
ABSTRACT 

SMITH, DAMON LEE.  Improved Strategies for Controlling Sclerotinia blight of Peanut: 
Site-specific Disease Models and Advisory, Fungicide Timing, and Pathogen Detection.  
(Under the direction of Dr. Barbara Shew and Dr. Turner Sutton.) 

 
Regression strategies were used to describe the relationships between modeled 

environmental variables and increase of Sclerotinia blight.  Changes in incremental disease 

incidence were described with 5-day moving averages of modeled site-specific weather 

variables.  The model explained approximately 50% of the variability in Sclerotinia blight 

index in eight environments from 2002 to 2005.  Linear regression was used to describe 

progress of Sclerotinia blight on peanut lines with varying levels of partial resistance.  These 

models were used to develop a site- and cultivar-specific fungicide spray advisory for 

Sclerotinia blight.  The advisory was tested at two locations in 2006.  The advisory 

performed nearly as well as the calendar-based applications of fungicide, while saving one to 

two fungicide sprays depending on the level of host resistance. 

Field and greenhouse experiments were conducted to investigate the timing of 

application and comparative efficacy of the fungicides fluazinam and boscalid.  In field 

studies from 2004-2006, applications of fungicide that preceded the largest incremental 

increase in disease incidence provided the best control of disease or increased yield.  

Reductions in infections in the greenhouse occurred when fungicide was applied before, or 

up to 2 days after inoculation.  Fungicide applied 4 days after inoculation did not reduce the 

number of infections compared to no fungicide application.  

 The intergenic spacer (IGS) region of the nuclear ribosomal DNA (rDNA) and a 

portion of the large subunit of the mitochondrial (mt) rDNA were used to design species-

specific primers for S. minor.  PCR protocols using primer Sm-F resulted in amplification of 



all S. minor isolates tested.  DNA from 15 of 16 S. minor isolates were amplified with 

primers MtSm-F and MtSm-R.  Both primer sets amplified only S. minor DNA from 

mixtures that also contained DNA from other soil fungi or peanut. PCR protocols with 

primers targeting the IGS region were more sensitive in detection of S. minor from infected 

peanut plant parts than primers targeting the mt region.
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A Site-specific, Weather-based Disease Regression 

Model for Sclerotinia blight of Peanut 

 
ABSTRACT 

In North Carolina, losses due to Sclerotinia blight of peanut, caused by the fungus 

Sclerotinia minor, are an estimated 1 to 4 million dollars annually.  In general, peanut is very 

susceptible to Sclerotinia blight, but some partially resistant virginia-type cultivars are 

available.  Up to three fungicide applications per season are necessary to maintain a healthy 

crop in years highly favorable for disease development.  Improved prediction of epidemic 

initiation and identification of periods when fungicides are not required would increase 

fungicide efficiency and reduce production costs on resistant and susceptible cultivars.  A 

Sclerotinia blight disease model was developed using regression strategies in an effort to 

describe the relationships between modeled environmental variables and disease increase.  

Changes in incremental disease incidence (% of newly infected plants vs. total plant 

population per plot) for the 2002 – 2005 growing seasons were statistically transformed and 

described using 5-day moving averages of modeled site-specific weather variables (localized, 

mathematical estimations of weather data derived at a remote location) obtained from SkyBit 

(ZedX, Inc.). Variables in the regression to describe the Sclerotinia blight disease index 

included: mean relative humidity (linear and quadratic), mean soil temperature (quadratic), 

maximum air temperature (linear and quadratic), maximum relative humidity (linear and 

quadratic), minimum air temperature (linear and quadratic), minimum relative humidity 

(linear and quadratic), and minimum soil temperature (linear and quadratic).  The model 
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explained approximately 50% of the variability in Sclerotinia blight index over four years of 

field research in eight environments.  The relationships between weather variables and 

Sclerotinia blight index was independent of host partial resistance. Linear regression models 

were used to describe progress of Sclerotinia blight on cultivars and breeding lines with 

varying levels of partial resistance. Resistance affected the rate of disease progress, but not 

disease onset. The results of this study will be used to develop site- and cultivar-specific 

spray advisories for Sclerotinia blight. 

INTRODUCTION 

The soilborne fungus, Sclerotinia minor, was first identified as a pathogen of peanut 

in Australia in 1948.  The first report of the disease in the United States was made in Virginia 

in 1971 (22).  Since then, Sclerotinia blight has become widespread in Virginia and North 

Carolina, and it also occurs in parts of Oklahoma and Texas (21).  Losses in North Carolina 

are an estimated 1 to 4 million dollars annually (B.Shew, unpublished data). 

The mycelium of Sclerotinia minor attacks all parts of peanut plants.  Infected leaves 

and stems initially have a water-soaked appearance.  As the disease progresses, signs 

consisting of  white, fluffy masses of mycelium often appear on the surface of colonized 

tissue.  Later, lesions become bleached and necrotic.  Eventually, stems become severely 

shredded and die.  At the end of the growing season, sclerotial densities of ca. 50 sclerotia 

per 100 g of soil are possible (22). Research on lettuce isolates suggests that sclerotia 

undergo a period of dormancy before germination (8, 29).   

Recommendations for management of Sclerotinia blight include integration of 

rotation with non-hosts (such as corn, cotton, sorghum, and small grains), planting resistant 

cultivars, and applications of fungicides (13).  Currently, moderately resistant virginia-type 
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cultivars include VA 98R (18) and Perry (10).  Because resistance in these cultivars is 

moderate to low, applications of fungicides often are needed to maintain a healthy crop (13). 

The first fungicide application typically is made at the first observation of signs or 

symptoms, with subsequent applications made as directed by the product label. Depending on 

time of disease onset, up to three fungicide applications may be necessary to provide 

continuous protection in years highly favorable for disease development (13). Furthermore, 

the labeled fungicides (fluazinam and boscalid) are protectants and must be applied prior to 

disease onset for best results (2, 26, 27).  The use of partial resistance and disease forecasting 

systems can help save fungicide applications, especially in years unfavorable for disease.  

Improved prediction of epidemic initiation and identification of periods when fungicides are 

not required can greatly increase efficiency of fungicide use.   

Disease advisories based on algorithms of weather thresholds have proven useful in 

predicting when the fungus would become active (1, 15, 20).  In North Carolina, a Sclerotinia 

blight advisory was developed based on a algorithm that accounted for rainfall, air 

temperature, and soil temperature after canopy closure.  Fungicide use based on these 

algorithms provided control comparable to, and in some cases better than that obtained with 

the conventional method (1).  Research over a period of 16 years confirmed that canopy 

closure was significant in predicting initial outbreaks of Sclerotinia blight (19).  Rainfall, soil 

temperature, and air temperature were included in the algorithm for the disease advisory.  

The algorithm has since been modified in Virginia and now uses a five-day risk index, which 

is a sum of the five previous daily risk indices.  The daily risk index is the product of the 

environmental index (product of the moisture and soil temperature thresholds) and host index 

(product of the vine growth and canopy thresholds) (20).  Once the five-day risk index is 
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favorable for disease development, a fungicide application is advised and the index is reset to 

zero for a 2 to 3 week period based on the protection offered by the applied fungicide.  After 

this period, the five-day risk index calculations are restarted and fungicides are reapplied 

when thresholds are again met (15).  This advisory (Phipps-Langston advisory) has improved 

the timing of fungicide application when compared to the traditional method in Virginia 

peanut production (15).  A slightly modified version of the Phipps-Langston advisory is 

currently in use in North Carolina (13). 

The Phipps-Langston advisory used in the Virginia-Carolina peanut production 

region is not site-specific (localized to a specific field).  For some growers, risk calculated by 

the advisory is based on data from automated weather stations that may be several miles 

away.  Rain totals, which are used in the Phipps-Langston advisory, pose a particular 

problem because scattered thunderstorms are the predominant source of rainfall in the 

summer. Rainfall recorded at a given weather station may not be representative of conditions 

even in very close proximity to the station. As an alternative, modeled weather data inputs 

with no on-site sensors (mathematical estimations of weather variables derived from a remote 

location) offer several advantages when used with disease advisories (16).  No equipment has 

to be placed in the field and maintained.  Weather information can be much more site-

specific than has been previously available with networked automated weather stations.  Site-

specific disease advisories using modeled weather data have been developed and validated in 

several other high value crops, including grape and apple (16).   

Disease warning models based on relationships between weather parameters and 

disease outbreaks can use regression approaches as an alternative to risk indices or 

algorithms.  A regression based warning model was developed to predict outbreaks of brown 
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patch on perennial ryegrass turf (5).  Mean relative humidity and minimum air temperature 

were used in the regression model to predict the environmental favorability (E) for brown 

patch outbreaks (5).  The model predicted all major infection outbreaks over a 3-year span.  

Reduction in fungicide application was also noted with comparable levels of disease 

development as compared to a calendar-based application of fungicide (5).           

The objective of this research was to develop a multiple regression model describing 

the relationship between selected modeled, site-specific environmental variables and 

incidence of Sclerotinia blight on several peanut cultivars and breeding lines.  The model will 

be used to further improve disease advisory systems for Sclerotinia blight in North Carolina. 

MATERIALS AND METHODS 

 Field studies and design.  Ten field studies were conducted in cooperative grower 

fields during the 2002, 2003, 2004, and 2005 growing seasons.  In 2002, the field site was 

located in Perquimans County, NC.  In 2003, two field experiments were planted in 

Perquimans and Chowan Counties, NC.  Fields were located in Bertie, Perquimans, and 

Northampton counties during the 2004 growing season.  In 2005, fields were located in 

Bertie and Northampton counties.  In all years, planting was in the month of May (Table 1).  

Plots consisted of four  rows  7.6 m long with row spacing of 0.9 m.  Planted borders 

between plots were 3 m long.  At the Perquimans County sites in 2002 and 2003, plots were 

planted with the cultivars NC 12C (9) or Perry  (Table 1).  In 2004 (all field sites) the 

cultivars Gregory (12), VA 98R, Perry, and breeding line N02006 were planted.  At the 

Perquimans County site, 2004, the resistant germplasm line N96076L (11) was also planted 

(Table 1).  In 2005, the cultivars planted at both sites were Gregory, VA 98R, Perry, and the 

breeding lines N02006 and N03081T (Table 1).  Tillage was conventional for all trials with 
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the exception of trials in Northampton County, which were strip-tilled.  For all trials, peanuts 

were planted with a two-row tractor mounted planter set to dispense a minimum of four to 

five seeds per 0.30 m.  Aldicarb (Temik 15G; Bayer Crop Science) at 7.4 kg/ha was applied 

in-furrow at planting for insect control.  Standard production practices for peanuts in North 

Carolina, including application of fungicides for foliar disease control, were followed 

throughout the growing season (13).  In 2005 foliar fungicide programs used chlorothalonil 

on the first and last applications of fungicide, with the intermediate fungicide decisions left at 

the discretion of the individual grower.  Chlorothalonil was not included in the foliar 

fungicide program in 2002, 2003, or 2004 based on previous research indicating its ability to 

enhance aggressiveness in S. minor (7).  In all years, leaf spot diseases (caused by the fungi 

Cercospora arachidicola and Cercosporidium personatum) were adequately managed and no 

excessive defoliation was noted.  Fluazinam (Omega 500F; Syngenta Crop Protection, Inc.) 

was applied at three times at three rates to establish different levels of disease for concurrent 

yield loss studies (D. Smith, unpublished data). Spray treatments included a full rate (0.87 kg 

ai/ha), half rate (0.43 kg ai/ha), and no fungicide.  These experiments were factorial with 

cultivars (differential levels of partial resistance) and application of three rates of fungicide 

as the interacting factors. The experimental design for these trials was split-plots with 

cultivars as whole plots in a randomized complete block design with six replicates and spray 

applications as subplots. 

  The field trial in Chowan County 2003 and one trial in Bertie County in each of 2004 

and 2005 included fungicide evaluation trials.  In those trials, the cultivar NC V-11 (30) 

(susceptible) was planted in plots consisting of four rows, 15.2 m (Chowan County 2003 and 

Bertie County 2004) or 7.6 m (Bertie County 2005) long with a row spacing of 0.9 m.  
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Planted borders between plots were 3 m long.  Treatments consisted of various sequences 

and/or rates of the fungicides boscalid (Endura, BASF) or fluazinam (Omega 500F, Syngenta 

Crop Protection) and no fungicide.  The experimental design in these experiments was a 

randomized complete block with 4 to 6 replicates depending on the year. 

In 2004, the Northampton County site received fluazinam (0.87 kg ai/ha) on an 

advisory (modified Phipps-Langston advisory) or calendar based schedule, or no fungicide.  

In 2005, fungicide was applied at a rate of 0.58 kg ai/ha using an early iteration of the disease 

prediction model or calendar based schedule, or no fungicide.  Treatments were limited to 

three applications per plot for the entire season.  These trials were factorial experiments with 

cultivars (different levels of partial resistance) and fungicide application as the interacting 

factors.  Experimental design was a split-plot design with cultivars as whole plots in a 

randomized complete block design with six replicates and fungicide application as subplots.   

Disease evaluations.  In all years, fields were scouted starting in late June and 

weekly or biweekly ratings began when disease was first observed at each location (Table 1).  

The center two rows for each plot were parted by hand and individual plants with signs of S. 

minor and/or symptoms of Sclerotinia blight were carefully identified and marked with 

surveyor’s flag.  Therefore, infected plants were only counted once for the entire season, 

resulting in a measure of weekly incremental disease incidence (number of newly infected 

plants each week).  In all years, peanuts were dug in late September or early October and 

harvested throughout the month of October (Table 1).  Samples were dried and pod yields 

were determined.   

 Weather Data Collection.  Weather data were modeled hourly in all years using the 

SkyBit service by ZedX, Inc. (Bellafonte, PA).  In 2003 weather data were collected onsite 



8 

and logged with a CR10X micrologger (Campbell Scientific, Logan, UT, 84321-1784) at the 

Perquimans County field.  Leaf wetness sensors (Campbell Scientific Inc., Logan, UT, 

84321-1784) were placed at 42 cm height, near the top of the mature canopy.  The 15 

unpainted sensors were placed in five canopy positions corresponding to top, middle left side 

(north), middle right side (south), middle and bottom of the canopy.  Each sensor position 

was replicated three times.  Rain was measured with a tipping bucket rain gauge (TE525, 

Texas Electronics, Dallas, TX 75235-7309).  Wind speed, solar and net radiation were 

measured at the 3-meter level with a wind set (Wind Sentry, R.M. Young, Traverse City, MI, 

49684), Li 200x pyranometer (Li 200x, Li-Cor, Lincoln, NE, 68504) and a net radiometer 

(Q-7.1, REBS, Seattle, WA, 98115-0152).  Net radiation was also collected just below 

canopy level allowing canopy net radiation to be calculated from the difference of the two 

heights.  Air temperature and relative humidity were measured with four sensors (HMP35C, 

Campbell Scientific, Logan, UT, 84321-1784) 1 meter above the canopy, at the top of the 

canopy, mid canopy height and at the bottom of the canopy.  Soil temperature sensors were 

placed at depths of 2.5 cm and 20 cm.  Soil flux sensors were placed at a depth of 5-cm.  In 

2004, a commercial automated weather station (WatchDog model 700, Spectrum 

Technologies, Inc., Plainfield IL, 3340WD) was placed at the Perquimans County field site.  

Wind speed and direction, relative humidity, dew point, rain, and air temperature were all 

recorded using the on-board station sensors.  Wind variables were recorded at a height of 2.0 

m while all other on-board variables were recorded at 1.8m.  Additional sensors were 

included to monitor soil moisture (one sensor, watermark soil moisture sensor, Spectrum 

Technologies, Inc., Plainfield IL, SM6450WD) at a depth of 10 cm, soil temperature (one 

sensor, external soil temperature sensor, Spectrum Technologies, Inc., Plainfield IL, 
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TEMP3667) at a depth of 10 cm, and leaf wetness (one unpainted leaf wetness sensor, 

Spectrum Technologies, Inc., Plainfield IL, LW3666) at a height of 42 cm from the soil 

surface. 

Model derivation. The set of modeled weather data from ZedX, Inc. included air 

temperature, leaf wetness, precipitation, relative humidity, soil moisture, and soil 

temperature.  The daily means, maximums, and minimums of each of those variables were 

calculated. In addition, mean air temperature during leaf wetness and hours of continuous 

leaf wetness per day were calculated.  The 5-day moving averages for the modeled weather 

variables were calculated for each variable based on procedures in previous studies (5, 15, 

20).  All analyses were conducted using SAS v. 8.0 (Cary, NC) procedures. The weather 

variables analyzed were: mean, maximum, and minimum air temperature (°C); mean, 

maximum, and minimum leaf wetness (unitless); temperature during leaf wetness (°C); leaf 

wetness hours (hr); total, mean, and maximum precipitation (mm); mean, maximum, and 

minimum relative humidity (%); soil temperature (°C) and moisture (%).  Pearson correlation 

coefficients (PROC CORR of SAS statistical software) were calculated for the modeled and 

recorded on-site hourly weather data from 19 July to 17 September 2003 and 20 June to 8 

September 2004 for the Perquimans County sites to confirm accuracy of the modeled 

weather data.    

Only data from plots not receiving fungicides were used to develop the disease 

prediction model.   Incremental disease incidence was standardized among all sites and years 

by dividing the percentage (using 3 plants per 0.3 m of row as the base plant population) of 

diseased plants for each observation by the number of days between ratings.  Initial disease 

incidence observations for each epidemic were divided by six days.  Cultivars were then 
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assigned to one of two groups based on resistance.  The cultivars and breeding line 

considered susceptible (NC 12C, Gregory, and N02006), as determined from our data and 

previous results (T.G. Isleib, unpublished data), were assigned the numeral one for a new 

parameter called resistance type.  The moderately resistant cultivars (Perry, VA 98R, NC V-

11) and the resistant breeding line (N03081T) were assigned a resistance type parameter of 

zero.  Observations using the highly resistant germplasm line, N96076L, were removed from 

the data set because incidence of disease in that line was very minimal as compared to all 

other cultivars.  Results of a principal components analysis (PROC PRINCOMP of SAS 

statistical software) of standardized incremental disease incidence and the moving averages 

of weather variables for weeks one though ten of the epidemics were used to select variables 

to input in an R-square analysis (PROC RSQUARE of SAS statistical software) with 

Mallows CP statistic (CP option) to describe standardized incremental disease incidence.  

Plots of p’ (number of parameters in the model + intercept) vs. Mallows CP and p’ vs. 1-R2 

also were used as aids to identify the best fitting model to describe standardized incremental 

disease incidence (24).  A general linear models procedure (PROC GLM of SAS statistical 

software) was used to obtain parameter estimates and to test for significance of quadratic and 

interaction terms.  In addition, full and reduced model testing as described by Rawlings et al. 

(24) was used to test for significant differences in intercepts and weather parameters with and 

without the resistance type parameter in a model that best described standardized incremental 

disease incidence in all years.  Briefly, this was performed using the resistance type 

parameter in the full model.  Dummy variables were generated for each weather parameter 

by resistance type interaction and the significance of each dummy variable was assessed by 

inclusion and exclusion from the model.  Assumptions of least-squares regression were tested 
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via plots of predicted standardized incremental disease incidence vs. Studentized residuals 

for all sites, in all years.  Examination of residual plots indicated that it was necessary to 

transform standardized incremental disease incidence using a square root in order to 

normalize the data.  Transformed standardized incremental disease incidence was designated 

the Sclerotinia blight disease index.  Putative outliers were tested for significance using t-

tests of the Studentized residuals as described by Rawlings et al. (24).  To evaluate the 

biological validity of the model, the performance of each parameter was examined 

graphically while all other parameters were held constant at the observed mean for that 

parameter (data not shown). 

 Effect of resistance on disease progress.  Weekly cumulative disease incidence (% 

CDI) was determined for each plot for each Julian day on which data were collected.  Julian 

days were then scaled to the minimum Julian day (Day 182) that an epidemic was initiated 

for years and sites in which weather was favorable for high levels of disease (all sites in 2002 

and 2003; Perquimans County and Bertie County, 2004) such that time was measured in days 

from the onset of the earliest epidemic, Tα.  Regressions of CDI as the dependent variable 

and Tα, resistance type by fungicide application (no fungicide or full rate application of 

fungicide) as the independent variable were conducted with the general linear model 

procedure (PROC GLM of SAS statistical software).  Full and reduced model testing was 

used as in the procedures above to determine parameter estimates, test for significant 

differences in the slopes and intercepts for each resistance type and fungicide application 

combinations, and to investigate linear and quadratic terms in a model that best described 

CDI in all years. Transformations using logistic and monomolecular growth functions were 

also investigated.  
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RESULTS 

Field studies.  Weather in 2002, 2003, and 2004 was cool and wet with high 

humidity; weather in 2005 was hot and much drier with lower levels of humidity (Fig. 1.1).  

Overall levels of disease were lower in 2005 relative to other years (Fig. 1.2).  At all sites 

where several cultivars were grown, trends in untransformed incremental disease incidence 

were consistent regardless of resistance level, but the magnitude of incremental disease 

incidence varied by cultivar (Fig. 1.2). Disease was first observed on 12 July 2002 

(Perquimans County) and on 21 July in 2003 (Perquimans and Chowan Counties).  

Untransformed incremental increases in disease incidence in 2002 were low (except week 

two) until week nine (6 Sep) when incremental disease incidence ranged from 4 to 10% until 

harvest (Fig. 1.2A).  In 2003 consistent increases in the magnitude of untransformed 

incremental disease incidence at the Perquimans County site were recorded on both cultivars 

throughout the season (Fig. 1.2B).  Hurricane Isabel ravaged the field on 17 September 2003.  

Plants were not killed, but main stems lodged to the soil surface thereby eliminating the plant 

canopy necessary for further disease development.  No rating was possible after week nine.  

At the Chowan County site, the magnitude of untransformed incremental disease incidence 

was small until week seven (15 Sep) when the percentage of newly infected plants ranged 

from 2 to 4% (Fig. 1.2C).  At both Bertie County trials in 2004, disease was first observed on 

8 July and untransformed incremental disease incidence was moderate throughout the season 

(Fig. 1.2D and E).  In Perquimans County in 2004, disease was first observed on 30 June and 

untransformed incremental disease incidence was initially high (10% on the breeding line 

N02006), then tapered off and remained moderate for the remainder of the season (Fig. 1.2F).  

In Northampton County in 2004, onset of disease did not occur until 28 July (much later than 
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at other sites), and untransformed incremental disease incidence was very low until week 4 

when untransformed incremental disease incidence ranged from 2 to 4% (Fig. 1.2G).  

Subsequent magnitudes of untransformed incremental disease incidence were low for the 

remainder of the season (Fig. 1.2G).  Disease was first observed on 25 July at both Bertie 

County trials in 2005 (Fig. 1.2H and I).  Incremental disease incidence levels were low to 

moderate in these trials as compared to other years (Fig. 1.2H and I).  In Northampton 

County in 2005, disease was first observed on 22 August and was low in relation to other 

trials in other years (Fig. 1.2J).  

Model derivation.  Pearson correlation coefficients for the comparison of predicted 

and actual leaf wetness were 0.15 (P<0.0001, n=1450) in 2003 and 0.08 (P<0.03, n=668) in 

2004 for the Perquimans County site.  Pearson correlation coefficients for predicted and 

actual precipitation comparisons were 0.21 (P<0.0001, n=1450) in 2003 and 0.20 (P<0.20, 

n=668) in 2004 for the Perquimans County site.  The low correlation between modeled and 

observed data for these variables suggested that modeled leaf wetness and precipitation 

measurements were not accurate and all leaf wetness and precipitation variables for all 

locations were subsequently dropped from the data set.  Mean air temperature during leaf 

wetness, and hours of leaf wetness also were removed from the data set because they were 

derived from predicted leaf wetness described above.  Percent soil moisture was removed 

from the entire data set because soils can vary widely from one location to the next in eastern 

North Carolina and interpolation of this weather variable remotely is limited. In 2004, 

correlations for modeled variables of air temperature (0.97; P<0.0001, n=1000), relative 

humidity (0.94; P<0.0001; n=1000), and soil temperature (0.89; P<0.0001; n=1000) were 
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considered sufficiently and positively correlated with their respective on-site parameters and 

were left in the data set. 

