a 3625a 75.2a 716 a
Rye 4608a 3624a 759a 73.0a
Wheat 4706 a 3287a 759a 71.0a
No Cover 4898a 3578a 754a 73.6a
LSD" 630 964 0.9 5.1
Strip
Crimson Clover
Rye 4309a 316l1a 759a 71.0a
Wheat 4658a 3573a 75.2ab 723a
No Cover 4224a 3246a 736D 74.2a
LSD 760 1041 1.7 4.2

Means within a column followed by the same lowercase letter are not significantly different

according to pairwise t-tests at P = 0.05.

& Total sound mature kernels.

b |_east Significant Difference.
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CHAPTER 4
CULTIVAR AND APPROVED FUNGICIDE EVALUATION FOR LEAF SPOT

MANAGEMENT IN ORGANIC PEANUT (ARACHIS HYPOGAEA L.) PRODUCTION!

! wann, D.Q., R.S. Tubbs, and A.K. Culbreath. Submitted to Plant Health Progress, 2/25/2011.
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Abstract: Growers interested in organic peanut production are in need of information to identify
viable, disease-resistant cultivars and acceptable fungicides for control of early and late leaf spot
diseases where inorganic pesticide applications are not permissible. Field trials were conducted
in crop years 2008, 2009, and 2010 to evaluate eleven peanut cultivars for leaf spot resistance
and yield potential in organic management. CRSP 983 and Georganic demonstrated the greatest
resistance to early and late leaf spot diseases (18-59% and 34-52% defoliation, respectively), but
Florida-07, Georgia-06G, and Tifguard produced the largest yields (2454-5424 kg ha™, 3758 kg
ha*, and 1760-4030 kg ha™, respectively). Tifguard exhibited the best combination of stand
establishment, disease resistance, and yield potential of all cultivars and would be a strong option
for growers pursuing organic production, although Florida-07 and Georgia-06G are also
formidable choices. A secondary objective of this experiment was to evaluate the efficacy of
three approved fungicides for leaf spot control on peanut under organic management. Copper
sulfate + Bacillus subtilis alone reduced leaf spot defoliation compared to the control. However,
B. subtilis, copper sulfate, and copper sulfate + B. subtilis all improved yields when leaf spot
pressure was heavy. Combining high-yielding, disease-resistant peanut cultivars and organic
fungicide applications can significantly improve leaf spot management and yield potential of

peanut under organic management.
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Introduction

The bulk of U.S. organic peanut (Arachis hypogaea L.) production currently rests among
the arid southwestern states of New Mexico and Texas. In 2008, Texas alone produced nearly
7000 Mg of certified organic peanuts, which constituted over 72% of national production that
year (Guerena and Adam, 2008; NASS, 2007). The southeastern U.S., while producing the most
conventional peanut regionally, has developed only marginal organic production, limited by the
heavy disease pressure prevalent throughout the warm, humid region. Peanut is a natural host to
a number of different foliar and soil-borne diseases, typically requiring several synthetic
fungicide applications every 10-14 days during the growing season in conventional production.
Early and late leaf spot diseases (Cercospora arachidicola S. Hori and Cercosporidium
personatum [Beck & Curtis] Deighton) are particularly limiting to production by causing
significant defoliation, and are typically found wherever peanut is grown (Smith, 1984). Without
regular fungicide applications or other preventative practices, defoliation from leaf spot diseases
alone can result in up to 50% vyield losses at harvest (Kemerait et al., 2009; Smith, 1984).

The use of synthetic agrichemicals is prohibited in certified organic cropping systems by
U.S. Department of Agriculture (USDA) definitions (USDA, 2005). Therefore, the use of
disease-resistant cultivars is a main factor in managing leaf spot diseases and maximizing yields
in organic peanut systems. The importance of genetic disease resistance has been recognized for
other organic crops (Koike et al., 2000; Van Bruggen and Termorshuizen, 2003) and has been a
crucial component for disease management in conventional peanut production for years (Brown
et al., 2007; Wynne et al., 1991). Previous research with organically-acceptable fungicides,
however, has shown marked potential for reducing leaf spot incidence and improving pod yields

in organic peanut, along with using resistant cultivars. Cantonwine et al. (2008) reported that
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copper sulfate, copper sulfate + Bacillus subtilis, copper sulfate + sulfur, sulfur, cupric
hydroxide, and cupric hydroxide + B. subtilis applications significantly reduced defoliation from
leaf spot diseases compared to the unsprayed control. However, only copper sulfate and cupric
hydroxide improved pod yields over the control. Shew et al. (2006) also reported that copper
sulfate applications significantly reduced leaf spot incidence compared to the unsprayed control,
but did not improve final pod yield.

There is a distinct need for information regarding cultivar options with strong disease
resistance and high yield potential for conventional and organic peanut growers alike. However,
little research has been published in this area. Desirable characteristics for cultivars include:
resistance to foliar diseases, a high percentage of germination and low seedling mortality for
establishment of an optimum stand, and high yield and grade potential. In Georgia, Branch and
Culbreath (2008) identified Georgia-01R and Georgia-05E as strong, multiple-pest-resistant
cultivars that produced substantial yields under organic management, however both of these
cultivars are no longer commercially available. A number of additional disease-resistant
cultivars have been released more recently that could have significant potential for improving
organic peanut production (Branch, 2007; Gorbet and Tillman, 2009; Holbrook and Culbreath,
2008; Holbrook et al., 2008a). These new cultivars, along with timely applications of organic
fungicides, have the potential to greatly improve management of leaf spot diseases for organic
peanut growers. The primary objective of this research, therefore, was to evaluate leaf spot
resistance and productivity of several peanut cultivars with current and future commercial
relevance grown under organic management. A secondary objective was to supplement previous
research regarding organic fungicides by evaluating three potentially-viable organic fungicide

formulations for control of early and late leaf spot diseases in organic peanut.
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Materials and Methods

Irrigated research trials were conducted at the University of Georgia (UGA) Horticulture
Hill Farm in 2008 and Lang-Rigdon Farm in 2009 and 2010 near Tifton, GA. The soil was a
Tifton loamy sand (fine-loamy, Kaolinitic, thermic Plinthic Kandiudults). Five peanut cultivars
were planted in 2008 as preliminary research to evaluate leaf spot resistance and yield potential
and the efficacy of three organic fungicide formulations on leaf spot under organic management.
In 2009 and 2010, eleven different peanut cultivars (nine each year) were planted and evaluated
for several different data parameters in addition to leaf spot resistance and pod yield. All
cultivars planted over the three years of this experiment are listed in Table 4.1.

All plots were planted with untreated seed using 2-row precision air planter® on 12 June
2008, 6 June 2009, and 27 May 2010 at a depth of 6 cm, a seeding rate of 20 seed m™, and a
standard row spacing of 91 cm. Plots were arranged in a randomized complete block design with
five replications in 2008 and four replications in 2009 and 2010. All plot lengths in 2008 ranged
from 36 m to 57 m, due to the triangular shape of the field. Plot lengths were therefore grouped
by replication (Rep 1 =57 m; Rep 2 =54 m; Rep 3 =48 m; Rep 4 =45 m; and Rep 5 =36 m).
Plot dimensions in 2009 and 2010 were 7.3 m wide (8 rows) x 9.1 m long, although the
harvested area comprised only the center peanut rows (3.7 m x 9.1 m). All ‘Florida-07’ (Gorbet
and Tillman, 2009) plots were sub-divided into four two-row (1.8-m wide), equal-length sections
(6.4-8.8 m and 9.1 m) in 2008 and 2009, respectively, to facilitate an evaluation of the three
organic fungicide formulations. Data for comparison among cultivars were collected from the
unsprayed control plots.

