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ABSTRACT 

 

Peanut (Arachis hypogaea L.) is susceptible to numerous soilborne pathogens in 

the High Plains of West Texas including Botrytis cinerea Pers.:Fr., Pythium spp., 

Rhizoctonia solani Kühn AG-4, Sclerotinia minor Jagger and Sclerotinia sclerotiorum 

(Lib.) de Bary, Sclerotium rolfsii Sacc., and Verticillium dahliae Kleb. Because these 

pathogens may cause similar symptoms in peanut fields, accurate diagnosis is important 

for proper management to mitigate damages and losses caused by these pathogens. 

Fungicides are the primary management option for this region, and current application 

regimes are based on models developed in the Southeastern United States. This region 

has an arid climate and peanut development is generally later than in other areas of the 

United States. These factors impact initial fungicide application timing and may affect 

efficacy. The objectives of this research were to i) develop a disease diagnostic guide for 

peanut producers of this region, ii) evaluate fungicide application timing for pod rot and 

iii) quantify the residual activity of fungicides used in the management of pod rot of 

peanut. Large plot fungicide trials were conducted in the growing seasons of 2010 and 

2011 to study the effects of delaying initial applications of fungicides, azoxystrobin, 

mefenoxam, and flutolanil on disease development. Initial applications were made 68 or 

82 days after planting (DAP) with subsequent applications using a banded spray 

application. In 2010, the percentage of pods affected and percent damaged kernels were 

reduced by early applications of mefenoxam and azoxystrobin. The flutolanil treatment in 

2010 showed the greatest improvement in yield compared to the control. The 2011 trial 

was greatly affected by drought, and no appreciable differences were seen for any of the 
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parameters evaluated. In 2011, a fungicide bioassay was conducted to determine the 

residual activity of the fungicides azoxystrobin and flutolanil + propiconazole on the 

foliage and pods of the peanut cultivars GA09B and McCloud. Broadcast applications of 

both fungicides were made three times in the growing season using a backpack sprayer 

system. Plants were destructively sampled prior to fungicide application and 1, 3, 5, 7, 

14, 21 and 28 days after application.  A detached leaflet assay was completed using 

Sclerotium rolfsii as a quantitative measure. Fungicides did not show significant 

differences between one another, with both fungicides reducing activity of S. rolfsii as 

compared to the non-treated control. The residual activity of azoxystrobin and flutolanil + 

propiconazole ranged from 7 to 28 days.  Additional testing is required to obtain a more 

accurate determination of residual activity of these fungicides. Despite poor 

environmental conditions for 2011, the studies conducted show that application timing 

may differ from current recommendations. Further study is needed to improve current 

fungicide application regimes and improve the management of soilborne disease in this 

region. 

 

 

 

 

INDEX WORDS: Arachis hypogaea, Botrytis cinerea, Pythium spp., Rhizoctonia solani, 

Sclerotinia minor, Sclerotinia sclerotiorum, Sclerotium rolfsii, Verticillium dahliae, 

fungicide application timing 



Texas Tech University, Lindsey Thiessen, May 2012 

xi 

 

LIST OF TABLES 

 

2.1 Fungicides for the control of soilborne pathogens of peanut that are labeled  

for use in Texas ..................................................................................................... 37 

3.1 Various rates, fungicides, and application timings evaluated in 2010 and  

2011 trials ............................................................................................................. 69 

3.2 Analysis for the variance of replication, treatment, and year of large plot fungicide 

trials conducted in 2010 and 2011 on peanuts in Gaines County, TX .................. 70 

3.3 Effect of initial fungicide application timing on peanut pod rot in the Southern  

High Plains of Texas in 2010  ............................................................................... 71 

3.4 Effect of initial fungicide application timing on peanut pod rot in the Southern  

High Plains of Texas in 2011 ................................................................................ 72 

A.1 Isolate identification and colony morphology of Botrytis cinerea isolates used  

in temperature trials ............................................................................................ 109 

A.2 Analysis of variance for replication, trial, temperature and isolate observed  

during Botrytis cinerea temperature characterization trials  ............................... 110 

A.2 Effect of temperature on area under mycelial growth curves (AUMGC) for 30 

Botrytis cinerea isolates (trial 1) ......................................................................... 111 

A.3 Effect of temperature on area under mycelial growth curves (AUMGC) for 30 

Botrytis cinerea isolates (trial 2) ......................................................................... 112 

A.4 Effect of temperature on area under mycelial growth curves (AUMGC) for 30 

Botrytis cinerea isolates (trial 3) ......................................................................... 113 



Texas Tech University, Lindsey Thiessen, May 2012 

xii 

 

A.5 Effect of temperature on sclerotia production for 30 Botrytis cinerea isolates  

(trial 1) ................................................................................................................ 114 

A.6 Effect of temperature on sclerotia production for 30 Botrytis cinerea isolates  

(trial 2) ................................................................................................................ 115 

A.7 Effect of temperature on sclerotia production for 30 Botrytis cinerea isolates  

(trial 3) ................................................................................................................ 116 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Lindsey Thiessen, May 2012 

xiii 

 

LIST OF FIGURES 

 

2.1 Morphological characteristics of (A) Sclerotinia minor, (B and C) Sclerotinia 

sclerotiorum, and (D) Botrytis cinerea in culture ................................................. 38 

2.2 Culture of Sclerotium rolfsii on potato dextrose agar ................................................. 39 

2.3 White mycelial growth of Sclerotium rolfsii on crown of peanut plant with  

sclerotia formation on infected host tissue............................................................ 40 

2.4 Sclerotium rolfsii affecting the pods of a peanut plant causing pod decay  ................ 41 

2.5 Pythium sp. in culture on potato dextrose agar ........................................................... 42 

2.6 Culture of Rhizoctonia solani on potato dextrose agar ............................................... 43 

2.7 Pod rot of peanut caused by Pythium sp. .................................................................... 44 

2.8 Peanut pod affected by Pythium sp. cauing soil to adhere to water-soaked  

lesion ..................................................................................................................... 45 

2.9 Rhizoctonia solani infected pods ................................................................................ 46 

2.10 Diseased peanut kernels ............................................................................................ 47 

2.11 Hyphae of Botrytis cinerea producing conidia at the ends of conidiophores ........... 48 

2.12 Culture of Botrytis cinerea  on potato dextrose agar ................................................ 49 

2.13 Botrytis cinerea affecting peanut at the base of the host plant ................................. 50 

2.14 Sclerotinia blight affected peanuts in the field ......................................................... 51 

2.15 Peanut plants affected by Botrytis cinerea (top stem) and Sclerotinia  

sclerotiorum (bottom stem)................................................................................... 52 



Texas Tech University, Lindsey Thiessen, May 2012 

xiv 

 

2.16 White mycelium growth of Sclerotinia minor on peanut plant stems at the  

soil line .................................................................................................................. 53 

2.17 Large, black sclerotia formed on the peanut tissue affected by Sclerotinia 

sclerotiorum .......................................................................................................... 54 