 Five principal components accounted for approximately 99% of the variability in the 

data set (Table 1.2). Based on the results of the principal components analysis, 5-day moving 

averages of nine variables were selected for R-square analysis using only observations made 

prior to 15 September for each site.  The variables included the following: mean, maximum, 

and minimum air temperature; mean, maximum and minimum relative humidity; mean, 

maximum, and minimum soil temperature; and quadratic terms for each of these variables, 

for a total of 18 variables in the working set.  Initially, the best model without over 

parameterization as identified by plots of p’ vs. CP and 1-R2 was a twelve-parameter model 

(R2 = 0.38, Mallows CP = 14.88) that included mean relative humidity (RH), mean soil 

temperature (ST), maximum air temperature (MXAT), maximum relative humidity (MXRH), 

minimum air temperature (MNAT), minimum relative humidity (MNRH), and quadratic 

terms for each of these six variables.  The general linear model procedure (PROC GLM of 

SAS statistical software) was applied and Studentized residual plots were examined.  T-tests 

of the residuals revealed six observations that were significantly (P<0.01) outside the range 

of the data set, which were deleted.  The remaining data was again subjected to the same 

process.  A new thirteen-parameter model was identified (R2 = 0.48, Mallows CP = 17.28) 

that included mean relative humidity, maximum air temperature, maximum relative 

humidity, minimum air temperature, minimum relative humidity, minimum soil temperature 

(MNST) and quadratic terms for each of these six variables and that for mean soil 

temperature.  T-test of Studentized residuals identified one additional significant (P<0.01) 

outlier in the data, which were deleted from subsequent analyses.  A final iteration of the 
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above process was performed identifying a 13-parameter model as the best fit without over 

parameterization.  Additional tests of full vs. reduced models found no significant differences 

(P<0.05) between models accounting for separate intercept, slope, and weather variables 

based on resistance type (24).  A reduced model using a single intercept and slope, with one 

set of weather variables for all resistance types, and 196 total independent observations of 

Sclerotinia blight disease index values was adopted.  The Sclerotinia blight disease index was 

described using various generated parameters of only air temperature, soil temperature, and 

relative humidity.  The resulting regression model was as follows: Sclerotinia blight disease 

index  = -34.0170 – 0.5782 RH + 0.0034 RH2 – 0.0168 ST2 – 1.1686 MXAT + 0.0251 

MXAT2 + 1.4594 MXRH – 0.0075 MXRH2 – 1.2320 MNAT + 0.0452 MNAT2 + 0.2907 

MNRH – 0.0025 MNRH2 + 1.0144 MNST – 0.0259 MNST2; P<0.0001, R2 =0.50, 

CV=46.75.  All weather variables contributed to the model at P < 0.02.  The model 

conformed to the assumptions of least-squares regression, based on the plot of predicted 

Sclerotinia blight disease index vs. Studentized residuals (Fig. 1.3).  Validation of model 

parameters indicated that highest levels of Sclerotinia blight were predicted when the five-

day average of minimum air temperature was greater than 20°C and that for maximum air 

temperature was greater than 30°C (data not shown).  Highest levels of Sclerotinia blight 

were predicted when five-day averages of mean soil temperature and minimum soil 

temperatures were moderate (20°C to 25°C) (data not shown).  Impacts of air and soil 

temperature tended to offset one another.  Predicted Sclerotinia blight disease index values 

also were greatest when five-day averages of mean relative humidity increased above 85 % 

(data not shown).   
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       Incorporation of resistance.  Resistance to Sclerotinia blight functioned by reducing 

the rate of increase in cumulative disease across the three growing seasons favorable for 

disease (Fig. 1.4).  Slopes and intercepts for all combinations of cultivar resistance type and 

fungicide treatment were generated.  Full and reduced model testing of disease progress 

curves indicated that there was no significant difference (P<0.05) in intercepts of the disease 

progress curves for the four combinations of resistance type and fungicide application.  In 

contrast, rate of disease progress (slopes) for all treatment combinations differed significantly 

(P<0.0001) with the exception of resistant cultivars with no fungicide applied and susceptible 

cultivars with fungicide applied (P<0.3451) (Fig. 1.4).  Transformation of cumulative disease 

incidence (% CDI) for the model describing all combinations of treatment using the logistic 

(R2 = 0.62, CV = -23.03) and monomolecular (R2 = 0.60, CV = 36.18) growth functions 

offered no improvement over linear functions (R2 =0.62, CV=55.64).  Addition of quadratic 

terms to the model (R2 =0.64, CV=54.44) also offered little improvement over only linear 

functions. Studentized residuals indicated good fit of the linear models when disease levels 

were low, while at higher disease levels some lack of fit was identified.  The linear regression 

equations were as follows:  % CDI (Resistant cultivars w/ fungicide) = 0.05 + 0.13 Tα; % CDI (Susceptible 

cultivars w/ fungicide) = 0.05 + 0.23 Tα; % CDI (Resistant cultivars w/ no fungicide) = 0.05 + 0.25 Tα; and % 

CDI (Susceptible cultivars w/ no fungicide) = 0.05 + 0.43 Tα; P<0.0001, R2 =0.62, CV=55.64, where Tα is 

the time in days after disease onset.    

DISCUSSION                       

Our Sclerotinia blight regression model may help improve current disease advisory 

systems.  The weather variables we used are easy to measure and can be manipulated using 

widely available computer software. Our field research marks the first documented use of 
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site-specific, modeled weather data in a Sclerotinia blight model.  Using modeled weather 

data to generate Sclerotinia and other disease advisories would eliminate the need to place 

individual weather stations throughout peanut growing areas, while providing much more 

site-specific (localized) information than has been previously available with networked 

automated weather stations.  Use of site-specific weather data also opens the possibility of 

using weather forecasting models to improve long-term disease advisories (e.g. five to seven 

day disease forecasts).  This can help improve adoption of disease advisory systems by 

growers who may not find them appealing due to lack of forecasting ability in earlier 

versions (17).  

Our final regression equation explained 50% of the variability in the four-year data 

set.  Clustering of inoculum in soil probably was an important source of variability that was 

not accounted for in the model. Clustering of the inoculum also may explain the occurrence 

of several outlier observations in the data set that were identified from the Studentized 

residual plots.  Our ability to account for aggregation of inoculum is limited because the 

currently accepted soil assay technique is too cumbersome and time consuming for routine 

use (23, 28). In the future, improvement in soil assay techniques may aid in the development 

of more accurate models by accounting for aggregation of sclerotia in test plots or grower 

fields.   

In many plant pathosystems, leaf wetness is considered one of the most important 

weather related variables in influencing the occurrence of disease (3).  We included leaf 

wetness in our data set, but found that predicted leaf wetness as modeled by SkyBit was not 

well correlated to on-site leaf wetness.  Other researchers have also documented inaccuracy 
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in leaf wetness as estimated by SkyBit and elected not to use this weather variable in 

analyses (6, 14).   

Our analyses show that air and soil temperature play a major role in development of 

Sclerotinia blight, and are supported by the use of these variables in the Phipps-Langston 

advisory (15) and studies conducted under controlled conditions (25).  In the Phipps-

Langston advisory, air and soil temperature are treated interchangeably, where the 

temperature variable that results in the “highest index” is used (15).  In our studies, air and 

soil temperature were treated separately.  Although these two variables are related, they 

should be considered independently since they can have very different effects on the biology 

of the fungus as shown in other studies.  Recent in vitro investigation of environmental 

influences on the epidemiology of S. minor showed that high soil and air temperature (30°C) 

were favorable for germination of sclerotia of the fungus (25).  Furthermore, in the field air 

and soil temperature can fluctuate in unison, but magnitude of these variables can differ 

dramatically during certain times of the year (Fig.1).  Late in the growing season and during 

the night, periods of high soil temperature relative to the cooler air temperatures and high 

relative humidity can provide an environment highly conducive for the growth of S. minor.  

This situation was apparent in our field trials when there were rapid incremental increases in 

Sclerotinia blight late in September and October.  Our analyses during development of the 

disease regression model also indicated the importance of including both temperature 

variables.  All models investigated included a form of both air and soil temperature 

parameters, and both were considered highly influential parameters.  Treating these two 

temperature effects separately will make the regression model much more accurate and 
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complex at the same time.  However, with the widespread availability of high-speed 

computing power, the increased accuracy of predictions is worth the trade-off in complexity.   

The influence of humidity in our disease regression model and the disease advisory 

currently being used in North Carolina was similar.  In our regression model, five-day 

moving averages of mean relative humidity of 85% or higher were favorable for Sclerotinia 

blight.  Langston et al. (15) predicted the greatest risk of Sclerotinia blight when relative 

humidity was greater than 95% for >8 h consecutively on the previous day.  In addition, 

germination and growth of the fungus was reported most favorable at relative humidity of > 

95% (4, 18) or when soil moisture was sufficient to maintain high humidity above the soil 

surface (25).  In the Phipps-Langston advisory, rainfall of > 1.27 cm in the previous 5 days 

can have the same influence on predictions of disease as the relative humidity requirement 

(15).  Our disease regression model does not rely on precipitation because unlike other 

variables we used, rainfall is often not consistent across locations making it difficult to 

interpolate for purposes of site-specific modeling.  This is especially true in rural peanut 

growing regions of North Carolina were networked automated weather station coverage is 

sparse, further limiting prediction of rainfall measurements.     

We showed that the partial resistance currently available in virginia-type cultivars 

reduces the rate of increase in cumulative disease incidence over the entire epidemic.  

Disease models accounting for separate intercepts, slopes, and weather variables based on 

resistance type were not necessary, indicating that incremental disease incidence changed 

similarly in response to weather variables on all cultivars and advanced breeding lines tested. 

In the Virginia-Carolina peanut production area, the current Phipps-Langston 

advisory has enabled growers to manage fungicide use, time, and resources much more 
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efficiently and profitably.  Improvements to this system could only increase profit and 

efficiency, and reduce unnecessary dependency on fungicides.  A disease advisory based on 

the regression models presented here would make it possible for growers to integrate several 

disease control strategies to best protect their peanut crops, save on fungicide sprays, budget 

time efficiently, and decrease the dependency and associated costs of on-site automated 

weather stations.  
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Table 1.1.  Growing season, location, tillage practice, planting date, date of first rating and 
duration, digging dates, harvest dates and cultivars with resistance classifications for all field 
trials used for the development of the disease model. 
 

a Fields located in Northampton County were strip-tilled; all other locations were 
conventionally tilled  
b Letter abbreviations indicate the level of partial resistance to S. minor infection according to 
the annual North Carolina Peanut Information manual.  Abbreviations are as follows: VS = 
Very Susceptible; S = Susceptible; MS = Moderately Susceptible; MR = Moderately 
Resistant; R = Resistant.   
 

 

 

 

 

 
 
 
 

Location
a 

Planting 

Date  

Date of 

First 

Rat ing  

Rating 

Duration 

Digging 

Date  

Harvest 

Date  Cultivar
b 

2002       

Perquimans Co. 15-May 12-Jul 12 weeks 4-Oct  11-Oct NC 12C (VS); Perry (M R )  

2003       

Perquimans Co. 20-May 21-Jul 9 weeks 9-Oct  20-Oct NC 12C (VS); Perry (M R )  

Chowan Co. 

(Fungicide Trial )  
20-May 21-Jul 9 weeks 9-Oct  20-Oct NC V-11 (S) 

2004       

Bertie Co. 10-May 8-Jul  10 weeks 27-Sep 6-Oct  
Gregory (MS); N02006 (S); Perry 

(MR); VA 98R (M S )  

Bertie Co. 

(Fungicide Trial)  
10-May 8-Jul  10 weeks 27-Sep 6-Oct  NC V-11 (S) 

Perquimans Co. 18-May 30-Jun 11 weeks 1-Oct  7-Oct  
Gregory (MS); N02006 (S); Perry 

(MR); VA 98R (MS); N96076L (R) 

Northampton Co.  16-May 28-Jul 6 weeks 29-Sep 7-Oct  
Gregory (MS); N02006 (S); Perry 

(MR); VA 98R (M S )  

2005       

Bertie Co. 5-May  25-Jul 10 weeks 3-Oct  17-Oct 
Gregory (MS); N02006 (S); Perry 

(MR); VA 98R (MS); N03081T (R) 

Bertie Co. 

(Fungicide Trial )  
5-May  25-Jul 10 weeks 3-Oct  17-Oct NC V-11 (S) 

Northampton Co.  16-May 25-Jul 10 weeks 14-Oct 31-Oct 
Gregory (MS); N02006 (S); Perry 

(MR); VA 98R (MS); N03081T (R )  

 1 
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Table 1.2. Principal components analysis of contribution of weather variables modeled for 
grower fields to variability in Sclerotinia blight incidence in three North Carolina counties 
over four growing seasons.  
 

 
a Data analyzed were moving 5-da averages of the variables indicated.  Disease incidence 
data were taken from plots with no fungicide application. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  1 

Parameter
a 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

      

Incremental Disease Incidence (%) -0.0849 0.1156 0.9770 -0.1570 0.0070 

      

Mean Air Temperature (ºC) 0.4231 0.0749 0.0404 0.0875 0.2061 

Mean Relative Humidity (%) -0.0797 0.5523 -0.0814 -0.0214 0.2343 

Mean Soil Temperature (ºC)  0.4242 0.0879 0.0284 0.0463 0.0617 

Maximum Air Temperature (ºC) 0.4082 -0.1400 0.0934 0.2487 0.1101 

      

Maximum Relative Humidity (%) -0.1421 0.4502 0.0656 0.7944 0.3048 

Maximum Soil Temperature (ºC) 0.4162 -0.1067 0.0797 0.2147 0.0950 

      

Minimum Air Temperature (ºC) 0.3679 0.2825 -0.0168 -0.1252 0.2343 

      

Minimum Relative Humidity (%) -0.0759 0.5419 -0.1190 -0.2910 0.2687 

      

Minimum Soil Temperature (ºC) 0.3550 0.2468 -0.0495 -0.3541 0.8108 

      

Eigenvalue 5.4012 3.0968 0.9532 0.3915 0.1196 

Proportion 0.5401 0.3097 0.0953 0.0392 0.0120 

Cumulative 0.5401 0.8498 0.9451 0.9843 0.9962 
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Figure 1.1.  Five-day moving averages of the modeled weather variables mean relative 
humidity (Mean RH), mean air temperature (Mean AT), and mean soil temperature (Mean 
ST) for the entire disease rating period for Sclerotinia blight trials in four North Carolina 
counties over four growing seasons.  A. Perquimans County, 2002.  B.  Perquimans County, 
2003.  C.  Chowan County (Fungicide Trial), 2003.  D.  Bertie County (Including Fungicide 
Trial), 2004.  E.  Perquimans County, 2004.  F.  Northampton County, 2004.  G.  Bertie 
County (Including Fungicide Trial), 2005.  H.  Northampton County, 2005. 
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Figure 1.2. Weekly incremental increase in disease incidence (% newly infected plants) of 
Sclerotinia blight in grower fields located in four North Carolina counties over four growing 
seasons.  Plots were not treated with fungicide to control Sclerotinia blight.  Epidemic 
duration ranged from 6 to 12 weeks.  A. Perquimans County, 2002.  B. Perquimans County, 
2003.  C. Chowan County (Fungicide Trial), 2002.  D. Bertie County, 2004.  E.  Bertie 
County (Fungicide Trial), 2004.  F.   Perquimans County, 2004.  G. Northampton County, 
2004.  H.  Bertie County, 2005.  I.  Bertie County (Fungicide Trial), 2005.  J.  Northampton 
County, 2005. 
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Figure 1.3. Predicted Sclerotinia blight disease index values vs. Studentized residuals for the 
model Sclerotinia blight disease index = -34.0170 – 0.5782 RH + 0.0034 RH2 – 0.0168 ST2 – 
1.1686 MXAT + 0.0251 MXAT2 + 1.4594 MXRH – 0.0075 MXRH2 – 1.2320 MNAT + 
0.0452 MNAT2 + 0.2907 MNRH – 0.0025 MNRH2 + 1.0144 MNST – 0.0259 MNST2; 
P<0.0001, R2 =0.50, CV=46.75 where the Sclerotinia blight disease index is the square root 
transformation of the percent of newly infected plants in research plots in grower fields 
located in four North Carolina counties over four growing seasons.  Plots were not treated 
with fungicide to control Sclerotinia blight.  Epidemic duration ranged from 6 to 12 weeks 
depending on location and environment. 
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Figure 1.4. Time in days after epidemic onset (Tα) vs. Cumulative disease incidence (%) for 
four combinations of cultivar and fungicide application as described by the following linear 
equations: % CDI (Resistant cultivars w/ fungicide) = 0.05 + 0.13 Tα; % CDI (Susceptible cultivars w/ fungicide) = 
0.05 + 0.23 Tα; % CDI (Resistant cultivars w/ no fungicide) = 0.05 + 0.25 Tα; and % CDI (Susceptible cultivars w/ 

no fungicide) = 0.05 + 0.43 Tα; P<0.0001, R2 =0.62, CV=55.64.  Tα was scaled to the minimum 
Julian day (Day 182) that disease was observed in all years in the data set. Epidemic duration 
ranged from 6 to 12 weeks depending on location and environment. 
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Field Validation of a Site-specific, Weather based 

Advisory for Sclerotinia blight of Peanut 

 
ABSTRACT 

Sclerotinia blight of peanut, caused by the soilborne fungus Sclerotinia minor, can 

result in estimated annual crop losses of 1 to 4 million dollars.  Despite the availability of 

partially resistant peanut cultivars, fungicides are often needed to maintain a healthy crop.  

To improve the grower’s decision making process, advisories have been developed to predict 

periods favorable for disease development and to recommend fungicide applications.  

However, current advisories are used with automated weather stations and do not adjust for 

host partial resistance.  An alternative advisory was developed based on several regression-

based models that used site-specific modeled weather data.  The advisory was tested at two 

locations in North Carolina in 2006.  At both locations, susceptible cultivars received two 

fungicide sprays, whereas, resistant cultivars received only one spray for the entire season.  

Calendar-based application of fungicide (three fungicide applications/year) and non-

fungicide treated plots were also included.  For all sites, use of the advisory significantly 

reduced disease and increased yield compared to not using fungicide.  At one location, 

disease control and yield for plots treated using the advisory were comparable to the 

traditional calendar-based applications of fungicide.  At the second location, disease levels 

were higher and yield was marginally lower in the advisory treatment compared to the 

calendar-based treatment of fungicide.  Overall, the advisory performed nearly as well as the 
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traditional calendar-based applications of fungicide, while saving one to two fungicide sprays 

depending on the level of host resistance. 

INTRODUCTION 

The soilborne fungus, Sclerotinia minor, causes Sclerotinia blight of peanut.  

Sclerotinia blight has become widespread in Virginia and North Carolina, and it also occurs 

in parts of Oklahoma and Texas (16).  Losses in North Carolina on virginia type peanuts are 

an estimated 1 to 4 million dollars annually (B.Shew, unpublished data). 

Control of Sclerotinia blight requires an integrated approach that includes rotation 

with non-hosts (such as corn, cotton, sorghum, and small grains), planting resistant cultivars, 

and applications of fungicides.  Moderately resistant virginia type cultivars including VA 

98R (14) and Perry (7) are available to growers in the Virginia-Carolina region. A 

germplasm line N96076L, which has high levels of partial resistance to Sclerotinia blight, 

has been released (8).  Development of high-yielding virginia type cultivars is underway 

using the new breeding line as the source of resistance (Isleib, unpublished data).  Despite 

availability of partially resistant commercial peanut cultivars, applications of fungicides such 

as fluazinam and boscalid often are needed to maintain a healthy crop during periods when 

weather is highly favorable for disease development (10). 

Fungicides are expensive and must be applied at crucial periods, taking into 

consideration prevailing weather conditions, plant growth stage, and the biology of S. minor 

(11, 15).  To improve the grower’s decision making process advisories have been developed 

to predict favorable levels of disease, and to recommend fungicide applications (1, 11, 15).  

In North Carolina, a Sclerotinia blight advisory was developed based on computer algorithms 

that took into consideration environmental thresholds of multiple parameters (rainfall, air 
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temperature, soil temperature etc.) after canopy closure.  Fungicide use based on these 

algorithms provided control comparable to, and in some cases better than that obtained with 

the conventional method (1).  In Virginia, Phipps developed an algorithm that uses thresholds 

for host phenology, high levels of moisture (rainfall or relative humidity), and soil 

temperature (15).  The advisory (Phipps-Langston advisory) based on the algorithm have 

improved the timing of fungicide application when compared to the traditional method in 

Virginia peanut production (11).  A slightly modified version of Phipps-Langston advisory 

has been implemented in the North Carolina peanut production region.   

The Phipps-Langston advisory does have some drawbacks.  A major factor not 

included in the advisory is the effect of host resistance on disease initiation and development.  

The ability to account for resistance in the advisory could be helpful in reducing the number 

of fungicide applications necessary to control Sclerotinia blight.  For example, an advisory 

for potato late blight was recently modified to include a host resistance factor (5).  Blight 

units were adjusted based on levels of resistance in potato cultivars available to growers in 

Mexico.  The adjustment of blight units subsequently resulted in a theoretical savings in 

fungicide applications for resistant cultivars compared to susceptible cultivars.  The modified 

advisory was validated in the Toluca valley of Mexico and numbers of fungicide applications 

were reduced for cultivars with moderate to high levels of resistance (5).  In carrot 

production, recent reports suggest that fungicide application at epidemic initiation may be 

delayed, and spray intervals lengthened on cultivars resistant to the foliar pathogens 

Alternara dauci and Cercospora carotae, resulting in subsequent savings in fungicide 

application compared to susceptible cultivars (18).  In this system, coupling resistance with 



34 

weather-based disease prediction models helped reduce dependency on the fungicide 

chlorothalonil (18).   

The Phipps-Langston Advisory is not site-specific.  This advisory relies heavily on 

rain totals to make predictions about disease and calculations of risk.  In areas of rural North 

Carolina, automated weather stations (AWS) can be as far as several counties away.  Rainfall 

recorded at a given weather station may not be representative of conditions even in very 

close proximity to the station. Site-specific disease advisories using modeled weather data 

have been developed and validated in several other high value crops, including grape and 

apple (12).  A disease prediction model based on relationships of site-specific weather 

parameters and disease incidence was recently developed in North Carolina (20).  The model 

used modeled weather data from ZedX Inc. to predict favorable periods for disease.  The 

model was based on a multivariate regression approach similar to the warning model 

developed to predict brown patch on perennial ryegrass turf (3).  Separate linear regressions 

were also developed alongside the North Carolina disease prediction model, in order to 

describe disease progression on hosts with different levels of resistance, treated or not treated 

with fungicide (20).  These regressions could be used to better predict Sclerotinia blight 

disease outbreaks in North Carolina while providing a means to capitalize on high levels of 

host partial resistance now available to growers.   

The objective of this research was to use the regression models previously developed 

as a site-specific, host dependent disease advisory for Sclerotinia blight and validate the 

advisory for North Carolina peanut production.          
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MATERIALS AND METHODS 

 Disease advisory.   The disease advisory was comprised of a multivariate-based 

regression model to predict disease incidence and regression models to account for the partial 

resistance in virginia type cultivars currently available to growers.  These regressions are 

based on previous field research, which used modeled weather variables to describe 

incremental disease incidence that was monitored at one to two week intervals (20).  The 

disease prediction model used several different parameters of the weather variables air 

temperature, soil temperature, and relative humidity to predict standardized disease 

incidence.  A second set of regressions was used to distinguish differences in timing 

fungicide application on cultivars classified as being resistant or susceptible (20).  To 

determine when to implement the model, modeled site-specific temperature data were used to 

generate growing degree-days (base temperature of 13ο C) data.  These data were used to 

synchronize plant phenology with planting date on a site-specific basis.  Other researchers 

have shown that when moisture is not limiting, accumulation of thermal units can aid in 

determining the stage of phenological development in peanuts (2).  For this advisory, 

separate analyses (data not shown) were used to determine that 900 growing degree-days 

most closely coincided with disease onset in North Carolina.  This value was used as an 

indicator of plant canopy closure, which is heavily weighted in the Phipps-Langston advisory 

(11).   Once 900 growing degree-day units were accumulated, the disease prediction model 

was implemented and run once a day using modeled site-specific weather data supplied by 

ZedX, Inc. (Bellefonte, PA).  As in the turfgrass model of Fidanza et al (3), spray 

recommendations were set based on disease incidence thresholds as predicted from the 
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regression model.  The Sclerotinia blight disease index threshold to recommend a fungicide 

application was set at 0.50.   

A four-step method (with corresponding actions) used the regression-based disease 

model and two regressions for differential levels of resistance to recommend fungicide 

applications (Fig. 2.1).  Step one: after model implementation, a disease index prediction of 

0.50 was used to indicate the beginning of an epidemic of Sclerotinia blight (Fig. 2.1).  The 

day after onset of the epidemic (Tα) was set to 0 and the first application of fungicide was 

sprayed on all cultivars regardless of the level of resistance (action 1, Fig. 2.1).  Peanuts were 

considered protected for 21 days (fungicide label recommendations).  Step two: the disease 

model was then reactivated at Tα = 22 (Fig. 1).  Once the 0.50 threshold of the disease index 

was again met, a fungicide spray was advised for susceptible cultivars only (action 2, Fig. 

2.1).  Step three: on the day that the susceptible cultivars were sprayed, Tα(susceptible) was 

determined.  Tα(susceptible) was then used to find the cumulative disease incidence (CDI) since 

the onset of the epidemic under control of fungicide using the equation (CDI) (Susceptible) = 0.23 

Tα (susceptible) + 0.05 (Fig. 1).  CDI (Susceptible) was substituted for CDI (Resistant) and the equation 

CDI (Resistant) = 0.13 Tα (Resistant) + 0.05 was used to find Tα (Resistant) (Fig. 2.1).  The difference in 

Tα (Resistant) and Tα (Susceptible) was then used to determine the number of days to wait to spray 

resistant cultivars after applying fungicide to susceptible cultivars (Fig. 2.1, step 3).  

Fungicide was applied to resistant cultivars after this waiting period (action 2, Fig. 2.1).  To 

determine the timing of the third application of fungicide, step two through action three were 

performed, if necessary. 

Field studies.  Two field studies were conducted in cooperative grower fields in the 

2006 growing season.    Fields were planted in Bertie and Northampton Counties, NC.  Soil 
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type was a Norfolk sandy loam (fine-loamy, kaolinitic, thermic Typic Kandiudults) with a 0 

to 2% slope at both locations.  Bertie County site and Planting dates were 18 May (Bertie 

County) and 22 May (Northampton County).  Plots consisted of four rows and were 7.6 m 

long with row spacing of 0.9 m.  Planted borders between plots were 3 m long.  Peanut lines 

were the susceptible cultivar Gregory (9), the moderately resistant cultivars VA 98R and 

Perry, and the breeding lines N03088T and N03091T.  The breeding lines were derived from 

the resistant germplasm line N96076L and were designated resistant in the present studies (7, 

20, 22).  Tillage was conventional at the Bertie County site and strip-tilled at the 

Northampton County site.  For both trials, peanuts were planted with a two-row tractor 

mounted planter set to dispense a minimum of four to five seeds per 0.30 m.  Aldicarb 

(Temik 15G; Bayer Crop Science) at 7.4 kg/ha was applied in-furrow at planting for insect 

control.  Standard production practices for peanuts in North Carolina, including application 

of foliar fungicides, were followed throughout the growing season (9).  Foliar fungicide 

programs used chlorothalonil in the first and last sprays, with the intermediate fungicide 

decisions left to the discretion of the individual grower.  The foliar fungicide chlorothalonil 

was not used mid-season because of its ability to enhance aggressiveness in S. minor (6).  

