
Abstract 

DRAKE, WENDY LEIGH.  Influence of Tillage and Cropping System on Soil 

Characteristics and Crop Yield in North Carolina. (Under the direction of Dr. David L. 

Jordan.) 

 

Reduced tillage crop production has been shown to improve characteristics of soil considered 

important in increasing productivity.  However, these improvements do not always increase 

crop yield.  Research in the southeastern region of the United States has documented benefits 

of perennial grass crops to increase soil quality and crop yield compared with conventional 

tillage systems and traditional reduced tillage systems.  The economic value of these systems 

compared to traditional row crops each year influences the feasibility of this approach to crop 

production.  Research evaluating this approach to crop production is limited in North 

Carolina.  Research was conducted in North Carolina at four locations to compare yield of 

corn (Zea mays L.), cotton (Gossypium hirsutum L.), peanut (Arachis hypogaea L.), and 

soybean [Glycine max (L.) Merr.] when these crops were strip tilled following four years of 

tall fescue (Schedonorus phoenix Scop.) versus four years of either corn or cotton grown in 

no till or strip till (2005-2008).  Cotton yield was higher following tall fescue while corn 

yield was lower when compared with planting following agronomic crops.  Peanut was also 

planted in conventional tillage following both cropping systems with peanut yield in 

conventional tillage exceeding that of strip tillage.  Peanut yield was higher in conventional 

tillage than reduced tillage regardless of cropping system.  No major differences in bulk 

density were noted when comparing tall fescue and agronomic crops.  Soil parasitic 

nematode populations, including lesion (Pratylenchus spp.), root knot, Meloidogyne spp.), 

spiral (Helicotylenchus spp.), and stunt (Tylenchorhynchus sp.) nematodes were often lower 



 
 

following tall fescue versus agronomic crops with the exception of stubby root 

(Paratrichodorus spp.).  These experiments demonstrated that sod based systems including 

tall fescue can improve cotton yield but would be of no direct benefit for peanut and soybean 

and a detriment to corn. 

 

Tomato spotted wilt virus (a Tospovirus) (TSWV) and Cylindrocladium black rot 

(Cylindrocladium parasiticum Crous, Wingfield, and Alfenas) (CBR) are important pathogen 

pests in peanut in North Carolina.  Implementing integrated pest management (IPM) 

strategies for these pests in important because there is no corrective strategy once the peanut 

crop is planted.  Host-pant resistance is among the most important management tools to 

minimize adverse effects from these diseases.  Tillage system is a component of TSWV 

management strategies and is one of five components of the TSWV risk index developed in 

North Carolina and Virginia for peanut.  Although components of the TSWV risk index have 

been evaluated singly or as interactions, potential interactions of planting date and tillage 

have not been addressed in North Carolina.  To address this issue, research was conducted in 

North Carolina during 2008 and 2009 to define interactions of planting date (May 2-10 or 

May 25-28), tillage (conventional tillage or strip tillage following traditional agronomic 

crops, and Virginia market type cultivars (Bailey, CHAMPS, Gregory, Phillips, Perry, and 

VA 98R).  A wide range of interactions were noted for plant condition, a visual estimate of 

disease reflecting CBR and TSWV expression in the peanut canopy, in mid September and 

within 3 days prior to digging cultivars at optimum maturity based on pod mesocarp color.  

Data for plant condition and pod yield were inconclusive with respect to clearly defining 

interactions among planting date, tillage, and cultivar.  In some instances, there was lower 



 
 

disease incidence, generally a combination of both CBR and TSWV, in reduced tillage 

compared with conventional tillage but this was not the case for all cultivars for all location 

and year combinations.  Pod yield was lower in reduced tillage compared with conventional 

tillage in one of four experiments and at one planting date in second experiment; yield in 

reduced tillage did not exceed yield of conventional tillage.  Although somewhat 

inconsistent, some differences in yield were noted when comparing planting dates.  

Differences in disease incidence reflected inherent resistance to disease for these cultivars.  

However, disease was not always uniform with respect to CBR, and presence of TSWV was 

inconsistent.  The objective of this research was to better define interactions among planting 

dates, tillage, and cultivars to improve recommendations on management of CBR and 

TSWV.  However, additional research is needed to establish predictable trends in response to 

these factors in order to make effective recommendations for growers in North Carolina. 
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CHAPTER 1 

Crop Response Following a Tall Fescue Sod and Agronomic Crops in Reduced Tillage  

W. L. Drake, D. L. Jordan, M. Schroeder-Moreno, and P. D. Johnson, Department of Crop 

Science, Box 7620, North Carolina State University, Raleigh, NC 27695-7620; J. L. 

Heitman, Department of Soil Science, Box 7619, North Carolina State University, Raleigh, 

NC 27695-7619; Y. J. Cardoza and R. L. Brandenburg, Department of Entomology, Box 

7613, North Carolina State University, Raleigh, NC 27695-7613; B. B. Shew, Department of 

Plant Pathology, Box 7603, Raleigh, NC 27695-7603; T. Corbett, Peanut Belt Research 

Station, North Carolina Department of Agriculture and Consumer Services, Box 220, 

Lewiston-Woodville, 27849; C. R. Bogle, Upper Coastal Plain Research Station, Rt. 2 Box 

400, Rocky Mount, NC; and W. Ye and D. Hardy, Agronomic Division, North Carolina 

Department of Agriculture and Consumer Services, 4300 Reedy Creek Rd., Raleigh, NC 

27607-6465. 

 

ABSTRACT 

Sod-based production systems have been successful in some regions of the southeastern 

and mid-Atlantic region of the United States as an alternative to conventional tillage 

systems.  Research was conducted in North Carolina to compare corn, cotton, peanut, 

and soybean yield when these crops were strip tilled following four years of tall fescue 

versus four years of either corn or cotton grown in no till or strip tillage.  Cotton yield 

was higher following tall fescue at all locations compared with yield following 
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 agronomic crops.  Yield of corn was lower following tall fescue compared with 

agronomic crops while peanut and soybean were not affected by previous cropping 

history.  Additional treatments in peanut included conventional tillage following both 

cropping systems, and pod yield was lower at all locations when peanut was strip tilled 

into either tall fescue or residue from corn or cotton compared with conventional tillage 

systems.  No major differences in soil bulk density or porosity were noted when 

comparing tall fescue or agronomic crops.  Populations of soil parasitic nematodes were 

often lower in peanut following tall fescue compared with agronomic crops.  These 

experiments indicate that sod-based systems may be an effective alternative to reduced 

tillage systems, especially for cotton.  However, benefits were not observed for peanut 

or soybean and corn was negatively affected following tall fescue sod. 
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INTRODUCTION 

The need to incorporate environmentally sustainable and economically feasible practices into 

crop production systems in the southern United States has increased interest in developing 

best management practices that include effective crop rotations and reduced tillage systems.  

Appropriate crop rotation can minimize disease incidence and reduce insect infestation and is 

a critical component of crop production systems (Cox and Sholar, 1995; Jordan et al., 2002; 

Lamb et al., 1993).  Monoculture cropping systems and limited rotation can create 

entrenched pest cycles and select for pesticide-resistant populations which increase 

production costs and yield loss (Anderson et al., 2006; Anderson, 2008; Gibson et al., 2006; 

Levine et al., 2002).  Crop rotation is effective in managing pests in a variety of crops 

(Anderson et al., 2006, 2008).  Additionally, crop rotation is important in maintaining long-

term soil productivity.  For example, legumes such as peanut (Arachis hypogaea L.) and 

soybean [Glycine max (L.) Merr.] contribute nitrogen through biological nitrogen fixation 

(BNF) to corn (Zea mays L.) and cotton (Gossypium hirsutum L.) (Hearn et al., 1986; Omay, 

1998; Oyer 1990; Rochester, 2001).  Although economic feasibility of sod-based cropping 

systems is limited in some regions, including one or more years of an appropriate sod can 

reduce peanut disease (Bowen et al., 1996; Hagan et al., 2003; Siri-Prieto et al., 2009).  Sod 

can also improve soil physical and biological characteristics and subsequent crop yield, 

especially when compared with conventional tillage systems (Hagan et al., 2003; Reeves 

1997; Varvel, 1994; Siri-Prieto et al., 2009).  
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Historically, peanut and other crops in the United States have been produced in 

conventionally tilled systems (Jordan et al., 2008; Sholar et al., 1995; Siri-Prieto et al., 2009).  

However, in recent years reduced tillage systems have been successfully implemented in 

corn, cotton, peanut, and soybean to minimize soil erosion, to improve biological and 

physical properties of soil, increase crop yield, and decrease labor requirements for 

production (Johnson et al., 2001).   

 

Benefits of reduced tillage systems have been well documented in the southern United States.  

Wind and water erosion have been curtailed by implementation of reduced tillage systems 

(Johnson et al., 2001; Lal, 2007; Yau et al., 2010).  Reducing erosion, especially water 

erosion, is important in reducing soil load which may contain pesticides and fertilizers into 

sensitive watersheds (Fargmeier et al., 2006).  Additionally, water infiltration and soil 

structure are often improved in reduced tillage systems especially compared with 

conventional tillage systems (Brady and Weil, 2004).  Soil compaction has been minimized 

in reduced tillage systems while bulk density and other physical properties have been 

improved (Naderman et al., 2004; Overstreet et al., 2004).    

   Establishing cover crops or sod-based rotation systems have been implemented by some 

producers in the southern United States to conserve natural resources and maintain and 

increase crop yield (Katsvairo et al., 2006: 2007; Russelle and Franzluebbers, 2007; Sulc and 

Tracy, 2007).  Cotton and peanut yield in Florida and Georgia was higher when these crops 

were planted into a bahiagrass sod (Paspalum notatum Flügge) compared with traditional 
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 agronomic cropping systems in either reduced or conventional tillage systems (Katsvairo et 

al., 2006, 2007).  While improvements in yield were noted after only one year of bahaigrass, 

increasing the number of years lead to additional increases in yield (Brenneman et al., 2003, 

Hagan et al., 2003; Norden et al., 1980; Katsvairo et al., 2007).  Benefits of bahaigrass were 

attributed to reduced soil parasitic nematodes, southern stem rot (Sclerotium rolfsii Sacc.), 

early leaf spot (Cercospora arachidicola Hori), and late leaf spot (Cercosporidium 

personatum Berk. & Curtis) (Brenneman et al., 2003; Hagan et al., 2003).  Benefits and 

economic opportunities of live stock/cropping systems have been reported in several studies 

(Acosta-Martínez, 2004; Tracey and Zhang, 2008).  Generally, a more diverse tillage and 

cropping systems, including livestock, improved soil health and in some cases crop 

productivity (Katsvairo et al., 2007, 2006).  While these systems show promise, the economic 

feasibility of incorporating livestock production and agronomic crop production must be 

considered. 

 

While most of the research reviewed looks at how cotton and peanut perform following sod-

based systems, information is limited with respect to response of corn and soybean to these 

systems in the southern United States.  Reduced tillage systems for corn, cotton, and soybean 

have been readily adopted in North Carolina and surrounding states and more recently with 

peanut (Denton and Tyler, 2002; Jordan et al., 2008).  Although response of these crops to 

tillage system can vary, research in North Carolina suggested that while peanut was more 

responsive to crop rotation than corn or cotton, there were few interactions among tillage 

systems and traditional crop rotations (Jordan et al., 2008)  However, response of these crops 
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 to sod-based systems is limited in North Carolina.  Research is southeastern Virginia 

indicated that peanut and cotton yield increased when these crops followed perennial grasses 

compared with traditional cropping systems in reduced or conventional tillage systems 

(Weeks, 2008).   One experiment with sod based rotations was conducted in South Eastern 

Virginia in 2004-2007 using orchardgrass (Dactylis glomerata L.) and tall fescue 

(Shedonorus phoenix Scop.) as sod treatments.  Eight different crop rotation combinations 

including tall fescue, orchard grass, cotton, peanut, corn, and soybean were established in 

2004 and yields were recorded each year.  Yield of cotton and peanut was higher following 

either orchardgrass or tall fescue than following agronomic crops in the final year of the 

experiment (Weeks, 2008).  