2.18 Patches of wilted plants affected by Verticillium dahliae ........................................ 55 

2.19 Chlorosis and necrosis of the peanut leaves beginning from the margin  

of the leaf and continuing inward ......................................................................... 56 

2.20 Discoloration of the vascular tissue of the peanut host plant infected by  

Verticillium dahliae .............................................................................................. 57 

2.21 Discoloration of the vascular tissue of the petioles caused by  

Verticillium dahliae .............................................................................................. 58 

4.1 Sclerotium rolfsii lesion lengths on leaflets in cm from the upper canopy  

of GA09B (1
st
 Spray Date) ................................................................................... 84 

4.2 Sclerotium rolfsii lesion lengths on leaflets in cm from the upper canopy  

of GA09B (2
nd

 Spray Date)................................................................................... 85 

4.3 Sclerotium rolfsii lesion lengths on leaflets in cm from the upper canopy of  

GA09B (3
rd

 Spray Date) ....................................................................................... 86 

4.4 Sclerotium rolfsii lesion lengths on leaflets in cm from the lower canopy of 

GA09B (1
st
 Spray Date) ........................................................................................ 87 

4.5 Sclerotium rolfsii lesion lengths on leaflets in cm from the lower canopy of  

GA09B (2
nd

 Spray Date) ....................................................................................... 88 



Texas Tech University, Lindsey Thiessen, May 2012 

xv 

 

4.6 Sclerotium rolfsii lesion lengths on leaflets in cm from the lower canopy of  

GA09B (3
rd

 Spray Date) ....................................................................................... 89 

4.7 Sclerotium rolfsii lesion lengths on leaflets in cm from the upper canopy of  

McCloud (1
st
 Spray Date) ..................................................................................... 90 

4.8 Sclerotium rolfsii lesion lengths on leaflets in cm from the upper canopy of  

McCloud (2
nd

 Spray Date) .................................................................................... 91 

4.9 Sclerotium rolfsii lesion lengths on leaflets in cm from the upper canopy of  

McCloud (3
rd

 Spray Date) ..................................................................................... 92 

4.10 Sclerotium rolfsii lesion lengths on leaflets in cm from the lower canopy of 

McCloud (1
st
 Spray Date) ..................................................................................... 93 

4.11 Sclerotium rolfsii lesion lengths on leaflets in cm from the lower canopy of 

McCloud (2
nd

 Spray Date) .................................................................................... 94 

4.12 Sclerotium rolfsii lesion lengths on leaflets in cm from the lower canopy of 

McCloud (3
rd

 Spray Date) ..................................................................................... 95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Lindsey Thiessen, May 2012 

1 

 

CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

 

1.1 PEANUT PRODUCTION 

Peanut (Arachis hypogaea L.) is an important food and oilseed crop worldwide. 

Peanut plants are approximately 15-60 cm tall, and produce pinnate leaves with two 

opposing pairs of leaflets 2-5 cm long (Porter, 1997). The plant produces yellow flowers 

that form on non-vegetative branches, and wither within 5 to 6 hours after opening 

(Smith, 1950). Following pollination the flower produces a peg, at the apex of which pod 

production occurs.  The mature pod is an indehiscent legume that may contain 1-5 seeds 

(Smith, 1950).  

Arachis spp. are native to South America, originating in central Brazil, and sixty-

nine species have been discovered (Coffelt and Simpson, 1997).  Arachis  hypogaea is 

cultivated worldwide, and the United States is the world’s third largest producer. Peanut 

production in the United States is concentrated in the southeast and portions of the 

southwest. Recent reports show that Texas is the second largest peanut producing state in 

the United States, producing nearly 400 million pounds in 2010, with the peanut industry 

alone being valued at more than $1 billion in the state (Texas Peanut Producers Board, 

2011).  

In the Southern High Plains region of Texas, diseases pose a major threat for the 

production of peanuts each year, and prevention of disease in peanut is a major concern 

for producers. Diseases caused by soilborne pathogens especially pose a threat to peanut 

production due to the similarity of symptoms, which leads to problems in diagnosis. In 
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addition to direct losses, the management of soilborne diseases results in increased input 

costs.  

1.2 SOILBORNE PATHOGENS OF PEANUT 

Peanut is susceptible to losses incited by soilborne pathogens due to their close 

association of the pods with the soil. Soilborne diseases are especially complicated to 

manage due to the difficulty of dispersing fungicides through the peanut canopy to the 

soil. Several soilborne pathogens that affect peanut are important to the Southern High 

Plains, including Botrytis cinerea, Pythium spp., Rhizoctonia solani, Sclerotinia minor  

and Sclerotinia sclerotiorum, Sclerotium rolfsii, and Verticillium dahliae. 

1.2.1 Botrytis cinerea 

Botrytis blight, also known as gray mold, of peanut occurs only sporadically as 

conducive conditions are often not present during the growing season.  Under favorable 

conditions, the causal organism, Botrytis cinerea Pers.:Fr., colonizes the plant quickly, 

which may cause the wilt and death of plant tissue or the entire plant. All parts of the 

peanut plant are susceptible to this fungus, especially when in contact with the soil. Plants 

are particularly susceptible when injured by frost damage or other pathogens. 

Botrytis cinerea produces conidia (9-12 x 6.5-10 µm) that are ellipsoid to ovoid 

and single-celled (Porter, 1997).  These conidia are produced abundantly and cause the 

lesions to appear gray and moldy.  The fungus overwinters as large sclerotia, which are 

typically dark-brown to black and irregularly shaped.  The fungus prefers temperatures 

below 20° C and high humid conditions for colonization (Porter, 1997).  
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1.2.2 Pythium spp. 

Several Pythium spp. have been found associated with diseased peanuts. In a 

survey by Wheeler et al. (2005), approximately 40% of fields in West Texas were found 

to contain Pythium spp., primarily P. myriotylum, P. irregulare, and P. ultimum, which 

are capable of causing damage to the kernels as well as causing significant yield loss. 

Pythium spp. may also cause damping off, vascular wilt, and root rot of peanut. Yield 

losses caused by Pythium pod rot are difficult to accurately determine due to the lack of 

aboveground symptoms, but losses as high as 80% have been reported (Beute, 1997). Pod 

rot caused by Pythium spp. may also cause the junction of the peg and pod to become 

weakened, which may result in substantial loss at harvest (Lewis and Filonow, 1990). 

Pythium spp. are oomycetes, also known as water molds, with motile zoospores 

capable of chemotaxis in films of water. Upon reaching a host, the zoospores germinate, 

producing hyaline, coenocytic hyphae that cause infection of plant tissue.  Pythium spp. 

are characterized by white, fluffy mycelium that produces asexual reproductive 

structures, sporangia.  Sporangia may germinate by producing a germ tube or zoospores. 

During the sexual cycle, oospores are created by the mating of the oogonium and 

antheridium, and produce a germ tube that is capable of penetrating new tissue (Beute, 

1997). Oospores also serve as the primary survival structures for Pythium spp. 