The experimental design was six replicated split-plots with cultivars as whole plots in 

randomized complete blocks and fungicide application strategies as subplots.  Fluazinam 

(Omega 500F; Syngenta Crop Protection, Inc.) was applied at 0.58 kg ai/ha for all treatments 

when fungicide was applied to control Sclerotinia blight.  Fungicide was applied with a four-

row tractor mounted sprayer calibrated to deliver 121 L/ha of water.  Treatments included 

applying fluazinam according to the advisory, applying fluazinam three times according to a 

21-day calendar schedule (label recommendation), or no fungicide.  The first spray for the 
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calendar-based treatment was applied on 18 July at the Bertie County site and 24 July at the 

Northampton County site.  Field scouting began when the first calendar treatments of 

fungicide were applied or when the advisory called for the first application of fungicide at 

each site.  Biweekly ratings at the Bertie County site began on 14 July and continued for 10 

weeks.  At the Northampton County site, biweekly ratings began 2 August and continued for 

8 weeks.  At each rating, the center two rows of each plot was parted by hand and plants with 

signs of S. minor and/or symptoms of Sclerotinia blight were marked with surveyor’s flags; 

thus incremental disease incidence was recorded.  Peanuts were dug on 4 Oct and harvested 

on 12 October in Bertie County.  In Northampton County, peanuts were dug on 5 October 

and harvested on 16 October.  Samples were dried and yields were determined on an 8% 

moisture basis. 

 Weather Data Collection.  Weather data were modeled hourly at both locations 

using the SkyBit service by ZedX, Inc. (Bellafonte, PA).  Onsite weather stations were also 

placed at each location to measure weather variables at hourly increments.  Onsite stations 

were WatchDog model 700 (Spectrum Technologies, Inc., Plainfield IL, 3340WD) 

automated weather stations.  Wind speed and direction, relative humidity, dew point, rain, 

and air temperature were recorded using the on-board station sensors.  Wind variables were 

recorded at a height of 2.0 m while all other on-board variables were recorded at 1.8 m.  

Additional sensors were included to monitor soil moisture (one sensor, watermark soil 

moisture sensor, Spectrum Technologies, Inc., Plainfield IL, SM6450WD) at a depth of 10 

cm, soil temperature (one sensor, external soil temperature sensor, Spectrum Technologies, 

Inc., Plainfield IL, TEMP3667) at a depth of 10 cm, and leaf wetness (one painted leaf 
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wetness sensor, Spectrum Technologies, Inc., Plainfield IL, LW3666) at a height of 42 cm 

from the soil surface. 

Data analysis.  Disease incidence data were used to calculate the area under the 

disease progress curve (AUDPC) (25).  A square root transformation was applied to AUDPC 

data and mean transformed values were adjusted to the mean levels of all other factors.  

These least-square adjusted means were back-transformed for presentation.  AUDPC and 

yield analyses were conducted for each location independently.  Data were analyzed using 

the mixed model procedure (PROC MIXED) with the TYPE 3 estimation and Satterthwaite 

degrees of freedom methods in SAS v. 8.2 (Cary, NC).  Replicates were considered random 

effects, while treatments were fixed effects.  The SLICE option was also applied to examine 

fungicide strategies within cultivar effects.  Mean separations of main effects and sliced 

effects were applied for AUDPC and yield data using the protected least significant 

difference (LSD) procedure (P < 0.05) using a freely available SAS macro (19).         

RESULTS 

Weather at both locations was hot and dry early-to-mid season.  Several tropical 

systems moved into both areas late in the season resulting in reduced temperatures and wet 

conditions.  At the Bertie County location, predicted and measured onsite air temperature 

variables were highly correlated (r=0.97; n=2487) with hourly means over-predicted by an 

average of 0.70°C for the entire season.  Correlation coefficients of soil temperature were 

somewhat lower, but still well correlated (r=0.87; 2487) with hourly means over-predicted by 

an average of 0.80°C throughout the season.  SkyBit consistently under-predicted relative 

humidity at the Bertie County location by an average of 6% throughout the season.  Despite 

the under-prediction, SkyBit predictions of relative humidity were well correlated with onsite 
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measurements (r=0.93; n=2487).  At the Northampton County site, predicted and measured 

onsite air temperature variables were well correlated (r=0.97; n=2507) with hourly means 

over-predicted by an average of 0.40°C for the entire season.  Correlation coefficients for soil 

temperature at Northampton County were somewhat lower, but still well correlated (r=0.80; 

n=2507), with hourly means over-predicted by an average of 0.95°C throughout the season.  

As was the case in Bertie County, SkyBit consistently under-predicted relative humidity at 

the Northampton County location by an average of 5.5% throughout the season, but relative 

humidity was well correlated with onsite measurements (r=0.94; n=2507).  At both sites, 

predicted and observed disease levels were low to moderate until September when both 

predicted and observed disease levels increased markedly (Fig. 2.2).  Accuracy of predicted 

disease index values were considered satisfactory when compared to observed disease index 

values for non-fungicide treated plots at both sites; however, at the Bertie County site disease 

was generally over predicted (Fig. 2.2A).   

 Based on the advisory, fungicide was only applied once to resistant cultivars and 

twice to the susceptible cultivar (Gregory) at both sites for the entire season.  The disease 

model was implemented based on growing degree-days on 7 July for the Bertie County site 

and 8 July for the Northampton site (Fig. 2.2).  The advisory predicted a disease index value 

above threshold and recommended the first application of fungicide at the Bertie County site 

on 13 July.  Fungicide was applied to susceptible cultivars on 14 July.  Other cultivars were 

not sprayed until 18 July due to extremely wet conditions that did not allow tractor 

application of fungicide.  At the Northampton County site, the predicted disease index value 

met the threshold on 13 July but fungicide was not applied until 19 July, also due to weather 

(Fig. 2.2).  After the 21-day interval for fungicide protection, the disease index threshold was 
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not again met until 9 September for both sites.  The difference in spray dates for susceptible 

and resistant cultivars for that point in the epidemic was 46 days.  Therefore, fungicide was 

applied only to the susceptible cultivar (Gregory) on 12 September at both locations (Fig. 

2.2).  No additional fungicide applications were possible after the 21-day protection interval 

due to the minimum pre-harvest interval of 30 days for fluazinam.   

AUDPC main effects of cultivar were significant only at the Bertie County site (Table 

2.1).  AUDPC main effects of advisory, however, were highly significant at both locations 

(Table 2.1).  Interactions of cultivar and advisory were not significant for AUDPC at either 

location.  AUDPC values at the Bertie County site (Table 2.2) were generally lower than at 

the Northampton County site (Table 2.2).  In Bertie County the cultivars Gregory and Perry 

were not significantly different and had the highest levels of disease regardless of the 

fungicide treatment (Table 2.2).  The resistant breeding lines, N03088T and N03091T, and 

VA 98R were not significantly different and had the lowest levels of disease (Table 2.2).  In 

Northampton County highest levels of disease were recorded on the cultivars Gregory and 

N03091T (Table 2.2).  Somewhat lower levels of disease were present on the cultivars VA 

98R, Perry, and the breeding line N03088T.  At both locations, the highest levels of disease 

were found when fungicide was not applied (Table 2.2).  In Bertie County calendar-based 

and advisory applications of fungicide resulted in comparable levels of disease, which were 

significantly less than when fungicide was not applied (Table 2.2).  At the Northampton 

County site, advisory-based applications of fungicide resulted in significantly less disease 

than not applying fungicide (Table 2.2).  However, applying fungicide using the calendar-

based strategy resulted in significantly less disease than the advisory-based application of 

fungicide (Table 2.2).       
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Yield main effects of cultivar were significant only at the Northampton County site (Table 

2.1).  Main effects of advisory on yield were significant at both locations (Table 2.1).  

Interactions of cultivar and advisory were significant for yield in Northampton County only.  

Yields at the Bertie County site were generally lower than at the Northampton County site 

(Table 2.3).  In Bertie County, calendar-based and advisory applications of fungicide resulted 

in comparable yields, which were significantly more than yields from plots where fungicide 

was not applied (Table 2.3).  At the Northampton County site, advisory-based applications of 

fungicide resulted in significantly higher yield than not applying fungicide (Table 2.3).  

However, the calendar-based strategy resulted in significantly higher yield than that achieved 

using the advisory-based application of fungicide (Table 2.3). When fungicide was applied 

(regardless of the application strategy), cultivars with the highest yields were Gregory, Perry, 

and the breeding line N03091T (Table 2.3).  Somewhat reduced yields were recorded for 

N03088T and VA 98R (Table 2.3).  However, when fungicide was not applied, yield of VA 

98R was comparable to Gregory and N03091T (Table 2.3).  

DISCUSSION  

 Field validation of our Sclerotinia blight advisory in 2006 at two geographically 

separated sites using different tillage practices showed that the advisory provided control of 

Sclerotinia blight comparable to the calendar-based fungicide application strategy, while 

saving one to two (dependent on host resistance) fungicide sprays over the course of the 

season.  This represents an estimated savings of 100 to 200 dollars/ha to the grower.  Similar 

economic benefits to the grower have also been documented in other high value crops (4).  

Other advantages of avoiding excessive or unnecessary applications of fungicide include 

reduced human exposure and reduced chemical input to the environment (27).  The savings 
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offered by using an advisory can be especially high in years when periods of favorable 

environmental conditions for disease are infrequent. 

 Validation of the advisory also confirmed that capitalizing on the deployment of 

partial resistance could further reduce the number of fungicide applications needed during the 

season.  Current Sclerotinia blight advisories have not included the effects of host resistance 

on disease initiation and development.  Levels of disease and yields for resistant cultivars 

receiving only one spray for the entire season were comparable to that of susceptible 

cultivars receiving two applications of fungicide.  Similar results have been documented in 

research on potato where an already existing late blight advisory was modified to account for 

host resistance (5).  In carrot production, initial forecasted applications of fungicide to 

control Alternara dauci and Cercospora carotae were delayed for cultivars with resistance to 

these pathogens.  In addition, intervals between sprays were lengthened for resistant 

cultivars.  Delaying the initial application, and lengthening the spray intervals, required fewer 

chlorothalonil applications for resistant cultivars as compared to susceptible cultivars, while 

disease levels and yield remained comparable (18). 

  This advisory has also helped to identify the most critical time to apply fungicides to 

control Sclerotinia blight and maximize the efficacy of the available fungicides.  Research 

over several years using different application sequences of two labeled fungicides has shown 

that timing of the fungicide application as it coincides with epidemic onset can maximize the 

efficacy of the fungicide (21, 23, 24).  In those studies, regardless of the fungicide used, the 

application that most closely coincided with the onset of the epidemic was the most critical 

application for reducing disease levels and increasing yield (21, 23, 24).  Our advisory 

accounts for the importance of the initial application of fungicide by requiring all cultivars, 
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regardless of level of resistance, to receive an application of fungicide at epidemic onset.  

Furthermore, by using several parameters of the weather variables air temperature, soil 

temperature, and relative humidity, the prediction of disease onset and initial fungicide 

application is improved. 

 At both field locations, application of fungicide according to our advisory 

significantly reduced disease and increased yield as compared to not using fungicide 

throughout the entire season.  The disease prediction model with the advisory performed 

satisfactorily at both locations.  However, disease levels at the Bertie County location were 

over-predicted.  Inoculum levels and clustering of inoculum in soil were most likely an 

important source of variability that was not accounted for in the models making up the 

advisory.  Overall disease index values were highest for the Northampton County site and 

probably represented higher levels of inoculum at that site compared to the Bertie County 

location (Fig. 1).  Furthermore, less aggregated inoculum distribution at the Bertie County 

site might have also played a role in the reduced accuracy of the advisory to predict disease 

levels at that location.  Our ability to account for aggregation of inoculum and number of 

propagules is limited because the currently accepted soil assay technique is too cumbersome 

and time consuming for routine use (17, 26).  In the future, improvements in soil assay 

techniques may aid in the development of more accurate models by accounting for inoculum 

levels and aggregation of sclerotia in test plots or grower fields.  

While the regression-based disease prediction model and advisory algorithm are 

complex, most of the data acquisition and manipulation can be automated using personal 

computers, much like other advisory systems used in North Carolina and around the country 

(10, 12, 13).  It should be noted, however, that if the advisory will be used in conjunction 
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with data from onsite or networked weather stations, measurements of relative humidity 

should be adjusted down by approximately 5%.  The disease prediction model that is used in 

our advisory was generated using modeled, site-specific weather data from SkyBit.  While 

modeled air and soil temperature were highly accurate, we found that relative humidity was 

under-predicted at both locations by 5 to 6%.   

The disease model used in this advisory eliminated the need for, and maintenance of, 

onsite weather stations in grower fields.  This is a significant advantage over other advisories 

because onsite weather stations in the field are not needed, and damage to weather equipment 

and/or farming equipment is avoided.  Furthermore, the growers do not have to spend 

valuable time and resources to purchase and maintain onsite stations.  Coupled with this 

advisory, advanced weather forecasting methods will improve long-term disease advisories.  

Advisories using these improved models and forecasting methods, without having to 

maintain expensive weather equipment will increase adoption of disease forecasting systems 

and decision-support systems by growers (13).                              
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Table 2.1.  Mean squares (MS) and F values from analyses of variance for the effects of 
replicate (RP), cultivar (CV), and advisory (A) for area under the disease progress curves 
(AUDPC) and yield at two locations where the Sclerotinia blight advisory was tested against 
calendar-based applications of fungicide or no fungicide on five peanut lines.a 

 a F values: ** = significance at the P < 0.01 level; * = significance at the P < 0.05 level; and 
ns = not significance at the P < 0.05 level. 
b Square root transformation was applied to all AUDPC data and least squares means using 
those transformations were used for analyses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

df MS F Value df MS F Value df MS F Value df MS F Value

RP 5 126.65 6.31  ** 5 1900309.38 1.35 ns 5 204.95 8.30  ** 5 1278073.35 2.14 ns

CV 4 126.59 6.31  ** 4 453515.79 0.32 ns 4 51.86 2.10 ns 4 2935988.30 4.92  **

Error a 20 20.07 20 1409296.81 20 24.68 20 596434.06

A 2 124.33 10.44  ** 2 674293.28 4.17   * 2 487.20 28.43  ** 2 2676049.44 12.32  **

A x CV 8 19.55 1.64 ns 8 144100.69 0.89 ns 8 11.71 0.68 ns 8 588985.63 2.71  **

Error b 50 11.90 50 161593.76 50 17.13 50 217296.98

             Yield (kg/ha)               

                     Northampton County                        

             AUDPCb                       Yield (kg/ha)               

                         Bertie County                                

             AUDPCb          
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Table 2.2. Area under the disease progress curve (AUDPC) with cultivar and fungicide 
effects at two locations where the Sclerotinia blight advisory was tested against calendar-
based applications of fungicide or no fungicide on five peanut lines.a 

 

Location and 
Advisory Gregory N03091T VA 98R Perry N03088T 

Main Effect 
(Advisory)b 

Bertie County       
No Fungicide 174.40  35.66 11.36 96.18 64.47 65.23 A 
Advisory 26.37 16.48 12.83 93.37 19.43 28.83 B 
Calendar 50.55 14.68 0.76 43.82 4.07 16.72 B 
Main Effect 
(Cultivar)b      71.98 A      21.35 B       6.80 B     75.63 A      23.22 B  

Northampton 
County       

No Fungicide 130.69 206.35 50.75 84.49 115.02 112.81 A 
Advisory 80.12 70.87 38.66 58.66 21.61 51.54 B 
Calendar 11.82 19.27 2.71 1.42 5.17 6.70 C 
Main Effect 
(Cultivar) 63.05 83.68 24.97 36.12 34.61  

 
a Square root transformation was applied to all AUDPC data and least squares means using 
those transformations were used for analyses. The SLICE option of SAS was used to 
estimate fungicide means within cultivar effects. 
b Means with the same letter indicate no significant difference according to the protected 
LSD (P<0.05), which was applied using a freely available macro for PROC MIXED. 
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Table 2.3.  Yield with cultivar and fungicide effects at two locations where the Sclerotinia 
blight advisory was tested against calendar-based applications of fungicide or no fungicide 
on five peanut lines.a 

 

Location and 
Advisory  Gregory  N03091T  VA 98R  Perry    N03088T 

Main Effect 
(Advisory)b 

Bertie County       
No Fungicide 4193 4430 4701 4564 4549 4488 B 
Advisory 4800 4729 4958 4516 4628 4727 A 
Calendar 4607 4903 5111 4691 4507 4764 A 
Main Effect 
(Cultivar) 4533 4687 4924 4590 4562  

Northampton 
County   

 
   

No Fungicideb 5212 B 5296 A 5035 A 4849 B 4573 B 4993 
Advisoryb 5888 A 5658 A 4463 B 5232 B 5078 AB 5264 
Calendarb 6276 A 5614 A 4816 AB 5855 A 5386 A 5590 
Main Effect 
(Cultivar) 5792 5523 4772 5312 5012  

 
a Square root transformation was applied to all AUDPC data and least squares means using 
those transformations were used for analyses. The SLICE option of SAS was used to 
estimate fungicide means within cultivar effects.  Unit of yield, kg/ha. 
b Means with the same letter indicate no significant difference according to the protected 
LSD (P<0.05), which was applied using a freely available macro for PROC MIXED. 
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Figure 2.1. A four-step method for incorporating a regression-based disease model and 
differential levels of resistance to implement a Sclerotinia blight advisory.  Step 1 and 
action 1. Based on the disease progress model, a predicted disease threshold of 0.50 is 
sufficient for epidemic initiation (Tα = 0). A fungicide application is made for all cultivars 
regardless of the level of partial resistance.  Step 2 and action 2. After spraying, cultivars are 
considered protected for 21 days and models are not reactivated until this period ends; a 
second fungicide application is made to susceptible cultivars only when the disease threshold 
of 0.50 is reached. Step 3 and action 3. When susceptible cultivars are sprayed the second 
time, Tα (Susceptible) is determined based on the number of days since the onset of the epidemic 
(For illustration, 0.50 was predicted for Tα = 22).  Using Tα(Susceptible), the cumulative disease 
incidence (CDI) at Tα for susceptible cultivars is calculated from the equation CDI(Susceptible) = 
0.05% + 0.23 Tα(Susceptible); CDI(Susceptible) is substituted for CDI(Resistant) and the equation 
CDI(Resistant) = 0.05% + 0.13 Tα (Resistant) is used to find Tα(Resistant) (For illustration, Tα(Resistant) = 
38).  The difference in Tα(Resistant) and Tα (Susceptible) is used to find the delay in number of days 
before resistant cultivars are sprayed  (For illustration, wait 16 days).   Step 4. To determine 
the third application of fungicide, step two through action three were repeated if necessary. 
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Figure 2.2. Predicted daily disease index as compared to mean observed disease increment 
across cultivars for three fungicide application strategies at two locations in 2006.  Threshold 
for model implementation was set at 900 growing degree-days and threshold for making an 
application of fungicide was a disease index of 0.50.  Plants were considered protected by 
fungicide for a 21-day interval.  Arrows indicate application of fungicide using either the 
advisory or calendar-based strategies.  A. Bertie County.  B. Northampton County. 
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Evaluation of the Timing and Efficacy of the 

Fungicides Fluazinam and Boscalid for Control of 

Sclerotinia blight of Peanut 

 
ABSTRACT 

Sclerotinia blight of peanut (Arachis hypogaea) is caused by the soilborne fungus 

Sclerotinia minor.  Management of Sclerotinia blight of peanut requires an integrated 

approach that includes rotation with non-hosts, resistant cultivars, cultural practices, and 

fungicides.  Field experiments were conducted from 2004 to 2006 to investigate the 

comparative efficacy of the fungicides fluazinam and boscalid using alternating sequences of 

those fungicides or no fungicide for each of three sprays per season.  Experiments in the 

greenhouse were also conducted to compare efficacy of fluazinam and boscalid and 

investigate pre- and post–inoculation applications of fungicide or no fungicide to control 

infections by S. minor.  In the field, applications of fungicide that preceded the largest 

incremental increase in disease incidence provided the best control of disease or increased 

yield.  Significant reductions in successful infections in the greenhouse occurred when 

fungicide was applied prior to, or up to 2 days after inoculation.  Fungicide applied 4 days 

after inoculation did not reduce the number of successful infections.  In both the field and 

greenhouse studies boscalid performed marginally better than fluazinam.  Disease advisories 

or intensive scouting should be used to determine when epidemics are initiated so that a 

fungicide can be applied prior to first infection. 
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INTRODUCTION 

Sclerotinia blight of peanut (Arachis hypogaea) is caused by the soilborne fungus 

Sclerotinia minor.  S. minor is prevalent in traditional peanut production areas of Virginia 

and North Carolina and in parts of Texas and Oklahoma.  In years with high incidence of 

disease, annual losses in North Carolina can exceed US $1 million (B. Shew, unpublished 

data).    

The mycelium of S. minor attacks all parts of peanut plants.  Sclerotia germinate 

myceliogenically to initiate infections on peanut in mid-to-late summer.  Following 

myceliogenic germination, S. minor is capable of infecting without a food base (17).  

Infected leaves and stems initially have a water-soaked appearance.  As the disease 

progresses, signs consisting of white, fluffy masses of mycelium often appear on the surface 

of colonized tissue.  Later, lesions become bleached and necrotic.  Eventually, stems become 

severely shredded and die (17).  Sclerotia are produced in abundant numbers on and in the 

dead tissue.  Sclerotia may be shed into the soil or retained on or in dead plant tissue as 

overwintering inoculum (16). At the end of the growing season, densities of ca. 50 sclerotia 

per 100 g of soil are possible (17). 

Control of Sclerotinia blight requires an integrated approach that includes rotation 

with non-hosts (such as corn, cotton, sorghum, and small grains), planting resistant cultivars, 

and applications of fungicides. Minimizing mechanical injury to peanut plants is highly 

desirable (17).  In the Virginia-Carolina region, moderately resistant peanut cultivars are 

available to growers.  The partially resistant cultivar VA 93B was released in 1993 (3).  This 

was followed by the release of the partially resistant cultivars VA 98R (15) and Perry (7).  A 

germplasm line N96076L, which has high levels of partial resistance to Sclerotinia blight, 
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has been released for breeding purposes (9).  Development of high-yielding virginia-type 

cultivars is underway using N96076L as the source of resistance (Isleib, unpublished data).  

Despite the availability of partially resistant cultivars, applications of fungicides often are 

needed to maintain a healthy crop during periods when weather is highly favorable for 

disease development (11).     

The first compound registered for commercial use for Sclerotinia blight control on 

peanut was iprodione; however, results were inconsistent (4, 24). The efficacy of fluazinam 

for controlling Sclerotinia blight has been well documented (4, 13, 18, 25) and growers have 

rapidly adopted this product in peanut production. Fluazinam is considered a protectant and 

must be applied prior to disease onset for best results (2, 18, 22, 23).  Boscalid is a relatively 

new fungicide available to peanut growers.  However, few studies have compared the 

efficacy of boscalid and fluazinam in the Sclerotinia blight/peanut pathosystem.   

The labels for fluazinam and boscalid recommend the first application at 60 days after 

planting, or at the first observation of signs or symptoms of Sclerotinia blight, with 

subsequent applications made at approximately 3-week intervals. Depending on time of 

disease onset, up to three fungicide applications may be necessary to provide continuous 

protection in years highly favorable for disease development (11). However, the cost of 

either fungicide makes continuous protection uneconomical; most growers are willing to 

make one or at most two applications. Also, the fluazinam label on peanut prohibits 

application of more than 1.75 kg ai/ha per growing season, so that the full rate cannot be used 

for all three sprays.  If three sprays of fluazinam are desired, the rate must be reduced from 

0.87 kg ai/ha to 0.58 kg ai/ha for each spray. 
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The importance of fungicide timing as it relates to epidemic initiation and progression 

in the field has been documented using boscalid and fluazinam to control Sclerotinia stem rot 

of potato (Solanum tuberosum) (10).  The impact of application timing on fungicide 

performance against Sclerotinia blight is not well understood in peanut. A preliminary in 

vitro study using detached peanut limbs showed that when fluazinam was applied prior to or 

at inoculation, lesion development was significantly reduced compared to treatments applied 

after inoculation (1).  No similar studies have been performed with boscalid.  

The objective of this research was to evaluate the comparative efficacy of boscalid 

and fluazinam for controlling Sclerotinia blight of peanut under greenhouse and field 

conditions and to determine the most appropriate time to apply these fungicides for efficient 

and effective disease control.          

MATERIALS AND METHODS 

Greenhouse evaluations.  Four peanut lines, NC 12C (very susceptible) (8), VA 98R 

(moderately susceptible), Perry (moderately resistant), and N96076L (partially resistant 

breeding line), were planted in deep flats (51 cm x 35.5 cm x 10 cm) in the greenhouse.  

Plants were grown for 42 days at a constant ambient temperature of 27°C + 5ºC.  Plants were 

then moved to mist chambers within the greenhouse and the temperature setting was reduced 

to 22°C + 5ºC.  Automatic mist units were set to mist plants for 1 min every 2 h, for a span of 

8 h each day.  No misting was performed at night.   

Four days prior to inoculation, one petiole of one primary lateral branch was clipped 

to a length of approximately 2.5 cm.  Inoculations were performed by slipping a plastic 

tissue-embedding capsule (size 00; Ted Pella, Inc., Redding CA) containing a potato dextrose 

agar (PDA; Difco Laboratories) plug colonized with mycelium of S. minor over the cut 
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petiole.  The PDA agar plug was cut from a petri dish with a 2-day old culture of S. minor 

(Shew Laboratory Collection P13) by pressing the embedding capsule (cap removed) into the 

outer margin of the fungal colony (5).   

