
ABSTRACT 

FOOTE, ETHAN. Refining Integrated Pest Management Strategies for Peanut Production 

Systems. (Under the direction of Drs. David Jordan and Jeffrey Dunne) 

  

 Developing recommendations for pest management strategies for peanut (Arachis 

hypogaea L.) growers in North Carolina is important for optimizing yield and financial return. 

An integrated approach to pest management using effective cultural practices has shown to 

reduce pesticide inputs while maintaining peanut yield. Research was conducted in North 

Carolina to improve recommendations for integrated pest management strategies for peanut 

growers. 

 Seven research trials associated with pest management practices were conducted to 

define relationships between pest management and peanut production. These trials included; 1) 

determining the impact of crop sequences that included various combinations of corn (Zea mays 

L.), cotton (Gossypium hirsutum L.), peanut, and soybean [Glycine max (L.) Merr.] in continuous 

conventional and strip tillage with and without in-furrow application of the nematicide 

fluopyram on peanut health and yield and plant-parasitic nematodes (PPN), 2) determining the 

influence of continuous use of fluopyram on cotton and peanut yield and PPN over three years 

when previous crop sequences included various combinations of corn, cotton, peanut, and 

soybean,  3) evaluating the performance of a peanut cultivar resistant to peanut root-knot 

nematode (RKN) [Meloidogyne arenaria race 1 (Neal) Chitwood] TifNV-High O/L and 

susceptible cultivar Bailey II when planted into various crop sequences with and without the soil 

fumigant metam sodium, 4) evaluating the performance of peanut cultivars and fungicide 

programs to protect from leaf spot disease {caused by Passalora arachidicola (syn. Cercospora 

arachidicola [Hori]) and Nothopassalora personata (Berk. & M.A. Curtis) U. Braun, C. 



Nakash., Videira & Crous]},  5) defining resistance of the peanut line GP-NC WS 6 to peanut 

RKN compared with the resistant cultivar TifNV-High O/L and the susceptible cultivar Bailey II,  

6) determining the influence of cereal rye (Secale cereal L.) cover crop termination timings on 

pest reaction, peanut yield, and financial return with varying levels of insect, disease, and weed 

management, and 7) determining peanut cultivar and PPN response to sub-surface drip irrigation 

(SSDI). 

 Prior crop sequence affected PPN populations, peanut health, and yield independent of 

other pest management practices. Increasing the number of times peanut and soybean were 

included in the cropping cycle increased populations of PPN and decreased peanut yield. Peanut 

yield was affected by tillage system, yet only minor effects on PPN. Peanut yield on finer-

textured soil was lower in strip tillage compared with conventional tillage regardless of 

fluopyram treatment or rotation sequence; yield was similar on a coarse-textured soil. Fluopyram 

decreased populations of PPN in soil in a limited number of cases. Crop sequence, peanut 

variety, and metam sodium impacted peanut yield and PPN populations in soil independently. 

The peanut line GP-NC WS 6 reduced infection and growth of peanut RKN comparable to 

TifNV-High O/L.  

 Incidence of leaf spot disease, canopy defoliation caused by this disease, and peanut yield 

were affected by cultivar selection and fungicide program. The cultivars Bailey II and Sullivan 

expressed less disease than the cultivar Emery. Peanut yield was lower when cereal rye cover 

crop was terminated in May rather than March regardless of management of insects, disease, and 

weeds. Peanut yield and financial return were not affected by management inputs for these pest 

categories, cereal rye termination date did impact pest reaction.  



 SSDI affected days to peak flowering and duration of flowering for seven peanut 

cultivars. SSDI increased yield of the cultivar Bailey II, increased total flowers and flowering 

duration, and resulted in earlier peak flowering compared with non-irrigated peanut. Response 

was cultivar dependent in some cases. SSDI and cultivar selection had no effect on PPN 

populations in soil.  

 The information generated from this research will be used to improve pest management 

recommendations and tools for farmers in the Virginia-Carolina region.  
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Abstract. Crop sequence and tillage can affect yield of peanut (Arachis hypogaea L.) and 

other crops. Research was conducted from 2006 through 2022 to determine response of 

peanut to previous crop sequences including corn (Zea mays L.) and cotton (Gossypium 

hirsutum L.) planted in continuous conventional tillage (e.g., disking, field cultivating, and 

bedding with in-row subsoiling) or strip tillage (e.g., tilling a 45-cm section on rows spaced 

91-cm apart using fluted coulters, rolling baskets, and in-row sub-soiling). In 2013, 2019, 

and 2022, the entire test area was planted in peanut. In 2019 and 2022, peanut was planted 

without or with fluopyram applied in the seed furrow at planting. Decreasing the number of 

years between peanut planting resulted in lower peanut yields compared with fewer years of 

peanut in the rotation sequence. Continuous conventional tillage and strip tillage resulted in 

similar peanut yields at one location while yield was lower at a second location when peanut 

was planted in continuous strip tillage. Fluopyram did not affect peanut yield regardless of 

previous crop rotation sequence, the number of years separating peanut plantings, or tillage 

system. However, minor differences in populations of plant parasitic nematodes in soil were 

noted when comparing fluopyram treatment. Results from these experiments indicate that 

while fluopyram can reduce populations of some plant parasitic nematodes in soil, the 

magnitude of reduction does not translate into increases in peanut yield.  

Keywords: conventional tillage; integrated pest management; nematicide, strip tillage.  
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1. Introduction 

Crop rotation is an important component of integrated pest management and 

maintenance of yield for many crops including peanut [1,2]. Sequence of crops in a rotation 

can affect disease incidence and populations of plant-parasitic nematodes in soil [3-8]. 

Increasing the number of crops other than peanut between peanut plantings often reduces the 

negative impact of diseases and plant-parasitic nematodes on peanut yield [7,8]. Peanut and 

other leguminous crops contribute to soil fertility for succeeding crops including corn and 

cotton [9-13]. 

Conservation tillage contributes positively to cropping systems through protection of 

soil from erosion, aggregate formation in soil that minimizes crusting, increasing water 

holding capacity, contributions to weed management, increased crop yield, and lower input 

costs [14-31]. In North Carolina, conservation tillage peanut increased from 10% of peanut 

acreage in 1998 to 23% and 41% in 2004 and 2009, respectively [32]. However, 

conservation tillage peanut decreased to 20% in 2014 but increased to 30% in 2019 [32]. 

Concern over efficient digging and vine inversion and pod loss exists when peanut is grown 

on fine-textured soils in conservation tillage compared with peanut grown on coarser-

textured soils [32-33].  

Interactions of crop sequence and tillage system have been reported in the peer-

reviewed literature for several agronomic crops [24-40]. However, research comparing 

peanut response to interactions of tillage system and cropping sequence is limited. The 

majority of research with peanut has focused on response to tillage at multiple locations or 

over several years but generally for a single season without information on the residual 

effects of tillage on succeeding crops [41-44]. Grichar [45] evaluated peanut response to 
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tillage over a 10-year period, but in continuous peanut. In one experiment in North Carolina, 

the impact of corn and grain sorghum [Sorghum halepense (L.) Moench.] on peanut yield 

the following year included a comparison of conservation tillage versus planting into stale 

seedbeds prepared the previous fall prior to planting peanut in spring [49]. In one of 2 years, 

peanut yield was lower following grain sorghum in conservation tillage compared with stale 

seedbeds while yield of peanut following corn was similar regardless of tillage system. 

Jordan et al. [35] reported that interactions of cropping sequence and tillage system were not 

observed in experiments established in 1999 or 2000 through 2006 when conservation 

tillage in the form of strip tillage was compared with conventional tillage including disking 

and bedding in the same plots over this period of time. In those experiments, yield of corn, 

cotton, and peanut were affected in some years by cropping sequence and tillage, but 

response was independent of these variables. 

In North Carolina, the predominant parasitic nematodes that affect peanut are 

northern root-knot (Meloidogyne hapla Chitwood), peanut root-knot (M. arenaria race 1 

Neal), sting (Belonolaimus longicaudatus Rau), lesion (Pratylenchus brachyurus Filipjev & 

Schuurmans-Stekhoven) and ring (Mesocriconema ornatum Raski) nematodes [32]. Current 

management practices include rotation to a non-suitable host, detection or diagnosis of 

nematode damage and species, and chemical control [32]. In Alabama and Florida, 

application of fluopyram has been shown to increase peanut yield and decrease root galling 

in the presence of plant-parasitic nematodes compared to non-treated peanut [46-48]. 

Information on nematode suppression in peanut with fluopyram is limited in North Carolina.  

The experiments initiated by Jordan et al. [35] have been maintained since 2006 with 

peanut planted following all previous cropping sequences and tillage systems in 2013 and 
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with modifications to the rotation in sequence through 2022. The objective of this research is 

to compare peanut yield, visual estimates of canopy health, and populations of plant 

parasitic nematodes in soil when fluopyram was applied in the seed furrow at planting after 

cropping sequences that included corn and cotton at various intervals relative to peanut in 

continuous conventional and strip tillage systems. 

2. Materials and Methods 

The experiment was conducted in North Carolina at the Peanut Belt Research Station 

located near Lewiston-Woodville (36.07N, -77.11W) on a Norfolk loamy sand soil (fine-

loamy, kaolinitic, thermic typic Kandiudults) and at the Upper Coastal Plain Research 

Station near Rocky Mount on a mix of a Norfolk loamy sand soil (fine-loamy, siliceous, 

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

siliceous, subactive, thermic Aquic Paleudults). Crop sequences and tillage systems from 

1999 (Lewiston-Woodville) and 2000 (Rocky Mount) through 2022 at both locations are 

presented in Tables 1 and 2. The peanut cultivar NC 12C [49] was planted in 2006 at 

Lewiston-Woodville while the cultivar VA 98R [50] was planted at Rocky Mount during 

2006. The cultivar Bailey [51] was planted at both locations in 2013, while the cultivar 

Bailey II [52] was planted at both locations in 2019 and 2022. The cultivars Bailey and 

Bailey II express resistance to several economically important diseases [51-52]. However, 

these peanut cultivars, including NC 12C and VA 98R, do not express resistance to root-knot 

nematodes [49-50]. Plot size was 12 rows wide (91-cm spacing) by 15 m at Lewiston-

Woodville and 8 rows (91-cm spacing) by 25 m at Rocky Mount. 

Continuous conventional tillage and reduced tillage system were compared within 

each crop sequence with the same tillage system maintained in the same plot area each year. 
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Disking twice, field cultivating once, and sub-soiling and bedding were included in the 

conventional-tillage system. In the reduced tillage system, a 45-cm wide band on 91-cm 

rows was prepared prior to planting using a strip tillage implement consisting of two sets of 

coulters and basket attachments followed by in-row sub-soiling (KMC Manufacturing Corp., 

Tifton, GA). Depth of sub-soiling was 25 to 30 cm with crops planted within one week 

following reduced tillage. Existing winter vegetation and emerged summer weeds were 

controlled using sequential applications of glyphosate at 2 to 3 weeks prior to planting and 

glyphosate or paraquat applied prior to crop emergence after planting so that seedbeds were 

weed free at the time of crop emergence. 

Production and pest management practices other than tillage for each crop were 

implemented to optimize yield of each crop and were administered uniformly across all 

cropping sequences and tillage systems based on Cooperative Extension Service 

recommendations for the region [32]. Fungicides were applied bi-weekly to suppress late 

leaf spot disease [caused by Nothopassalora personata (Berk. & M.A. Curtis) U. Braun, C. 

Nakash., Videira & Crous] and southern stem rot (caused by Athelia rolfsii Sacc.) Although 

Sclerotinia blight (caused by Sclerotinia minor Jagger) is present at these locations, this 

disease was not present in fields where the experiment was conducted. 

In 2019 and 2022, four rows of each plot (e.g., combination of crop rotation 

sequence and tillage system) were planted with imidacloprid (Admire Pro, Bayer 

CropScience) at 0.43 kg ai/ha or with imidacloprid plus fluopyram (Velum, Bayer 

CropScience) at 0.25 kg ai/ha in the seed furrow at planting. This third treatment factor 

completed a balance of 4 (crop rotation sequence) × 2 (tillage system) × 2 (fluopyram) 
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factorial arrangement of treatments. Pesticides were applied in 30 L/ha aqueous solution 

immediately after seed drop but prior to slit closure.  

Visual estimates of plant health were recorded within one week prior to digging pods 

and inverting vines using an ordinal scale of 0 to 5 where 0 = yellow peanut canopy and 5 = 

deep green peanut canopy. Peanut pods were dug and vines inverted in late September based 

on pod mesocarp color [53]. Populations of plant-parasitic nematodes in soil were 

determined in peanut during 2013, 2019, and 2022 by removing 10 soil cores from each plot 

at a depth of 1 to 10 cm within two weeks prior to digging and vine inversion. A 500 cm3 

sub-sample of soil from each plot was submitted to the North Carolina Department of 

Agriculture and Consumer Services Nematology division (Raleigh, NC) for nematode 

extraction, identification, and quantification using standard procedures [54-55]. Plant-

parasitic nematodes present in 2013, 2019, and 2022 are listed in Supplemental Table 1. 

The experimental design in 2013 was a randomized complete block with 

combinations of crop sequence and tillage system replicated 4 times. In 2019 and 2022, the 

experimental design was a split plot design with each combination of crop sequence and 

tillage system serving as whole plot units and fluopyram treatment serving as sub-plot 

treatments. Each combination of crop sequence, tillage system, and fluopyram treatment 

were replicated four times. Data for crop yield, plant condition rating in 2019 and 2022, and 

populations of plant parasitic nematodes in soil at each location were subjected to ANOVA 

using the GLIMMIX procedure in SAS (SAS Institute, Cary, NC) by year considering the 

factorial arrangement of treatments. Combinations of crop sequence, tillage system, and 

fluopyram treatment were considered fixed effects. Replication was considered a random 

effect. Data for each plant-parasitic nematode taxon were transformed to the natural log of 
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nematode population for each species prior to analysis. For experimental units without a 

measurable population for a nematode species, the value was changed from 0 to 1 prior to 

statistical analysis.  Fisher’s Protected LSD Test at p < 0.05 was used to separate means for 

significant main effects and interactions.   
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Table 1. Crop sequences from 1999-2022 for both conventional and strip tillage at 

Lewiston-Woodville, North Carolina.a 

Year Crop rotation sequence 

1999 Cotton Corn Cotton Cotton 

2000 Peanut Peanut Cotton Cotton 

2001 Cotton Corn Cotton Corn 

2002 Peanut Peanut Peanut Peanut 

2003 Cotton Corn Cotton Cotton 

2004 Peanut Peanut Cotton Cotton 

2005 Cotton Corn Cotton Corn 

2006 Peanut Peanut Peanut Peanut 

2007 Cotton Cotton Cotton Cotton 

2008 Cotton Cotton Cotton Cotton 

2009 Corn Corn Corn Corn 

2010 Peanut Peanut Cotton Cotton 

2011 Corn Corn Corn Corn 

2012 Cotton Cotton Cotton Cotton 

2013 Peanut Peanut Peanut Peanut 

2014 Cotton Corn Cotton Corn 

2015 Cotton Corn Cotton Corn 

2016 Peanut Peanut Cotton Corn 

2017 Cotton Corn Cotton Corn 

2018 Cotton Corn Cotton Corn 

2019 Peanut Peanut Peanut Peanut 

2020 Corn Corn Corn Corn 

2021 Corn Corn Corn Corn 

2022 Peanut Peanut Peanut Peanut 

aConventional tillage consisted of two passes with a disk harrow, one pass with a field 

cultivator, and bedding with in-row sub-soiling at a depth of 25 cm. Strip tillage 

consisted of fluted coulters, two rolling baskets, and in-row sub-soiling on a 45-cm 

band on 91-cm rows. 
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Table 2. Crop sequences from 2000-2022 for both conventional and strip tillage at 

Rocky Mount, North Carolina.a 

Year Crop rotation sequence 

2000 Cotton Peanut 

2001 Cotton Cotton 

2002 Peanut Peanut 

2003 Cotton Cotton 

2004 Peanut Peanut 

2005 Cotton Cotton 

2006 Peanut Peanut 

2007 Cotton Cotton 

2008 Cotton Cotton 

2009 Corn Corn 

2010 Cotton Peanut 

2011 Corn Corn 

2012 Cotton Cotton 

2013 Peanut Peanut 

2014 Corn Corn 

2015 Cotton Cotton 

2016 Cotton Peanut 

2017 Corn Corn 

2018 Cotton Cotton 

2019 Peanut Peanut 

2020 Corn Corn 

2021 Corn Corn 

2022 Peanut Peanut 

aConventional tillage consisted of two passes with a disk harrow, one pass with a field 

cultivator, and bedding with in-row sub-soiling at a depth of 25 cm. Strip tillage 

consisted of fluted coulters, two rolling baskets, and in-row sub-soiling on a 45-cm 

band on 91-cm rows. 
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3. Results and Discussion 

3.1. Peanut Yield and Plant-Parasitic Nematode Population in Soil in 2013 

The interaction of crop sequence × tillage system was not significant for peanut yield in 

2013 at either location (Supplemental Tables 2 and 3). However, the main effect of tillage 

system was significant at both locations. When pooled over rotation sequence, peanut yield 

was lower in strip tillage compared to conventional tillage at both locations (Table 3). 

Results for Rocky Mount in 2013 were consistent with previous findings that peanut yield in 

reduced tillage can be lower than yield in conventional tillage systems on fine-textured soils 

[35]. Lower peanut yield can also occur on coarse-textured soils in reduced tillage compared 

with conventional tillage [35]. However, the likelihood of peanut yield being similar in 

reduced tillage and conventional tillage is greater when peanut is grown on coarser-textured 

soil [35]. Population of stunt nematode was greater in strip tillage compared with 

conventional tillage at Rocky Mount (Table 3). However, it is unlikely this population of 

nematodes in soil was the primary reason for the lower yield in strip tillage compared with 

conventional tillage. It is postulated that digging peanut in reduced tillage on finer-textured 

soils where soils are relatively flat compared with conventional tillage on these soils with 

raised seedbeds results from greater pod loss at digging [35]. 
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Table 3. Influence of tillage system on peanut yield at Lewiston-Woodville and Rocky Mount 

and population of stunt nematode at harvest at Rocky Mount in 2013.  

 Peanut yield  

Tillage system (2007-

2013)a 

Lewiston-

Woodville 

Rocky Mount Stunt nematode population  

 _______________ kg/ha ________________ No./500 cm3 

Conventional tillage 6,250 6,070 11 

Strip tillage 5,620 4,920 55 

P > F * * * 

* Indicates significance at p < 0.05. Data are pooled over levels of crop rotation sequence.  

aConventional tillage consisted of two passes with a disk harrow, one pass with a field 

cultivator, and bedding with in-row sub-soiling at a depth of 25 cm. Strip tillage consisted of 

fluted coulters, two rolling baskets, and in-row sub-soiling on a 45-cm band on 91-cm rows.  

 

Peanut yield at Lewiston-Woodville in 2013 was lower when peanut was planted in 

two of seven years compared with yield when peanut followed six years of cotton and corn 

(Table 4). Lower yield with the additional year of peanut in the crop sequence may have 

been a result of injury from root-knot nematode. A significantly higher population of root-

knot nematode was observed when the rotation had one more year of peanut (Table 4). Lack 

of a response to crop sequence at Rocky Mount may have been a result of overall lower 

populations of dagger and ring nematodes (Table 5). Additionally, dagger nematode 

population in soil was higher when peanut was only planted in 2013. This result is 

unexpected because corn is a host of dagger nematode, while cotton and peanut are not and 

each rotation sequence had the same number of years of corn [35, 54]. In contrast, the 

population of ring nematode was lower when peanut was planted in one year compared to 

two years. This is expected given peanut is a host for ring nematode [35]. 
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Table 4. Influence of rotation sequence on peanut yield and population of root-knot nematode 

at harvest at Lewiston-Woodville in 2013.  

Rotation sequence (2007-2013)a   

2007 2008 2009 2010 2011 2012 2013 Peanut 

yield  

Root-knot 

nematode 

population 

       kg/ha No./500 cm3 

CT CT CT PN CN CT PN 5,430 1,766 

CT CT CT CT CN CT PN 6,440 10 

P > F       * * 

*Indicates significance at p < 0.05. NS indicates not significant. Data are pooled over levels of 

tillage system. 

aAbbreviations: CN, corn; CT, cotton; PN, peanut. 

 

Table 5. Influence of rotation sequence on population of dagger and ring nematodes at harvest 

at Rocky Mount in 2013.  

Rotation sequence (2007-2013)a Plant-parasitic nematode 

population 

2007 2008 2009 2010 2011 2012 2013 Dagger Ring 

        ______ No./ 500 cm3 __________ 

CT CT CT PN CN CT PN 3 b 65 a 

CT CT CT CT CN CT PN 12 a 11 b 

*Means within a column followed by the same letter are not significant at α = 0.05.  

bAbbreviations: CN, corn; CT, cotton; PN, peanut. 
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3.2. Peanut Yield and Plant-Parasitic Nematode Population in Soil in 2019 and 2022. 

The interaction of tillage system, length of rotation relative to peanut, previous crop, 

and nematicide was not significant for peanut yield at either location during either year 

(Supplemental Tables 3 and 4). Two-way and three-way interactions also were not 

significant for peanut yield. Rotation length was significant for peanut yield at Lewiston-

Woodville in 2019 and 2022. No other main effects were significant for yield. In 2019, 

peanut yield was greater when cotton or corn were the only crops in the rotation between 

peanut in 2013 and 2019 (Table 6). This difference in peanut yield due to crop sequence was 

also noted in 2022 after two years of corn was planted in all plots during 2020 and 2021.  

 

 

Plant condition, a reflection of plant health, was affected by the interaction of 

rotation length, previous crop, and tillage system in 2019 at Lewiston-Woodville. When 

pooled over nematicide treatments, plant condition rating was higher when peanut was strip 

Table 6. Influence of rotation on peanut yield in 2019 and 2022 at Lewiston-Woodville.a 

Rotation sequence (2013-2018)b Peanut yield 

2013 2014 2015 2016 2017 2018 2019 2022 

      ____ kg/ha ____ 

PN 

 

CN or CT CN or CT PN CN or CT CN or CT 5,600 b 3,840 b 

PN CN or CT CN or CT CN or CT CN or CT CN or CT 6,240 a 4,400 a 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data 

are pooled over levels of previous crop in the rotation, tillage system, and nematicide 

treatment. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut. 
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tilled compared with conventional tillage when fewer years of cotton separated peanut 

plantings (Table 7). No difference in plant condition was noted between conventional and 

strip tillage systems for the other combinations of rotation length and previous crop. In 2022 

at this location, plant condition was rated higher when peanut was strip tilled (4.2 on a scale 

of 0-5) compared with conventional tillage (3.9) (data not shown).  

 

Table 7. Plant condition rating as influenced by the interaction of crop rotation length relative 

to peanut, cotton or corn as the previous crop, and tillage system at Lewiston-Woodville in 

2019.a 

Rotation sequence (2013-2018)b    

2013 2014 2015 2016 2017 2018  Tillage systemc  Plant conditiond 

        Scale 0-5 

PN CT CT PN CT CT  Conventional 4.2 b 

PN CT CT PN CT CT  Strip  4.5 a 

PN CN CN PN CN CN  Conventional 4.2 b 

PN CN CN PN CN CN  Strip 4.2 b 

PN CT CT CT CT CT  Conventional 4.6 a 

PN CT CT CT CT CT  Strip 4.4 ab 

PN CN CN CN CN CN  Conventional 4.4 ab 

PN CN CN CN CN CN  Strip 4.6 a 

aMeans followed by the same letter are not significant at p < 0.05.  

bAbbreviations: CN, corn; CT, cotton; PN, peanut. 

cConventional tillage consisted of two passes with a disk harrow, one pass with a field 

cultivator, and bedding with in-row sub-soiling at a depth of 25 cm. Strip tillage consisted of 

fluted coulters, two rolling baskets, and in-row sub-soiling on a 45-cm band on 91-cm rows. 

dOrdinal scale of 0 to 5 where 0 = yellow peanut canopy and 5 = deep green peanut canopy. 
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At Rocky Mount, peanut yield was affected by the main effect of tillage system 

during both years but not crop sequence. When pooled over crop sequence and nematicide 

treatment, peanut yield was 810 kg/ha and 770 kg/ha higher in 2019 and 2022, respectively, 

when peanut was planted in conventional tillage compared with strip tillage (data not 

shown). In 2019, plant condition was lower when peanut was planted into the strip tillage 

system compared with conventional tillage when peanut was planted in fewer years (data not 

shown). No difference in plant condition was noted between tillage systems when peanut 

was planted one more year in the crop sequence. Additionally, plant condition did not differ 

when comparing rotation length relative to peanut within a tillage system. 

 

Table 8. Influence of rotation sequence and tillage system on plant condition at Rocky 

Mount in 2019.a 

  

Rotation sequence (2013-2018)b Plant condition  

2013 2014 2015 2016 2017 2018 Conventional tillage  Strip tillage 

      ________________ Scale 0-5 ______________ 

PN CN CT PN CN CT 4.5 ab 4.3 bc 

PN CN CN CT CN CT 4.6 a 4.2 c 

aMeans followed by the same letter are not significant at p < 0.05. Data for plant condition 

rating are pooled over nematicide treatments. 

 bAbbreviations: CN, corn; CT, cotton; PN, peanut. 

 

Population of dagger nematode was 5 individuals/500 cm3 when comparing response 

to crop rotation length and previous crop at Lewiston-Woodville in 2019 (Table 9). While 

differences in population of this nematode was noted when comparing rotations, these 

differences are likely not biologically significant. The highest population of lesion nematode 
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in soil was noted when peanut was planted for fewer years and when corn was the previous 

rotation crop (Table 9).  

 

Table 9. Population of dagger and lesion nematode in soil at harvest of peanut as affected by 

the interaction of crop rotation length relative to peanut and cotton or corn as the previous 

crop at Lewiston-Woodville in 2019.a 

   Population of plant-parasitic 

nematodes in soil 

Rotation sequence (2013-2018)b   Dagger Lesion 

2013 2014 2015 2016 2017 2018   ____________ No./500 cm3 ____________ 

PN CN CN PN CN CV   5 a 101 a 

PN CT CT PN CT CT   0 b 23 b 

PN CN CN CN CN CN   2 ab 11 b 

PN CT CT CT CT CT   0 b 21 b 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are 

pooled over levels of tillage system and nematicide treatment. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut.  

 

The interaction of rotation sequence, strip tillage, and nematicide was significant for 

spiral nematode populations in soil (Table 10). Although spiral nematode populations were 

relatively low, the interaction was caused primarily by differences in population when 

fluopyram was applied due to tillage system when peanut was planted in the shorter rotation 

relative to peanut. In the longer rotation, no difference in spiral population in soil was noted 

when comparing combinations of rotation, tillage, and fluopyram. The cause of the change 

in response to fluopyram as a result of tillage in the shorter rotation is not known. Lack of 

difference in fluopyram treatment in the longer rotation was expected because fewer years of 
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peanut would likely result in lower populations of this nematode in soil and a greater chance 

no response to fluopyram would be observed.  

Though corn, cotton, and peanut are non-hosts for soybean cyst nematode [55], 

relatively low populations were found in the soil. Differences in soybean cyst nematode 

populations due to tillage system in 2019 and 2022 were observed at Lewiston-Woodville 

(data not shown). When pooled over levels of other treatment factors, the population of this 

nematode was lower in conventional tillage in 2019 but higher in this tillage system in 2022. 

The apparent change in response for the two years could not be explained. Rotation 

sequence and fluopyram did not affect soybean cyst nematode population in 2019 but did 

affect this nematode in 2022 (data not shown). The rotation sequence with fewer years of 

peanut had lower populations of soybean cyst nematode than the short rotation relative to 

peanut. This is unexpected because corn and cotton are non-hosts of soybean cyst nematode.  
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Table 10. Population of spiral nematode at harvest of peanut as affected by the interaction of 

crop rotation length relative to peanut, tillage system, and nematicide treatment at Lewiston-

Woodville in 2019.a 

   Spiral nematode 

population 

Rotation sequence (2013-2018)b   Nematicide treatmentd 

2013 2014 2015 2016 2017 2018 Tillage 

systemc  

No 

fluopyram 

Fluopyram 

       _______ No./500 cm3 _______ 

PN CN or 

CT 

CN or 

CT 

PN CN or 

CT 

CN or 

CT 

Conventional 0 b 16 a 

PN CN or 

CT 

CN or 

CT 

PN CN or 

CT 

CN or 

CT 

Strip  16 a 0 b 

PN CN or 

CT 

CN or 

CT 

CN or 

CT 

CN or 

CT 

CN or 

CT 

Conventional 11 ab 6 ab 

PN CN or 

CT 

CN or 

CT 

CN or 

CT 

CN or 

CT 

CN or 

CT 

Strip 0 b 0 b 

aMeans followed by the same letter are not significant at p < 0.05. Data are pooled over levels 

of previous crop.  

bAbbreviations: CN, corn; CT, cotton, PN, peanut. 

cConventional tillage consisted of two passes with a disk harrow, one pass with a field 

cultivator, and bedding with in-row sub-soiling at a depth of 25 cm. Strip tillage consisted of 

fluted coulters, two rolling baskets, and in-row sub-soiling on a 45-cm band on 91-cm rows. 

dFluopyram applied at 0.25 kg/ha in the seed furrow at planting. 

 

In 2019 at Lewiston-Woodville, population of root-knot nematode in soil was 

affected by the main effect of rotation. When pooled over previous crop, tillage system, and 

fluopyram treatment, population of this nematode in soil was higher when peanut was 
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planted in three years from 2013-2019 1,091 nematodes/cm3 compared with planting only in 

2013 and 2019 (29 nematodes/500 cm3) (data not shown).This response was expected 

because peanut is an effective host for this nematode [58]. Jordan et al. [357] reported higher 

populations of root-knot nematode at these locations when peanut was present in the rotation 

more frequently compared with corn or cotton. 

Stunt nematode population was affected by the interaction of rotation sequence and 

tillage system. When pooled over previous crop and fluopyram treatment, no difference in 

population was observed based on rotation when peanut was planted in conventional tillage 

(30 to 40 nematodes/500 cm3, data not shown). However, in strip tillage with the longer 

rotation relative to peanut, a higher population of this nematode was observed in the longer 

rotation in conventional tillage (65 vs. 40 nematodes/cm3, data not shown) or when 

comparing the long rotation with the shorter rotation within the strip tillage system (65 vs. 

26 nematodes/500 cm3, data not shown). Cotton is not a host of stunt nematode [57], 

however corn is [59]. This could explain the higher populations of this nematode in the 

longer rotation.  

In 2022 at Lewiston-Woodville, root-knot nematode population was affected by the 

interaction of rotation length relative to peanut, previous crop in the rotation, tillage system, 

and fluopyram treatment (Table 11). No difference in nematode population was observed in 

the shorter rotation relative to peanut in absence of fluopyram regardless of previous crop in 

the rotation or tillage system (Table 11). In the longer rotation without fluopyram, a higher 

population of root-knot nematode was observed when cotton was the previous crop in the 

rotation in conventional tillage compared with corn in strip tillage. When fluopyram was 

applied, fewer differences in population were observed as a result of rotation, previous crop, 
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and tillage system. When comparing fluopyram treatments based on combinations of 

rotation, previous crop, and tillage system, fluopyram lowered nematode population when 

the rotation sequence was short relative to peanut when corn was the previous crop in 

continuous conventional tillage or when cotton was the previous crop in continuous strip 

tillage. It is important to note that these differences were observed when the population of 

nematodes were considerably higher in the no-fluopyram control compared with populations 

in absence of fluopyram for other rotation, previous crop, and tillage system combinations. 
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Table 11. Population of root-knot nematode at harvest of peanut as affected by the interaction 

of crop rotation length relative to peanut, cotton, or corn as the previous crop, tillage system, 

or nematicide treatment at Lewiston-Woodville in 2022.a 

   Root-knot nematode  

Rotation length and crop sequence (2013-2018)b  Nematicide treatmentd 

2013 2014 2015 2016 2017 2018 Tillage systemc  No 

fluopyram 

Fluopyram 

       ________ No./500 cm3 _________ 

PN CT CT PN CT CT Conventional 788 ab 1,075 ab 

PN CN CN PN CN CN Conventional  4,120 a 83 bc 

PN CT CT PN CT CT Strip 3,285 a 565 bc 

PN CN CN PN CN CN Strip 2,023 a 1,748 ab 

PN CT CT CT CT CT Conventional 823 ab 16 c 

PN CN CN CN CN CN Conventional  406 bc 18 c 

PN CT CT CT CT CT Strip 28 bc 11 c 

PN CN CN CN CN CN Strip 3 c 15 c 

aMeans followed by the same letter are not significant at p < 0.05.  

bAbbreviations: CN, corn; CT, cotton; PN, peanut. 

cConventional tillage consisted of two passes with a disk harrow, one pass with a field 

cultivator, and bedding with in-row sub-soiling at a depth of 25 cm. Strip tillage consisted of 

fluted coulters, two rolling baskets, and in-row sub-soiling on a 45-cm band on 91-cm rows. 

dFluopyram applied at 0.25 kg/ha in the seed furrow at planting. 