In pre-emergence or post-emergence damping off, the roots rapidly decay and the 

top of the plant collapses.  Peanut plants exhibiting root rot are generally stunted and may 

overcome the disease under favorable growing conditions (Beute, 1997). Pythium pod rot 

is characterized by browning and water-soaking of the pods followed by a brown to black 
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appearance in the final stages of rot.  The pegs may also begin to decay, and at harvest, 

blackened remains of pegs are all that is left at harvest (Wells and Phipps, 1997). 

Symptoms of Pythium pod rot are most severe when there are frequent rains or excessive 

irrigation during pod development allowing for the ability of zoospores to move through 

water. 

1.2.3 Rhizoctonia solani 

Seed decay, damping-off, root rot, limb rot, and pod rot may all be caused by 

Rhizoctonia solani. When conditions are unfavorable for seedling development, diseases 

caused by R. solani may become serious and reduce yields. Rhizoctonia solani is a 

ubiquitous fungus with a wide host range that may be difficult to differentiate from other 

seed decaying pathogens, making the management of R. solani diseases difficult. 

Assessing the losses caused by R. solani is also difficult to ascertain because pod rot may 

be caused by various soilborne pathogens and displays no above ground symptoms. 

Rhizoctonia solani Kühn (anamorph) is a Deuteromycete that does not produce 

asexual spores; the teleomorph, Thanatephorus cucumeris, is a Basidiomycete. The 

hyphae of R. solani are pigmented and septate, and display 90° hyphal branching. The 

fungus also produces non-differentiated sclerotia that survive on plant debris. Rhizoctonia 

solani is capable of surviving saprophytically on a wide host range, including rotated 

crops and various weed species (Brenneman, 1997). Host tissue may be infected by 

germinating sclerotia or hyphae in the soil or on plant debris.  Hyphae penetrate new 

tissue through appressoria or through wounds and natural openings of the plant. Various 
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anastamosis groups (AG) of Rhizoctonia spp. occur; however, AG-4 is the most common 

cause of limb rot and pod rot in peanut (Brenneman et al., 1994). 

Rhizoctonia solani may infect pods at any stage of development, and may cause 

seed decay prior to emergence.  On emerged seedlings, dark, sunken lesions just below 

the soil line become present and under favorable disease conditions, the fungus will cause 

plant death. Rhizoctonia limb rot is characterized by dark brown target-patterned lesions 

on stems and lower branches in contact with the soil line (Brenneman, 1997; Damicone 

and Melouk, 2009). Rhizoctonia pod rot is differentiated by a dry, brown or russet-

colored rotted pod, as opposed to the dark, greasy-appearing lesions as characterized by 

Pythium spp.  Peanut seed may become infected and will harbor the fungus after drying 

and storing (Wells and Phipps, 1997).   

1.2.4 Sclerotinia minor and Sclerotinia sclerotiorum 

Sclerotinia blight is caused by Sclerotinia minor Jagger, and on rare occasions 

may be caused by Sclerotinia sclerotiorum (Lib.) de Bary (Porter and Melouk, 1997; 

Woodward et al. 2006; Woodward et al. 2008). Yield losses caused by Sclerotinia blight 

are commonly 10%, but may often exceed 50% in severe cases (Porter and Melouk, 

1997; Butzler, 1998). 

Sclerotinia minor and S. sclerotiorum are ascomycetes that produce white aerial 

mycelia and black, irregularly-shaped sclerotia.  The sclerotia of S. minor are often small 

and abundantly produced, where the sclerotia of S. sclerotiorum are large and less 

abundant, which may be easily confused with the sclerotia produced by B. cinerea. The 

apothecia produced by S. minor are rarely seen during the growing season, and are 
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produced more readily by S. sclerotiorum in other crops. One sclerotium may give rise to 

one or several apothecia that are pale orange to white (Porter and Melouk, 1997).  The 

ascospores produced in the asci range from 8-17 x 5-7 µm (Porter and Melouk, 1997).  

Sclerotinia minor overwinters as sclerotia, and under favorable environmental 

conditions, the sclerotia germinate myceliogenically.  Plant tissue in contact with soil 

infested with S. minor becomes infected.  Infected plants rapidly wilt and show chlorotic, 

water-soaked lesions near the soil line. As the disease progresses white fluffy mycelium 

develops on the surface of affected tissue. The fungus eventually causes branches to 

become chlorotic then turn dark brown. The branches begin to have a shredded 

appearance due to oxalic acid produced by S. minor. As infected tissue degrades, sclerotia 

are produced and shed into the soil, where they overwinter until optimum conditions exist 

to germinate myceliogenically or carpogenically. 

1.2.5 Sclerotium rolfsii 

Southern blight, also known as white mold, southern stem rot, and Sclerotium rot, 

is caused by the fungus Sclerotium rolfsii Sacc.  The fungus is ubiquitous and has a wide 

host range (Backman and Brenneman, 1997; Shew, 1987; Punja, 1985). This disease is 

found in all major peanut-growing areas of the world (Backman and Brenneman, 1997), 

but is  most common in the southern United States, where high temperatures support the 

growth of the fungus (Punja, 1985).  In extreme cases the disease may cause up to 80% 

yield loss; however, losses less than 25% are more typical (Backman and Brenneman, 

1997). 
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Sclerotium rolfsii does not produce conidia and is a Deuteromycete, in the group 

‘Mycelia Sterilia’. Although a sexual stage of S. rolfsii, Athelia rolfsii (Cruz) Tu & 

Kimbrough, has been identified, it is rarely seen in either the field or under laboratory 

conditions and does not appear to play a role in the disease cycle (Backman and 

Brenneman, 1997; Mullin, 2001). Sclerotium rolfsii has a host range of more than 200 

plant species, and may colonize living or dead plant tissue. The fungus is characterized 

by white mycelium, and round, brown sclerotia, which range from 0.5-2 mm in diameter 

(Punja, 1985).  The mycelium of S. rolfsii survives best in sandy soils, whereas, the 

sclerotia survive best in moist, aerobic conditions found at the soil surface (Punja, 1985).   

Initial symptoms of Southern blight include a yellowing and wilting of the main 

stem, the lateral branches, or entire plant. White mycelium may be observed at the base 

of the plant near the soil line. Under favorable conditions, warm temperatures and high 

humidity, during the growing season, the mycelia rapidly spread to other branches and 

peanut plants.  These sclerotia are spherical and are initially white, but later become light 

brown to dark brown in color and serve as the initial inoculum (Backman and 

Brenneman, 1997). Temperature fluctuations, fungal isolate, and nutrient availability may 

affect sclerotial formation size and shape (Punja, 1985). 

If the pathogen infects the pods, the pods exhibit a brown rot with a water-soaked 

and mashed appearance (Punja, 1985). This may occur with the plant displaying no 

above-ground symptoms. Often, when infected pods are removed from the ground, the 

mycelium covered pods show soil adhering to the fungal hyphae. 
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1.2.6 Verticillium dahliae 

Verticillium wilt of peanut is caused by Verticillium dahliae Kleb. Verticillium 

dahliae is capable of surviving in the soil for long periods of time as microsclerotia. This 

makes management through crop rotation difficult in the Southern High Plains, because 

the other crops (primarily cotton, Gossypium hirsutum L.) rotated in this region are also 

susceptible to infection by V. dahliae. Yield losses may become severe in heavily 

infested fields.   