 

There is a need to develop and refine production systems that are both economically viable 

and have minimal negative environmental impact.  Implementation of sod-based systems 

could provide an alternative to current production systems.  Perennial grasses such as tall 

fescue tend to grow well in North Carolina and have potential to be a good source of forage 

or hay.   However, documentation of the positive and negative attributes of these systems is 

limited in North Carolina.  Therefore, research was conducted to compare response of corn, 

cotton, peanut, and soybean planted after four years of tall fescue versus cropping systems 

that included corn and cotton and determine if yield responses of these crops was associated 

with physical characteristics of soil and/or changes in pests and other organisms in the two 

cropping systems.   
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MATERIALS AND METODS 

The experiment was conducted at four locations in eastern North Carolina.  From 2004-2008, 

treatments consisted of a tall fescue-based sod compared with reduced tillage production of 

cotton, field corn, or sweet corn depending upon location and year (Table 1).  In 2009, corn, 

cotton, peanut, and soybean were planted following both cropping systems (Table 1).  Soil at 

the Peanut Belt Research Station located near Lewiston-Woodville was Norfolk loamy sand 

(fine-loamy, kaolinitic, thermic typic Kandiudults).  At the Upper Coastal Plain Research 

Station located near Rocky Mount, soil consisted of a mix of Rains loamy sand (fine-loamy, 

siliceous, semiactive, thermic Typic Paleaquults) and Goldsboro loamy sand (fine-loamy, 

siliceous, subactive, thermic Aquic Paleudults).  Soil near Edenton was Perquimans silt loam 

(fine-silty, mixed, semiactive, thermic Typic Endoaquults) while soil near Rocky Hock was 

Valhalla fine sand (loamy, siliceous, semiactive, thermic Arenic Hapludults).  Particle size 

distribution was determined for the top 8 cm of soil (Appendix Table 1) (Brady, 2004). 

 

Plot size at all locations was at least 16 rows wide (91-cm spacing) by 23 to 32 m.  Four plots 

at each site were established with a tall fescue sod in the fall of 2004.  Tall fescue was 

established in four randomly assigned plots at Edenton, Rocky Hock, and Rocky Mount and 

in three plots at Lewiston-Woodville.  A similar number of plots were established not planted 

to tall fescue.  In fall 2008, glyphosate [(N-phosphonomethyl)glycine] was applied at 0.84 kg 

ae ha
-1

 to kill tall fescue.  In mid March 2009, a repeat application of glyphosate was made to 

ensure tall fescue was killed and to control existing winter vegetation in crop stubble from 
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 corn or cotton.  Glyphosate was also applied within two weeks of planting all summer crops 

at each location.  Corn (hybrids DK 69-71 at Edenton, Pioneer P33M57 at Lewiston-

Woodville, and Pioneer 31G71 at Rocky Mount), cotton (cultivars Phytogen 375 WRF at 

Edenton and Rocky Hock, DP141B2RF at Lewiston-Woodville, and DP 090B2RF at Rocky 

Mount), peanut (cultivar Phillips at all locations), and soybean (cultivars Asgrow 7502 at 

Edenton, Pioneer 97M50RR at Lewiston-Woodville, and Asgrow 6301 at Rocky Mount) 

were planted in the experiment.  Corn, cotton, soybean, and peanut were included at Edenton, 

Lewiston-Woodville, and Rocky Mount; cotton and peanut were included at Rocky Hock. 

 

Tillage for corn and cotton from 2005-2008 at Lewiston-Woodville and Rocky Mount 

included strip tilling a 40-cm wide band on 91-cm rows into residue from the previous crop 

using strip tillage implements consisting of two sets of coulters and basket attachments 

following in-row sub-soiling (KMC Manufacturing).  Depth of sub-soiling was 30 to 40 cm 

with crops planted within one week following reduced tillage or bedding.  At both Edenton 

and Rocky Hock crops were no-tilled with a planter containing a coulter attachment without 

sub-soiling.  In 2009, a strip tillage operation was implemented at all locations as described 

previously with each crop planted in a second operation.  Seeding rates were designed to 

obtain a final in-row population of 4 plants m
-1

 (corn), 16 plants m
-1

 (cotton), 13 plants m
-1

 

(peanut), and 35 plants m
-1

 (soybean).  Additionally, a conventional tillage treatment 

following both cropping systems was included for peanut and consisted of disking twice, 

field cultivating once followed by ripping and bedding at Lewiston-Woodville and Rocky 
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Mount.  At Edenton, peanut was not sub-soiled while at Rocky Hock the strip till operation 

was performed in flat ground following the final disking operation.   

 

With the exception of tillage operations for peanut, all pest management and production 

practices for each crop were based on Cooperative Extension recommendations.  

Chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-pyridinyl)phosphorothioate] was applied to 

control southern corn rootworm in peanut.  However, a 2 row by 5 m section of each plot was 

not treated to facilitate observations of potential differences in soil arthropod populations for 

each combination of tillage and cropping system. 

 

The experimental design was a randomized complete block from 2005-2008.  In 2009, crops 

were planted in strips through the field to allow more efficient management of crops 

throughout the growing season and to minimize pesticide drift to susceptible crops.  

Therefore, data pertaining to each crop were analyzed as a randomized complete block 

design with treatments replicated four times (Edenton, Rocky Hock, and Rocky Mount) or 

three times (Lewiston-Woodville).   

 

Plant stand for each crop was determined 3 wks after emergence for three randomly selected 

1-m sections of each plot.  Height of cotton and soybean was measured from the soil surface 

at the base of the plant to the terminal of the plant in early June and early July.  Height of 

corn was measured from the soil surface to the end of the leaf emerging from the whorl. 
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 Leaf color was determined for all crops at all locations using a Spad 502 Chlorophyll meter 

(Minolta Camera Co., Ltd. 3-13, 2-Chrome, Azuchi-Macji, Chuo-KU, Osaka 541, Japan.) 

meter in early July.  Cotton plant mapping was performed after cotton was defoliated before 

harvest using the procedure outlined by (Edmiston, 2010). 

 

Within 2 weeks of peanut harvest during, visual estimates of plant condition (PCR) were 

recorded for each rotation and tillage combination on a scale of 0 to 100% where 0 = no 

disease symptoms and 100 = the entire plot was expressing symptoms of wilting, yellowing, 

or plant death.  Plant condition ratings were associated with a combination of 

Cylindrocladium black rot (CBR) (Cylindrocladium parasiticum Crous, Wingfield, and 

Alfenas) and tomato spotted wilt (caused by a Tospovirus) (TSW) (Shew, 2010).  At all 

locations during 2008, 15 soil cores were collected in early September from a depth of 12 cm 

from the tall fescue sod and in the planted row were combined from each plot and into one 

sample.  A 500-cm
3
 sample of soil from each plot was assayed by the North Carolina 

Department of Agriculture and Consumer Service by a combination of elutriation (Byrd et 

al., 1976) and centrifugation (Jenkins, 1964).  A similar procedure was used in 2009 with 

samples collected from the center two rows of each peanut plot within 2 wks prior to digging 

and vine inversion.  Data for soil nematode population were transformed to the log of 

nematode population prior to analyses.  In 2009, a sample of 150 pods was removed and 

evaluated for pod scarring and pod penetration as a result of feeding by southern corn 

rootworm (Diabrotica undecimpunctata Howardi) (Brandenburg, 2010; Linker et al., 2010).  

Samples were collected from all combinations of cropping system, tillage, and chlorpyrifos 
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treatment.  The number of corn earworm [Helicoverpa zea (Boddie)], fall armyworm 

[Spodoptera frugiperda (J.E. Smith)], and loopers [Pseudoplusia includens (Walker)] were 

determined using a beat cloth in early August in peanut (Linker et al., 2010).   

 

Yield of all crops was determined in 2009.  Final yield of corn and soybean was adjusted to 

13% moisture.  Cotton yield is presented as seed cotton, and pod yield of peanut was adjusted 

to 8% moistures.  Peanut for each combination of cropping system and tillage was dug based 

on pod mesocarp color using a sample of 150 pods collected in mid September (Williams and 

Drexler, 1982; Jordan et al., 2005).  A 1-kg sample of pods was collected from each plot and 

used to determine percentages of fancy pods (%FP), sound mature kernels (%SMK), sound 

splits (%SS), total sound mature kernels (%TSMK), other kernels (%OK), and extra large 

kernels (%ELK) using Cooperative Grading Service criteria (USDA, 2003).   

 

In addition to crop and pest and pest damage observations, soil samples were removed from 

each plot in 2008 and from all peanut plots in 2009 in August to determine soil nutrient status 

at a depth of 16 to 20 cm.  Results from samples were collected in 2008 were used to 

determine lime and fertilizer requirements for optimum crop yields based on North Carolina 

Department of Agriculture and Consumer Services recommendations (NCDA and CS, 2009).  

Additional core samples were removed in July and August to determine bulk density and 

establish water retention curves at each location for each cropping system and tillage.  These 

samples in 2008 included sampling the tall fescue sod, the strip tilled zone at Lewiston- 
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Woodville and Rocky Mount only, and the area between crop rows not strip tilled at all 

locations.  In 2009, samples were removed at all locations from the strip tilled zone and the 

area between strip tilled zones.  Soil cores (7.6 diameter by 7.6 cm height) were removed 

from depths of 0 to 8 cm and 8 to 16 cm.  Rings of soil were brought back to the lab and 

placed in Buchner funnels and saturated with water.  Samples were pressurized at 0, 10, and 

33 kpa to determine field capacity.  Water released from the soil was collected in a graduated 

cylinder and measurements were recorded.  After measuring the field capacity of the samples 

they were weighed and oven dried at 105 C to determine bulk density.    The difference in 

volumetric water content between 0 and 10 kPa, 10 and 33 kPa, and 0 and 33 kPa was 

calculated and compared within each location. 

 

When considering peanut only in 2009, data for plant stand, width in early June and early 

July, canopy color, PCR, plant parasitic nematode populations in soil by species, pod yield, 

and market grade characteristics were subjected to analysis of variance (ANOVA) for a four 

(location) by two (tall fescue vs. agronomic crops) by two (strip tillage vs. conventional 

tillage) factorial treatment arrangement.  Additionally, data for pod scarring and penetration 

of pods caused by southern corn rootworm were subjected to ANOVA for a four (location) 

by two (cropping system) by two (tillage system) by two (chlorpyrifos treatment) factorial 

treatment arrangement.  In 2009, data plant stand height in early June and July, canopy color, 

and yield for corn, cotton, and soybean as well as cotton plant mapping were subjected to 

ANOVA for a three or four (location) by two (cropping system) factorial arrangement of 

treatments.  Data for peanut pod yield also was subjected to ANOVA for a four (location) by  
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two (cropping system) factorial arrangement of treatments to present comparison of all four 

crops following both cropping systems in strip tillage.  In 2008, data for cation exchange 

capacity (CEC), base saturation (BS), and soil pH were subjected to ANOVA for a four 

(location) by two (cropping system) factorial treatment arrangement.  In 2009, samples were 

removed from all peanut plots and were subjected to ANOVA a four (location) by two 

(cropping system) by two (tillage system) factorial treatment arrangement.  Data for bulk 

density, porosity, volumetric water content at prescribed pressures, and changes in 

volumetric water content from one pressure to the other were subjected to ANOVA for a four 

(location) by two (cropping system) factorial arrangement of treatments.  Means for 

significant main effects and interactions were separated using Fisher‟s Protected LSD Test at 

p < 0.05 using the general linear model procedure of SAS V 9.1 with locations considered 

random effects and cropping system and tillage considered fixed effects (SAS). 
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RESULTS 

Peanut and Pest Response to Cropping System and Tillage 

Peanut stand was influenced by the main effect of location and tillage but not by previous 

cropping system or interactions of location, tillage, and cropping system (Table 2).  Peanut 

width in early June was affected by the interaction of location and tillage and the main effect 

of cropping system (Table 2).  While cropping system did not affect peanut canopy width in 

late June, tillage did affect canopy width at all locations in late June (Table 2).  Canopy color 

was affected by the interaction of location, tillage, and cropping system (Table 2).  Plant 

condition rating was not affected by tillage or cropping system or the interaction of these 

factors (Table 2).  Pod yield was affected by tillage but not by cropping system or 

interactions of location, tillage, and cropping system (Table 2).  Although %SMK, %TSMK, 

%SS, and %OK were not affected by tillage or cropping system, %FP and %ELK were 

affected by the interaction of location by cropping system (Table 2).  Additionally, %FP was 

affected by the interaction of location by tillage while %ELK was affected by the main effect 

of tillage (Table 2). 

