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(ABSTRACT)
An advisory program to determine the timing of fungicide application for control of early
leafspot of peanut, caused by Cercospora arachidicola, was developed based on growth
responses of the pathogen to specific environmental conditions. The advisory program (89-
ADV) assigned time-duration values to conditions conducive for infection (TDVi).
Cumulative TDVi levels were used to determine when fungicide applications were needed.
Various spray thresholds (TDVi=48, 72, 96, 120) of the 89-ADV program were compared
to a 14-day spray schedule and an advisory program that was released to growers in 1981
(81-ADV). Leafspot incidence, area under the disease progress curve (AUDPC), spray
number, yield and value were used to evaluate the performance of spray programs.
Preliminary trials used Florigiant peanut and the fungicide chlorothalonil (1.26 kg/ha). The
89-ADYV program with TDVi=48 performed exceptionally well for three consecutive years
in field tests and in simulated disease environments reconstructed from historical weather
data. Benefits of this program compared to the 81-ADV program included significant
improvement of leafspot control, and improved crop yield and value. Based on

performance, the 89-ADV program was delivered to growers as the on-line peanut leafspot



advisory in 1989. Subsequent evaluations of the 89-ADV program included cultivars and
fungicides in large multi-factorial experiments. Three classes of cultivars were identified:
class I or highly susceptible, Florigiant and NC 9; class II or moderately susceptible, NC 7
and NC-V11; and class III or moderately resistant, NC 6. The efficiency of fungicide sprays
was improved through effective leafspot control with about three fewer sprays per season
than the 14-day spray schedule when chlorothalonil at 1.26 kg/ha, diniconazole at 140 g/ha
or terbutrazole at 126 g/ha was applied on class I cultivars according to the TDVi=48
threshold of the 89-ADV program. The same efficiency was achieved when chlorothalonil
or terbutrazole was applied on class II cultivars according to the TDVi=96. Cupric
hydroxide at 1.79 kg/ha plus sulfur at 1.04 kg/ha or terbutrazole at 126 kg/ha with TDVi=96
as well as chlorothalonil at 1.26 kg/ha with TDVi=120 resulted in efficient control of disease
on the class III cultivar. The spray adjuvant SoyOil 937® at 0.5% of spray volume
consistently improved the performance of chlorothalonil, and allowed a reduction of
application rate from 1.26 to 0.95 kg/ha without sacrificing disease control. The integrated
use of cultivar resistance, fungicide, spray adjuvant, and TDVi thresholds of the 89-ADV

program contributed to a reduction of fungicide input and improved disease control.
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INTRODUCTION

Peanut (Arachis hypogaea L.) is a high-value crop planted for food and oil in various
regions of the world. Eighteen million hectares are planted worldwide, of which 600,000
hectares are contributed by the United States from the seven major peanut production
states, namely: Georgia, Alabama, North Carolina, Texas, Virginia, Oklahoma and Florida
(19). Production technology varies from the labor-intensive crop management in the third
world countries to the fully mechanized, high input production in the United States (20).
Growers in Virginia plant about 40,000 hectares of peanuts annually which yield a farm

value of about 100 million dollars (2).

STATEMENT OF THE PROBLEM

Diseases continue to be one of the most important problems in peanut production.
Losses attributed to various peanut diseases were estimated at 22.9 percent or a value of
ca. 29 million dollars in farm income based on the estimated total production of 148,000
tons and a mean value of $661.30 per ton in 1990 (15). Early and late leafspot caused by
Cercospora arachidicola Hori and Cercosporidium personatum (Berk. Curt.) Deighton,
respectively, were the most devastating foliar diseases of peanut. In Virginia, early leafspot
was the predominant disease. Garren and Jackson (10) reported early leafspot to cause a
yield loss of up to 50%. Disease control programs initially depended only on fungicides
applied on a 14-day spray schedule starting from about 35 days after planting and continuing
to about 21 days before harvest. The advent of benomyl, a systemic fungicide, offered a
curative as well as effective protection against the pathogen. Benomyl effectively reduced
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the severity of early leafspot (17), but in the span of only three years after its introduction,
C. arachidicola developed resistance to the fungicide. Isolates of C. arachidicola from
problem fields showed tolerance to benomyl at concentrations as high as 160 pg/ml (13).
Sensitive isolates did not grow on potato-dextrose agar amended with benomyl at 0.5 pg/ml.
The development of tolerance to benomyl and other fungicides with a similar mode of
action was a common phenomenon, and cross resistance to these fungicides was observed
.