Verticillium dahliae grows most abundantly at 32°C and forms microsclerotia 

(50-200 µm) as overwintering structures (Melouk and Damicone, 2009). The fungus 

produces white fluffy mycelium, and conidia (3 x 6.5 µm) that are hyaline and single-

cellular (Melouk and Damicone, 2009). These conidia may be borne singly or in clusters.    

As a monocyclic disease, the density of initial inoculum in the soil may determine 

the severity of the disease in the field (Ashworth et al., 1979). Microsclerotia develop on 

plant debris and are capable of surviving environmental stresses for extended periods of 

time, often for several years. Dormant microsclerotia germinate when stimulated by root 

exudates.  The fungus enters the roots of the host plant and expands through the vascular 

system of the plant. Conidia produced on conidiophores may quickly spread through the 

xylem and systemically infect the host plant. Infection of the vascular system causes 

marginal leaf chlorosis and necrosis as well as loss of turgidity of the plant. Wilting, 

defoliation, and general yellowing of the plants may also be observed in affected plants. 

Internally, vascular discoloration occurs in the roots and petioles of the leaves.  
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1.3 CULTURAL MANAGEMENT PRACTICES 

Management of soilborne pathogens of peanut is most effective when cultural 

practices are utilized in concert with chemical control methods. Many cultural practices 

focus on reducing soil inoculum that come into contact with the host plant. Deep tillage 

will often reduce soil inoculum by burying the pathogen within the soil to impose 

anaerobic conditions (Punja, 1985); however, due to the environmental conditions, this 

region utilizes conservation tillage practices, and deep tillage may not be an option for 

many growers. Utilizing cultivation methods that do not pitch soil onto the crowns of 

peanut plants reduces disease by limiting the contact of soil inoculum with the plant 

(Punja, 1985). Also, cultivation methods that limit injury to peanut plants will limit 

access of pathogens to the plants through wounds in the plant tissue. Using clean seed 

treated with preventative chemical treatments will reduce the introduction of new 

inoculum to the field. In addition to limiting soil inoculum contact, factors such as host 

resistance, irrigation regimes, crop rotation, and soil fertility may also affect disease 

incidence. 

1.3.1 Host resistance 

Utilizing host resistance plays an important role in disease management, because 

of the ongoing loss of chemical use due to pathogen resistance and government 

restrictions placed on various agronomic chemicals. Host resistance is also the least 

expensive, safest, and most effective method to manage plant disease. 

Until recently, host resistance to Sclerotium rolfsii was unavailable, however; 

tolerance to S. rolfsii may aid in management in conjunction with other control methods 
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(Punja, 1985). Peanut plants with upright growth habits or with compact or open canopies 

show less disease than those with a more humid microclimate or more leaves in contact 

with the soil (Shew, 1987). Cultivars such as Southern Runner and Georgia Browne show 

less disease than Florunner (Backman and Brenneman, 1997). Several partially resistant 

cultivars are available such as UF-MDR-98, C-99R, Georgia-07W, Georgia-03L, 

Georgia-02C, DP-1, and AP-3 (Gorbet and Shokes, 2002a,b; Branch and Brenneman, 

2009; Branch, 2003; Brenneman et al., 2005; Gorbet et al., 2004). 

 Pod rot control through host resistance may be effective, but is dependent on the 

identification of the causal agent. Spanish cultivars, especially Toalson, may provide 

resistance to both Pythium spp. and R. solani (Beute, 1997; Brenneman, 1997). Partial 

resistance to R. solani has also been identified in the runner peanut Georgia Browne. 

Resistance to Sclerotinia blight has been shown in the varieties Virginia 81B, Virginia 

93B, Tamspan-90, and Southwest Runner (Porter and Melouk, 1997), and more recently 

Tamrun OL07 (Baring et al., 2006).  

Currently, limited information is available for resistance of peanut to Verticillium 

wilt. In a recent study, the commercial standard, Flavorrunner 458, performed well in 

fields with a history of Verticillium wilt (Woodward et al., 2011a). Employing 

phenological suppression may also be a viable option when selecting peanut cultivars due 

to the lack of resistance against various pathogens (Shew, 1987). Planting cultivars with 

an upright growth habit may limit contact of the canopy with the soil, reducing disease 

incidence (Backman and Brenneman, 1997).  
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1.3.2 Irrigation 

Maintaining adequate moisture without overwatering peanuts may limit disease 

incidence by various soilborne pathogens; however, drastic reductions in irrigation can 

limit yield potential. The dense canopy produced by peanut imposes a microclimate with 

increased humidity that may influence disease incidence. Because Pythium spp. produce 

motile zoospores that travel in water, over-watering and flooding should be avoided.  

1.3.3 Crop rotation 

Crop rotation is a deliberate order of crops planted in the same field over several 

seasons. In the West Texas region of the Southern High Plains, peanut is rotated with 

cotton (Gossypium hirsutum L.). Several benefits exist from crop rotations, including 

limiting the buildup of fungal inoculum, weed control, and promoting good soil fertility 

(Peters et al., 2003; Liebman and Dyck, 1993). 

Unfortunately, cotton and peanut share many pathogens, such as V. dahliae, 

Pythium spp., and R. solani. Rotating peanut with grass species such as corn, grain 

sorghum, or other pasture grasses may reduce both R. solani (Brenneman, 1997; Baird et 

al., 1995) and S. rolfsii (Backman and Brenneman, 1997). Verticillium dahliae has an 

extended longevity in the soil as microsclerotia, and their levels are not dramatically 

affected by short term crop rotations. Crop rotation has been shown to reduce the 

inoculum density of Pythium spp., but have little effect on disease incidence (Beute, 

1997).  
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1.3.4 Soil fertility 

Soil fertility refers to the nutrient availability in a soil, and the fertility of a soil 

may be affected by crop rotations, soil pH, and soil moisture levels.  Improving soil 

fertility may directly affect pathogens, improve plant health by limiting its susceptibility, 

or increase antagonistic microbial growth. Soil nutrients such as nitrogen and calcium 

may also influence the incidence and severity of infections caused by soilborne fungi. 

Nitrogen availability is incredibly important for plant health. Nitrogen 

applications, as ammonium, may directly inhibit the germination and limit the mycelial 

growth of S. rolfsii (Punja, 1985).  Nitrogen amendments with nitrogenous compounds or 

plant residues may also lead to the fortification of antagonistic microbes, such as 

Trichoderma spp., Gliocladium spp., and Penicillium spp. (Porter and Melouk, 1997), or 

may cause death of sclerotia (Punja, 1985). While nitrogen may improve plant health, an 

overabundance of nitrogen may cause an increase in disease, such as Rhizoctonia pod rot 

or Verticillium wilt. Increases in Rhizoctonia pod rot may be due to the stimulatory effect 

of nitrogen on R. solani. This may be due to increased root volume that increases the 

contact with soilborne pathogens (Punja, 1985). 