Fungicides were applied using a timing strategy similar to that of Butzler (1), in 

which the fungicides boscalid (at a rate of 0.008 g ai/flat, equivalent to 0.44 kg ai/ha) or 

fluazinam (at a rate of 0.016 g ai/flat, equivalent to 0.87 kg ai/ha) were applied to whole flats 

4 or 2 days prior to inoculation, immediately following inoculation, and 2 or 4 days after 

inoculation.  Both fungicides were applied with a backpack sprayer calibrated to deliver 21 

ml of water per flat.  The experimental design was a split-plot, blocked by 5 replicates.  

Whole-plots were fungicide treatments (individual flats) and sub-plots were peanut lines.  

Lesions were counted 10 days after inoculation. The experiment was repeated four times. 

Statistical analysis of greenhouse evaluations.  Logistic regression was used to 

examine the effect of peanut lines, fungicides, and application timing on the numbers of 

lesions that developed, using the general models procedure (PROC GENMOD) of SAS 

statistical software (SAS Institute, Cary, NC), with the LOGIST link function and a binomial 

distribution.  Full and reduced models using main effects and interactions of cultivar, 

fungicide, and application time were evaluated using the stepwise model-building methods 

(PROC STEPWISE) of SAS as described by Hosmer and Lemeshow (6).  Variables were 

removed from the model based on the test of significance of the residual Chi-square at α > 

0.15 (6).  The simplest model with the best fitness was adopted for further analyses based on 

the deviance and log-likelihood estimates.  Adjusted means were computed for the final 

model and pairwise comparisons were made among all adjusted means using the LSMEAN 

statement with the DIFF option.  
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Field evaluations.  Initial field trials were conducted in the 2004 growing season.  A 

commercial field located in Bertie County, NC with a history of Sclerotinia blight was used 

for this experiment.  Soil type was a Lynchburg sandy loam.  Plots consisted of four 91-cm 

rows, 15.25 m long, with 3-m planted borders between plots.  The experimental design was a 

randomized complete block with four replicates.  Peanuts were planted on 10 May using a 

conventional two-row tractor-mounted planter set to dispense a minimum of four to five 

seeds per 30 cm.  Aldicarb (Temik 15G; Bayer CropScience) at a rate of 1.1 kg ai/ha was 

applied in-furrow at planting for insect control.  Standard production practices as described 

by the North Carolina Cooperative Extension Service were followed throughout the growing 

season (11).  The standard fungicide treatment included fluazinam (Omega 500F, Syngenta 

Crop Protection, Inc.) at 0.58 kg ai/ha applied three times at 21-day intervals (positive 

control; 3 applications at a reduced rate according to the product label).  An untreated check 

served as a negative control.  Five experimental treatments used varying sequences of 

boscalid (Endura, BASF Corporation) at 0.44 kg ai/ha, fluazinam at 0.87 kg ai/ha, or no 

fungicide on each of the first two out of three possible fungicide application dates as allowed 

by the product labels (Table 1).  The pre harvest interval (PHI) for Omega 500F is 30 days, 

whereas that for Endura is 14 days.  Therefore, experimental treatments on the third 

application date included only boscalid or no fungicide.  All fungicide sprays were applied 

with a 4-row tractor-mounted sprayer calibrated to deliver 122 L/ha.  The first application of 

the full-season fluazinam treatment (positive control) was made 59 days after planting 

(DAP).  Initiation of the experimental treatments was determined based on a Sclerotinia 

blight advisory (12) and the first sprays were applied 80 days after planting (DAP) with 

subsequent applications at 21-day intervals.  Incremental increase of disease incidence was 
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monitored on the two center rows of each plot by counting newly infected plants every week 

and marking each plant with a surveyor’s flag.  Ratings began on 8 July and continued until 

22 September.  Peanuts were dug on 27 September and harvested on 6 October.  Pod yield 

was determined and samples from each plot were evaluated for quality components including 

total sound mature kernels (SMK), extra-large kernels (ELK), total kernels, other kernels, 

and fancy pods.  Agronomic quality samples were evaluated by the United States Department 

of Agriculture, Agriculture Marketing Service (Williamston, NC).     

 In 2005 and 2006, experimental design, plot dimensions, and spray application 

methodology were identical to those used in the field trial in 2004.  Plots were located in 

Bertie County, North Carolina in both growing seasons.  In 2005 the soil type was 

approximately 50% Goldsboro sandy loam with a 0 to 3% slope and 50% Lynchburg fine 

sandy loam, while in 2006 the soil type was a Norfolk sandy loam.  In these trials replicates 

were increased to six and eight additional experimental treatments were included (Table 3.1).  

Plots were planted on 5 May in 2005 and 18 May in 2006. First applications of fungicide for 

all treatments were made at 62 DAP in 2005 and 61 DAP in 2006 with subsequent sprays 

applied at 21-day intervals.  In 2005, weekly or biweekly disease incidence ratings began on 

25 July and continued for 10 weeks.  In 2006, biweekly ratings began on 14 July and 

continued until 26 September.  Peanuts were dug 3 October 2005 and 4 October 2006.  

Peanuts were harvested in 2005 on 17 October and 12 October in 2006.  Pod yield was 

measured and agronomic quality samples were processed in 2005 and 2006 as in 2004. 

 Statistical analysis of field evaluations.  Disease incidence data were converted 

using the area under the disease progress curve (AUDPC) (20).  A square root transformation 

was applied to AUDPC data and analyses used adjusted means of the transformed values. 
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AUDPC and yield analyses were conducted for each year independently.  Data were 

subjected to mixed model analysis using the mixed model procedure (PROC MIXED) of 

SAS statistical software with TYPE 3 estimation and Satterthwaite degrees of freedom 

methods.  Mean separations of treatment effects were applied for AUDPC and yield data 

using the least significant difference (LSD) procedure (P < 0.05) using a freely available 

SAS macro (19).  Replicates were considered random effects, while treatments were 

considered fixed effects.  Single-degree of freedom contrast statements were used to test the 

differences in the negative controls versus experimental treatments, the positive control 

versus experimental treatments, fluazinam versus boscalid, and no fungicide vs. fungicide 

applied for each of the three possible applications of fungicide for AUDPC, yield, and quality 

data.    

RESULTS 

Greenhouse evaluations.  Consistency of repetitions (runs) and replicates was 

verified by examination of the data set, individual means, and by testing for significant main 

effects.  Repetitions and replicates were pooled, resulting in 313 lesion events out of 821 

total independent observations with 47 lesion events out of 74 observations of inoculated 

controls.  The effects of cultivar were removed from the model based on the thresholds set 

for stepwise model selection using the general models procedure (PROC GENMOD) of the 

SAS system.  In the absence of the cultivar effect, fungicide and application timing effects 

were identified as significant contributors to the model.  To remove linear dependencies 

between fungicide and application timing, a new variable (treatment) was generated as 

described by Hosmer and Lemeshow (6).  A new model was used for the analysis in which 

only treatment was used, and which included ESTIMATE statements to test the differences 
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between fluazinam and boscalid.  Treatment effects were highly significant (χ2= 66.87; P < 

0.0001).  Model fit was considered satisfactory based on the deviance criterion (value/df = 

1.26).  An analysis of parameter estimates using no fungicide application as the standard, 

indicated that the 2- and 4-day pre-inoculation applications, the at-inoculation application, 

and the 2-day post-inoculation application of either fungicide (fluazinam or boscalid) 

resulted in significantly reduced occurrence of lesions (Table 3.2). The 4-day post-

inoculation fungicide treatment (fluazinam or boscalid) resulted in probability of lesion 

occurrence comparable to the unprotected control (Tables 3.2 and 3.3). The lowest estimates 

of lesion development resulted from pre-inoculation applications of fungicide compared to 

other applications (Table 3.3).  The probability of lesion occurrence on plants treated with 

fluazinam was marginally higher than on plants treated with boscalid (P = 0.05).   

Field evaluations.  Levels of disease in 2004 were generally high throughout the 

season (Fig. 3.1A and B).  Detectable levels of disease were recorded 60 DAP (Fig. 3.1A).  

In 2005, disease levels were extremely low throughout the entire season (Fig. 3.1C and D).  

Epidemic initiation did not occur until 96 DAP (Fig. 3.1C).  Detectable levels of disease were 

recorded 70 DAP in 2006 (Fig. 3.1E).  Levels of disease in that growing season were low 

early to mid-season and increased late in the season (110 DAP and after; Fig. 3.1E and F).  

The overall F-tests for treatment differences in AUDPC and yield were not significant in 

2004 and 2006 (P = 0.67 and 0.21).  However, in 2004, the treatment sequences with 

boscalid or fluazinam as the first fungicide applied resulted in the lowest levels of disease 

and the highest yields (Fig. 3.2A and 3.3A).  Based on single-degree of freedom contrasts, a 

significant increase in yield was observed when fungicide was applied (regardless of 

chemistry) at fungicide application one in 2004 (Table 3.4).  No other contrasts were 
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statistically significant in 2004.  AUDPCs were significantly different for treatments overall 

in 2005 (P = 0.01).  Highest AUDPCs were observed for two treatments in which fluazinam 

was applied at application one and no fungicide was applied at application two (Fig. 3.2B).  

Treatments in which either fungicide was applied at application one and two had 

significantly less disease than the previously mentioned treatments (Fig. 3.2B).  Single-

degree of freedom contrasts indicated that AUDPCs were significantly higher in plots 

sprayed with fluazinam at application one versus plots sprayed with boscalid (Table 3.4).  At 

spray two, application of fungicide significantly reduced levels of disease compared to no 

fungicide application (Table 3.4).  In 2006, AUDPCs were lower and yields higher for 

treatments with boscalid or fluazinam applied as the second or third spray (Fig. 3.2C and 

3.3C).  Single-degree of freedom contrasts were significant (P < 0.05) only for AUDPC at 

the third application of fungicide versus the negative control in 2006 (Table 3.4).  None of 

the contrasts tested were significant for yield in 2005 or 2006.     

 No significant treatment effects on pod quality variables were identified in the 2004 

or 2006 growing seasons (P > 0.05).  In 2004 and 2006, none of the single-degree of freedom 

contrasts tested were significant (data not shown).  In 2005, significant differences in total 

SMK were recorded among treatments (P = 0.02).  Treatments with highest levels of total 

SMK were typically sprayed two to three times in that season (Table 3.5).  Treatments with 

no fungicide applied or only one application of fungicide had significantly fewer total SMK 

(Table 3.5).  In 2005, significantly higher percentages of total kernels were recorded in the 

positive control treatment compared to all experimental treatments for all application timings 

(Table 3.6).  Percentages of total kernels and total SMK were also significantly higher for 

plots treated with fungicide versus plots not treated with fungicide for the first application 
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(Table 3.6).  Significantly higher percentages of total SMK were recorded in the positive 

control treatment compared to all experimental treatments for second and third application 

timings in 2005 (Table 3.6).  For all application times in 2005, significantly higher 

percentages of fancy pods were recorded for the experimental treatments versus the negatives 

control (Table 3.6).         

DISCUSSION  

 This research demonstrated that a fixed calendar strategy was not consistently 

effective or efficient for Sclerotinia blight control.  Traditionally, the first fungicide 

application is recommended at 60 days after planting, or when disease is first observed, 

followed by additional fungicide applications at predetermined intervals.  This strategy has 

helped to reduce damage to the crop caused by S. minor.  However, in two of three years, 

sprays at 60 days after planting clearly were applied prematurely (Fig. 3.1).  We have shown 

that one well timed spray can be more effective and efficient than two to three sprays applied 

according to a fixed schedule.  In all growing seasons, applications of fungicide that were 

made immediately before the most significant increase in disease levels were the most 

effective in reducing disease and/or increasing yield as compared to not applying fungicide 

(Fig. 1).    

In Australian peanut production, the importance of fungicide timing to control 

Sclerotinia blight was shown using fluazinam, iprodione, and procymidone (18).  In those 

studies, disease was observed and applications of fungicides were initiated after disease was 

observed, which was 50 to 60 DAP in all years.  Fungicide programs that included a 

subsequent spray 70 to 90 DAP versus after 100 DAP typically had lower levels of disease 

and higher yields (18).  While fluazinam was more effective than the other fungicides, the 
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importance of fungicide timing was critical in controlling Sclerotinia blight.  In all field 

trials, sprays that were applied prior to infection were more effective in reducing levels of 

disease and increasing yield than those applied after infection (18). 

The importance of precision timing for fungicide applications in other pathosystems, 

such as Sclerotinia stem rot of potato, has also been demonstrated.  In that system, fungicides 

(fluazinam or boscalid) that were applied at full bloom of primary inflorescences performed 

significantly better than those applied at row closure (10).  One precise application at that 

growth stage was sufficient for control, while two or three applications at row closure were 

not deemed satisfactory (10).  

Our greenhouse studies on fungicide timing with both fluazinam and boscalid 

reinforced earlier preliminary studies with fluazinam.  In those studies, sprays applied 2 days 

or later post-inoculation did not slow lesion progression on detached peanut limbs (1).  

Results from our greenhouse studies were similar in that sprays applied before, or at infection 

reduced the level of disease that developed.  We found that sprays applied on intact plants up 

to 2 days after inoculation still reduced the likelihood of an infection occurring as compared 

to the inoculated control.  A lack of plant defense responses in detached plant parts used in 

the earlier study compared to living, whole plants in our study may explain why we found 

fungicide efficacy up to 2 days after inoculation.  In addition, the pathogen inoculum source 

(oat grains vs. mycelial plugs) and isolates differed in the two studies.  

Differences in the overall efficacy of fluazinam and boscalid were marginal in our 

field and greenhouse evaluations.  Results from similar experiments in lettuce production 

have indicated that boscalid and fluazinam were comparable and highly effective fungicides 

for reducing lettuce drop caused by S. minor.  However, boscalid was significantly less 
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effective than fluazinam in controlling lettuce drop caused by S. sclerotiorum (14).  In our 

greenhouse studies, the probability of an infection occurring was somewhat reduced when 

boscalid was applied instead of fluazinam.  Boscalid may have been able to adhere to, or be 

absorbed into plant surfaces more effectively than fluazinam under the greenhouse 

conditions.   

The only differences in field performance of boscalid and fluazinam were found in 

2005.  Higher levels of disease were recorded on plots treated with fluazinam at the first 

application than with those treated with boscalid.  Because levels of disease were extremely 

low early in the season, the practical significance of this result is unclear.      

Overall, peanut quality was not affected by the type of fungicide or timing of 

fungicide application.  Differences in quality based on treatments were found only in 2005.  

The percentages of total kernels and total SMK were higher in the full-season treatment with 

fluazinam than in the experimental treatments for applications two and three.  In the same 

field season, percentage of ELK was improved by applying fluazinam compared with 

boscalid at application one.  This may be due to improved control of other pathogens by 

fluazinam that are not controlled by boscalid.  Finally, increase in the percentage of fancy 

pods when fungicide was applied versus the negative control demonstrates the importance of 

controlling pod damage that can be caused by S. minor.   

 While boscalid and fluazinam provided comparable control of Sclerotinia blight in 

these studies, we have demonstrated the importance of using those fungicides judiciously.  In 

most situations (especially in years unfavorable for disease development), three applications 

of fungicide is excessive.  Furthermore, fungicides should be applied in a protective manner 

before infections occur rather than as curative or “rescue” treatments after symptoms have 
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developed.  Improving the timeliness of protective fungicide application requires Sclerotinia 

blight advisory systems for fungicide recommendations.  Several systems are available (12) 

and improvements to those systems are currently underway (21).  In conjunction with other 

management strategies, disease forecasting and precise fungicide applications based on those 

forecasts will provide a truly integrated approach to control Sclerotinia blight. 
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Table 3.1. List of fungicides and timing combinations tested for Sclerotinia blight control on 
peanut from 2004 – 2006. 
 

a Treatment sequences are based on three possible applications of fungicide per season.        
X = no fungicide applied at that application; B = boscalid applied at that application;             
F = fluazinam applied at that application; Y = treatment was tested in year indicated. 
Negative control consisted of no fungicide application (X/X/X) whereas positive control 
consisted of three applications of fluazinam (F/F/F).  In 2004 the first application of 
fungicide was made 80 Days after planting (DAP) based on an advisory.  The first 
application of fungicide was made 62 DAP in 2005, and 61 DAP in 2006.  Subsequent 
applications were made on 21-day intervals in all years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment
a
  2004 2005 2006 

Negative Control Y Y Y 

F/X/X   Y Y 

X/F/X   Y Y 

F/F/X   Y Y 

B/X/X   Y Y 

X/B/X   Y Y 

B/B/X   Y Y 

B/X/B Y Y Y 

X/B/B Y Y Y 

F/B/X   Y Y 

B/F/X   Y Y 

F/X/B Y Y Y 

X/F/B Y Y Y 

B/F/B Y Y Y 

Positive Control Y Y Y 
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Table 3.2.  Logistic regression parameters and least squares estimates for a model describing 
the probability of lesion occurrence under fungicide treatments using fluazinam or boscalid 
applied at different timings to control Sclerotinia blight of peanut in greenhouse inoculations. 

   

 
 

 

 

 

 

 

 

 

 

 

 

 

Parameter
 

Estimate SE Pr > 
2 

Intercept 0.5543 0.2415 0.0217 

Boscalid 4-day pre-inoculation -1.5989 0.3598 <.0001 

Boscalid 2-day pre-inoculation -2.1002 0.3894 <.0001 

Boscalid at inoculation -1.3275 0.3453 0.0001 

Boscalid 2-day post-inoculation -1.3106 0.3496 0.0002 

Boscalid 4-day post-inoculation -0.4002 0.3315 0.2274 

Fluazinam 4-day pre-inoculation -1.4078 0.3469 <.0001 

Fluazinam 2-day pre-inoculation -1.5098 0.3571 <.0001 

Fluazinam at inoculation -1.0507 0.3402 0.002 

Fluazinam 2-day post-inoculation -0.9373 0.3382 0.0056 

Fluazinam 4-day post-inoculation -0.2666 0.3337 0.4243 

Untreated Check -- -- -- 

Deviance (value/df) 1.26 -- -- 

Log(likelihood) -512.30 -- -- 
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Table 3.3. Selected comparisons of estimates of least squares estimate means using logistic 
regression for a model describing the probability of lesion occurrence under fungicide 
treatments using fluazinam or boscalid at different application timings to control Sclerotinia 
blight of peanut in the greenhouse.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment A Treatment B 

Estimated 

Difference SE Pr > 
2 

Boscalid 4-day pre-inoculation Fluazinam 4-day pre-inoculation -0.1911 0.3649 0.6006 

Boscalid 2-day pre-inoculation Fluazinam 2-day pre-inoculation -0.5904 0.4032 0.1431 

Boscalid 2-day pre-inoculation Boscalid 4-day pre-inoculation -0.5014 0.4055 0.2163 

Fluazinam 2-day pre-inoculation Fluazinam 4-day pre-inoculation -0.1020 0.3623 0.7782 

Boscalid at inoculation Fluazinam at inoculation -0.2768 0.3440 0.4211 

Boscalid 2-day post-inoculation Fluazinam 2-day post-inoculation -0.3733 0.3463 0.2811 

Boscalid 4-day post-inoculation Fluazinam 4-day post-inoculation -0.1335 0.3234 0.6797 

Boscalid 2-day post-inoculation Boscalid 4-day post-inoculation -0.9105 0.3398 0.0074 

Fluazinam 2-day post-inoculation Fluazinam 4-day post-inoculation -0.6707 0.3303 0.0423 
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Table 3.4.  Least square estimates of single-degree of freedom contrast effects on area under 
the disease progress curve (AUDPC) and yield data from field trials evaluating various 
sequences of fungicide application for Sclerotinia blight control from 2004 – 2006. 
 

a F values: *** = significance at P < 0.01; ** = significance at P < 0.05; * = significance at P 
< 0.10; ns = not significant P > 0.10. 
b Square root transformation was applied to all AUDPC data for analyses and presentation.   
 

 

 

 

 

 

 

 

 

 

 

 

      AUDPC
b
      Yield   

Contrast
a
  d f  2004 2005 2006  2004 2005 2006 

                 

First Application Effects (4 )               

1. Neg. Cont. vs. Expt. Treats.  1   6.84 ns  1.02 ns  3.09  *    -887.93 ** -367.89 ns -235.59 ns 

2. Fluazinam vs. Boscali d  1   1.18 ns    4.48 *** -0.58 ns   -477.48 ns    -5.75 ns -181.75 ns 

3. No fungicide vs. Fungicide  1   5.75 ns -2.08  * 0.39 ns   -1093.56 *** -218.54 ns -189.94 ns 

                 

Second Application Effects (4 )               

1. Neg. Cont. vs. Expt. Treats.  1   3.00 ns  2.80 ns   3.18 *   -184.70 ns -296.57 ns -170.79 ns 

2. Fluazinam vs. Boscali d  1   1.15 ns -1.42 ns  1.32 ns    504.12 ns  229.43 ns -111.79 ns 

3. No fungicide vs. Fungicide  1  -3.85 ns    3.68 ***  0.70 ns    664.50 ns   13.25 ns   20.64 ns 

                 

Third Application Effec t s  (4 )               

1. Neg. Cont. vs. Expt. Treats.  1   4.53 ns  1.89 ns   3.85 **   -450.50 ns -350.54 ns -295.50 ns 

2. Fluazinam vs. Boscali d  1  N / A  N / A  N / A   N / A  N / A  N / A  

3. No fungicide vs. Fungicide  1  N / A   0.36 ns  1.43 ns  N / A   -81.07 ns -192.33 ns 
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Table 3.5. Least square estimates of effects on pod quality from field trials evaluating 
sequences of fungicides used for control of Sclerotinia blight in 2005.  

 
a Treatment sequences are based on three possible applications of fungicide per season.        
X = no fungicide applied at that application; B = boscalid applied at that application;             
F = fluazinam applied at that application; Y = treatment was tested in year indicated. 
Negative control consisted of no fungicide application (X/X/X) whereas positive control 
consisted of three applications of fluazinam (F/F/F).  In 2004 the first application of 
fungicide was made 80 Days after planting (DAP) based on an advisory.  The first 
application of fungicide was made 62 DAP in 2005, and 61 DAP in 2006.  Subsequent 
applications were made on 21-day intervals in all years.  Means with the same letter(s) are 
not significantly different according to the test of least significant difference at P < 0.05. 
b SMK = Sound mature kernels; ELK = Extra large kernels. 
 

 

 

 

 

 

 

 

 

 

 

Fungicide 

Treatment
a 

Total Kernals (%)
 

Total Kernals (%)
 

Total SMK (%)
b 

ELK (%)
b 

Fancy (%) 

Positive Control 75.66 A 1.83 AB 71.83 A 37.83 ABCD 72.33 ABC 

  B/F/B 75.00 ABC 1.83 AB 71.67 AB 38.00 ABCD 74.33 AB 

B/B/X 74.66 BC 1.33 B 71.50 AB 37.33 BCD 73.16 AB C  

F/B/X 74.83 ABC 1.66 AB 71.33 ABC 39.00 ABCD 73.16 AB C  

F/F/X 75.33 AB 2.00 AB 71.00 ABCD 40.83 AB 74.83 AB  

B/F/X 74.50 BC 1.50 B 70.83 ABCDE 38.50 ABCD 73.33 AB C  

B/X/B 74.66 BC 1.66 AB 70.83 ABCDE 38.50 ABCD 75.33 AB  

F/X/X 75.00 ABC 1.83 AB 70.83 ABCDE 41.33 A 77.16 A 

X/F/B 74.33 C 1.50 B 70.50 ABCDE 39.50 ABCD 75.83 A 

F/X/B 74.66 BC 1.50 B 70.00 CDE 38.00 ABCD 73.66 AB C  

X/B/B 74.16 C 1.83 AB 70.00 CDE 40.16 ABC 77.00 A 

B/X/X 74.50 BC 1.83 AB 69.83 DE 37.33 BCD 72.66 AB C  

X/F/X 74.66 BC 2.00 AB 69.83 DE 36.50 CD 70.83 BC 

X/B/X 74.33 C 2.33 A 69.50 E 40.83 AB 75.66 AB  

Negative Control 74.83 ABC 2.00 AB 70.33 BCDE 36.33 D 68.00 C 
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Table 3.6. Least square estimates of single-degree of freedom contrast effects on pod quality 
from field trials evaluating sequences of fungicides used for control of Sclerotinia blight in 
2005. 
 