Chlorothalonil, a protective fungicide with multiple sites of action, has remained as
the only fungicide registered for peanut that offers excellent control of early leafspot.
However, its widespread use has not been without problems. The use of chlorothalonil
often increases the severity of Sclerotinia blight of peanut (18), a destructive soilborne
disease caused by Sclerotinia minor (Jagger) Kohn. Furthermore, both benomyl and
chlorothalonil may increase the severity of white mold or southern stem rot of peanut,
caused by Sclerotium rolfsii Sacc. (1). The development of pathogen resistance to fungicides,
the effects on nontarget organisms, as well as the cost of fungicide application can be
minimized by limiting fungicide application to only when necessary.

The Virginia Peanut Leafspot Advisory (VPLA) was developed to identify conditions
conducive for early leafspot development, and recommend fungicide applications only during
those critical periods when necessary for efficient disease control. The VPLA was patterned
after the disease forecasting technique of Jensen and Boyle (11), and the computerized
advisory program of Parvin, Smith and Crosby (14). The VPLA was first delivered to
peanut growers in southeast Virginia in 1981, and has allowed growers to reduce the

number of fungicide applications per cropping season (16), but fungicide sprays according
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to the VPLA in some years allowed development of disease late in the season to levels
which caused concern among growers. The need to improve the leafspot advisory program

was suggested (12).

OBJECTIVES OF THE DISSERTATION

The overall goal of this dissertation was to reduce fungicide input through an
integrated use of currently available technologies. An expert advisory system (artificial
intelligence) that could efficiently process meteorological data from sensors in remote
locations and identify conditions both conducive and lethal to the pathogen was a primary
component of the strategy. Inputs of secondary importance were fungicides of various
chemistry, genotypes with varying degrees of susceptibility to early leafspot, and the use of
a spray adjuvant to improve spray coverage and enhance fungicidal activity. Preliminary
reports on portions of this dissertation have been published (3, 4, 5, 6).

The dissertation objectives were: 1) to develop a new model for the peanut leafspot
advisory based on biological responses of C. arachidicola to weather conditions in the
Virginia peanut production area, and evaluate the new advisory model in replicated field
trials and under computer simulated disease environments reconstructed from historical
weather data from 1983 to 1986; 2) to evaluate the efficacy of various fungicides when
sprayed according to spray thresholds of the new advisory program, and determine the
appropriate spray threshold for different fungicides and peanut cultivars planted in Virginia;
and 3) to improve the overall efficacy of fungicide by defining the optimum rate of a spray
adjuvant with chlorothalonil for enhanced leafspot control. Chapter 1 addresses the first

objective by describing the development and evaluation aspects of the new advisory

Introduction 3



program. Field evaluations were conducted using the highly susceptible cultivar Florigiant
and the widely used fungicide chlorothalonil at the Tidewater Agricultural Experiment
Station from 1987 to 1989. Chapter 2 addresses the second objective by expanding the
Florigiant-chlorothalonil system to include alternative peanut cultivars with partial resistance
as well as other fungicides with different efficacy. The use of cultivars with partial
resistance along with fungicides was known to have an additive benefit for improved disease
control that could result in reduced fungicide input (8, 9). As part of the multi-input
strategy to effectively manage early leafspot, chapter 3 investigates the benefits of using a
spray adjuvant with chlorothalonil. Various rates of SoyOil 937® (93% soybean oil and 7%
emulsifier, Coastal Chemical Corp., Greenville, NC) were tested as a spray adjuvant at full
and reduced rates of chlorothalonil. The use of fungicide with spray adjuvant explored the

possibility of reducing fungicide rates without compromising disease control.
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DEVELOPMENT OF A PATHOGEN GROWTH RESPONSE MODEL