 

When pooled over locations and cropping systems, in-row peanut stand was 27 plants m
-1

 in 

conventional tillage compared with 24 plants m
-1

 in reduced tillage (data not shown in 

tables).  Peanut canopy width in early June was 23 cm following tall fescue compared with 

21 cm when peanut was strip tilled into crop stubble from the previous crop (data not 
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 presented in tables).  At two of four locations canopy width in early June was not affected by 

tillage (Lewiston-Woodville and Rocky Hock) while at Edenton and Rocky Mount peanut 

canopy width was wider when peanut was planted in conventional tillage compared with 

reduced tillage (38 cm vs. 36 cm and 33 cm vs. 29 cm, respectively, data not shown in 

tables).  By late June, canopy width was 48 cm in strip tillage compared with 52 cm in 

conventional tillage (data not shown in tables). 

 

At Edenton, Lewiston-Woodville, and Rocky Mount differences in canopy color were noted 

when comparing treatments (Table 3).  Canopy color did not differ for peanut following any 

cropping system and tillage combination at Rocky Hock (Appendix Table 3).  However, 

canopy color differed at the other three locations but differences were inconsistent (Appendix 

Table 3).  Plant condition rating did not exceed 8% and no differences were noted when 

comparing among treatments regardless of location or cropping system and tillage (data not 

presented in tables.) 

 

Peanut yield was lower at all locations when planted into reduced tillage (4430 kg ha
-1

) 

systems compared with conventional tillage (4770 kg ha
-1

) (data not presented in tables).  

Previous research in North Carolina has shown inconsistent response of Virginia market type 

peanut to reduced tillage (Baldwin and Hook, 1998; Brandenburg et al., 1998; Jordan and 

Johnson, 2006).  In a summary of research from 1997-2005 in North Carolina, Jordan and 

Johnson (2006) reported a 3.0% yield advantage for Virginia market type peanut when  
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planted in conventional tillage compared with reduced tillage when averaged over 40 

experiments.  In the present study, yield was 7.1% higher in conventional tillage compared 

with reduced tillage (data not presented in tables).  The %FP was similar at three of four 

locations following tall fescue and stubble from the previous crop (Appendix Table 4).  A 

higher %FP was noted when peanut followed tall fescue compared with agronomic crops 

(Appendix Table 4).  Likewise, inconsistent response was noted for the interaction of 

location and tillage (Appendix Table 4).  The %FP was similar at two locations (Lewiston-

Woodville and Rocky Hock) while %FP was higher in conventional tillage at Edenton but 

lower in this tillage system at Rocky Mount (Appendix Table 4).  There was no difference in 

%ELK at three locations while %ELK was higher following tall fescue compared with 

planting into crop stubble at Edenton (Appendix Table 4).   

 

In 2008, soil population of dagger and ring nematode was not affected by cropping system or 

the interaction of location by cropping system (Table 3).  However, stubby root and stunt 

nematode populations were affected by cropping system while lesion, root know, and spiral 

nematode populations were affected by the interaction of location by cropping system (Table 

3).  Population of lesion nematode was lower at 3 of 4 locations following tall fescue when 

compared with agronomic crops (Table 4).  Population of root knot nematode and spiral 

nematode was lower at only one location when tall fescue was the previous cropping system 

(Table 4).  Although the population of stunt nematode was lower at locations following tall 

fescue, the opposite was noted for stubby root (Table 4).  Weeks (2008) reported higher 
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 populations of stubby root nematode in orchard grass and tall fescue.  Weeks (2008) also 

reported even though the stubby root nematode populations increased the yield did not seem 

affected and still reported higher yields behind the perennial grass. 

 

In 2009, populations of dagger, spiral, and stunt nematodes were not affected by cropping 

system or tillage (Table 5).  The interaction of location by cropping system by tillage was 

significant for root know nematode population (Table 5).  Lesion and spiral nematode 

populations were affected by the main effect of cropping system and the interaction of 

location by cropping system (Table 5).  Stubby root and lesion was affected by the main 

effect of cropping system or the interaction of location by cropping system (Table 5).  The 

interaction of location by tillage affected ring, spiral, and stubby root nematode populations 

(Table 5). 

 

Stubby root population was higher at 2 of 4 locations following tall fescue compared with 

agronomic crops (Table 6).  Additionally, higher populations of lesion nematode were noted 

following agronomic crops at all locations (Table 6).  Stubby root and ring nematode 

populations were lower in reduced tillage at 2 of 4 locations and 3 of 4 locations, respectively 

(Table 6).  At Lewiston-Woodville, root knot nematode population was higher in 

conventional till following agronomic crops than following agronomic crops in reduced 

tillage (data not presented in tables).  Population of root knot nematode was lower following 
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 tall fescue than agronomic crops regardless of tillage (data not presented in tables).  At 

Rocky Hock, fewer root knot nematodes were observed in soil in reduced tillage compared 

with conventional tillage when peanut followed tall fescue (data not presented in tables).  

While the highest number of root knot nematodes was noted following agronomic crops, 

unlike results from Lewiston-Woodville, a higher population was noted following reduced 

tillage than following conventional tillage (data not presented in tables). 

 

Although significance among treatment factors was noted for corn earworm, fall army worm, 

and looper counts, populations were well below economic thresholds for peanut (Appendix 

Tables 5 and 6) (Linker et al., 2010).  Results varied greatly and thus no definite conclusions 

can be made.  Additionally, several main effects and interactions were noted for pod scarring 

and pod penetration by southern corn rootworm larvae (Appendix Table 7).  However, 

damage did not exceed 5% regardless of treatment and most likely has little biological 

significance (Appendix Table 8). 

 

Response of Corn, Cotton, and Soybean to Cropping Systems 

Corn and cotton stand was not affected by previous cropping system (Table 7).  However, 

soybean stand was affected by previous cropping system (Table 7).  Soybean stand was 

lower following agronomic crops (48 plants m
-1

) compared with tall fescue (41 plants m
-1

) 

(data not presented in tables).  Corn height was affected by the main effect of cropping 
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 system and the interaction of location by cropping system while cotton height was affected 

by the main effect of cropping system but not buy the interaction of location by cropping 

system (Table 7).  Soybean height was affected only by the main effect of cropping system 

only at the first observation (Table 7).  Corn height was similar in early June at Edenton and 

Lewiston-Woodville while corn was taller at this evaluation at Rocky Mount when corn 

followed tall fescue compared with agronomic crops (data not presented in tables).  Cotton 

height in early June was 18 cm following agronomic crops compared with 23 cm 

followingtall fescue (data not presented in tables).  Cotton height for these respective 

treatments was 47 and 58 cm (data not presented in tables).  Soybean height was 15 cm 

following agronomic crops and 16 cm following tall fescue in early June while no difference 

in height was noted when comparing cropping systems in late June (data not shown in 

tables).  Corn and cotton color were affected by cropping system (Table 7).  When pooled 

over locations, color value of 38.6 noted for cotton following tall fescue compared with 35.6 

following agronomic crops (data not shown in tables).  In contrast, a value of 44.5 was noted 

for corn following agronomic crops compared to 40.9 following tall fescue (data not 

presented in tables).  The canopy color was recorded later in the season when there were 

greener corn plants behind the agronomic crops.  The decrease in growth behind the fescue 

could be attributed to lack of plant available nitrogen.  There could also be an interaction of 

nematodes being that stubby root was typically higher behind tall fescue than agronomic 

crops, however nematode samples were only taken in peanut plots. 
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Corn and cotton yield were affected by the main effect of cropping system but not the 

interaction of location by cropping system (Table 7).  Soybean and peanut yields were not 

affected by the main effect of cropping system or the interaction of location by cropping 

system (Table 7).  Corn yield was lower following tall fescue compared with planting 

following agronomic crops (Table 8).  In contrast, cotton yield was higher following tall 

fescue compared with planting behind other agronomic crops (data not presented in tables).  

Weeks (2008) and Katsvario et al. (2006, 2007) both found yield increases in cotton 

following sod-based systems, however they found higher yields in peanut as well.  There is 

no published research found about yield increases or decreases of soybean or corn following 

a perennial grass rotation.    

 

Soil Physical Properties and Fertility 

Soil physical properties (bulk density and porosity) as well as soil fertility (CEC, pH, base 

saturation, and individual nutrients) varied more by location than by previous cropping 

treatments or tillage (Appendix Tables 9-15).  However, some general differences among 

treatments were noted.  Bulk density was often lower in conventional till compared with the 

non-tilled areas between strip tillage zones (Appendix Tables 16 and 17).  Bulk density 

samples were collected in June and July approximately 45 to 60 d after strip tillage.  Strip 

tillage most likely reduced bulk density, especially when implemented in a relatively short 

time prior to sampling (Raper et al., 1994).  Previous crop affected bulk density at only one 

of four locations (Rocky Mount), and this occurred only at the 8-16 cm depth with bulk 



21 
 

 density being lower in agronomic crops compared with tall fescue.  It is possible strip tillage 

and ripping at Rocky Mount for the previous four years may have created properties reducing 

bulk density compared with this zone in tall fescue over the same period of time.  Base 

saturation was higher following tall fescue at three locations (Appendix Table 12).  

Differences in water retention followed the same general trends of bulk density (Appendix 

Tables 19 and 20).  Main differences in water retention were noted across location.  Finer 

textured soils at the Edenton and Rocky Mount sites held more water than coarse textured 

soils found at Rocky Hock and Lewiston (Appendix Tables 19 and 20). 
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DISCUSSION 

In summary, these data suggest that sod-based production systems could be successful in 

improving soil health and possibly increasing yield in certain crops in some regions of the 

southeastern and mid-Atlantic region of the United States as an alternative to conventional 

tillage systems.  Cotton yield was higher following tall fescue at all locations compared with 

yield following agronomic crops while corn yield was lower following tall fescue compared 

with agronomic crops.  Corn yield could have been decreased due to the high nitrogen 

requirement that microbes have for breaking down the residue from the previous crop 

(Panikov, 1999).  There was a higher amount of residue from the four years of fescue as 

compared with the strip tillage agronomic rotation.  Even though the fescue was mostly 

killed in the fall or winter of the previous year, microbial activity is driven by temperature 

and moisture (Panikov, 1999).  The cooler temperatures slow the process of breaking down 

organic matter by the microbes.  Therefore in the spring when the temperature increased and 

rainfall was adequate, the added nitrogen which was intended for the corn crop was probably 

used by the microbes to continue breaking down the residue from the fescue crop.  Dr. David 

Wright (personal communication, 2010) reported results on a project that had included 

bahiagrass, corn, cotton, and peanut.  They found that yields of corn were lower when corn 

immediately followed bahiagrass, and they attributed this to the nitrogen uptake needed to 

breakdown the residue from the bahiagrass.  They found that yields were increased if there 

was a legume or a low nitrogen requirement crop planted in-between the bahiagrass and corn.  