 

Populations of soybean cyst nematode were lower when cotton was in the rotation 

rather than corn in 2019 (11 vs. 5 nematodes/500 cm3, data not shown) and 2020 (9 vs. 2 

nematodes/500 cm3, data not shown) at Lewiston-Woodville (Table 21). Similarly, in 2019 at 

this location, spiral and stunt nematode populations in soil were lower when cotton was 
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planted compared with corn (11 vs. 2 nematodes/500 cm3 and 57 vs. 24 nematodes/500 cm3, 

respectively, data not shown). This probably due to the fact that cotton is not a host of stunt 

or spiral nematodes [57]. 

At Rocky Mount in 2019, population of dagger nematode in soil was affected by the 

interaction of crop rotation and fluopyram treatment. When pooled over tillage systems, 

population of this nematode was highest with the longer rotation when fluopyram was 

applied (11 nematodes/500 cm3, data not shown) compared with this rotation sequence in 

absence of fluopyram 1 nematodes/500 cm3, data not shown) or when one more year of 

peanut was included in the rotation irrespective of fluopyram treatment (2 nematodes/500 

cm3, data not shown). These results could not be easily explained as a lower population of 

nematode in soil would be expected due to fluopyram treatment. A higher population of ring 

nematode was noted when fewer years of peanut were present in the rotation (4,723 vs. 

2,575 nematodes/500 cm3, data not shown). Similarly, a greater number of soybean cyst 

nematodes was noted when peanut was included more frequently in the rotation sequence 

(13 vs. 2 nematodes/500 cm3, data not shown). Stubby root nematode population was 

affected by the interaction of tillage system and fluopyram treatment. When pooled over 

crop rotation, population in soil was lower when fluopyram was applied in conventional 

tillage (1 nematodes/500 cm3, data not shown) compared with no treatment of fluopyram (6 

nematodes/500 cm3, data not shown) or with conventional tillage when fluopyram was 

applied (6 nematodes/500 cm3, data not shown) compared to strip tillage when fluopyram 

was applied (2 nematodes/500 cm3, data not shown). Fluopyram did not affect population of 

this nematode in strip tillage. 
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4. Conclusion 

Results from these experiments provide information on response of peanut and plant-

parasitic nematode populations in soil to rotation sequence, previous crop in the rotation, 

tillage system, and fluopyram treatment. While variability in nematode populations were 

observed among different taxa with respect to cultural practices (e.g., length of rotation 

relative to peanut, previous crop in the rotation, and tillage system) and nematicide 

treatment, interactions of these treatment factors did not translate directly into difference in 

peanut yield. These results suggest that fluopyram has limited utility in North Carolina under 

the edaphic and environmental conditions in these studies and populations of nematodes in 

these experiments. The results underscore the value of crop sequence in optimizing peanut 

yield and challenges with adoption of reduced tillage systems for peanut, especially on finer-

textured soils. Peanut yield was lower when grown on finer-textured soils in reduced tillage 

compared with conventional tillage irrespective of cropping sequence or nematicide 

treatment. However, on coarser-textured soil, peanut yield was similar in both tillage 

systems. These results also indicate that peanut yield responded independently to tillage 

system and crop rotation sequence (e.g., lack of an interaction of these treatment factors). 

This suggests that growers can transition to different crop rotation sequences and observe a 

similar response regardless of the tillage system.  Likewise, response to a transition to a 

different system will not be affected by crop rotation sequence. 

Information gained from this research can be utilized in a number of ways. 

Presentation of the information through traditional Cooperative Extension Service platforms 

can be used by farmers and their advisors to optimize pest management and crop yield. The 

information can also be incorporated into decision tools that have been developed to manage 
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risk.. The findings from this research will be incorporated into this risk management tool 

with respect to the impact of cropping sequence, tillage system, and use of fluopyram. Based 

on these results, the potential for nematodes in crops that follow peanut in a rotation can be 

estimated.   
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Abstract: Cropping sequence can have a major impact on diseases, pests, nutrient cycling, 

crop yield, and overall financial return at the farm level for crops that are grown on an 

annual basis. In some cases, implementing an effective rotation sequence can allow growers 

to avoid using nematicides to suppress plant-parasitic nematodes. Two cropping system 

trials were established with ten rotations each in 1997 and have been maintained through 

2022. From 2013 through 2019, rotation sequences were both favorable and unfavorable for 

peanut (Arachis hypogaea L.) plant health. Peanut (2020), cotton (Gossypium hirsutum L.) 

(2021), peanut (2022), and corn (Zea mays L.) (2023) were planted in all plots to determine 

the residual effects of the previous cropping sequence. In 2020, 2021, and 2022, fluopyram 

at 0.25 kg ai/ha was applied in the seed furrow at planting in the same area of each plot to 

determine if the response of nematode populations and crop yield to this nematicide differed 

based on previous crop sequence. Differences in nematode populations in soil and yield of 

peanut (2020 and 2022) and cotton (2021) were observed when comparing crop rotation 

sequence regardless of fluopyram treatment. Increasing the number of years peanut was in 

the rotation or including soybean [Glycine max (L.) Merr.] rather than corn or cotton often 

resulted in higher populations of nematodes and lower peanut yield. While fluopyram 

occasionally reduced nematode populations in soil and root injury from nematode feeding, 

yield of peanut did not differ when comparing non-treated and fluopyram-treated peanut. 

When pooled over crop rotation sequence, peanut yield at Lewiston-Woodville was 5,970 

kg/ha vs. 6,140 kg/ha for these respective treatments.  At this location in 2021 and at Rocky 

Mount in 2019 and 2020, peanut yield for this comparison was 4,710 vs. 4,550, 5,790 kg/ha 

vs. 6,010 kg/ha, and 6,060 kg/ha vs. 6,120 kg/ha, respectively. These data indicate that 

previous crop sequence can influence crop yield more than continuous use of fluopyram. 
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Therefore, fluopyram is not recommended for application in the seed furrow at planting to 

suppress nematodes in cotton or peanut in North Carolina. 

Keywords: fluopyram; integrated pest management; nematode management 

 

1. Introduction 

Planting crops in a rotation sequence that effectively breaks the cycle of diseases and 

pests is an important element of sustainable cropping systems and integrated pest 

management [1,2].  Pathogens and plant-parasitic nematodes can become entrenched when 

crops that are susceptible to these pests are included in the rotation sequence, especially for 

peanut (Arachis hypogaea L.) [3-8].  For example, corn (Zea mays L.) and cotton 

(Gossypium hirsutum L.) are considered favorable crops reducing pathogen and nematode 

populations that can negatively impact peanut health [7,8].  In contrast, soybean [Glycine 

max (L.) Merr.] is a host for several important pathogens and nematodes that negatively 

impact peanut [9,10]. Peanut in North Carolina is often planting following corn, cotton, or 

sweetpotato [Ipomoea batatas (L.) Lam.]. Increasing the number of years these crops are 

grown between peanut plantings reduces pathogens and plant parasitic nematodes [6,10]. 

While tobacco (Nicotiana tabacum L.) and soybean are often grown on farms that produce 

peanut, these crops are problematic because they are susceptible to several economically-

important pathogens and plant parasitic nematodes [10]. The cost of production for corn, 

cotton, tobacco, and sweetpotato is relatively high compared with soybean [11]. This makes 

soybean attractive in a portfolio of crops on a farm. However, given the potential negative 

impact of soybean on peanut through promotion of pathogens including plant parasitic 
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nematodes, determining how the number of years that soybean is planted prior to peanut can 

assist practitioners in developing effective cropping sequences.   

In North Carolina, the predominant parasitic nematodes that affect peanut are 

northern root-knot (Meloidogyne hapla Chitwood), peanut root-knot (M. arenaria race 1 

Neal), sting (Belonolaimus longicaudatus Rau), lesion (Pratylenchus brachyurus Filipjev & 

Schuurmans-Stekhoven), and ring (Mesocriconema ornatum Raski) [10].Current 

management practices include detection and diagnosis of nematode damage and species, 

rotation to a non-suitable host, and chemical control [9]. Aldicarb, metam sodium, and 1,3-

dichloropropene can suppress nematode populations when applied prior to or at planting 

[10,12]. Fluopyram can also be applied in the seed furrow at planting to suppress nematodes 

[10,12]. Fluopyram inhibits succinate dehydrogenase in nematodes [13], and this compound 

has been effective in suppressing nematodes in several agronomic and horticultural crops 

when applied in the seed furrow at planting, as a seed coating, and to the soil surface after 

planting and in some cases after crops have emerged [14-23]. In peanut production in 

Alabama and Florida, fluopyram was shown to increase peanut yield and decrease root 

galling in the presence of plant-parasitic nematodes compared to a non-treated peanut 

[12,24]. These experiments with peanut evaluated efficacy of fluopyram in a single year 

with peanut. Information on efficacy of fluopyram applied sequentially over multiple years 

has not been defined in the literature. 

Jordan et al. [25] established cropping systems trials in 1997 that included corn, 

cotton, peanut, soybean, and wheat (Triticun aestivum L.) to determine how crop sequence 

affects peanut response to cultivar selection and chemical inputs. These experiments were 

used to determine effectiveness of fluopyram applied at planting in suppressing nematodes 
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with different field histories of nematodes due to cropping sequence. With the exception of 

results reported by Foote et al. [26], there are no published reports in the peer-reviewed 

literature that compare efficacy of fluopyram on plant parasitic nematodes in peanut in 

North Carolina and the mid-Atlantic region of the United States. Interactions of cropping 

sequence and fluopyram have not been defined in the peer-reviewed literature in peanut in 

the United States or in other peanut-producing regions. The objective of this research was to 

compare corn, cotton, and peanut yield; visual estimates of peanut canopy health and injury 

to roots caused by nematodes; and populations of plant-parasitic nematodes in soil when 

fluopyram was applied in the seed furrow during each year over a three-year period 

following cropping sequences that included corn, cotton, and soybean in North Carolina   

 

2. Materials and Methods 

2.1.  Location, Variety, Tillage, and Cropping Sequences 

The experiment was conducted in North Carolina at the Peanut Belt Research Station 

located near Lewiston-Woodville (36.07N, -77.11W) on a Norfolk loamy sand soil (fine-

loamy, kaolinitic, thermic typic Kandiudults) and at the Upper Coastal Plain Research 

Station near Rocky Mount (35.08N, -77.25W) on a Norfolk loamy sand soil (fine-loamy, 

siliceous, semiactive, thermic Typic Paleaquults).  Crop sequences and tillage systems from 

1997 (Lewiston-Woodville) and (Rocky Mount) through 2022 are presented in Tables 1 and 

2. The peanut cultivar Bailey II [27] was planted at both locations across the entire test area 

in 2019 and 2021. This cultivar expresses resistance to several economically important 

diseases but not plant-parasitic nematodes [10,27,28]. Cotton (Delta Pine Bolgard II 
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Xtendiflex, Monsanto Co., St. Louis, MO) in 2020 and corn (P1847VYHR, Pioneer 

International, Johnson City, IA) in 2022 were planted across the entire test area. 

Conventional tillage included disking twice, field cultivating once, and sub-soiling and 

bedding. Depth of sub-soiling was 25 to 30 cm. Plot size was 12 rows wide (91-cm spacing) 

by 15 m at Lewiston-Woodville and 8 rows wide (91-cm spacing) by 15 m at Rocky Mount. 
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Table 1.  Cropping sequences at Lewiston-Woodville from 1997-2022. 

 Cropping sequences         

 1 2 3 4 5 6 7 8 9 10 

1997 Corn Cotton Peanut Peanut Peanut Peanut Corn Peanut Corn Peanut 

1998 Peanut Peanut Cotton Cotton Soybean Soybean Cotton Corn Soybean Peanut 

1999 Corn Cotton Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2000 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2001 Corn Cotton Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2002 Peanut Peanut Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2003 Corn Cotton Peanut Peanut Peanut Peanut Corn Peanut Cotton Peanut 

2004 Peanut Peanut Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2005 Corn Cotton Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2006 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2007 Corn Corn Corn Corn Corn Corn Corn Corn Corn Corn 

2008 Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

2009 Corn Corn Corn Corn Corn Corn Corn Corn Corn Corn 

2010 Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

Wheat/ 

Soybean 

2011 Corn Corn Corn Corn Corn Corn Corn Corn Corn Corn 

2012 Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton 

2013 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2014 Corn Cotton Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2015 Peanut Peanut Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2016 Corn Cotton Peanut Peanut Peanut Peanut Corn Peanut Cotton Peanut 

2017 Peanut Peanut Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2018 Corn Cotton Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2019 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2020 Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton 

2021 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2022 Corn Corn Corn Corn Corn Corn Corn Corn Corn Corn 
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2.2.  Fluopyram Application Methodology 

Four rows of each plot were planted with imidacloprid (Admire Pro, Bayer 

CropScience) at 0.43 kg ai/ha or with imidacloprid plus fluopyram (Velum, Bayer 

CropScience) at 0.43 kg/ha plus 0.25 kg ai/ha in the seed furrow at planting in the same area 

Table 2.  Cropping sequences at Rocky Mount from 1997-2022. 

 Cropping sequences    

 1 2 3 4 5 

1997 Corn Cotton Peanut Peanut Corn 

1998 Peanut Peanut Corn Soybean Cotton 

1999 Corn Cotton Corn Cotton Corn 

2000 Peanut Peanut Peanut Peanut Peanut 

2001 Corn Cotton Corn Soybean Corn 

2002 Peanut Peanut Corn Cotton Corn 

2003 Corn Cotton Peanut Peanut Corn 

2004 Peanut Peanut Corn Soybean Corn 

2005 Corn Cotton Corn Cotton Corn 

2006 Peanut Peanut Peanut Peanut Peanut 

2007 Corn Corn Corn Corn Corn 

2008 Wheat/Soybean Wheat/Soybean Wheat/Soybean Wheat/Soybean Wheat/Soybean 

2009 Corn Corn Corn Corn Corn 

2010 Wheat/Soybean Wheat/Soybean Wheat/Soybean Wheat/Soybean Wheat/Soybean 

2011 Corn Corn Corn Corn Corn 

2012 Cotton Cotton Cotton Cotton Cotton 

2013 Peanut Peanut Peanut Peanut Peanut 

2014 Cotton Cotton Cotton Cotton Cotton 

2015 Cotton Soybean Soybean Soybean Soybean 

2016 Cotton Cotton Soybean Soybean Soybean 

2017 Cotton Cotton Cotton Soybean Soybean 

2018 Cotton Cotton Cotton Cotton Soybean 

2019 Peanut Peanut Peanut Peanut Peanut 

2020 Cotton Cotton Cotton Cotton Cotton 

2021 Peanut Peanut Peanut Peanut Peanut 

2022 Corn Corn Corn Corn Corn 
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of each plot in 2019 (peanut), 2020 (cotton), and 2022 (peanut). Pesticides were applied in 

30 L/ha aqueous solution immediately after seed drop but prior to slit closure at a depth of 5 

cm. Production and pest management practices for each crop were implemented to optimize 

yield and were administered uniformly across all cropping sequences and in-furrow 

treatments based on Cooperative Extension Service recommendations [10,29,30].   

 

2.3.  Data Recorded 

A single rating to assess above-ground plant health was recorded within one week 

prior to digging pods and inverting vines. This timing of observation most likely reflected 

the full impact of nematodes on plant health and subsequent yield.  Visual estimates of 

above-ground peanut health were recorded using an ordinal scale of 0 to 5 where 0 = a 

yellow canopy and 5 = a deep green canopy. Peanut pods were dug and vines inverted in late 

September based on pod mesocarp color [31].  Injury to roots caused by plant parasitic 

nematodes was determined in 2021 using a scale of 0 to 10 where 0 = no injury to roots and 

10 = severe damage caused by nematode feeding and presence of galling [32]. Populations 

of plant-parasitic nematodes in soil were determined in peanut during 2019, 2020, and 2022 

by removing and bulking 10 soil cores from each plot to a depth of 20 cm two weeks prior to 

digging and vine inversion. A 500 cm3 sub-sample of soil from each plot was submitted to 

the North Carolina Department of Agriculture and Consumer Services Nematology division 

for nematode extraction, identification, and quantification using standard procedures 

[33,34].   
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2.4.  Experimental Design and Data Analysis 

The experimental design was a split-plot design with crop rotation sequence serving 

as whole plot units and fluopyram treatments serving as sub-plots.  Each combination of 

crop sequence and fluopyram treatment was replicated four times.  Data for yield of peanut 

(2019 and 2021), cotton (2020), and corn (2022); plant condition rating for peanut (2019 and 

2020), injury to plant roots caused by nematodes (2021), and populations of plant parasitic 

nematodes in soil (2019, 2020, and 2022) were subjected to ANOVA by year and location 

using the GLIMMIX procedure in SAS Version 9.4 (SAS Institute, Cary, NC) considering 

the factorial arrangement of treatments.  Combinations of crop sequence and fluopyram 

treatment were considered fixed effects.  Replication was considered a random effect.  Data 

for plant-parasitic nematode population in soil were transformed to the natural log of actual 

nematode population prior to analysis.  For plots with a 0 value of nematode population, a 

value of 1 was used for the natural log transformation. Tukey’s HSD test was used to 

separate means of main effects and interactions at p < 0.05.     

3. Results 

3.1. Variation in Plant Parasitic Nematode Population across Locations and Years 

Variation in population and density of plant parasitic nematodes was observed at 

both locations (Table 3). When pooled over years, locations, and both treatment factors, 

populations of lesion, soybean cyst, stubby, and sting nematodes in soil were relatively low 

and ranged from 3 to 135/500 cm3. Ring, root-knot, and spiral nematode populations were 

relatively high at one or more site-year combinations. Differences in populations of the 
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nematodes listed in Table 3 will be discussed in subsequent sections for each site-year 

combination based on results of the analysis of variance.   

 

Table 3. Plant-parasitic nematode taxa and average and range of population densitiesacross all treatments at 

harvest at Lewiston-Woodville and Rocky Mount in for cotton in 2020 and peanut in 2019 and 2021. 

 Population of plant-parasitic nematodes in soil at peanut harvest (range) 

 Lewiston-Woodville Rocky Mount 

Nematode Nematode taxa 2019 2020 2021 2019 2020 2021 

  ._______________________________________ No./500 cm3 _______________________________________ 

Lesion Pratylenchus spp. 16  

(0-100) 

40 

(0-220) 

24 

(0-340) 

22 

(0-70) 

37 

(0-350) 

7 

(0-130) 

Ring Criconematidae 213  

(0-2,320) 

332 

(0-1,320) 

1,138 

(0-4,840) 

1,073 

(0-5,760) 

281 

(0-1,880) 

1,923 

(70-7,640) 

Root-knot Meloidogyne spp. 1,063  

(0-12,700) 

80 

(0-2,840) 

236 

(0-6,000) 

9 

(0-110) 

84 

(0-1,000) 

1 

(0-10) 

Soybean 

cyst 

Heterodera 

glycines Ichinohe 

 

3  

(0-30) 

8 

(0-60) 

4 

(10-70) 

- 23 

(0-170) 

7 

(0-70) 

Spiral Helicotylenchus 

spp. 

7  

(0-40) 

15 

(0-240) 

- 40 

(0-200) 

882 

(0-7,760) 

40 

(0-280) 

Stubby Trichodorus 

obtusus Cobb 

7  

(0-30) 

135 

(0-470) 

- 12 

(0-70) 

120 

(0-280) 

3 

(0-10) 

Stunt Tylenchorhyncus 

spp. 

33 

(0-280) 

52 

(0-120) 

24 

(0-200) 

84 

(0-400) 

86 

(0-220) 

24 

(0-120) 

 

 

3.2.  Analysis of Variance for Peanut Plant Condition, Yield, and Root Injury at Lewiston-

Woodville and Rocky Mount 

At Lewiston-Woodville in 2019, plant condition and peanut yield were affected by 

the main effect of crop rotation sequence but not the main effect of fluopyram or the 
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interaction of crop rotation sequence and fluopyram (Table 4). In 2021, plant condition was 

not affected by any treatment factor while crop rotation sequence affected peanut yield.  

Injury to peanut roots caused by nematodes was affected by main effects of crop rotation 

sequence and fluopyram but not the interaction of these treatment factors. In contrast to 

yield response to crop rotation sequence for peanut (2019 and 2021), previous crop rotation 

did not affect yield of cotton (2020) or corn (2022). Crop rotation sequence and fluopyram 

affected plant-parasitic nematode population in soil for some taxa but not all. There were no 

cases where crop rotation sequence and fluopyram interacted to significantly impact 

nematode populations in soil. 

At Rocky Mount, crop rotation sequence did not impact plant condition rating for 

peanut in either year (Table 5). Peanut yield was affected by crop rotation in 2019 but not 

2021. Cotton yield in 2020 was affected by crop rotation sequence while corn yield in 2022 

was not affected by this treatment factor. Fluopyram did not affect plant condition rating or 

yield of any of the crops. Crop rotation sequence affected plant-parasitic nematode 

population in some cases in 2019 and 2020 but not in 2021.  Fluopyram had an effect on 

spiral nematode population in cotton in 2020. There was no interaction of crop rotation 

sequence and fluopyram for any of the nematodes present in the study. 

 



46 

 

 

 

Table 4. Analysis of variance (F statistic and significance at p < 0.05) for plant condition rating and peanut yield in 2019 and 

2021, injury to roots caused by plant-parasitic nematodes in 2021, cotton lint yield in 2020, corn yield in 2022, and population 

of plant-parasitic nematodes in soil at Lewiston-Woodville. 

 ------------Peanut--------------   ------Plant-parasitic nematode populations in soil------ 

Source Plant 

condition 

Pod 

yield 

Root 

injury 

Cotton 

lint 

yield 

Corn 

grain 

yield  

Lesion Ring Root 

knot 

Soybean 

cyst 

Stunt Spiral 

2019            

Rotation 4.1 * 16.0 

* 

- - - 1.4 4.1 * 8.3 * 0.9 2.8 * 1.5 

Nematicidea 0.3 2.2 - - - 0.8 0.8 1.0 1.0 0.1 0.4 

Rotation × 

Nematicide 

0.5 0.3 - - - 0.4 0.7 0.1 0.4 0.9 0.8 

            

2020            

Rotation - - - 1.0 - 3.0 * 1.9 3.2 * 2.3* 2.7 * 2.0 

Nematicidea - - - 2.1 - 4.7 * 1.5 0.6 0.1 0.3 3.3 

Rotation × 

Nematicide 

- - - 0.2 - 1.3 0.7 0.4 0.6 0.5 0.4 

            

2021            

Rotation 1.3 4.8 * 2.8*   0.9 1.2 7.4* 1.1 3.9 * - 

Nematicidea 3.8 1.0 12.5 *   3.8 11.4 

* 

13.6* 0.1 2.1 - 

Rotation × 

Nematicide 

0.2 0.3 1.8   1.8 0.4 0.5 1.1 1.1 - 

            

2022            

Rotation - - - - 1.2 - - - - - - 

Nematicidea - - - - 0.1 - - - - - - 

Rotation × 

Nematicide 

- - - - 0.1 - - - - - - 

*Indicates significance at p < 0.05.  

aFluopyram applied at 0.25 kg/ha in the seed furrow at planting. 
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Table 5.  Analysis of variance (F statistic and significance at p < 0.05) for peanut yield and plant condition rating in 

2019 and 2021, cotton lint yield in 2020, corn yield in 2022, and population of plant-parasitic nematodes in soil at 

Rocky Mount. 

 Peanut yield   Plant-parasitic nematode populations in soil  

Source Plant 

condition 

Pod 

yield 

Cotton 

lint 

yield 

Corn 

grain 

yield  

Lesion Ring Root-

knot 

Soybean 

cyst 

Stubby Stunt Spiral 

2019            

Rotation 1.7 6.7 * - - 0.8 2.5 * 2.9 * - 5.5* 4.9 * 2.3 

Nematicidea 1.2 1.0 - - 0.1 0.4 0.1 - 0.1 2.3 0.3 

Rotation × 

Nematicide 

0.1 0.3 - - 0.8 1.3 0.5 - 2.9 0.8 1.6 

            

2020            

Rotation - - 5.5 * - 3.4 * 1.4 6.3 * 1.2 6.5 * 2.2 2.3 * 

Nematicidea - - 0.4 - 1.1 0.1 2.2 1.2 0.4 1.9 4.1 * 

Rotation × 

Nematicide 

- - 0.2 - 0.2 1.1 0.9 0.1 1.0 0.2 0.6 

            

2021            

Rotation 2.5 2.5 - - 0.6 0.3 0.6 1.2 1.3 2.1 0.9 

Nematicidea 0.4 0.1 - - 1.6 0.1 1.6 0.1 0.9 0.5 2.8 

Rotation × 

Nematicide 

0.8 1.4 - - 0.2 0.7 0.2 0.4 0.4 0.9 0.6 

            

2022            

Rotation - - - 0.7 - - - - -  - 

Nematicidea - - - 0.3 - - - - -  - 

Rotation × 

Nematicide 

- - - 0.4 - - - - -  - 

*Indicates significance at p < 0.05.  

aFluopyram applied at 0.25 kg/ha in the seed furrow at planting. 

 

3.3.  Peanut Plant Condition, Yield, and Root Injury at Lewiston-Woodville 

Plant condition in 2019 ranged from 3.8 to 4.1 at Lewiston-Woodville when peanut 

was planted continuously or when every other year included corn or cotton separating 

peanut plantings from 2013-2019 (Table 6). When peanut was grown less often in the 
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rotation, plant condition rating ranged from 4.6 to 4.8. Peanut yield was lowest in both 2019 

and 2021 when peanut was planted continuously from 2013 through 2019 compared with all 

other cropping sequences (Table 6). Differences in peanut yield were noted during both 

years for the other rotation sequences, although the ranking of yields varied among these 

rotations. In 2019, the highest yields were noted when two years of corn or cotton separated 

peanut plantings from 2013 through 2019 or when five years of either corn or cotton were 

planted between peanut plantings during this period of time. Yield was also high when corn 

followed cotton during the two years separating peanut plantings. Including soybean in the 

rotation resulted in yields similar to planting peanut every other year with corn or cotton and 

lower than when corn or cotton was substituted for soybean in the rotation sequence. In 

2021, including corn in the rotation resulted in lower peanut yields compared with cotton in 

the rotation when these crops were alternated with peanut from 2013-2019 or when these 

crops were planted for five consecutive years between peanut plantings. Injury to peanut 

roots caused by nematodes was the greatest when continuous peanut was the cropping 

sequence (Table 6). However, injury to roots with this rotation sequence did not differ from 

three other rotation sequences. Eight of the rotation sequences resulted in injury to roots that 

was similar with a range of 2.9 to 3.5. 
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Table 6.  Influence of rotation sequence on peanut plant condition in 2019, peanut pod yield in 2019 and 2021, peanut root 

galling in 2021, and cotton yield in 2020 at Lewiston-Woodvillea 

Rotation sequence from 2013-2022b Peanut 

plant 

conditionc 

 

 

Peanut yield 

Peanut 

root 

injuryd 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2019 2019 2021 2021 

              

          0-5 

scale 

kg/ha kg/ha 0-10 

scale 

PN CR PN CR PN CR PN CT PN CR 4.0 b 5,180 c 4,070 dc 3.1 c 

PN CT PN CT PN CT PN CT PN CR 4.1 b 5,800 b 5,230 ab 2.9 c 

PN CT CR PN CT CR PN CT PN CR 4.8 a 6,700 a 4,970 abc 3.0 c 

PN CT CT PN CT CT PN CT PN CR 4.6 a 6,680 a 4,710 bcd 4.1 ab 

PN SB CR PN SB CR PN CT PN CR 4.7 a 5,830 c 4,770 a-d 3.3 c 

PN SB CT PN SB CT PN CT PN CR 4.7 a 6,010 bc 4,340 cd 3.4 bc 

PN CR CR CR CR CR PN CT PN CR 4.7 a 6,560 a 4,510 cd 3.5 abc 

PN CR CR PN CR CR PN CT PN CR 4.7 a 6,380 a 4,680 bcd 3.5 abc 

PN CT CT CT CT CT PN CT PN CR 4.8 a 6,780 a 5,490 a 3.0 c 

PN PN PN PN PN PN PN CT PN CR 3.8 b 4,640 e 3,530 e 4.3 a 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are pooled over fluopyram treatments. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut; SB, soybean. 

cRoot injury based on a scale of 0 to 10 where 0 = no injury and 10 = absence of roots other than the tap root with complete 

galling [32]. 

 

3.4.  Peanut Plant Condition and Yield at Rocky Mount 

Peanut yield at Rocky Mount in 2019 was greater when soybean was in the rotation 

prior to peanut for three years compared with four years (Table 7). No difference in peanut 

yield was observed when soybean was planted in one, two, or three of the years and when 

soybean was not included in the rotation from 2015-2018. Cotton yield in 2020 was lower 

when one of five years of soybean was planted prior to peanut in 2019 compared with no 

soybean in the rotation or when soybean was planted two or three times in the rotation.  
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Table 7.  Influence of rotation sequence on peanut in 2019 and cotton yield in 2020 at Rocky Mount.a 

Rotation sequenceb   Peanut 

yield 

Cotton 

yield 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022  2019 2020 

           kg/ha kg/ha 

PN CT CT CT CT CT PN CT PN CR  6,420 a 2,910 a 

PN CT SB CT CT CT PN CT PN CR  6,080 ab 1,990 b 

PN CT SB SB CT CT PN CT PN CR  6,160 ab 3,070 a 

PN CT SB SB SB CT PN CT PN CR  5,630 b 2,690 a 

PN CT SB SB SB SB PN CT PN CR  4,970 c 2,120 b 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are pooled over fluopyram treatments. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut; SB, soybean. 

 

3.5.  Plant Parasitic Nematode Population at Lewiston-Woodville Based on Cropping 

Sequence 

 Lesion nematode population ranged from 8 to 74/500 cm3 when comparing cropping 

sequences at Lewiston-Woodville in 2020 (Table 8). Ring nematode population in 2019 

ranged from 54 to 641/500 cm3.  Continuous peanut had the lowest population for this 

nematode while the rotation of peanut-cotton-cotton had the greatest population. Root-knot 

nematodes were found in all three years of sampling. In 2019, the highest populations were 

noted with continuous peanut, when the rotation consisted of corn-peanut or cotton-peanut, 

and when soybean was planted in one year of the corn or cotton rotation (Table 8). In 2020, 

the highest level of this nematode was noted when corn was planted exclusively from 2014-

2018. In 2021, the rotation of cotton-peanut had a higher root-knot nematode population 

than all other rotation sequences. 
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Table 8.  Influence of rotation sequence on plant-parasitic nematode populations in soil at Lewiston-Woodville.a 

 Plant parasitic nematode population 

Rotation sequence from 2013-2022b Lesion Ring ----------Root-knot---------- 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2020 2019 2019 2020 2021 

          No./500 cm3 

PN CR PN CR PN CR PN CT PN CR 74 a 61 cd 2,826 a 71 b 794 b 

PN CT PN CT PN CT PN CT PN CR 47 a-d 129 bc 1,697 a 16 b 2,115 a 

PN CT CR PN CT CR PN CT PN CR 40 a-d 235 ab 19 b 146 b 118 b 

PN CT CT PN CT CT PN CT PN CR 15 cd 641 a 3 b 6 b 1 b 

PN SB CR PN SB CR PN CT PN CR 35 bcd 161 ab 1,013 ab 12 b 425 b 

PN SB CT PN SB CT PN CT PN CR 48 abc 155 bc 2616 a 22 b 755 b 

PN CR CR CR CR CR PN CT PN CR 8 d 301 ab 3 b 499 a 88 b 

PN CR CR PN CR CR PN CT PN CR 32 cd 305 ab 21 b 3 b 140 b 

PN CT CT CT CT CT PN CT PN CR 29 cd 83 bc 5 b 6 b 35 b 

PN PN PN PN PN PN PN CT PN CR 66 ab 54 d 2,427 a 19 b 554 b 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are pooled over fluopyram treatments. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut; SB, soybean. 