FOR THE VIRGINIA PEANUT LEAFSPOT ADVISORY

ABSTRACT

A computerized advisory program to determine the timing of fungicide applications to
control early leafspot of peanut was developed based on growth responses of Cercospora
arachidicola to specific environmental conditions. The advisory program (89-ADV) assigned
time-duration values to conditions conducive for infection (TDVi). Cumulative TDVi levels
were used to determine the critical times when fungicide applications were needed. Various
spray thresholds (TDVi=48, 72, 96 and 120) of the 89-ADV program along with a 14-day
spray schedule and the spray program used by the Virginia Peanut Leafspot Advisory since
1981 (81-ADV) were tested on Florigiant peanut from 1987 to 1989. AUDPC and leafspot
incidence in plots sprayed with chlorothalonil (1.26 kg/ha) according to TDVi=48 threshold
of the 89-ADV program were significantly lower than those in plots sprayed according to
the 81-ADV program. The higher spray thresholds (TDVi=72, 96 and 120) of the 89-ADV
program resulted in similar or better disease control than the 81-ADV program at fewer
sprays per season. Yields (kg/ha) with the TDVi=48 were better than that with the 81-
ADY program during the 3 years of field testing. Similar trends in relationships of value
($/ha) were observed in 1988 and 1989. Evaluation of various spray programs under
simulated disease environments reconstructed from historical weather data from 1983 to
1986 also demonstrated the superior disease control efficiency of the 89-ADV program with
a TDVi of 48 over the 81-ADV program. In both field and simulated tests, the average
number of sprays per season of the 89-ADV program at TDVi=48 and the 81-ADV
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program were about the same. Based on these results, the 89-ADV program with a spray
threshold of TDVi=48 was installed to the central computer of the Agro-Environmental
Monitoring System (AEMS) as the on-line advisory service in Virginia for growers to use

at the start of the 1989 growing season.

INTRODUCTION

Early and late leafspot caused by Cercospora arachidicola Hori and Cercosporidium
personatum (Berk. Curt.) Deighton, respectively, are the most devastating foliar diseases of
peanut (Arachis hypogaea L.) worldwide. Without foliar applications of fungicide, losses to
these diseases have been reported to be as high as 50% of potential yield (11, 41). In the
Virginia-North Carolina peanut production area, early leafspot is the predominant foliar
disease. Programs to manage peanut leafspot include the use of resistant varieties (12),
employment of disease suppressive crop management practices (21, 41), application of an
effective fungicide (12, 41), and the use of computerized decision-support systems for
fungicide application (28, 34, 40).

Agronomic practices such as burying crop residues by moldboard plowing, and crop
rotation may reduce the initial inoculum in soil (41); but this approach has limited value
with a polycyclic disease on a long season crop. Survival structures of the pathogen coupled
with characteristics for long distance dispersal of inoculum render crop rotation a less viable
option to control the disease. Breeding programs for peanut leafspot have identified
sources of germplasm with promising resistance (1, 13, 20, 26), but have not resulted in the

release of resistant cultivars that might preclude the use of fungicides (19).
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The use of fungicide remains the single most effective method of disease control.
The extensive use of fungicide, however, has not been without problems. C. arachidicola
and C. personatum have been reported to develop resistance to benomyl, a benzimidazole
carbamate fungicide (6, 22), and the use of chlorothalonil increases the severity of
Sclerotinia blight of peanut (35). The risk of pathogen resistance to fungicides, fungicide
effects on nontarget organisms (5), and the cost of fungicides can be minimized by limiting
fungicide applications to only when necessary. The Virginia Peanut Leafspot Advisory
(VPLA) was the first expert system to be adopted by growers for control of leafspot on a
commercial scale (34). This expert advisory system identified periods conducive for disease
development and reduced fungicide input in peanut production through proper timing of
application.