Further research is needed in this area to determine if there is a microbial interaction with 

nitrogen uptake for corn resulting in a yield loss.    Peanut and soybean yields were not  
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affected by previous cropping history.  Consistent with other research (Jordan and Johnson, 

2006), peanut yield in conventional tillage systems was higher than yield in reduced tillage.  

Additionally, the interaction of previous cropping system and tillage did not interact for 

peanut yield (Jordan et al., 2008).   No major differences in soil bulk density, porosity, or 

other soil physical properties were noted when comparing tall fescue or agronomic crops.  

While populations of soil parasitic nematodes were often lower in peanut following tall 

fescue compared with agronomic crops, CBR and TSWV as well as damage from southern 

corn rootworm were not affected by previous cropping system. 

 

These experiments indicate that a tall fescue sod may be an effective alternative to reduced 

tillage systems, especially for cotton.  However, benefits were not observed for peanut or 

soybean and corn was negatively affected by tall fescue sod.  Further research is needed to 

determine the reason of yield reduction in corn.  Exploring the possibility of nitrogen being 

used by microbes in the soil, as well as determining the moisture availability throughout the 

season could be possible explanations of yield increases and decreases.  Additionally, the 

economic value of the having agronomic crops versus tall fescue must be considered to 

determine the full potential of a tall fescue sod in North Carolina.   
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CHAPTER 1 

Crop Response Following a Tall-Fescue Sod and Agronomic Crops in Reduced Tillage 
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Table 1.  Crops planted in trails conducted at Edenton, Lewiston-Woodville, Rocky Hock, and Rocky Mount from 2004 

through 2009 compared with continuous tall fescue sod during the same period of time. 

Location 2004 2005 2006 2007 2008 

Edenton Peanut Field corn Cotton Sweet corn Cotton 

Lewiston-Woodville Corn Cotton Corn Cotton Cotton 

Rocky Hock Peanut Sweet corn Cotton Cotton Sweet corn 

Rocky Mount Peanut Corn Cotton Corn Cotton 
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Table 2.  P > F for peanut stand, peanut width, canopy color, plant condition rating (PCR), pod yield, and percentages fancy pods (%FP), 

sound mature kernels (%SMK), sound splits (%SS), total sound mature kernels (%TSMK), other kernels (%OK), and extra large kernels 

(%ELK).   

 

Source 

 

Stand 

Peanut width Canopy 

Color 

 

PCR 

 

Yield 

 

%FP 

 

%SMK 

 

%TSMK 

 

%ELK 

 

%SS 

 

%OK June 1 June 20 

 ______________________________________________________________________
 p-value 

______________________________________________________________________
 

Location <0.0001 <0.0001 <0.0001 <0.0001 0.0394 <0.0001 0.0176 <.0001 0.0016 <0.0001 <0.0001 0.0043 

Crop 0.7843 0.0427 0.1842 0.7972 0.2917 0.5061 0.1085 0.5856 0.9257 0.0650 0.1436 0.3899 

Location*Crop 0.1787 0.3279 0.1101 0.4878 0.3184 0.9446 0.0005 0.3969 0.7398 0.0009 0.5981 0.9631 

Tillage 0.0003 0.0405 <0.0001 0.0995 0.3579 0.0160 0.7732 0.1305 0.1175 0.0194 0.8663 0.2496 

Location*Tillage 0.1973 0.0169 0.2148 0.0030 0.7265 0.1210 0.0045 0.1143 0.1264 0.0966 0.9778 0.9872 

Crop*Tillage 0.2716 0.4835 0.5091 0.9826 0.1670 0.9628 0.7450 0.4515 0.4129 0.0974 0.8663 0.0902 

Location*Crop*Tillage 0.5465 0.9919 0.2183 0.0223 0.6743 0.9333 0.2506 0.4042 0.2901 0.0721 0.9218 0.7792 

Coefficient of variation 

(%) 9.6 8.0 4.1 6.5 117.1 11.5 5.2 4.7 4.2 7.8 17.0 33.0 
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Table 3.  P > F for plant parasitic nematode populations collected from soil during September 2008. 

 Nematode species 

Source Dagger Lesion Ring Root knot Spiral Stubby root Stunt 

 
_____________________________________________________________________

 p-value 
______________________________________________________________________

 

Location 0.1606 0.005 <0.0001 <.0001 0.0021 0.0005 <.0001 

Cropping system 0.5332 <.0001 0.6133 <.0001 0.0083 0.0010 0.0473 

Location*Crop system 0.7300 0.0050 0.1939 <.0001 0.0242 0.1564 0.2089 

Coefficient of 

variation (%) 188.4 44.6 35.3 64.6 49.9 35.3 28.9 
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Table 4.  Plant parasitic nematode populations in soil collected during September 2008. 

 Soil nematode population 

 Lesion  Root knot  Spiral  Stubby root†  Stunt† 

 

Location 

Agronomic 

crops 

Tall 

Fescue 

 

 

Agronomic 

crops 

Tall 

fescue 

 

 

Agronomic 

crops 

Tall 

fescue 

 

 

Agronomic 

crops 

Tall 

fescue 

 

 

Agronomic 

crops 

Tall 

fescue 

 
____________________________________________________________________________

 Log g 500 cm
-3_____________________________________________________________________

 

Edenton 4.46 0*  0 0.75  5.33 0*  - -  - - 

Lewiston-

Woodville 

1.30 0  1.23 0  1.23 1.77  - -  - - 

Rocky Hock 5.60 0*  8.10 0.58*  2.77 1.84  - -  - - 

Rocky 

Mount 

3.46 0*  0 0  6.50 4.83  - -  - - 

               

Pooled† - -  - -  - -  2.28 4.21*  4.82 3.81* 

*indicates significance at p < 0.05 within a location.   

†Data are pooled over locations. 
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Table 5.  P > F for plant parasitic nematode populations collected from soil in peanut during September 2009 as influenced by location, 

cropping system, and tillage system. 

 Nematode species 

Source Dagger Lesion Ring Root knot Spiral Stubby root Stunt 

 
__________________________________________________________

 p-value 
________________________________________________________________

 

Location 0.2247 0.9085 <0.0001 0.0021 0.0016 0.0014 <0.0001 

Cropping system 0.3428 0.023 0.2871 0.0137 0.0797 0.0059 0.3186 

Location * Cropping system 0.1153 0.7873 0.5892 0.0279 0.2409 0.0180 0.1482 

Tillage 0.9999 0.8358 0.2187 0.9339 0.5923 0.7677 0.1456 

Location * Tillage 0.5056 0.5288 0.0065 0.1329 0.8160 0.0105 0.2876 

Cropping system * Tillage 0.3031 0.1760 0.6223 0.3286 0.2071 0.2103 0.2543 

Location * Cropping system * Tillage 0.7721 0.7825 0.6916 0.0041 0.6203 0.2083 0.8756 

Coefficient of variation (%) 297.0 168.1 40.3 64.9 115.0 97.4 63.2 
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Table 6.  Plant parasitic nematode populations in soil collected during September 2009. 

 Nematode population in soil 

 Stubby root  Ring  Lesion† 

 Cropping system  Tillage  Tillage  Cropping system 

Location Agronomic 

crops 

Tall fescue  Conventional Reduced  Conventional Reduced  Agronomic 

crops 

Tall fescue 

 
__________________________________________________________________

 Log g 500 cm
-3

 
_____________________________________________________________

 

Edenton 0.29 0.75  1.04 0*  1.26 0.29*  - - 

Lewiston-Woodville 1.33 2.88*  1.38 2.83*  2.95 1.83*  - - 

Rocky Hock 0.29 2.41*  1.10 0*  5.15 6.40*  - - 

Rocky Mount 0.80 0.29  1.17 1.53  0.37 0  - - 

            

Pooled - -  - -  - -  1.10 0.18* 

*indicates significance at p < 0.05 within a location. 

†Data are pooled over locations. 
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Table 7.  P > F for plant stand, plant height, plant color, and yield as influenced by location and cropping system 

  Crop height   

Source Stand June 1 June 20 Canopy color Yield 

 
______________________________________________________________

 p-value 
______________________________________________________________________

 

Corn      

Location 0.0217 <0.0001 <0.0001 0.0449 0.1480 

Cropping system 0.9849 0.0023 0.1220 0.0476 0.0270 

Location * Cropping system 0.6880 0.0042 0.0842 0.1189 0.5251 

Coefficient of variation (%) 15.2 6.1 10.6 8.7 17.8 

      

Cotton      

Location <0.0001 <0.0001 <0.0001 0.0001 0.0003 

Cropping system 0.3129 <0.0001 <0.0001 0.0026 0.0036 

Location * Cropping system 0.4827 0.0620 0.3910 0.4868 0.5912 

Coefficient of variation (%) 5.5 8.7 6.3 5.5 14.6 
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Table 7 Continued. P > F for plant stand, plant height, plant color, and yield as influenced by location and cropping system 

Soybean      

Location 0.0006 <0.0001 <0.0001 0.0624 0.0086 

Cropping system 0.0108 0.0477 0.1533 0.7865 0.0805 

Location * Cropping system 0.1502 0.2278 0.9820 0.8346 0.0664 

Coefficient of variation (%) 10.3 7.1 13.8 9.9 14.7 
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Table 8.  Influence of prior cropping system on yield of grain yield of corn and soybean, lint yield of cotton, and pod yield of 

peanut in 2009 following either four years of tall fescue sod or four years of combinations of corn or cotton in no till or strip 

tillage. 

 

Crops in 2009† 

Crops (2004-08) Corn 

 
Cotton 

 
Peanut 

 
Soybean 

 

_______________________________________________________
 kg ha

-1
 
___________________________________________________________

 

Agronomic crops  9710 

 
2280 

 
4530 

 
2630 

Tall fescue sod  8220* 

 
2760* 

 
4680 

 
3000 

P > F  0.027 

 
0.003 

 
0.379 

 
0.081 

*indicates significance at p < 0.05. 

†Data for corn and soybean yield are pooled over three locations.  Data for cotton and peanut yield are pooled over four locations.  
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CHAPTER 2 

Peanut Response to Interactions of Planting Date, Tillage, and Cultivar Selection 

W. L. Drake, D. L. Jordan, and M. Schroeder-Moreno, Department of Crop Science, Box 

7620, North Carolina State University, Raleigh, NC 27695-7620; J. L. Hietman, Department 

of Soil Science, Box 7619, North Carolina State University, Raleigh, NC 27695-7619; Y. J. 

Cardoza and R. L. Brandenburg, Department of Entomology, Box 7613, North Carolina State 

University, Raleigh, NC 27695-7613; and B. B. Shew, Department of Plant Pathology, Box 

7616, Raleigh, NC 27695-7616 

 

ABSTRACT 

Production of peanut and other row crops in reduced tillage has increased in the 

southeastern United States in recent years.  Pest reaction and yield of peanut is often 

inconsistent when comparing conventional and reduced tillage systems.  Research was 

conducted to define interactions of planting date, tillage, and cultivar with respect to 

disease reaction and pod yield of peanut.  The cultivars Bailey, CHAMPS, Gregory, 

Phillips, Perry, and VA 98R were planted in early or late May in reduced or 

conventional tillage systems in 2008 (one experiment) and 2009 (three experiments).  A 

wide range of interactions were noted for plant condition, a visual estimate of disease 

reflecting Cylindrocladium black rot (Cylindrocladium parasiticum Crous, Wingfield, 

and Alfenas) and tomato spotted wilt (a Tospovirus), in mid September and 3 days prior 

to digging.  Data were inconclusive with respect to clearly defining interactions among  
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planting date, tillage, and cultivar.  In some instances there was trend for lower disease 

incidence in reduced tillage compared with conventional systems but this trend was not 

the same for all cultivars or at all location and year combinations.  Pod yield was lower 

in reduced tillage compared with conventional tillage in one experiment and at one 

planting date in another experiment.  No obvious trend was noted for planting date, 

although peanut yield generally was similar when planted in early or late May.  