Production practices included conventional deep tillage with a moldboard plow to a depth

of 30-35 cm prior to planting and irrigation as needed during the season, according to UGA
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recommendations for peanut. Gypsum applications of 1120 kg ha™ (8 July 2008), 1344 kg ha™
(30 July 2009), and 1120 kg ha™ (4 Aug. 2010) were made to all plots based on soil test
recommendations to meet calcium requirements for pod-filling. No herbicides, fungicides
(including seed treatments), or insecticides were applied at any point during the season in order
to follow approved USDA-certified organic production practices and to solely evaluate genetic
differences among cultivars and experimental fungicide treatments. Weed control each year was
maintained by a combination of tine cultivation, flat sweep cultivation, and hand-weeding.

Due to extremely poor plant stands, all CRSP 38 and ‘Florida Fancy’ plots were severely
overrun by weeds in 2008 and were subsequently abandoned. Therefore, leaf spot and yield data
were collected only from the Florida-07, ‘Georganic’ (Holbrook and Culbreath, 2008), and
‘McCloud’ (Tillman et al., 2008) plots in 2008. Additionally, availability of ‘Georgia-03L’
(Branch, 2004) was extremely limited in 2010 due to phasing-out of the cultivar and was
therefore unavailable for the third year of this experiment. ‘Georgia-06G” (Branch, 2007), a
common cultivar with widespread commercial hectarage and high yield potential, was selected
as an alternative large-seeded runner-type cultivar for the 2010 growing season.

Visual canopy development ratings were conducted on 15 June 2009 and 8 June 2010 (9
and 12 days after planting [DAP], respectively), utilizing a novel 4-point rating scale (1 = Poor;
2 = Moderately Poor; 3 = Moderately Good; 4 = Good). This factor was visually assessed as an
average over the plot from a combination of plant stand, vegetation size, health status symptoms
(i.e. wilting, necrosis, etc.) and overall canopy appearance plus the amount of visible bare space
within the peanut rows. Emergent plant stand counts were conducted on 15 June and 2 July in
2009 (9 and 26 DAP, respectively) and on 7 June and 21 June in 2010 (11 and 25 DAP,

respectively). Final plant stand counts were conducted for all plots prior to harvest after



112

inversion. Lapping dates were collected for each cultivar, being the date when at least 50% of
the plot had plant vines that touched or overlapped in the middle of the bed, in order to determine
and compare rates of canopy closure among cultivars. These data indicate how quickly each
cultivar achieves coverage of inter-row space, an important factor for competition with and
suppression of weeds. Late-season visual ratings for combined early and late leaf spot severity
were conducted on 22 Oct. 2008, 16 Oct. 2009, and 11 Oct. 2010, using visual estimates for
percent defoliation.

Four fungicide treatments were applied to all Florida-07 plots, a cultivar susceptible to
early and late leaf spot infestations, in 2008 and 2009, arranged in a randomized complete block
design with four replications each year. Treated areas were each 1.8-m wide (2 rows) and varied
from 6.4-8.8 m in length in 2008. Treated areas in 2009 each measured 1.8 m x 9.1 m.
Fungicide treatments consisted of copper sulfate® (2.2 kg ha™), B. subtilis?* (2.8 kg ha™), copper
sulfate”® (2.2 kg ha*) + B. subtilis* (2.8 kg ha™), and an unsprayed control. Spray applications
of each fungicide were made by hand in 115 liters ha™ of water at 345 kPa of pressure, using a
backpack sprayer. Applications were made on 58 and 86 DAP in 2008 and at 90 DAP, 116
DAP, and 131 DAP in 2009, based on timing and severity of leaf spot epidemics. Visual
estimates of defoliation from early and late leaf spot combined were conducted prior to peanut
inversion on 22 Oct. 2008 and 16 Oct. 2009

Optimum digging date was determined each year using the standard Hull-Scrape
Maturity Profile method (Williams and Drexler, 1981). Therefore, all plots in 2008, except for
Georganic (which has the longest maturity range of the cultivars used in this experiment), were
inverted on 31 Oct. using a 2-row digger-shaker-inverter* and harvested 6 Nov. using a 2-row

small plot peanut combine. All Georganic plots were subsequently inverted on 7 Nov. and
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harvested 20 Nov. In 20009, all plots were inverted on 28 Oct., since consistently cool weather
ceased development of all cultivars, including Georganic. Plots were then harvested 5 Nov. In
2010, temperatures were significantly warmer throughout the fall, again allowing for continued
development of the late-maturing Georganic cultivar beyond the other cultivars. All plots
(except Georganic) were inverted 15 Oct. and harvested 19 Oct., while Georganic plots were
inverted 30 Oct. and harvested 8 Nov. Pod yields were collected for each cultivar and fungicide
treatment and adjusted to 7% moisture. Grade data were only collected in 2009 and 2010 for the
cultivar evaluation.

Statistical analyses were conducted using SAS 9.2 software'®. Data were statistically
analyzed by analysis of variance, using PROC GLIMMIX and means were separated using

pairwise t-tests (P = 0.05).

Results and Discussion

Cultivar Performance Evaluation. There were significant Year x Cultivar interactions
(P <0.05) for each data parameter analyzed. Therefore, the data were separated by year and
subsequently analyzed. Grade differences were not significant among cultivars in 2010 (P <
0.05), but differences were evident in all other data parameters.

Differences in late-season leaf spot incidence were strong among cultivars all three years
(P <0.05). Early and late leaf spot pressure was also more severe at the 2009 test site than the
2008 or 2010 sites. Georganic exhibited the least defoliation from leaf spot in 2008 (Table 4.2),
while Florida-07 and McCloud exhibited the greatest defoliation. In 2009, Georganic and CRSP
983 resulted in the lowest defoliation from leaf spot, followed by Georgia-03L (Table 4.3).

Florida-07 and McCloud again exhibited the greatest incidence with nearly complete defoliation
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by harvest. In 2010, ‘C724-19-25’ (Holbrook et al., 2008b) and CRSP 983 exhibited the lowest
incidence of leaf spot, but were not significantly different from Georganic (Table 4.4). ‘Georgia-
08V’ (Branch, 2009) had the highest incidence of leaf spot with near complete defoliation at
harvest. These results were mostly consistent with the point values associated with the Peanut
Disease Risk Index leaf spot incidence values for the respective cultivars (Culbreath et al., 2010),
and also with Branch and Culbreath (2008) regarding the distribution of leaf spot resistance
among Georganic, Georgia-03L, and Florida-07.

Plant stands among all cultivars were lower in 2009 than in 2010, which was likely due to
multiple factors including level of soil-borne disease inoculum in respective field sites; growing
conditions in previous year when source seed was produced; soil temperature, moisture, and
edaphic status; and other conditions. In 2009, C724-19-25 and ‘Tifguard’ (Holbrook et al.,
2008a) resulted in the greatest initial plant stands at 9 DAP, but were not significantly different
from Georgia-03L (Fig. 4.1). Both C724-19-25 and Tifguard also the received the highest
canopy development ratings at 9 DAP, exhibiting large, healthy-looking plants with minimal
bare space within their respective plots (Table 4.3). At 26 DAP, Tifguard and C724-19-25 still
had the greatest plant stands, followed closely by Georgia-03L, demonstrating low numbers of
both post-emergent seedling mortality and also delayed emergence. By the end of the season,
C724-19-25 and Tifguard retained the greatest plant stands, but Georganic stands had also
increased to a level comparable with C724-19-25 and Tifguard. Georganic produced marginal
emergent stands and received a low canopy development rating but eventually compensated by
harvest. This was possibly due to the late-maturing nature of the Georganic cultivar, exhibiting a
slower rate of germination early on but ultimately generating a substantial plant stand at full

maturity.
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In 2010, the stands of several of the cultivars displayed a significant decline from 11
DAP to 25 DAP and then a noticeable increase by harvest (Fig. 4.2). Itis noted that the cultivars
demonstrating this behavior are also the same cultivars which received canopy development
ratings of 3.0 or higher (moderately good to good) (Table 4.4), which indicates that this was
likely due to experimental error during the 25 DAP stand counts. Since the lateral peanut
branches of vigorously growing peanut plants are thickly intertwined by that point in the season,
the likelihood of mistaking two smaller adjoining plants as just one larger plant is greatly
increased, resulting in falsely lower values at that time. Other cultivars exhibited a decline in
plant stand from 11 to 25 DAP, but had visual canopy development ratings below 3.0, and
likewise resulted in lower plant stands at harvest, demonstrating that there was likely greater
levels of seedling mortality from disease and less occurrence of falsely low counts from
experimental error since those plots were visually rated as less healthy to begin with.