The VPLA is an advisory program for fungicide application patterned from the
disease forecasting technique of Jensen and Boyle (16, 17). Their forecasting technique was
founded on the correlation of leafspot incidence in the field with an infection index.
Subsequently, this correlation was used by Parvin, Smith and Crosby (28) to develop the first
daily, worded computerized advisory. The VPLA was first delivered to peanut growers in
southeast Virginia in 1981. As early as 1983, the program was shown to reduce successfully
the number of fungicide applications from an average of 6.75 on a 14-day spray schedule
to about three per season (34). In some years, fungicide sprays according to the VPLA
allowed development of disease late in the season to levels which caused concern among
growers. Although yields were generally similar to that with a 14-day spray program, a need

to improve the performance of the peanut leafspot advisory was suggested (18). For
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improved clarity, the first VPLA program will be called the 1981 advisory program (81-
ADYV) in this paper.

Recent research concerning the biology of Cercospora arachidicola, and the
epidemiology of early leafspot in peanuts have offered an opportunity to improve the 81-
ADYV program. The work of Alderman et al. (4) on acromycology of C. arachidicola
showed that initial inoculum, based on spore trap data, first appeared during conditions
characterized by relative humidity (RH) greater than 90% and temperature less than 17C
for about 10 hr per day on a 3-day running average. Spore density increased at increasing
temperature and duration of RH>90%. In 1987, Alderman and Beute (3) reported that
a 48 hr period having RH=95% and temperatures between 16 and 25C resulted in a high
percentage of spore germination on leaves. Spore germination was low at temperatures
between 28 and 32C. At temperatures that resulted in high and low percentages of
germination, the rates of germ tube elongation were similar (3). Oso (27) and Miller (25)
had previously defined the temperature range favorable for spore germination as between
15 and 33C at RH=95%. They reported that about 37C was a lethal temperature for
germinating spores. Alderman and Beute (3) reported the termination of germ tube
elongation after 8 hr of dry (30-40% RH) conditions when germinating spores were exposed
to a cyclic dry-wet regime. Jewell (18) confirmed the correlation between the weather-
dependent infection index of Jensen and Boyle (17) and early leafspot incidence, but found
a stronger correlation of disease incidence with cumulative hours of RH=95% (18).
Research by the aforementioned authors has provided information for a better

understanding of conditions conducive for germination and infection.
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The objectives of this research were as follows: 1) to improve the 81-ADV by
developing a new advisory program, referred to hereafter as the 1989 advisory model (89-
ADYV), that reflects specific growth responses of the pathogen to weather conditions in the
Virginia peanut production area; 2) to evaluate and compare the 81-ADV and the 89-ADV
models in replicated field trials along with the 14-day spray program and; 3) to assess the
utility of advisory models under simulated environments reconstructed from historical

weather data from southeast Virginia.

MATERIALS AND METHODS

The 89-ADV was developed after review of research on specific growth responses
of C. arachidicola to meteorological conditions (2, 3, 4, 18, 25, 27, 39). The computer
program developed for the model included two modules that gave complementary
information on sporulation, and germination, lethal conditions and infection. Conditions
conducive for spore germination and germ tube elongation as well as conditions lethal to
germinating spores were assigned weighted values for each hour of occurrence. The
weighted values, called time-duration values (TDV), were accumulated and used to
determine the critical times when fungicide applications were needed.

Conditions for sporulation, germination and infection. The first module used time-
duration values to predict the occurrence of environmental conditions conducive for
sporulation (TDVs). Temperatures between 16 and 32C with RH>90% were considered
conducive for sporulation (3). A cumulative TDVs of 10 per day over a three day running

average was defined as the threshold for initiating sporulation (Table 1). Following the first
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Table 1. Time-duration values (TDV) assigned to each hour of specific meteorological
conditions for sporulation, germination, infection and lethal conditions.