 

 

Soybean cyst nematode population ranged from 0 to 14/500cm3 at Lewiston-

Woodville in 2020 (Table 9). Stunt nematode population varied by rotation sequence from 

2019-2020 but no clear trend in response to rotation sequence was observed. For both 

soybean cyst and stunt nematodes, populations were relatively low. 
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Table 9.  Influence of rotation sequence on plant-parasitic nematode populations in soil at Lewiston-Woodville.a 

 Plant-parasitic nematode population 

Rotation sequence from 2013-2022b Soybean 

cyst 

Stunt 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2020 2019 2020 2021 

          ----------------No./500 cm3--------------- 

PN CR PN CR PN CR PN CT PN CR 12 abc 40 a 6 b 55 ab 

PN CT PN CT PN CT PN CT PN CR 14 ab 26 ab 6 b 60 a 

PN CT CR PN CT CR PN CT PN CR 11 abc 40 a 0 b 55 ab 

PN CT CT PN CT CT PN CT PN CR 0 c 35 a 11 b 40 abc 

PN SB CR PN SB CR PN CT PN CR 2 c 55 a 0 b 26 abc 

PN SB CT PN SB CT PN CT PN CR 12 abc 6 bc 0 b 16 bc 

PN CR CR CR CR CR PN CT PN CR 4 bc 51 abc 0 b 50 ab 

PN CR CR PN CR CR PN CT PN CR 3 bc 35 a 6 b 26 cde 

PN CT CT CT CT CT PN CT PN CR 17 a 35 a 65 a 21 bc 

PN PN PN PN PN PN PN CT PN CR 7 abc 0 c 0 b 0 c 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are pooled over fluopyram 

treatments. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut; SB, soybean. 

 

 

3.6.  Plant Parasitic Nematode Population at Rocky Mount Based on Cropping Sequence 

At Rocky Mount, when cotton was planted from 2014-2018 and soybean was rotated 

in 2015 only or in 2015 and 2016, ring nematode population was similar and ranged from 

916-1,698/500 cm3 (Table 10). Root-knot nematode in 2019 varied across rotation sequences 

but did not exceed 123/500 cm3. In cotton in 2020, more years of soybean in the rotation 

sequence generally resulted in higher lesion populations compared with fewer years of this 

crop.  
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Table 10.  Influence of rotation sequence on ring, root-knot, and lesion nematode population in soil at Rocky Mount.a 

 Plant-parasitic nematodes 

Rotation sequenceb  Ring Root-knot Lesion 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2019 2019 2020 

          No./500 cm3 

PN CT CT CT CT CT PN CT PN CR 916 ab 123 a 20 bc 

PN CT SB CT CT CT PN CT PN CR 1,698 a 3 b 25 c 

PN CT SB SB CT CT PN CT PN CR 935 ab 10 ab 11 d 

PN CT SB SB SB CT PN CT PN CR 550 b 3 b 41 ab 

PN CT SB SB SB SB PN CT PN CR 652 b 1 b 95 a 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are pooled over fluopyram treatments. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut; SB, soybean. 

 

For spiral nematode population at Rocky Mount, population was similar when 

soybean was planted in all years from 2015-2018 compared with populations when soybean 

was not in the rotation or when a single year of soybean was in the rotation (Table 11). 

Population of this nematode was similar when soybean was not included in the rotation 

sequence from 2015-2018 to rotations with soybean in one, two, or three years of the 

rotation sequence. Population of stubby nematode varied across rotation sequences but did 

not exceed 178/500 cm3 for both years. Stunt nematode population was similar when 

soybean was not planted from 2015-2018 and when this crop was included for three and four 

years during this period of time. 

  



54 

 

Table 11.  Influence of rotation sequence on spiral, stubby, and stunt nematode population in soil at Rocky 

Mount.a 

 Plant-parasitic nematodes 

Rotation sequenceb  Spiral Stubby Stunt 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2020 2019 2020 2019 

          No./500 cm3 

PN CT CT CT CT CT PN CT PN CR 843 ab 15 ab 96 bc 55 abc 

PN CT SB CT CT CT PN CT PN CR 845 ab 9 b 129 ab 21 c 

PN CT SB SB CT CT PN CT PN CR 150 b 2 b 39 c 50 bc 

PN CT SB SB SB CT PN CT PN CR 590 b 7 b 151 ab 95 a 

PN CT SB SB SB SB PN CT PN CR 1,780 a 24 a 178 a 70 ab 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are pooled over 

fluopyram treatments. 

bAbbreviations: CN, corn; CT, cotton; PN, peanut; SB, soybean. 

 

 

3.7.  Plant Parasitic Nematode Population at Lewiston-Woodville and Rocky Mount Based on 

Fluopyram Treatment 

When pooled over rotation sequences, less root injury was observed when fluopyram 

was applied in the seed furrow at planting compared with non-treated peanut (Table 12). 

Fluopyram reduced population of ring and root-knot nematodes at this location. Spiral 

nematode population was also lower following fluopyram treatment at Rocky Mount in 

cotton in 2020. Even though fluopyram reduced root injury and population of nematodes in 

some instances, peanut yield in 2019 and 2021 and cotton yield in 2020 were not affected by 

fluopyram. 
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Table 12.  Influence of fluopyram on peanut root galling and population of ring and root-knot nematodes in 2021 

at Lewiston-Woodville and spiral nematode in 2020 at Rocky Mount.a 

   Population of plant-parasitic nematodes 

 Lewiston-Woodville, 2021  Lewiston-Woodville, 2021  Rocky Mount 2020 

Nematicideb  Peanut root injuryc  Ring Root-knot  Spiral 

   No./500 cm3 

None 3.7 a  30 a 763 a  517 a 

Fluopyram 3.1 b  12 b 241 b  116 b 

aMeans within a column followed by the same letter are not significant at p < 0.05. Data are pooled over cropping 

sequence. 

bFluopyram applied at 0.25 kg/ha in the seed furrow at planting. 

cRoot injury based on a scale of 0 to 10 where 0 = no injury to roots and 100 = severe damage caused by nematode 

feeding and presence of galling [30]. 

 

4. Discussion 

Considerable variation in populations of plant parasitic nematodes was noted within 

years based on previous cropping sequence, fluopyram treatment, location, and year of 

sampling. In many instances, populations of nematodes were relatively low and were 

unlikely to affect crop yield even though statistical differences were observed when 

comparing treatments [10]. Notable exceptions were root-knot nematodes at Lewiston-

Woodville and ring and spiral nematodes at Rocky Mount in some years.   

Peanut response to previous rotation sequence often followed previous findings 

where corn and cotton were more suitable rotation crops than soybean [10,25]. Consistent 

with other research [2,6,7,8,25,26], increasing the number of years between peanut plantings 

in a particular cropping system resulted in greater peanut yields.  

At Rocky Mount, the lowest peanut yield was noted when soybean was planted in all 

years from 2015-2018 prior to planting peanut in 2019. These results were not unexpected 
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given soybean is a host for several diseases and plant-parasitic nematodes that adversely 

affect peanut [9]. However, given the lower cotton yield when only one year of soybean was 

in the rotation, these results are inconclusive in terms of defining how multiple years of 

soybean affect cotton yield. 

While fluopyram reduced populations of root-knot, ring, and spiral nematodes, and 

minimized root damage caused by nematodes, the impact of fluopyram was insignificant 

with respect to crop yield. Lack of a yield response may have been associated with relatively 

low populations of nematodes across many of the cropping sequences and years. Under the 

conditions of these experiments, fluopyram most likely would not be an effective input 

financially. Over three years of crops (e.g., cotton in one year and peanut in two years), lack 

of a yield response suggests that farmers would take significant financial loss if they decided 

to use fluopyram as a component of their annual pest management strategy for cotton and 

peanut. Additionally, there was no measurable effect of fluopyram on corn yield after 

application of this nematicide for three consecutive years. However, there was also no 

difference in corn yield based on previous cropping sequence irrespective of fluopyram 

treatment.   

As expected, rainfall and temperature patterns varied across the four years of the 

experiment at both location (Supplemental Tables 1-8). However, there was not a clear 

pattern in the weather data that explained response to fluopyram or crop yield. In fact, lack 

of a yield response to fluopyram for peanut in two years and cotton in one year suggests 

recommendations on fluopyram use is consistent when considering typical variation in 

weather patterns from year to year in non-irrigated production. For example, when peanut 

was grown at Lewiston-Woodville, yield for the comparison of non-treated peanut vs. 
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fluopyram-treated peanut was 5,970 kg/ha vs. 6.140 kg/ha (2019) and 4,710 kg/ha vs. 4,550 

kg/ha (2020). At Rocky Mount, these comparisons were 5,790 kg/ha vs. 6,010 kg/ha (2019) 

and 6,060 kg/ha vs. 6,120 kg/ha. It is also important to note that variation is crop response, 

most notably peanut, was observed due to previous cropping sequence and that no benefits 

from fluopyram were found relative to crop yield. This was the case even when the crop 

sequence resulted in relatively high levels of plant-parasitic nematodes in some instances 

that could be yield limiting. When these findings are combined with other research in North 

Carolina when fluopyram was applied in a manner similar to the current study but with crop 

sequence and tillage comparisons [26], fluopyram application is not warranted for peanut 

and cotton in North Carolina.  

Other research [12,24] demonstrated that fluopyram reduced damage from the root-

knot nematode Meloidogyne aerinaria adequately to protect yield. Although not documented 

in our study, the predominant root-knot nematode is M. hapla in North Carolina [10]. 

Previous research suggests that M. aerinaria can be more yield-limiting than M. hapla [35], 

and suppression of M. aerinaria by fluopyram could have a positive impact on peanut yield. 

A major limitation to our research is lack of distinction among nematodes at the species 

level. More detail in identification would be benefit future research efforts designed to 

address similar issues associated with management of nematodes in cotton and peanut.  

 

5. Conclusions 

Results from these experiments point out the impact of previous crop rotation 

sequence on plant-parasitic nematode populations and crop yield. Developing effective 

cropping sequences that break pest cycles and optimize yield has long been a key tool in 



58 

 

crop management and a cornerstone of integrated pest management. Results from these 

experiments indicate that fluopyram applied in the seed furrow at planting can reduce root 

injury from nematodes and populations of some plant-parasitic nematodes. However, the 

level of suppression offered by fluopyram did not result in a yield difference for cotton or 

peanut when applied repeatedly in the same area over three cropping cycles. Given 

differences in nematode populations and crop yield were observed when comparing previous 

crop sequences, combined with lack of a yield response to fluopyram, this nematicide has 

limited utility in the cropping systems used in the current study. While financial viability of 

cropping sequences must be considered, results from our research demonstrate that crop 

rotation sequence is a more effective tool to manage plant-parasitic nematodes than 

fluopyram. Based on our findings, fluopyram is not an effective nematicide to suppress 

nematode populations adequately to protect cotton or peanut yield. Therefore, fluopyram is 

not recommended for application in the seed furrow at planting for cotton or peanut in North 

Carolina.   
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CORE IDEAS 

Core idea 1. The variety TifNV-High O/L had less root damage at the end of the cropping cycle 

and fewer root-knot nematodes in soil than the variety Bailey II. 

Core idea 2. Metam sodium reduced populations of root-knot, ring, and soybean cyst nematodes 

in soil independent of crop sequence or variety. 

Core idea 3. Response of plant-parasitic nematodes in soil to crop sequence, variety, and metam 

sodium were independent in most instances. 
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Plain Language Summary 

Response of peanut and population of plant parasitic nematodes (PPN) in soil were determined 

when the root-knot nematode-resistant variety TifNV-High O/L was compared with the variety 

Bailey II following different prior cropping sequences and application of metam sodium. 

Cropping sequence, variety, and metam sodium impacted peanut yield and population of PPN in 

soil. Fewer root-knot nematodes and less root injury from nematode feeding was observed for 

the variety TifNV-High O/L compared with the variety Bailey II. Metam sodium decreased 

populations of lesion, ring, root-knot, and soybean cyst nematodes in soil. With the exception of 

lesion nematode, response of nematodes and peanut to crop sequence, variety, and metam 

sodium was independent.   

 

Abstract: Prior cropping sequence can have a major impact on populations of plant parasitic 

nematodes (PPN), peanut (Arachis hypogaea L.) yield, and financial return at the farm level. 

Implementing an effective rotation sequence allows growers to avoid using nematicide or 

fumigant to suppress PPN. Recently, the root-knot nematode-resistant variety TifNV-High O/L 

was released. To determine the performance of this variety to plant parasitic nematodes in North 

Carolina, a cropping system trial established in 1997 with ten rotation sequences was evaluated. 

From 2013 through 2019, rotation sequences that were favorable or unfavorable for maximum 

peanut yields were included. Peanut was planted in all plots in 2024 to determine the residual 

effects of the previous cropping sequence. Cropping sequence, variety, and metam sodium 

impacted peanut yield and population of PPN in soil. Fewer root-knot nematodes (Meloidogyne 

spp.) and less root injury from nematode feeding were observed for the variety TifNV-High O/L 
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compared with Bailey II. Metam sodium decreased populations of lesion (Pratylenchus 

brachyurus Filipjev & Schuurmans-Stekhoven), ring (Mesocriconema ornatum Raski), root-

knot, and soybean cyst (Heterodera glycines Ichinohe) nematodes in soil. With the exception of 

lesion nematode, response of nematodes and peanut to crop sequence, variety, and metam 

sodium was independent.  

Keywords: fumigation; integrated pest management; metam sodium; nematode management; 

TifNV-High O/L 

1. Introduction 

Plant-parasitic nematodes (PPN) can adversely affect peanut (Arachis hypogaea L.) roots and 

pods, and reduce yield (Barker and Olthof, 1976; Culbreath et al., 1992; Gorny, 2025; Johnson et 

al., 2001; Jordan et al., 2008 2017; Koenning and Barker, 1992; Lamb et al., 1993; Rodriguez-

Kabana et al., 1987a, 1987b; Rodriguez and Touchton, 1984). Northern root-knot (Meloidogyne 

hapla Chitwood), peanut root-knot (M. arenaria race 1 Neal), sting (Belonolaimus longicaudatus 

Rau), lesion (Pratylenchus brachyurus Filipjev & Schuurmans-Stekhoven), and ring 

(Mesocriconema ornatum Raski) nematodes are the primary PPN found in soil that affect peanut 

in North Carolina (Gorny, 2025). 

 

To minimize the negative impact of PPN, farmers suppress populations in soil by rotating peanut 

with other crops that do not serve as hosts or apply nematicides or fumigants (Foote et al., 2024a; 

Gorny, 2025; Jordan et al., 2017). The fumigants metam sodium and 1,3-dichloropropene can be 

applied prior to planting to suppress PPN and reduce their populations in soil (Gorny, 2025; 

Jordan et al., 2008; Rodriguez-Kabana et al., 1987b). These fumigants must be applied at least 

two weeks prior to planting peanut to avoid fumigant-induced damage to seed and seedlings 
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(Gorny, 2025). Non-fumigant nematicides including aldicarb, fluopyram, and oxamyl can be 

applied in the seed furrow at planting to suppress nematodes (Foote et al., 2024a; Gorny, 2025; 

Hagan et al., 2024).  

 

Fumigants and nematicides add to production costs and create logistical challenges relative to 

application. Cropping sequence is often dictated by the financial value of crops within the 

rotation rather than impact on pests including PPN. Host-plant resistance to nematodes in 

commercially-acceptable cultivars would be a more favorable alternative to these practices 

because of savings in production costs if peanut yield is not compromised in absence of PPN. 

Peanut varieties currently grown commercially in North Carolina are considered susceptible to 

nematodes (Gorny, 2025; Jordan et al., 2020). However, the cultivars TifNV-High O/L 

(Holbrook et al., 2017) and TifJumbo (Holbrook et al., 2024) express resistance to M. arenaria. 

Reaction of these cultivars to PPN found in North Carolina has not been documented. Research 

in North Carolina is underway to incorporate resistance to PPN in Virginia market type cultivars 

that have been developed in the region (Foote et al., 2024b). 

 

Determining if the cultivar TifNV-High O/L is effective in suppressing PPN commonly found in 

North Carolina would be beneficial to farmers. To address this question, research was conducted 

with the cultivars Bailey II and TifNV-High O/L planted following a range of crop sequences 

with or without the fumigant metam sodium.  
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2. Experiment Location and Tillage System 

The experiment was conducted in North Carolina at the Peanut Belt Research Station located 

near Lewiston-Woodville (36.07N, -77.11W) on a Norfolk loamy sand soil (fine-loamy, 

kaolinitic, thermic typic Kandiudults) in 2021 and 2024 in different fields. The experimental area 

was disked twice and field cultivated once. Plot size was 12 rows wide (36-inch spacing) by 50 

feet for each cropping sequence. Fumigation treatments consisted of four rows. In 2024, plot size 

was 4 rows by 30 feet. 

 

3. Cropping Sequences, Varieties, and Fumigation Treatments 

Ten cropping sequences (Table 1) including corn (Zea mays L.), cotton (Gossypium hirsutum 

L.), peanut, and soybean [Glycine max (L.) Merr.] were initiated in 2014 to evaluate their effect 

on peanut yield.  In 2021, interactions of varieties, fumigation, and previous cropping sequence 

were defined for peanut yield, estimates of the effect of PPN on peanut root and above-ground 

growth, and peanut yield. Varieties evaluated were Bailey II (Anonymous, 2023) and TifNV-

High O/L (Holbrook et al., 2017). Fumigation treatments included no metam sodium or metam 

sodium (Vapam HL, AMVAC, Richmond, CA) at 7.5 gal./acre applied 2 weeks prior to planting. 

Metam sodium was injected 10 inches below seed placement during the bedding operation using 

and in-row sub-soil shank with a liquid application tub attached to the sub-soil shank.  In 2024, a 

trial with these varieties and metam sodium treatments was conducted in a field with a previous 

cropping sequence of peanut-corn-cotton.  Production and pest management practices for each 

crop were implemented to optimize yield and were administered uniformly across all cropping 

sequences and in-furrow treatments based on Cooperative Extension Service recommendations 

(Jordan at al., 2025).   
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4. Data Collected 

Visual estimates of above-ground peanut health were recorded within one week prior to digging 

pods and inverting vines using a scale of 0 to 5 where 0 = a yellow canopy and 5 = a dark green 

canopy to the nearest 0.25 value. Hexadecimal codes (HEX) and red, green, and blue light 

(RGB) values for major categories included: dark green (HEX 154706 and RGB 21,71,6), green 

(HEX 3c6d0e and RGB 60,109,14), light green (HEX 8abf14 and RGB  138,191,20), greenish-

yellow (HEX c6dd0e and RGB 198,221,14), and yellow (HEX f2ff20 and RGB 242,255,32) for 

approximate ordinal values of 5, 4, 3, 2, 1, and 0, respectively (Anonymous, 2025) Peanut pods 

were dug and vines inverted in late September based on pod mesocarp color (Williams and 

Drexler, 1981).  Injury to roots caused by PPN was determined using a scale of 1 to 10 where 1 = 

very few small galls, 2 = numerous small galls, 3 = numerous small galls of which some are 

grown together, 4 = numerous small and some big galls, 5 = 25% of roots severely galled, 6 = 

50% of roots severely galled, 7 = 75% of roots severely galled, 8 = no healthy roots but plant is 

still green, 9 = roots rotting and plant dying, and 10 = plant and roots dead) (Zeck, 1971). 

 Populations of PPN in soil were determined in peanut during 2001 and 2024 by removing and 

bulking 10 soil cores taken at a depth of 8 inches from each plot two weeks prior to digging and 

vine inversion.  A 1.1 pint sub-sample of soil from each plot was submitted to the North Carolina 

Department of Agriculture and Consumer Services Nematode Assay Lab for nematode 

extraction, identification, and quantification using standard procedures (Byrd et al., 1976; 

Jenkins, 1964).   
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5. Experimental Design and Statistical Analysis 

The experimental design was a split-plot design with crop rotation sequence serving as whole 

plot units and combinations of varieties and metam sodium treatments serving as sub-plots.  

Each combination of crop sequence, variety, and metam sodium was replicated four times each 

year.  Data for yield of peanut, plant condition rating for peanut, injury to plant roots caused by 

PPN, and populations of PPN in soil were subjected to ANOVA by year using the GLIMMIX 

procedure in SAS (SAS Institute, Cary, NC) considering the factorial arrangement of treatments.  

Combinations of crop sequence, variety, and metam sodium (2021) or variety and metam sodium 

(2024) were considered fixed effects.  Replication and the error term to compare whole plot units 

were considered a random effect.  Data for PPN population in soil were transformed to the 

natural log of actual nematode population prior to analysis.  For plots with a 0 value of nematode 

population, a value of 1 was used for the natural log transformation. Data for plant condition 

rating and root injury were transformed to the arcsine square root prior to analysis. Tukey’s HSD 

test was used to separate means of main effects and interactions at p < 0.05 based on analysis of 

the natural log transformed data and the transformed data for the ordinal scales. Results of the 

mean separation for transformed data were used for the presentation of non-transformed data. 

 

6. Significance of Main Effects and Interactions in 2021 for Peanut and Nematodes 

Population in Soil 

Main effects of cropping sequence and variety were significant for plant condition rating and 

peanut yield, and root injury caused by PPN (Table 2). The main effect of metam sodium was 

significant for plant condition rating and root injury but not peanut yield. Higher order 

interactions were not significant for plant condition rating, pod yield, or root injury.  
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Lesion, ring, and soybean cyst nematode population in soil was affected by the main effect of 

metam sodium but not cropping sequence or variety (Table 2). Root-knot nematode population in 

soil was affected by main effects of cropping sequence, variety, and metam sodium but not by 

higher order interactions of these treatment factors. Population of lesion nematode in soil was 

affected by the interaction of variety and metam sodium but not by the main effect of cropping 

sequence or other higher order interactions.  

  

7. Peanut and Nematode Response to Rotation Sequence, Variety, and Fumigation in 2021 

Plant condition rating was lower when peanut was planted continuously from 2013-2019 versus 

when peanut was planted in 2013 and 2019, and when cotton was planted in all other years 

(Table 3). Plant condition rating was similar in 8 of the other 10 cropping sequences. Peanut 

yield in 2021 was the lowest when this crop was planted continuously from 2013-2019. When 

cotton was the only crop in the rotation sequence, peanut yield was similar among all cropping 

systems in 2021. Including corn and soybean in the crop sequence resulted in lower peanut yields 

in 2021 compared with corn planted in 6 of 8 years from 2013-2020. 

 

Population of root-knot nematode in soil varied from 14 to 973 nematodes/1.1 pints of soil 

(Table 3). Similar populations in soil for this nematode were observed for the rotation of cotton-

peanut (973 nematodes/1.1 pints of soil) and peanut-soybean-cotton (781 nematodes/1.1 pints of 

soil). Planting peanut in a sequence of peanut-cotton, peanut-soybean-cotton, and continuous 

peanut resulted in similar root-knot nematodes in soil with a range of 254 to 781 nematodes/1.1 

pints of soil. The remaining rotations had no more than 82 nematodes/1.1 pints of soil.  
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Plant condition rating was higher for TifNV-High O/L than Bailey II (Table 4). This was not 

unexpected because this variety expresses a deeper green canopy color than Bailey II and many 

other peanut varieties (C.C. Holbrook, personal communication). Peanut yield was greater for 

TifNV-High O/L than Bailey II, and less root injury caused by nematodes was noted for TifNV-

High O/L. Fewer root-knot nematodes were observed in soil for TifNV-High O/L compared with 

Bailey II. These results are consistent with other reports of protection of yield due to injury 

caused by root-knot nematode when TifNV-High O/L is planted compared with nematode-

susceptible runner market type varieties (Holbrook et al., 2023 2024; Grabau et al., 2024). At the 

time of the study, a distinction between the species of root-knot nematode was not determined. 

While M. hapla is the dominant nematode species of root-knot nematode in North Carolina 

(Gorny, 2025; Koenning and Barker, 1993), it is possible that this field contained M. arenaria . 

Holbrook et al. (2017) reported that that TifNV-High O/L expressed resistance to M. arenaria 

but not M. hapla. 

 

Metam sodium resulted in an increase in plant condition rating and less root injury (Table 5). 

However, yield was not affected by metam sodium. Population of ring, root-knot, and soybean 

cyst nematodes in soil was lower when metam sodium was applied compared with non-treated 

peanut. Previous research (Rodriguez-Kabana et al., 1987b) demonstrated that metam sodium 

can reduce populations of nematodes in soil. Jordan et al. (2008) reported that metam sodium 

reduced root-knot nematode populations in soil, and response was dependent on prior cropping 

sequence.    
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Surprisingly, population of lesion nematode in soil was lower for Bailey II compared with 

TifNV-High O/L in absence of metam sodium (Table 6). Although not substantiated in this 

research, higher populations of lesion nematode associated with TifNV-High O/L may have been 

associated with greater root mass of this variety. Additional research is needed to support or 

refute this finding. When metam sodium was applied, population of this nematode was similar 

when comparing varieties and lower than either variety in absence of the fumigant.  

 

8. Peanut and Nematode Response to Variety and Fumigation in 2024 

Plant condition rating for peanut was affected by the main effect of variety (Table 7). In contrast, 

peanut pod yield, root injury caused by nematodes, and populations of nematodes in soil (e.g., 

lesion, ring, root-knot, and soybean cyst) were not affected by variety. Plant condition rating was 

higher (4.9 on a scale of 0 to 5) for TifNV-High O/L than for Bailey II (4.4) (data not shown in 

tables). This difference was most likely associated with a varietal characteristic of TifNV-High 

O/L compared with Bailey II and was not related to the impact of nematodes.  

 

Population of root-knot and soybean cyst nematodes in soil were affected by metam sodium 

(Table 8). This fumigant did not affect population of lesion or ring nematode.  Root injury was 

greater in absence of metam sodium (Table 8). Populations of ring, root-knot, and soybean cyst 

nematodes in soil were lower when metam sodium was applied. Root injury was affected by the 

interaction of variety × metam sodium (Table 7).  Metam sodium resulted in less root injury 

caused by nematodes for Bailey II compared with the no-fumigant control (Table 9). No 

difference in root injury was observed when comparing fumigant treatments for TifNV-High 

O/L. Surprisingly, more root injury was noted for TifNV-High O/L compared with Bailey II 
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when metam sodium was applied. However, differences in root injury and populations of 

nematodes in soil did not translate into differences in peanut yield. Peanut yield was not affected 

by variety, metam sodium, or the interaction of these treatment factors.   

 

9. Conclusions 

Results from these experiments are consistent with other research demonstrating that prior crop 

sequence and fumigation with metam sodium can reduce population of PPN in soil (Jordan et al., 

2008; Rodriguez-Kabana et al., 1987b). With the exception of lesion nematode, response to 

treatment factors (e.g., prior crop sequence, variety, and metam sodium) were independent.  The 

cost of metam sodium in this experiment was $75/acre. This input constitutes a significant cost 

for peanut production (Jordan et al., 2025). Planting a variety with resistance to nematodes 

would be a more cost-effective approach to fumigation if yield and market characteristics for the 

variety are not compromised. Our results confirm those of Grabau et al. (2024) showing that the 

cultivar TifNV-High O/L demonstrates less root injury caused by root-knot nematode and 

reduces root-knot nematode populations in soil at the end of the cropping cycle. The primary 

market types grown in North Carolina are Virginia market types. While TifNV-High O/L is a 

runner market type, results from our experiment provide information on how variety resistance 

for nematode suppression compares with crop rotation and fumigation. However, there are 

several limitations to our research. First, we did not identify the species of root-knot nematode in 

the field. We attempted this using PCR testing on two occasions to distinguish among root-knot 

nematodes at the species level and the results were inconclusive. This information would have 

led to more conclusive results relative to resistance of TifNV-High O/L to root-knot nematodes 

in North Carolina. A second limitation of the research is not recording populations of PPN in 
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2021 and 2024 at the beginning of the cropping cycle so that the change in PPN populations 

among crop sequences could have been compared more clearly.  However, based on previous 

research with these rotation trials the year prior to the initiation of the current experiment (Jordan 

et al., 2017), relatively minor differences in populations of PPN were noted when comparing 

crop sequences in 2013 and no yield differences were observed for peanut when comparing crop 

sequences in 2013 (Jordan et al., 2017).  Quantifying chlorophyll content to compare canopy 

color among combinations of crop sequence, varieties, and fumigation would have been a more 

appropriate measurement than a visual estimate of leaf color.  
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Table 1.  Cropping sequences at Lewiston-Woodville from 2013-2021. 

 Cropping sequences         

Year 1 2 3 4 5 6 7 8 9 10 

2013 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2014 Corn Cotton Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2015 Peanut Peanut Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2016 Corn Cotton Peanut Peanut Peanut Peanut Corn Peanut Cotton Peanut 

2017 Peanut Peanut Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2018 Corn Cotton Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2019 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2020 Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton 

2021 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 
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Table 2. P > F for plant condition rating, peanut yield, and root injury and populations of lesion, ring, root-knot, and soybean cyst 

nematodes in soil in mid-September with combinations of crop sequence, variety, and fumigation with metam sodium in 2021at 

Lewiston-Woodville. 

 Peanut   Plant parasitic nematode populations in soil  

Source Plant 

condition 

Pod 

yield 

Root injury  Lesion Ring Root-knot Soybean 

cyst 

Crop sequence 2.2 * 7.4 * 0.8  1.6 1.6 5.5 * 1.8 

Variety 220.9 * 6.0 * 5.5 *  1.9  0.9 13.0 * 0.1 

Metam sodiuma 9.2 * 0.3 3.8 *  82.5 * 104.6 * 33.5 * 11.4 * 

Crop sequence × Variety 0.5 0.7 1.5  0.7 1.4 1.5 1.1 

Crop sequence × Fumigant 0.7 0.9 1.7  1.2 1.1 1.6 0.7 

Variety × Fumigant 1.1 2.2 0.8  7.3 * 2.0 2.4 0.3 

Crop sequence × Variety × 

Fumigant 

0.2 0.3 0.7  0.7 1.2 0.7 1.0 

*Indicates significance at p < 0.05.  

aMetam sodium injected 10 inches below seed placement at 7.5 gal/acre two weeks prior to planting. 
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Table 3.  Plant condition rating, peanut yield, and population of root-knot nematode in soil in 2021 following ten prior cropping 

sequences at Lewiston-Woodville from 2013-2020.a 

 Cropping sequences         

Year 1 2 3 4 5 6 7 8 9 10 

2013 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2014 Corn Cotton Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2015 Peanut Peanut Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2016 Corn Cotton Peanut Peanut Peanut Peanut Corn Peanut Cotton Peanut 

2017 Peanut Peanut Cotton Cotton Soybean Soybean Corn Corn Cotton Peanut 

2018 Corn Cotton Corn Cotton Corn Cotton Corn Corn Cotton Peanut 

2019 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

2020 Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton Cotton 

2021 Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut Peanut 

Plant condition rating (scale 0-5)b  

 4.0 abc 4.1 ab 4.0 abc 4.2 ab 4.2 ab 4.0 abc 4.1 ab 3.9 bc 4.3 a 3.8 c 

Peanut yield (lbs/acre) 

 3810 d 4380 ab 4220 bcd 4370 ab 4100 bcd 3860 cd 4290 bc 3870 cd 4760 a 3180 e 

Root-knot nematode population in soil (No./1.1 pints of soil) 

 292 bc 973 a 68 c 14 c 254 bc 781 ab 58 c 82 c 24 c 310 bc 

aMeans within a line for plant condition rating, peanut yield, and population of nematodes in soil followed by the same letter are 

not significantly different according to Tukey’s HSD at α = 0.05. Data are pooled over levels of variety and fumigation. 

bOrdinal scale of 0 to 5 where 0 = a yellow canopy and 5 = a deep green canopy. 
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Table 4. Influence of variety on peanut plant condition, pod yield, and root injury caused by nematodes and root-knot nematode 

population in soil in 2021. 