Differences in disease for cultivar reflected the inherent resistance of to disease for 

these cultivars.  However, disease was not always uniform with respect to CBR and 

presence of TSWV was inconsistent.  The objective of this research was to better define 

interactions among planting dates, tillage, and cultivars to improve recommendations 

on management of CBR and TSWV in particular.  However, additional research is 

needed to establish predictable trends in response to these factors in order to make 

effective recommendations for growers in the Virginia-Carolina production region. 
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INTRODUCTION 

Until recently most all Virginia-Market type peanuts have been produced under conventional 

tillage systems (Denton and Tyler, 2002; Jordan et al., 2008).  However, increased awareness 

of highly erodible soils and decreased soil productivity has increased interest in reduced 

tillage practices for peanut.  Farmers in North Carolina reported an increase in reduced tillage 

peanut production from 10% during 1998 to 23% during 2005 (Jordan and Johnson, 2006).  

Approximately 41% of peanut growers in North Carolina planted at least a portion of peanut 

in reduced tillage in 2009 (Jordan, D., personal communication).  Farmers across the 

southeast United States have reported increased production of other crops in reduced tillage 

including corn (Zea mays L), cotton (Gossypium hirsutum L.), and soybean [Glycine max 

(L.) Merr.] (Denton and Tyler 2002).  While these crops responded positively in response to 

reduced tillage systems, peanut response has been inconsistent (Baldwin and Hook, 1998; 

Brandenburg et al., 1998).  While reduced tillage systems show some positive results for 

peanuts such as lower incidence of tomato spotted wilt virus (TSWV) (Brown et al., 2000 

2003; Hurt et al., 2003 2006), yield of Virginia market type cultivars has often been lower in 

reduced tillage systems (Jordan et al., 2003; Jordan and Johnson, 2006; Jordan et al., 2008).   

 

Peanut yield typically remains lower when peanut are planted in reduced tillage systems on 

finer textured soils than when planted on coarse textured soils (Jordan et al., 2003; Jordan 

and Johnson, 2006).  Lower yield is often associated with the combination of digging 

efficiency and subsequent pod loss (Jordan et al., 2008).  Adoption of reduced tillage peanut 

has been high in the southeastern United States for small-seeded runner market types  
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(Baldwin and Hook, 1998; Hartzog et al., 1998; Williams et al., 1998) in part because 

digging losses are relatively low, especially compared with Virginia market type peanut 

(Brandenburg et al., 1998; Cox and Sholar, 1995; Grichar, 1998; Jordan et al., 2001;
 
Sholar et 

al., 1993; Wright and Porter, 1995).  However, changes in Federal farm legislation, and 

subsequent decreased planted hectares shifted production on to coarse-textured soils, which 

are less prone to losses during digging and therefore may be more conducive to reduced 

tillage production.   

 

Tomato spotted wilt virus can be a significant problem in the southeastern United States and 

in the Virginia-Carolina production region (Cochran et al., 2003; Hurt et al., 2004 2005 

2006).  This virus is transmitted by thrips (Franklinella spp.), which feed on emerging and 

emerged peanut generally during the first month of the season.  In additional to transmission 

of virus, damage from prolonged feeding can reduce peanut yield significantly (Brandenburg 

et al., 1998;
 
Carley et al., 2009; Drake et al., 2009; Herbert et al., 2007).  Symptoms caused 

by TSWV on peanut and other susceptible plants include expression of chlorotic rings, 

necrotic spots, wilting, plant stunting, smaller kernels, and possible reductions in yield 

(Shew, 2010).  Risk indices have been developed in the southeastern United States (Brown et 

al., 2000 2003) and the Virginia-Carolina region (Brandenburg, 2010) to describe production 

and pest management strategies that affect expression of TSWV in peanut.  The current 

TSWV index in North Carolina (Brandenburg, 2010) indicates that cultivar, planting date, 

peanut population and planting pattern, early season insecticide use, and tillage can affect 

TSWV.  Planting in mid May and using reduced tillage can reduce TSWV (Brandenburg,  
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2010; Hurt et al. 2005).  Research in the Virginia-Carolina region has explored interactions 

of planting date, plant population, and cultivar (Hurt et al., 2004); tillage system, plant 

population, and cultivar (Hurt et al., 2006); and plant population, cultivar, and insecticide 

treatment (Hurt et al., 2005).  Experiments have not been conducted that include interactions 

of planting date and tillage system in the Virginia Carolina region. 

 

Cylindrocladium black rot (CBR) is a major soil-borne disease of peanut in the Virginia-

Carolina region (Shew, 2010).  Planting date and tillage can influence infection and 

subsequent expression of disease in peanut (Shew, 2010).  Delayed planting until soil 

temperatures increase can reduce infection of CBR (Shew, 2010).  Additionally, soil 

temperatures in reduced tillage may be cooler and thus promote infection.  However, the 

interaction of planting date and tillage has not been documented in North Carolina for CBR.  

Research defining potential interactions of planting date and tillage with more recently 

released cultivars would also be helpful in improving recommendations to peanut growers 

when CBR and TSWV are potential pests. 

 

In North Carolina, peanut are typically planted by mid May to ensure maximum pod maturity 

by early October to optimize pod yield and market grade characteristics (Jordan, 2010).  

Although pod yield with June-planted peanut can equal that of May planted peanut, in some 

instances yield is lower with later plantings (Carley et al., 2008).  Cultivars vary considerably 

in their heat unit requirement from emergence to optimum maturity, and this difference is  
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estimated to be as high as 16 d (Jordan, 2010a).  While benefits of planting later in May 

include potentially lower TSWV and CBR incidence, later plantings coupled with other 

stresses including dry weather can delay plant development sufficiently to prevent peanut 

from reaching optimum maturity at harvest (Aquino et al., 1992; Carley et al., 2008; 

Funderburk et al., 1998).  The potential for harvesting immature peanut is exacerbated by late 

planting and growers must balance benefits associated with less risk of CBR and TSWV with 

ability of peanut to produce mature pods.   

 

Cultivar selection is important when attempting to develop production and pest management 

strategies to optimize peanut yield and market grade characteristics of peanut (Brandenburg, 

2010; Jordan, 2010a 2010b, Shew, 2010).  Of particular importance in peanut production is 

knowledge of the field history with regards to disease occurrence and developing strategies 

that include cultivar selection for fields with disease.  Virginia market type peanut cultivars 

offer a wide range of resistance to problematic diseases in the region (Shew, 2010).  Defining 

interactions of cultivar with a wide range of inputs including tillage system and planting date 

is important in optimizing production and minimizing costs.  Therefore, research was 

conducted in North Carolina to define interactions of planting date, tillage, and cultivar with 

respect to disease reaction and peanut yield. 
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MATERIALS AND METHODS 

Experiments were conducted in North Carolina during 2008 and 2009.  In 2008, the 

experiment was conducted at Peanut Belt Research Station located near Lewiston-Woodville 

on a Goldsboro sandy loam soil (fine-loamy, kaolinitic, thermic typic Kandiudults).  The 

experiment was also conducted in two separate fields during 2009 at this location on a 

Goldsboro sandy loam soil (fine-loamy, siliceous, subactive, thermic Aquic Paleudults) and 

Raines sandy loam (fine-loamy, siliceous, semiactive, thermic typic Paleaquults).  The 

experiment was also conducted at the Upper Coastal Plain Research Station located near 

Rocky Mount on a Bonneau loamy sand soil (loamy, siliceous, subactive, thermic Arenic 

Paleudults).  The experimental unit consisted of 2 rows spaced 91-cm apart by 9 m long. 

 

Treatments consisted of a factorial arrangement of two planting dates, two tillage systems, 

and either five (2008) or six (2009) cultivars.  Planting dates in 2008 were May 2 and May 

22.  In 2009 at Lewiston-Woodville planting dates were May 5 and May 25.  At Rocky 

Mount, planting dates were May 12 and May 28.  Conventional tillage consisted of disking 

twice, field cultivating, and ripping and bedding.  Reduced tillage consisted of a 40-cm wide 

tilled area on 91-cm rows into residue from the previous crop using strip tillage implements 

consisting of two sets of coulters and basket attachments following in-row sub-soiling (KMC 

Manufacturing).  Depth of sub-soiling was 30 to 40 cm with crops planted within one week 

following reduced tillage or bedding.  Seeding rates for each cultivar were designed to obtain 

a final plant population of approximately 13 plants m
-1

.  Peanut cultivars in 2008 included 

CHAMPS (Mozingo et al., 2006), Gregory (Isleib et al., 1999), Phillips (Isleib et al., 2006), 
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Perry (Isleib et al., 2003), and VA 98R (Mozingo et al., 2000).  Peanut cultivars in 2009 

included Bailey (Isleib, 2010), CHAMPS, Gregory, Phillips, Perry, and VA 98R. 

 

Peanut was managed according to Cooperative Extension recommendations for the region 

(Brandenburg, 2010; Jordan, 2010a 2010b, Shew, 2010).  Glyphosate [(N-

phosphonylmethyl)glycine] was applied to control existing vegetation in the reduced tillage 

system.  Seedbeds in both conventional and reduced tillage systems were weed-free when 

peanut was planted.  Fumigation with metam sodium, a common practice in fields with a 

history of CBR (Shew, 2010), was not performed in these experiments.  Standard 

preemergence and postemergence herbicides were used for each experiment to control weeds 

throughout the season.  Fungicides were applied bi-weekly from early July through mid 

September to control foliar and soil-borne diseases other than CBR or TSWV.  Aldicarb [2-

methyl-2-(methylthio)propionaldehyde
 
O-methylcarbamoloxime] was applied in the seed 

furrow at planting to control tobacco thrips (Frankliniella fusca Hinds) and chlorpyrifos 

(O,O-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate) was applied at pegging to control 

southern corn rootworm [Diabrotica undecimpunctata (Howard)].  

 

A plant condition rating (PCR) was recorded for each plot using a scale of 0 = no disease 

symptoms and 100 = the entire plot was expressing symptoms of wilting, yellowing, or plant 

death in mid September for all plots and within 3 days of digging.  Plant condition ratings 

reflected a combination of CBR and TSWV (Shew, 2010).  Peanut was dug within 3 days of 

optimum pod maturity based on pod mesocarp color (Williams and Drexler, 1981; Jordan et 
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 al., 2005) for each combination of cultivar, planting date, and tillage system. 

The experimental design was a split split plot design with planting date and tillage serving as 

splits.  Cultivar was randomly assigned within combinations of planting date and tillage.  

Treatments were replicated four times in 2008 and at Rocky Mount in 2009 and three times 

in each field at Lewiston-Woodville in 2009.  Data for PCR in mid September, PCR at 

digging, and pod yield were subjected to analysis of variance using the GLM procedure for 

SAS (SAS, 2006) appropriate for the factorial treatment arrangement using error terms for 

fixed and random effects (Carmer et al., 1989).  Data for PCR were transformed to the arc 

sine square root to satisfy assumptions of normality required for the analysis of variance 

(Steel and Torre, 1980).  Means of significant main effects and interactions separated using 

Fisher‟s Protected LSD test (p < 0.05)  
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RESULTS 

A range of main effects and interactions associated with planting date, tillage, and cultivar 

were significant in mid September and at digging for PCR and for pod yield when data were 

analyzed by location and experiment combinations (Tables 1).  In 2008 at Lewiston-

Woodville, the main effect of tillage and interactions of tillage with other treatment factors 

were not significant for PCR at either evaluation timing (Table 1).  However, the interaction 

of planting date and cultivar was significant at both timings (Table 1).  The interaction of 

planting date by tillage was the only instance where significance was noted for pod yield 

(Table 1). 