Condition Meteorological Time-duration value (TDV)?
or Class Parameters TDVs TDVg TDVi TDVic
A RH > 90%
Temp. 1 0 0 0
>16<32 C
B RH = 95%
Temp.
>28<32C 1 1 1 0
>25<28 C 1 2 1 0
=16<25C 1 3 1 0
C RH < 40% 0 0 0 1
Temp.= 37 C 0 0 0 1
D All other 0 0 0 0
conditions
Threshold TDV® 10 48 96 5-8°

*TDV is the value assigned to each hour of specific conditions (TDVs=sporulation,
TDVg=germination, TDVi=infection and TDVic=lethal conditions).

® Threshold values reflect the estimated cumulative TDV for completion of a specific event.

¢ Lethal conditions occurred after five consecutive hours of ambient temperature = 37C or
eight hours of RH=<40%.
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occurrence of these conditions, spores of the pathogen were presumed to be present for the
remainder of the cropping season.

The second module accumulated time-duration values for germination (TDVg),
infection (TDVi) and lethal conditions (TDVic). Each hour of conditions with RH=95%
and temperatures of 16<X=<25C, 25<X=<28C and 28<X=32C were assigned values of 3,
2 and 1, respectively. These ranges in temperatures were previously defined (3) to favor
high, moderate and low percentages of germination after 48 hr of RH=95%. TDVi
accounted for the total hours of conditions conducive for infection with RH=95% and
temperatures between 16 and 32C. This factor was a primary determinant for timing of
fungicide applications after the occurrence of sporulation. TDVic reflected the cumulative
hours of conditions which could be lethal to germinating spores. Conditions at
temperatures greater than 37C for five consecutive hours or conditions with RH=<40% for
eight consecutive hours were considered lethal to the germinating spores. In the absence
of lethal conditions, germination of spores was assumed to occur after a cumulative TDVi
of 48. Germ tube elongation, stomatal tropism and initial penetration were assumed to
occur after reaching the cumulative TDVi of 72. Infection was assumed to occur after a
cumulative TDVi of 96, and the cumulative TDVi of 120 was assumed to be a post infection
phase when initial symptoms might be visible (Table 2).

Thresholds for spray advisory. Cumulative TDVi levels of 48, 72, 96 and 120 were
the advisory thresholds for fungicide application in versions 1 through 4 of the 89-ADV
program, respectively. The spray thresholds were believed to coincide with stages in
pathogenesis when spores were germinating, when germinated spores start to show stomatal

tropism and penetration, when infection has occurred, and just prior to the appearance of
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Table 2. Advisory thresholds for fungicide application as defined in the
89-ADYV program.

Advisory Advisory Stages of
Program threshold” pathogenesis”
Ver. 1 TDVi = 48 Germination
Ver. 2 TDVi = 72 Stomatal tropism /
penetration
Ver. 3 TDVi = 96 Infection
Ver. 4 TDVi = 120 Colonization

* Thresholds for fungicide application.
** Predicted stage of pathogenesis at various advisory thresholds.

Model development
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initial symptoms of disease or the colonization phase. Versions of the 89-ADV program
were tested in the field by applying fungicide as close as possible to the spray thresholds,
and then evaluating the efficiency of disease control. At a specified spray threshold, the
program also indicated the level of disease pressure based on the weighted values of TDVg.
This information was anticipated as being useful for judging the type of spray response
necessary for achieving an acceptable level of disease control. Disease pressure levels of
low, moderate and high were assigned to cumulative TDVyg levels =48, 296 and =144 for
version 1 of the 89-ADV program, respectively. Based on disease pressure, the class of
fungicide required and the urgency for application can be determined. Disease pressure
levels in versions 2, 3 and 4 of the 89-ADV program were determined in a similar manner
(Table 3).