Calcium levels may also affect disease incidence by improving cell wall 

composition, making them more resistant to pathogen penetration (Agrios, 2005). Under 

low disease pressure by S. rolfsii, increased calcium levels in peanut tissue may limit 

disease development (Punja, 1985).  Calcium also may be used in the prevention of pod 

rot disease caused by Pythium spp. and R. solani (Beute, 1997; Brenneman, 1997; Walker 

and Csinos, 1980). Calcium amendments have been shown to lessen disease incidence 
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and severity (Csinos et al., 1984); however, the West Texas region of the SHP continues 

to see pod rot incidence despite high calcium levels in the soil, which may be attributed 

to the inoculum potential of soil or calcium retention potential in soils (Filonow and 

Jackson, 1989).  

1.4 CHEMICAL MANAGEMENT OF SOILBORNE DISEASES 

1.4.1 Fungicides 

For the management of soilborne fungal pathogens, a combined management 

strategy utilizing both cultural management practices and chemical control practices is 

important. Protectant fungicide applications prior to infection and curative fungicide 

applications just after infections occur are effective in reducing losses. Many fungicides 

have broad spectrum activity and are capable of control of various fungal classes. The 

strobilurins, which are beta-methoxy acrylic acid derivatives, have broad-spectrum 

activity and show activity against various foliar and soilborne pathogens. (Bartlett et al, 

2002). Strobilurins, such as azoxystrobin, inhibit electron transport by binding to the QoI 

site of Cytochrome b (Bartlett et al., 2002).  Triazole fungicides, such as propiconazole 

and tebuconazole, also have a broad spectrum of activity that inhibits sterol 

demethylation (Baird et al., 1991; Brenneman et al., 1994).  Phenylamides, such as 

metalaxyl, inhibit nucleic acid synthesis by affecting RNA synthesis via RNA 

polymerase I (Fungicide Resistance Action Committee, 2007). The fungicide flutolanil 

prevents respiration by inhibiting succinate dehydrogenase synthesis (Fungicide 

Resistance Action Committee, 2007). Aromatic hydrocarbon fungicides, such as 

pentachloronitrobenze (PCNB), cause lipid peroxidation, which leads to the loss of 



Texas Tech University, Lindsey Thiessen, May 2012 

14 

 

integrity of the cell membrane (Shim et al., 1998). Fluazinam, a pyridinamine fungicide, 

is broad spectrum fungicide with multi-site activity that inhibits the respiration of fungi 

(Syngenta, 2012).  

Peanut producers have various fungicides to choose from to manage peanut 

diseases.  Multi-action protectant fungicides, such as chlorothalonil, are effective against 

foliar diseases, but are ineffective against most all soilborne pathogens (Porter, 1997). 

Broad spectrum fungicides also alleviate losses to disease, and control a wide range of 

pathogens. Tebuconazole is a broad spectrum, systemic fungicide that may be used to 

manage soilborne Basidiomycetes such as R. solani and S. rolfsii (Backman and 

Brenneman, 1997; Brenneman, 1997; Baird et al., 1991; Brenneman et al., 1994). 

Azoxystrobin, another broad spectrum fungicide may also be used to control soilborne 

Basidiomycetes, and has limited activity on Pythium spp. (Grichar et al., 2000). 

Flutolanil, a systemic, curative fungicide, is used to control basidiomycetes such as S. 

rolfsii and R. solani, and is especially effective at controlling mycelia growth and 

infection cushion formation (Csinos, 1987; Grichar, 1995). Boscalid is another fungicide 

that has activity against leaf spot, Sclerotinia blight, and southern blight in peanut (BASF, 

2012). Metalaxyl and mefenoxam may provide control over oomycetes, such as Pythium 

spp. (Filnow and Jackson, 1989; Lewis and Filnow, 1990). Iprodione inhibits the 

germination of spores and limits the fungal growth of B. cinerea and S. minor and S. 

sclerotiorum (Langston et al. 2002). Fluazinam has also been used to manage the 

Sclerotinia blight in peanut (Butzler et al. 1998). 
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While fungicides are a great tool for peanut growers for the management of 

diseases, some diseases show no response to fungicides in the field. In a recent study by 

Woodward et al. (2011b), metam sodium and chloropicrin were tested for efficacy 

against V. dahliae microsclerotia. The chloropicrin had no effect on the microsclerotia 

density. The metam sodium reduced V. dahliae inoculum density; however, this reduction 

was not below the economic threshold and may serve as a preventative fungicide in fields 

with low inoculum densities (Woodward et al., 2011b).  

1.4.2 Fungicide timing 

Current spray regimes are targeted to reduce yield losses. Optimizing initial 

fungicide application timing is important in reducing yield losses to disease as well as 

minimize the costs of utilizing fungicides. In general, fungicide regimes and initial 

fungicide applications are based on the Southern blight disease model in the southeastern 

United States, and initial applications are typically 60 days after planting (DAP). 

Following the initial application, subsequent applications targeting soilborne pathogens 

are made between 90 and 120 DAP (Langston et al., 2002; Rideout et al., 2008).   

The residual activity of fungicides also affects disease development. In a study by 

Csinos (1987), the residual activity of flutolanil at pegging or pod development provided 

greater disease control than applications at planting. Azoxystrobin and tebuconazole also 

display activity against R. solani (Grichar et al., 2000). The number of applications 

applied may impact the disease development caused by soilborne pathogens. In a study 

by Bowen et al. (1997), the number of spray applications was evaluated, and four 

applications in the growing season provided the greatest control. Economic constraints, 
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however, may limit the timing and number of applications of azoxystrobin or 

tebuconazole a grower may apply (Grichar et al., 2000; Bowen et al., 1997). 

Producers in the Southern High Plains make fewer applications of fungicides than 

those in the southeastern United States. Applying fungicides too early may force 

producers to add a third application at the end of the growing season. Delaying initial 

applications of fungicides may provide peanuts with greater protection at the end of the 

growing season, but may not provide protection from infection early in the season. 

Peanuts in the Southern High Plains develop later than those grown in southeast portion 

of the U.S., and a reevaluation of fungicide application timing is necessary. 

1.5 RESEARCH OBJECTIVES 

The management of soilborne diseases of peanut is best achieved with an 

integrated system that includes both cultural practices as well as fungicide applications. 

Pod rot of peanut is an economically important soilborne disease in the Southern High 

Plains of Texas, and proper management of this disease is especially important.  The 

objectives of this study were to (i) provide growers with a proper identification tool and 

management of various soilborne pathogens of peanut in the region, (ii) evaluate 

fungicide application timing for the management of pod rot of peanut, and (iii) quantify 

the residual activity of pod rot fungicides on foliage under field conditions. 
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CHAPTER II 

DIAGNOSTIC GUIDE TO DISEASES OF PEANUT CAUSED BY 

SOILBORNE PATHOGENS IN TEXAS 

2.1 INTRODUCTION 

Peanut (Arachis hypogaea L.) is an economically important food and oilseed crop 

worldwide. Arachis spp. originated in central Brazil, and have been cultivated in Africa, 

China, India, and Japan for nearly four centuries (Smith, 1950). The United States is the 

world’s third largest producing country, with the majority of production occurring in 

Georgia and Texas. According to the Texas Peanut Producers’ Board (2011), Texas 

produced nearly 400 million pounds of peanuts in 2010, and the industry in Texas is 

worth about $1 billion.  