Tifguard produced the greatest initial stands at 11 DAP, followed closely by Georgia-
06G and Georgia-08V. Tifguard also received the highest visual canopy development rating at
12 DAP, along with Georgia-08V (Table 4.4). C724-19-25, however, produced one of the
lowest initial plant stands and received one of the lowest canopy development scores, which
could have been the result of poor seed quality or a different spectrum or pressure of soil-borne
diseases at the 2010 site. At 25 DAP, there was little separation among the cultivars with
acceptable stands, but CRSP 983 and McCloud had the sparsest stands which would be
considered unacceptable for production. By harvest, Tifguard had the densest stand, followed
closely by Georgia-06G and Georgia-08V. Georganic followed a similar trend as in 2009, with
low initial canopy development ratings and plant stands in the early season but with improved

stands at harvest. However, the contrast between early- and late-season stands was not as
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pronounced as in 2009. CRSP 983 had relatively low emergent plant stands among all ten

cultivars both years and received very poor canopy development ratings, indicating that the
cultivar may have poor seed quality or could be very susceptible to soil-borne diseases that
prevent adequate germination and early-season stand establishment.

In the absence of a commercial pre-planting seed treatment, the effects of soil-borne
disease are much more dramatic on germination and stand establishment and mere genetic
differences can be more pronounced. When significant gaps in the peanut rows exist early on,
weeds have the opportunity to quickly fill the bare space. The effects of competition with intra-
row weeds on peanut are typically greatest during the first 3-8 weeks after planting (Everman et
al., 2008). Therefore, early-season stand establishment is crucial in organic peanut systems for
ensuring the ability of the crop to effectively compete with weeds and diseases and to increase
the overall productivity of the system. Good plant stands also significantly reduce the risk of
tomato spotted wilt (Tospovirus) (TSWYV) incidence, a devastating viral pathogen in peanut
(Culbreath et al., 2010). Of all cultivars evaluated in both years, Tifguard displayed the most
consistent and notable early-season stand establishment and retained good stands in spite of not
having a seed treatment prior to planting.

Differences in the number of days to lapping were significant among cultivars both years
(P <0.05). In 2009, Georganic required the fewest number of days to lap, despite exhibiting
slower germination and initial stand establishment (Table 4.3). CRSP 983, however, required
the greatest number of days to lap, which appeared to correspond to its poor early-season plant
stands. In 2010, Florida-07 and Tifguard required the fewest number of days to lap, yet were
statistically equivalent with Georgia-08V (Table 4.4). CRSP 983 again required the greatest

number of days to lap. The rapid canopy closure exhibited by Tifguard and Florida-07 is a
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desirable trait in cultivar selection, because the quicker the peanut rows lap, the more effectively
they can shade and suppress weeds. This is especially important in organic systems, where
supplemental herbicide use for direct control of weed escapes is prohibited. Additionally,
inadequate vegetative growth reduces the ability of the peanut plant to properly invert prior to
harvest, limiting the ability of the peanut pods to properly dry, thus reducing the quality of the
pods.

Mean yields in 2009 and 2010 were relatively low compared to conventional peanut
yields. This is to be expected given no chemical inputs were applied. Florida-07 produced the
greatest yields in 2008 and 2009 (Tables 4.2 & 4.3), despite heavy defoliation from leaf spot. In
2010, Tifguard, Georgia-06G, and Florida-07 produced the highest yields (Table 4.4).
Conversely, CRSP 983 produced among the lowest yields in 2009 and 2010, in spite of
exhibiting consistently exceptional leaf spot resistance. This was likely due to the poor stands
generated by the cultivar both years. Tifguard exhibited high yield potential and moderate leaf
spot resistance, whereas both Florida-07 and Georgia-06G displayed relatively poor leaf spot
resistance but overcame by producing substantial pod yields. It is, therefore, important to select
a cultivar that exhibits a strong balance between leaf spot resistance, stand establishment, and
yield potential.

Grade data were only collected in 2009 and 2010. Differences among cultivars were
significant in 2009 (P < 0.05) (Table 4.3), but not in 2010 (Table 4.4). McCloud, C724-19-25,
and Tifguard all received the highest grades in 2009. Florida-07, Georgia-03L, Florida Fancy,
and CRSP 983, however, all graded poorly. The grade score of a peanut crop, expressed as
percent total sound mature kernels (%TSMK) indicates the level of quality of a peanut crop and

how much of the crop is saleable at the highest price. Grade is a very important consideration
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for cultivar selection and can directly impact a grower’s profit potential for the shelled market.
Because McCloud graded the highest in 2009, there might be some potential for a grower to
recoup his/her yield losses with a high %TSMK. Conversely, Florida-07 produced the greatest
yield in 2009, but was among the poorest-grading cultivars, thus reducing the profit potential
generated by high yields. Tifguard produced one of the highest yields with the second-highest
%TSMK in 2009, representing the most profitable combination of yield and grade potential
among all cultivars. In 2010, however, Tifguard produced the highest yield but a slightly lower
grade would result in lower net returns than an equally high yielding cultivar with a better grade.

Organic Fungicide Evaluation. There was a significant Year x Fungicide treatment
interaction for percent defoliation and yield data in 2008 and 2009 (P < 0.05). Therefore, the
data were separated by year and subsequently analyzed. Leaf spot severity was greater in 2009
than 2008, although late leaf spot epidemics were more prevalent in 2009 and required later
fungicide applications. There were no significant differences in defoliation among fungicide
treatments in 2008 (Table 4.5). In 2009, copper sulfate + B. subtilis significantly reduced
defoliation from leaf spot compared to all other fungicide treatments, including the unsprayed
control. Copper sulfate and B. subtilis alone did not reduce defoliation compared to the control.
The difference in fungicide efficacy between 2008 and 2009 is likely due to the varied leaf spot
pressure between the two years. These results indicate that copper sulfate + B. subtilis can
provide significant reductions in the incidence and severity of early and late leaf spot when
pressure is heavy. However, it appears that copper sulfate + B. subtilis is unable to provide
further leaf spot reductions when pressure is lighter. The effects of copper sulfate + B. subtilis
on defoliation from leaf spot in this experiment were somewhat consistent with results by

Cantonwine et al. (2008). However, the effects of copper sulfate alone were not consistent with
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Cantonwine et al. (2008), likely due to the later, less-frequent fungicide applications made in this
experiment.

Similar to the percent defoliation data, there were no significant differences in pod yield
among fungicide treatments in 2008 (Table 4.5). This was again likely due to the lighter leaf
spot pressure in 2008, since yields in 2008 were also significantly greater than in 2009. All
fungicide formulations significantly improved yield compared to the control in 2009, however
yields were not different among the sprayed treatments themselves. This was notable because
the copper sulfate or B. subtilis plots each were almost completely defoliated by the end of the
growing season. These results also correlate with the results for Florida-07 reported in the
cultivar comparison experiment above, in that the cultivar still exhibits high yield potential in
spite of significant defoliation from early and late leaf spot diseases. Similar to the results for
defoliation in this experiment, it appears that the three fungicide formulations examined in this
experiment all have significant potential for improving yields in sites with heavier leaf spot

pressure, though the same effects are not apparent in areas of lower pressure.