 

In 2009 at Lewiston-Woodville on the Norfolk sandy loam soil, the interaction of tillage and 

planting date was not significant for PCR at either evaluation time (Table 1).  However, the 

main effect of cultivar and the interaction of tillage by cultivar were significant at both 

evaluations (Table 1).  The interaction of planting date by cultivar was significant for PCR in 

mid September but not at digging (Table 1).  Pod yield was affected by the interaction of 

planting date by tillage by cultivar (Table 1).  In 2009 at this location on the Goldsboro sandy 

loam soil, no main effects or interactions were found significant for PCR in mid September 

while the main effect of cultivar was noted for PCR at digging (Table 1).  Main affects of 

both tillage and cultivar were noted for pod yield (Table 1).  At Rocky Mount during 2009, 

the main effect of cultivar was significant for PCR in mid September and at digging and for 

pod yield (Table 1).  Tillage affected PCR in mid September but not at digging (Table 1).   
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In 2008 at Lewiston-Woodville, PCR was higher for the cultivar VA 98R compared with the 

other cultivars in mid September when peanut was planted in early May (Table 2).  PCR for 

the cultivars Perry and Phillips was intermediate between CHAMPS and Gregory (Table 2).  

In contrast, no difference in cultivars was noted for PCR in mid September when peanut was 

planted in late May (Table 2).  When comparing PCR just prior to digging, differences for 

PCR for early planted peanut was identical to those used in the analysis of the mid September 

ratings (Table 2).  However, PCR increased for the late May planting when comparing the 

mid September rating and those in early October (Table 2).  Plant condition ranged from 16 

to 23% for CHAMPS, Phillips, and VA 98R while PCR for Gregory and Perry was 10 and 

13%, respectively (Table 2).  When planted in early May, pod yield did not differ between 

tillage systems (Table 2).  However, pod yield was lower in reduced tillage systems when 

peanut was planted in late May, and when comparing pod yield for the two digging dates no 

difference was noted.  However, higher yield was noted for conventional tillage compared 

with reduced tillage when peanut was planted May 25 compared with May 2 (Table 3). 

 

In 2009 at Lewiston-Woodville, PCR was higher for Phillips in reduced tillage compared 

with other cultivars at the mid September rating (Table 4).  In conventional tillage 

differences were noted among cultivars with Bailey and Perry expressing less disease (Table 

4).  When evaluations were compared at digging, Phillips expressed the greatest amount of 

disease while disease for all other cultivars ranged from 0 to 8% in reduced tillage (Table 4).  

In conventional tillage, PCR was similar for the cultivars CHAMPS, Gregory, Phillips, and 

VA 98R at digging (Table 4).  When comparing PCR of cultivars at the two planting dates, 
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Phillips also expressed the highest disease incidence while CHAMPS expressed 20% and all 

other cultivars expressed PCR at 13% or less (Table 4).  For the late May planting, disease 

was 20% for Phillips and ranged from 0 to 10% for the cultivars CHAMPS, Gregory, Perry, 

Phillips, and VA 98R (Table 4).  Pod yield for this experiment was affected by the interaction 

of planting date, tillage, and cultivar (Table 1).  No clear trends in cultivar response were 

apparent when comparing pod yield within a planting date and tillage combination (Table 5).  

Phillips and VA 98R yielded less than Bailey in reduced tillage when planted May 2 and 

when planted in late May in conventional tillage (Table 5).  With early planted peanut in 

conventional tillage, Bailey yielded more than CHAMPS or Perry while in reduced tillage for 

late planted peanut no difference n yield was noted among cultivars (Table 5).  

 

At Lewiston-Woodville on the Goldsboro sandy loam, disease was highest for CHAMPS 

(15%) and VA 98R (18%) while Bailey, Gregory, and Perry had PCR values of 5 to 6% 

when evaluated at digging (Table 6).  At Rocky Mount, PCR differed among some cultivars 

but was 6% when evaluated in mid September and at digging (Table 6).  PCR at this location 

was also affected by the main effect of tillage with a higher value in reduced tillage (3%) 

compared with conventional tillage (1%) (data not presented in tables).  Additionally, PCR 

was slightly higher at this location when peanut was planted in early May (4%) compared 

with late May (2%) (data not presented in tables). 

 

Pod yield was similar for Bailey and Perry; Phillips and Perry; and CHAMPS, Gregory, and 

VA 98R at Lewiston-Woodville on the Rains sandy loam in 2009 (Table 6).  At Rocky 
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Mount, similar yields were noted for Bailey and Perry; Bailey, CHAMPS, Phillips, and VA 

98R; and CHAMPS, Gregory, Phillips, and VA 98R (Table 6).  At Lewiston-Woodville on 

the Goldsboro sandy loam, pod yield was higher in conventional tillage (5530 kg ha
-1

) 

compared with reduced tillage (5130 kg ha
-1

) when data were pooled over planting dates and 

cultivars (data not presented in tables).   
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DISCUSSION 

Collectively, these data are inconclusive with respect to clearly defining interactions among 

planting date, tillage, and cultivar.  In some instances there was trend for less disease in 

reduced tillage than conventional tillage but this trend was not the same for all cultivars or at 

all location and year combinations.  Pod yield was lower in reduced tillage compared with 

conventional tillage in one experiment and at one planting date in another experiment.  Other 

research has shown inconsistent yield response to of peanut when comparing conventional 

and reduced tillage system (Jordan and Johnson, 2006).  However, in many instances when 

pod yield differs among tillage systems, especially by relatively large amounts, yield is 

generally higher in conventional tillage (Jordan and Johnson, 2006).   No obvious trend was 

noted for planting date.  These results are similar to those by Carley et al. (2008) showing 

that yield of peanut planted in May is generally the same.  Differences in disease expression 

for cultivars generally reflected the inherent resistance of to disease for these cultivars.  

However, disease was not always uniform with respect to CBR and presence of TSWV was 

inconsistent.  Rainfall events and thrips damage are unpredictable and do not follow similar 

trends in consecutive years.  The objective of this research was to better define interactions 

among planting dates, tillage, and cultivars to improve recommendations on management of 

CBR and TSWV in particular.  However, additional research is needed to establish 

predictable trends in response to these factors in order to make effective recommendations 

for growers in the Virginia-Carolina production region. 
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CHAPTER 2 

Peanut Response to Interactions of Planting Date, Tillage, and Cultivar Selection 
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Table 1.  P > F for plant condition rating in mid September and at digging and peanut pod yield in Lewiston-Woodville in 2008 and 2009 and at Rocky Mount in 2009 for 

interactions of planting date, tillage, and cultivar. 

 Plant condition rating (%)   

 September 15  Digging  Pod yield (kg ha-1) 

 Lewiston-Woodville  Rocky Mt.  Lewiston-Woodville  Rocky Mt.  Lewiston-Woodville  Rocky Mt. 

Source 2008 2009G 2009R  2009  2008 2009G 2009R  2009  2008 2009G 2009R  2009 

Date <0.0001 0.1810 0.1119  0.3899  0.8646 0.4837 0.8824  0.0416  0.2855 0.2479 0.0428  0.8454 

Tillage (Till) 0.6819 0.1763 0.1403  0.0108  0.1085 0.4179 0.1689  0.2075  0.3223 0.4292 0.0218  0.0806 

Date*Till 0.7365 0.4950 0.4454  0.2183  0.3830 0.4817 0.8879  0.9867  0.0213 0.2379 0.3210  0.3434 

Cultivar (Cul) 0.0015 <0.0001 0.2153  <0.0001  <0.0001 <0.0001 <0.0001  0.0003  0.5003 0.0550 <0.0001  0.0464 

Till*Cul 0.5879 0.0342 0.9723  0.4544  0.9934 0.0191 0.1214  0.5737  0.3742 0.9355 0.3060  0.3283 

Date*Cul 0.0360 0.0094 0.8354  0.8904  0.0039 0.2349 0.9853  0.9618  0.1130 0.3952 0.2330  0.9734 

Date*Till*Cul 0.9180 0.4275 0.2300  0.8292  0.1235 0.7095 0.2691  0.6911  0.2132 0.0480 0.7619  0.2793 

Coefficient of 

variation (%) 

40.69 63.0 107.2  126.4  25.2 50.6 54.5  92.9  12.8 15.7 12.2  21.3 
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Table 2.  Plant condition rating in mid September and at digging as influenced by the interaction of 

planting date and cultivar at Lewiston-Woodville on a Goldsboro loamy sand soil during 2008.† 

 Plant condition rating 

 Evaluation date 

 September 15  Digging 

 Planting date 

Cultivar May 2 May 25  May 2 May 25 

 
__________________________________________

 % 
__________________________________________

 

CHAMPS 11 cd 6 a  11 c 19 ab 

Gregory 9 d 2 a  9 c 13 bc 

Perry 14 bc 2 a  14 bc 10 c 

Phillips 18 b 2 a  18 b 23 a 

VA 98R 26 a 6 a  26 a 16 abc 

†Means within a planting date for each evaluation period followed by the same letter are not significantly 

different according to Fisher‟s Protected LSD test at p < 0.05.  Data are pooled over tillage systems. 
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Table 3.  Interaction of tillage and planting date on peanut pod yield in 2008 at Lewiston-

Woodville on a Goldsboro loamy sand soil. 

  Peanut pod yield 

  Planting date 

Tillage P > F May 2 May 25 

  
___________________________________

 kg ha
-1

 
______________________________________

 

Conventional * 3700 4410 

Reduced NS 3960 3870 

P > F - NS * 

*indicates a significance difference at p < 0.05 within a planting date when comparing tillage systems 

and within a tillage system when comparing planting dates.  Data are pooled over cultivars.  
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Table 4.  Interactions of cultivar and tillage and planting date and tillage in 2009 on a Goldsboro sandy loam 

soil at Lewiston-Woodville.† 

 Plant condition rating 

 Tillage  Planting date 

 September 15  Digging  Digging 

 Tillage    

Cultivar Reduced Conventional  Reduced Conventional  May 2 May 25 

 
__________________________________________________________

 % 
_____________________________________________________

 

Bailey 0 b 0 c  0 b 0 c  0 c 0 c 

CHAMPS 10 b 18 a  6 b 23 a  20 b 9 ab 

Gregory 1 b 14 ab  2 b 16 ab  10 bc 9 ab 

Perry 6 b 6 bc  8 b 6 bc  9 bc 5 c 

Phillips 26 a 17 ab  35 a 25 a  38 a 20 a 

VA 98R 5 b 22 a  5 b 17 ab  13 b 10 ab 

†Means within a planting date for each evaluation period followed by the same letter are not significantly different 

according to Fisher‟s Protected LSD test at p < 0.05.  Data are pooled over tillage systems. 
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Table 5.  Peanut pod yield as influenced by the interaction of planting date, tillage, and cultivar at 

Lewiston-Woodville during 2009 on a Goldsboro sandy loam soil.† 

 Peanut pod yield 

 Planting date 

 May 2  May 25 

Cultivar Reduced Conventional  Reduced Conventional 

 
__________________________________________

 kg ha
-1

 
__________________________________________

 

Bailey 5430 a 5890 a  4390 a 5090 ab 

CHAMPS 4400 abc 4490 b  4540 a 4070 bc 

Gregory 4720 abc 5420 ab  4110 a 4430 abc 

Phillips 3990 bc 5220 ab  4080 a 3570 c 

Perry 4950 ab 4350 b  4430 a 5570 a 

VA 98R 3760 c 5370 ab  4670 a 3740 c 

†Means within a planting date and tillage system followed by the same letter are not significantly different 

according to Fisher‟s Protected LSD test at p < 0.05. 
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Table 6.  Influence of cultivar on plant condition rating (PCR) and peanut pod yield at Lewiston-

Woodville on a Raines sandy loam soil and Rocky Mount on a Bonneau loamy sand soil during 

2009.† 

 Lewiston-Woodville, 

Goldsboro sandy loam 

 Rocky Mount 

 

Cultivar 

PCR   

Pod Yield 

 PCR  

Pod Yield Digging September 15 Digging 

 % kg ha
-1

  
__________________

 % 
_________________

 kg ha
-1

 

Bailey 1 d 6350 a  0 b 1 c 3610 ab 

CHAMPS 15 ab 4540 d  1 b 2 bc 3350 bc 

Gregory 6 cd 5030 cd  3 ab 5 a 3080 c 

Phillips 9 b 5400 bc  3 ab 4 ab 3210 bc 

Perry 5 cd 5840 ab  0 b 1 a 3890 a 

VA 98R 18 a 4840 d  5 a 6 a 3350 bc 

†Means within a location for each parameter followed by the same letter are not significantly different 

according to Fisher‟s Protected LSD test at p < 0.05.  Data are pooled over planting dates and tillage. 
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Appendix Table 1.  Particle size distribution at Edenton, Lewiston-Woodville, Rocky Hock, and 

Rocky Mount at two depths. 