 Peanut    

Variety Plant condition rating Pod yield Root injury Root-knot nematode 

 Scale 0-5a lbs./acre Scale 1-10b No./1.1 pints of soil 

Bailey II 3.7 4440 3.7 460 

TifNV-High O/L 4.4 * 4710 * 3.3 *  111 * 

*Indicates significance at P < 0.05 based on a t-test. Data are pooled over levels of previous cropping sequence and fumigation. 

aOrdinal cale of 0 to 5 where 0 = a yellow canopy and 5 = a deep green canopy. 

bOrdinal scale of 1 to 10 where 1 = very few small galls, 2 = numerous small galls, 3 = numerous small galls of which some are 

grown together, 4 = numerous small and some big galls, 5 = 25% of roots severely galled, 6 = 50% of roots severely galled, 7 = 

75% of roots severely galled, 8 = no healthy roots but plant is still green, 9 = roots rotting and plant dying, and 10 = plant and roots 

dead) (Zeck, 1971). 
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Table 5. Influence of variety and fumigation with metam sodium on lesion nematode population in soil in 2021. 

 Peanut    Pant-parasitic nematode populations in soil 

Metam sodium Plant condition Pod yield Root injury  Ring  Root-knot Soybean cyst 

 Scale 0-5a lbs./acre Scale 1-10b  _______________________ No./1.1 pints of soil _________________________ 

No 4.0 4550 3.6  1357  485 49 

Yesc 4.1 * 4600  3.2 *   261 * 86 * 5 * 

*Indicates significance at P < 0.05 based on a t-test. Data are pooled over levels of previous cropping sequence and variety. 

aOrdinal scale of 0 to 5 where 0 = a yellow canopy and 5 = a deep green canopy. 

bOrdinal scale of 1 to 10 where 1 = very few small galls, 2 = numerous small galls, 3 = numerous small galls of which some are 

grown together, 4 = numerous small and some big galls, 5 = 25% of roots severely galled, 6 = 50% of roots severely galled, 7 = 

75% of roots severely galled, 8 = no healthy roots but plant is still green, 9 = roots rotting and plant dying, and 10 = plant and roots 

dead) (Zeck, 1971). 

cMetam sodium injected 10 inches below seed placement at 7.5 gal/acre two weeks prior to planting. 
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Table 6. Influence of variety and metam sodium on lesion nematode population in soil in 2021.a 

 Metam sodiumb  

Variety No Yes 

 ________________________________ No./1.1 pints of soil ________________________________ 

Bailey II 30 b 6 c 

TifNV-High O/L 67 a 5 c 

aMeans followed by the same letter are not significantly different according to Tukey’s HSD at α = 0.05. Data 

are pooled over levels of previous cropping sequence. 

bMetam sodium injected 10 inches below seed placement at 7.5 gal/acre two weeks prior to planting. 
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Table 7. P > F for plant condition rating, percentage of diseased plants, peanut yield, and root injury and populations of lesion, ring, 

root-knot, and soybean cyst nematodes in soil in mid-September with combinations of rotation sequence, variety, and fumigation with 

metam sodium in 2024 at Lewiston-Woodville. 

 Peanut   Plant-parasitic nematode populations in soil  

Source Plant condition rating Pod yield Root injury  Lesion Ring Root knot Soybean cyst 

Variety 21.0 * 2.1 2.7  0.1 0.1 0.1 1.2 

Metam sodiuma 0.7 0.8 34.1 *  2.3 1.6 5.0 * 5.6 * 

Variety × metam sodium 0.9 0.9 9.2 *  4.1 0.7 0.2 0.2 

*Indicates significance at p < 0.05.  

aMetam sodium injected 10 inches below seed placement at 7.5 gal./acre two weeks prior to planting. 
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Table 8. Populations of ring, root-knot, and soybean cyst nematodes in soil in mid-September after treatment of metam sodium in 

2024 at Lewiston-Woodville. 

 Plant parasitic nematodes in soil 

Metam sodium Root-knot Soybean cyst 

  

_________________________________________ No./1.1 pint soil ________________________________________________________ 

No metam sodium 30 3389 

Metam sodium 13 * 2230 * 

*Indicates significance at P < 0.05 based on a t-test. Data are pooled over levels of previous cropping sequence and variety. 

aMetam sodium injected 10 inches below seed placement at 7.5 gal/acre two weeks prior to planting. 
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Table 9. Influence of variety selection and fumigation with metam sodium on injury of peanut roots caused by plant-parasitic 

nematodes.a 

 Peanut root injuryb  

 Metam sodium   

Variety No Yesc 

Bailey II 2.0 a 0 c 

TifNV-High O/L 1.5 ab 0.8 b 

aMeans followed by the same letter are not significantly different according to Tukey’s HSD at α = 0.05.  

bOrdinal scale of 1 to 10 where 1 = very few small galls, 2 = numerous small galls, 3 = numerous small galls of which some are 

grown together, 4 = numerous small and some big galls, 5 = 25% of roots severely galled, 6 = 50% of roots severely galled, 7 = 

75% of roots severely galled, 8 = no healthy roots but plant is still green, 9 = roots rotting and plant dying, and 10 = plant and roots 

dead) (Zeck, 1971). 

cMetam sodium injected 10 inches below seed placement at 7.5 gal/acre two weeks prior to planting. 
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Abstract 

Determining effectiveness of fungicide programs based on cultivar resistance to pathogens, 

especially late leaf spot (caused by Nothopassalora personata (Berk. & M.A. Curtis) U. Braun, 

C. Nakash., Videira & Crous] is important is establishing recommendations to peanut (Arachis 

hypogaea L.) farmers.  Research was conducted in North Carolina during 2021 and 2022 at three 

locations to compare late leaf spot incidence, percentage of canopy defoliated caused by this 

disease, and yield of the peanut cultivars Bailey II, Emery, and Sullivan when exposed to five 

diverse fungicide regimens. All fungicides regimens protected peanut from leaf spot disease 

regardless of the number of sprays during the cropping cycle (e.g., three, four, or fives sprays). 

While differences in leaf spot incidence and canopy defoliation were noted for cultivars, these 

differences did not translate into differences in peanut yield. Fungicide regimens did not interact 

with cultivars for any of the measurements including peanut yield. Peanut yield was greater 

when fungicides were applied four or five times compared with only three sprays or non-treated 

peanut. Five consecutive sprays of chlorothalonil alone or with tebuconazole was as effective as 

fungicide regimens including combinations of pydiflumetofen plus azoxystrobin plus 

benzovindiflupyr, mefentrifluconazole plus pyraclostrobin plus fluxapyroxad, bixafen plus 

flutriafol, and prothioconazole plus tebuconazole. These experiments were conducted using 

methodology that ensured timely bi-weekly applications of chlorothalonil or chlorothalonil plus 

tebuconazole. In situations where fungicide applications are delayed due to challenges with 

weather or logistics, fungicides with curative activity would likely protect peanut from leaf spot 

more effectively than chlorothalonil.   

Key words: cultural practices, disease management, integrated pest management, variety 

resistance.  
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1. Introduction 

Early and late leaf spot (caused by Passalora arachidicola (syn. Cercospora 

arachidicola [Hori]) and Nothopassalora personata (Berk. & M.A. Curtis) U. Braun, C. 

Nakash., Videira & Crous], respectively) infect peanut, causing chlorotic lesions on the leaves of 

the peanut plant (Stokes and Culbreath, 1997). Symptoms can be present on petioles, stipules, 

stems, and pegs as well. Inoculum of the pathogen causing leaf spot disease can overwinter in 

infected peanut residue on the soil (Stokes and Culbreath, 1997). As lesions progress in the 

peanut canopy, yield reductions as high as 50 to 70% can occur due to reduction in 

photosynthesis in diseased leaves (Anco et al., 2020; Bourgeois and Boote, 1992; Stokes and 

Culbreath, 1997; Smith and Littrell, 1980). Incidence and severity of leaf spot is largely 

dependent on temperature and relative humidity and duration of favorable conditions and time of 

disease progression prior to harvest (Stokes and Culbreath, 1997).  

Progression of leaf spot disease in North Carolina typically begins the first week of July, 

and if weather conditions are favorable, risk can extend through September (Lux and Shew, 

2025). During this time, maintaining protection measures when conditions are favorable for 

disease progression is important to protect peanut yield. Management of leaf spot diseases in 

peanut includes rotation to non-susceptible host crops, cultural practices (e.g., tillage, planting 

pattern, and plant population, irrigation, and resistant cultivars. Peanut is the only known host of 

the pathogens that cause leaf spot disease in peanut (Lux and Shew, 2025, Videira et al., 2017), 

making rotating away from peanut important for 3-4 years. Increasing the number of years 

between planting peanuts will decrease initial leaf spot infection in the field (Brenneman at al., 

1995). Tillage practices can affect leaf spot infection by affecting peanut residue (Cantonwine et 

al., 2007; Lux and Shew, 2024, Monfort et al., 2004; Sorenson et al., 2010). Irrigation can hasten 
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pathogen activity and disease progression through elevated humidity in the peanut canopy (Lux 

and Shew, 2025, Woodward et al., 2012). 

Protecting yield with fewer fungicide inputs can be more cost-effective for farmers and 

can be accomplished through resistant cultivars. Cultivars with resistance to leaf spot disease can 

decrease risk of disease when fungicide applications are delayed due to inclement weather or 

logistical challenges. Partial resistance to leaf spot are expressed in some commercially available 

cultivars in North Carolina (Dunne, 2025). Selection of cultivars that show partial resistance to 

leaf spot contribute positively to management strategies used by growers by decreasing yield 

loss, possibly reduce fungicide costs, and limit equipment traffic in the field. The cultivar Bailey 

II (PVPO No. 202000201) (PVP - Bailey II, n.d.) is the most popular cultivar of peanut grown in 

North Carolina, with approximately 70% of acres planted in 2024 (Jordan et al., 2025). The 

cultivar Emery (PVPO No. 201900014) (PVP - Emery, n.d.) was planted on the second most 

acreage, followed by the cultivar Sullivan (PVPO No. 201500287) (PVP - Sullivan, n.d.) (Jordan 

et al., 2025). Each of these three cultivars express various levels of disease resistance to leaf spot 

(Dunne, 2025; Lux and Shew, 2025). Mehl (2017) reported good leaf spot resistance for Sullivan 

when grown in southeastern Virginia. 

 In North Carolina, fungicide sprays to protect peanut from leaf spot disease typically 

begin in July (~45 days after planting) at the R-3 stage of peanut development (Boote, 1982) and 

continue on a two-week basis for 5-6 sprays (~120 days after planting) (Lux and Shew, 2025).  

Southern stem rot disease (caused by Athelia rolfsii Sacc.) also needs to be suppressed during 

this window of the cropping cycle. Pydiflumetafen, a fungicide released more recently, can 

protect peanut from leaf spot disease for longer than two weeks in North Carolina (Jordan et al., 
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2025; Lux and Shew, 2025). Fungicide cost for peanut in North Carolina can exceed $75 per acre 

(Washburn and Jordan, 2025).  

Resistance of the pathogen causing late leaf spot has increased over the past two decades 

(Lux and Shew, 2025). Leaf spot resistance to demethylation inhibitors (DMI) and quinone 

outside inhibitors (QoI) fungicides are present in North Carolina (Culbreath et al., 2016, 2018; 

Lux and Shew, 2024). Management strategies to reduce the likelihood that further resistance to 

fungicides include: 1) use of resistant cultivars, 2) rotating peanut with other crops, 3) rotating 

fungicide sites of action, and 3) co-application of fungicides with different sites of action 

(Corkley et al.,2022). Resistant cultivars can also contribute to resistance management because 

they offer an alternative method of suppression not associated with sites of action present in 

fungicides (Bosch et al., 2014; Lux and Shew, 2024). Multisite fungicides are considered low 

risk for resistance to develop in pathogens (Dorigan et al., 2023; FRAC, 2025).    

Chlorothalonil is a popular and effective fungicide used in peanut. It is relatively low cost 

and the development of resistance in leaf spot is unlikely due to the multisite mode of action 

(Dorigan et al., 2023). However, this fungicide does not provide curative activity against disease, 

and growers can be at risk if applications are delayed and a 14-day schedule not maintained 

(Culbreath et al., 2006; Lux and Shew, 2025). This fungicide is often applied as the first and final 

spray in fungicide programs in North Carolina because it is inexpensive and aids in resistance 

management. However, overuse of this fungicide can increase the likelihood of Sclerotinia blight 

(caused by Sclerotinia minor Jagger) (Porter, 1980) and increased infestation by two-spotted 

spider mite (Tetranychus urticae Koch) (Campbell, 1978). Co-applying pydiflumetofen with the 

commercial package mixture of azoxystrobin plus benzovindiflupyr is a popular fungicide 

mixture for protection of peanut from leaf spot and stem rot disease in North Carolina (Jordan et 
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al., 2024). This combination can provide protection from disease up to 28 days (Jordan et al., 

2025b; Kemerait et al., 2023). While not used extensively in North Carolina, the commercial 

package mixtures of mefentrifluconazole plus pyraclostrobin plus fluxapyroxad and bixafen plus 

flutriafol offer leaf spot protection with multiple sites of action (FRAC, 2025; Lux and Shew, 

2025).   

 Developing the most effective leaf spot management practice that includes cultivar 

resistance and fungicides is important for farmers and their advisors in the Virginia-Carolinas 

production region of the United States. To address this goal, research was conducted in North 

Carolina to determine leaf spot incidence, canopy defoliation, and pod yield when fungicides and 

cultivars currently grown in the region are grown. 

 

2. Materials and Methods 

 Research was conducted in North Carolina in 2021 and 2022 near Lewiston-Woodville 

(36.07N, 77.11W), Rocky Mount (35.90N, 77.67W), and Whiteville (34.41N, 78.79W).  The 

Virginia market-type cultivars Bailey II, Emery, and Sullivan were planted in mid-May in rows 

spaced 3 ft apart in conventionally-prepared, raised seedbeds. Plot size was 4 rows wide by 30 ft 

in length. The seeding rate was designed to establish a final in-row population of 4.5 plants/ft.  

 Each cultivar received four different fungicide programs as well as a control treatment 

without any fungicides applied. Each fungicide program started at the R3 stage of peanut 

development (Boote, 1982) roughly 45 days after planting. The combination of fungicide 

sequence and duration of protection for each spray are referred to as fungicide regimen (Table 1).  

Specific fungicide regimens are abbreviated as 1) non-treated control, 2) four-spray multiple 

fungicides, 3) five-spray multiple fungicides, 4) three-spray chlorothalonil-tebuconazole, and 5) 
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five-spray chlorothalonil-tebuconazole. Chlorothalonil (Bravo Weather Stik, Syngenta Crop 

Protection, Greensboro, NC), pydiflumetofen (Miravis, Syngenta Crop Protection, Greensboro, 

NC), azoxystrobin plus benzovindiflupyr (Elatus, Syngenta Crop Protection, Greensboro, NC), 

mefentrifluconazole plus pyraclostrobin plus fluxapyroxad (Revytek, BASF Corporation, 

Research Triangle Park, NC), bixafen plus flutriafol (Lucento, FMC Corporation, Philadelphia, 

PA), prothioconazole plus tebuconazole (Bayer CropScience, Research Triangle Park, NC), and 

tebuconazole (Tebuzol 3.6F, UPL NA, Inc., King of Prussia, PA) were applied at 1.125 lb a.i./ac, 

0.0444 lb a.i./ac, 0.178 lb a.i./ac plus 0.089 lb a.i./ac, 0.113 lb a.i./ac plus 0.150 lb a.i./ac plus 

0.075 lb a.i./ac, 0.066 lbs ai/acre plus 0.113 lb a.i./ac, 0.179 lb a.i./ac plus 0.179 lb a.i./ac, and 

0.203 lb a.i./ac respectively.   

Fungicides were applied using a CO2-pressurized backpack sprayer calibrated to deliver 

15 gal/ac aqueous solution at 30 psi using regular flat fan nozzles (Teejet FF 11002, Spraying 

Systems Co., Wheaton, IL) at a ground speed of 3 mph. Production and pest management 

practices other than cultivar and fungicide program were held constant across all experiments 

(Jordan et al., 2025a).  

Peanut pods were dug and vines inverted based on pod mesocarp color to optimize pod 

yield using a sample collected from a peanut plot without lesions and no canopy defoliation 

(Williams and Drexler, 1982).  Pod maturity of all three cultivars was similar, allowing digging 

and vine inversion to occur at the same time for the entire experiment. The test was designed as a 

split-plot at each site-year combination with peanut cultivar considered the whole-plot and 

fungicide regimens considered the sub-plot. Each treatment was replicated 4 times.  
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2.1 Data Collected and Statistical Analyses 

 Visual estimates of percentage of leaves expressing lesions (referred to as disease 

incidence) and percentage of leaflets fallen from the plant (referred to as canopy defoliation) 

caused by early and late leaf spot were recorded within 2 days and approximately 14 days before 

digging peanut and inverting vines 2021 and approximately 2, 7, 14, 21, and 28 days prior to 

digging and vine inversion in 2022. The percentage of disease incidence was rated on a scale 0 to 

100% scale where 0 = no lesions caused by leaf spot disease in the canopy and 100 = all leaflets 

in the canopy expressing lesions. Peanut canopy defoliation was recorded on a scale of 0 to 

100% where 0 = no loss of leaflets and 100 = no leaflets remaining in the canopy.  

Leaf spot rating events were increased in 2022 to accommodate an area under disease 

progress curve (AUDPC) calculation. AUDPC associated with disease incidence and canopy 

defoliation was calculated in R package ‘agricolae’ with the following expression utilizing the 

sum of the trapeze under the curve (de Mandiburu and Yaseen, 2020; Campbell and Madden, 

1990). 

 

 Percentages of disease incidence, canopy defoliation, AUDPC (2022 only), and pod yield 

were subjected to ANOVA with the GLIMMIX procedure in SAS (SAS v9.4, Cary, NC) with 

respect to the split-plot design for cultivar and fungicide regimen (McIntosh, 1983; Moore and 

Dixon, 2014). Site-year combinations and replication were considered random effects. Cultivars 

AUDPC = ∑
𝑦𝑖+𝑦𝑖+1

2

𝑛−1
𝑖=1 × (𝑡𝑖+1 − 𝑡𝑖) 

yi = incidence or defoliation rating at the ith observation. 

ti = time in days after planting at the ith observation. 

n = total number of observations. 
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and fungicide regimens were considered fixed effects. Means were separated using Tukey’s 

Honestly Significant Difference test at α = 0.05 when pooled over site-year combinations. 

Pearson correlation coefficients were constructed using the CORR procedure in SAS for percent 

disease incidence, percent canopy defoliation, AUDPC for disease incidence and peanut canopy 

defoliation, and peanut yield at α < 0.05. 

 

3. Results and Discussion 

3.1 Leaf Spot Incidence and Canopy Defoliation at 14 and 2 Days Prior to Digging  

The main effects of cultivar were significant for disease incidence (p = <.0001) 14 days 

before digging. Disease incidence 2 days before digging (p = 0.3367) and peanut yield (p = 

0.9985) were not affected by the main effect of cultivar. Disease incidence was affected by the 

main effect of fungicide regimen at 14 and 2 days prior to digging (p = <.0001 and p = <.0001, 

respectively). The interaction of cultivar × fungicide regimen was significant for peanut canopy 

defoliation at 14 and 2 days before digging (p = <.0001 and p = <.0001, respectively). Disease 

incidence at 14 or 2 days prior to digging (p = 0.0886 and p = 0.5649, respectively) or peanut 

yield (p =0.0658) did not differ for the interaction of cultivar × fungicide regimen. 

When pooled over fungicide regimens, disease incidence was greater for the cultivar 

Emery than Bailey II and Sullivan 14 days prior to digging; disease incidence was the same for 

Bailey II and Sullivan (Table 2). At 2 days prior to digging, no difference in disease incidence 

was noted among cultivars.  

Disease incidence was greater at both evaluation dates when fungicides were not applied 

(Table 3). Incidence of disease was lower with the four-spray multiple fungicide, five-spray 

multiple fungicide, and five-spray chlorothalonil-tebuconazole fungicide regimens when 
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compared with the three-spray regimen that included chlorothalonil and tebuconazole. At 14 

days prior to digging, disease incidence was similar when for the four-spray multiple and five-

spray multiple fungicide regimens; disease incidence was similar when either the five-spay 

multiple fungicide regimen and the five-spray chlorothalonil-tebuconazole regimens were 

compared. Disease incidence was lower for the five-spray chlorothalonil-tebuconazole regimen 

than the regimen four-spray multiple fungicide regimen. However, when evaluated closer to 

digging, no difference in disease incidence was observed for the four-spray multiple fungicide 

and the five-spray multiple fungicide regimens. The five-spray chlorothalonil-tebuconazole 

regimen resulted in lower disease incidence compared to all fungicide regimens at 2 days before 

digging.  

These results were not unexpected given peanut is planted annually at these locations and 

the rotation sequence between peanut in the crop sequence does not exceed three years. Leaf spot 

disease can be higher when fungicides are either not applied or when the interval between 

fungicide sprays exceeds the recommended interval. The fungicides used in the regimens with 

four or five sprays have been shown to be effective in suppressing leaf spot disease when applied 

in a timely manner (Jordan et al., 2025b). Monfort et al. (2004) reported that extended intervals 

of chlorothalonil, tebuconazole, or azoxystrobin sprays resulted in greater leaf spot progression 

compared to the standard bi-weekly applications. 

At 14 days prior to digging, the use of a fungicide regimen lowered peanut canopy 

defoliation, regardless of the cultivar (Table 4). When no fungicide regimen was used, the 

greatest peanut canopy defoliation was observed in peanut cultivar Emery followed by Sullivan 

followed by Bailey II with the least peanut canopy defoliation. When a fungicide regimen was 

used, the greatest peanut canopy defoliation was noted in Emery or Sullivan in the three-spray 
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chlorothalonil-tebuconazole regimen. When Sullivan was applied with the three-spray 

chlorothalonil-tebuconazole regimen, it was similar to Bailey II with the three-spray 

chlorothalonil-tebuconazole regimen and Emery with the five-spray multiple fungicide regimen. 

When Bailey II was applied with the three-spray chlorothalonil-tebuconazole regimen it had 

similar results to when Emery or Sullivan were sprayed with the four- or five-spray multiple 

fungicide regimens. The lowest amount of peanut canopy defoliation was observed in the four-

spray multiple fungicide regimen and both five-spray fungicide regimens, regardless of the 

peanut cultivar.  

At 2 days prior to digging when pooled over site-year combination, peanut canopy 

defoliation was greatest when no fungicide regimen was used; Emery resulted in greater peanut 

canopy defoliation compared to Bailey II and Sullivan, which were similar (Table 4). Similar to 

14 days prior to digging, peanut canopy defoliation was lowest the four-spray multiple fungicide 

regimen and both of the five-spray fungicide regimens, regardless of the peanut cultivar. Within 

the three-spray chlorothalonil-tebuconazole regimen Bailey II resulted in less defoliation 

compared to Emery; no difference was noted between Sullivan and Emery or Bailey II. Emery 

and Sullivan with the three-spray chlorothalonil-tebuconazole regimen resulted in the greater 

peanut canopy defoliation when a fungicide regimen was applied. The three-spray 

chlorothalonil-tebuconazole regimen on Bailey II resulted in similar defoliation to the four-spray 

regimen regardless of cultivar and the five-spray multiple fungicide regimen with Bailey II and 

Emery. 

3.2 Peanut Yield 

Peanut yield was affected by the main effect of fungicide regimen (p = <0.0001) but not 

by the main effect of cultivar (p = 0.9985) or the interaction of cultivar × fungicide regimen (p = 
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0.0658).  Fungicides protected yield compared with non-treated peanut regardless of the 

fungicide regimen (Table 5). When pooled over cultivars and site-year combinations, peanut 

yield was similar following the four-spray multiple fungicide, five-spray multiple fungicide, and 

the three-spray chlorothalonil-tebuconazole regimens. Additionally, no difference in peanut yield 

was observed when comparing the four-spray multiple fungicide regimen with the regimen 

including five sprays of chlorothalonil alone or with tebuconazole. The five-spray regimen with 

chlorothalonil applied bi-weekly resulted in greater yields than the five-spray multiple fungicide 

regimen and the regimen with only three sprays of chlorothalonil during the cropping cycle.  

 

3.3 AUDPC for Leaf Spot Incidence and Canopy Defoliation in 2022 

The interaction of cultivar × fungicide regimen was significant for AUDPC for disease 

incidence (p = 0.0042) and canopy defoliation (p = <0.0001) in 2022. When no fungicide 

regimen was used, greater disease incidence was noted with all peanut cultivars compared to 

when a fungicide regimen was used (Table 6). When no fungicide regimen was applied, Bailey II 

resulted in lower disease incidence compared to Emery; no difference was noted between 

Sullivan and the other two cultivars. When a fungicide regimen was used, the greatest disease 

incidence was observed on Emery and Sullivan in the three-spray chlorothalonil-tebuconazole 

regimen; within this regimen, disease incidence was lower in Bailey II compared to Sullivan but 

similar to Emery. Sullivan and Bailey II applied with the four-spray multiple fungicide regimen 

and all peanut cultivars applied with either of the five-spray fungicide regimens resulted in the 

lowest disease incidence; Emery in the four-spray multiple fungicide regimen had greater disease 

incidence compared to Bailey II and Emery in the five-spray chlorothalonil-tebuconazole 

regimen. 
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Regardless of the peanut cultivar, peanut canopy defoliation was lower when a fungicide 

regimen was applied compared to when no fungicide regimen was used (Table 6). When no 

fungicide regimens were used, Bailey II had the lowest peanut canopy defoliation, followed by 

Sullivan, followed by Emery. Within the three-spray chlorothalonil-tebuconazole regimen, 

peanut canopy defoliation was similar across all peanut cultivars. When the three-spray 

chlorothalonil-tebuconazole regimen was used with Bailey II, peanut canopy defoliation was 

comparable to the four-spray multiple fungicide and the five-spray regimens, regardless of the 

peanut cultivar. Higher peanut canopy defoliation was noted when Emery was used with the 

three-spray chlorothalonil-tebuconazole regimen compared to the four-spray multiple fungicide 

and the five-spray regimens, regardless of the peanut cultivar. Across all peanut cultivars, the 

five-spray chlorothalonil-tebuconazole regimen resulted in lower peanut canopy defoliation 

compared to Emery in the three-spray chlorothalonil-tebuconazole regimen. Sullivan applied 

with the three-spray chlorothalonil-tebuconazole regimens had similar results to Emery with the 

five-spray chlorothalonil-tebuconazole regimen.  

Woodward et al. (2008) conducted a relatively similar study in 2008 in Georgia with 

peanut cultivars and fungicide regimens available at that time. Woodward et al. reported 

increased leaf spot disease in a reduced fungicide regimen compared to a full regimen standard 

to the area at that time. They also reported a difference in cultivar performance to leaf spot 

disease resistance, however none of the cultivars tested were similar to this test. Different from 

this test, Woodward et al. reported no interactions among peanut cultivar and fungicide regimen. 

This may point to increased leaf spot resistance in newer cultivars when used in conjunction with 

reduced fungicide regimens tailored to the time and location. 
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Pearson correlation coefficients for disease incidence and peanut yield were significant 

for recordings at 14 and 2 days prior to peanut digging and vine inversion (p = <0.0001 and p = 

<0.0001, respectively) (Table 7). Peanut canopy defoliation and peanut yield correlation 

coefficient were significant for ratings at 14 and 2 days prior to digging (p = <0.0001 and p = 

<0.0001, respectively). Disease incidence 14 days prior to digging resulted in a correlation 

coefficient (r) value of -0.32 and a correlation of determination (R2) value of 0.10 with peanut 

yield. Disease incidence 2 days prior to digging had a r-value of -.36 and a R2-value of 0.13 with 

peanut yield. Peanut canopy defoliation and peanut yield at 14 and 2 days before digging had a r-

value of -.35 and -0.25, respectively, and a R2-value of 0.12 and 0.06, respectively. Pearson 

correlation coefficient for AUDPC for disease incidence and peanut canopy defoliation with 

peanut yield in 2022 were significant (p = <0.0001 and p = <0.0001, respectively). AUDPC for 

disease incidence and peanut yield had a r-value of -0.29 and a R2-value of 0.08. AUDPC for 

peanut canopy defoliation and peanut yield had a r-value of -0.32 and a R2-value of 0.10.  