Summary and Conclusions

There are a number of runner- and Virginia-type cultivar options available for peanut
production in the southeastern U.S. However, the results of this experiment suggest that various
commercial cultivars used in conventional peanut production can perform differently under
organic management, in the absence of commercial pesticides or seed treatments. Tifguard
displayed quick germination and a rapid vegetative growth habit, establishing dense plant stands
early in the season and maintaining them throughout the growing season. Georgia-06G also

displayed strong stand establishment during the one year it was grown. Stand establishment is an
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important consideration because it directly impacts TSWYV incidence and yield potential and it
has implications for long-term weed management in organic cropping systems. Reduced plant
populations increase the risk of TSWV incidence and reduce the number of viable plants
available to produce pods for harvest, thus directly reducing yield. Dense peanut stands can also
aid in suppressing weed populations given their prostrate growth habit. This was not apparent
within the two-year timeframe of this experiment, but it could have a lasting positive impact for
the long-term over numerous successive growing seasons.

CRSP 983 consistently displayed the greatest resistance to early and late leaf spot
diseases, but the resistance did not translate to significant yield improvement at the end of the
season because of poor stands. Conversely, Florida-07, Georgia-06G, and Tifguard did not
display the greatest leaf spot resistance but all three produced the highest yields and showed
marked potential for organic production. This was also apparent for Florida-07 in the fungicide
evaluation. Tifguard displayed the most optimum balance of rapid stand establishment, foliar
disease resistance, and overall yield potential. At the time of this writing, Tifguard is also the
only peanut cultivar available that has high host plant resistance to both TSWV and the peanut
root-knot nematode (Meloidogyne arenaria) (Holbrook et al., 2008a). Therefore, Tifguard is a
multiple-pest-resistant cultivar that would be a strong choice for growers pursuing organic
production. However, the most widely planted conventional peanut cultivars in the U.S.,
Georgia-06 and Florida-07, are likewise compelling options under organic management due to
their ability to overcome adverse conditions and still produce high yields.

Bacillus subtilis, copper sulfate, and copper sulfate + B. subtilis fungicides all have
potential for use in organic peanut systems. Although copper sulfate + B. subtilis alone reduced

defoliation from early and late leaf spot compared to the control, all three formulations displayed
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potential for significantly improving peanut yields. However, their effectiveness appears to be
greater in areas with heavier leaf spot pressure or when they are applied at more frequent
intervals earlier in the growing season. Combined with the high-yielding, disease-resistant
cultivars identified in this experiment, organic and conventional peanut growers alike have a
variety of important tools available to improve both the management of leaf spot in their

cropping systems and the feasibility of organic production as a whole.
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Table 4.1. Market type and years planted of eleven peanut cultivars evaluated under organic

management in Tifton, GA, 2008-2010.

Years Planted

Cultivar Market Type 2008 2009 2010
C724-19-25 Runner * *
CRSP 38 Runner *

CRSP 983 Runner * *
Florida-07 Runner * * *
Florida Fancy Virginia * * *
Georganic Runner * * *
Georgia-03L Runner *
Georgia-06G Runner *
Georgia-08V Virginia * *
McCloud Runner * * *

Tifguard Runner * *
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Table 4.2. Leaf spot defoliation and pod yield of five peanut cultivars under organic

management in Tifton, GA in 2008.

Leaf Spot

Cultivar Defoliation® Pod Yield

--------- %--------- ---kg ha"--
CRSP 38
Florida-07 65 a 5424 a
Florida Fancy
Georganic 46 b 3297 b
McCloud 7la 3839b
LSD® 15 825

Means within a column followed by the same lowercase letter are not significantly different
according to pairwise t-tests at P = 0.05.

% Values are based on visual estimates of percent defoliation from early and late leaf spot
diseases.

® Least significant difference.
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Table 4.3. Leaf spot defoliation, canopy development, days to lapping, and grade of nine peanut

cultivars under organic management in Tifton, GA in 20009.

Leaf Spot Canopy Days To

Cultivar Defoliation®  Development® Lapping Pod Yield Grade

------- L — kgha'!  %TSMK®
C724-19-25 9% a 35a 83 abc 1602 bc 72 abc
CRSP 983 59c 12¢c 91a 546 f 67 f
Florida-07 98 a 2.2Db 82 bc 2454 a 70 c-f
Florida Fancy 91a 1.7 bc 87 ab 1048 e 68 ef
Georganic 52¢ 2.1b 78 ¢ 1757 Db 70 b-e
Georgia-03L 77b 2.3b 81 bc 1399 cd 69 def
Georgia-08V 89 ab 1.8 bc 81 bc 957 e 71 bed
McCloud 96 a 19b 80 bc 1198 de 74 a
Tifguard 90 ab 3.6a 82 bc 1760 b 73 ab
LSD* 13 0.6 6 292 3

Means within a column followed by the same lowercase letter are not significantly different
according to pairwise t-tests at P = 0.05.

% Values are based on visual estimates of percent defoliation from early and late leaf spot
diseases.

> Values based on 1-4 visual rating scale (1 = Poor; 2 = Moderately Poor; 3 = Moderately Good:;
4 = Good).

¢ Total sound mature kernels.

¢ Least significant difference.
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Table 4.4. Leaf spot defoliation, canopy development, days to lapping, and grade of nine peanut

cultivars under organic management in Tifton, GA in 2010.

Leaf Spot Canopy Days To
Cultivar Defoliation® Development®  Lapping  Pod Yield Grade
------ (7 — kg ha™ %TSMK®

C724-19-25 24 e 20e 83 bc 2699 cd 72a
CRSP 983 18 e 17e 100 a 1847 e 7la
Florida-07 88 ab 2.7d 66 d 3424 abc 72a
Florida Fancy 77b 30cd 92 ab 2910 bcd 72a
Georganic 34 de 1.7¢€ 87 ab 2171 de 7la
Georgia-06G 82 ab 3.3bc 92 ab 3758 ab 7la
Georgia-08V 99 a 3.6ab 81 bcd 2554 de 72a
McCloud 49 cd 2.8d 86 ab 2332 de 68 a
Tifguard 56 ¢ 3.8a 68 cd 4030 a 69 a
LSD® 20 0.3 15 827 4

Means within a column followed by the same lowercase letter are not significantly different
according to pairwise t-tests at P = 0.05.

% Values are based on visual estimates of percent defoliation from early and late leaf spot
diseases.

® Values based on 1-4 visual rating scale (1 = Poor; 2 = Moderately Poor; 3 = Moderately Good;
4 = Good).

¢ Total sound mature kernels.

9 Least significant difference.
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Figure 4.1. Plant stand counts at 9 days after planting (DAP), 26 DAP, and harvest of nine
peanut cultivars under organic management in Tifton, GA, 2009. Error bars indicate one
standard error above and below the mean and are for comparison among cultivars within a

sample date.
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Figure 4.2. Plant stand counts at 11 days after planting (DAP), 25 DAP, and harvest of nine
peanut cultivars under organic management in Tifton, GA, 2010. Error bars indicate one
standard error above and below the mean and are for comparison among cultivars within a

sample date.



Table 4.5. Leaf spot defoliation and yield of Florida-07 peanut as a result of four organic

fungicide treatments under organic management in Tifton, GA in 2008-2009.

Leaf Spot
Defoliation® Pod Yield

Treatment 2008 2009 2008 2009

-------- 7 S — Y 1P —
Control 65a 98a  5238a 2454b
Bacillus subtilis 65 a 92a 5498a 3354a
Copper sulfate 55a 9%a 5323a 3218a
Copper sulfate + B. subtilis 53 a 46b  4989a 3386a
LSD" 25 6 624 421

Means within a column followed by the same lowercase letter are not significantly different

according to pairwise t-tests at P = 0.05.

% Values are based on visual estimates of percent defoliation from early and late leaf spot

diseases.

b | east significant difference.
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CHAPTER 5
CULTIVATION FREQUENCY AND DURATION EFFECTS ON PRODUCTIVITY AND
ECONOMICS OF PEANUT (ARACHIS HYPOGAEA L.) IN ORGANIC

MANAGEMENT!