 

a F values: *** = significance at P < 0.01; ** = significance at P < 0.05; ** = significance at 
P < 0.10; ns = not significant P > 0.10. 
b SMK = Sound mature kernels; ELK = Extra large kernels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Contrast
a
  df 

Total 

Kernals
 

Other 

Kernals 

               

Total SMK
b 

ELK
b 

Fancy 

           

First Application Effects (3)        

1. Neg. Cont. vs. Expt. Treats. 1  0.03 ns  0.31 ns  -0.53 ns   -2.42  *   -6.18 *** 

2. Fluazinam vs. Boscalid 1  0.29 ns  0.11 ns  -0.14 ns  1.85  **  0.94 ns 

3. No fungicide vs. Fungicide 1  -0.42 **  0.23 ns    -0.91 *** 0.49 ns  0.64 ns 

              

Second Application Effects (3)           

1. Neg. Cont. vs. Expt. Treats. 1  0.18 ns  0.22 ns -0.35 ns   -2.62  *   -6.24 * * *  

2. Fluazinam vs. Boscalid 1  0.26 ns -0.02 ns  0.18 ns -0.66 ns -0.91 ns 

3. No fungicide vs. Fungicide 1  0.06 ns -0.06 ns -0.31 ns -0.17 ns  0.46 ns 

              

Third Application Effects (3)           

1. Neg. Cont. vs. Expt. Treats. 1  0.26 ns  0.33 ns -0.26 ns   -2.50  *   -7.23 * * *  

2. Fluazinam vs. Boscalid 1 N/A N/A N/A N/A N/A 

3. No fungicide vs. Fungicide 1  0.16 ns  0.14 ns -0.01 ns  0.12 ns -1.37 ns 
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Figure 3.1. Weekly incremental increase in disease incidence (% plants diseased) and 
disease progress curves (% plants diseased) of Sclerotinia blight in grower fields located in 
North Carolina over three growing seasons.  Incremental and cumulative increase of disease 
was from plots not treated with fungicide to control Sclerotinia blight.  Arrows indicate dates 
of fungicide applications according to a calendar schedule.  Asterisks indicate significant 
decrease in disease levels or increase in yield (P < 0.05) when fungicide was applied based 
on single-degree of freedom contrast statements (Table 2).  A. Incremental disease incidence, 
2004. B. Disease progress curve, 2004. C. Incremental disease incidence, 2005.  D. Disease 
progress curve, 2005.  E.  Incremental disease incidence, 2006.  F.  Disease progress curve, 
2006. 
 



79 

 
 
 
 
 
 
 



80 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2.  Area under the disease progress curve (AUDPC) mean effect of fungicide 
treatments for A, 2004 field season B, 2005 field season C, 2006 field season. Treatment 
sequences are based on three possible applications of fungicide per season.  X = no fungicide 
applied at that application; B = boscalid applied at that application; F = fluazinam applied at 
that application; Y = treatment was tested in year indicated. Negative control consisted of no 
fungicide application (X/X/X) whereas positive control consisted of three applications of 
fluazinam (F/F/F).  In 2004 the first application of fungicide was made 80 days after planting 
(DAP) based on an advisory.  In 2005, the first application of fungicide was made 62 DAP, 
and 61 DAP in 2006.  Subsequent applications were made on 21-day intervals in all years.  
Square root transformation was applied to all AUDPC data and least squares means using 
those transformations were used for analyses and presentations. Error bar indicates standard 
error for treatments within each year. 
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Figure 3.3. Yield data for mean effect of fungicide treatments for A, 2004 field season B, 
2005 field season C, 2006 field season. Treatment sequences are based on three possible 
applications of fungicide per season.  X = no fungicide applied at that application; B = 
boscalid applied at that application; F = fluazinam applied at that application; Y = treatment 
was tested in year indicated. Negative control consisted of no fungicide application (X/X/X) 
whereas positive control consisted of three applications of fluazinam (F/F/F).  In 2004 the 
first application of fungicide was made 80 days after planting (DAP) based on an advisory.  
In 2005, the first application of fungicide was made 62 DAP, and 61 DAP in 2006.  
Subsequent applications were made on 21-day intervals in all years.  Error bar indicates 
standard error for treatments within each year. 
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 Development of a PCR-based Method for Detection 

of Sclerotinia minor from Peanut 

 
ABSTRACT 

Sclerotinia minor, the soilborne fungus that causes Sclerotinia blight of peanut, can 

infect a wide range of host plants.  S. minor occurs worldwide, but especially in cool, moist 

regions where it can be a major problem of many economically important flower, vegetable, 

and row crops. Sensitive assays to detect and monitor populations of S. minor in peanut 

crops, weed hosts, and soil may prove useful for decision-making strategies to manage 

Sclerotinia blight of peanut.  For instance, the lack of a rapid and accurate soil assay for S. 

minor hampers our ability to forecast Sclerotinia disease outbreaks in research plots and 

grower fields.  DNA-based techniques were adopted to develop S. minor species-specific 

primers to be used in subsequent studies to develop PCR-based assays.   In this study, the 

intergenic spacer (IGS) region of the nuclear ribosomal DNA (rDNA) and a portion of the 

large subunit (LSU) of the mitochondrial (mt) rDNA were sequenced from three isolates of 

S. minor.  A species-specific primer (Sm-F) was developed for the IGS rDNA region and two 

primers (MtSm-F and MtSm-R) were developed for the mt rDNA region.  Sensitivity of PCR 

protocols using these species-specific primers for detecting DNA from various S. minor 

isolates was evaluated by mixing DNA from peanut or Sclerotinia sclerotiorum with DNA of 

S. minor and by successive dilutions of DNA extracted from S. minor.  Specificity was 

evaluated by testing the protocols on 16 isolates of S. minor and 21 isolates of common soil 

fungi.  PCR protocols using primer Sm-F resulted in amplification of all S. minor isolates, 
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amplification of only S. minor from mixes of DNA, and no amplification of other fungi.  

Amplification of template DNA at a concentration as low as 100 pg/µl were successful using 

PCR with primer Sm-F.  DNA from 15 of 16 S. minor isolates were amplified using primers 

MtSm-F and MtSm-R.  Only S. minor was amplified from mixes of DNA from other 

organisms using this primer set.  Amplification of S. minor DNA was successful at template 

DNA concentrations of 10,000 pg/µl using PCR with primers MtSm-F and MtSm-R.  

Detection of S. minor from three inoculated peanut plant parts was also performed using PCR 

with the newly developed primers. Level of fungal DNA detection from both symptomatic 

and asymptomatic peanut plant parts was greater using PCR protocols with primers targeting 

the IGS region vs. primers targeting the mt region.    

INTRODUCTION 

Sclerotinia minor Jagger, the soilborne fungus that causes Sclerotinia blight of 

peanut, can infect a wide range of host plants.  S. minor occurs worldwide, but especially in 

cool, moist regions where it can be a major problem of many economically important flower, 

vegetable, and row crops.  At least 94 plant species belonging to 21 families and 66 genera 

are hosts for S. minor (20).  Economically important crops include soybean (Glycine max) 

(25), sunflower (Helianthus annuuus) (34), common bean (Phaseolus vulagaris), lettuce 

(Lactuca sativa) (3, 35), and peanut (Arachis hypogaea) (26), among others (20).  S. minor is 

prevalent in traditional peanut production areas of Virginia and North Carolina and in parts 

of Texas and Oklahoma.  In years with high incidence of disease, annual losses in North 

Carolina can exceed $1 million (B. Shew, unpublished data). 

Peanuts are very susceptible to Sclerotinia blight. The mycelium of S. minor attacks 

lower branches and rapidly invades plant tissues.  Initially, leaves and stems have a water-
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soaked appearance.  As the disease progresses, mycelium often appears as a white, fluffy 

mass on the surface of colonized tissue.  Later, lesions become bleached and necrotic.  

Eventually, stems are severely shredded and die (28).  Sclerotia are produced in abundant 

numbers on and in the dead tissue.  Sclerotia may be shed from the plant tissue into the soil 

or retained on or in dead plant tissue as overwintering inoculum (27).  Following severe 

infection of a crop of peanuts, the top 2.5 cm of soil can be heavily infested with sclerotia 

(2).  At the end of the growing season, sclerotial densities of ~50 sclerotia per 100 g of soil 

are possible (28).  Sclerotia have great persistence in the soil.  Long-term rotations with non-

hosts (Zea mays and Gossypium hirsutum) have shown to be very limited in effectively 

managing Sclerotinia blight (1, 23).  

An important recent finding that may impact the management of Sclerotinia blight is 

the identification of S. minor as a pathogen of weed species that may be found in or near 

peanut fields.  This is becoming a focus of research, as it is believed that the weeds may 

support overwintering populations of S. minor.  Weeds that are found in fallow peanut fields 

and have been shown to be hosts for S. minor include:  Lamium aplexicaule L. (henbit), 

Cardamine parviflora L. (smallflower bittercress), Stellaria media (L.) (common 

chickweed), Cerastium vulgatum L. (mouse-ear chickweed), Coronopus didymus (L.) 

(swinecress), Oenothera laciniata Hill (cutleaf eveningprimrose), Conyza canadensis (L.) 

(horseweed), Brassica kaber (D.C.) L. (wild mustard), and Arabidopsis thaliana (L.) 

Heynhold (mouse-ear cress) (14).  If these weeds support populations of S. minor, it may be 

necessary to manage weed populations around peanut fields to reduce sources of primary 

inoculum. 
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Sensitive assays to detect and monitor populations of S. minor in peanut crops, weed 

hosts, seeds, and soil may prove useful for decision-making strategies to manage Sclerotinia 

blight.  Sclerotinia blight on peanut is sometimes mistaken for stem rot caused by Sclerotium 

rolfsii, particularly when diagnostic signs are not present, and water-soaking symptoms 

commonly found on weeds can be mistaken for freeze damage.  New technology in the field 

of molecular biology has been useful in improving assays for detecting pathogens and 

enumerating pathogen propagules.  DNA-based techniques, such as conventional and 

quantitative PCR, are being adapted for pathogen detection in planta and also for 

quantification of inoculum from soil (7, 9, 10, 12, 13, 19, 32, 38, 40, 42).  Similar techniques 

applied to the Sclerotinia blight-peanut pathosystem would drastically improve our ability to 

detect S. minor not only in host plants, but also in an adapted protocol to quantify fungal 

propagules from soil.   

The occurrence of multiple Sclerotinia species within the same location and the 

ability of multiple species to infect a common host has been noted in several agricultural 

production systems.  In California lettuce (Lactuca sativa) production, researchers have 

noted the occurrence of both S. minor and S. sclerotiorum in the same locations (11).  Within 

these areas, infection of lettuce occurs by both S. minor and S. sclerotiorum (11).  The 

authors have also noted mixed populations of both Sclerotinia species in peanut production 

areas (unpublished data).  Furthermore, Sclerotinia species are haploid fungi that have a high 

level of clonality, leaving species within the genus very closely related (16, 17, 36).  In 

pathosystems of this complicated nature, development of species-specific PCR primers can 

be difficult if the internal transcribed spacer (ITS) regions are used as targets.  An alternative 

is to develop PCR primers that target portions of the IGS region.  Evolution of this region is 
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known to be much faster than that of the ITS region and can be used for differentiation of 

species that have diverged more recently (22, 30, 38).  Another approach is to use the 

mitochondrial genome for species-specific primer development (21).  Like the nuclear rDNA 

IGS region, the mitochondrial genome also has a high level of variability in sequences 

among species, and in some cases, within species (4, 21, 31).  For S. minor, no sequences for 

the IGS region or any part of the mitochondrial genome are publicly available.  

   The main objective of this research was to develop a PCR-based assay to detect S. 

minor from infected peanut plants.  In addition, the specificity and sensitivity of two sets of 

primers were evaluated for use in the assay.   

MATERIALS AND METHODS 

Preparation and culture of isolates.  All isolates of Sclerotinia species used in these 

experiments were stored on sterile oat (Avena sativa) grains at 4ºC.  Three isolates each of S. 

minor (W1, P45, P13) and S. sclerotiorum (SS1, SS2, SS3) and one isolate of Botrytis 

cinerea (BC) were chosen for preparation for DNA sequencing (Table 4.1).  Oat grains 

colonized by each isolate were placed on a petri dish containing potato dextrose agar (PDA; 

Difco Laboratories, Detroit, MI) 3 to 4 days prior to transferring to a new petri dish with 

PDA.  Cultures were allowed to grow 2 days after transfer, and a 5-mm-diameter agar plug 

was removed and placed in a 125-ml Erlenmeyer flask containing 50 ml of sterile glucose 

yeast extract (GYEC) broth.  GYEC broth was comprised of 15.0 g of glucose (Sigma-

Aldrich, Atlanta), 3.0 g yeast extract (Difco Laboratories, Detroit, MI), 5.0 g casein 

enzymatic hydrolysate (Sigma-Aldrich, Atlanta), and 1 liter of de-ionized water.  Cultures 

were incubated at room temperature (22°C average) 7 to 10 days on a bench top shaker at 

150 rpm.    
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Mycelial tissue was harvested using filtration and the PDA agar plug was removed.  

Each mycelial mat was washed with sterile de-ionized water, air dried in a laminar flow 

hood, and placed in a 15 ml conical screw-cap tube.  Conical tubes containing the mycelial 

mats were immediately placed in liquid nitrogen and transferred to -80ºC for storage.   

Tissue disruption and DNA extraction.  Prior to tissue disruption, tissue was 

lyophilized.  For each isolate, 10 to 15 mg of lyophilized mycelial tissue was placed in a 1.5-

ml plastic conical-bore screw-cap tube (CLP Neptune Plastic, San Diego, CA) containing 10-

mm zirconia beads.  Tubes were placed in a mini bead-beater (Biospec Products, Inc., 

Bartlesville, OK) and shaken at high speed for three cycles at 10 s per cycle.  Samples were 

cooled using liquid nitrogen between cycles and immediately placed on ice after disruption.  

A DNeasy Plant Mini DNA isolation kit (Qiagen, Valencia, CA) was used to extract DNA 

from each isolate.  The protocol included in the kit for isolating DNA from plant and fungi 

(mini kit) was followed including all optional steps.  During elution of the DNA sample in 

the final steps, two separate collections were performed resulting in two 100-µl DNA 

samples for each isolate.  Quality of the genomic DNA samples was checked by gel 

electrophoresis using a 1% agarose gel stained with ethidium bromide and buffered with 1x 

TBE (Tris-boric acid-EDTA). 

Amplification of fungal DNA.  Polymerase chain reaction (PCR) was used to 

amplify a portion of the nuclear ribosomal DNA (rDNA) intergenic spacer (IGS) region and 

a portion of the large subunit (LSU) of the mitochondrial rDNA for each of the seven DNA 

samples.  The universal fungal primer pair, IGS-12a (5´-AGTCTGTGGATTAGTGGCCG-

3´) and NS1R (5´-GAGACAAGCATATGACTAC-3´), was originally designed for 

speciation studies in filamentous ascomycetes (5, 24).  The IGS-12a primer anneals within 
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the IGS region of the nuclear rDNA while NS1R anneals at the 5´ end of the 18S gene 

resulting in the amplification of a portion of the IGS region immediately near the 18S gene 

(24).  The primers were synthesized by Integrated DNA technologies (Coralville, IA).  PCR 

reactions were conducted using 50 µl volumes with 10-20 ng of template DNA, 1x PCR 

buffer (Tris-Cl, KCl, (NH4)2SO4, 1.5 mM MgCl2; pH 8.7), 200 µM of each dNTP, 0.1 µM of 

each oligonucleotide primer, and 2.5 units Taq DNA-polymerase (Qiagen, Bothell, WA).  

Conditions for amplification of DNA included an initial denaturation step at 94ºC for 2 min, 

followed by 40 cycles of denaturation at 94ºC for 30 s, primer annealing at 50ºC for 30 s, and 

extension for 4 min at 72ºC.  A final extension for 10 min at 72ºC was included to complete 

the program.   

The universal fungal primers, ML1 (5´-GTACTTTTGCATAATGGGTCAGC-3´) 

and ML4 (5´-GAGGATAATTTGCCGAGTTCC-3´), were originally developed for 

sequencing of ribosomal DNA (43).  The ML1 primer anneals at the 5’ end of the LSU of the 

mitochondrial rDNA while primer ML4 anneals within the LSU.  Both primer sets were 

synthesized by Integrated DNA technologies (Coralville, IA).  PCR reactions were conducted 

using 50 µl volumes exactly as described above, except the primer annealing temperature 

was set at 55ºC and 1.25 units of Taq DNA-polymerase (Qiagen; Bothell, WA) were used.  

All PCR amplifications were performed using an Eppendorf Mastercycler™ thermal 

cycler (Westbury, NY).  Each set of DNA amplifications included a reaction with 2 µl of 

additional water in place of DNA as a negative control to detect any contamination of the 

master mix.  Products from the amplifications were visualized using electrophoresis of 1% 

agarose gels stained with ethidium bromide and buffered with 1x TBE.   
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Sequencing of the nuclear IGS rDNA.  Desired PCR amplification products were 

excised from the agarose gel using an ultraviolet light box to visualize the bands and a sterile 

razor blade to cut the gel.  PCR products were purified from the agarose gel using the 

QIAquick gel extraction kit (Qiagen, Bothell, WA).  Sequences of both the forward and 

reverse strands of each amplification product were obtained.  Prior to DNA sequencing, 

direct sequencing of each strand was performed using the BigDye™ Terminator v.3.1 cycle 

sequencing protocol.  All DNA sequencing was performed by the sequencing and genetic 

analysis facility of the Duke Institute for Genome Sciences and Policy, Duke University, 

Durham, NC.  Sequences were obtained using an ABI 3730 XL DNA genetic Analyzer 

(Applied Biosystems, Foster City, CA).  

Sequencing of the mitochondrial LSU rDNA.  Desired PCR amplification products 

were excised from the agarose gel using an ultraviolet light box to visualize the bands and a 

sterile razor blade to cut the gel.  PCR products were purified from the agarose gel using the 

QIAquick gel extraction kit.  Those products were used in a subsequent set of PCR 

amplifications using the primers ML1 and ML4 to increase yield of the desired products.  

PCR products were purified using the QIAquick PCR purification kit (Qiagen; Valencia, 

CA).  Purified products were subsequently used to obtain DNA sequences using the same 

protocol described above. 

Analysis of sequence data and development of species-specific primers.  Sequence 

data were examined viewed and analyzed on an Apple Macintosh personal computer 

outfitted with Sequencher™ DNA sequence analysis software (Version 4.7, Gene Codes 

Corporation, Ann Arbor, MI).  Sequence alignment of consensus sequences for each species 

were performed for the nuclear rDNA and mitochondrial rDNA regions separately with the 
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freely available web-based alignment tool, CLUSTAL W (http://www.ebi.ac.uk/clustalw/) 

(6).   

For the nuclear IGS rDNA, a region of dissimilarity in the consensus sequences was 

identified among the fungal species and the putative S. minor species-specific primer Sm-F 

(5´-GAAAGAACACTTCCTAATCGTTAGAT-3´) was developed.  This primer anneals 

within the IGS region down stream of primer IGS-12a.  Therefore, primer IGS-12a was used 

as the forward primer to complement primer Sm-F for subsequent PCR.  Two S. minor 

species-specific primers were developed for the mitochondrial LSU rDNA based on 

dissimilarity in the consensus sequences for each fungal species. These primers were 

designated MtSm-F (5´-ATGGGTCAGCGAAGAAGTGA-3´) and MtSm-R (5´-

GATAATTTGCCGAGTTCCTT-3´).  Both primers MtSm-F and MtSm-R anneal in the 

forward portion of the LSU mitochondrial rDNA, with Mt-SM-R annealing downstream of 

MtSm-F. 

Specificity of the S. minor primers.  The fungal isolates used previously to develop 

the species-specific primers were used in subsequent PCR reactions with the newly 

developed primers to optimize conditions for the reactions.  The primers IGS-12a and Sm-F 

were synthesized by Integrated DNA technologies.  Optimized PCR reactions were 

conducted in 50 µl volumes with 20 ng of template DNA, 1x PCR buffer (Tris-Cl, KCl, 

(NH4)2SO4, 1.5 mM MgCl2; pH 8.7), 200 µM of each dNTP, 0.1 µM of each oligonucleotide 

primer, and 1.25 units Taq DNA-polymerase (Qiagen, Bothell, WA).  Conditions for 

amplification of DNA included an initial denaturation step at 94ºC for 2 min, followed by 30 

cycles of denaturation at 94ºC for 30 s, primer annealing at 55ºC for 30 s, and extension for 1 

min at 72ºC.  A final extension for 10 min at 72ºC was included to complete the program.   
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Optimized PCR conditions for primer set MtSm-F and MtSm-R were conducted in 50 

µl volumes with 20 ng of template DNA, 1x PCR buffer (Tris-Cl, KCl, (NH4)2SO4, 1.5 mM 

MgCl2; pH 8.7), 200 µM of each dNTP, 3.0 mM of additional MgCl2, 0.1 µM of each 

oligonucleotide primer, and 1.25 units Taq DNA-polymerase (Qiagen, Bothell, WA).  

Conditions for amplification of DNA included an initial denaturation step at 94ºC for 2 min, 

followed by 25 cycles of denaturation at 94ºC for 30 s, primer annealing at 61ºC for 30 s, and 

extension for 30 s at 72ºC.  A final extension for 10 min at 72ºC was included to complete 

the program.  

Species specificity of each primer set was evaluated with DNA extracted using the 

same protocol as described above for 16 isolates of S. minor, and a total of 21 isolates of 

closely related or common soil fungi, including S. sclerotiorum, S. trifoliorum, S. 

homeocarpa, Botrytis cinerea, Sclerotium rolfsii, Rhizoctonia solani AG4, Cylindrocladium 

parasiticum, and Fusarium oxysporum f. sp. nicotiana (Table 4.1).  All S. minor isolates were 

chosen based on previous research indicating that the genetic diversity as determined by 

mycelial compatibility grouping (MCG) in our laboratory collection, could be described by 

15 isolates representing the 15 different MCGs identified in the collection composed of 

isolates from peanut and weed hosts (15).  DNA extracted from mycelia of S. minor isolate, 

P13, was also included as a positive control. The ability of DNA to be amplified using PCR 

was verified for all isolates using the universal fungal primers IGS-12a and NS1R (5, 24) or 

universal eukaryotic 18S rDNA primers Euk1A and Euk516r-GCb (8).   

DNA extraction from sclerotia.  DNA extracted from sclerotia of isolate P13 was 

also included in the examination above.  DNA from sclerotia was extracted using a 1.5-ml 

conical-bore screw-cap tube and DNeasy plant extraction kit as in the protocol described 
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above.  However, a plastic microcentrifuge-tube pestle was used to grind the sclerotia in the 

tube with no zirconia beads after the addition of the lysis buffer from the DNeasy plant 

extraction kit. 

Amplification of S. minor template DNA from DNA mixtures.  Mixtures of DNA 

from A. hypogaea and S. minor isolate P13 as template DNA were also included in 50 µl 

PCR reactions to verify specificity of the primer sets.  Reactions included mixed A. hypogaea 

and P13 DNA at 10ng each and mixed A. hypogaea DNA at 15ng and P13 DNA at 5ng.  

Similar reactions with DNA mixed from S. sclerotiorum isolate SS1 and P13 were also 

conducted.  Reactions with no DNA and only A. hypogaea, S. minor, or S. sclerotiorum 

DNA were included as controls.  All specificity reactions were performed twice in 50 µl 

reactions as described above, with each run in a different laboratory (Shew or Cubeta), using 

different equipment, and conducted by different personnel (Smith or Toda).  

Sensitivity of S. minor species-specific primers.  PCR reactions and conditions were 

re-optimized for both primer sets in 25 µl reactions.  Mixes and conditions for 25 µl reactions 

using primers IGS-12a and Sm-F included 20 ng of template DNA, 1x PCR buffer (Tris-Cl, 

KCl, (NH4)2SO4, 1.5 mM MgCl2; pH 8.7), 200 µM of each dNTP, 0.16 µM of each 

oligonucleotide primer, and 0.75 units Taq DNA-polymerase (Qiagen, Bothell, WA).  

Conditions for amplification of DNA included an initial denaturation step at 94ºC for 2 min, 

followed by 30 cycles of denaturation at 94ºC for 30 s, primer annealing at 58ºC for 30 s, and 

extension for 45 s at 72ºC.  A final extension for 10 min at 72ºC was included to complete 

the program.   

Mixes and conditions for 25 µl reactions with primers MtSm-F and MtSm-R included 

20 ng of template DNA, 1x PCR buffer (Tris-Cl, KCl, (NH4)2SO4, 1.5 mM MgCl2; pH 8.7), 
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200 µM of each dNTP, 3.0 mM of additional MgCl2, 0.1 µM of each oligonucleotide primer, 

and 0.62 units Taq DNA-polymerase (Qiagen, Bothell, WA).  Conditions for amplification of 

DNA included an initial denaturation step at 94ºC for 2 min, followed by 25 cycles of 

denaturation at 94ºC for 30 s, primer annealing at 61ºC for 30 s, and extension for 30 s at 

72ºC.  A final extension for 10 min at 72ºC was included to complete the program. 

 DNA from Isolates P13 and K8 was extracted from mycelium using the DNeasy kit 

and quantified using an ND 1000 spectrophotometer (NanoDrop Technologies, Wilmington 

DE).  DNA was diluted to 10, 50, 100, 500, 1,000, and 10,000 pg/µl.  One-microliter aliquots 

of the diluted DNA were used in 25 µl PCR reactions as described above. 

 Extraction and detection of DNA from peanut plant parts infected with S. minor.  

Leaflets still attached to their petioles, lateral branches, and pegs were detached from peanut 

plants grown in the greenhouse and inoculated with mycelium of S. minor according to the 

procedure of Smith et al. (37).  Briefly, peanuts were planted and grown in the greenhouse 

for 10 weeks before testing.  The cultivar used in all experiments was the moderately 

resistant cultivar Perry.  Two- to three- day- old, pre-germinated seed were planted two per 

15-cm clay pot containing a 1:1:1 (v:v:v) mixture of steamed sandy-loam soil, potting mix, 

and commercially available play sand.  A razor blade was used to detach peanut plant parts 

on the day of inoculation.  The detached parts were brought back to the laboratory and placed 

in plastic humidity boxes with a galvanized screen placed on top of sterile washed sand.  A 3-

mm-diam agar plug was taken from 2-day-old cultures of three different isolates of S. minor 

grown on PDA.  The isolates used were P13, K8, and W17 (Table 1).  Sterile agar plugs were 

also included as negative controls.  The peg was inoculated in the center; the leaflet was 

inoculated along the midrib on the adaxial side; and the primary lateral branch was 
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inoculated at a vegetative node.  Following inoculation, plant parts were sprayed until droplet 

formation with a 0.03% solution of Tween 20 and water and boxes were closed with a tight 

fitting lid.  Plant parts were arranged randomly within boxes and boxes were arranged 

randomly in a growth chamber at 20°C under darkness.  