Disease is a major limiting factor for peanut production in this region, especially 

by soilborne pathogens such as Sclerotium rolfsii, Pythium spp., Rhizoctonia solani, 

Botrytis cinerea, Sclerotinia sclerotiorum and Sclerotinia minor, and Verticillium 

dahliae. Peanut is particularly susceptible to losses caused by soilborne pathogens 

because the pods develop within the soil. Various cultural management practices limit 

damages caused by soilborne pathogens, but do not provide complete control of disease 

effects. Management through the use of fungicides is difficult because not all soilborne 

fungal pathogens are susceptible to fungicides that are currently available and the 

dispersal of fungicides through the peanut canopy to the soil is especially challenging. 
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2.2 SOUTHERN BLIGHT 

Southern blight of peanut, also known as white mold, southern stem rot, and 

Sclerotium rot, is found in all peanut-growing areas of the world, and is an economically 

important disease in the southern portion of the United States (Backman and Brenneman, 

1997). While this disease typically does not cause yield losses greater than 25%, in some 

instances southern blight may cause up to 80% yield loss (Backman and Brenneman, 

1997).  

Southern blight affects the crown of the peanut plant as well as the limbs in close 

proximity to the soil line. The causal agent for southern blight, S. rolfsii, may also affect 

the pods of the peanut plant. S. rolfsii has a host range of more than 200 plant species, 

and may colonize living or dead plant tissue. 

2.2.1 Host range 

More than 500 plant species including apple, peanut, potato, tomato, as well as 

numerous woody ornamentals and herbaceous annuals (Mullen, 2001). 

2.2.2 Causal agent 

Southern blight is caused by Sclerotium rolfsii Sacc., a ubiquitous fungus that is 

capable of infecting numerous hosts (Backman and Brenneman, 1997; Shew, 1987; 

Punja, 1985). S. rolfsii has similar cultural characteristics to that of Sclerotinia minor, 

Sclerotinia sclerotiorum, and Botrytis cinerea, which may cause confusion in the field 

diagnosis of southern blight (Fig. 2.1). 

Sclerotium rolfsii does not produce conidia and is a Deuteromycete, in the group 

‘Mycelia Sterilia’. S. rolfsii is characterized by white mycelium, and round, brown 
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sclerotia, which range from 0.5-2 mm in diameter (Fig. 2.2) (Punja, 1985). Although a 

sexual stage of S. rolfsii, Athelia rolfsii (Cruz) Tu & Kimbrough, has been identified, it is 

rarely observed in either field or laboratory conditions; the sexual stage does not appear 

to play a role in disease development (Backman and Brenneman, 1997; Mullin, 2001).  

2.2.3 Symptoms and signs 

Initial symptoms of Southern blight include yellowing and wilting of the main 

stem, the lateral branches, or entire plant beginning with the portions of the plant in close 

proximity to the soil, where white mycelium may be observed. Under favorable 

conditions, warm temperatures and high humidity during the growing season, the mycelia 

rapidly spread to other branches and peanut plants (Fig. 2.3). As disease progresses, 

sclerotia develop on affected tissue. The sclerotia are spherical and initially are white, but 

later become light brown to dark brown in color (Backman and Brenneman, 1997). 

Temperature fluctuations, fungal isolate, and nutrient availability may affect sclerotial 

formation size and shape (Punja, 1985). 

When S. rolfsii affects the pods, the pods exhibit a brown rot with a water-soaked 

and mashed appearance (Fig. 2.4) (Punja, 1985). This may occur with the plant 

displaying no above-ground symptoms. Often, when infected pods are removed from the 

ground, the mycelium covered pods show soil adhering to the fungal hyphae. 

2.2.4 Management 

The management of Southern blight is focused on limiting losses through cultural 

and chemical methods. Altering cultural methods may help mitigate losses caused by 

southern blight without dramatically increasing input costs. Utilizing cultivation methods 
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that do not pitch soil onto the crowns of peanut plants reduces disease by limiting the 

contact of soil inoculum with the plant (Punja, 1985). Also, limiting injury to plants will 

limit access of the pathogen through wounds in the plant tissue. Using resistant or 

partially resistant peanut cultivars limit damage caused by S. rolfsii. Several partially 

resistant cultivars such as UF-MDR-98, C-99R, Georgia-07W, Georgia-03L, Georgia-

02C, DP-1, and AP-3 (Gorbet and Shokes, 2002a,b; Branch and Brenneman, 2009; 

Branch, 2003; Brenneman et al., 2005; Gorbet et al., 2004). Crop rotations with grass 

species such as corn, grain sorghum, or other pasture grasses may also reduce Sclerotium 

rolfsii incidence (Backman and Brenneman, 1997).  

Managing Southern blight with fungicides may also reduce losses caused by the 

disease. Applications of tebuconazole (Backman and Brenneman, 1997; Brenneman, 

1997; Baird et al., 1991; Brenneman et al., 1994), azoxystrobin (Grichar et al., 2000), 

flutolanil (Csinos, 1987; Grichar, 1995), and boscalid (BASF, 2012) may all reduce 

losses caused by S. rolfsii (Table 2.1).  

2.3 POD ROT 

Pod rot is caused by several fungi including Pythium spp. and Rhizoctonia solani. In a 

survey by Wheeler et al. (2005), approximately 40% of fields in West Texas contain 

Pythium spp., primarily Pythium myriotylum, P. irregulare, and P. ultimum, and 35% of 

fields contain Rhizoctonia solani, which are capable of causing damage to the kernels as 

well as causing significant yield loss. Yield losses caused by pod rot are difficult to 

accurately determine due to the lack of aboveground symptoms, but may be between 0-

80% losses (Beute, 1997).  
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2.3.1 Host range 

Rhizoctonia solani is capable of surviving saprophytically on a wide host range, 

including rotated crops and various weed species (Brenneman, 1997). Pythium spp. also 

have a wide host range (Beute, 1997) and are capable of infecting cotton (Gossypium 

hirsutum), which is often rotated with peanut in West Texas. 

2.3.2 Causal agents 

 The primary causal agents of pod rot in West Texas are Pythium spp. and 

Rhizoctonia solani Kühn. Pythium spp. are oomycetes, also known as water molds, and 

Rhizoctonia solani is a basidiomycete fungus. The motile zoospores of Pythium spp. 

germinate upon reaching the host and produce hyaline, coenocytic hyphae that infect 

peanut tissue. R. solani does not produce spores, but mycelia and sclerotia germinate to 

infect peanut tissue.  

Pythium spp. are characterized by white, fluffy mycelium (Fig. 2.5) that produces 

asexual reproductive structures, sporangia. Oospores (12-37 µm in diameter) are the 

primary survival structures for Pythium (Beute, 1997).  