 

4. Conclusions 

Results from this study demonstrated that the cultivar Bailey II is less susceptible to leaf 

spot disease than Emery. Bailey II was likely to have less disease progress than Sullivan but not 

in all instances. However, these differences in disease incidence and canopy defoliation did not 

translate into differences in yield when comparing cultivars. The fungicide regimen that included 

chlorothalonil applied five times either alone or with tebuconazole was equal or more effective in 

protecting yield than other fungicide regimens. However, in other research (Lux et al., 2024) 

with the same fungicide regimens in the presence of Sclerotinia blight, peanut yield was similar 

when comparing non-treated peanut to the three or five-spray chlorothalonil-tebuconazole 
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regimen because of higher incidence of Sclerotinia blight. Porter (1980) demonstrated that 

multiple applications of chlorothalonil can increase Sclerotinia blight disease. With respect to 

leaf spot disease and the effectiveness of five sprays of chlorothalonil, applications of fungicides 

in this study were made on a consistent and defined schedule because of the nature of small-plot 

research. It is possible that growers could have logistical challenges or weather conditions that 

could delay applications of chlorothalonil or chlorothalonil plus tebuconazole with negative 

impacts on pathogen suppression. Chlorothalonil is a protectant fungicide with no curative 

action, and tebuconazole is ineffective on suppressing leaf spot disease at these locations in 

North Carolina due to evolved resistance (Lux and Shew, 2025). Our results indicate that 

pydiflumetofen plus azoxystrobin plus benzovindiflupyr can provide 28 days of protection 

before a follow up fungicide is applied. While this result is consistent with other research in 

North Carolina (Jordan et al., 2025), the interval of 28 days for the follow up fungicide after 

pydiflumetofen plus azoxystrobin plus benzovindiflupyr is too long to effectively protect peanut 

from leaf spot disease. 
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Table 1. Fungicide programs used to protect peanut yield from leaf spot disease.a 

 Days after planting 

Fungicide regimen 45 60 75 90  105 

Non-treated - - - - - 

Four spray multiple 

fungicide  

Chlorothalonil Pydiflumetofen, 

azoxystrobin, 

benzovindiflupyr 

- Prothioconazole, 

tebuconazole 

Chlorothalonil 

Five-spray multiple 

fungicide 

Chlorothalonil Prothioconazole, 

tebucomazole 

Mefentrifluconazole, 

pyraclostrobin, 

fluxapyroxad 

Bixafen,  

flutriafol 

Chlorothalonil 

Three-spray chlorothalonil-

tebuconazole 

Chlorothalonil - Chlorothalonil, 

tebuconazole 

- Chlorothalonil 

Five-spray chlorothalonil-

tebuconazole 

Chlorothalonil Chlorothalonil, 

tebuconazole 

Chlorothalonil, 

tebuconazole 

Chlorothalonil, 

tebuconazole 

Chlorothalonil 

aChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, mefentrifluconazole plus pyraclostrobin plus fluxapyroxad, 

bixafen plus flutriafol, prothioconazole plus tebuconazole, and tebuconazole were applied at 1.125 lb a.i./ac, 0.0444 lb a.i./ac, 0.178 

lb a.i./ac plus 0.089 lb a.i./ac, 0.113 lb a.i./ac plus 0.150 lb a.i./ac plus 0.075 lb a.i./ac, 0.066 lbs ai/acre plus 0.113 lb a.i./ac, 0.179 lb 

a.i./ac plus 0.179 lb a.i./ac, and 0.203 lb a.i./ac respectively. 
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Table 2. Influence of peanut cultivar on leaf spot disease incidence 2 and 14 days prior to peanut digging and vine inversion.a 

 Disease incidence 

 Days before digging 

Cultivar 14  2 

 __________________________________________ % ____________________________________________ 

Bailey II 37 b  52 a 

Emery 45 a  55 a 

Sullivan 39 b  52 a 
aMeans within a column followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant 

Difference test. Data are pooled over site-year combinations and fungicide regimens.  
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Table 3. Influence of fungicide regimen on disease incidence and peanut canopy defoliation caused by late leaf spot disease 14 and 2 

days prior to digging pods and inverting vines.a 

 Disease incidence 

 Days before digging 

Fungicide regimenb,c 14  2 

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

Non-treated 94 a  98 a 

Four-spray multiple fungicide 28 c  41 c 

Five-spray multiple fungicide  18 cd  34 c 

Three-spray chlorothalonil-tebuconazole 57 b  77 b 

Five-spray chlorothalonil-tebuconazole 12 d  14 d 
aMeans within a column followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant 

Difference test. Data are pooled over site-year combinations and cultivars.  

bFungicide regimens: 1) non-treated control; 2) chlorothalonil then pydiflumetofen plus azoxystrobin plus benzovindiflupyr then 

prothioconazole plus tebuconazole then chlorothalonil; 3) chlorothalonil then prothioconazole plus tebuconazole then 

mefentrifluconazole plus pyraclostrobin plus fluxapyroxad then plus bixafen and flutriafol then chlorothalonil; 4) chlorothalonil 

then chlorothalonil plus tebuconazole plus chlorothalonil; 5) Chlorothalonil then chlorothalonil plus tebuconazole plus 

chlorothalonil then chlorothalonil. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, mefentrifluconazole plus pyraclostrobin plus fluxapyroxad, 

bixafen plus flutriafol, prothioconazole plus tebuconazole, and tebuconazole were applied at 1.125 lb a.i./ac, 0.0444 lb a.i./ac, 0.178 

lb a.i./ac plus 0.089 lb a.i./ac, 0.113 lb a.i./ac plus 0.150 lb a.i./ac plus 0.075 lb a.i./ac, 0.066 lbs ai/acre plus 0.113 lb a.i./ac, 0.179 lb 

a.i./ac plus 0.179 lb a.i./ac, and 0.203 lb a.i./ac respectively. 
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Table 4. Influence of the interaction of peanut cultivar and fungicide regimen on peanut canopy defoliation caused by late leaf spot 

disease 14 and 2 days prior to digging pods and inverting vines.a 

 Peanut Canopy Defoliation 

 14 days before digging   2 days before digging 

Fungicide regimenb,c  Bailey II Emery Sullivan Bailey II Emery Sullivan 

 ___________________ % ____________________ __________________ % ___________________ 

Non-treated 34 c 62 a 49 b 58 b 78 a 66 b 

Four-spray multiple fungicide  4 g 5 fg 5 fg 6 ef 9 ef 7 ef 

Five-spray multiple fungicide  4 g 7 efg 5 fg 7 ef 7 ef 5 f 

Three-spray chlorothalonil-tebuconazole 13 ef 21 d 14 de 16 de 26 c 19 cd 

Five-spray chlorothalonil-tebuconazole 2 g 4 g 2 g 5 f 4 f 4 f 

aMeans within a rating event followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly 

Significant Difference test. Data are pooled over site-year combinations and cultivars.  

bFungicide regimens: 1) non-treated control; 2) chlorothalonil then pydiflumetofen plus azoxystrobin plus benzovindiflupyr then 

prothioconazole plus tebuconazole then chlorothalonil; 3) chlorothalonil then prothioconazole plus tebuconazole then 

mefentrifluconazole plus pyraclostrobin plus fluxapyroxad then plus bixafen and flutriafol then chlorothalonil; 4) chlorothalonil 

then chlorothalonil plus tebuconazole plus chlorothalonil; 5) chlorothalonil then chlorothalonil plus tebuconazole plus chlorothalonil 

then chlorothalonil. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, mefentrifluconazole plus pyraclostrobin plus fluxapyroxad, 

bixafen plus flutriafol, prothioconazole plus tebuconazole, and tebuconazole were applied at 1.125 lb a.i./ac, 0.0444 lb a.i./ac, 0.178 

lb a.i./ac plus 0.089 lb a.i./ac, 0.113 lb a.i./ac plus 0.150 lb a.i./ac plus 0.075 lb a.i./ac, 0.066 lbs ai/acre plus 0.113 lb a.i./ac, 0.179 lb 

a.i./ac plus 0.179 lb a.i./ac, and 0.203 lb a.i./ac respectively. 
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Table 5. Influence of fungicide regimen on peanut yield.a 

Fungicide regimenb,c  Peanut yield 

 lbs/ac 

Non-treated 
3940 c 

Four spray multiple fungicide  
4565 ab 

Five-spray multiple fungicide  
4480 b 

Three-spray chlorothalonil-tebuconazole 
4461 b 

Five-spray chlorothalonil-tebuconazole 
4808 a 

aMeans within a column followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant 

Difference test. Data are pooled over site-year combinations and cultivars.  

bFungicide regimens: 1) non-treated control; 2) chlorothalonil then pydiflumetofen plus azoxystrobin plus benzovindiflupyr then 

prothioconazole plus tebuconazole then chlorothalonil; 3) chlorothalonil then prothioconazole plus tebuconazole then 

mefentrifluconazole plus pyraclostrobin plus fluxapyroxad then plus bixafen and flutriafol then chlorothalonil; 4) chlorothalonil 

then chlorothalonil plus tebuconazole plus chlorothalonil; 5) chlorothalonil then chlorothalonil plus tebuconazole plus chlorothalonil 

then chlorothalonil. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, mefentrifluconazole plus pyraclostrobin plus fluxapyroxad, 

bixafen plus flutriafol, prothioconazole plus tebuconazole, and tebuconazole were applied at 1.125 lb a.i./ac, 0.0444 lb a.i./ac, 0.178 

lb a.i./ac plus 0.089 lb a.i./ac, 0.113 lb a.i./ac plus 0.150 lb a.i./ac plus 0.075 lb a.i./ac, 0.066 lbs ai/acre plus 0.113 lb a.i./ac, 0.179 lb 

a.i./ac plus 0.179 lb a.i./ac, and 0.203 lb a.i./ac respectively. 
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Table 6. Influence of the interaction of peanut cultivar and fungicide regimen on area under the disease progress curve for disease 

incidence and peanut canopy defoliation in 2022 only.a 

 Disease incidence   Peanut canopy defoliation 

Fungicide regimenb,c  Bailey II Emery Sullivan  Bailey II Emery Sullivan 

 _______________ disease-days _________________  ________________ disease-days _________________ 

Non-treated 2118 b 2510 a 2286 ab 611 c 1121 a 878 b 

Four-spray multiple fungicide  508 fg 684 ef 556 fg 89 ef 92 ef 111 ef 

Five-spray multiple fungicide  420 fg 490 fg 455 fg 90 ef 111 ef 108 ef 

Three-spray chlorothalonil-tebuconazole 867 de 1164 cd 1222 c 190 def 318 d 249 de 

Five-spray chlorothalonil-tebuconazole 384 g 373 g 430 fg 70 f 92 ef 50 f 

aMeans within a response variable followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly 

Significant Difference test. Data are pooled over site-year combinations and cultivars.  

bFungicide regimens: 1) non-treated control; 2) chlorothalonil then pydiflumetofen plus azoxystrobin plus benzovindiflupyr then 

prothioconazole plus tebuconazole then chlorothalonil; 3) chlorothalonil then prothioconazole plus tebuconazole then 

mefentrifluconazole plus pyraclostrobin plus fluxapyroxad then plus bixafen and flutriafol then chlorothalonil; 4) chlorothalonil 

then chlorothalonil plus tebuconazole plus chlorothalonil; 5) chlorothalonil then chlorothalonil plus tebuconazole plus chlorothalonil 

then chlorothalonil. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, mefentrifluconazole plus pyraclostrobin plus fluxapyroxad, 

bixafen plus flutriafol, prothioconazole plus tebuconazole, and tebuconazole were applied at 1.125 lb a.i./ac, 0.0444 lb a.i./ac, 0.178 

lb a.i./ac plus 0.089 lb a.i./ac, 0.113 lb a.i./ac plus 0.150 lb a.i./ac plus 0.075 lb a.i./ac, 0.066 lbs ai/acre plus 0.113 lb a.i./ac, 0.179 lb 

a.i./ac plus 0.179 lb a.i./ac, and 0.203 lb a.i./ac respectively. 
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Table 7. Pearson correlation coefficients constructed for percent disease incidence, percent canopy defoliation, AUDPC for disease 

incidence and peanut canopy defoliation, and peanut yield.a 

Correlation  P > F  R2 

Percent disease incidence 14 days prior to digging vs. peanut yield <0.0001 0.10 

Percent disease incidence 2 days prior to digging vs. peanut yield 
<0.0001 0.13 

Percent peanut canopy defoliation 14 days prior to digging vs. peanut yield 
<0.0001 0.12 

Percent peanut canopy defoliation 2 days prior to digging vs. peanut yield 
<0.0001 0.06 

Percent disease incidence for AUDPC vs. peanut yield in 2022 
<0.0001 0.08 

Percent peanut canopy defoliation for AUDPC vs. peanut yield in 2022 
<0.0001 0.10 

aData are pooled over site-year combinations.   
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Abstract  

Evaluating pest resistance traits and developing resistant cultivars is important for addressing 

dynamic pest populations in peanut production systems. One of the important biotic stresses 

facing peanut production is plant-parasitic nematodes (PPN). Meloidogyne arenaria race 1 

(Neal) Chitwood, also known as peanut root-knot nematode (RKN), can reduce quality and yield 

of peanut in North Carolina. Host resistance to peanut RKN has been identified in a large 

integration Chr09 from Arachis cardenasii Krapov that has been incorporated into a number of 

runner market-type peanut cultivars, including the cultivar TifNV-High O/L. Research was 

conducted in the greenhouse to compare reproduction of peanut RKN on the known susceptible 

cultivar Bailey II, the known resistant cultivar TifNV-High O/L, and the line GP-NC WS 06. 

After 60 days of growth, severity of root galling was quantified. Root weight and total nematode 

eggs were quantified to calculate the peanut RKN reproductive factor (ratio of final egg 

population to initial egg population) and number of eggs/ g root. When inoculated with peanut 

RKN, GP-NC WS 6 reduced peanut RKN activity comparable to that of TifNV-High O/L. 

Lower root galling, total nematode eggs, nematode eggs/g root, and reproductive factor were 

comparable between GP-NC WS 6 and TifNV-High O/L, and both lines reduced nematode 

activity compared to Bailey II. These results will help facilitate further research to narrow down 

the genes responsible within the region on Chr09 for peanut RKN resistance and aid in the 

development of Virginia market-type cultivars resistant to peanut RKN.  
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1. Introduction 

A wide range of pests can affect peanut (Arachis hypogaea L.) growth and development 

and reduce yield (Jordan et al., 2020). Financial inputs associated with pesticides designed to 

protect from pest damage in peanut can approach 25% of variable costs for Virginia market-type 

peanut in North Carolina (Washburn and Jordan, 2025). Plant parasitic nematodes are one of 

several pathogens that affect peanut production by increasing input costs and decreasing 

profitability (Gorny, 2025; Jordan et al., 2020). Plant parasitic nematodes can lead to significant 

yield and quality losses in peanut. Yield loss due to peanut RKN has been reported to exceed 

50% of expected yield (Timper et al., 2018; Minton and Baujard, 1990). Plant parasitic 

nematodes feed on or inside the roots, resulting in reduced root growth and limited nutrient and 

water uptake (Dickson and Waele, 2005). This pest can damage peanut pods, reduce quality 

attributes for markets, and increase risk of secondary infection of pathogens that cause disease 

(Dickson and Waele, 2005). Risk of Cylindrocladium black rot (caused by Cylindrocladium 

parasiticum Crous, Wingefield & Alfenas) and southern blight (caused by Sclerotium rolfsii 

Sacc.) infection can increase due to nematode damage (Culbreath, 1992; Dickson and Waele, 

2005). 

Peanut canopy symptoms from nematode damage are evident by chlorosis, stunting, and 

wilting and severe infection can lead to canopy death or entire plant death (Dickson and Waele, 

2005; Gorny, 2025). Nematode populations can be often evident by disease foci of concentrated 

areas of symptoms in the field, often known as “hotspots”. These areas can often be shaped by 

the direction of soil movement within the field, generally caused by tillage or water flow (Gorny, 

2025).  
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Various species of PPN can impact peanut growth (Gorny, 2025). Prominent plant 

parasitic nematode species that infect peanut are peanut root-knot [Meloidogyne arenaria race 1 

(Neal) Chitwood], northern root-knot (M. hapla), Javanese root-knot [M. javanica (Treub) 

Chitwood], lesion (Pratylenchus brachyurus Godfrey), sting (Belonolaimus longicaudatus Rau), 

and ring nematode [Mesocriconema ornatum (Raski) Luc] (Gorny, 2025). Of the most 

troublesome PPN species in the southeastern U.S. is the peanut root-knot nematode (RKN) 

(Faske et al., 2021). Koenning and Barker (1992) reported that, while both northern RKN and 

peanut RKN impacted the peanuts, root galling and nematode reproductive factor were greater 

with the peanut RKN than northern RKN. Peanut RKN can be found in nearly all peanut 

producing states (Faske et al., 2021), with an increasing concern in the southeast peanut 

production in the U.S.  

 Management of nematode species is often limited once populations are established in the 

field. Prevention of nematode species from entering a field by utilizing equipment sanitation or 

clean seed can be an effective option in limiting nematode damage (Gorny, 2025; Sikora et al., 

2005). An integrated approach is often the best way to manage nematode species in the field, as 

chemical options are few and application timings are limited to prior to planting or at the time of 

planting (Gorny, 2025; Sikora et al., 2005). Cultural practices such as use of cover crops that are 

non-hosts to nematodes, selecting fields that do not have any known issues of nematodes, 

rotating to non-host crops that slows nematode reproduction, or planting resistant peanut 

cultivars can be effective at managing populations (Foote et al., 2024; Gorny, 2025; Jordan et al., 

2017; Sikora et al., 2005).  

Previous crop sequence and fumigants or non-fumigant nematicides can be used to 

suppress plant-parasitic nematodes (Foote et al., 2024; Gorny, 2025; Grabau et al., 2020; Hagan 



123 

 

et al., 2024; Rodriguez-Kabana et al., 1984 1987a 1987b, Sikora et al., 2005). Implementing an 

effective crop rotation is currently the most effective strategy to prevent populations of 

nematodes from reaching damaging levels (Foote et al., 2024; Gorny, 2025). However, cropping 

sequence is dictated in large part by economic value of crops in rotation with peanut (Washburn 

and Jordan, 2025). This can prevent farmers from planting other crops prior to peanut resulting 

in conditions not favorable for peanut health due to development of pathogens and nematodes 

(Lux and Shew, 2025; Gorny, 2025). Nematicides and fumigants, while effective, can be 

expensive and have an increased risk to the applicator during the application process (Gorny, 

2025, Grabau et al., 2020; Hagan et al., 2024). Planting a nematode-resistant variety would be an 

effective alternative to nematicides and fumigants and could overcome challenges with 

establishing crop sequences that favor peanut health (Foote et al. 2025). However, there are no 

varieties grown commercially in North Carolina that offer resistance to peanut RKN (Gorny, 

2025; Jordan et al., 2020). 

Peanut cultivars that display host resistance offer an affordable and reliable solution for 

nematode management in changing pest climates. Host resistance in peanut to nematode 

infection can help limit chemical use, delay resistant development to nematicides, and can open 

options for grows when it comes to crop and field selection. Several runner market-type cultivars 

display resistance to peanut RKN (Holbrook et al., 2008; Simpson and Starr, 2001;). There are 

currently no Virginia market-type cultivars that are resistant to any nematode species. Bailey II 

(PVPO No. 202000201) (PVP - Bailey II, n.d.) is planted on the largest number of ha in North 

Carolina, yet is not resistant to the peanut RKN (Jordan and Auman, 2024; Newman et al., 

2022).  
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Resistance to peanut RKN has been well documented and studied from a large 

introgression on Chr09 in A. cardenasii Krapov. (Nelson et al., 1989). Several resistant lines 

have been developed from this introgression. (Holbrook et al., 2008; Holbrook et al., 2017 

Simpson and Starr, 2001). However, large introgressions can often come with undesired traits 

and can be more difficult to include. The majority of the resistance displayed from this region is 

accounted for at the very beginning of the introgressed region, while some resistance is displayed 

from the other end of the introgressed region (Clevenger et al., 2017).  

TifNV-High O/L is a runner market-type cultivar that was released in 2017 that displays 

a high level of resistance to peanut RKN (Holbrook et al., 2017). TifNV-High O/L was 

developed by crossing Tifguard with Florida-07, a high oleic cultivar. Tifguard (Holbrook et al., 

2008) is resistant to peanut RKN. Tifguard was developed by crossing COAN (Simpson and 

Starr, 2001) and C-99R (Gorbet and Shokes, 2002). COAN was developed from a backcross 

introgression pathway with Florunner (A. hypogaea subsp. hypogaea var. hypogaea) and 

A. cardenasii Krapov. 

Newman et al. (2022) discovered a similar 4 Mb segment on Chr09 that contains the 

same alleles for RKN resistance candidate gene region in the line GP-NC WS 6. Stalker et al. 

(2002) released line GP-NC WS 6, as a RKN resistant germplasm line. GP-NC WS 6 was 

developed from the interspecific cross of A. hypogaea (PI 261942) × A. cardenasii Krapov. and 

Gregory (Isleib et al., 1999). 

For the purpose of integrating peanut RKN resistance traits and developing Virginia 

market-type cultivars for North Carolina, it is important to determine the genetic source and 

location of RKN resistance. Confirmation of resistance to RKN characteristics will facilitate 
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further work in order to narrow down the QTL region. This can aid in limiting linkage drag in 

regions of introgression events with reduced recombination (Zheng et al., 2016). 

Research was conducted in the greenhouse to determine the utility of GP-NC WS 06 for 

suppression of RKN. Specifically, research was conducted in the greenhouse to compare 

reproduction of RKN on the susceptible variety Bailey II (PVPO No. 202000201) (PVP - Bailey 

II, n.d.) and the resistant cultivar TifNV-High O/L (Holbrook et al., 2017) with GP-NC WS6 

(Stalker et al., 2002) when inoculated with 10,000 peanut RKN eggs or not inoculated. 

 

2. Materials and Methods 

 Research was conducted in two separate runs in the greenhouse in 2023. The greenhouse 

temperature was set at 35 C during that day and 24 C during the night. Supplemental light was 

used to facilitate 16 hours of light and 8 hours of dark. Cultivars Bailey II, TifNV-High O/L, and 

line GP-NC WS 6 plants were established in flats in potting soil mix to confirm germination.  

Prior to planting, the genotypes of each cultivar was confirmed using markers for the presence 

and size of the introgressed region on Chr09. After 14 days, the plants were transplanted into 15-

cm diameter clay pots with 3:2:1 ratio of sand:loam:potting mix and inoculated with rhizobium 

(Exceed, Visjon Biologics, Henrietta, Tx) according to manufacturer’s instructions to promote 

nitrogen fixation. Two days after transplanting, the soil was either inoculated with approximately 

10,000 peanut RKN eggs per plant or left non-inoculated. Pots were spaced on the bench in the 

greenhouse and irrigated through drip irrigation to limit cross contamination. Irrigation applied 

to account for evapotranspiration. Nematodes and peanut plants were allowed to grow for 60 

days prior to harvest.   
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After 2 lifecycles of the peanut RKN after inoculation, approximately 60 days, the plants 

were removed from their pots and the above ground biomass was removed. The soil was washed 

from the roots with water and the mass of the roots were collected. The Hussey and Barker 

(1973) NaOCl method was used to extract eggs from the roots. After approximately 45 to 60 

seconds in a 10% household bleach solution, the peanut roots were washed to water on 

perforated sieves to separate plant material from RKN eggs. Sieves were stacked and had pore 

sizes of 250 µm, 75 µm, and 25 µm top to bottom. Eggs were collected from the 25 µm mesh 

sieve by washing eggs from the sieves into 35 ml of water. Next 15 ml of 70% sucrose solution 

was added and the mixture was centrifuged for 8 minutes at 400 g to separate any foreign 

material from the solution. The supernatant from the mixture was poured through a 25 µm mesh 

sieve, residual sucrose washed away with water, and eggs collected from the 25 µm mess sieve 

in 50 ml of water.  

 

2.1 Data Collection and Statistical Analyses 

Prior to egg extraction, root galling was observed on the roots and assigned a rating based 

on severity. Root galling was evaluated on a 0 to 100% scale (adapted from Bridge and Page, 

1980), where 0% is equivalent to no galling and 100% is equivalent to full galling of the roots. 

Total number of nematode eggs were estimated within the 50 ml of water from the aliquots 

pulled. Three 0.25 to 1 ml aliquots were taken from each collection and RKN eggs were counted 

under 40X to 100X magnification. Egg counts were averaged across the 3 aliquots. RKN egg 

counts were correlated to root growth for each peanut line by calculating the number of RKN 

eggs per g of peanut root. A reproductive factor was calculated for each pot to determine RKN 
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reproduction relative to the initial inoculum population. This was calculated in the following 

expression by dividing total egg count by the initial inoculum population of 10,000 RKN eggs. 

Reproductive Factor = 

Total Egg Counts 

Initial Inoculation Population 

 

Pots were set out in a randomized complete block design on a bench in the greenhouse. 

The test was conducted in two separate runs with eight replications in each run. Replications 

were blocked with in a bench in the greenhouse to account for variability in environmental 

conditions. Root galling rating, total number of RKN eggs, number of RKN eggs per gram of 

root, and reproductive factor were subject to an ANOVA using the GLMMIX procedure in SAS 

(SAS v9.4, Cary, NC) when pooled over the two runs of the experiment. Means were separated 

using Tukey’s Honestly Significant Difference at a significance level 0.05. 

  

3. Results and Discussion 

 Peanut root galling due to peanut RKN feeding was present on the roots for all peanut 

lines, however no galling was present on the pegs or the pods on any of the lines regardless of 

inoculation status. No differences in above ground symptoms due to nematode damage were 

noticed due to cultivar or nematode egg inoculation. This is likely due to the limited time of 

interaction between RKN populations and peg and pod development. If the test were to continue 

over a longer period of time, it is possible galling could have been observed on the peanut pegs 

and pods. Galling in the roots were distinguished from root nodulation due to nitrogen fixation 

by the position of the swollen structure in relation to the root axis. Swelling of the roots due to 
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nematode galling is within the axis of the roots, while swelling due to nitrogen fixation nodules 

is off to the side of the axis of the root (Dickson and Waele, 2005). 

The interaction of peanut line and inoculation was significant for root gall rating (p 

<0.0001), final egg counts (p <0.0001), number of nematode eggs per g of root (p <0.0001), and 

reproductive factor (p <0.0001). Across all factors, when Bailey II was inoculated with RKN 

eggs, there was a significant increase in nematode activity compared to when the other lines were 

inoculated (Table 1). There were no significant differences noted between nematode activity in 

TifNV-High O/L and GP-NC WS 6, regardless of inoculation treatment. Root galling in the 

inoculated Bailey II plants averaged 8%, while inoculated plants of TifNV-High O/L and GP-NC 

WS 6 were only 0.1% and 0.2%, respectively. Final nematode egg counts in inoculated Bailey II 

was 22,713, inoculated TifNV-High O/L had 737 eggs, and inoculated GP-NC WS 6 averaged 

3828 final egg count. While there was an increase of 3091 egg in the GP-NC WS 6 line 

compared to TifNV-High O/L when inoculated there was not a significant difference at an alpha 

level of 0.05. Inoculated Bailey II resulted in the highest reproductive factor at 2.27, while 

inoculated GP-NC WS 6 and TifNV-High O/L resulted in 0.38 and 0.09, respectively. This same 

trend holds true for the number of nematode eggs per g of root. Bailey II was greater than the 

other two lines inoculated at 518 eggs per g of root. TifNV-High O/L averaged 19 eggs per gram 

of root and GP-NC WS 6 averaged 17 egg per g of root. No differences were noted in root mass 

of the peanut cultivars when inoculation was considered (p = 0.7993).  

Nematode populations and activity in non-inoculated pots is likely due to contamination 

during the test. Contamination can come from various sources during the trial, including 

contaminated materials, movement of soil from pot to pot, or ineffective cleaning of peanut RKN 
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egg extraction equipment. Despite the contamination, differences were still observed between the 

cultivars when inoculated with peanut RKN. 

 

4. Conclusions 

 Developing peanut cultivars that are resistant to pests is important for increasing options 

for management in the field. Increasing management options for peanut nematodes in the field is 

becoming increasingly important with changing populations and the limited nematode 

management options. Identifying the source and location of resistance genes in various sources is 

important for improving and speeding up breeding programs and cultivar development.  

Performance of GP-NC WS 6 resistance to the peanut RKN (M. arenaria race 1) was 

comparable to that of TifNV-High O/L confirms that the 4 Mb segment in GP-NC WS 6 contains 

the genes responsible for peanut RKN resistance in a Virginia market-type cultivar. This can 

facilitate further investigations into other lines containing smaller introgression of the region 

identified for resistance to peanut RKN resistance. Newman et al. (2022) also identified GP-NC 

WS 2 as containing a 1 Mb segment of the region on Chr09. This can be used to find the gene 

responsible and narrow down the segment for introgression into peanut lines for development. 

Using markers defined by Newman et al. (2022) to peanut RKN resistance in smaller 

introgressed regions can speed up the development of elite peanut cultivars for the Virginia-

Carolina region (Newman et al., 2022).    
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Table 1. Influence of the interaction of peanut cultivar and nematode inoculation on peanut root growth and peanut root-knot 

nematode (Meloidogyne arenaria race 1) activitya. 

Nematode 

treatmentb Peanut cultivar Gall rating  Total egg count Egg count/g of root Reproductive factorc 

  % No. No.  

Non-treated 

Bailey II 0.13 b 383 b 9 b 0.04 b 

TifNV-High O/L 0.06 b 395 b 9 b 0.04 b 

GP-NC WS 6 0 b 929 b 17 b 0.09 b 

Inoculated 

Bailey II 8 a 22713 a 518 a 2.27 a 

TifNV-High O/L 0.13 b 737 b 19 b 0.07 b 

GP-NC WS 6 0.18 b 3828 b 192 b 0.38 b 

aMeans within a column followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant 

Difference test. Data are pooled over run of the experiment. 
bPlants were inoculated at 10,000 eggs per plant or non-inoculated. 
cReproductive factor is the ratio of final egg population to initial egg population. 
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Abstract 

Determining interactions among pest management practices, especially across disciplines, can be 

important in developing effective strategies for peanut (Arachis hypogaea L.) production 

systems. Cereal rye (Secale cereale L.) as a cover crop can suppress pest populations in peanut 

and other crops. The effectiveness of a cereal rye as cover crop has not been determined in North 

Carolina with respect to interactions of multiple pests (e.g., insects, pathogens, and weeds). 

Research was conducted in 2022 and 2023 to compare pest reaction, peanut yield, and estimated 

financial return when peanut was grown with various levels of management of leaf spot disease 

{caused by Passalora arachidicola (syn. Cercospora arachidicola [Hori]) and Nothopassalora 

personata (Berk. & M.A. Curtis) U. Braun, C. Nakash., Videira & Crous], southern corn 

rootworm (Diabrotica undecimpunctata Howardi)}, and weeds when cereal rye was terminated 

in mid-March or early-May prior to planting peanut with no tillage in late May. Treatments 

consisted of two levels of insect management (no foliar insecticides vs. three applications of 

indoxacarb for suppression of spotted cucumber beetle, the adult stage of southern corn 

rootworm), two levels of fungicide treatment for protection from leaf spot disease (a three-spray 

fungicide program offering protection for 6 weeks vs. a three-spray program offering protection 

for 8 weeks), and two levels of weed management (herbicides only vs. herbicides and hand-

removal of escaped broadleaf weeds or clethodim applied to control escaped grass weeds). 

Peanut leaf spot disease incidence and peanut canopy defoliation, southern corn rootworm pod 

damage, wilting of peanut due to drought stress, peanut yield, and estimated financial return on 

investment was affected by cereal rye cover crop termination date, insecticide use, weed 

management measures, and fungicide use. Peanut plants wilted less in August and September 

when the cover crop was terminated in May compared with termination in March. Three 
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applications of indoxacarb and cereal rye termination date had no effect on the injury from 

southern corn rootworm or peanut yield. Yield was lower when peanut was planted into May-

terminated cereal rye compared to March-terminated cereal rye, irrespective of practices 

associated with management of late leaf spot disease, southern corn rootworm, and weeds. 

Estimated financial return was similar regardless of treatment factors other than cereal rye-

termination date, which was higher when cereal rye was terminated in March compared with 

May. The difference in financial return most likely reflected differences in peanut yield.  

 

Key words: cover crop, spotted cucumber beetle, disease management, insect management, 

integrated pest management, southern corn rootworm, weed management.   
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1. Introduction 

Management of pests in peanut (Arachis hypogaea L.) is complicated due in part to 

diverse pests, high cost of inputs, loss of registration of pesticides and restrictions from trading 

partners on use, and evolved resistance to pesticides in several pests (Jordan et al., 2020). Pest 

management in peanut can cost upwards of 25% of variable costs in pesticide inputs alone 

(Washburn and Jordan, 2024). An integrated approach to pest management in peanuts can be 

important for sustainable peanut production 

Cereal rye (Secale cereale L.) when used as a winter cover crop can reduce weed 

populations, insect infestations, and disease incidence in various crops including peanut 

(Osipitan et al. 2019; Teasdale et al., 2007; Price at al., 2007; Kelton et al., 2015). Cereal rye has 

become the most popular winter cover crop, especially in eastern and southern regions of the 

United States (Bowman and Wallander, 2022). In addition to contributions to pest management, 

cereal rye can improve soil health (Sainju et al., 2006; Poeplau and Don, 2015), minimize soil 

erosion (De Baets et al., 2011), improve nutrient retention and cycling (Bergström and Jokela, 

2001; Kasper et al., 2012), and increase soil moisture when managed properly (Qi and Helmers, 

2010; Basche et al., 2016). 

Early and late leaf spot {caused by Passalora arachidicola (syn. Cercospora 

arachidicola [Hori]) and Nothopassalora personata (Berk. & M.A. Curtis) U. Braun, C. 

Nakash., Videira & Crous], respectively} are two of the most important diseases that affect 

peanut yield (Stokes and Culbreth, 1997; Kokalis-Burelle et al., 1997). These pathogens infect 

peanut leaves and cause chlorotic lesions (Smith and Littrell, 1980, Stoke and Culbreth, 1997). 

Symptoms are also found on pegs, petioles, stipules, and stems (Smith and Littrell, 1980, Stoke 

and Culbreth, 1997). Fungicides are applied to protect peanut with sprays initiated at the R2 
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stage of peanut development (Boote, 1982) and continue for 8-10 weeks depending on weather 

conditions that influence pathogen development (e.g., humidity and temperature) (Lux and 

Shew, 2025; Stokes and Culbreth, 1997). Peanut yield loss due to leaf spot diseases can reach 

50-70% when fungicides are not applied (Anco et al., 2020; Smith and Littrell, 1980). Leaf spot 

lesions are noticed first near the base of the plant first where inoculum of the pathogen is present 

in soil (Lux and Shew, 2025). Lesions and subsequent peanut canopy defoliation lowers 

photosynthesis of infected leaves and subsequently reduces peanut yield (Bourgeois et al., 1991; 

Jordan et al., 2016; Nutter and Stokes, 1995; Smith and Littrell, 1980; Stokes and Culbreath, 

1997). The rate of progression of leaf spot diseases in the peanut canopy is dependent on weather 

conditions, field history, current and historical fungicide use, time of exposure, tillage practices, 

and cultivar selection (Lux and Shew, 2024). Canopy defoliation occurs at an exponential rate 

and can double on a weekly basis in some instances (Anco et al., 2020; Stokes and Culbreath, 

1997). Measurable yield loss occurs at approximately 35% canopy defoliation (Anco et al., 2020; 

Carley et al., 2009).  