After incubation for 5 days, plant parts were removed and the presence or absence of 

lesions was noted.  Plant parts were bisected immediately below the site of inoculation.  Fifty 

to sixty mg of tissue were excised from each bisected part.  One tissue piece was surface 

disinfested with 0.6% NaOCl solution and placed in a 1.5-ml plastic conical-bore, screw-cap 

tube containing 10-mm zirconia beads, and stored at -80°C until DNA extraction.   The other 

tissue piece was surface disinfested with a 0.6% NaOCl solution and placed on a petri dish 

containing PDA for re-isolation of S. minor.   

Plant tissue placed in the screw-cap tubes was removed from the freezer at the time of 

DNA extraction and lysis buffer from the DNeasy plant mini DNA isolation kit described 

above was added.  A plastic microcentrifuge-tube pestle was used to grind the infected plant 

tissue in the tube against zirconia beads until large pieces of tissue were not present.  The 

procedure included in the DNeasy plant mini DNA kit was subsequently used for DNA 

extraction, including all optional steps.    

      Bulk DNA extracted from each infected plant part was used as template DNA in PCR 

reactions using each of the S. minor species-specific primer sets.  Two microliters of 

extracted DNA was used as template DNA in 25 µl PCR reactions described above. Two 

repetitions (plants planted at different dates) of two replicates per repetition were performed 

and data were pooled for a total of 48 independent observations with 12 of those observations 

as negative controls (inoculated with a sterile PDA agar plug).      
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  RESULTS 

Specificity of the S. minor primers.  DNA from all isolates of S. minor was 

amplified with the primers IGS-12a and Sm-F (Table 4.1).  Amplification of DNA from 

sclerotia of S. minor isolate, P13, with these primers was also successful (Table 4.1).  No 

DNA from other fungal organisms tested was amplified by PCR using primers IGS-12a and 

SM-F (Table 1).    

Amplification of S. minor DNA by PCR using primers MtSm-F and MtSm-R was 

also successful (Table 4.1).  However, DNA from S. minor isolate, FA2-1, was not amplified 

by PCR with primers MtSm-F and MtSm-R (Table 4.1).  DNA from other fungal organisms 

was not amplified by PCR using primers MtSm-F and MtSm-R with the exception of DNA 

extracted from Sclerotium rolfsii (Table 4.1).  A faint 1,000 bp amplification product was 

detected when DNA from S. rolfsii was used as the template DNA in PCR reactions with this 

set of primers (Fig. 4.1B).  Products from these reactions were faint and more difficult to 

visualize compared to products amplified using primers IGS-12a and Sm-F (Fig. 4.1). 

Regardless of the ratio of template DNA or primers used in the PCR, S. minor DNA 

was consistently amplified from mixtures of S. minor DNA with either S. sclerotiorum or A. 

hypogaea DNA.  No amplification of S. sclerotiorum or A. hypogaea DNA was detected 

(data not shown).  

 Sensitivity of S. minor species-specific primers.  DNA of S. minor isolate P13 was 

detected by PCR with primers IGS-12a and Sm-F at 50 pg/µl of template DNA (Fig. 4.2A).  

A template DNA concentration of at least 100 pg/µl was required to detect DNA of S. minor 

isolate K8 by PCR with primers IGS-12a and Sm-F (Fig. 4.2A).  Detectable amplification of 

DNA from S. minor isolate P13 did not occur at template DNA concentrations below 1,000 
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pg/µl when PCR was performed with primers MtSm-F and MtSm-R (Fig. 4.2B).  The 

minimum concentration of template DNA needed for detection of S. minor isolate K8 by 

PCR with these same primers was 10,000 pg/µl. 

 Detection of fungal DNA from peanut plant parts infected with S. minor.  

Twenty-eight out of the 36 plant parts inoculated with S. minor were symptomatic 5 days 

after inoculation.  Inoculated leaflet and peg parts were typically reduced to macerated, 

watery, and flaccid tissue after incubation.  In contrast, lateral branches displayed distinctive 

surface lesions but the integrity of the internal tissues often remained intact.  Polymerase 

chain reaction with primers IGS-12a and Sm-F using template DNA from the 28 

symptomatic samples resulted in a 100 % level of detection for all plant parts (Fig. 4.3A).  

Amplification of S. minor DNA was detected in 100% of symptomatic leaflets using PCR 

with primers MtSm-F and MtSm-R (Fig. 4.3A).  For the same set of primers, S. minor DNA 

was detected in 9 out of 10 (90%) of the symptomatic pegs and in 6 out of 7 (86%) of the 

symptomatic lateral branches (Fig. 4.3A).  S. minor was isolated on PDA 100% of the time 

from symptomatic lateral branches and leaflets (Fig. 4.3A).  Isolation of S. minor from 

symptomatic pegs using PDA was lower than detection of S. minor DNA using PCR with 

either set of primers (Fig. 4.3A).   

 Eight of the 36 plant parts inoculated with the fungus S. minor were asymptomatic 5 

days after inoculation.  Polymerase chain reactions with primers MtSm-F and MtSm-R and 

template DNA from the eight asymptomatic samples yielded no amplification products (Fig. 

4.3B).  Amplification products were detected from one asymptomatic lateral branch (20% 

level of detection) and one asymptomatic peg (20% level of detection) when PCR was used 

with primers IGS-12a and Sm-F (Fig. 4.3B).  S. minor was isolated on PDA from the same 
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tissues (Fig. 4.3B).  No false positives (S. minor detected when the inoculation was 

performed using a sterile PDA agar plug) were detected using either primer set or isolation 

on PDA (data not shown).  Quantity of amplicons from PCR with primers MtSm-F and 

MtSm-R using template DNA from inoculated plant parts was consistently lower than PCR 

with primers IGS-12a and Sm-F and the same DNA (Fig. 4.4).  

 DISCUSSION 

We developed a species-specific primer set targeting a portion of the nuclear rDNA 

IGS region that was used to amplify DNA of all 16 isolates and sclerotia of S. minor tested in 

this study.  No DNA from other fungal species tested was amplified, including the closely 

related fungi S. sclerotiorum (10 isolates) and S. trifoliorum (two isolates), indicating that 

this primer set is species-specific.  Sensitive and rapid detection of plant pathogens and 

enumeration of pathogen propagules by polymerase chain reaction offers agriculturalists a 

powerful tool for managing plant pathogens. Decisions for managing Sclerotinia minor, an 

economically important plant pathogen, causing destructive disease on many crops, can be 

greatly improved with PCR-based detection and quantification.   

We were able to combine PCR and DNA extraction using a commercially available 

kit to extract S. minor DNA from peanut plant tissue.  From symptomatic plant parts, 

amplification of fungal DNA using primers IGS-12a and Sm-F occurred 100% of the time.  

Fungal DNA was also isolated from two non-symptomatic samples using primers IGS-12a 

and Sm-F.  The level of fungal DNA detection from pegs was greater using these primers 

than isolation of fungal mycelium on PDA.  This indicates that the sensitivity of PCR with 

primers IGS-12a and Sm-F for detecting S. minor is greater than traditional methods of 

culturing the fungus from plant tissue using agar media.  PCR-based detection is also much 
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faster and more concise than culturing of the fungus for identification.  We were able to 

process 24 symptomatic plant tissue samples (DNA extraction to visualization of PCR 

products) in 2 days.  In comparison, confirmation of the species of fungus using agar culture 

requires a minimum of 5 days.  Furthermore, identification from agar culture can require 

additional time if the initial culture has to be transferred due to the occurrence of 

containments, which is common for samples in contact with soil.      

The primer set composed of MtSm-F and MtSm-R was also used to amplify DNA 

extracted from 15 of the 16 S. minor isolates.  DNA from one S. minor isolate (FA2-1) was 

not amplified using this set of primers.  The repeated inability to amplify DNA from the 

mitochondrial rDNA may be due to intraspecific variability within this region.  Other 

researchers have documented variability within species and have used this region for 

phylogenetic studies (21).  Our inability to amplify DNA from the single-spore, S. minor 

isolate, FA2-1, may be due to variation of this region within our S. minor population.  It is 

also possible that this particular isolate was not identified correctly (based on culture 

morphology) and might actually be a closely related species, such as S. trifoliorum or S. 

sclerotiorum. 

The mitochondrial species-specific primers were not as sensitive as the primer set 

targeting the IGS region.  We were able to detect DNA at levels as low as 100 pg/µl with 

primers IGS-12a and Sm-F vs. only 1,000 to 10,000 pg/µl using PCR with MtSm-F and 

MtSm-R.  Furthermore, specificity of primer set MtSm-F and MtSm-R is not as refined as 

that of primer set IGS-12a and Sm-F.  Amplification of DNA from S. rolfsii was documented 

when primers MtSm-F and MtSm-R were used with PCR.  While the size of the product 

from S. rolfsii is much different than that of amplicons from S. minor, this result makes the 
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use of primers MtSm-F and MtSm-R in real-time PCR protocols unlikely.  Amplification and 

quantification of DNA samples with real-time PCR and this primer set could result in the 

occurrence of false positives.  

We also noted that the quality and/or quantity of PCR amplification products was 

consistently lower when primers MtSm-F and MtSm-R were used.  In some cases this 

resulted in false negatives of fungal DNA detection from inoculated plant tissue (Fig. 4.4).  

Other researchers have noted the difficulty in extracting DNA from mitochondria (44).  In 

those studies, techniques used to extract DNA from mitochondria of human pathogenic 

yeasts were compared (44).  Traditionally, isolation of mitochondria and direct extraction of 

DNA has been required.  Yamada et al. (44) tested a commercial DNA extraction kit and 

several other rapid extraction protocols.  Adequate mitochondrial DNA was obtained using 

the commercial extraction kit (44).  We also used a commercial extraction kit.  However, 

with the commercial DNA extraction kit and methods we used, lower quantities of 

mitochondrial DNA may have been extracted compared to nuclear DNA, thereby resulting in 

lower yields of PCR products using primers MtSm-F and MtSm-R.  Another cause for the 

reduced quality and quantity of amplicons generated by PCR with primers MtSm-F and 

MtSm-R could be kinetics of the reactions.  Primer-to-template ratio, efficiency of primer 

annealing, and enzyme-to-template ratio’s have all been implicated as important factors 

influencing kinetics and yield during amplification of DNA with PCR (33). 

The commercial DNA extraction kit we used generated high quality amplifiable DNA 

from direct plant extractions.  This method is more rapid than other more traditional methods 

of extraction investigated for fungi (42).  Initially, we examined an even faster “direct from 

plant” extraction method that was used in other protocols (40, 41).  The method was 
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extremely rapid, but, results were inconsistent and PCR often failed.  The existence of PCR 

inhibitors that prevent detection of phytopathogenic fungi has been well documented (18) 

and is likely the reason for our failures with this method.  Therefore, when using the primer 

sets developed here, care should be taken to eliminate PCR inhibitors.   

These results provide a foundation of information for developing assays for detecting 

S. minor from many plant tissues or propagules from soil.  The lack of a rapid, accurate soil 

assay for S. minor hampers our ability to forecast disease outbreaks in research plots and 

grower fields.  Wet sieving assays require the user to distinguish the small (< 2mm) sclerotia 

of S. minor from organic debris of similar size, shape and color (29, 39).  Regardless of the 

utility, the development of these two PCR primer sets will be useful for developing rapid 

detection protocols and propagule quantification assays for S. minor.  These assays will 

provide researchers, extension personnel, and diagnosticians a valuable tool that will improve 

the management of plant diseases caused by the fungus S. minor.        

 

LITERATURE CITED  

1. Adams, P.B., and Ayers, W.A.  1979.  Ecology of Sclerotinia species.  

Phytopathology 69:896-899. 

2. Adams, P.B. 1986. Production of sclerotia of Sclerotinia minor on lettuce in the field 

and their distribution in soil after disking.  Plant Dis. 70:1043-1046. 

3. Beach, W.S.  1921.  The lettuce “drop” due to Sclerotinia minor.  Pa.  Agric.  Exp. 

Sta.  Bull. 165.  27 pp. 



103 

4. Carbone, I., Anderson, J.B., and Kohn, L.M.  1995.  A group-I intron in the 

mitochondrial small subunit ribosomal RNA gene of Sclerotinia sclerotiorum.  Curr. 

Genet. 27:166-176. 

5. Carbone, I., and Kohn, L.M.  1999.  A method for designing primer sets for 

speciation studies in filamentous ascomycetes.  Mycologia 91:553-556. 

6. Chenna, R., Sugawara, H., Koike, T., Lopez, R., Gibson, T.J., Higgins, D.G., 

Thompson, J.D.  2003.  Multiple sequence alignment with the clustal series of 

programs.  Nucleic Acids Res. 31:3497-3500. 

7. Cullen, D.W., Toth, I.K., Boonham, N., Walsh, K., Barker, I., and Lees, A.K.  2007.  

Development and validation of conventional and quantitative polymerase chain 

reaction assays for the detection of storage rot potato pathogens Phytophthora 

erythroseptica, Pythium ultimum, and Phoma foveata.  J. Phytopathology 155:309-

315. 

8. Díez, B., Pedrós-Alió, C., Marsh, T.L., and Massana, R.  2001.  Application of 

denaturing gradient gel electrophoresis (DGGE) to study the diversity of marine 

Picoeukaryotic assemblages and comparison of DGGE with other molecular 

techniques.  Applied and Environmental Microbiology 67:2942-2951. 

9. Filion, M., St-Arnaud, M., and Jabaji-Hare, S. H.  2003.  Direct quantification of 

fungal DNA from soil substrate using real-time PCR.  J. Microbiological Methods 

53:67-76. 

10. Freeman, J., Ward, E., Calderon, C., and McCartney, A.  2002.  A polymerase chain 

reaction (PCR) assay for the detection of inoculum of Sclerotinia sclerotiorum.  

European J. Plant Path. 108:877-886. 



104 

11. Hao, J.J., Subbarao, K.V., and Duniway, J.M.  2003.  Germination of Sclerotinia 

minor and S. sclerotiorum sclerotia under various soil moisture and temperature 

combinations.  Phytopathology 93:443-450.  

12. Herdina, Yang, H.A., Ophel-Keller, K.  1997.  Correlation of take-all disease severity 

and inoculum level of Gaeumannomyces graminis var. tritici using a slot-blot 

hybridization assay.  Mycol. Res. 101:1311-1317. 

13. Herdina, and Roget, D.K.  2002.  Prediction of take-all disease risk in field soils using 

a rapid and quantitative DNA soil assay.  Plant and Soil 227:87-98. 

14. Hollowell, J.E., Shew, B.B., Cubeta, M.A., and Wilcut, J.W.  2003.  Weed species as 

hosts of Sclerotinia minor in peanut fields.  Plant Dis. 87:197-199. 

15. Hollowell, J.E., Ma, J., Gutierrez, W.A., and Shew, B.B.  2004.  Mycelial 

compatibility groupings of Sclerotinia minor from peanut fields.  Inoculum 55(4):18. 

Abstr. 

16. Kohn, L.M. 1979. A monographic revision of the genus Sclerotinia. Mycotaxon 

2:364-444. 

17. Kohn, L.M. 1979. Delimination of the economically important plant pathogenic 

Sclerotinia species.  Phytopathology 69:881-886. 

18. Ma, Z., and Michailides, T.J.  2007.  Approaches for eliminating PCR inhibitors and 

designing PCR primers for the detection of phytopathogenic fungi.  Crop Protection 

26:145-161. 

19. Malvick, D.K., and Impullitti, A.E.  2007.  Detection and quantification of 

Phialophora gregata in soybean and soil samples with quantitative, real-time PCR 

assay.  Plant Dis. 91:736-742. 



105 

20. Melzer, M.S., Smith, E.A., and Boland, G.J.  1997.  Index of plant hosts of 

Sclerotinia minor.  Can. J. Plant Path. 19:272-280. 

21. Pantou, M.P., Kouvelis, V.N., Typas, M.A.  2006.  The complete mitochondrial 

genome of the vascular wilt fungus Verticillium dahliae: a novel gene order for 

Verticillium and a diagnostic tool for species identification.  Curr. Genet. 50:125-136. 

22. Pantou, M.P., Mavridou, A., and Typas, M.A.  2003.  IGS sequence variation, group-I 

introns and the complete nuclear ribosomal DNA of the entomopathogenic fungus 

Metarhizium: excellent tools for isolate detection and phylogenetic analysis.  Fungal 

Genet. Biol. 38:159-174. 

23. Partridge, D.E., Sutton, T.B., Jordan, D.L., Curtis, V.L., and Bailey, J.E.  2006.  

Management of Sclerotinia blight of peanut with the biological control agent 

Coniothyrium minitans.  Plant Dis.  90:957-963.  

24. Pecchia, S., Mercatelli, E., and Vannacci, G.  2004.  Intraspecific diversity within 

Diapothe helianthi: evidence from rDNA intergenic spacer (IGS) sequence analysis.  

Mycopathologia 157:317-326. 

25. Phipps, P.M., and Porter, D.M. 1982.  Sclerotinia blight of soybean caused by 

Sclerotinia minor and Sclerotinia sclerotiorum.  Plant Dis. 66:163-165. 

26. Porter, D.M., and Beute, M.K. 1974.  Sclerotinia blight of peanut.  Phytopathology 

64:263-264. 

27. Porter, D.M., and Melouk, H.M. 1997.  Sclerotinia blight Pages. 34-35 in: The 

Compendium of Peanut Diseases, second edition.  N. Kokalis-Burelle, D.M. Porter, 

R. Rodriguez-Kabana, D.H. Smith, and P. Subrahmanyam, eds. American 

Phytopathological Society Press, St. Paul, MN. 



106 

28. Porter, D.M., Smith, D.H., and Rodriguez-Kabana, R. 1982.  Peanut Plant Diseases.  

Pages. 326-410 in: Peanut Science and Technology. H.E. Pattee and C.T. Young eds.  

American Peanut Research and Education Society, Inc., Yoakum, Texas. 

29. Porter, D.M., and Steele, J.L.  1983.  Quantitative assay by elutriation of peanut field 

soil for sclerotia of Sclerotinia minor.  Phytopathology 73:636-640. 

30. Pramateftaki, P., Antoniou, P., Typas, M.A.  2000.  The complete rDNA sequence of 

the nuclear ribosomal RNA gene complex of Verticillium dahliae: intraspecific 

heterogeneity within the intergenic spacer region.  Fungal Genet. Biol. 29:143-143. 

31. Pramateftaki, P., Kouvelis, V.N., Lanaridis, P., Typas, M.A.  2005.  The 

mitochondrial genome of wine yeast Hanseniaspora uvarum: A unique genome 

organization among yeast/fungal counterparts.  FEMS Yeast Res. 6:77-90. 

32. Ristaino, J.B., Johnson, A., Blanco-Meneses, and Liu, B.  2007.  Identification of the 

tobacco blue mold pathogen, Peronospora tabacina, by polymerase chain reaction.  

Plant Dis. 91:685-691. 

33. Sachse, K.  2004.  Specificity and performance of PCR detection assays for microbial 

pathogens.  Molecular Biotechnology 26:61-79. 

34. Sedun, F.S., and J.F. Brown. 1989. Comparison of three methods to assess resistance 

in sunflower to basal stem rot caused by Sclerotinia sclerotiorum and S. minor.  Plant 

Dis. 73:52-55. 

35. Sereni, D.  1944.  Sclerotinia minor on lettuce and beans.  Palest. J. Bot., R. Ser. 

4:78-95. 



107 

36. Sirjusingh, C., and Kohn, L.M.  2001.  Characterization of microsatellites in the 

fungal plant pathogen, Sclerotinia sclerotiorum.  Molecular Ecology Notes 1:267-

269. 

37. Smith, D.L., Hollowell, J.E., Isleib, T.G., and Shew, B.B. 2006. Analysis of factors 

that influence the epidemiology of Sclerotinia minor on peanut.  Plant Dis.  90:1425-

1432. 

38. Suarez, M.B., Walsh, K., Boonham, N., O’Neill, T., Pearson, S., and Barker, I.  2005.  

Development of real-time PCR (TaqMan) assays for detection and quantification of 

Botrytis cinerea in planta.  Plant Phys. and Biochem. 43:890-899. 

39. Subbarao, K.V., Dacuyan, S., Koike, S.T., and Jackson, L.E.  1994.  Evaluation of 

three quantitative assays for Sclerotinia minor.  Phytopathology 84:1471-1475. 

40. Trout, C.L., Ristaino, J.B., Madritch, M., and Wangsomboondee.  1997.  Rapid 

detection of Phytophthora infestans in Late blight-infected potato and tomato using 

PCR.  Plant Dis. 81:1042-1048.   

41. Wang, H., Qi, M., and Cutler, A.J.  1993.  A simple method of preparing plant 

sampled for PCR.  Cucl. Acids. Res. 21:4153-4154. 

42. Wangsomboondee, T., and Ristaino, J.B.  2002.  Optimization of sample size and 

DNA extraction methods to improve PCR detection of different propagules of 

Phytophthora infestans.  Plant Dis. 86:247-253. 

43. White, T.J., Bruns, T., Lee S., Taylor, J.  1990.  Amplification and direct sequencing 

of fungal ribosomal RNA genes for phylogenetics.  Pages 315-322 in: PCR Protocols.  

M.A. Innis, J.J. Sninsky, J. White.  Academic Press, San Diego, Ca. 



108 

44. Yamada, Y., Makimura, K., Mirhendi, H., Ueda, K., Nishiyama, Y., Yamaguchi, H., 

and Osumi, M.  2002.  Comparison of different methods for extraction of 

mitochondrial DNA from human pathogenic yeasts.  Jpn. J. Infect. Dis. 55:122-125. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 



109 

 
Table 4.1.  Isolate designation, species, location of collection, plant host, isolate collector, 
and detection of DNA extracted from various fungal isolates and a peanut plant used to test 
the specificity of two Sclerotinia minor species-specific PCR primer sets. 