! Wann, D.Q., R.S. Tubbs, W.C. Johnson, I1I, A.R. Smith, N.B. Smith, and A.K. Culbreath. Submitted to Peanut
Science, 10/18/2010.
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Abstract: Identifying effective weed control regimes for organic peanut is paramount for
improving the feasibility of organic production. Tine cultivation is a proven effective method for
reducing in-row weed populations in several crops. Field trials were therefore conducted in 2008
and 2009 to assess the effects of various frequencies and durations of tine cultivation on weed
control and overall peanut productivity of two peanut cultivars under organic management. Tine
cultivation regimes consisted of two frequencies (once per week or twice per week) for three
durations (3 wk, 4 wk, or 5 wk). All cultivation treatments were also cultivated with flat sweeps
at least once and were hand-weeded during the growing season. A non-cultivated, non-weeded
control was included for comparison. All cultivation treatments significantly reduced annual
grass populations in 2008 and Florida pusley populations both years. Cultivated treatments also
resulted in denser plant stands for peanut (9.2 plants m™ to 13.2 plants m™) than the non-
cultivated control (3.9 plants m™ to 7.9 plants m™). Pod yields in cultivated treatments ranged
from 3420 kg ha™ to 4340 kg ha™ and were all significantly greater than yields in the non-
cultivated groups (1140 kg ha™ and 2220 kg ha™). Also, net revenues generated by cultivated
treatments ranged from $3334 ha™ to $3638 ha™ and were greater than that of the control ($1795
ha™). These same revenues from cultivated treatments were at least 2x greater than those
generated by an average conventional peanut crop. However, the differing effects of tine
cultivation on weed control, plant stand, pod yield, and net revenue were largely insignificant
among the various frequencies and durations of tine cultivation. These results indicate that tine
cultivation at a minimum of once per week for at least 3 weeks can significantly reduce weed
populations, improve plant stand, and increase peanut yields and net revenues in organically-
managed peanut. There is also significant economic incentive for peanut growers interested in

pursuing organic production, utilizing this cultivation regime.
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Introduction

As demand for organic products has increased in the U.S. in recent years, the demand for
organic peanuts has subsequently followed a similar upward trend (Dimitri and Greene, 2002;
Lamb et al., 2007; Puppala, 2007). Demand for organic peanuts is generally regarded as the
fastest growing sector of the entire U.S. peanut industry (Lamb et al., 2007; Parker, 2007,
Puppala, 2007). Heightened demand for organic peanuts has translated to higher price premiums
for certified organic versus conventional peanut. At the time of this writing, certified organic
runner-type peanut prices were up to $1100 Mg™ (N.B. Smith, personal communication, 2010),
compared to approximately $720 Mg™ for conventional runner peanut contracts. Therefore,
economic incentives exist for peanut growers interested in pursuing organic production.
However, these economic incentives are sometimes negated by additional costs associated with
organic production, such as additional trips through the field for cultivation and hand-weeding.

Disease and weed pressure are significant limiting factors to organic peanut production,
especially in the southeastern U.S. (Branch and Culbreath, 2008; Guerena and Adam, 2008;
Johnson et al., 2008). However, numerous runner-type cultivars have been released in recent
years that have displayed excellent disease resistance and productive capacity in organic
production scenarios (Branch and Culbreath, 2008; Holbrook and Culbreath, 2008; Holbrook et
al., 2008a). Therefore, identifying effective weed control regimes for organic peanut has become
paramount for improving the feasibility of organic production.

Weed management in conventional peanut cropping systems is typically achieved via a
combination of crop rotation and various cultural practices, as well as cultivation and herbicide
use for direct control (Ferrell, et al., 2009; Hauser et al., 1973). In certified organic production,
application of synthetically-derived herbicides is forbidden (USDA, 2005). There are herbicide

options available for organically-grown crops that are derived from natural sources. However,
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these herbicides are limited in scope and efficacy and cost-prohibitive for organic peanut
production (Johnson and Mullinix, 2008; Johnson et al., 2008). Therefore, focus has shifted to
non-chemical methods for direct weed control in organic peanut. Numerous non-chemical weed
control techniques are available for organic systems, including mechanical, thermal, mulching,
and biological methods (Bond and Grundy, 2001), although these techniques have shown mixed
results. Johnson and Mullinix (2008) reported that clove oil, citric acid + acetic acid, and
broadcast propane flaming used for remedial weed control, combined with sweep cultivation,
were ineffective against annual grasses and dicot weeds and resulted in decreased peanut yields
in an organic production scenario.

Sweep cultivation can be an effective method of controlling both mature weeds and
weeds between peanut rows (Bohrnsen, 1993; Bowman, 1997; Wilcut et al., 1987). However,
sweep blades are unable to remove weeds in or near the actual peanut row, where the effects of
weed competition are greatest on crop plants (Bowman, 1997; Johnson and Mullinix, 2008;
Smith et al, 2000). Tine cultivation, utilizing a tine weeder with rigid or spring-loaded tines, is
an effective method for reducing in-row weed populations with minimal damage to the crop.
The metal tines vibrate vigorously, providing weed control by disrupting or burying germinating
weed seedlings within the top 3 cm of soil. The tines are also able to cultivate much closer to the
actual crop rows than sweep blades, thus improving weed control closest to the actual crops
(Bowman, 1997; Reddiex et al., 2001). Therefore, integration of tine cultivation could be an
effective method of mechanical in-row weed control for organic peanut. The objective of this
study was to assess the effects of various frequencies and durations of tine cultivations on weed

control and overall productivity of runner-type peanut grown under organic management.
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Materials and Methods

Irrigated field trials were conducted on a Tifton loamy sand (fine-loamy, Kaolinitic,
thermic Plinthic Kandiudults): 88% sand, 10% silt, 2% clay, and 0.56% organic matter (2008
site) and 90% sand, 6% silt, 4% clay, and 0.88% (2009 site). The trials were conducted at the
University of Georgia (UGA) Horticulture Hill and Lang-Rigdon Farms near Tifton, GA in 2008
and 2009, respectively. All plots were planted 6 June 2008 and 5 June 2009 using a 2-row
precision air planter® at a depth of 6 cm and a seeding rate of 20 seed m™. Production practices
included conventional-tillage prior to planting and irrigation as needed during the season,
according to UGA recommendations for peanut (Beasley et al., 1997). No herbicides, fungicides
(including seed treatments), or insecticides were applied to the plots at any point during the
season in order to follow approved USDA-certified organic production practices.

The experiment utilized a strip-plot design with a 2 x 7 treatment arrangement: two
peanut cultivars and seven cultivation treatments. A strip-plot design was utilized to allow
sufficient plot length to facilitate equipment operation at an optimum speed, thus allowing the
metal tines to properly vibrate and disrupt the soil. Individual plot sizes were 1.8 m x 9.2 m,
with a 0.9-m standard row spacing. Cultivars planted were ‘Georganic’ (Holbrook and
Culbreath) and “Tifguard” (Holbrook et al., 2008a), which have displayed strong host plant
resistance to foliar diseases. Additionally, Tifguard has displayed significant resistance to the
peanut root-knot nematode (Meloidogyne arenaria), making it a strong option for organic
production. Cultivation treatments included two frequencies (once per week [1x] or twice per
week [2x]) for three durations (3 wk, 4 wk, or 5 wk). A non-cultivated, non-weeded control
treatment was also included for comparison. Tine cultivations were conducted using a tine

weeder?® and were initiated 10 days after planting (DAP) in 2008 and 9 DAP in 2009.
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Cultivation with flat sweeps was conducted once on all cultivated plots at the 3 wk tine
cultivation (24 DAP in 2008 and 23 DAP in 2009) to control inter-row weeds. All cultivated
plots were hand-weeded twice in 2008 (23 June and 14 July) and once in 2009 (28 July) to
remove escaped weeds. Hand-weeding times were recorded for each plot.