  Particle size category  

Location Depth Sand Silt Clay Textural 

class‡ 

 cm 
________________________

 % 
_________________________

  

Edenton 0-8 62.8 33.0 4.2 Sandy loam 

Lewiston-

Woodville 

0-8 80.9 15.0 4.1 Loamy sand 

Rocky Hock 0-8 88.3 7.4 4.3 Sand 

Rocky Mount 0-8 54.6 37.3 8.1 Sandy loam 

Edenton 8-16 53.1 39.2 7.7 Sandy loam 

Lewiston-

Woodville 

8-16 79.6 15.9 4.5 Loamy sand 

Rocky Hock 8-16 87.8 7.7 4.5 Sand 

Rocky Mount 8-16 54.0 38.4 7.6 Sandy loam 

†Data are from a composite of three replications. 

‡Brady, N. C.  1984.  The Nature and Properties of soil.  9
th
 edition.  MacMillan Pub. Co., New York.  

750 pages. 
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Table 2. Yields of crops and hay from 2005-2007.  Yield data is averaged over all plots within a location. 

 

 Lewiston-Woodville  Edenton  Rocky Hock  Rocky Mount 

Year 

Corn 

(bu/A) 

Cotton 

(lb 

lint/A) 

Tall 

Fescue 

(lb/A) 

 

 

Corn  

(bu/A) 

Cotton 

(lb 

lint/A) 

Tall 

Fescue 

(lb/A) 

 

 

 

Corn 

(bu/A) 

Cotton 

(lb 

lint/A) 

Tall 

Fescue 

(lb/A) 

 

 

Corn  

(bu/A) 

Cotton 

(lb 

lint/A) 

Tall 

Fescue 

(lb/A) 

2005 94 - -  132 - -  140 - -  123 - - 

2006 - - 1524  139 - 5560  - 773 -  83 - - 

2007 - 402 2118  - 1098 4085  - 709 -  - 760 1531 

Yield data was not recorded for all tall fescue plots each year due to lack of equipment. 

Plots were only planted in corn or cotton each year.



68 
 

Appendix Table 3.  Color peanut canopy in early July as influenced by the interaction of location, cropping system, and tillage. 

 Peanut canopy color 

 Tillage system 

 Conventional  Reduced 

Location Agronomic crops Tall fescue  Agronomic crops Tall fescue 

      

Edenton 35.2 a 32.5 ab  33.8 a 30.0 b 

Lewiston-Woodville 35.7 b 41.6 a  40.1 a 39.8 a 

Rocky Hock 34.2 a 32.8 a  32.6 a 33.8 a 

Rocky Mount 33.0 a 27.3 c  31.0 ab 29.9 bc 

†Means within a location followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p < 0.05. 
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Appendix Table 4.  Percentage of fancy pods and extra large kernels as influenced by the interaction of location and cropping system.   

 Percentage of fancy pods  Percentage of extra large kernels 

 Cropping system†  Tillage‡  Cropping system† 

Location Tall fescue Agronomic crops  Conventional Reduced  Tall fescue Agronomic crops 

 
______________________________________________________________________

 % 
________________________________________________________________

 

Edenton 84 69*  75 79*  38 31* 

Lewiston-Woodville 84 87  84 86  55 56 

Rocky Hock 77 75  74 77  55 54 

Rocky Mount 83 82  86 79*  43 45 

*indicates significance at p < 0.05 within a location. 

†Data are pooled over levels of tillage. 

‡Data are pooled over levels of cropping system. 
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Appendix Table 5.  P > F for corn earworm, fall armyworm, and looper population in the peanut canopy in early August.† 

Source Corn earworm Fall armyworm Looper 

 ________________________________________
 p-value 

________________________________________
 

Location 0.1494 0.1220 0.4985 

Crop 0.8884 0.6452 0.4654 

Location*Crop 0.3152 0.6452 0.0659 

Tillage 0.2959 0.5116 0.0436 

Location*Tillage 0.6942 0.0652 0.3596 

Crop*Tillage 0.1689 0.8252 0.9999 

Location*Crop*Tillage 0.0251 0.5116 0.0232 

Coefficient of variation (%) 90.4 100.3 235.7 

†Data for corn earworm and loopers are from Edenton, Lewiston-Woodville, and Rocky Hock.  Data for fall armyworm are from 

Edenton and Rocky Hock. 
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Appendix Table 6.  Corn earworm and looper population in the peanut canopy as influenced by the interaction of location and cropping 

system.† 

 Corn earworm  Looper 

 Agronomic crops  Tall fescue  Agronomic crops  Tall fescue 

 

Location 

Conventional 

till 

Reduced 

till 

 Conventional 

till 

Reduced till  Conventional 

till 

Reduced 

till 

 Conventional 

till 

Reduced till 

 
_____________________________________________________________________

 No. 4 m
-1

 row 
____________________________________________________________________

 

Edenton 0.5 c 1.5 b  2.3 a 0.8 c  0 b 0.3 ab  0.5 a 0 b 

Lewiston-

Woodville 

1.0 a 0 b  0.3 b 0.3 b  1.0 a 0 b  0 b 0 b 

Rocky Hock 0.8 ab 1.0 a  0.8 ab 0.5 b  0 a 0 a  0.3 a 0 a 

Rocky 

Mount 

0 a 0 a  0.3 a 0 a  0 a 0 a  0 a 0 a 

†Means within a location followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p < 0.05.   
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Appendix Table 7.  P > F for pod scarring and pod penetration in early September as a result of 

southern corn rootworm feeding.  

 Southern corn rootworm 

Source Pod scarring Pod penetration 

 
______________________________

 p-value 

______________________________
 

Location <0.0001 0.0006 

Cropping system 0.3291 0.6867 

Location*Cropping system 0.6561 0.9922 

Tillage 0.0525 0.0005 

Chlorpyrifos 0.0677 0.3952 

Location*Tillage 0.0668 0.0011 

Cropping system *Tillage 0.2640 0.4715 

Tillage * Chlorpyrifos 0.9884 0.6002 

Cropping system * Chlorpyrifos 0.8956 0.3601 

Location * Chlorpyrifos 0.0404 0.6453 

Location * Cropping system * Tillage 0.3199 0.7932 

Location * Tillage * Chlorpyrifos 0.8844 0.7970 

Cropping system * Tillage * Chlorpyrifos 0.3911 0.5555 

Location*Cropping system * Tillage * Chlorpyrifos 0.3578 0.8207 

Coefficient of variation (%) 92.0 188.7 
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Appendix Table 8.  Influence of chlorpyrifos rate and tillage on pod scarring and pod penetration in early September as a result of 

southern corn rootworm feeding. 

 Pod scarring  Pod penetration 

 Chlorpyrifos rate (kg ha
-1

)  Tillage†  Tillage 

 0 2.2  Conventional Reduced  Conventional Reduced 

 
______________________________________________________________________

 % 
_____________________________________________________________________

 

 

Edenton 0.5 1.1  - -  0.2 0.3 

Lewiston-Woodville 3.5 1.5*  - -  0.1 0.4 

Rocky Hock 4.3 3.3  - -  0.1 0.3 

Rocky Mount 0.5 1.4  - -  0.2 1.9* 

         

Pooled - -  1.7 2.5*  - - 

*indicates significance at p < 0.05 within a location.   

†Data are pooled over locations. 
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Appendix Table 9.  P > F for humic acid content (HM), cation exchange capacity (CEC), base saturation (BS), and pH collected from soil 

during August 2008 comparing samples in tall fescue sod with samples removed between crop rows without prior tillage. 

Source HM CEC BS pH 

 
_______________________________________________________

 p-value 
_______________________________________________

 

Location 0.0123 0.0007 <0.0001 0.0003 

Cropping system 0.0426 0.7158 <0.0001 <0.0001 

Location*Crop system 0.2074 0.1820 0.0002 <0.0001 

Coefficient of variation (%) 18.1 2.0 9.4 4.4 
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Appendix Table 10.  P > F for humic matter content (HM), cation exchange capacity (CEC), base saturation (BS), and pH collected 

from soil during August 2008 comparing samples in tall fescue sod, samples removed between crop rows without prior tillage, and 

samples removed from the strip tillage zone. 

Source HM CEC BS pH 

 
__________________________________________________________

 p-value 
________________________________________________________________

 

Location 0.0812 0.0230 0.0373 0.0761 

Cropping system 0.8418 0.5567 0.0003 <0.0001 

Location*Crop system 0.9025 0.8022 0.0367 0.0003 

Coefficient of variation (%) 15.8 11.9 10.1 4.7 
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Appendix Table 11.  Base saturation and pH when comparing samples in tall fescue sod, samples removed between crop rows without prior 

tillage, and samples removed from the strip tillage zone. 

 

Sampling location 

Base Saturation  pH  

Lewiston-Woodville Rocky Mount  Lewiston-Woodville Rocky Mount  

 
_________________________

 % 
_____________________________

    

Tall fescue sod 71 a 75 a  5.4 a 5.4 a  

Agronomic crops, tilled zone 60 b 72 a  4.7 c 5.2 a  

Agronomic crops, non-tilled zone 66 ab 74 a  5.0 b 5.3 a  

†Means within a parameter followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p < 0.05. 

 

  



77 
 

Appendix Table 12.  Base saturation and soil pH as influenced by location and prior cropping history when samples were 

collected in August 2008.  

Location Base saturation  pH 

 Agronomic crops Tall fescue  Agronomic crops Tall fescue 

 
_________________________

 % 
_________________________

   

Edenton 81 79  5.4 5.5 

Lewiston-Woodville 60 71*  4.7 5.4* 

Rocky Hock 72 75*  5.2 5.4* 

Rocky Mount 44 51*  4.6 4.9* 

*indicates significance at p < 0.05 within a location.   
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Appendix Table 13.  P > F for humic acid content (HM), cation exchange capacity (CEC), base saturation (BS), and pH collected from soil 

during August 2009 as influenced by location, cropping system, and tillage system. 