Isolate Isolate Species Location Host Collector IGSa Mtb 

BC Botrytis cinerea North Carolina Capsicum annuum A. Mintz - - 
W1 Sclerotinia minor Lewiston, NC Cyperus esculentus J.E. Hollowell + + 
W26 Sclerotinia minor Hertford, NC Lamium aplexicaule J.E. Hollowell + + 
W17  Sclerotinia minor Hertford, NC Coronopus didymus J.E. Hollowell + + 
W10  Sclerotinia minor Bertie Co., NC Oenothera laciniata J.E. Hollowell  + + 
W34 Sclerotinia minor Hertford, NC Arabidopsis thaliana J.E. Hollowell + + 
W31 Sclerotinia minor Hertford, NC Cardamine parviflora J.E. Hollowell + + 
W37 Sclerotinia minor Hertford, NC Stellaria media J.E. Hollowell + + 
W41 Sclerotinia minor Tarboro, NC Eclipta prostrata J.E. Hollowell + + 
P42 Sclerotinia minor Virginia Arachis hypogaea P.M. Phipps + + 
P45 Sclerotinia minor Virginia  Arachis hypogaea P.M. Phipps + + 
FA2-1 Sclerotinia minor Hertford, NC Apothecium (single 

spore) 
J.E. Hollowell + - 

K8 Sclerotinia minor Suffolk, VA Arachis hypogaea L.M. Kohn + + 
K11 Sclerotinia minor Salinas, CA Lactuca sativa L.M. Kohn + + 
Jerdan 16 Sclerotinia minor Hertford, NC Apothecia (single spore) J.E. Hollowell + + 
W47 Sclerotinia minor Chowan Co., 

NC 
Ipomoea hederacea J.E. Hollowell + + 

P13 Sclerotinia minor Chowan Co., 
NC 

Arachis hypogaea J.E. Hollowell + + 

1980 Sclerotinia sclerotiorum N/A N/A L.M. Kohn - - 
SS1 Sclerotinia sclerotiorum Hertford, NC Lamium aplexicaule J.E. Hollowell - - 
SS2 Sclerotinia sclerotiorum Hertford, NC Lamium aplexicaule J.E. Hollowell - - 
SS3 Sclerotinia sclerotiorum Hertford, NC Lamium aplexicaule J.E. Hollowell - - 
SS4 Sclerotinia sclerotiorum Hertford, NC Cardamine parviflora J.E. Hollowell - - 
SS6 Sclerotinia sclerotiorum Lewiston, NC Gnaphalium ulginosum J.E. Hollowell - - 
Rodney Sclerotinia sclerotiorum Wake Co., NC Spore trap (single spore) H. Hartzog - - 
28d Sclerotinia sclerotiorum Wake Co., NC Spore trap (single spore) H. Hartzog - - 
Z1-2 Sclerotinia sclerotiorum Hertford, NC Apothecium (single 

spore) 
J.E. Hollowell - - 

Z1-14 Sclerotinia sclerotiorum Hertford, NC Apothecium (single 
spore) 

J.E. Hollowell - - 

LMK36 Sclerotinia trifoliorum Australia, 
Tasmania 

Trifolium repens L.M. Kohn - - 

LMK47 Sclerotinia trifoliorum Virginia Medicago sativa L.M. Kohn - - 
Greenville Sclerotinia homeocarpa Greenville, NC Agrostis stolonifera L. Tredway - - 
Wallace Sclerotinia homeocarpa Wallace, NC Agrostis stolonifera L. Tredway - - 
FO1 Fusarium oxysporum 

f.sp. nicotiana 
North Carolina Nicotiana tabacum H.D. Shew - - 

R1 Sclerotium rolfsii Hertford, NC Stellaria media J.E. Hollowell - + 
Jones 5 Cylindrocladium 

parasiticum 
Martin, Co., NC Arachis hypogaea J.E. Hollowell - - 

Perry Arachis hypogaea N/A N/A N/A - - 
P13 
(Sclerotia) 

Sclerotinia minor Chowan Co., 
NC 

Arachis hypogaea J.E. Hollowell + + 

KHG1 Rhizoctonia solani AG4 Japan Arachis hypogaea Shiro 
Kuninaga 

- - 

a A + indicates detection of that isolates DNA by amplification of a 260 bp amplicon of the 
nuclear rDNA intergenic spacer with the primers IGS-12a and Sm-F; a – indicates no 
detection. 
b A + indicates detection of that isolates DNA by amplification of a 153 bp amplicon of the 
mitochondrial large subunit rDNA with the primers MtSm-F and MtSm-R; a – indicates no 
detection. 
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Figure 4.1.  Detection of a set of three S. minor isolates and a selection of other fungal 
isolates with S. minor species-specific primers in 25 µl polymerase chain reactions.  A.  
Amplification of S. minor and other fungal DNA with primers IGS-12a and SM-F to amplify 
a 260 bp amplicon of the nuclear rDNA intergenic spacer.  Lane 1, Arachis hypogaea; lane 2, 
Fusarium oxysporum (FO1); lane 3, S. homeocarpa (Greenville); lane 4, S. trifoliorum 
(LMK47); lane 5, S. sclerotiorum (1980); lane 6, S. minor (K8); lane 7, S. minor (W17); lane 
8, S. minor (P13); lane 9, negative control; lane 10, 100-bp ladder. B.  Amplification of S. 
minor and other fungal DNA with primers MtSm-F and MtSm-R to amplify a 153 bp 
amplicon of the mitochondrial large subunit rDNA.  Lane 1, Arachis hypogaea; lane 2, 
Sclerotium rolfsii (R1); lane 3, S. homeocarpa (Greenville); lane 4, S. trifoliorum (LMK47); 
lane 5, S. sclerotiorum (1980); lane 6, S. minor (K8); lane 7, S. minor (W17); lane 8, S. minor 
(P13); lane 9, negative control; lane 10, 100-bp ladder. Amplification of DNA from S. rolfsii 
was noted by the faint appearance of a band with a size of approximately 1,000 bp (lane 2). 
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Figure 4.2. Detection of two isolates of S. minor (K8 and P13) DNA by polymerase chain 
reaction and A, Primers IGS-12a and SM-F to amplify a 260 bp amplicon of the nuclear 
rDNA intergenic spacer; B, Primers MtSm-F and MtSm-R to amplify a 153 bp amplicon of 
the mitochondrial large subunit rDNA.  Lanes 1-5, S. minor isolate K8 template DNA at 
concentrations of 10, 50, 100, 500, 1,000, and 10,000 pg/µl, respectively; lanes 7-12, S. 
minor isolate P13 template DNA at concentrations of 10, 50, 100, 500, 1,000, and 10,000 
pg/µl, respectively; lane 13, Negative control; lane 14, 100-bp ladder. 
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Figure 4.3.  Comparison of the level of detection of S. minor DNA from three inoculated 
peanut plant parts (lateral branch, leaflet, or peg) with primers IGS-12a and SM-F to amplify 
a 260 bp amplicon of the nuclear rDNA intergenic spacer (IGS primers); primers MtSm-F 
and MtSm-R to amplify a 153 bp amplicon of the mitochondrial large subunit rDNA (Mt 
primers); or isolation on potato dextrose agar (Isolation).  Two repetitions of the experiment, 
composed of two replicates each, were pooled for a total of 48 independent observations for 
analysis.  A.  Symptomatic plant parts at the time of DNA extraction.  B.  Asymptomatic 
plant parts at the time of DNA extraction. 
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Figure 4.4.  Detection of three isolates of S. minor from a single replicate of bulk DNA 
extractions of detached, inoculated peanut plant parts (lateral branch, leaflet, or peg) by 
polymerase chain reaction and A, Primers IGS-12a and SM-F to amplify a 260 bp amplicon 
of the nuclear rDNA intergenic spacer; B, Primers MtSm-F and MtSm-R to amplify a 153 bp 
amplicon of the mitochondrial large subunit rDNA.  Lane 1, control (pure S. minor template 
DNA); lane 2, control (pure A. hypogaea template DNA); lanes 3-5, S. minor isolate P13 
inoculated to a detached leaflet, a detached peg, and a detached lateral branch, respectively; 
lanes 6-8, S. minor isolate K8 inoculated to a detached peg, a detached lateral branch, and a 
detached leaflet, respectively; lanes 9-11, sterile agar plug inoculations to a detached leaflet, 
a detached lateral branch, and a detached peg, respectively; lanes 12-14, S. minor isolate 
W17 inoculated to a detached leaflet, a detached peg, and a detached lateral branch, 
respectively;  lane 15, negative control; lane 16, 100-bp ladder. 
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Appendix.  Location, Host, Disease Incidence, and Five-day Moving Averages for Weather Variables Interpolated by the SkyBit 
Weather Service for Ratings of Sclerotinia blight in all Field Experiments from 2002 – 2005. 

   Year Location   Date 
Julian 
Date Cultivar Res.a   IDIb 

SB 
Indexc 

Air Temperature (ºC) 
Mean      Max.       Min. 

Soil Temperature (ºC) 
Mean       Max.      Min. 

Relative Humidity (%) 
Mean      Max.       Min. 

Precipitation (mm) 
  Mean          Max. 

2002 Perquimans 13-Jul 193 NC 12C S 1.16 0.36 25.81 31.00 19.89 26.24 31.00 21.11 66.90 90.60 43.20 0.14 0.86 
2002 Perquimans 20-Jul 200 NC 12C S 14.16 1.16 28.49 34.00 23.56 29.28 34.00 24.67 70.84 92.20 44.00 0.05 0.76 
2002 Perquimans 27-Jul 207 NC 12C S 6.66 0.80 26.12 29.56 23.44 27.25 29.67 24.33 83.96 95.20 69.40 0.37 2.44 
2002 Perquimans 3-Aug 214 NC 12C S 6.16 0.77 29.72 34.78 25.22 30.85 34.78 26.44 69.84 90.60 45.00 0.00 0.00 
2002 Perquimans 10-Aug 221 NC 12C S 6.00 0.76 24.09 29.44 18.11 24.44 29.11 19.56 64.33 88.00 38.60 0.00 0.05 
2002 Perquimans 17-Aug 228 NC 12C S 4.50 0.65 28.01 34.00 23.00 29.24 33.89 24.00 68.67 88.80 43.00 0.05 0.66 
2002 Perquimans 24-Aug 235 NC 12C S 2.50 0.49 28.32 34.22 23.11 29.46 34.11 24.33 70.55 92.20 44.20 0.08 0.51 
2002 Perquimans 30-Aug 241 NC 12C S 5.83 0.80 24.83 27.33 22.89 26.32 27.78 24.78 86.05 94.40 74.20 0.66 2.64 
2002 Perquimans 7-Sep 249 NC 12C S 6.00 0.71 24.36 29.33 19.33 24.87 29.22 19.44 78.02 94.20 57.00 0.02 0.15 
2002 Perquimans 14-Sep 256 NC 12C S 10.83 1.02 23.45 28.33 18.56 23.97 28.00 19.33 72.60 92.40 53.00 0.08 0.36 
2002 Perquimans 21-Sep 263 NC 12C S 6.83 0.81 23.32 28.00 19.22 24.16 27.89 20.22 81.35 95.20 60.00 0.21 1.07 
2002 Perquimans 28-Sep 270 NC 12C S 11.83 1.06 23.64 27.22 20.78 24.54 27.44 20.89 81.69 91.40 68.20 0.14 0.46 
2002 Perquimans 13-Jul 193 Perry R 0.50 0.23 25.81 31.00 19.89 26.24 31.00 21.11 66.90 90.60 43.20 0.14 0.86 
2002 Perquimans 20-Jul 200 Perry R 5.00 0.69 28.49 34.00 23.56 29.28 34.00 24.67 70.84 92.20 44.00 0.05 0.76 
2002 Perquimans 27-Jul 207 Perry R 4.16 0.63 26.12 29.56 23.44 27.25 29.67 24.33 83.96 95.20 69.40 0.37 2.44 
2002 Perquimans 3-Aug 214 Perry R 4.33 0.64 29.72 34.78 25.22 30.85 34.78 26.44 69.84 90.60 45.00 0.00 0.00 
2002 Perquimans 10-Aug 221 Perry R 2.83 0.52 24.09 29.44 18.11 24.44 29.11 19.56 64.33 88.00 38.60 0.00 0.05 
2002 Perquimans 17-Aug 228 Perry R 2.66 0.50 28.01 34.00 23.00 29.24 33.89 24.00 68.67 88.80 43.00 0.05 0.66 
2002 Perquimans 24-Aug 235 Perry R 1.00 0.31 28.32 34.22 23.11 29.46 34.11 24.33 70.55 92.20 44.20 0.08 0.51 
2002 Perquimans 30-Aug 241 Perry R 1.83 0.45 24.83 27.33 22.89 26.32 27.78 24.78 86.05 94.40 74.20 0.66 2.64 
2002 Perquimans 7-Sep 249 Perry R 8.83 0.86 24.36 29.33 19.33 24.87 29.22 19.44 78.02 94.20 57.00 0.02 0.15 
2002 Perquimans 14-Sep 256 Perry R 12.50 1.09 23.45 28.33 18.56 23.97 28.00 19.33 72.60 92.40 53.00 0.08 0.36 
2002 Perquimans 21-Sep 263 Perry R 12.83 1.11 23.32 28.00 19.22 24.16 27.89 20.22 81.35 95.20 60.00 0.21 1.07 
2002 Perquimans 28-Sep 270 Perry R 15.50 1.21 23.64 27.22 20.78 24.54 27.44 20.89 81.69 91.40 68.20 0.14 0.46 
2003 Chowan 5-Aug 216 NC-V 11 R 2.50 0.37 26.38 30.33 23.78 27.77 30.44 24.78 83.95 94.20 67.00 0.15 1.57 
2003 Chowan 15-Aug 226 NC-V 11 R 3.66 0.35 26.12 30.00 23.22 27.26 30.22 24.33 85.11 95.20 68.80 0.13 1.07 
2003 Chowan 21-Aug 232 NC-V 11 R 2.83 0.40 25.25 29.33 22.22 26.59 29.56 23.44 83.57 94.40 67.80 0.18 2.59 
2003 Chowan 27-Aug 238 NC-V 11 R 3.66 0.45 25.63 30.56 20.67 26.37 30.78 21.11 74.46 92.00 52.40 0.00 0.00 
2003 Chowan 3-Sep 245 NC-V 11 R 3.00 0.38 24.95 29.11 21.33 26.36 29.44 23.11 78.43 93.20 58.60 0.39 2.29 
2003 Chowan 10-Sep 252 NC-V 11 R 2.00 0.31 22.21 25.89 18.89 23.36 26.11 19.89 76.93 90.00 61.60 0.01 0.10 
2003 Chowan 16-Sep 258 NC-V 11 R 6.00 0.58 22.56 25.56 19.67 23.13 25.78 19.44 84.94 92.80 71.60 0.40 1.17 
2003 Chowan 25-Sep 267 NC-V 11 R 4.83 0.42 22.73 27.67 18.11 23.62 27.56 19.67 76.20 91.40 52.00 0.18 1.47 
2003 Chowan 2-Oct 274 NC-V 11 R 9.83 0.68 18.75 23.67 14.44 19.77 23.56 15.67 71.91 88.80 49.20 0.08 0.66 
2003 Chowan 10-Oct 282 NC-V 11 R 8.00 0.58 18.89 24.56 14.22 19.89 24.22 14.33 73.75 90.40 48.80 0.00 0.05 
2003 Perquimans 22-Jul 202 NC 12C S 1.33 0.38 26.42 30.44 22.56 27.22 30.56 23.67 81.14 94.40 63.80 0.07 0.86 
2003 Perquimans 30-Jul 210 NC 12C S 6.83 0.75 26.76 30.78 22.78 27.56 31.00 23.78 81.48 94.40 62.40 0.03 0.15 
2003 Perquimans 5-Aug 216 NC 12C S 3.83 0.65 26.55 30.22 24.11 27.89 30.56 25.11 84.06 93.40 68.40 0.12 1.07 
2003 Perquimans 15-Aug 226 NC 12C S 6.83 0.67 26.38 30.11 23.56 27.47 30.33 24.56 84.67 94.40 68.60 0.13 0.91 
2003 Perquimans 21-Aug 232 NC 12C S 7.83 0.93 25.57 29.89 22.44 26.92 30.00 23.89 83.45 93.40 68.40 0.19 2.34 
2003 Perquimans 27-Aug 238 NC 12C S 9.33 1.02 25.99 31.22 21.11 26.72 31.22 21.33 75.30 92.40 52.80 0.00 0.00 
2003 Perquimans 3-Sep 245 NC 12C S 8.33 0.89 28.06 32.89 24.11 29.27 33.00 25.56 77.16 92.80 56.00 0.13 1.07 
2003 Perquimans 10-Sep 252 NC 12C S 10.33 0.99 22.42 26.33 19.11 23.47 26.33 20.11 77.75 90.60 61.60 0.01 0.15 
2003 Perquimans 16-Sep 258 NC 12C S 10.16 1.06 22.43 25.67 19.44 23.07 25.78 18.89 84.55 92.40 70.80 0.36 1.07 
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2003 Perquimans 22-Jul 202 Perry R 1.00 0.33 26.42 30.44 22.56 27.22 30.56 23.67 81.14 94.40 63.80 0.07 0.86 
2003 Perquimans 30-Jul 210 Perry R 2.66 0.47 26.76 30.78 22.78 27.56 31.00 23.78 81.48 94.40 62.40 0.03 0.15 
2003 Perquimans 5-Aug 216 Perry R 3.50 0.62 26.55 30.22 24.11 27.89 30.56 25.11 84.06 93.40 68.40 0.12 1.07 
2003 Perquimans 15-Aug 226 Perry R 3.83 0.50 26.38 30.11 23.56 27.47 30.33 24.56 84.67 94.40 68.60 0.13 0.91 
2003 Perquimans 21-Aug 232 Perry R 6.83 0.87 25.57 29.89 22.44 26.92 30.00 23.89 83.45 93.40 68.40 0.19 2.34 
2003 Perquimans 27-Aug 238 Perry R 7.00 0.88 25.99 31.22 21.11 26.72 31.22 21.33 75.30 92.40 52.80 0.00 0.00 
2003 Perquimans 3-Sep 245 Perry R 5.66 0.73 28.06 32.89 24.11 29.27 33.00 25.56 77.16 92.80 56.00 0.13 1.07 
2003 Perquimans 10-Sep 252 Perry R 11.33 1.04 22.42 26.33 19.11 23.47 26.33 20.11 77.75 90.60 61.60 0.01 0.15 
2003 Perquimans 16-Sep 258 Perry R 10.50 1.08 22.43 25.67 19.44 23.07 25.78 18.89 84.55 92.40 70.80 0.36 1.07 
2004 Bertie 9-Jul 190 Gregory S 3.83 0.65 27.20 32.56 22.44 28.14 32.56 23.67 73.53 90.80 50.20 0.11 1.07 
2004 Bertie 15-Jul 196 Gregory S 2.00 0.47 27.26 32.22 23.11 28.35 32.22 24.33 75.13 91.00 53.60 0.05 0.71 
2004 Bertie 22-Jul 203 Gregory S 2.00 0.44 24.99 30.22 20.11 25.39 30.00 15.44 74.33 92.20 48.60 0.14 1.12 
2004 Bertie 30-Jul 211 Gregory S 3.50 0.54 25.83 29.22 23.44 27.02 29.67 24.33 82.26 91.60 67.80 0.20 1.42 
2004 Bertie 5-Aug 217 Gregory S 3.16 0.59 26.11 30.11 22.78 27.09 30.11 24.00 83.14 93.20 67.00 0.32 1.57 
2004 Bertie 11-Aug 223 Gregory S 6.66 0.86 21.47 26.89 15.33 21.84 26.78 16.67 68.68 91.00 41.60 0.05 0.30 
2004 Bertie 18-Aug 230 Gregory S 2.83 0.52 22.20 25.00 19.44 22.93 25.33 20.56 86.74 94.60 74.20 0.71 3.25 
2004 Bertie 26-Aug 238 Gregory S 5.16 0.66 23.18 28.33 18.00 23.95 28.22 19.67 76.38 94.00 53.80 0.04 0.25 
2004 Bertie 2-Sep 245 Gregory S 5.33 0.71 24.95 29.00 21.33 25.92 29.11 22.33 81.00 93.20 61.80 0.23 1.07 
2004 Bertie 9-Sep 252 Gregory S 4.33 0.64 24.51 28.33 21.89 25.64 28.44 22.11 84.19 93.00 69.40 0.12 1.47 
2004 Bertie 9-Jul 190 N02006 S 3.50 0.62 27.20 32.56 22.44 28.14 32.56 23.67 73.53 90.80 50.20 0.11 1.07 
2004 Bertie 15-Jul 196 N02006 S 1.00 0.33 27.26 32.22 23.11 28.35 32.22 24.33 75.13 91.00 53.60 0.05 0.71 
2004 Bertie 22-Jul 203 N02006 S 3.33 0.56 24.99 30.22 20.11 25.39 30.00 15.44 74.33 92.20 48.60 0.14 1.12 
2004 Bertie 30-Jul 211 N02006 S 2.83 0.48 25.83 29.22 23.44 27.02 29.67 24.33 82.26 91.60 67.80 0.20 1.42 
2004 Bertie 5-Aug 217 N02006 S 5.00 0.74 26.11 30.11 22.78 27.09 30.11 24.00 83.14 93.20 67.00 0.32 1.57 
2004 Bertie 11-Aug 223 N02006 S 7.83 0.93 21.47 26.89 15.33 21.84 26.78 16.67 68.68 91.00 41.60 0.05 0.30 
2004 Bertie 18-Aug 230 N02006 S 4.33 0.64 22.20 25.00 19.44 22.93 25.33 20.56 86.74 94.60 74.20 0.71 3.25 
2004 Bertie 26-Aug 238 N02006 S 5.16 0.66 23.18 28.33 18.00 23.95 28.22 19.67 76.38 94.00 53.80 0.04 0.25 
2004 Bertie 2-Sep 245 N02006 S 7.50 0.85 24.95 29.00 21.33 25.92 29.11 22.33 81.00 93.20 61.80 0.23 1.07 
2004 Bertie 9-Sep 252 N02006 S 4.33 0.64 24.51 28.33 21.89 25.64 28.44 22.11 84.19 93.00 69.40 0.12 1.47 
2004 Bertie 9-Jul 190 NC-V 11 R 1.00 0.23 27.20 32.56 22.44 28.14 32.56 23.67 73.53 90.80 50.20 0.11 1.07 
2004 Bertie 15-Jul 196 NC-V 11 R 2.50 0.37 27.26 32.22 23.11 28.35 32.22 24.33 75.13 91.00 53.60 0.05 0.71 
2004 Bertie 22-Jul 203 NC-V 11 R 2.75 0.36 24.99 30.22 20.11 25.39 30.00 15.44 74.33 92.20 48.60 0.14 1.12 
2004 Bertie 30-Jul 211 NC-V 11 R 2.75 0.34 25.83 29.22 23.44 27.02 29.67 24.33 82.26 91.60 67.80 0.20 1.42 
2004 Bertie 5-Aug 217 NC-V 11 R 3.75 0.42 26.11 30.11 22.78 27.09 30.11 24.00 83.14 93.20 67.00 0.32 1.57 
2004 Bertie 11-Aug 223 NC-V 11 R 9.25 0.72 21.47 26.89 15.33 21.84 26.78 16.67 68.68 91.00 41.60 0.05 0.30 
2004 Bertie 18-Aug 230 NC-V 11 R 7.25 0.59 22.20 25.00 19.44 22.93 25.33 20.56 86.74 94.60 74.20 0.71 3.25 
2004 Bertie 26-Aug 238 NC-V 11 R 6.25 0.51 23.18 28.33 18.00 23.95 28.22 19.67 76.38 94.00 53.80 0.04 0.25 
2004 Bertie 2-Sep 245 NC-V 11 R 8.50 0.64 24.95 29.00 21.33 25.92 29.11 22.33 81.00 93.20 61.80 0.23 1.07 
2004 Bertie 9-Sep 252 NC-V 11 R 4.50 0.46 24.51 28.33 21.89 25.64 28.44 22.11 84.19 93.00 69.40 0.12 1.47 
2004 Bertie 9-Jul 190 Perry R 1.33 0.38 27.20 32.56 22.44 28.14 32.56 23.67 73.53 90.80 50.20 0.11 1.07 
2004 Bertie 15-Jul 196 Perry R 0.66 0.27 27.26 32.22 23.11 28.35 32.22 24.33 75.13 91.00 53.60 0.05 0.71 
2004 Bertie 22-Jul 203 Perry R 1.66 0.40 24.99 30.22 20.11 25.39 30.00 15.44 74.33 92.20 48.60 0.14 1.12 
2004 Bertie 30-Jul 211 Perry R 3.50 0.54 25.83 29.22 23.44 27.02 29.67 24.33 82.26 91.60 67.80 0.20 1.42 
2004 Bertie 5-Aug 217 Perry R 3.16 0.59 26.11 30.11 22.78 27.09 30.11 24.00 83.14 93.20 67.00 0.32 1.57 
2004 Bertie 11-Aug 223 Perry R 4.66 0.72 21.47 26.89 15.33 21.84 26.78 16.67 68.68 91.00 41.60 0.05 0.30 
2004 Bertie 18-Aug 230 Perry R 4.66 0.67 22.20 25.00 19.44 22.93 25.33 20.56 86.74 94.60 74.20 0.71 3.25 
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2004 Bertie 26-Aug 238 Perry R 5.00 0.65 23.18 28.33 18.00 23.95 28.22 19.67 76.38 94.00 53.80 0.04 0.25 
2004 Bertie 2-Sep 245 Perry R 6.83 0.81 24.95 29.00 21.33 25.92 29.11 22.33 81.00 93.20 61.80 0.23 1.07 
2004 Bertie 9-Sep 252 Perry R 5.66 0.73 24.51 28.33 21.89 25.64 28.44 22.11 84.19 93.00 69.40 0.12 1.47 
2004 Bertie 9-Jul 190 VA 98R R 1.00 0.33 27.20 32.56 22.44 28.14 32.56 23.67 73.53 90.80 50.20 0.11 1.07 
2004 Bertie 15-Jul 196 VA 98R R 0.16 0.14 27.26 32.22 23.11 28.35 32.22 24.33 75.13 91.00 53.60 0.05 0.71 
2004 Bertie 22-Jul 203 VA 98R R 1.83 0.42 24.99 30.22 20.11 25.39 30.00 15.44 74.33 92.20 48.60 0.14 1.12 
2004 Bertie 30-Jul 211 VA 98R R 2.16 0.42 25.83 29.22 23.44 27.02 29.67 24.33 82.26 91.60 67.80 0.20 1.42 
2004 Bertie 5-Aug 217 VA 98R R 2.33 0.51 26.11 30.11 22.78 27.09 30.11 24.00 83.14 93.20 67.00 0.32 1.57 
2004 Bertie 11-Aug 223 VA 98R R 5.66 0.79 21.47 26.89 15.33 21.84 26.78 16.67 68.68 91.00 41.60 0.05 0.30 
2004 Bertie 18-Aug 230 VA 98R R 4.83 0.68 22.20 25.00 19.44 22.93 25.33 20.56 86.74 94.60 74.20 0.71 3.25 
2004 Bertie 26-Aug 238 VA 98R R 4.40 0.61 23.18 28.33 18.00 23.95 28.22 19.67 76.38 94.00 53.80 0.04 0.25 
2004 Bertie 2-Sep 245 VA 98R R 5.00 0.69 24.95 29.00 21.33 25.92 29.11 22.33 81.00 93.20 61.80 0.23 1.07 
2004 Bertie 9-Sep 252 VA 98R R 6.40 0.78 24.51 28.33 21.89 25.64 28.44 22.11 84.19 93.00 69.40 0.12 1.47 
2004 Northampton 29-Jul 210 Gregory S 0.16 0.14 25.21 28.00 23.00 26.18 28.44 23.78 86.52 93.60 75.60 0.47 2.49 
2004 Northampton 5-Aug 216 Gregory S 0.00 0.00 25.98 29.67 22.67 26.88 29.78 23.67 84.33 95.00 68.40 0.41 1.93 
2004 Northampton 18-Aug 230 Gregory S 0.16 0.09 22.37 25.33 19.33 23.11 25.44 20.67 86.26 94.20 73.40 0.97 3.96 
2004 Northampton 9-Sep 252 Gregory S 3.33 0.32 24.41 28.22 21.56 25.51 28.33 22.00 85.22 93.20 70.00 0.09 0.76 
2004 Northampton 16-Sep 259 Gregory S 1.50 0.38 21.61 26.22 17.78 22.60 26.11 18.78 83.11 94.60 64.40 0.12 0.51 
2004 Northampton 23-Sep 266 Gregory S 3.50 0.58 18.29 24.44 13.22 19.39 24.11 14.56 74.28 91.20 49.80 0.07 0.25 
2004 Northampton 29-Jul 210 N02006 S 0.00 0.00 25.21 28.00 23.00 26.18 28.44 23.78 86.52 93.60 75.60 0.47 2.49 
2004 Northampton 5-Aug 216 N02006 S 0.16 0.12 25.98 29.67 22.67 26.88 29.78 23.67 84.33 95.00 68.40 0.41 1.93 
2004 Northampton 18-Aug 230 N02006 S 1.50 0.28 22.37 25.33 19.33 23.11 25.44 20.67 86.26 94.20 73.40 0.97 3.96 
2004 Northampton 9-Sep 252 N02006 S 7.50 0.48 24.41 28.22 21.56 25.51 28.33 22.00 85.22 93.20 70.00 0.09 0.76 
2004 Northampton 16-Sep 259 N02006 S 3.67 0.59 21.61 26.22 17.78 22.60 26.11 18.78 83.11 94.60 64.40 0.12 0.51 
2004 Northampton 23-Sep 266 N02006 S 2.83 0.52 18.29 24.44 13.22 19.39 24.11 14.56 74.28 91.20 49.80 0.07 0.25 
2004 Northampton 29-Jul 210 Perry R 0.00 0.00 25.21 28.00 23.00 26.18 28.44 23.78 86.52 93.60 75.60 0.47 2.49 
2004 Northampton 5-Aug 216 Perry R 0.00 0.00 25.98 29.67 22.67 26.88 29.78 23.67 84.33 95.00 68.40 0.41 1.93 
2004 Northampton 18-Aug 230 Perry R 0.00 0.00 22.37 25.33 19.33 23.11 25.44 20.67 86.26 94.20 73.40 0.97 3.96 
2004 Northampton 9-Sep 252 Perry R 4.16 0.36 24.41 28.22 21.56 25.51 28.33 22.00 85.22 93.20 70.00 0.09 0.76 
2004 Northampton 16-Sep 259 Perry R 3.83 0.60 21.61 26.22 17.78 22.60 26.11 18.78 83.11 94.60 64.40 0.12 0.51 
2004 Northampton 23-Sep 266 Perry R 2.67 0.50 18.29 24.44 13.22 19.39 24.11 14.56 74.28 91.20 49.80 0.07 0.25 
2004 Northampton 29-Jul 210 VA 98R R 0.00 0.00 25.21 28.00 23.00 26.18 28.44 23.78 86.52 93.60 75.60 0.47 2.49 
2004 Northampton 5-Aug 216 VA 98R R 0.00 0.00 25.98 29.67 22.67 26.88 29.78 23.67 84.33 95.00 68.40 0.41 1.93 
2004 Northampton 18-Aug 230 VA 98R R 0.00 0.00 22.37 25.33 19.33 23.11 25.44 20.67 86.26 94.20 73.40 0.97 3.96 
2004 Northampton 9-Sep 252 VA 98R R 5.00 0.39 24.41 28.22 21.56 25.51 28.33 22.00 85.22 93.20 70.00 0.09 0.76 
2004 Northampton 16-Sep 259 VA 98R R 2.50 0.49 21.61 26.22 17.78 22.60 26.11 18.78 83.11 94.60 64.40 0.12 0.51 
2004 Northampton 23-Sep 266 VA 98R R 2.50 0.49 18.29 24.44 13.22 19.39 24.11 14.56 74.28 91.20 49.80 0.07 0.25 
2004 Perquimans 1-Jul 182 Gregory S 1.33 0.38 23.67 26.78 21.11 24.75 27.00 22.33 82.44 93.40 66.80 0.24 2.08 
2004 Perquimans 9-Jul 190 Gregory S 3.50 0.54 27.46 32.67 23.00 28.45 32.67 24.00 77.13 92.20 55.60 0.20 2.08 
2004 Perquimans 16-Jul 197 Gregory S 1.83 0.45 27.23 31.56 23.44 28.31 31.56 25.00 76.12 91.40 56.00 0.09 1.07 
2004 Perquimans 22-Jul 203 Gregory S 0.83 0.30 25.44 30.22 20.78 25.89 30.11 16.44 78.12 94.60 55.40 0.23 2.13 
2004 Perquimans 29-Jul 210 Gregory S 1.33 0.35 26.01 28.67 23.89 26.93 29.11 24.56 87.04 93.80 75.60 0.36 2.59 
2004 Perquimans 5-Aug 217 Gregory S 1.00 0.31 26.59 30.00 23.44 27.41 30.22 24.56 84.67 93.60 70.80 0.39 1.63 
2004 Perquimans 12-Aug 224 Gregory S 0.66 0.25 23.01 28.33 17.33 23.25 28.11 18.11 69.23 90.20 43.80 0.00 0.00 
2004 Perquimans 18-Aug 230 Gregory S 5.66 0.79 22.89 25.33 20.11 23.43 25.78 21.11 88.43 95.60 76.80 0.82 4.17 
2004 Perquimans 26-Aug 238 Gregory S 1.16 0.37 23.44 28.33 18.56 24.29 28.44 20.11 77.94 94.20 56.40 0.06 0.46 
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2004 Perquimans 2-Sep 245 Gregory S 0.83 0.28 25.48 29.78 21.78 26.49 29.67 22.78 81.30 93.60 62.60 0.18 1.07 
2004 Perquimans 9-Sep 252 Gregory S 0.50 0.22 24.90 28.00 22.44 25.91 28.33 22.78 86.74 94.20 73.40 0.06 0.66 
2004 Perquimans 1-Jul 182 N02006 S 3.50 0.62 23.67 26.78 21.11 24.75 27.00 22.33 82.44 93.40 66.80 0.24 2.08 
2004 Perquimans 9-Jul 190 N02006 S 14.66 1.11 27.46 32.67 23.00 28.45 32.67 24.00 77.13 92.20 55.60 0.20 2.08 
2004 Perquimans 16-Jul 197 N02006 S 4.33 0.69 27.23 31.56 23.44 28.31 31.56 25.00 76.12 91.40 56.00 0.09 1.07 
2004 Perquimans 22-Jul 203 N02006 S 4.16 0.68 25.44 30.22 20.78 25.89 30.11 16.44 78.12 94.60 55.40 0.23 2.13 
2004 Perquimans 29-Jul 210 N02006 S 4.00 0.62 26.01 28.67 23.89 26.93 29.11 24.56 87.04 93.80 75.60 0.36 2.59 
2004 Perquimans 5-Aug 217 N02006 S 1.33 0.35 26.59 30.00 23.44 27.41 30.22 24.56 84.67 93.60 70.80 0.39 1.63 
2004 Perquimans 12-Aug 224 N02006 S 0.66 0.25 23.01 28.33 17.33 23.25 28.11 18.11 69.23 90.20 43.80 0.00 0.00 
2004 Perquimans 18-Aug 230 N02006 S 4.66 0.72 22.89 25.33 20.11 23.43 25.78 21.11 88.43 95.60 76.80 0.82 4.17 
2004 Perquimans 26-Aug 238 N02006 S 1.83 0.39 23.44 28.33 18.56 24.29 28.44 20.11 77.94 94.20 56.40 0.06 0.46 
2004 Perquimans 2-Sep 245 N02006 S 1.66 0.40 25.48 29.78 21.78 26.49 29.67 22.78 81.30 93.60 62.60 0.18 1.07 
2004 Perquimans 9-Sep 252 N02006 S 1.66 0.40 24.90 28.00 22.44 25.91 28.33 22.78 86.74 94.20 73.40 0.06 0.66 
2004 Perquimans 1-Jul 182 N96076L R 0.00 0.00 23.67 26.78 21.11 24.75 27.00 22.33 82.44 93.40 66.80 0.24 2.08 
2004 Perquimans 9-Jul 190 N96076L R 0.33 0.17 27.46 32.67 23.00 28.45 32.67 24.00 77.13 92.20 55.60 0.20 2.08 
2004 Perquimans 16-Jul 197 N96076L R 0.00 0.00 27.23 31.56 23.44 28.31 31.56 25.00 76.12 91.40 56.00 0.09 1.07 
2004 Perquimans 22-Jul 203 N96076L R 0.16 0.14 25.44 30.22 20.78 25.89 30.11 16.44 78.12 94.60 55.40 0.23 2.13 
2004 Perquimans 29-Jul 210 N96076L R 0.66 0.25 26.01 28.67 23.89 26.93 29.11 24.56 87.04 93.80 75.60 0.36 2.59 
2004 Perquimans 5-Aug 217 N96076L R 0.16 0.13 26.59 30.00 23.44 27.41 30.22 24.56 84.67 93.60 70.80 0.39 1.63 
2004 Perquimans 12-Aug 224 N96076L R 0.16 0.13 23.01 28.33 17.33 23.25 28.11 18.11 69.23 90.20 43.80 0.00 0.00 
2004 Perquimans 18-Aug 230 N96076L R 2.83 0.56 22.89 25.33 20.11 23.43 25.78 21.11 88.43 95.60 76.80 0.82 4.17 
2004 Perquimans 26-Aug 238 N96076L R 0.50 0.20 23.44 28.33 18.56 24.29 28.44 20.11 77.94 94.20 56.40 0.06 0.46 
2004 Perquimans 2-Sep 245 N96076L R 0.83 0.28 25.48 29.78 21.78 26.49 29.67 22.78 81.30 93.60 62.60 0.18 1.07 
2004 Perquimans 9-Sep 252 N96076L R 2.33 0.47 24.90 28.00 22.44 25.91 28.33 22.78 86.74 94.20 73.40 0.06 0.66 
2004 Perquimans 1-Jul 182 Perry R 2.00 0.47 23.67 26.78 21.11 24.75 27.00 22.33 82.44 93.40 66.80 0.24 2.08 
2004 Perquimans 9-Jul 190 Perry R 7.33 0.78 27.46 32.67 23.00 28.45 32.67 24.00 77.13 92.20 55.60 0.20 2.08 
2004 Perquimans 16-Jul 197 Perry R 1.83 0.45 27.23 31.56 23.44 28.31 31.56 25.00 76.12 91.40 56.00 0.09 1.07 
2004 Perquimans 22-Jul 203 Perry R 2.66 0.54 25.44 30.22 20.78 25.89 30.11 16.44 78.12 94.60 55.40 0.23 2.13 
2004 Perquimans 29-Jul 210 Perry R 1.66 0.40 26.01 28.67 23.89 26.93 29.11 24.56 87.04 93.80 75.60 0.36 2.59 
2004 Perquimans 5-Aug 217 Perry R 0.33 0.18 26.59 30.00 23.44 27.41 30.22 24.56 84.67 93.60 70.80 0.39 1.63 
2004 Perquimans 12-Aug 224 Perry R 1.16 0.33 23.01 28.33 17.33 23.25 28.11 18.11 69.23 90.20 43.80 0.00 0.00 
2004 Perquimans 18-Aug 230 Perry R 3.16 0.59 22.89 25.33 20.11 23.43 25.78 21.11 88.43 95.60 76.80 0.82 4.17 
2004 Perquimans 26-Aug 238 Perry R 2.66 0.47 23.44 28.33 18.56 24.29 28.44 20.11 77.94 94.20 56.40 0.06 0.46 
2004 Perquimans 2-Sep 245 Perry R 2.83 0.52 25.48 29.78 21.78 26.49 29.67 22.78 81.30 93.60 62.60 0.18 1.07 
2004 Perquimans 9-Sep 252 Perry R 2.00 0.44 24.90 28.00 22.44 25.91 28.33 22.78 86.74 94.20 73.40 0.06 0.66 
2004 Perquimans 1-Jul 182 VA 98R R 1.16 0.36 23.67 26.78 21.11 24.75 27.00 22.33 82.44 93.40 66.80 0.24 2.08 
2004 Perquimans 9-Jul 190 VA 98R R 4.16 0.59 27.46 32.67 23.00 28.45 32.67 24.00 77.13 92.20 55.60 0.20 2.08 
2004 Perquimans 16-Jul 197 VA 98R R 1.50 0.41 27.23 31.56 23.44 28.31 31.56 25.00 76.12 91.40 56.00 0.09 1.07 
2004 Perquimans 22-Jul 203 VA 98R R 0.83 0.30 25.44 30.22 20.78 25.89 30.11 16.44 78.12 94.60 55.40 0.23 2.13 
2004 Perquimans 29-Jul 210 VA 98R R 1.50 0.38 26.01 28.67 23.89 26.93 29.11 24.56 87.04 93.80 75.60 0.36 2.59 
2004 Perquimans 5-Aug 217 VA 98R R 0.83 0.28 26.59 30.00 23.44 27.41 30.22 24.56 84.67 93.60 70.80 0.39 1.63 
2004 Perquimans 12-Aug 224 VA 98R R 0.50 0.22 23.01 28.33 17.33 23.25 28.11 18.11 69.23 90.20 43.80 0.00 0.00 
2004 Perquimans 18-Aug 230 VA 98R R 3.00 0.58 22.89 25.33 20.11 23.43 25.78 21.11 88.43 95.60 76.80 0.82 4.17 
2004 Perquimans 26-Aug 238 VA 98R R 1.00 0.29 23.44 28.33 18.56 24.29 28.44 20.11 77.94 94.20 56.40 0.06 0.46 
2004 Perquimans 2-Sep 245 VA 98R R 2.00 0.44 25.48 29.78 21.78 26.49 29.67 22.78 81.30 93.60 62.60 0.18 1.07 
2004 Perquimans 9-Sep 252 VA 98R R 2.00 0.44 24.90 28.00 22.44 25.91 28.33 22.78 86.74 94.20 73.40 0.06 0.66 
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   Year Location   Date 
Julian 
Date Cultivar Res.a   IDIb 