 Peanut in reduced tillage systems have been shown to have less leaf spot disease 

compared with conventional tillage (Monfort et al., 2004). Cantonwine et al. (2007) reported a 

reduction in early leaf spot incidence when peanuts were strip-tilled into cover crop residue 

compared with conventional tillage. Similarly, Sorensen (2010) reported a reduction in leaf spot 

progression with several cover crops, including cereal rye when peanut was strip tilled into 

desiccated vegetation compared with strip tillage into native vegetation. However, Sorenson 

(2010) also reported a lower yield when peanut was planted into cereal rye residue compared 

with planting in conventional tillage.  
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 The larval stage of southern corn rootworm adversely affects peanut yield and quality by 

feeding on pods (Barbercheck and Warrick, 1997; Herbert et al., 1997; Reisig, 2025). The 

spotted cucumber beetle, the adult stage of southern corn rootworm, lays eggs in the soil at the 

base of the peanut plant and once the eggs emerge, the immature larvae hatch and feed on the 

plants (Reisig, 2025). Chlorpyrifos was used for decades to suppress this insect and other insect 

pests including burrower bug (Pangaeus bilineatus Say), wireworms (Conoderus scissus 

Schaeffer), and potato leaf hoppers (Empoasca fabae Harris) (Brandenburg, 2021; Prischmann et 

al., 2005; Reisig, 2025). This insecticide was applied as a granular product on the peanut row at 

the time of pegging on a band (Brandenburg, 2021). Food tolerances for chlorpyrifos were 

revoked in 2021 (U.S. EPA, 2021), leaving peanut growers without an effective insecticide to 

control the larval stage of this insect pest (Reisig, 2025). A risk index was developed to assist 

farmers in deciding if application of chlorpyrifos was needed to suppress this pest (Jordan et al., 

2022; Reisig, 2025). Chlorpyrifos can induce two-spotted spider mites (Tetranychus urticae 

Andre) populations under dry conditions (Chapin et al., 2001; Prischmann et al., 2005).  Several 

cultural practices can be used to minimize risk from this insect including variety selection and 

planting date (Reisig, 2025). Soil characteristics including soil texture and drainage and 

irrigation can affect larval survival and subsequent feeding on pods. Tillage and cover crop are 

not currently components of the risk index for southern corn rootworm in peanut (Jordan et al., 

2022). These cultural practices have not been evaluated in adequate detail to determine the 

impact on this insect pest. It is postulated that a reduced tillage in residue from a cover crop 

would enhance soil moisture which in turn would result in a more favorable environment for the 

larval stage of this insect to survive. Campbell (1986) found more pod damage from southern 

corn rootworm in reduced tillage peanut systems. 
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There are currently no effective labeled insecticide options to suppress southern corn 

rootworm (Reisig, 2025). This leaves growers vulnerable to injury from this pest in many fields. 

In recent years, practitioners have attempted to reduce injury to pods caused by larvae of 

southern corn rootworm by applying insecticides to peanut foliage to control the adult stage of 

this insect (Bekelia et al., 2024; Jean, 2024; Reisig, 2025; Royals et al., 2020). In this approach, 

at least three insecticide sprays are applied on two-week intervals beginning at the R1 stage of 

peanut development (Boote, 1982; Brandenburg et al., 2024; Reisig, 2025).  Efficacy data for 

this approach to suppression of the larval stage of the insect are limited (Brandenburg et al., 

2024; Reisig, 2025). With the increased presence of resistance in Diabrotica spp. to insecticides 

in corn (Meinke et al., 2021), alternative modes of actions have been invested for control (Dang 

et al., 2023). Indoxacarb is labeled for use in peanut for control of insects that feed on peanut 

foliage including tobacco budworm (Chloridea virescens Fabricius) and corn earworm 

(Helicoverpa zea Boddie) and has efficacy against spotted cucumber beetle (DeVries and 

Wright, 2016; Reisig, 2025). This insecticide also reduces injury from potato leafhopper 

(Empoasca fabae Harris) (Herbert, 2001). Indoxacarb is unlikely to induce a secondary outbreak 

of two-spotted spider mite due to timing of application in the cropping cycle and minimal non-

target effects (EPA, 2000; Reisig, 2025). Determining the efficiency of this insecticide in 

controlling the adult stage of this insect is important when developing pest management 

strategies in peanut. The impact of cereal rye and indoxacarb on injury from southern corn 

rootworm has not been defined in peanut. Buntin et al. (1994) found increased southern corn 

rootworm damage in corn (Zea mays L.) when no-till planted into a cereal rye cover crop 

terminated in March compared to fallow crop land.    
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Cereal rye cover crop has shown utility in suppressing weeds in various crops including 

peanut (Kelton et al., 2015; Osipitan et al. 2019; Price at al., 2007; Teasdale et al., 2007). Cereal 

rye residue provides a barrier to weed emergence, modifies the field environment, and offers 

allelopathic traits to limit weed emergence (Kruidhof et al., 2009; Nagabhushana et al., 2001). 

Price et al. (2007) found that cereal rye increased control of Palmer amaranth [Amaranthus 

palmeri (S.). Watson], sicklepod [Senna obtusifollia (L.) Irwin & Barneby], annual grasses, and 

sedges (Cyperus spp.) in peanut compared with native vegetation and that cereal rye increased 

control of these weeds in a low input herbicide program comparable to that of a high input 

herbicide program in native vegetation. The use of a cover crop alone is not able to provide 

sufficient weed control without the use of herbicides (Price et al., 2007, Lassiter et al., 2010).  

Generally, as cover crop biomass increases, weed control also increases (Kelton et al., 2015; 

Osipitan at al., 2019).  

 Successful weed management in peanut in the US requires multiple herbicide 

applications (Grichar et al., 2005; Jordan, 2025; Leon et al., 2019; Price et al., 2007). In addition 

to protecting peanut from weed interference and facilitating uniform deposition of fungicides in 

the peanut canopy to minimize disease, season-long weed control in peanut is needed to 

minimize pod loss due to root and biomass from weeds that can cause pods to be removed from 

vines when peanuts are dug and vines inverted (Buchanan et al., 1982). Herbicide options to 

control escaped weeds in peanut are limited, especially for broadleaf weeds and sedges. Monocot 

species can be controlled with clethodim and sethoxydim when applied no closer than 45 days to 

harvest (Jordan, 2025). Hand removal of escape weeds is one of the few options for limiting 

yield loss from broadleaf weeds (Moore et al. 2023). 



144 

 

 Defining interactions of pest management practices across pest disciplines is important in 

developing comprehensive recommendations to farmers. While interactions of pest management 

practices can occur with respect to pest populations, peanut injury, peanut yield, and financial 

return, in many cases impacts from practices for one pest can be independent from other pests 

(Hurt et al., 2006; Johnson et al., 2001; Jordan et al., 1999; Place et al., 2010). Cereal rye can 

affect pest complexes across disciplines, and defining specific interactions is important if they 

occur. Jordan et al. (2020) indicated that, in light of evolved resistance in pests and loss of 

pesticides in the regulatory process or restrictions from markets external to the US, research 

defining the role of cover crops is needed to develop alternatives to pesticide-intensive 

production systems. With this in mind, research was conducted in North Carolina in 2022 and 

2023 at two locations to determine how timing of termination of a cereal rye cover crop affects 

pest populations, interaction with other pest management options, and their impact on peanut 

yield and financial return.    

 

2. Materials and Methods 

Research was conducted in North Carolina in 2022 and 2023 near Lewiston-Woodville 

(36.07N, 77.11W) and Rocky Mount (35.90N, 77.67W). Cereal rye (cultivar Abrusi) was 

established across the whole test area in the prior fall in October on conventionally-prepared, 

raised seedbeds that were spaced 3 ft apart. The cereal rye cover crop was planted at 90 lb per 

acre. Cereal rye was terminated with glyphosate at 0.84 lb ae per acre in late March or early 

May. The Virginia market-type cultivar Bailey II (PVPO No. 202000201) (PVP - Bailey II, n.d.) 

was planted across the test area in mid-May once the cover crop had dried down with no prior 

tillage at 140 lb per acre designed to establish an in-row density of approximately 4 plants/foot. 
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Plot size was 4 rows wide and 30 ft long. With the exception of specific treatments that will be 

described, all other production and pest management practices were held constant across the 

entire test area. 

Within each cereal rye termination date, treatments consisted of two levels of fungicide 

sprays for protection from leaf spot disease (a three-spray fungicide program offering protection 

for 6 weeks vs. a three-spray program offering protection for 8 weeks), two levels of insecticide 

for suppression of southern corn rootworm (no indoxacarb vs. indoxacarb), and two levels of 

weed management (herbicides only vs. herbicides and hand-removal of escaped broadleaf weeds 

or clethodim to control escaped grass weeds). The longer duration fungicide program was 

initiated at the R3 stage of peanut development (Boote, 1982) 45 days after planting. This 

program consisted of chlorothalonil (Bravo Weather Stik, Syngenta Crop Protection, 

Greensboro, NC) at 1.125 lb ai per acre followed by (fb) pydiflumetofen (Miravis, Syngenta 

Crop Protection, Greensboro, NC) at 0.044 lb ai per acre plus azoxystrobin and benzovindiflupyr 

(Elatus, Syngenta Crop Protection, Greensboro, NC) at 0.18 lb ai per acre and 0.089 lb ai per 

acre, respectively, 60 days after plating fb chlorothalonil 90 days after planting (Table 1). The 

shorter duration fungicide program was initiated 60 days after planting and consisted of 

chlorothalonil plus tebuconazole (Tebuzol 3.6F, UPL NA, Inc., King of Prussia, PA) at 0.203 lb 

ai per acre fb chlorothalonil plus tebuconazole fb chlorothalonil alone 90 days after planting 

(Table 1). These programs offered 8 and 6 weeks of protection from leaf spot diseases and were 

designed to stress the effects of the cereal rye cover crop on leaf spot diseases. Leaf spot control 

with fungicides in North Carolina is recommended to have 10 weeks of protection (Lux and 

Shew, 2024).  
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Three applications of indoxacarb (Steward EC, FMC Philadelphia, PA) at 0.11 lb ai per 

acre) were made for suppression of spotted cucumber beetle, the adult stage of southern corn 

rootworm. Indoxacarb applications were initiated in mid-June and continued every 2 weeks for 3 

total sprays, during the time of adult flight, before eggs are laid in the soil near the base of the 

plant. These applications were based on estimates of when adult flights would most likely occur 

and not based on thresholds using traps or other methods to estimate populations. 

Weed management included S-metolachlor (Dual Magnum, Syngenta Crop Protection, 

Greensboro, NC) at 0.95 lb ai per acre plus flumioxazin (Valor SX, Valent USA, Walnut Creek, 

CA) at 1.02 lb ai per acre followed by acifluorfen (Ultra Blazer, UPI, King of Prussia, PA) at 

0.38 lb ai per acre plus 2,4-DB (Butyrac 200, Albaugh, Ankeny, IA) at 0.25 lb ai per acre 4 

weeks after peanut emergence applied across the entire test area.  In one set of plots referred to 

as early season herbicides only (ESHO), no other weed control practice was implemented later in 

the season. In a second set of plots referred to as full season weed control (FSWC), either 

clethodim (Select 2EC, Valent USA, Walnut Creek, CA) at 0.13 lb ai per acre was applied to 

control escaped annual grass weeds or hand removal of escaped broadleaf weeds approximately 

80 days after peanut emergence. Annual grass weeds included goosegrass [Eleusine indica (L.) 

Gaertn.], broadleaf signalgrass [Urochloa platyphylla (Munro ex Wright) R. Webster], and large 

crabgrass [Digitaria sanguinalis (L.) Scop.] in 2022 at Rocky Mount and Texas millet [Urochloa 

texana (Buckley) R. Webster] and broadleaf signalgrass in 2023 at Lewiston-Woodville. Hand 

removal of broadleaf weeds included sicklepod in 2023 at Rocky Mount and common ragweed 

(Ambrosia artemisiifolia L.) in 2022 at Lewiston-Woodville approximately 80 days after peanut 

emergence. The FSWC program was evaluated to determine the feasibility to control 
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troublesome weeds, aid in harvest efficiency, and the prevention of weed seeds entering the soil 

seed bank  

Pesticides were applied with a CO2-pressurized backpack sprayer at 15 gal per ac of 

spray solution, 30 psi, and a ground speed of 3 mph with flat fan nozzles (Teejet FF 11002, 

Spraying Systems Co., Wheaton, IL).  

 

2.1 Data Collected and Statistical Analyses 

 Percent incidence of leaf spot was determined 1, 2, and 3 weeks prior to digging pods and 

inverting vines and within three days prior to the digging operation. A scale of 0 to 100% where 

0 = no leaves with lesions and 100 = all of leaves with at least one lesion caused by this pathogen 

was used. At the same intervals described for disease incidence, the percentage of the peanut 

canopy that was defoliated was determined using a scale of 0 to 100 where 0 = no loss of leaflet 

from the peanut canopy and 100 = all leaflet from the peanut plant completely shed. Area under 

the disease progress curve (AUDPC) was calculated R package ‘agricolae’ using the following 

expression for the sum of the trapeze under the curve for disease incidence and peanut canopy 

defoliation (de Mandiburu and Yaseen, 2020; Campbell and Madden, 1990).  

 The number of pods with scarring due to feeding by the larval stage of southern corn 

rootworm was recorded from a random sample of 100 pods collected at harvest after plot yield 

AUDPC = ∑
𝑦𝑖+𝑦𝑖+1

2

𝑛−1
𝑖=1 × (𝑡𝑖+1 − 𝑡𝑖) 

yi = incidence or defoliation rating at the ith observation. 

ti = time in days after planting at the ith observation. 

n = total number of observations. 
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was recorded. In 2023, injury caused by potato leaf hopper feeding was recorded on a 0 to 100 

scale, where 0 is equivalent to no peanut canopy injury and 100 is equivalent to full peanut 

canopy injury. This was the only year of the experiment where injury caused by this insect was at 

levels allowing a reasonable collection of data. Injury from this insect is associated with a toxin 

that is delivered while the insect feeds creating a chlorotic area near the center of leaflets (Bass 

and Arant, 1973).  

Visual estimates of percent control of large crabgrass, Palmer amaranth, and yellow 

nutsedge (Cyperus esculentus L.) in 2022 and 2023, and sicklepod and tall morningglory 

[Ipomoea purpurea (L.) Roth] in 2023 were recorded at Rocky Mount. Weed control at 

Lewiston-Woodville was recorded for common ragweed, Texas millet, and yellow nutsedge in 

2022 and 2023, red root pigweed (Amaranthus retroflexus L.) in 2022 and 023, and tall 

morningglory in 2023. The visual estimate scale was from 0 to 100 where 0 = no control and 100 

= complete control. A value of 0 was assigned to the plot with the highest population of each 

weed species. The time required to remove Palmer amaranth and common ragweed from each 

plot was determined for use in the financial analysis.  

The number of days required for 50% of peanut vines from adjacent rows to touch was 

recorded. Wilting of peanut foliage was observed in 2022 at both locations due to limited rain 

and high temperatures [Figures 1 and 2] using a scale of 0 to 100% where 0 = no wilting and 100 

= all plants wilting. Pods were dug and vines inverted at optimum maturity based on pod 

mesocarp color (Williams and Drexler, 1981). Final pod weight was adjusted to 8% moisture. 

The cost of production was calculated for each treatment combination to determine a 

financial return on investment (referred to as ROI) using modified enterprise budgets for peanut 

(Washburn and Jordan, 2024). Cost for each variable input was determined from local 
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agricultural businesses in 2024. A base cost of $728 per acre including variable and fixed costs 

was determined with inputs other than those associated with treatments evaluated in the 

experiment. Cereal rye cover crop seed cost was $48.70 per acre at a 90 lb per ac seeding rate.  

Pesticide application cost was set at $6/acre. A second application of glyphosate was required to 

ensure plots were weed-free at planting when cereal rye was terminated in March. An hourly rate 

of $15 was used to calculate the cost of hand weed removal at the times required to remove 

escaped weeds from the center two rows of the plot per acre. Cost of clethodim for late-season 

annual grass control was $16 including cost of adjuvant and application. Cost of the three 

applications of indoxacarb was $75/acre. Cost of the long duration fungicide program was set at 

$48.47 with the short duration fungicide program cost set at $21.04. Hauling and drying costs 

were set at $0.006 per lb and $0.0225 per lb, respectively, and were adjusted based on peanut 

yield for each plot. Gross financial return was calculated using a price of $0.27 per lb. Net return 

to land, risk, and management was determined by subtracting total cost of production and pest 

management from gross financial return. 

The experimental design was a split-strip plot with the two levels of cereal rye 

termination date serving as whole plot units. The sub-plot was insecticide treatment. The sub-sub 

plots were fungicide programs and herbicide treatments. Treatment combinations were replicated 

four times. Data were subjected to ANOVA using GLIMMIX procedure in SAS (SAS v9.4, 

Cary, NC) to evaluate for effects of cereal rye cover crop termination, fungicide programs, late 

season weed control, insecticide treatment, and their interaction. Location, year, and replication 

were treated as random effects, and rye termination, insecticide treatment, fungicide program, 

and late season weed management were treated as fixed effects. Due to limited higher-level 

interactions of treatment factors with year and locations, data were pooled over year and location 
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(Tables 1-4). Means were separated using Tukey’s Honestly Significant Differences at α = 0.05 

when applicable.  

 

3. Results and Discussion 

3.1 Leaf Spot Incidence 

Disease incidence was significant for the interaction of fungicide program and insecticide 

treatments (p < 0.0063) and the 3-way interaction of rye termination, insecticide treatment, and 

weed control program (p = 0.0113) (Table 2). Leaf spot lesion incidence did not differ between 

fungicide programs when no insecticide treatment was made (Table 5). Leaf spot lesion 

incidence increased in the long duration fungicide program compared to the short duration 

fungicide program, when co-applied with insecticide treatments. This may have been influenced 

by increased insect injury, such as leaf phytotoxicity caused by potato leafhopper, in the absence 

of foliar insecticides. Leaf spot lesion incidence did not differ due to insecticide treatment within 

a fungicide program. 

 Leaf spot disease incidence decreased due to a later termination of rye compared to an 

earlier rye termination when insecticides was applied with either weed control program or when 

no insecticide was applied with ESHO (Table 6). Within the plots with March terminated rye and 

no insecticide treatments, fewer leaf spot lesions were noted in the FSWC program, compared to 

ESHO. This may have been due to the impact on fungicide deposition due to increased weed 

pressure (Arthur et al., 2022). The greater weed control in FSWC program later season likely 

allowed greater fungicide deposition on the crop. The increased weed populations in ESHO may 

have limited airflow, resulting in greater leafspot disease progression (Wisler and Norris, 2005). 

This reduction in leafspot diseases due to cover crop residue is consistent with work from 
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Cantonwine et al. (2007) and Sorensen et al. (2010). This may have been accomplished by the 

increased physical barrier for initial inoculum from the soil to infect the peanuts. 

 

3.2 Leaf Spot Defoliation 

AUDPC for peanut canopy defoliation caused by leaf spot diseases was recorded four 

times in late summer and an area under disease progress curve was calculated. Peanut canopy 

defoliation was significant for the 3-way interaction of rye termination, fungicide program, and 

insecticide treatment (p = 0.0348) (Table 2).   

 For the 3-way interaction of rye termination, fungicide program duration, and insecticide 

treatment, the lowest disease defoliation occurred in May terminated rye with any combination 

of fungicide program and insecticide treatment co-applied and with March terminated rye, the 

shorter duration fungicide program, and no insecticide applications (Table 7). The next lowest 

peanut canopy defoliation was with May terminated rye, short fungicide duration, and no 

insecticide treatment; May terminated rye, long duration fungicide program, and either 

insecticide treatment; and in the March terminated rye, short duration fungicide program, with 

either insecticide treatment. The greatest defoliation was noted in March terminated rye plots, 

with the longer duration fungicide program and either insecticide treatment and in plots with 

March terminated plots, with the shorter duration fungicide and insecticide treatments.   

 

3.3 Insect Management 

No main factors or their interactions had an impact on SCRW injury to the pods (Table 

2). This may be due to the relatively low levels of injury observed. The increased biomass from 

the May termination date had no effect on SCRW damage (p = 0.1927). These results were not 
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consistent with Buntin et al. (1994), who reported an increase in rootworm activity on corn in 

cereal rye compared to fallow. Three applications of indoxacarb did not affect adult southern 

corn rootworm activity enough to lower damage to the pods (p = 0.7371) (Table 2). Damage was 

observed on 5 pods regardless of the insecticide application. This may have also been due to the 

limited efficacy of indoxacarb (Brandenburg et al., 2024) or movement in adults into treated 

plots from untreated plots. The interaction of rye termination date and insectide treatments was 

not significant for southern corn rootworm damage either (p = 0.9587). The increased biomass of 

the cereal rye cover crop due to the later termination did not interfere with the southern corn 

rootworm’s lifecycle as hypothesized.  

Injury due to potato leaf hopper phytotoxicity was not observed in 2022 at levels that 

would facilitate a rating, but levels were high enough to rate in 2023 at both locations. The 

interaction of rye termination and insecticide treatment differed for potato leaf hopper 

phytoxicity (p = 0.0146) (Table 2). The greatest canopy injury due to potato leaf hopper was 

noticed when rye was terminated in March when no insecticide treatments were applied at 20% 

injury, followed by the May terminated rye with no insecticide treatment at 11% canopy injury 

(Table 8). The lowest canopy injury was observed when insecticide was applied in the March 

termination of the rye or May termination of the rye at 2% canopy injury. The foliar insecticide 

treatment lowered canopy phytotoxicity and the nature of this interaction is dependent on cereal 

rye termination when no foliar insecticide was applied. When the rye was terminated closer to 

planting, lower phytotoxicity was observed. The increased biomass in the May terminated cereal 

rye could have interrupted the movement or lifecycle of the potato leafhopper, resulting in lower 

peanut injury. 
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The interaction of fungicide program and insecticide treatment differed for potato leaf 

hopper phytotoxicity (p < 0.0001) (Table 2). The fungicide program did not influence leaf 

hopper phytotoxicity when applied with an insecticide (Table 9). When an insecticide was 

applied, peanut canopy injury was 2% regardless of the fungicide program applied with it. When 

no insecticide treatments were made, the short fungicide program resulted in the greatest canopy 

phytotoxicity at 19% canopy injury and the long duration fungicide program had lower canopy 

phytotoxicity at 12% canopy injury. The effect of the insecticide was independent of the 

fungicide program and the nature of the interaction was due to differences in phytotoxicity cause 

by fungicide duration. The fungicides used in the long duration fungicide program may have 

helped the plants recover. 

 

3.4 Weed Management 

Yellow nutsedge control did not differ with any effect when pooled across treatments, 

years and locations, including rye termination date (p = 0.1307) (Table 4). Yellow nutsedge 

control was 73% in March termination of the cereal rye and 67% in the May termination of the 

cereal rye. This is inconsistent with results from Kelton et al. (2015) but consistent with Lassiter 

et al. (2010), that cereal rye did not affect yellow nutsedge control in strip-till planted peanut. An 

important point to consider in Lassiter’s test is that the strip-tillage may have affected yellow 

nutsedge germination that this test did not experience with no prior tillage to plating.  

Prominent weed species in 2022 and 2023 at Lewiston-Woodville were redroot pigweed, 

Texas millet, and common ragweed. Common ragweed control did not differ with increased rye 

biomass (p = 0.0532) (Table 4), consistent with Lassiter et al. (2010) results in strip-tilled peanut. 
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In the March termination date on the rye cover, common ragweed control was 83% and 96% in 

the May termination of the rye cover.  

Texas millet control was greater in the May terminated cereal rye compared to the March 

terminated cereal rye by 14%, 90% and 76% control, respectively (p = 0.0088) (Tables 4). The 3-

way interaction of fungicide program, insecticide treatment, and weed control program was 

significant for Texas millet control (p = 0.0345) (Table 4). Less Texas millet control was noted 

in plots with no insecticide treatment, short duration fungicide program, and ESHO compared to 

any plots with insecticide and in plots with no insecticide treatment, long fungicide program, and 

ESHO (Table 10). No other differences were noted between plots.  

Redroot pigweed control differed due to rye termination date (p = 0.0460) and the 3-way 

interaction of rye termination date, fungicide program duration, and weed control program (p = 

0.0398) (Table 4). Greater redroot pigweed control was observed when the short duration 

fungicide program and ESHO were applied in March terminated rye compared to when the long 

duration fungicide program and FSWC was applied in May (Table 11). No other differences 

were noted in redroot pigweed control between any other combination of fungicide program, 

weed control, and rye termination. 

Tall morningglory control was recorded during the 2023 season at both locations and was 

not affected by rye termination date (p = 0.6368) (Table 4). It is reported that allelopathic 

chemicals produced by cereal rye would have increased performance to morningglory species 

(Kaiser and Reisner, 2016). It is possible that even the May terminated cereal rye did not provide 

allelopathic chemicals late enough into the season to aid in control. 

Large crabgrass control differed when either fungicide program was co-applied with an 

insecticide treatment (p = 0.0095) (Table 4). When the short duration fungicide program was 
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used with no insecticide applications, large crabgrass control was reduced compared to when 

insecticide applications were made or when the long duration fungicide program was used, 

regardless of insecticide treatment (Table 12). This is unexpected because indoxacarb showed no 

phytotoxicity on tomato plants even at twice the labeled rate of the rate used in this test (Hasan et 

al., 2016). It is possible that in the absence of foliar insecticides, insect feeding may have 

weakened the peanut canopy, allowing for more light penetration, promoting large crabgrass 

growth, while insecticide applications may have resulted in a denser canopy, limiting light 

penetration, decreasing weed growth. 

Palmer amaranth control was significant for rye termination date (p = 0.0498) (Table 4). 

Palmer amaranth control increased in May terminated cereal rye, compared to March termination 

when pooled over other factors. Even though the F-test for the 3-way interaction of rye 

termination date, insecticide treatment, and control program (p = 0.0163) were significant for 

Palmer amaranth control, multiple mean separation tests (Bonferroni, Scheffé, Sidak, Tukey’s 

Honestly Significant Difference) were not able to detect any differences in treatment means 

(Table 13). 

Sicklepod control was recorded in 2023 at Rocky Mount. Sicklepod control differed with 

rye termination date (p = 0.0062) and fungicide program (p = 0.0430) (Table 4). Sicklepod 

control in the March termination date was 46% and 87% in the May termination. This can 

potentially be accounted by the longer emergence window of sicklepod into the summer (Mohler 

et al., 2021). Potentially escaping control by the herbicide sprays, placing more reliance of 

control on the barrier of rye cover crop biomass, which is greater in the May terminated plots. 

The long duration fungicide program resulted in 60% control, while the chlorothalonil program 

resulted in 72% control. The increased leaf spot disease progression found in the longer duration 
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fungicide could be weakened the peanut canopy, allowing for greater sicklepod growth later in 

the season, compared to a healthier peanut canopy with the shorter duration fungicide program. 

 

3.5 Peanut Physiology  

Peanut wilting was only observed in 2022 at both locations and only differed with rye 

termination date (p = 0.0005) (Table 3). When the rye cover crop was terminated in March, 

peanut wilting symptoms were observed on 42% of the peanut canopy, while in the May 

termination wilting symptoms were observed on 9% of the peanut canopy when pooled over all 

other factors. The increased cereal rye biomass in the May terminated plots could have reduced 

evaporation from the soil, compared to the March terminated cereal rye. 

Time required for peanut to lap row middle did not differ for any main effects or 

interaction. Both the March and May terminations timing of the cereal rye cover lapped the row 

middles 82 days after planting when pooled over years, locations, and years (p = 0.9714) (Table 

3). This is important to note that the increased early season biomass in the May terminated cereal 

rye did not affect peanut lateral vine growth. Cereal rye termination date was the only factor that 

was significant for peanut yield (p > 0.0001) (Table 3). Cereal rye termination in March resulted 

in an average of 4635 lb per ac, while termination in May resulted in an average of 3941 lb per 

ac. The decrease in yield may be due to increased resource and pegging inference, or harvest 

efficiency due to the increased residue biomass or no-tillage conditions (Sorenson et al, 2010; 

Grichar, 2006).  
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3.6 Return On Investment 

Financial return on investment was significant for cereal rye termination date (p < 

0.0001) and insecticide treatment (p = 0.0012) (Table 3). No other main effects or their 

interactions were significant. The earlier termination date of the cereal rye resulted in a $166 per 

ac increase in ROI compared to the later termination ($181 per ac and $15 per ac, respectively), 

even with the extra cost of $12 for burn down. This was likely due to the increased peanut yield 

in the rye terminated in March.  ROI increased by $96 per acre when no insecticide was applied 

compared to when 3 applications of indoxacarb were made ($146 per ac and $50 per ac, 

respectively). It is likely that no difference in peanut market grade, and the resulting price of the 

peanut pods, due to southern corn rootworm pod injury would have been noted due to insecticide 

treatments because there was no significant difference in pod injury due to southern corn 

rootworm on a 100-pod sample (p = 0.7371) (Table 3). 

  

4. Conclusions 

 Generating pest management recommendations for peanut growers in North Carolina can 

be difficult with constantly changing pest populations, shrinking pesticide options, and 

increasing input costs. The increase in cereal rye biomass due to a later termination showed 

increased pest management in some cases. Increases in common ragweed and sicklepod control 

due to later cereal rye termination shows that the cereal rye offered a physical barrier for light 

interception or weed growth. Reduction in leaf spot diseases progression due to increased cereal 

rye biomass is likely due to the barrier for spores to reach the canopy. Potato leaf hopper 

phytotoxicity increased by 4% with a later rye cover termination, but only in a single year. 

Cereal rye termination date did not have an influence on southern corn root worm injury. 
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Increased soil moisture retention due to cereal rye biomass may have affected southern corn 

rootworm activity. Lower wilting symptoms observed in the May termination cereal rye suggest 

that the increased biomass protected from soil evaporation. Lower peanut yields were noted in 

the May terminated cereal rye cover. This decrease in yield may be due to light shading early 

season, rooting and pegging zone interference, or digging or harvest efficiencies. 

Managing leaf spot disease in peanut is intensive and costly. These results show that it is 

important to maintain consistent protection during times of high disease progression. Greater leaf 

spot diseases progression with the long duration fungicide program might suggest that it is more 

important to have consistent protection than it is to start fungicide applications earlier in the year. 

The short duration fungicide program started 14 after the long duration fungicide program.  

The inability to lower injury caused by southern corn rootworm, presents a challenge to 

growers. Especially in heavy, wet fields that are more prone to injury from this insect. Applying 

indoxacarb to control the adult spotted cucumber beetle did not reduce feeding on pods. 

However, overall feeding on pods was relatively low in these experiments and is a caveat to our 

conclusions. Leaf phytotoxicity caused by potato leaf hopper was lower when indoxacarb was 

applied. Given the relatively low level of pod scarring caused by southern corn rootworm, our 

results suggest that the amount of pods with injury from this insect will not be yield limiting. 

Determining the utility of alternative methods for weed control is important when 

considering evolved resistance in weeds to herbicides. Cereal rye biomass aided in control of 

certain species of weeds and can be used in conjunction with herbicides. Hand removal of weeds 

can be challenging to incorporate due to expense and availability of labor. However, if cost of 

herbicides increase, registration of herbicides are removed, and evolution of herbicide resistance 
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continues, hand-removal of weeds and use of cover crops for weed suppression may become 

necessary.  

 The increase of cereal rye biomass reduced net return due to peanut yield loss, making 

the use of cereal rye for pest control less desirable in the current market and environment. Cereal 

rye will show greater utility in fields with greater pest pressures or with resistant pest populations 

in the field. Greater cereal rye biomass offers soil health benefits to consider as well. This 

information can help build recommendations to peanut growers looking for alternative methods 

for pest control and can be used to adapt to each grower’s operation. Overall, financial returns 

did not differ when comparing inputs for management of insects, pathogens, and weeds. One 

conclusion is that the additional inputs do not increase ROI and therefore should be avoided. 