Source HM CEC BS pH 

 
__________________________________________________________

 p-value 
________________________________________________________________

 

Location 0.0150 0.0060 0.0001 0.0567 

Cropping system 0.3440 0.2364 0.0393 0.2044 

Location * Cropping system 0.3122 0.2736 0.0601 0.0472 

Tillage 0.8152 0.0270 <0.0001 <0.0001 

Location * Tillage 0.0566 0.0494 0.0002 0.0214 

Cropping system * Tillage 0.2430 0.7351 0.9171 0.9735 

Location * Cropping system * Tillage 0.1241 0.4908 0.6186 0.7664 

Coefficient of variation (%) 6.8 5.4 3.5 2.1 
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Appendix Table 14.  Cation exchange capacity, base saturation, and pH in peanut in 2009 as influenced by location and tillage. 

 Cation exchange capacity  Base saturation  pH 

Location Conventional 

till 

Reduced till  Conventional 

till 

Reduced till  Conventional 

till 

Reduced till 

 
_____________

 cmol kg
-1

 
_____________

  
_____________

 % 
_____________

   

Edenton 5.16 5.45*  82 84  5.71 5.81 

Lewiston-Woodville 4.90 4.67*  74 77*  5.65 5.91* 

Rocky Hock 6.16 6.44*  78 78  5.58 5.80* 

Rocky Mount 3.98 4.34*  60 71*  5.43 5.81* 

*indicates significance at p < 0.05 within a location when comparing conventional and reduced tillage.  Data are pooled over cropping 

systems. 
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Appendix Table 15.  Influence of the interaction of location and cropping system on pH and the 

main effect of cropping system on base saturation.† 

 pH†  Base saturation‡ 

 Agronomic 

crops 

Tall fescue  Agronomic 

crops 

Tall fescue 

   
_____________________

 % 
_________________

 

Edenton 5.78 5.75  - - 

Lewiston-Woodville 5.98 5.58*  - - 

Rocky Hock 5.63 5.75*  - - 

Rocky Mount 5.63 5.61  - - 

      

Pooled - -  76 74* 

*indicates significance at p < 0.05 within a location for pH or comparing cropping systems pooled 

over locations for base saturation. 

†Data are pooled over levels of tillage. 

‡Data are pooled over levels of tillage and locations. 
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Appendix Table 16.  P > F for bulk density, mass water, and porosity as influenced by previous 

cropping system from samples collected during August 2009.   

Source Bulk density  Porosity 

 
_____________________________________

 p-value 
____________________________________ 

Location 0.0566  0.0566 

Cropping system <0.0001  <0.0001 

Location*Cropping system <0.0001  <0.0001 

Coefficient of variation (%) 3.9  5.3 
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Appendix Table 17.  Bulk density and porosity at two depths as influenced by location, tillage, and cropping system in 2009.† 

 

 Previous cropping 

system 

   Bulk density  Porosity 

Location 2005-2008  Depth  Tilled zone Non-tilled 

zone 

 Tilled zone Non-tilled 

zone 

   cm  
___________

 mg m
-3________

  
__

m
-3

 pore space m
3
 soil

__
 

Edenton Tall fescue  0-8  1.34 c 1.47 b  0.49 a 0.44 b 

Edenton Agronomic crops  0-8  1.30 c 1.49 b  0.51 a 0.44 b 

Edenton Tall fescue  8-16  1.53 a 1.69 a  0.42 b 0.36 c 

Edenton Agronomic crops  8-16  1.52 b 1.67 a  0.43 b 0.37 c 

          

Lewiston-Woodville Tall fescue  0-8  1.47 ef 1.58 cd  0.45 ab 0.41 cd 

Lewiston-Woodville Agronomic crops  0-8  1.43 f 1.51 de  0.46 a 0.43 bc 

Lewiston-Woodville Tall fescue  8-16  1.62 bc 1.76 a  0.39 de 0.34 f 

Lewiston-Woodville Agronomic crops  8-16  1.65 b 1.74 a  0.38 e 0.34 f 
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Appendix Table 17 Continued.  Bulk density and porosity at two depths as influenced by location, tillage, and cropping system in 

2009.† 

Rocky Hock Tall fescue  0-8  1.46 cd 1.56 ab  0.45 ab 0.41 cd 

Rocky Hock Agronomic crops  0-8  1.48 cd 1.52 bc  0.44 ab 0.43 bc 

Rocky Hock Tall fescue  8-16  1.49 cd 1.58 a  0.44 ab 0.40 d 

Rocky Hock Agronomic crops  8-16  1.45 d 1.56 ab  0.45 a 0.41 cd 

          

Rocky Mount Tall fescue  0-8  1.40 e 1.54 bc  0.47 b 0.42 de 

Rocky Mount Agronomic crops  0-8  1.34 f 1.50 cd  0.50 a 0.43 cd 

Rocky Mount Tall fescue  8-16  1.48 d 1.70 a  0.44 c 0.36 f 

Rocky Mount Agronomic crops  8-16  1.42 e 1.58 b  0.46 b 0.40 e 

†Means within a parameter and location followed by the same letter are not significantly different according to Fisher‟s Protected LSD test 

at p < 0.05. 
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Appendix Table 18.  P > F for the volumetric water content and the difference in volumetric 

water content between 0 and 10 kPa, 10 and 33 kPa, and 0 and 33 kPa as influenced by previous 

cropping system from samples collected during August 2009.   

  Actual volumetric water 

content (kPa) 

 Difference in volumetric water 

content (kPa) 

 

 

Source  0 10 33  0-10 10-33 0-33 

  
___________________________________

 p-value 
_______________________________________

  

 Location  <0.0001 <0.0001 0.0015  <0.0001 <0.0001 <0.0001 

Cropping system  <0.0001 <0.0001 <0.0001  <0.0001 <0.0001 <0.0001 

Location*Cropping 

system 

 <0.0001 <0.0487 <0.0001  <0.0001 <0.0001 <0.0001 

Coefficient of 

variation (%) 

 13.4 9.1 6.0  11.9 18.3 9.6 
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Appendix Table 19.  Actual volumetric water content at two depths as influenced by location, tillage, and cropping system in 2009.† 

 Previous 

cropping system 

   P0  P10  P33 

Location 2005-2008  Depth  Tilled 

zone 

Non-tilled 

zone 

 Tilled 

zone 

Non-tilled 

zone 

 Tilled 

zone 

Non-tilled 

zone 

   cm  
___________________________________

m
3
 water m

-3
 soil

_________________________________
 

Edenton Tall fescue  0-8  0.48 a 0.45 b  0.25 c 0.29 ab  0.15 c 0.18 bc 

Edenton Agronomic crops  0-8  0.49 a 0.43 bc  0.25 c 0.30 a  0.16 c 0.21 ab 

Edenton Tall fescue  8-16  0.41 cd 0.38 e  0.26 bc 0.28 ab  0.17 c 0.22 a 

Edenton Agronomic crops  8-16  0.41 d 0.38 e  0.27 abc 0.27 abc  0.17 c 0.20 ab 

             

Lewiston-

Woodville 

Tall fescue  0-8  0.43 a 0.38 bc  0.15 bc 0.17 a  0.11 bc 0.13 a 

Lewiston-

Woodville 

Agronomic crops  0-8  0.44 a 0.40 b  0.15 bc 0.15 b  0.11 bc 0.11 bc 

Lewiston-

Woodville 

Tall fescue  8-16  0.37 bc 0.29 e  0.14 bc 0.15 b  0.10 bc 0.11 bc 
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Appendix Table 19 Continued.  Actual volumetric water content at two depths as influenced by location, tillage, and cropping 

system in 2009.† 

Lewiston-

Woodville 

Agronomic crops  8-16  0.36 c 0.32 d  0.14 bc 0.14 bc  0.09 c 0.10 bc 

             

Rocky Hock Tall fescue  0-8  0.43 ab 0.40 cd  0.10 a 0.12 a  0.08 a 0.09 a 

Rocky Hock Agronomic crops  0-8  0.44 a 0.41 bc  0.11 a 0.11 a  0.08 a 0.08 a 

Rocky Hock Tall fescue  8-16  0.43 ab 0.38 d  0.11 a 0.10 a  0.08 a 0.08 a 

Rocky Hock Agronomic crops  8-16  0.44 a 0.41 bc  0.10 a 0.11 a  0.08 a 0.08 a 

             

Rocky Mount Tall fescue  0-8  0.45 ab 0.41 de  0.22 bc 0.24 a  0.19 a 0.19 a 

Rocky Mount Agronomic crops  0-8  0.47 a 0.39 e  0.21 c 0.23 ab  0.17 b 0.17 b 

Rocky Mount Tall fescue  8-16  0.43 cd 0.35 f  0.22 bc 0.24 a  0.19 a 0.19 a 

Rocky Mount Agronomic crops  8-16  0.44 bc 0.36 f  0.22 bc 0.21 c  0.16 b 0.16 b 

†Means within a parameter and location followed by the same letter are not significantly different according to Fisher‟s Protected LSD test 

at p < 0.05. 
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Appendix Table 20.  Difference in volumetric water content at two depths as influenced by location, tillage, and cropping system in 

2009.† 

 Previous 

cropping system 

   Difference P0 and P10  Difference P10 and P33  Difference P0 and P33 

Location 2005-2008  Depth  Tilled 

zone 

Non-tilled 

zone 

 Tilled 

zone 

Non-tilled 

zone 

 Tilled 

zone 

Non-tilled 

zone 

   cm  
___________________________________

m
3
 water m

-3
 soil

_________________________________
 

Edenton Tall fescue  0-8  0.23 a 0.16 b  0.10 ab 0.11 a  0.33 a 0.26 b 

Edenton Agronomic crops  0-8  0.23 a 0.14 bc  0.10 ab 0.09 b  0..33 a 0.22 c 

Edenton Tall fescue  8-16  0.15 bc 0.10 d  0.10 ab 0.07 c  0.25 bc 0.17 d 

Edenton Agronomic crops  8-16  0.13 c 0.11 d  0.10 ab 0.06 c  0.24 c 0.17 d 

             

Lewiston-

Woodville 

Tall fescue  0-8  0.29 a 0.21 c  0.04 abc 0.05 a  0.33 a 0.26 c 

Lewiston-

Woodville 

Agronomic crops  0-8  0.30 a 0.25 b  0.04 bc 0.04 bc  0.33 a 0.29 b 
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Appendix Table 20 Continued.  Difference in volumetric water content at two depths as influenced by location, tillage, and cropping 

system in 2009.† 

Lewiston-

Woodville 

Tall fescue  8-16  0.22 bc 0.13 e  0.04 abc 0.04 abc  0.27 bc 0.22 d 

Lewiston-

Woodville 

Agronomic crops  8-16  0.23 bc 0.18 d  0.04 abc 0.04 abc  0.27 bc 0.22 d 

             

Rocky Hock Tall fescue  0-8  0.33 a 0.28 c  0.03 ab 0.03 ab  0.36 a 0.31 b 

Rocky Hock Agronomic crops  0-8  0.33 ab 0.28 c  0.03 ab 0.02 b  0.36 a 0.32 b 

Rocky Hock Tall fescue  8-16  0.33 ab 0.28 c  0.03 ab 0.03 ab  0.36 a 0.30 b 

Rocky Hock Agronomic crops  8-16  0.34 a 0.30 bc  0.03 ab 0.03 ab  0.36 a 0.33 b 

             

Rocky Mount Tall fescue  0-8  0.23 b 0.17 c  0.06 a 0.05 b  0.28 b 0.22 cd 

Rocky Mount Agronomic crops  0-8  0.25 a 0.16 c  0.06 a 0.06 a  0.32 a 0.23 c 

Rocky Mount Tall fescue  8-16  0.21 b 0.11 d  0.05 b 0.05 b  0.26 b 0.16 f 

Rocky Mount Agronomic crops  8-16  0.22 b 0.15 c  0.06 a 0.05 b  0.28 b 0.20 d 

 