Late-season weed population estimates were conducted on 28 Oct. 2008 and 22 Oct.
2009 using a 0.5-m? quadrat (91 cm x 55 cm), counting individual plants within the quadrat.
Despite different maturity ranges for Tifguard (approximately 135 DAP) and Georganic
(approximately 150 DAP), all plots in 2008 were inverted using a 2-row digger-shaker-inverter’
on 30 Oct. due to cool temperatures (four consecutive days of minimum temperatures below 8°
C) causing continued development to cease, and harvested 6 Nov. using a 2-row small plot
peanut combine. In 2009, Tifguard plots were inverted on 23 Oct. and Georganic plots on 28
Oct. (cool October temperatures again ceased additional development of the Georganic cultivar).
All plots were harvested 4 Nov. 2009. Final plant stand, hand-weeding time, final pod yield, and
weed population data were collected for each treatment. Pod yields were adjusted to 7%
moisture. Final plant stand counts were conducted on 6 Nov. 2008 and 2 Nov. 2009, covering 3
m of row per plot.

Economic analysis was also conducted for each treatment. Input costs for organic
production included hand labor, seed, equipment, and fuel costs. Revenue data were generated
based on an $1100 Mg™ premium for organic peanut and a $9.12 hr* wage for hand labor
(NASS-GA, 2010). Data were calculated for conventional peanut systems based on UGA
Extension budgets for irrigated conventional-tillage peanut (Smith and Smith, 2009), in order to
compare net revenues between organic peanut and an average conventional peanut revenue

(assuming a 4500 kg ha™ yield and a $390 Mg™ contract price). Input costs for conventional
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revenues included seed, chemical, equipment, fuel, and labor costs. Adjusted net revenue (ANR)
was determined as ANR=Y * (P — M) — (S— R — D), where Y is yield (kg ha™), P is price ($
ha), M is marketing costs (e.g. checkoff funding) ($ ha™), S is seed cost ($ ha™), R is costs for
repair, equipment, labor, and fuel ($ ha), and D is drying costs ($ ha*) for each treatment.
Organic/conventional revenue ratios were determined by dividing organic adjusted net revenues
from each treatment by the conventional adjusted net revenue value ($1613 ha™).

Statistical analysis was performed with SAS 9.2 software™®. Data were statistically
analyzed by analysis of variance, using PROC GLM and PROC GLIMMIX. Means were
separated using Tukey’s Honestly Significant Difference test or Tukey-Kramer Groupings where

appropriate (P = 0.05).

Results and Discussion

Prevalent weed species differed significantly between the two years. Pressure from
annual grass species and perennial nutsedges was noticeably greater in 2008 than 20009.
Therefore, weed population estimates were performed on crowfootgrass (Dactyloctenium
aegyptium [L.] Willd.), goosegrass (Eleusine indica [L.] Gaertn.), southern crabgrass (Digitaria
ciliaris [Retz.] Koeler), and yellow nutsedge (Cyperus esculentus L.) in 2008 but not in 20009.
Populations of these weed species were too sparse to legitimately estimate in 2009. Estimates of
Florida pusley (Richardia scabra L.) and smallflower morningglory (Jacquemontia tamnifolia
[L.] Griseb.) were performed both years.

A number of significant interactions occurred among year, cultivar, and cultivation
treatment in our data analysis. Florida pusley and smallflower morningglory population, final

plant stand, pod yield data, and hand-weeding time all displayed either a significant year x
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cultivar or year x cultivation treatment interaction, or both. All of the year x cultivar interactions
were due to differing magnitudes of response between years, however there were differences
between cultivars, so data were pooled over year and separated by cultivar. Annual grass and
yellow nutsedge population data in 2008 were also pooled over cultivar.

Annual Grass Control. The three grass species counted in 2008 were combined for
analysis and are subsequently expressed as “annual grasses,” consisting of approximately 65%
crowfootgrass, 25% southern crabgrass, and 10% goosegrass. All cultivation treatments
significantly affected annual grass weed populations (Table 5.1) but did not affect yellow
nutsedge populations (data not shown). Annual grass populations were significantly reduced by
all six cultivation treatments compared to the control. However, there were no significant
differences among the varying frequencies or durations of cultivation. There did appear to be a
slight trend in effect of cultivation frequency on annual grass density. Twice weekly cultivations
resulted in numerically lower grass populations than the weekly cultivation treatments, although
differences were not statistically significant. Additionally, the 2x — 5 wk treatment resulted in a
65% reduction in annual grass weeds, compared to the 1x — 3 wk cultivation treatment. It
therefore appears that additional cultivations can still provide weed reductions, although the least
and greatest cultivation regimes were statistically equivalent in annual grass control in this
experiment. Overall, any combination of tine cultivation, flat-sweep cultivation, and hand-
weeding in this experiment proved effective in significantly reducing annual grass populations
compared to the non-cultivated group.

Dicot Weed Control. The effects of cultivation on Florida pusley varied statistically
between 2008 and 2009 (Table 5.1), but this was due primarily to differing pressure between the

two test sites. The greatest weed pressure at the 2008 site was from annual grass species, with
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relatively low baseline Florida pusley populations. However, Florida pusley was the dominant
weed species at the 2009 site. Therefore, treatment differences in Florida pusley control were
non-existent in 2008, but were very pronounced in 2009. Similar to the trends in annual grass
control, all cultivated treatments significantly reduced Florida pusley populations compared to
the control in 2009. Differences between cultivation frequencies/durations, however, were again
insignificant. Based on these results, it appears that, when Florida pusley is predominant, these
cultivation regimes significantly reduce Florida pusley populations. However, when baseline
Florida pusley populations are relatively low, tine cultivation is mostly ineffective at further
reducing populations. It is also possible that the more prostrate growth habit of Florida pusley
caused it to be outcompeted by the more upright annual grass species in 2008, when annual grass
pressure was heavier. Thus, the surviving number of Florida pusley plants could have been
equalized by this effect in all treatments, including the non-cultivated plots.

The effects of the cultivated treatments on smallflower morningglory populations were
varied, but largely insignificant (Table 5.1). In 2008, all but two cultivated treatments (2x — 3
wk and 1x — 4 wk) were ineffective at significantly reducing smallflower morningglory
populations compared to the control. Additionally, in 2009, there were no significant
smallflower morningglory reductions among any cultivated treatments compared to the control.
Therefore, in this experiment, tine cultivation + sweep cultivation + hand-weeding appeared to
have very minor efficacy in controlling smallflower morningglory.

Hand-Weeding Times. Differences in hand-weeding times among cultivated treatments
had few significant differences when pooled over both year and cultivar (Table 5.2). The 2x -5
wk cultivation treatment resulted in a statistically greater hand-weeding time than the 1x — 4 wk

treatment. All other differences were insignificant. However, there were trends of the 2x
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cultivation frequency requiring more hand-weeding than the 1x frequency. It is possible that the
2x frequency resulted in over-cultivation, actually accelerating additional weed growth by
incorporating surface weed seeds back into the soil or uncovering buried weed seedlings from
previous cultivations. A trend also seemed to exist in that hand-weeding time increased as
cultivation durations increased. Thus, the 2x — 5 wk treatment resulted in the greatest hand-
weeding time numerically, though it was only statistically greater than the 1x — 4 wk treatment.
These trends suggest that over-cultivation might be possible with a tine weeder, in which weed
growth could actually be encouraged by additional disturbance, rather than suppressed. This is a
very important point to consider, as hand-weeding represents one of the costliest inputs to any
organic cropping system.