However, in some cases a measurable decrease in pest injury or populations were observed, and 

the increase could have ramifications when peanuts are grown in these fields in subsequent 

years. 
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Table 1. Fungicide programs used to protect peanut yield from leaf spot disease.a 

 Days after planting 

Fungicide Program 45 60 75 90 

Long duration Chlorothalonil 

Pydiflumetofen, 

azoxystrobin, 

benzovindiflupyr 

 Chlorothalonil 

Short duration   
Chlorothalonil, 

Tebuconazole 

Chlorothalonil, 

Tebuconazole 
Chlorothalonil 

aChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 0.089 

and 0.203 lb ai per acre, respectively.   
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Table 2. Analysis of variance (F statistic and significance at p < 0.05) for southern corn rootworm pod scarring, potato leafhopper 

phytotoxicity, and peanut canopy lesion incidence and defoliation caused by leafspot disease, pooled over location and year. 

Effect Southern Corn 

Rootworm Injuryg 

Potato Leafhopper 

Phytotoxicityh 

Leafspot Disease 

Incidencei 

Defoliation by Leafspot 

Diseasei 

Rye Termination (RYE)a 2.0 8.8 * 53.7 * 32.6 * 

Fungicide Program (FUNG)b,c 2.7 17.4 * 40.5 * 18.6 * 

Insecticide Treatment (INSECT)d 0.2 78.4 * 0.1 1.0 

Weed Control Program (WEED)e,f 0.3 0.1 0.1 1.0 

RYE*WEED 0.1 1.0 6.5 * 0.5 

RYE*FUNG 2.0 0.5 2.3 2.9 

RYE*INSECT 0.1 8.1 * 0.8 0.1 

FUNG*WEED 3.0 0.1 3.7 0.5 

FUNG*INSECT 1.8 17.4 * 7.7 * 0.1 

INSECT*WEED 1.0 0.1 5.3 * 0.1 

RYE*FUNG*INSECT 3.1 0.3 0.2 4.5 

RYE*FUNG*WEED 0.8 0.3 0.9 0.1 

RYE*INSECT*WEED 0.1 1.7 6.6 * 0.1 

FUNG*INSECT*WEED 1.2 0.1 0.4 0.3 

RYE*FUNG*INSECT*WEED 1.0 1.1 0.1 0.6 

*Indicates significance at p < 0.05. 
aCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
bFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 

0.089 and 0.203 lb ai per acre, respectively. 
dInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
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Table 2 (continued).  

eWeed control programs: ESHO) S-metolachlor plus flumioxazin planting followed by acifluorfen plus 2,4-DB 4 weeks after peanut 

emergence; FSWC) Previous herbicides plus hand removal of Palmer amaranth 80 days after peanut emergence. 
fS-metolachlor plus flumioxazin, acifluorfen, and 2,4-DB were applied at 0.95 plus 1.02, 0.38, and 0.25 lb ai per acre. 
gNumber of pods injured by southern corn rootworm in a 100-pod sample. 
hScale of 0 to 100 where 0 = no canopy displaying phytotoxicity and 100 = full canopy displaying phytotoxicity. 
iArea under disease progress curve calculated for weekly rating of percent peanut canopy with lesions or defoliation caused by leaf 

spot disease (de Mandiburu and Yaseen, 2020; Campbell and Madden, 1990). 
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Table 3. Analysis of variance (F statistic and significance at p < 0.05) for peanut wilting in 2022 only, time require for peanut to lap 

row middle, peanut yield, and return on investment (ROI), pooled over location and year.  
Effect Peanut Wiltingg Time to Row Middle 

Lateh 

Peanut Yield ROIi 

Rye Termination (RYE)a 43.9 * 0.1 46.2 * 41.5 * 

Fungicide Program (FUNG)b,c 1.3 0.1 1.1 0.6 

Insecticide Treatment (INSECT)d 0.1 0.8 0.1 13.5 * 

Weed Control Program (WEED)e,f 1.0 0.2 0.1 0.25 

RYE*WEED 0.2 1.2 0.2 0.1 

RYE*FUNG 1.1 0.2 0.3 0.2 

RYE*INSECT 0.1 1.5 1.7 0.1 

FUNG*WEED 0.8 3.0 0.8 0.1 

FUNG*INSECT 3.6 * 0.2 0.2 0.2 

INSECT*WEED 0.2 0.2 0.1 0.6 

RYE*FUNG*INSECT 2.5 0.6 0.3 1.7 

RYE*FUNG*WEED 0.1 3.8 1.1 0.1 

RYE*INSECT*WEED 2.0 0.2 0.1 0.6 

FUNG*INSECT*WEED 1.7 2.3 0.1 0.4 

RYE*FUNG*INSECT*WEED 0.3 0.2 0.4 0.1 

*Indicates significance at p < 0.05. 
aCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
bFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 

0.089 and 0.203 lb ai per acre, respectively. 
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Table 3 (continued). 

dInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
eWeed control programs: ESHO) S-metolachlor plus flumioxazin planting followed by acifluorfen plus 2,4-DB 4 weeks after 

peanut emergence; FSWC) Previous herbicides plus hand removal of Palmer amaranth 80 days after peanut emergence. 
fS-metolachlor plus flumioxazin, acifluorfen, and 2,4-DB were applied at 0.95 plus 1.02, 0.38, and 0.25 lb ai per acre. 
gScale of 0 to 100 where 0 = no plants wilting in a plot and 100 = all plants wilting in a plot.  
hTime after planting for 50% of lateral branch to touch. 
iROI, return on investment; Net return minus net cost of production.  
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Table 4. Analysis of variance (F statistic and significance at p < 0.05) for control of yellow nutsedge, tall morningglory, redroot 

pigweed, Palmer amaranth, large crabgrass, sicklepod, common ragweed, and Texas millet, by location and year.a  
Location -------------Both -------------- ---------------Rocky Mount-------------- --------Lewiston-Woodville--------- 

Year 2022 + 

2023 

2023 2022 2022 + 

2023 

2023 ------------2022 + 2023--------- 

Effect Yellow 

Nutsedge 

Tall 

Morningglory 

Large 

Crabgrass 

Palmer 

amaranth 

Sicklepod Redroot 

Pigweed 

Common 

Ragweed 

Texas 

Millet 

Rye Termination 

(RYE)b 

2.6 0.3 0.3 6.0 * 48.0 * 6.1 * 5.7 14.4 * 

Fungicide Program 

(FUNG)c,d 

0.3 0.9 8.0 * 0.2 4.4 * 0.9 0.2 1.8 

Insecticide Treatment 

(INSECT)e 

2.7 2.3 4.0 0.3 2.5 0.1 0.6 22.0 * 

Weed Control 

Program (WEED)f,g 

0.1 0.3 12.0 * 0.2 0.1 1.1 0.1 0.7 

RYE × WEED 0.3 0.1 0.5 0.2 0.4 3.3 0.1 7.6 * 

RYE × FUNG 0.3 0.3 0.9 0.2 0.1 0.2 1.7 3.9 

RYE × INSECT 1.0 0.1 0.1 0.3 0.5 0.9 6.1 * 0.5 

FUNG × WEED 2.5 4.2 * 1.7 0.2 0.4 0.3 1.0 2.6 

FUNG × INSECT 1.3 0.7 7.5 0.1 0.4 0.4 0.8 9.7 * 

INSECT × WEED 1.1 0.1 1.5 6.1 * 2.7 0.1 0.4 0.1 

RYE × FUNG × 

INSECT 

1.4 3.1 0.1 0.1 0.2 0.1 0.6 1.7 

RYE × FUNG × 

WEED 

2.8 1.5 0.1 0.2 0.1 4.2  * 2.2 0.1 

RYE × INSECT × 

WEED 

0.1 0.9 2.1 6.1 * 1.0 0.1 0.1 0.2 
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Table 4 (continued). 

FUNG × INSECT × 

WEED 

1.4 0.1 2.0 2.7 1.8 0.3 0.1 4.6 * 

RYE × FUNG × 

INSECT × WEED 

0.1 0.1 1.6 2.7 2.1 1.0 0.4 2.9 

*Indicates significance at p < 0.05. 
aWeed control was rated on a 0 to 100 scale where 0 = no weed of the species and 100 = full control of the species. 
bCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
cFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
dChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 

0.089 and 0.203 lb ai per acre, respectively. 
eInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
fWeed control programs: ESHO) S-metolachlor plus flumioxazin planting followed by acifluorfen plus 2,4-DB 4 weeks after 

peanut emergence; FSWC) Previous herbicides plus hand removal of Palmer amaranth 80 days after peanut emergence. 
gS-metolachlor plus flumioxazin, acifluorfen, and 2,4-DB were applied at 0.95 plus 1.02, 0.38, and 0.25 lb ai per acre. 
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Table 5. Area under the disease progress curve for leaf spot disease incidence influenced by the interaction of fungicide program and 

insecticide treatment.a 

 Disease Incidenceb 

Disease-days 
 

Insecticide Treatmentc Fungicide Program Durationd,e 

 Short Long 

None 491 bc 552 ab 

Indoxacarb 442 c 597 a 

aMeans followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant Difference test. 
bArea under disease progress curve calculated for weekly rating of percent peanut canopy with lesions or defoliation caused by leaf 

spot disease (de Mandiburu and Yaseen, 2020; Campbell and Madden, 1990). 
cInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
dFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
eChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 0.089 

and 0.203 lb ai per acre, respectively.  
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Table 6. Area under the disease progress curve for leaf spot disease incidence influenced by the interaction rye termination, 

insecticide treatment, and late season weed removal.a 

Insecticide Treatmentc Weed Control Programd,e Disease Incidencef 

Disease-days 
  

  Rye Terminationb 

  March May 

None ESHO 635 a 440 d 

None FSWC 516 bcd 494 cd 

Indoxacarb ESHO 567 abc 427 d 

Indoxacarb FSWC 612 ab 473 cd 

aMeans followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant Difference test. 
bCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
cInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
dWeed control programs: ESHO) S-metolachlor plus flumioxazin planting followed by acifluorfen plus 2,4-DB 4 weeks after peanut 

emergence; FSWC) Previous herbicides plus hand removal of Palmer amaranth 80 days after peanut emergence. 
eS-metolachlor plus flumioxazin, acifluorfen, and 2,4-DB were applied at 0.95 plus 1.02, 0.38, and 0.25 lb ai per acre. 
fArea under disease progress curve calculated for weekly rating of percent peanut canopy with lesions or defoliation caused by leaf 

spot disease (de Mandiburu and Yaseen, 2020; Campbell and Madden, 1990). 

 

 

  



185 

 

Table 7. Area under the disease progress curve for leaf spot disease defoliation influenced by the interaction of rye termination, 

fungicide program, and insecticide treatment.a 

  Canopy defoliationf 

  Defoliation-days 

Fungicide Program Durationc,d Insecticide Treatmente Rye Terminationb 

  March May 

Short None 21 bc 13 bc 

Short Indoxacarb 30 ab 9 c 

Long None 43 a 14 bc 

Long Indoxacarb 40 a 21 bc 

aMeans followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant Difference test. 
bCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
cFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
dChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 0.089 

and 0.203 lb ai per acre, respectively.  

eInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
fArea under disease progress curve calculated for weekly rating of percent peanut canopy with lesions or defoliation caused by leaf 

spot disease (de Mandiburu and Yaseen, 2020; Campbell and Madden, 1990). 
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Table 8. Peanut canopy phytotoxicity caused by potato leaf hopper influenced by the interaction of rye termination date and 

insecticide treatment.a 

Rye Terminationb Insecticide Treatmentc Canopy Phytotoxicityd 

  % 

March None 20 a 

March Indoxacarb 2 c 

May None 11 b 

May Indoxacarb 2 c 
aMeans within a column followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant 

Difference test. 
bCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
cInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
dScale of 0 to 100 where 0 = no canopy displaying phytotoxicity and 100 = full canopy displaying phytotoxicity. 
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Table 9. Peanut canopy phytotoxicity caused by potato leaf hopper influenced by the interaction of fungicide program duration and 

insecticide treatment.a 

Fungicide Program Durationb,c Insecticide Treatmentd Canopy Phytotoxicitye 

  % 

Short None 19 a 

Short Indoxacarb 2 c 

Long None 12 b 

Long Indoxacarb 2 c 
aMeans within a column followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant 

Difference test. 
bFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 0.089 

and 0.203 lb ai per acre, respectively.  

dInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
eScale of 0 to 100 where 0 = no canopy displaying phytotoxicity and 100 = full canopy displaying phytotoxicity. 
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Table 10. Texas millet control influenced by the interaction of fungicide program, insecticide treatment, and weed control program.a 

Fungicide Program Durationb,c Weed Controld,e Texas Milletg 

% 
  

  Insecticide Treatmentf 

  None Indoxacarb 

Short ESHO 66 b 90 a 

Short FSWC 78 ab 91 a 

Long ESHO 86 a 85 a 

Long FSWC 79 ab 88 a 

aMeans followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant Difference test. 
bFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 0.089 

and 0.203 lb ai per acre, respectively.  

dWeed control programs: ESHO) S-metolachlor plus flumioxazin planting followed by acifluorfen plus 2,4-DB 4 weeks after peanut 

emergence; FSWC) Previous herbicides plus hand removal of Palmer amaranth 80 days after peanut emergence. 
eS-metolachlor plus flumioxazin, acifluorfen, and 2,4-DB were applied at 0.95 plus 1.02, 0.38, and 0.25 lb ai per acre. 
fInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
gWeed control was rated on a 0 to 100 scale where 0 = no weed of the species and 100 = full control of the species. 
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Table 11. Redroot pigweed control influenced by the interaction of rye termination, fungicide program duration, and late season weed 

removal at Lewiston-Woodville.a 

Fungicide Program Durationc,d Weed Control Programe,f Redroot Pigweed Controlg 

  % 

  Rye Terminationb 

  March May 

Short ESHO 98 a 83 ab 

Short FSWC 94 ab 82 ab 

Long ESHO 86 ab 91 ab 

Long FSWC 100 a 58 b 

aMeans followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant Difference test. 
bCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
cFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
dChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 0.089 

and 0.203 lb ai per acre, respectively.  

eWeed control programs: ESHO) S-metolachlor plus flumioxazin planting followed by acifluorfen plus 2,4-DB 4 weeks after peanut 

emergence; FSWC) Previous herbicides plus hand removal of Palmer amaranth 80 days after peanut emergence. 
fS-metolachlor plus flumioxazin, acifluorfen, and 2,4-DB were applied at 0.95 plus 1.02, 0.38, and 0.25 lb ai per acre. 
gWeed control was rated on a 0 to 100 scale where 0 = no weed of the species and 100 = full control of the species. 
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Table 12. Large crabgrass control at Rocky Mount due to the interaction of rye termination, weed control program, and fungicide 

program duration in 2022.a 

Fungicide Program Durationb,c Insecticide Treatmentd Large Crabgrass Controle 

  % 

Short Indoxacarb 90 a 

Short None 65 b 

Long Indoxacarb 91 a 

Long None 95 a 
aMeans within a column followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant 

Difference test. 
bFungicide program duration: Short) Chlorothalonil plus tebuconazole then chlorothalonil plus tebuconazole then chlorothalonil at 

approximately 60,75, and 90 days after plating, respectively; Long) chlorothalonil then pydiflumetofen, azoxystrobin plus 

benzovindiflupyr then chlorothalonil at approximately 45, 60, and 90 days after planting, respectively. 
cChlorothalonil, pydiflumetofen, azoxystrobin plus benzovindiflupyr, and tebuconazole were applied at 1.125, 0.044, 0.18 plus 0.089 

and 0.203 lb ai per acre, respectively.  

dInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
eWeed control was rated on a 0 to 100 scale where 0 = no weed of the species and 100 = full control of the species. 

 



191 

 

Table 13. Control of Palmer amaranth at Rocky Mount influenced by the interaction rye termination, insecticide treatment, and late 

season weed removal.a 

Insecticide Treatmentc Weed Control Programd,e Palmer Amaranth Controlf 

  % 

  Rye Terminationb 

  March May 

None ESHO 94 a 100 a 

None FSWC 72 a 100 a 

Indoxacarb ESHO 81 a 100 a 

Indoxacarb FSWC 97 a 100 a 

aMeans followed by the same letter are not significantly different at α = 0.05 based on Tukey’s Honestly Significant Difference test. 
bCereal rye cover crop was terminated with glyphosate at 0.84 lb ae per acre in late-March or early-May. 
cInsecticide treatments consisted of 3 applications of indoxacarb at 0.11 lb ai per acre at 30, 45, and 60 days after planting or no 

applications of indoxacarb. 
dWeed control programs: ESHO) S-metolachlor plus flumioxazin planting followed by acifluorfen plus 2,4-DB 4 weeks after peanut 

emergence; FSWC) Previous herbicides plus hand removal of Palmer amaranth 80 days after peanut emergence. 
eS-metolachlor plus flumioxazin, acifluorfen, and 2,4-DB were applied at 0.95 plus 1.02, 0.38, and 0.25 lb ai per acre. 
fWeed control was rated on a 0 to 100 scale where 0 = no weed of the species and 100 = full control of the species. 
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Abstract 

Understanding the influence of cultural practices on peanut growth and development and 

management of pests is important for enhancing peanut (Arachis hypogaea L.) production in 

North Carolina. Irrigation practices and cultivar selection can influence pest reaction and peanut 

yield. Research was conducted from 2022-2024 with seven Virginia market-type cultivars 

(Bailey II, Emery, NC 20, NC 21, Sullivan, TifJumbo, and Walton) with rainfall alone or rainfall 

supplemented by sub-surface drip irrigation (SSDI). Peanut disease incidence, root injury caused 

by plant-parasitic nematodes, flowering duration and amount, canopy wilting due to drought, 

peanut pod yield, market grade characteristics, and plant-parasitic nematode populations in soil 

were determined based on cultivar and SSDI treatment. Sub-surface drip irrigation did not affect 

populations of plant parasitic nematodes in soil or root damage caused by nematodes. Irrigation 

increased total flowers in one of three years and shortened days to peak flowering in one of three 

years. Peanut yield was affected by the interaction of irrigation and cultivar, regardless of year. 

Yield of Bailey II was greater when rainfall was supplemented with SSDI while yield of NC 21 

decreased with SSDI. Generally, TifJumbo and Sullivan extended days to peak flower number 

and had the greatest total flowers compared with other cultivars while Bailey II and Emery 

required fewer days to reach peak flower and had fewer total flowers. Irrigation and cultivar did 

not affect plant-parasitic nematode population in soil or damage to roots. Results from this test 

show that depending on the cultivar, supplemental SSDI will increase peanut yield while not 

increasing nematode populations or damage. 
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1. Introduction 

Determining the impacts of irrigation on peanut development and production, and pest 

dynamics is important for developing recommendations for peanut growers in North Carolina. 

The impacts of irrigation on peanut development are not well understood, especially with new 

peanut cultivars developed for the Virginia-Carolina region and with nontraditional irrigation 

systems, including sub-surface drip. Many peanut pest dynamics are influenced by soil moisture 

and humidity in the field, including plant parasitic nematodes (Gorny, 2025; Kokalis-Burelle et 

al., 1997; Lux and Shew, 2025; Stokes and Culbreth, 1997) and determining the impacts of sub-

surface drip irrigation is important for developing recommendations to growers from managing 

peanut pests in the field. 

Peanut has an indeterminate growth habit, resulting in pods that develop at different 

stages of maturity throughout the cropping cycle (Boote, 1982, Rowland et al., 2006). To 

optimize production and profitability, it is important to harvest when the largest percent of the 

pods reach maximum maturity (Jordan et al., 1998; Mozingo et al., 1991; Oakes et al., 2020; 

Wright and Porter, 1991; Williams and Dexler, 1981). The timing of peanut development varies 

due to many conditions, such as weather, cultivar relative maturity, moisture, and planting date 

(Rowland et al., 2006, Sanders et al., 1980). At the time of harvest, maturity of the pods is 

determined by evaluating the color of the pod mesocarp, from white (least mature) to black (most 

mature) (Boote, 1982). Managing planting date and cultivar selection is vital to optimizing 

peanut harvest to maximize peanut profitability. Scheduling the harvest process, so that 

equipment and labor are available to dig and invert peanut vines at the time of maximum 

maturity, can be challenging as farm size increases.  
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Irrigation in peanut has shown to increase pod yield (Aydinsakir et al., 2016; Lamb et al., 

2004; Sezen et al., 2019). Sub-surface drip irrigation (SSDI) systems use buried lines that 

provide irrigation to the rooting zones of a crop and can increase crop yields andvwater use 

efficiency compared to overheard sprinkler type irrigation systems (Bosch et al., 1992 1998; 

Rowland et al., 2007; Sorensen & Butts, 2014; Whitaker et al., 2008). Peanut yield increased 

with the use of subsurface drip, especially in years with limited rainfall (Jordan et al., 2022; 

Sezen et al., 2019; Sorensen & Butts, 2014). The use of SSDI has shown to increase the 

percentage of fancy pods and percentage of extra-large kernel compared to when no irrigation 

was applied (Lanier et al., 2004). 

Drought conditions during the time of flowering and pod fill have shown to decrease 

peanut yield (Kambiranda et al., 2011). Optimum maturity is suspected to be approximately 

2400-2500 GDD56 to optimize yield and net value for peanut (Rowland, 2006). Peanut pod 

maturity on plant can vary as pod set occurs over a period of approximately 40-60 days (Ketring 

et al., 1982). Peanut flowers last 1 to 3 days until self-fertilized, yet drought conditions during 

the time of flower fertilization to seed set can lead to pollen sterility and embryo abortion in 

peanut (Norden, 1980; Prasad et al., 2010). Reduced flower and pod production has been 

observed during periods of drought conditions (Chapman et al., 1993; Lee et al., 1972; Pallas et 

al., 1979). Drought conditions can impact kernel characteristics including market grade, but the 

impact is dependent on the severity and timing of the drought conditions (Meckel et al., 

1984, Pandey et al., 1984). Moreno et al., (2024) reported greater physiological quality in 

peanuts seeds when grown under drought conditions compared to well-watered conditions. 

Bailey II is planted on the largest number of acres in North Carolina, however, kernel 

size for Bailey II is smaller compared to other Virginia market-type cultivars (PVPO No. 
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202000201) (PVP - Bailey II, n.d.; Jordan, 2025; Jordan et al., 2025). Peanut cultivar Emery 

generally has larger pods and kernels than other Virginia market-type cultivars, while Sullivan 

has a large pod size (PVPO No. 201900014 and 201500287, respectively) (PVP - Emery, n.d.; 

PVP - Sullivan, n.d.; Jordan, 2025).  Bailey II, Emery, and Sullivan are the top three cultivars 

grown in North Carolina by acreage (Jordan et al., 2025).  NC 20 and NC 21 are new Virginia 

market-type cultivars that have a large pod size and mature 5-7 days later than Bailey II (Dunne, 

2025). TifJumbo was released in 2022 as a Viginia market-type cultivar for the Runner-market 

type production region (Holbrook et al., 2024). Peanut cultivar TifJumbo is suspected to be later 

maturing than Bailey II, Emery, NC 20 (Dunne, 2025), NC 21 (Dunne, 2025), Sullivan, and 

Walton (Balota et al., 2021).  TifJumbo is the only Virginia market-type that is resistant to 

peanut root-knot nematode [Meloidogyne arenaria race 1 (Neal). Chitwood] (Holbrook et al., 

2024). 

Plant-parasitic nematodes (PPN) can affect peanut production by reducing yield and pod 

quality, while also increasing chances of secondary infection and increasing cost of pest 

management tactics (Khan, 1993; Gorny, 2025). Reduction in peanut yield can be caused by 

PPN feeding on the roots, limiting nutrient and water movement within the plant (Bird and Bird, 

2001). Increased moisture in the soil can promote nematode movement (Todd et al., 1999). 

Schumacher et al. (2024) reported that nematode populations were not heavily influenced by 

irrigation; however, Zhoa et al. (2024) reported decreased total nematode populations and a 

change in nematode communities under drought conditions. Nematode populations can vary in 

response to environmental conditions (Khan, 1993). Ectoparasitic nematodes’ full lifecycle occur 

in the soil and can be more influenced by drought conditions, while endoparasites nematodes 
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form galls and cysts within the roots of plants, which can protect the eggs or unhatched juveniles 

from drought conditions (Ankrom et al., 2020; Holbein et al., 2016).  

Weather based advisories have been developed to aid in use of fungicides for leaf spot 

disease {caused by Passalora arachidicola (syn. Cercospora arachidicola [Hori]) and 

Nothopassalora personata (Berk. & M.A. Curtis) U. Braun, C. Nakash., Videira & Crous]}and 

Scleritinia blight (caused by Sclerotinia minor Jagger). These advisories are based on weather 

conditions, plant development, and production practices, such as irrigation (Cu and Phipps, 1993; 

Langston et al., 2002; Lassiter et al., 2017; Phipps et al., 1997). In overhead sprinkler irrigation 

systems, it was reported that several common peanut diseases, including tomato spotted wilt 

virus (Orthotospovirus tomatomaculae), southern blight, southern stem rot {caused by 

Sclerotium rolfsii Sacc.), leaf spot diseases, and pod rot, severity increased (Black et al., 2001; 

Wright et al., 1986). The use of SSDI has shown to decrease leaf spot disease infestation 

compared to overhead sprinkler systems (Lanier et al., 2004).  

Supplemental irrigation has proven to improve peanut yield and profit, making irrigation 

a possible option for growers to add to their operation (Jordan et al., 2022; Sezen et al., 2019; 

Sorensen and Butts, 2014). Determining the influence of irrigation on peanut growth and pest 

development on peanut is important for peanut growers to plan their cropping season. Work was 

conducted in North Carlina to evaluate peanut and disease response to SSDI and peanut cultivar 

selection. 

 

2. Materials and Methods 

 A field with sub-surface drip irrigation (SSDI) was established at the Peanut Belt 

research Station in Lewiston-Woodville, North Carolina on a Norfolk loamy sand soil (fine 
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loamy, siliceous, thermic, Aquic Paleudalts) (36.07˚N, −77.11˚W). Irrigation was supplied by a 

SSDI system in the field that was installed in 2001 (Lanier et al., 2004; Grabow et al., 2006; Nuti 

et al., 2012; Jordan et al., 2014) and updated in 2014, as described by Spivey et al. (2019), with 

lines buried 12-in deep. Irrigation applied each day during the SSDI period on Monday through 

Friday (Table 1). Irrigation was not applied on Saturday or Sunday due to the location of the 

research station and labor available to run the SSDI system. When a rainfall event of 0.5 in. or 

more occurred, SSDI was delayed for three days. Plots were established with 4 rows (36-in row 

spacing) of conventionally-raised seed beds by 30 ft in length. Seven different Virginia market-

type peanut cultivars were planted with or without sub-surface irrigation from 2022-2024. Peanut 

cultivars consisted of Bailey II, Emery, Sullivan, Walton, NC 20, NC 21, and TifJumbo, and 

were established at approximately 4 plants per ft in mid-May each year (Table 1). Aldicarb was 

applied (AgLogic 15G, AgLogic Chemical LLC., Chapel Hill, NC) at 0.75 lb a.i. per ac in the 

seed furrow at the time of planting. 

 

2.1 Weather Collection 

Weather data were collected by a weather station located on the Peanut Belt Research 

Station organized by the North Carolina State Climate Office (NC State University, Raleigh, 

NC). Daily precipitation and growing degree days (GDD56) were recorded from the time of 

emergence until peanut digging (Table 1, Figures 1-3). Growing degree days were calculated by 

taking the average of the daily maximum temperature and the daily minimum temperature minus 

the base temperature of 56F.     
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2.2 Plant Condition 

During 2022, peanut wilting was observed in late September due to limited rainfall in 

August and September (Table 1, Figure 1). Peanut wilting was recorded from 0-100%, where 0 is 

equivalent to no peanut wilting and 100 is equivalent to all plants in the plot wilting. The 

combination of sclerotinia blight, southern stem rot, tomato spotted wilt incidence and nematode 

injury, referred to as plant condition, was recorded in 2023 and 2024, by counting the number of 

1 row-ft occurrences in the 60 row-ft in each plot. Injury to roots caused by root-knot nematode 

was determined using a scale of 1 to 10 where 1 = very few small galls, 2 = numerous small 

galls, 3 = numerous small galls of which some are grown together, 4 = numerous small and some 

big galls, 5 = 25% of roots severely galled, 6 = 50% of roots severely galled, 7 = 75% of roots 

severely galled, 8 = no healthy roots but plant is still green, 9 = roots rotting and plant dying, and 

10 = plant and roots dead (Zeck, 1971). 

 

2.3 Peanut Flowering 

Days after emergence (DAE) and length of reproductive period of the peanut cultivars 

were determined by counting active peanut flowers on the plants in one row-ft on each of the two 

center rows at a randomly selected location from each plot. Counts started when peanut flowers 

were first noticed and continued on a weekly basis until flower production stopped. As peanut 

flowers only last a few days, new flowers were counted at each counting. Total flowers were 

calculated by taking the sum of the flowers throughout the flowering period. A second-degree 

polynomial was calculated as a least-squares line of best fit with the LINEST function (Microsoft 

Excel) to weekly active peanut flowers counts over DAE. The number of DAE required to reach 

peak flower number for each plot was determined by finding the vertex of the curve and the 
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corresponding DAE at which it occurred. Flowering period duration was determined by taking 

the difference between the x-intercepts of the line of best fit. 

 

2.4 Plant-Parasitic Nematodes in Soil 

Soil samples were taken from each plot in September to determine the populations of 

plant parasitic nematode in the field. A 500cm3 soil sub-sample was taken from each plot by 

collecting and bulking 10 soil cores. Each sub-sample was submitted to the North Carolina 

Department of Agriculture and Consumer Services Nematology division (Raleigh, NC, USA) for 

nematode extraction, identification to the genus level, and quantification using standard 

procedures (Byrd et al., 1976; Jenkins, 1964).  

 

2.5 Peanut Yield and Market Grade Characteristics 

At the time of harvest, optimal maturity of the peanut pods of each cultivar were 

determined by evaluation pod mesocarp color to optimize pod yield (Williams and Drexler, 

1981). At the time of peanut digging and vine inversion, GDD56 ranged from 2562 to 2628 

(Table 1). Pods were harvested and weight for each plot was recorded. Moisture for pods were 

determined for each cultivar and corrected to 8% moisture to determine yield per acre. A sample 

of harvested pods was randomly selected from each plot and sent to the United States 

Department of Agriculture and North Carolina Department of Agriculture Cooperative Grading 

Service to determine the percentage of sound mature kernels (SMK), extra-large kernels (ELK), 

and fancy pods (FP) based on criteria established by USDA (2019).  
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2.6 Statistical Analysis 

The test was structured as a split-plot design with SSDI serving as the whole-plot and 

peanut cultivars as the sub-plot. Population density for each PPN taxa were transformed with a 

natural log of nematode population for each species prior to analysis. For experimental units 

without a measurable population for a particular nematode taxa, the value was changed from 0 to 

1 prior to statistical analysis. Data for root injury were transformed with arcsine square root prior 

to analysis. Data were analyzed using the GLIMMIX procedure in SAS 9.4 (SAS Institute Inc., 

Cary, NC) with consideration to the split-plot design. Plots were replicated 3 times in 2022 and 

2023, and 5 times in 2024. When applicable, means were separated using Tukey’s Honestly 

Significant Difference test at an α ≤ 0.05. Peanut cultivar, SSDI, and the interaction were 

considered fixed effects and years and replications were considered random effects.  Pearson 

correlation coefficients were constructed using the Proc Corr statement in SAS 9.4 (SAS 

Institute, Cary, NC) for pod yield versus duration of flowering, pod yield versus peak day of 

flowering, pod yield versus total flower number pooled over years. 

 

3. Results and Discussion 

3.1 Rainfall and Irrigation Amount and Duration during the Cropping Cycle 

Irrigation amounts were based solely on recent rainfall and not on measurements from the 

soil or plants (Figures 1,2,3). In 2022, SSDI was initiated on June 27th and completed August 

26th with 30 different irrigation timings (Table 1). Rainfall provided 19.5in of water, SSDI 

provided an additional 3.5in, for a total of 23in of water during the growing season.  In 2023, 

SSDI was initiated on July 5th and completed on August 25th with 22 different irrigation timings 

(Table 1). Rainfall provided 18.5in, SSDI provided an additional 5in, for a total of 23.5in of 
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water during the growing season. In 2024, SSDI was initiated on May 30th and completed on 

August 6th with 18 different timings (Table 1). Rainfall provided 19in and SSDI provided an 

additional 4in, for a total of 22.5in of water during the growing season.  