SB 
Indexc 

Air Temperature (ºC) 
Mean      Max.       Min. 

Soil Temperature (ºC) 
Mean       Max.      Min. 

Relative Humidity (%) 
Mean      Max.       Min. 

Precipitation (mm) 
  Mean          Max. 

2005 Bertie 26-Jul 206 Gregory S 1.00 0.33 27.85 33.44 23.44 29.09 33.33 24.67 69.16 85.20 48.20 0.07 0.51 
2005 Bertie 10-Aug 221 Gregory S 0.66 0.17 26.75 31.33 22.89 28.01 31.56 24.56 73.13 88.00 52.80 0.06 0.46 
2005 Bertie 23-Aug 234 Gregory S 7.83 0.63 27.83 33.44 23.00 28.80 33.33 23.78 70.58 85.80 47.60 0.02 0.20 
2005 Bertie 8-Sep 250 Gregory S 6.00 0.50 23.27 29.00 17.67 24.05 28.89 19.22 64.31 86.80 40.00 0.00 0.00 
2005 Bertie 22-Sep 264 Gregory S 4.50 0.46 25.69 31.33 21.56 27.25 31.33 23.11 74.45 92.20 48.00 0.15 1.37 
2005 Bertie 1-Oct 273 Gregory S 1.83 0.37 21.96 27.44 16.11 22.37 27.33 17.44 70.31 89.60 48.20 0.02 0.20 
2005 Bertie 26-Jul 206 N02006 S 0.00 0.00 27.85 33.44 23.44 29.09 33.33 24.67 69.16 85.20 48.20 0.07 0.51 
2005 Bertie 10-Aug 221 N02006 S 0.16 0.09 26.75 31.33 22.89 28.01 31.56 24.56 73.13 88.00 52.80 0.06 0.46 
2005 Bertie 23-Aug 234 N02006 S 4.16 0.46 27.83 33.44 23.00 28.80 33.33 23.78 70.58 85.80 47.60 0.02 0.20 
2005 Bertie 8-Sep 250 N02006 S 2.83 0.34 23.27 29.00 17.67 24.05 28.89 19.22 64.31 86.80 40.00 0.00 0.00 
2005 Bertie 22-Sep 264 N02006 S 3.33 0.40 25.69 31.33 21.56 27.25 31.33 23.11 74.45 92.20 48.00 0.15 1.37 
2005 Bertie 1-Oct 273 N02006 S 1.33 0.31 21.96 27.44 16.11 22.37 27.33 17.44 70.31 89.60 48.20 0.02 0.20 
2005 Bertie 26-Jul 206 N03081T R 0.00 0.00 27.85 33.44 23.44 29.09 33.33 24.67 69.16 85.20 48.20 0.07 0.51 
2005 Bertie 10-Aug 221 N03081T R 0.00 0.00 26.75 31.33 22.89 28.01 31.56 24.56 73.13 88.00 52.80 0.06 0.46 
2005 Bertie 23-Aug 234 N03081T R 0.50 0.16 27.83 33.44 23.00 28.80 33.33 23.78 70.58 85.80 47.60 0.02 0.20 
2005 Bertie 8-Sep 250 N03081T R 1.33 0.23 23.27 29.00 17.67 24.05 28.89 19.22 64.31 86.80 40.00 0.00 0.00 
2005 Bertie 22-Sep 264 N03081T R 1.00 0.22 25.69 31.33 21.56 27.25 31.33 23.11 74.45 92.20 48.00 0.15 1.37 
2005 Bertie 1-Oct 273 N03081T R 0.50 0.19 21.96 27.44 16.11 22.37 27.33 17.44 70.31 89.60 48.20 0.02 0.20 
2005 Bertie 26-Jul 206 NC-V 11 R 0.00 0.00 27.85 33.44 23.44 29.09 33.33 24.67 69.16 85.20 48.20 0.07 0.51 
2005 Bertie 10-Aug 221 NC-V 11 R 0.00 0.00 26.75 31.33 22.89 28.01 31.56 24.56 73.13 88.00 52.80 0.06 0.46 
2005 Bertie 23-Aug 234 NC-V 11 R 1.16 0.24 27.83 33.44 23.00 28.80 33.33 23.78 70.58 85.80 47.60 0.02 0.20 
2005 Bertie 8-Sep 250 NC-V 11 R 1.83 0.28 23.27 29.00 17.67 24.05 28.89 19.22 64.31 86.80 40.00 0.00 0.00 
2005 Bertie 22-Sep 264 NC-V 11 R 2.33 0.33 25.69 31.33 21.56 27.25 31.33 23.11 74.45 92.20 48.00 0.15 1.37 
2005 Bertie 1-Oct 273 NC-V 11 R 0.16 0.11 21.96 27.44 16.11 22.37 27.33 17.44 70.31 89.60 48.20 0.02 0.20 
2005 Bertie 26-Jul 206 Perry R 0.16 0.14 27.85 33.44 23.44 29.09 33.33 24.67 69.16 85.20 48.20 0.07 0.51 
2005 Bertie 10-Aug 221 Perry R 0.33 0.12 26.75 31.33 22.89 28.01 31.56 24.56 73.13 88.00 52.80 0.06 0.46 
2005 Bertie 23-Aug 234 Perry R 2.16 0.33 27.83 33.44 23.00 28.80 33.33 23.78 70.58 85.80 47.60 0.02 0.20 
2005 Bertie 8-Sep 250 Perry R 1.50 0.25 23.27 29.00 17.67 24.05 28.89 19.22 64.31 86.80 40.00 0.00 0.00 
2005 Bertie 22-Sep 264 Perry R 3.33 0.40 25.69 31.33 21.56 27.25 31.33 23.11 74.45 92.20 48.00 0.15 1.37 
2005 Bertie 1-Oct 273 Perry R 0.00 0.00 21.96 27.44 16.11 22.37 27.33 17.44 70.31 89.60 48.20 0.02 0.20 
2005 Bertie 26-Jul 206 VA 98R R 0.00 0.00 27.85 33.44 23.44 29.09 33.33 24.67 69.16 85.20 48.20 0.07 0.51 
2005 Bertie 10-Aug 221 VA 98R R 0.00 0.00 26.75 31.33 22.89 28.01 31.56 24.56 73.13 88.00 52.80 0.06 0.46 
2005 Bertie 23-Aug 234 VA 98R R 3.66 0.43 27.83 33.44 23.00 28.80 33.33 23.78 70.58 85.80 47.60 0.02 0.20 
2005 Bertie 8-Sep 250 VA 98R R 0.83 0.19 23.27 29.00 17.67 24.05 28.89 19.22 64.31 86.80 40.00 0.00 0.00 
2005 Bertie 22-Sep 264 VA 98R R 2.16 0.32 25.69 31.33 21.56 27.25 31.33 23.11 74.45 92.20 48.00 0.15 1.37 
2005 Bertie 1-Oct 273 VA 98R R 1.00 0.27 21.96 27.44 16.11 22.37 27.33 17.44 70.31 89.60 48.20 0.02 0.20 
2005 Northampton 26-Jul 206 Gregory S 0.00 0.00 27.87 33.44 22.78 28.92 33.44 24.22 68.45 86.80 45.60 0.07 0.51 
2005 Northampton 10-Aug 221 Gregory S 0.00 0.00 26.69 31.44 22.67 27.98 31.44 24.33 73.77 90.00 51.80 0.07 0.41 
2005 Northampton 23-Aug 234 Gregory S 0.16 0.09 27.42 33.11 22.56 28.48 33.11 23.33 71.71 88.20 47.60 0.03 0.25 
2005 Northampton 8-Sep 250 Gregory S 2.16 0.30 22.97 29.11 17.33 23.84 28.89 18.78 64.91 87.40 39.20 0.00 0.00 
2005 Northampton 22-Sep 264 Gregory S 2.66 0.36 25.45 31.56 20.78 27.09 31.44 22.56 74.03 93.60 45.80 0.15 1.37 
2005 Northampton 1-Oct 273 Gregory S 0.50 0.19 21.60 27.22 15.78 22.12 27.00 17.22 69.58 90.40 46.60 0.02 0.20 
2005 Northampton 26-Jul 206 N02006 S 0.00 0.00 27.87 33.44 22.78 28.92 33.44 24.22 68.45 86.80 45.60 0.07 0.51 
2005 Northampton 10-Aug 221 N02006 S 0.00 0.00 26.69 31.44 22.67 27.98 31.44 24.33 73.77 90.00 51.80 0.07 0.41 
2005 Northampton 23-Aug 234 N02006 S 0.00 0.00 27.42 33.11 22.56 28.48 33.11 23.33 71.71 88.20 47.60 0.03 0.25 
2005 Northampton 8-Sep 250 N02006 S 2.83 0.34 22.97 29.11 17.33 23.84 28.89 18.78 64.91 87.40 39.20 0.00 0.00 
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   Year Location   Date 
Julian 
Date Cultivar Res.a   IDIb 

SB 
Indexc 

Air Temperature (ºC) 
Mean      Max.       Min. 

Soil Temperature (ºC) 
Mean       Max.      Min. 

Relative Humidity (%) 
Mean      Max.       Min. 

Precipitation (mm) 
  Mean          Max. 

2005 Northampton 22-Sep 264 N02006 S 2.66 0.36 25.45 31.56 20.78 27.09 31.44 22.56 74.03 93.60 45.80 0.15 1.37 
2005 Northampton 1-Oct 273 N02006 S 1.16 0.29 21.60 27.22 15.78 22.12 27.00 17.22 69.58 90.40 46.60 0.02 0.20 
2005 Northampton 26-Jul 206 N03081T R 0.00 0.00 27.87 33.44 22.78 28.92 33.44 24.22 68.45 86.80 45.60 0.07 0.51 
2005 Northampton 10-Aug 221 N03081T R 0.00 0.00 26.69 31.44 22.67 27.98 31.44 24.33 73.77 90.00 51.80 0.07 0.41 
2005 Northampton 23-Aug 234 N03081T R 0.00 0.00 27.42 33.11 22.56 28.48 33.11 23.33 71.71 88.20 47.60 0.03 0.25 
2005 Northampton 8-Sep 250 N03081T R 0.16 0.08 22.97 29.11 17.33 23.84 28.89 18.78 64.91 87.40 39.20 0.00 0.00 
2005 Northampton 22-Sep 264 N03081T R 0.33 0.13 25.45 31.56 20.78 27.09 31.44 22.56 74.03 93.60 45.80 0.15 1.37 
2005 Northampton 1-Oct 273 N03081T R 0.33 0.16 21.60 27.22 15.78 22.12 27.00 17.22 69.58 90.40 46.60 0.02 0.20 
2005 Northampton 26-Jul 206 Perry R 0.00 0.00 27.87 33.44 22.78 28.92 33.44 24.22 68.45 86.80 45.60 0.07 0.51 
2005 Northampton 10-Aug 221 Perry R 0.00 0.00 26.69 31.44 22.67 27.98 31.44 24.33 73.77 90.00 51.80 0.07 0.41 
2005 Northampton 23-Aug 234 Perry R 0.00 0.00 27.42 33.11 22.56 28.48 33.11 23.33 71.71 88.20 47.60 0.03 0.25 
2005 Northampton 8-Sep 250 Perry R 1.00 0.20 22.97 29.11 17.33 23.84 28.89 18.78 64.91 87.40 39.20 0.00 0.00 
2005 Northampton 22-Sep 264 Perry R 1.16 0.23 25.45 31.56 20.78 27.09 31.44 22.56 74.03 93.60 45.80 0.15 1.37 
2005 Northampton 1-Oct 273 Perry R 1.66 0.35 21.60 27.22 15.78 22.12 27.00 17.22 69.58 90.40 46.60 0.02 0.20 
2005 Northampton 26-Jul 206 VA 98R R 0.00 0.00 27.87 33.44 22.78 28.92 33.44 24.22 68.45 86.80 45.60 0.07 0.51 
2005 Northampton 10-Aug 221 VA 98R R 0.00 0.00 26.69 31.44 22.67 27.98 31.44 24.33 73.77 90.00 51.80 0.07 0.41 
2005 Northampton 23-Aug 234 VA 98R R 0.33 0.13 27.42 33.11 22.56 28.48 33.11 23.33 71.71 88.20 47.60 0.03 0.25 
2005 Northampton 8-Sep 250 VA 98R R 0.33 0.12 22.97 29.11 17.33 23.84 28.89 18.78 64.91 87.40 39.20 0.00 0.00 
2005 Northampton 22-Sep 264 VA 98R R 0.83 0.20 25.45 31.56 20.78 27.09 31.44 22.56 74.03 93.60 45.80 0.15 1.37 
2005 Northampton 1-Oct 273 VA 98R R 0.33 0.16 21.60 27.22 15.78 22.12 27.00 17.22 69.58 90.40 46.60 0.02 0.20 
a R = virginia-type peanut lines and cultivars considered resistant to Sclerotinia blight; S = virginia-type peanut lines and cultivars considered susceptible to Sclerotinia blight 
b IDI = incremental disease incidence or the number of newly infected plants at each rating  
c SB Index = Sclerotinia blight index or the square-root of the standardized number of newly infected plants at each rating 
 

 
 
 