Final Plant Stand and Peanut Yield. In 2008, all cultivated treatments resulted in
greater peanut stands compared to the control (Table 5.1). However, in 2009, only the 1x — 4 wk
and 2x — 4 wk cultivation treatments resulted in higher plant densities than the control. This is
an important consideration in organic peanut systems, where proper stand establishment is
crucial for ensuring adequate ground coverage and overall productivity in the system. Peanut
stands in cultivated treatments were also greater in 2008 than in 2009, when annual grass weeds
were more populous. This suggests that small-seeded annual grass species could be very
sensitive to tine cultivation. Therefore, tine cultivation can be a good option for improving
peanut stands in scenarios where annual grasses are predominant.

Pod yields followed the similar trend of final plant stands (Table 5.1). Tine cultivation,
combined with sweep cultivation and supplemental hand-weeding, significantly improved peanut
yields in both 2008 and 2009. All cultivated treatments resulted in higher yields than the control

in 2008. The 1x —5 wk treatment also resulted in a significantly higher yield than that of the 1x
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— 4 wk treatment. Remaining cultivated treatment yields were not significantly different from
one another. In 2009, all cultivated treatments resulted in higher yields than the control. Yields
among cultivated treatments, however, were not different. These data suggest that all cultivation
regimes in this experiment significantly improved final peanut yields compared to no cultivation,
although there were few statistical trends to claim that an increase in either frequency or duration
of cultivation passes improved yield (except between the 1x — 4 wk and 1x — 5 wk treatments in
2008). Notably, cultivation in 2008 resulted in a 250% overall yield increase over the non-
cultivated treatments, compared to only a 60% vyield increase in 2009. Johnson and Mullinix
(2005) reported that Texas panicum (Panicum texanum Buckl.) densities of 2.2 plants m™
reduced pod yields by 25% and that other annual grasses have a similar impact on peanut yields.
Therefore, the greater density of annual grasses in 2008 likely caused heavy yield reductions in
the control groups, where annual grasses occurred at approximately 12.3 plants m™.
Subsequently, a positive yield response occurred in all cultivated treatments. Similar to final
plant stand, these results suggest that tine cultivation, along with flat-sweep cultivation and
supplemental hand-weeding, can result in high levels of annual grass control and a greater yield
response in scenarios where annual grass species are predominant.

Cultivar Comparison. Differences in final plant stand, hand-weeding time, and pod yield
were also significant between Georganic and Tifguard in both 2008 and 2009 (Table 5.3).
Tifguard plots produced denser plant stands than Georganic and resulted in lower hand-weeding
times. Tifguard also produced greater yields than Georganic plots both years. The same pattern
appeared in the economic analyses for the two cultivars. When pooled over year and cultivation
treatment, Tifguard generated net revenue of $4082 ha™, which was significantly greater than the

$2333 ha™ generated by Georganic (P < 0.05). Additionally, Tifguard resulted in net revenue
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2.5x greater than an average conventional peanut crop. Georganic net revenue was only 1.4x the
revenue of a conventional crop. The rapid, lateral growth habit of Tifguard likely provides
quicker coverage of the bed, aiding in suppressing weed growth and significantly reducing the
amount of hand-weeding. Therefore, the lower hand-weeding times in Tifguard treatments,
combined with significantly greater peanut stands and yields, resulted in a more profitable
system than did the Georganic treatments. Including unique host plant nematode resistance and
a shorter growing season than Georganic, Tifguard appears to be a strong option for maximizing
both yield and profitability in an organic peanut system.

Economic Results. Net revenues generated by each cultivation treatment followed a
similar trend as much of the aforementioned data. Revenue values in cultivated treatments
ranged from $3638 ha™ to $3334 ha™* and were all significantly greater than the non-cultivated
control ($1795 ha™) (P < 0.05). Differences in net revenue among frequency/duration of
cultivation were not significant. The ratios of organic revenue/conventional revenue followed
the same trend. Ratios varied among cultivated treatments (2.1 to 2.3), but differences were not
significant (P < 0.05). However, all cultivated treatments resulted in greater ratios than the
control (1.1).

These data suggest that there is no statistical difference in net revenue generated by the
1x — 3 wk or 2x — 5 wk cultivation regimes. Therefore, the 1x — 3 wk treatment was sufficient to
achieve maximized profits, along with maximized yields and weed control, while minimizing
time spent cultivating and hand-weeding. However, the 2x — 5 wk regime resulted in an
additional $300 ha™ revenue. Though this was not enough to be considered statistically
significant, it would still be beneficial for growers to utilize the 2x — 5 wk regime and take full

advantage of the subsequent revenue generated. Additional cultivations tended to increase hand-
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weeding time among cultivated treatments but the yield response from the additional cultivations
offset the greater hand-weeding costs to result in greater net revenue. All treatments also
resulted in equivalent or greater revenues than an average conventional cropping system.
Cultivated treatments consistently resulted in double the revenue generated by a conventional
peanut crop. Even the control group, with no cultivation or hand-weeding all season, resulted in
a revenue equivalent to that of a conventional crop. However, it should be understood that
considerable time and effort in weed management was necessary for several years prior to peanut
establishment in order to get weed seedbank populations to extremely low levels in the low weed
pressure section of the 2008 experiment. This resulted in atypical sections of field where yields
for the non-cultivated plots were substantially inflated compared to normal organic operations.
Therefore, significant economic incentives exist for peanut growers who are interested in organic
production, but those higher revenues are needed in order to offset low revenues associated with
the transitional period before organic certification, when organic premiums are not offered, yet

organic management must be strictly followed.

Summary and Conclusions

These results show that tine cultivation, combined with one flat-sweep cultivation and
supplemental hand-weeding, can significantly improve the productivity and profitability of both
Georganic and Tifguard peanut cultivars in an organic management scenario. In this experiment,
cultivated treatments significantly reduced densities of annual grasses and Florida pusley. They
did not, however, effectively control yellow nutsedge or smallflower morningglory. These weed
control regimes also resulted in significant final plant stand and yield improvements. Yields in

cultivated treatments were 55-280% greater than those in the non-cultivated controls. There was
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also evidence that initial weed species composition played a significant role in the effectiveness
of cultivation on peanut stand and pod yield. Annual grasses are very competitive with peanut.
However, the combination of timely tine weeding, sweep cultivation, and supplemental hand-
weeding controlled annual grasses and maximized pod yields. Tifguard appeared to be a strong
cultivar option in an organic system, having resulted in lower hand-weeding times and producing
greater plant densities, yields, and net revenues than Georganic. With the high price premiums
available today for certified organic peanut, there is significant potential for the profitability of
utilizing tine cultivation regimes for weed control in organic peanut. All cultivation regimes
resulted in greater net revenues than the control. However, in this experiment, the varying
frequencies and durations of cultivation did not differ significantly in how they affected weed
control, pod yield, or net revenue. It appears that the minimum cultivation treatment (1x — 3 wk)
was acceptable to provide both sufficient weed control and maximized yield and revenue.
However, additional cultivations up to 5 wk provided a 10% increase in net revenue. From our
observations, it was also apparent that supplemental hand-weeding is an unavoidable necessity in
any organic weed management program and represents one of the costliest inputs to any organic
cropping system. A limitation of this data is that we did not have the ability to include a
cultivated control that did not have hand-weeding to quantify differences of cultivation vs. hand-

weeding. Additional research is needed to address such differences.
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Table 5.1. Effect of cultivation frequency and duration on annual grasses, Florida pusley, and smallflower morningglory populations,

final plant stand, and pod yield of peanut under organic management in Tifton, GA in 2008-20009.