Agro-Environmental Monitoring System (AEMS). The Agro-Environmental
Monitoring System (AEMS), a network of computers and electronic meteorological sensors
in remote locations, was used to collect temperature and relative humidity data for this
research (37). The central computer was located at the Tidewater Agricultural Experiment
Station in Suffolk. Daily operation and maintenance was funded by the Virginia
Cooperative Extension Service, the Virginia Agricultural Experiment Station, USDA-ARS,
and the Virginia Peanut Growers Association. AEMS data-gathering units were at three
locations in the peanut production area and named according to the community nearest the
station (Capron, Holland and Waverly). It has been estimated that about 85% of the total
peanut acreage in Virginia falls within a 15-mile radius of these stations. Meteorological

parameters were recorded every 10 min, 24 hr a day, and transmitted daily to the AEMS
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Table 3. Disease pressure indices for the various advisory thresholds of the 89-

ADYV program.
Advisory threshold Disease Pressure index®
1 2 3

TDVi=48 =48° =96 =144
(Ver. 1)

TDVi=T72 272 =144 2216
(Ver. 2)

TDVi=96 =96 >192 =288
(Ver. 3)

TDVi=120 =120 >240 =360
(Ver. 4)

* Disease pressure indices (1=low, 2=moderate and 3=high) provide an
estimate of disease pressure levels at specific TDVi threshold.

® The cumulative TDVg at each advisory threshold was used as an indicator for
the type of spray response. Increasing values in the disease pressure index
indicate decreasing tolerance for delays in fungicide application.

Model development
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central computer where data were processed according to the various advisory models.
Daily advisories from the three stations were updated and reviewed each day at 4 pm.

Logic of the advisory program. The advisory program utilized ambient temperature
and relative humidity data generated by AEMS. At the start of each growing season, data
sets were checked for conditions conducive for sporulation. The TDVs was assigned and
values were accumulated at each occurrence of conditions conducive for sporulation. The
program continued to loop for data until the initial occurrence of conditions conducive for
sporulation. Thereafter, spores were presumed to be present during the remainder of the
growing season.

After the initial occurrence of conditions conducive for sporulation, the second
module of the program began to check for conditions conducive for germination and
infection. Both TDVg and TDVi data were accumulated each day and evaluated. The
program looped for more data until a specified advisory threshold for fungicide application
was reached. The program also checked data for conditions defined as lethal to germinating
spores. TDVg and TDVi were reset to zero whenever lethal conditions occurred. At a
specified advisory threshold, an advisory to apply fungicide was issued, and an estimate of
disease pressure was provided on the basis of TDVg (Table 3). The cumulative TDV’s for
germination and infection were reverted to zero at the time of fungicide application. TDVg
and TDVi were reset to zero for the 10-day period after fungicide application. This period
corresponds to about the foliar half life of the fungicide chlorothalonil, the most commonly
used fungicide for control of early leafspot and other foliar diseases. Conditions during the

residual period were assumed to be unfavorable for spore germination and infection. The
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program began collecting TDVg and TDVi data following the end of the 10-day residual
period.

Data acquisition. In 1987 and 1988, an IBM personal computer equipped with a
modem was used to retrieve data from AEMS and process the advisory. Weather data from
AEMS were retrieved from the central computer using BitCom Communications Program®
(BIT Software, Inc., Milpitas, CA). In 1989, the 89-ADV program was installed to the
AEMS central computer, and replaced the 81-ADV program as the on-line peanut leafspot
advisory for growers in southeast Virginia. The program developed daily advisories for
Suffolk, Capron and Waverly in an unattended mode from June 10 to September 30. Each
day, the 89-ADV program computed the sum of TDV’s from the present or day, to day,
when the cumulative TDVi reached the designated advisory threshold. Day, , was adjusted
for the 10-day residual period in cases after the initial application of fungicides. In these
instances, the calendar date of day, 0, was reported by the advisory program as the "last
effective spray date". Version 1 of the 89-ADV program with a spray threshold of
TDVi=48 was issued to commercial growers in 1989 and 1990. The decision to spray
fungicide was based on whether the last fungicide spray was applied prior to the reported
"last effective spray date". Peanuts sprayed before the date were considered to be
vulnerable to infection, and application of a fungicide was recommended (33). If a
fungicide spray had been applied since the last effective spray date specified in the advisory,
then no treatment was needed for crop protection.

Field Evaluation. Florigiant peanut was planted in a Kenansville loamy sand with
a history of corn-peanut rotations at the Tidewater Agricultural Experiment Station,

VPI&SU, Suffolk, Virginia. Cultural practices recommended by the Virginia Cooperative
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