The hyphae of R. solani are pigmented (Fig. 2.6) and septate, and produce 90° 

branches. Various anastamosis groups (AG) of Rhizoctonia spp. occur, and the most 

commonly isolated is Rhizoctonia AG-4, which causes limb rot and pod rot in peanuts 

(Brenneman et al., 1994; Brenneman, 1997). 

2.3.3 Symptoms and signs 

The pod rots caused by Pythium spp. and Rhizoctonia solani have similar 

symptoms on peanut, but have small differences that are important for diagnosis. Pythium 
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pod rot is characterized by browning and water-soaking of the pods followed by a brown 

to black appearance in the final stages of rot (Fig. 2.7 and 2.8).  The pegs may also begin 

to decay, and at harvest, blackened remains of pegs are all that is left at harvest (Wells 

and Phipps, 1997). Symptoms of Pythium pod rot are most severe when there are 

frequent rains or heavy watering during pod development due to the motile spore 

motivation through water. 

Rhizoctonia pod rot is differentiated by a dry, brown or russet-colored rotted pod 

(Fig. 2.9), as opposed to the dark, greasy-appearing lesions as characterized by Pythium 

spp.  Pods may appear skeletonized, and mycelia may be seen within the pod. Peanut 

seed may become infected and will harbor the fungus after drying and storing (Fig. 2.10) 

(Wells and Phipps, 1997).   

2.3.4 Management 

 The management of pod rot is most effective through an integrated management 

system combining cultural and chemical practices. Using host resistance may limit 

damage caused by Pythium spp. or R. solani. Spanish cultivars, especially Toalson, may 

provide resistance to both Pythium spp. and R. solani (Beute, 1997; Brenneman, 1997). 

Partial resistance has also been identified in the runner peanut Georgia Browne to R. 

solani, and Tamrun OL07 (Baring et al., 2006) has also been shown to have some 

resistance to pod rot. Crop rotations with non-host crops such as corn, grain sorghum, or 

other pasture grasses may reduce both Rhizoctonia solani (Brenneman, 1997; Baird et al., 

1995). The motile zoospores of Pythium spp. travel in water, so over-watering and 

flooding should be avoided. Calcium also may be used in the prevention of pod rot 
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disease caused by Pythium spp. and Rhizoctonia solani (Beute, 1997; Brenneman, 1997; 

Walker and Csinos, 1980).  Calcium levels may also affect disease incidence by 

improving cell wall composition, making them more resistant to pathogen penetration 

(Agrios, 2005).  

Chemicals like Tebuconazole (Backman and Brenneman, 1997; Brenneman, 

1997; Baird et al., 1991; Brenneman et al., 1994), azoxystrobin (Grichar et al., 2000), 

flutolanil (Csinos, 1987) have activity on R. solani (Table 2.1).  Metalaxyl and 

mefenoxam (Filonow and Jackson, 1989; Lewis and Filonow, 1990) have activity on 

Pythium spp (Table 2.1). Azoxystrobin also has limited activity on Pythium spp. (Grichar 

et al., 2000). 

2.4 BOTRYTIS BLIGHT 

 Botrytis blight of peanut is caused by Botrytis cinerea Pers.:Fr. and may cause the 

wilt and death of plant tissue or the entire plant. Gray mold or botrytis blight of peanut 

occurs sporadically when cool (15 to 20° C), humid conditions are present. Injury from 

frost damage or other pathogens causes plants to be particularly susceptible to botrytis 

blight. 

2.4.1 Host range 

Botrytis cinerea has a wide host range including various fruit and vegetable crops 

like peanut, tomato, grape, and strawberry as well as several ornamentals. 

2.4.2 Causal agent 

Botrytis cinerea produces conidia (9-12 x 6.5-10 µm) that are ellipsoid to ovoid and 

single-celled (Fig. 2.11) (Porter, 1997).  These conidia are produced abundantly and 
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cause the lesions to appear gray and moldy (Fig. 2.12).  The fungus overwinters as large 

sclerotia, which are typically dark-brown to black and irregularly shaped (Fig. 2.12).  The 

fungus requires temperatures below 20° C and high humid conditions for colonization by 

B. cinerea (Porter, 1997). 

2.4.3 Symptoms and signs 

Botrytis cinerea lesions appear on peanut limbs that have damage from frost or 

mechanical injury. Lesions are water-soaked, and numerous gray spores may be seen 

causing the lesions to have a fuzzy appearance (Fig. 2.13) (Porter, 1997).The fungus 

overwinters as large sclerotia, which are typically dark-brown to black and irregularly 

shaped, which form on diseased tissue. 

2.4.4 Management 

 Avoiding frost damage and mechanical damage to peanut plants will limit 

damages caused by botrytis blight. Using early-maturing cultivars may also limit the frost 

damage (Porter, 1997). Iprodione inhibits the germination of spores and limits the fungal 

growth of Botrytis cinerea (Langston et al. 2002), and may also reduce damage caused by 

botrytis blight (Table 2.1). 

2.5 SCLEROTINIA BLIGHT 

Sclerotinia blight (Fig. 2.14) is most commonly caused by Sclerotinia minor 

Jagger, but may sometimes be caused by Sclerotinia sclerotiorum (Lib.) de Bary (Porter 

and Melouk, 1997; Wadsworth, 1979; Smith et al., 1992). The symptoms and signs of 

sclerotinia blight may be confused with those produced by Botrytis cinerea (Fig. 2.15). 

Large losses of peanut pods at harvest may be attributed to lesions on the plant 
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weakening the host (Smith et al., 1992). Yield losses typically are around 10%, but may 

exceed 50% in severe cases of Sclerotinia blight (Porter and Melouk, 1997).  

2.5.1 Host range  

Sclerotinia minor and S. sclerotiorum have wide host ranges including soybean, 

sunflower, tomato, peanut, and various other economically important crops (Melzer, 

1997). 

2.5.2 Causal agents 

Sclerotinia minor produces white aerial mycelia and black, irregularly-shaped 

sclerotia (Fig. 2.1A). The fruiting structures, apothecia, are rarely seen during the peanut 

growing season, but are more readily apparent in other crops. Apothecia are pale orange 

to white, and the ascospores produced range from 8-17 x 5-7 µm (Porter and Melouk, 

1997). S. minor overwinters as sclerotia, and under favorable environmental conditions, 

the sclerotia germinate myceliogenically and infect new host tissue.  

Sclerotinia sclerotiorum produces white aerial mycelia similarly to that of S. 

minor (Wadsworth, 1979). Apothecia may also be produced in the field by S. 

sclerotiorum, and a single sclerotium may produce up to 18 apothecia (Wadsworth, 

1979). The asci produced by S. sclerotiorum are similar to that of S. minor. The sclerotia 

produced by S. sclerotiorum are similar to those produced by S. minor, but are larger than 

those produced by S. minor (Fig. 2.1B and 2.1C) (Wadsworth, 1979). 