Annual

Cultivation Grasses” Florida Pusley Smallfl. Morningglory Final Plant Stand Pod Yield
Regime® 2008 2008 2009 2008 2009 2008 2009 2008 2009

------------------------------- plants m™@--------- cmmmommeemme —————-plants mt----—-  --------kg ha -
Control 123 a 0.7a 12.0a 0.6a 15a 39b 79b 1140 ¢ 2220 b
1x — 3 wk® 40b 0.8a 25D 0.1ab 10a 11.7 a 9.4ab 3770ab 3700 a
2x — 3 wk 19b 0.8a 20b Ob 05a 12.1a 9.5ab 3620ab 3550 a
1x — 4 wk 24b 1.2a 37b Ob 05a 13.2a 10.6 a 3520 b 3670 a
2X — 4 wk 2.1b 0.3a 52D 0.2ab 15a 126a 109a 4150ab 3520 a
Ix — 5wk 28D 0.la 50b 0.1ab 05a 12.3 a 9.8ab 4340 a 3490 a
2x — 5wk 14b 0.6a 27b 0.5ab 05a 125a 9.2ab 4240ab 3420 a
MSD* 3.5 1.2 5.6 0.6 1.4 2.6 2.5 810 400

Means within a column followed by the same lowercase letter are not significantly different according to Tukey’s Honestly Significant

Difference test at P = 0.05.
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% Data pooled over cultivar.
b «Annual grasses” were a composite of crowfootgrass (65%), southern crabgrass (25%), and goosegrass (10%).
¢ “1x” and “2x” indicate weekly and twice weekly cultivations, respectively; “wk” indicates total number of weeks of cultivation

¢ Minimum significant difference.



Table 5.2. Hand-weeding times as influenced by cultivation regime, in peanut under organic

management in Tifton, GA in 2008-2009.

Cultivation

Regime®*”

Hand-Weeding

Time

1x — 3 wk®
2x — 3 wk
1x — 4 wk
2X — 4 wk
1x — 5wk
2x — 5wk

MSD®

man hours ha™

69 ab

64 ab

58D

74 ab

74 ab

89a

27

Means within a column followed by the same lowercase letter are not significantly different

according to Tukey’s Honestly Significant Difference test at P = 0.05.

% Data pooled over cultivar and year.

145

® Non-cultivated treatments were not hand-weeded due to heavy weed infestations and were thus

excluded from analysis

¢ “1x” and “2x” indicate weekly and twice weekly cultivations, respectively; “wk” indicates total

number of weeks of cultivation

¢ Minimum significant difference.
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Table 5.3. Final plant stand, hand-weeding times, and pod yield as influenced by peanut cultivar

under organic management in Tifton, GA in 2008-2009.

Final Plant ~ Hand-Weeding Pod Yield®
Cultivar® Stand Time 2008 2009

plantsm®™  manhours ha’ = - kg hat---------
Georganic® 10.1b 78 a 2820 b 2700 b
Tifguard® 11.0a 64b 4260 a 3700 a
MSD® 0.6 11 270 130

Means within a column followed by the same lowercase letter are not significantly different

according to Tukey’s Honestly Significant Difference test at P = 0.05.

% Data pooled over cultivation treatment and year.

® Data pooled over cultivation treatment only.

¢ Reaches maturity at approximately 150 days after planting (DAP).

9 Reaches maturity at approximately 135 DAP.

¢ Minimum significant difference.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

There are clear differences among cover crop species in decomposition and nutrient
release, however these can vary based on tillage system. Wheat displayed the greatest rate of
biomass decline in conventional-tillage, but was not different from rye in strip-tillage both years.
The lower C:N ratio of wheat in 2009 accounted for some of this effect, however the lignin:N
ratios of the residues could have also been a factor, since crimson clover typically has a higher
lignin:N ratio than wheat and rye. Conventional-tillage resulted in more rapid residue
decomposition than strip-tillage, as a result of greater contact with soil and soil microorganisms
in the former. Despite the sharper decline of wheat residues, crimson clover residues in
conventional-tillage released the greatest amounts of N, P, K, Ca, Mg, B, and Zn in 2009. Cover
crops had very little impact on soil nutrients, although a slight increase was apparent for some
nutrients during the first 60-90 DAB. Additionally, cover crops had only minimal effects on
nutrient uptake by peanut. Strip-tillage resulted in greater N, K, Mg, S, Mn, and Zn in pods
under the near-drought conditions observed in 2010, likely as a result of subsoiling and greater
root growth and nutrient uptake by peanut in response to drought. These nutrient effects,
however, had almost no effect on peanut yield and grade. More research is needed to evaluate
the potential for cover crops and strip-tillage to improve peanut nutrition and production in a
long-term scenario, where nutrient benefits could potentially become more pronounced in strip-

tillage over time.
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The results of this research also indicate that a number of peanut cultivars are available
for viable use in organic production in the southeastern U.S. It is ideal to consider stand
establishment, disease resistance, and yield and grade potential when selecting a cultivar for
organic production. CRSP 983 and Georganic both displayed excellent resistance to early and
late leaf spot diseases, but produced either poor stands or meager yields. Tifguard, however,
exhibited the most ideal combination of stand establishment, leaf spot resistance, and yield and
would be an excellent candidate for commercial organic production. It also has near-immunity
to the peanut root-knot nematode, which gives it added potential for production in areas of heavy
nematode pressure. Florida-07 and Georgia-06G are also excellent options, with widespread
commercial-availability for growers interested in organic production. Additionally, the organic
fungicides evaluated in these experiments all showed potential for improving peanut yield under
heavy leaf spot pressure, but effects were minimized when pressure was light. Combined with
high-yielding, disease-resistant cultivars, these fungicides could help peanut growers effectively
combat the harmful effects of leaf spot diseases that limit organic production in the southeastern
U.S.

Cultivation is a viable option for effective, economical weed control in organic peanut.
Utilizing tine cultivation at least once weekly for three weeks, combined with one flat-sweep
cultivation and one hand-weeding, appears to be sufficient for controlling annual grasses and
broadleaf weeds, while maximizing yields and subsequent net revenues. There does not appear
to be a significant benefit from performing additional tine cultivations, although another two
weekly cultivations resulted in a $300 ha™ revenue boost. These results indicate that this
combination of cultivation and hand-weeding can be a viable and affordable for organic peanut,

without a single herbicide application.
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These production strategies all have the potential to reduce grower dependency on
agrichemicals for significant, profitable production. By improving nutrient management through
cover cropping, growers could potentially reduce costly fertilizer inputs and/or improve the
efficient use of those inputs. Additionally, by utilizing disease-resistant cultivars and cultivation,
conventional peanut growers could reduce fungicide and herbicide inputs, or eliminate them
altogether for certified organic production. Over time, reduced dependency on synthetic
agrichemicals could significantly improve both the stability and sustainability of peanut

production for the long-term.
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SOURCES OF MATERIALS
! AGCO Corporation, Duluth, GA 30096

2 Roundup WeatherMax®, Monsanto Company, St. Louis, MO 63167
% Lime Plaster Corporation, Ty Ty, GA 31795

* Kelley Manufacturing Company, Tifton, GA 31793

> Phifer, Inc., Tuscaloosa, AL 35401

® Monosem, Inc., Edwardsville, KS 66111

" Amvac Chemical Corporation, Los Angeles, CA 90023

8 Dynasty®, Syngenta Crop Protection, Inc., Greensboro, NC 27409

° Headline®, BASF Corp., Research Triangle Park, NC 27709

19 provost®, Bayer CropScience LP, Research Triangle Park, NC 27709
1 Abound®, Syngenta Crop Protection, Inc., Greensboro, NC 27409
12 Bravo®, Syngenta Crop Protection, Inc., Greensboro, NC 27409

13 Solubor®, U.S. Borax, Inc., Boron, CA 93516

4 CEM Corporation, Matthews, NC 28104

!> Thermo Jarrell-Ash Corporation, Franklin, MA 02038

18 |_LECO Corporation, St. Joseph, MI 49085

17 LabFit, Perth, Australia

18 Spectrum Technologies, Inc., Plainfield, IL 60585

19 SAS Institute, Cary, NC 27513

20 Triangle® 99% Copper Sulfate, Phelps Dodge, El Paso, TX 79915
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2! Serenade®, Agraquest Inc., Davis, CA 95618

22 perostar®, Einbock GmbH & CoKG, Austria
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