 

3.2 Results of Analysis of Variance 

Data for peanut wilting, weekly and total flower counts, flowering period, DAE of peak 

flower number, and peanut pod and kernel market characteristics were analyzed by year due to 

the interactions of year and treatment factors (Tables 2-4). Data for nematode populations, root 

rating, disease incidence, and peanut yield were pooled over years due to limited higher order 

interactions with year (Tables 2,4). 

 

3.3 Peanut Condition  

 Peanut condition did not differ with SSDI treatment but did differ with peanut cultivar (p 

= 0.0018) when pooled over year (Table 2). Plant condition rating for Walton was greater for 

Walton than all other cultivars (Table 6). All other peanut cultivars maintained plant condition 

better than Walton. Peanut wilting in 2022 did not differ between peanut cultivar (p = 0.1176) or 

SSDI treatment (p = 0.8338) (Table 2). The lack of difference due to SSDI may be evidence that 

irrigation amounts in 2022 should have been extended into pod fill to prevent drought stress. 

Similarly, root damage caused by PPN was not significant for peanut cultivar (p = 0.1305), SSDI 

(p = 0.5152), or their interaction (p = 0.7740) (Table 2). 
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3.4 Peanut Flowering 

 In 2022, the sum of weekly active peanut flowers differed for peanut cultivar only (p < 

0.0001) (Table 3). The greatest total flower count occurred with peanut cultivars TifJumbo and 

Sullivan followed by Emery (Table 7). Total flower counts for Emery did not differ from 

Sullivan. Emery did not differ from NC 20, Walton, and Bailey II for the next highest total 

flower count. Bailey II did not differ from NC 21 for the lowest total flower counts. In 2023, 

irrigation treatments (p = 0.0303) and peanut cultivar (p = 0.0057) resulted in different total 

peanut flower counts (Table 3). SSDI plus rainfall increased total peanut flowers by 21, 

compared to rainfall alone (Table 8). The difference in total flower count due to SSDI in 2023 

only may have been due to the lack of rainfall during the flowering period. At the end of the 

flowering period there was only 6.5in of rainfall in 2023, compared to 14in and 17.5in in 2022 

and 2024, respectively (Figures 1,2,3). Similar to 2022, peanut cultivars Sullivan and TifJumbo 

resulted in the greatest total peanut flowers (Table 7). Sullivan did not differ in total peanut 

flowers from any of the other cultivars. In 2024, only peanut cultivar was significant for total 

peanut flowers (p < 0.0001) (Table 3). Consistent with 2022 and 2023, the greatest number of 

total peanut flowers occurred in peanut cultivars Sullivan and TifJumbo, followed by NC 20 

(Table 7). TifJumbo and NC 20 did not differ significantly in total peanut flowers. The next 

greatest total flower count occurred in Walton, Emery, and NC 21, which did not differ from NC 

20. No differences in flower count were noted among Bailey II, NC 21, Emery, and Walton.  

 The duration of active flowering differed in 2024 for irrigation (p = 0.0094), peanut 

cultivar (0.0084), and the interaction of peanut cultivar and irrigation (p = 0.0288) (Table 3). 

With supplemental SSDI flowering period duration increased by 2 days, compared to without 
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SSDI (Table 8). Supplemental SSDI increased flowering duration in cultivars Bailey II, Emery, 

and Sullivan, and did not influence the other cultivars (Table 9).   

 

3.5 Peanut Relative Maturity  

 In 2022, peanut cultivar was the only factor significant for DAE to reach peak active 

flower number (p = 0.0366) (Table 3). The time at which peak flowers occurred for the varieties 

ranged over 14 days (Table 10). Cultivars Emery, Bailey II, NC 20, Walton, and NC 21 required 

the least amount of time to reach peak active flower. The next cultivar to reach peak flowers was 

Sullivan, which did not differ from Emery, Bailey II, NC 20, or Walton. TifJumbo, Sullivan, 

Emery, and Bailey II required the greatest number of days to reach peak flowers. In 2023, no 

treatment factor resulted in a difference in DAE to reach peak flower number (Table 3). 

 In 2024, SSDI and peanut cultivar were significant for DAE to reach peak flower number 

(p = 0.0042 and p < 0.0001) (Table 3). The addition of SSDI to rainfall resulted in a peak flower 

number 1 day, or approximately 34 GDD56, earlier than rainfall alone (Table 11). Days required 

to reach peak flower count ranged by 2.5 days across peanut cultivars (Table 10). Peanut 

cultivars Bailey II, Sullivan, and Emery required the least number of DAE to reach peak flowers. 

Walton and NC 21 did not differ from Bailey II and were the next to reach peak flowers. 

Following that was cultivar NC 20 and Walton. TifJumbo and NC 20 did not differ for the 

greatest amount of time required to reach peak flowers.  The increase in replications in 2024 may 

have increased the statistical power enough to identify these differences. 
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3.6 Peanut Yield 

Peanut yield also did not differ for SSDI (p = 0.2151) or peanut cultivar (p = 0.1408) but 

did differ for the interaction of SSDI and peanut cultivars (p = 0.0049), when pooled over years 

(Table 2). Bailey II pod yield increased by 1030 lb/ac when rainfall was supplemented with 

SSDI. However, yield of the cultivar NC 21 decreased with the addition of SSDI (Table 12). 

This result is unexpected and requires further investigation. No other peanut cultivar differed in 

pod yield due to the addition of SSDI to rainfall. The results for Bailey II are significant because 

this cultivar is estimated to be planted on 69% of acreage in North Carolina (Jordan et al., 2025). 

Pearson correlation coefficient for peanut yield with DAE to peak flower number, flowering 

duration, and total flowers were not significant (p = 0.3819, 0.1520, and 0.7496, respectively) 

(Table 13).  

 

3.7 Peanut Market Characteristics 

 In 2022 and 2023, peanut FP percentage was only significant for peanut cultivar (p > 

0.0001 and p = 0.0356) (Table 4). No factors were significant in 2024. As expected, peanut 

cultivars NC 21, NC 20, and Emery had the highest percentage of fancy pods in 2022 (Table 14) 

(Jordan et al, 2025; Dunne, 2025). No differences were noted in FP percentage between Emery 

and Sullivan. Next greatest percentage of FP occurred in cultivars Bailey II, TifJumbo, and 

Sullivan. Percentage of FP in Walton was significantly lower than any other cultivars. In 2023, 

the greatest percentage of FP occurred in cultivars NC 20, TifJumbo, NC 21, Emery, and Bailey 

II (Table 14). Emery, Bailey II, Walton, and Sullivan resulted in the lowest percentage of FP.  

 In 2022, 2023, and 2024, peanut cultivar was the only significant factor for ELK 

percentage (p = 0.0003, 0.0181, and 0.0497, respectively) (Table 4). In 2022, the greatest 
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percentage of ELK occurred with cultivars Walton, Emery, and Bailey II (Table 15). The next 

highest ELK percentage occurred in cultivars Emery, Bailey II, Sullivan, and TifJumbo. Next 

highest percentage of ELK was NC 21, Bailey II, Sullivan, and TifJumbo. NC 20 resulted in a 

lower percentage of ELK than any other peanut cultivar. In 2023, the greatest percentage of ELK 

occurred in cultivars Emery, Bailey II, and NC 21 (Table 15). The next greatest percentage of 

ELK was with cultivars Walton, TifJumbo, Bailey II, and NC 21. Following that in percentage of 

ELK was Sullivan, NC 21, Walton, and TifJumbo. Lowest ELK occurred with NC 20, Sullivan, 

TifJumbo, and Walton. In 2024, Bailey II, Walton, and Sullivan contained the greatest 

percentage of ELK (Table 15). Walton and Sullivan did not differ from any other cultivars for 

percentage of ELK in 2024.  

 Percent of SMK was significant for peanut cultivar in 2022, 2023, and 2024 (p = 0.0004, 

0.0016, and 0.0245, respectively) (Table 4). SSDI treatments were not significant for SMK 

percentage in any year. In 2022, the highest percentage of SMK occurred in peanut cultivars 

Walton and TifJumbo (Table 16). The next highest percentage of SMK with cultivars TifJumbo, 

Sullivan, Bailey II, and Emery, followed by cultivar NC 20, Emery, Bailey II, and Sullivan for 

percent of SMK. Cultivars NC 21, NC 20, Sullivan, and Emery did not differ for the lowest 

percentage of total SMK. In 2023, the highest percentage of SMK was in cultivars Bailey II, 

Emery, Walton, and TifJumbo (Table 16). The next highest SMK percentage occurred in 

cultivars Sullivan, NC 21, Walton, and TifJumbo. NC 20 and NC 21 had the lowest percentage 

of SMK. In 2024, Bailey II, NC 21, Sullivan, and NC 20 had the greatest percentage of SMK 

(Table 16). Walton, TifJumbo, NC 21, Sullivan, and NC 20 were similar for the next highest 

percentage of SMK. Lowest SMK occurred in Emery, Walton, and TifJumbo. 
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3.8 Population of Plant Parasitic Nematodes in Soil  

 Various nematode taxa and densities were observed in the soil (Table 17). Across all 

nematode taxa, no factors were significant for nematode populations, including peanut cultivar 

(Table 5). Higher nematode densities were observed in ring nematodes (taxa Criconematide), 

ranging from 10 to 11,640/500cm3. Root-knot nematodes (Meloidogyne spp.) ranged from 0 to 

2840/500cm3. Even though TifJumbo is reported to be resistant to peanut root-knot nematode 

(Holbrook et al., 2017), no differences in population density were noted for root-knot nematode. 

While not documented, northern root-knot nematode (M. hapla Chitwood) was likely present in 

the field and TifJumbo is not known to be resistant to northern root-knot nematode. Species of 

root-knot nematodes were not differentiated, and it may be true that populations of peanut root-

knot nematode may have not been present in high enough populations in the field to result in a 

difference in root-knot nematode populations.   

  

4.  Conclusions 

 Timely and adequate precipitation is vital to maximizing peanut production and 

profitability. Additional irrigation has shown to supplement rainfall to increase yield in various 

crops (Aydinsakir et al., 2016; Lamb et al., 2004; Sezen et al., 2019). The use of SSDI compared 

to overhead sprinkler irrigation has benefits of water use efficiency (Bosch et al., 1992 1998; 

Rowland et al., 2007; Sorensen & Butts, 2014; Whitaker et al., 2008). SSDI has utility in 

increasing peanut yield, especially in years of drought conditions (Jordan et al., 2022; Sezen et 

al., 2019; Sorensen & Butts, 2014). In this study, SSDI provided an additional 3.5 to 5in of 

precipitation to rainfall. Final precipitation totals (rainfall plus SSDI) across all years were within 

1in across the entire test area. Yield results for this test did not vary based on supplemental SSDI 
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or cultivar but did differ for their interaction. For the most popular cultivar grown in North 

Carolina, Bailey II, pod yield increased by 1030 lb/ac with supplemental irrigation. For the 

cultivar NC 21 pod yield decreased by 657 lb/ac with supplemental irrigation. 

 Increased moisture in the field can lead to increased disease and nematode activity 

(Gorny, 2025; Kokalis-Burelle et al., 1997; Lux and Shew, 2025; Stokes and Culbreth, 1997; 

Schumacher et al., 2024; Todd et al., 1999; Zhoa et al., 2024). Overhead sprinkler irrigation has 

shown to increase disease progression (Black et al., 2001; Lanier et al., 2004; Wright et al., 

1986). In this study, plant condition only varied due to cultivar selection. The ability to tolerate 

the combination of pest pressures was similar across all cultivars except Walton. The addition of 

SSDI had no influence on plant condition in this study. Lanier et al. (2004) reported decreased 

leaf spot progression with SSDI compared to overhead sprinkler irrigation. Nematode activity 

was not affected by any factor in this experiment, including peanut cultivar. These results may 

have been influenced by the application of aldicarb applied in-furrow, which has shown to 

decrease nematode activity in the soil on peanut (Hagan et al., 2024). Despite the resistance to 

peanut root-knot nematode displayed in TifJumbo, no difference was noted in root-knot 

nematode populations. TifJumbo is not known to be resistant to northern root-knot nematode. All 

Meloidogyne spp. were reported from the soil sample and peanut root-knot nematode may not 

have been present in this field.    

TifJumbo required the longest number of DAE to reach peak flower. Bailey II and Emery 

generally required the shortest amount of DAE to reach peak flower number. These results are 

aligned with what is already known about relative maturity of these cultivars (Dunne, 2025; 

Jordan et al., 2025), suggesting that DAE of peak flower numbers is indicative to relative 

maturity. Peanut cultivars Sullivan and TifJumbo consistently resulted in the greatest number of 
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total peanut flowers, while Bailey II, Emery, and Walton generally had the lowest number of 

peanut flowers.  

Supplemental SSDI had some effect on the amount of active peanut flowers in this test. 

The increase in total flowers in 2023 is likely due to the limited amount of rainfall during the 

reproductive period, compared to the greater rainfall in 2022 and 2024. The addition of SSDI 

shifted DAE to reach peak flower earlier. In 2024 with 5 replications, supplemental SSDI was 

able to expand flowering duration in many peanut cultivars, including Bailey II, the most grown 

cultivar in North Carolina. Despite the differences noted in flowering characteristics due to 

cultivar or supplement SSDI, no correlation was found between peanut yield and any of the 

flowering characteristics. 

Despite pervious finding (Lanier et al., 2004), SSDI did not influence peanut pod or 

kernel market characteristics. As expected, the largest percentage of fancy pods and ELK 

occurred in Emery. While NC 20 and NC 21 had a high percentage of fancy pods, they had a low 

level of ELK. While Walton had low percentages of fancy pods, it had a higher level of ELK. 

Little consistency was noted with percentage of SMK across the peanut cultivars and years. 

 While SSDI may not be a common practice in North Carolina it is important to determine 

the benefits and influence that SSDI can have on peanut production and on pest populations in 

the soil as SSDI has greater water use efficiency compared to overhead sprinkler systems (Bosch 

et al., 1992 1998; Rowland et al., 2007; Sorensen & Butts, 2014; Whitaker et al., 2008). 

Selection of peanut cultivars that display tolerance to pests is an effective, low-cost option for 

pest management. A combination of cultural practices (including cultivar selection and irrigation 

method, timing, and amount) has proven to be an effective option in various studies. This test 
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shows that selecting certain peanut cultivars with supplemental SSDI can improve yield while 

protecting plant condition. 
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Table 1. Peanut emergence date and rainfall, sub-surface drip irrigation (SSDI), and growing degree days (GDD56) from peanut 

emergence to digging in 2022-2024.a,b,c 

Year 

Peanut 

Emergence Rainfall SSDI 

Rainfall plus 

SSDI 

Irrigation 

Events 

SSDI 

Initiated 

SSDI 

Completed 

GDD56 at 

Digging  

 Date ________________ in. _______________ No. _____________ Date. ____________  

2022 5/23 19.62 3.48 23.1 30 6/27 8/26 2628 

2023 5/25 18.39 5.11 23.5 22 7/5 8/25 2562 

2024 5/27 18.79 3.74 22.53 18 5/30 8/6 2626 

aAbbreviation: SSDI, sub-surface drip irrigation; GDD, growing degree days. 

bRainfall, SSDI, rainfall plus SSDI, and GDD56 totaled from the time of emergence to digging. 

cGDD56 calculated using the average of daily maximum and minimum temperature, minus 56. 
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aAbbreviation: SSDI, sub-surface drip irrigation; GDD, growing degree days. 
bRainfall, SSDI, rainfall plus SSDI, and GDD56 totaled from the time of emergence to digging. 
cFlowering period is the time of active peanut flowering.  
dSSDI period is the time that irrigation was provided. 
eGDD56 calculated using the average of daily maximum and minimum temperature, minus 56. 
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Figure 1: Rainfall, rainfall plus sub-surface drip irrigation (SSDI), and growing degree 

days (GDD56) totals and SSDI and flowering periods from emergence to digging in 

2022.a,b

 Total SSDI plus Rainfall (in)  Total Rainfall (in) Total GDD

--------------------------Flowering Periodc---------------------------

----------------------------SSDI Periodd-----------------------
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aAbbreviation: SSDI, sub-surface drip irrigation; GDD, growing degree days. 
bRainfall, SSDI, rainfall plus SSDI, and GDD56 totaled from the time of emergence to digging. 
cFlowering period is the time of active peanut flowering.  
dSSDI period is the time that irrigation was provided. 
eGDD56 calculated using the average of daily maximum and minimum temperature, minus 56. 
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Figure 2: Rainfall, rainfall plus sub-surface drip irrigation (SSDI), and growing degree 

days (GDD56) totals and SSDI and flowering periods from emergence to digging in 

2023.a,b

Total Rainfall (in) Total Rainfall plus SSDI (in) Total GDD

------------------Flowering Periodc--------------

------------------------SSDI Periodd-----------------
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aAbbreviation: SSDI, sub-surface drip irrigation; GDD, growing degree days. 
bRainfall, SSDI, rainfall plus SSDI, and GDD56 totaled from the time of emergence to digging. 
cFlowering period is the time of active peanut flowering.  
dSSDI period is the time that irrigation was provided. 
eGDD56 calculated using the average of daily maximum and minimum temperature, minus 56. 
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Figure 3: Rainfall, rainfall plus sub-surface drip irrigation (SSDI), and growing degree 

days (GDD56) totals and SSDI and flowering periods from emergence to digging in 

2024.a,b

Total Rainfall (in) Total Rainfall plus SSDI (in) Total GDD

----------------Flowering Periodc-------------------

---------------------------------SSDI Periodd-----------------------------
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Table 2. Analysis of variance (F statistic and significance at p < 0.05) for peanut plant condition, peanut wilting, root injury due to 

nematodes, and peanut yield. 

Effect Peanut Plant Conditionc Peanut Wiltingd Root Injurye Peanut Yield  
    

Irrigation(I)a 0.1 7.0 0.5 1.8 

Cultivar(C)b 4.0 * 0.5 1.7 1.7 

I*C 1.6 0.4 0.5 3.4 * 

Year(Y) 33.4 *  6.2 * 13.0 * 

Y*I 0.1  2.7 2.0 

Y*C 2.2  1.4 1.6 

Y*I*C 1.2  1.0 0.5 

*Indicates significance at p < 0.05. 
aIrrigation consisted of precipitation through rainfall alone or rainfall plus sub-surface drip irrigation. 
bCultivars consisted of Bailey II, Emery, NC 20, NC 21, Sullivan, TifJumbo, and Walton. 
cPlant condition was recorded by the number of 1ft occurrences of sclerotinia blight, southern stem rot, tomato spotted wilt virus, 

or nematode injury in 60 ft. 
dScale of 0 to 100 where 0 = no plants wilting in a plot and 100 = all plants wilting in a plot.  
eOrdinal scale of 1 to 10 where 1 = very few small galls, 2 = numerous small galls, 3 = numerous small galls of which some are 

grown together, 4 = numerous small and some big galls, 5 = 25% of roots severely galled, 6 = 50% of roots severely galled, 7 = 

75% of roots severely galled, 8 = no healthy roots but plant is still green, 9 = roots rotting and plant dying, and 10 = plant and roots 

dead) (Zeck, 1971). 

    

 

  



225 

 

Table 3. Analysis of variance (F statistic and significance at p < 0.05) for peanut total flowers, days after emergence (DAE) to peak 

flower number, and flowering duration.a 

Effect Total Flowersd DAE to Peak Flower Numbere Flowering Durationf 

 
2022 2023 2024 2022 2023 2024 2022 2023 2024 

Irrigation (I)b 2.0 31.5 * 1.9 0.3 8.1 34.3 * 0.1 1.1 22.0 * 

Cultivar (C)c 7.9 * 4.1 * 9.0 * 2.7 * 1.1 6.3 * 2.4 0.7 3.3 * 

I*C 1.8 0.6 1.7 0.3 0.5 0.7 0.4 0.4 2.6 * 

*Indicates significance at p < 0.05. 
aAbbreviation: DAE, days after emergence. 
bIrrigation consisted of precipitation through rainfall alone or rainfall plus sub-surface drip irrigation. 
cCultivars consisted of Bailey II, Emery, NC 20, NC 21, Sullivan, TifJumbo, and Walton. 
dTotal flowers is the sum of weekly counts of active peanut flowers. 
eDays after emergence (DAE) to peak flower number was determined at the vertex of a least-squares line of best fit of weekly active 

peanut flowers. 
fFlowering duration was determined by taking the difference in x-intercepts of a least-squares line of best fit of weekly active peanut 

flowers. 
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Table 4.  Analysis of variance (F statistic and significance at p < 0.05) for peanut market characteristics.a 

Effect FP ELK SMK 

 2022 2023 2024 2022 2023 2024 2022 2023 2024 

Irrigation (I)b 0.3 0.1 2.8 4.9 1.3 1.1 0.3 2.0 3.4 

Cultivar (C)c 31.0 * 2.8 * 0.7 6.8 * 3.3 * 2.3 * 6.4 * 5.3 * 2.7 * 

I*C 0.9 1.1 0.8 0.5 0.3 1.7 0.2 1.0 1.2 

*Indicates significance at p < 0.05. 
aAbbreviations: FP; fancy pods; ELK; extra-large kernels; SMK, sound mature kernels (USDA, 2019). 
bIrrigation consisted of precipitation through rainfall alone or rainfall plus sub-surface drip irrigation. 
cCultivars consisted of Bailey II, Emery, NC 20, NC 21, Sullivan, TifJumbo, and Walton. 
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Table 5. Analysis of variance (F statistic and significance at p < 0.05) for population of plant-parasitic nematodes in soil. 

Effect Dagger Lesion Ring Root-knot 

Soybean 

Cyst Spiral Stubby Stunt 

Irrigation (I)a 3.3 0.1 0.1 0.2 2.5 0.2 0.4 0.8 

Cultivar (C)b 0.8 0.2 0.6 0.7 1.1 1.7 1.4 0.7 

I*C 0.8 0.4 1.0 0.8 0.2 1.2 1.1 1.0 

Year (Y) 1.3 5.4 * 7.1* 15.6 * 1.7 7.4 * 2.5 1.1 

Y*I 1.3 1.0 0.4 0.4 1.3 0.1 0.1 1.5 

Y*C 1.1 0.4 1.3 0.8 0.5 1.7 0.9 0.7 

Y*I*C 1.1 0.7 1.5 1.0 0.5 0.7 0.9 1.1 

*Indicates significance at p < 0.05. 
aIrrigation consisted of precipitation through rainfall alone or rainfall plus sub-surface drip irrigation. 
bCultivars consisted of Bailey II, Emery, NC 20, NC 21, Sullivan, TifJumbo, and Walton. 
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Table 6. Influence of peanut cultivar on peanut condition when pooled over year.a 

Cultivar Plant Conditionb 

 No./plot 

Bailey II 2 b 

Emery 3 b 

NC 20 3 b 

NC 21 3 b 

TifJumbo 3 b 

Sullivan 3 b 

Walton 6 a 
aMeans within a column followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly 

Significant Difference test.  

bPlant condition was recorded by the number of 1ft occurrences of sclerotinia blight, southern stem rot, tomato spotted wilt virus, or 

nematode injury in 60 ft.    
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Table 7. Influence of peanut cultivar on total peanut flowers in 2022, 2023, and 2024, when pooled over irrigation.a 

Cultivar Total Flowersb 

 2022 2023 2024 

 ----------------------------------------------No.--------------------------------------------- 

Bailey II 160 cd 70 b 77 d 

Emery 187 bc 71b 89 cd 

NC 20 174 c 66 b 98 bc 

NC 21 139 d 66 b 84 cd 

TifJumbo 222 a 78 ab 112 ab 

Sullivan 204 ab 92 a 120 a 

Walton 172 c 65 b 90 cd 
aMeans within a column followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly 

Significant Difference test.  

bTotal flowers is the sum of weekly counts of active peanut flowers. 
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Table 8. Influence of sub-surface drip irrigation (SSDI) on peanut total flowers in 2023 and flowering period duration in 2024, when 

pooled over peanut cultivar.a,b 

 2023 2024 

Irrigation Total Flowersc Flowering Durationd 

 No. Days 

Rainfall Only 62 51 

Rainfall plus SSDI 83 53 

P>F 0.0303 0.0094 
aMeans are significant at a probability α ≤ 0.05 based on a t-test.  
bAbbreviation: SSDI, sub-surface drip irrigation. 
cTotal flowers is the sum of weekly counts of active peanut flowers. 
dFlowering duration was determined by taking the difference in x-intercepts of a least-squares line of best fit of weekly active 

peanut flowers. 
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Table 9. Influence of peanut cultivar and the interaction of peanut cultivar and sub-surface drip irrigation (SSDI) on flowering 

period duration in 2024.a,b 

Cultivar Flowering Durationc 

 --------------------------------------------Irrigation------------------------------------------ 

 Rainfall Rainfall plus SSDI 

 ----------------------------------------------Days--------------------------------------------- 

Bailey II 50 d 54 a 

Emery 52 bc 54 a 

NC 20 51 bcd 53 ab 

NC 21 52 bc 51 bcd 

TifJumbo 51 cd 52 bcd 

Sullivan 52 bc 55 a 

Walton 51 cd 52 bcd 
aMeans within irrigation followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly 

Significant Difference test.  
bAbbreviation: SSDI, sub-surface drip irrigation. 
cFlowering duration was determined by taking the difference in x-intercepts of a least-squares line of best fit of weekly active 

peanut flowers.  
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Table 10. Influence of peanut cultivar on days after emergence (DAE) and correlated growing degree day (GDD56) to reach peak 

number of peanut flowers in 2022, 2023, and 2024, when pooled over irrigation.a,b 

Cultivar -------------------- DAE to Peak Flower Numberc--------------------- 

 2022 2023 2024 

 DAE  GDD56
d DAE GDD56

d DAE GDD56
d 

Bailey II 59 abc 1176 65 a 1074 58 cd 1273 

Emery 61 abc 1216 65 a 1074 57 d 1254 

NC 20 55 bc 1097 65 a 1074 59 ab 1298 

NC 21 52 c 1051 66 a 1094 58 c 1278 

TifJumbo 66 a 1357 66 a 1094 60 a 1309 

Sullivan 61 ab 1230 65 a 1074 58 cd 1265 

Walton 54 bc 1088 67 a 1117 59 bc 1285 
aMeans within a column followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly 

Significant Difference test.  
bAbbreviation: SSDI, sub-surface drip irrigation; DAE, days after emergence; GDD, growing degree days. 
cDays after emergence (DAE) to peak flower number was determined at the vertex of a least-squares line of best fit of weekly active 

peanut flowers. 
dGDD56 calculated using the average of daily maximum and minimum temperature, minus 56. 
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Table 11. Influence of sub-surface drip irrigation (SSDI) on days after emergence (DAE) and correlated growing degree days (GDD56) 

to reach peak number of peanut flowers in 2024, when pooled over peanut cultivar.a,b 

Irrigation DAE to Peak Flower Numberc 

 DAE GDD56
d 

Rainfall Only 59 1297 

Rainfall plus SSDI 58 1263 

P>F 0.0042  
aMeans are significant at a probability α ≤ 0.05 based on a t-test. 

bAbbreviation: SSDI, sub-surface drip irrigation; DAE, days after emergence; GDD, growing degree days. 
cDays after emergence (DAE) to peak flower number was determined at the vertex of a least-squares line of best fit of weekly active 

peanut flowers. 
dGDD56 calculated using the average of daily maximum and minimum temperature, minus 56. 
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Table 12. Influence of the interaction of sub-surface drip irrigation (SSDI) and peanut cultivar on peanut yield, when pooled over 

year.a,b 

Cultivar Peanut Yield 

 Rainfall Rainfall plus SSDI 

 ----------------------------lb/ac--------------------------- 

Bailey II 4080 cde 5110 a 

Emery 4350 bcde 4600 abc 

NC 20 4500 bcd 4300 bcde 

NC 21 4880 ab 4230 cde 

TifJumbo 4000 de 4290 bcde 

Sullivan 4530 abcd 4610 abc 

Walton 3910 e 4430 bcde 
aMeans followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly Significant Difference test.  
bAbbreviation: SSDI, sub-surface drip irrigation.  
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Table 13. Pearson correlation coefficients constructed for days after emergence (DAE) to peak flower number, flowering duration, and 

total flowers with peanut yield.a,b 

Correlation  P > F  R2 

DAE to peak flower numberc vs. peanut yield 0.3819 0.0052 

Peanut flowering durationd vs. peanut yield 
0.1520 0.0140 

Total peanut flowerse vs. peanut yield 
0.7496 0.0007 

aData were pooled over cultivar, irrigation, and year. 
bAbbreviation: DAE, days after emergence. 
cDays after emergence (DAE) to peak flower number was determined at the vertex of a least-squares line of best fit of weekly active 

peanut flowers. 
dFlowering duration was determined by taking the difference in x-intercepts of a least-squares line of best fit of weekly active peanut 

flowers. 
eTotal flowers is the sum of weekly counts of active peanut flowers. 
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Table 14. Influence of peanut cultivar on peanut fancy pods (FP) percentage, when pooled over irrigation.a,b 

Cultivar ----------------------------------------------FP---------------------------------------------- 

 2022 2023 2024 

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

Bailey II 92 c 80 ab 83 a 

Emery 94 ab 81 ab 85 a 

NC 20 95 a 85 a 85 a 

NC 21 96 a 82 a 80 a 

TifJumbo 91 c 85 a 85 a 

Sullivan 93 bc 75 b 86 a 

Walton 82 d 75 b 88 a 
aMeans within a column followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly Significant 

Difference test.  
bAbbreviation: FP, fancy pods. (USDA, 2019) 
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Table 15. Influence of peanut cultivar on extra-large kernels (ELK) percentage in 2022, 2023, and 2024, when pooled over 

irrigation.a,b 

Cultivar ------------------------------------ELK Grading------------------------------------ 

 2022 2023 2024 

 % % % 

Bailey II 40 abc 39 ab 50 a 

Emery 43 ab 41 a 41 b 

NC 20 31 d 26 d 43 b 

NC 21 36 c 35 abc 43 b 

TifJumbo 38 bc 31 bcd 44 b 

Sullivan 39 bc 30 cd 45 ab 

Walton 44 a 31 bcd 45 ab 
aMeans within a column followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly Significant 

Difference test.  
bAbbreviation: ELK, extra-large kernels. (USDA, 2019) 
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Table 16. Influence of peanut cultivar on sound mature kernels (SMK) percentage, when pooled over irrigation.a,b 

Cultivar -------------------------------------- SMK--------------------------------------- 

 2022 2023 2024 

 % % % 

Bailey II 61 bc 66 a 71 a 

Emery 58 bcd 66 a 67 c 

NC 20 57 cd 59 c 69 ab 

NC 21 54 d 62 bc 70 ab 

TifJumbo 62 ab 63 ab 69 bc 

Sullivan 61 bc 63 b 69 ab 

Walton 66 a 64 ab 69 bc 
aMeans within a column followed by the same letter are not significantly different at α ≤ 0.05 based on Tukey’s Honestly Significant 

Difference test.  
bAbbreviation: SMK, sound mature kernels. (USDA, 2019) 
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Table 17. Plant-parasitic nematode taxa and average and range of population densities across all treatments and years at harvest. 

 Population of Plant-Parasitic Nematodes in Soil at Peanut Harvest  

  Average Range 

Nematode Nematode Taxa No./500 cm3 

Dagger Xiphinema spp. 1 0-10 

Lesion Pratylenchus spp. 5 0-60 

Ring Criconematidae 2299 10-11640 

Root-knot Meloidogyne spp. 113 0-2840 

Soybean cyst Heterodera glycines Ichinohe 10 0-250 

Spiral Helicotylenchus spp. 28 0-1120 

Stubby Trichodorus obtusus Cobb 3 0-30 

Stunt Tylenchorhyncus spp. 77 0-440 

 

 