2.5.3 Symptoms and signs 

Plant tissue in contact with S. minor or S. sclerotiorum infested soil may become 

infected by the pathogen mycelogenically. The infected plants rapidly wilt and show 
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chlorotic, water-soaked lesions near the soil line (Wadsworth, 1979; Smith et al., 1992; 

Porter and Melouk, 1997). As the disease progresses white, aerial mycelium develops on 

the surface of affected tissue (Fig. 2.16). The fungus eventually causes branches to 

become chlorotic then turn dark brown and die. When the infected tissue dies, sclerotia 

develop and overwinter in the soil (Fig. 2.17) (Porter and Melouk, 1997).  

2.5.4 Management 

Sclerotinia blight is best managed through host resistance and fungicide 

applications. Resistance has been observed in Virginia 81B, Virginia 93B, Tamspan-90, 

and Southwest Runner cultivars (Porter and Melouk, 1997), and more recently Tamrun 

OL07 (Baring et al., 2006). Fungicides like iprodione (Langston et al. 2002) and 

fluazinam (Butzler et al. 1998; Smith et al., 1992) may also reduce losses caused by 

Sclerotinia blight (Table 2.1). 

2.6 VERTICILLIUM WILT 

Verticillium wilt of peanut (Fig. 2.18) is caused by Verticillium dahliae Kleb., and 

is capable of surviving in soil for extended periods of time. Management of this disease is 

difficult because there are no chemical controls available and the persistence of the 

pathogen makes crop rotation a less than viable option. Losses caused by V. dahliae may 

become severe in fields that are heavily infested and rotated with other susceptible crops, 

such as cotton.  

2.6.1 Host range 

Verticillium dahliae has a wide host range including cotton, peanut, tomato, and 

various other woody and herbaceous dicots. 
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2.6.2 Causal agent 

Verticillium dahliae Kleb. grows most abundantly at 32°C, and forms 

microsclerotia (50-200 µm) on infected tissue as overwintering structures (Melouk and 

Damicone, 1997). The fungus produces white fluffy mycelium, and conidia (3x6.5 µm) 

that are hyaline and single-cellular (Melouk and Damicone, 1997). These conidia may be 

borne singly or in clusters.     

Verticillium wilt is a monocyclic disease, with microsclerotia serving as the 

primary inoculum. The microsclerotia are capable of surviving for several years in the 

soil, and the microsclerotia then in the presence of root exudates will germinate and 

infect host tissue (Melouk and Damicone, 1997). V. dahliae enters the plant through the 

roots and expands throughout the vascular system, which causes the characteristic wilt 

symptoms.   

2.6.3 Symptoms and signs 

Verticillium wilt is characterized by a wilting of the leaves from the bottom most 

portion of the plant upward. Marginal leaf chlorosis and necrosis may be observed, and 

the plants appear wilted as the vascular system is colonized (Fig. 2.19). Wilting, 

defoliation, and general yellowing of the plants may also be observed in affected plants. 

When a cross section of the plant stem, roots or petioles is taken, the vascular tissue 

appears blackened and discolored where the fungus has colonized (Fig. 2.20 and 2.21).  

2.6.4 Management 

Management of V. dahliae is primarily achieved through cultural practices. 

Cultivars like Flavorrunner 458 perform well in fields with a history of Verticillium wilt 
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(Woodward et al., 2011). Adequate plant nutrition to improve plant health may also limit 

losses caused by V. dahliae. While applications of nutrients like nitrogen may improve 

plant health, too much nitrogen may cause an increase in disease due to the increased root 

area in contact with soilborne pathogens (Punja, 1985). In fields infested with V. dahliae, 

supporting plants with adequate moisture may alleviate wilt symptoms (Melouk and 

Damicone, 1997). 
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Table 2.1. Fungicides for the control of soilborne pathogens of peanut that 

are labeled for use in Texas
x 

Fungicide (active 

ingredient) 
Formulation 

Southern 

blight 

Sclerotinia 

blight 

Pythium, 

seedling, 

pod rot 

Rhizoctonia, 

seed, 

seedling 

pod, peg, 
limb rot 

Botrytis 

blight 

Azoxystrobin Abound F Cy  C, S C  

Boscalid Endura S C   C 

Fluazinam Omega 500  C   C 

Flutolanil 
Moncut 70 

DF 
C   C  

Flutolanil + 

propiconazole 
Artisan C   C  

Iprodione 
Rovral, 4F, 

75WG 
 C   C 

Mefenoxam 

Ridomil 

Gold EC, 

GR, SL 

  C   

Prothioconazole+ 

tebuconazole 
Provost C   C  

Pyraclostrobin Headline C S  C  

Tebuconazole 

Folicur 

3.6F; Orius 

3.6F 

C   C  

Thiophanate-

methyl 
numerous    C  

Trifloxystrobin + 

propicoazole 
Stratego    C  

x 
Fungicide application rates and timing is based on label recommendations and scouting 

of fields for disease incidence. Several fungicides are also labeled for foliar fungi control.  
y
 C = Control, S = Suppression (Texas Cooperative Extension, 2006).
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Figure 2.1. Morphological characteristics of (A) Sclerotinia minor, (B and C) 

Sclerotinia sclerotiorum, and (D) Botrytis cinerea in culture. (Fig. 1C courtesy of T. 

B. Brenneman, University of Georgia) 
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Figure 2.2. Culture of Sclerotium rolfsii on potato dextrose agar. S. 

rolfsii produces white aerial mycelium with round, brown sclerotia.
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Figure 2.3. White mycelial growth of Sclerotium roflsii on 

crown of peanut plant with sclerotia formation on infected host 

tissue.  
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Figure 2.4. Sclerotium rolfsii affecting the pods of a peanut 

plant, causing pod decay. (Photo courtesy of R. C. Kemerait, Jr., 

University of Georgia) 
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Figure 2.5. Pythium sp. in culture on potato dextrose agar; 

characterized by white, fluffy mycelium. 
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Figure 2.6. Culture of Rhizoctonia solani on potato dextrose 

agar, which is characterized by pigmented hyphae, and the 

production of sclerotia.  



Texas Tech University, Lindsey Thiessen, May 2012 

44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7. Pod rot of peanut caused by Pythium sp., 

which causes a black, water-soaked appearance of the 

peanut hull. (Photo courtesy of T. A. Wheeler, Texas 

AgriLife Research) 
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Figure 2.8. Peanut pod affected by Pythium sp. causing soil to adhere to water-

soaked lesion. 
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Figure 2.9. Rhizoctonia solani infected pods, which cause a dry, russet-brown 

rot.  
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Figure 2.10. Diseased peanut kernels; damaged kernels may lead to 

substantial deductions in peanut yield.  
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Figure 2.11. Hyphae of Botrytis cinerea producing conidia at the ends of 

conidiophores. 
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Figure 2.12. Culture of Botrytis cinerea on potato 

dextrose agar; spore production causes gray 

appearance, and sclerotia appear black and 

irregularly shaped.  
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Figure 2.13. Botrytis cinerea affecting peanut at the base of the host plant. 

(Photo courtesy of J. E. Woodward) 
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Figure 2.14. Sclerotinia blight affected peanuts in the field. Sclerotinia minor 

and S. sclerotiorum may cause circular patches of diseased plants throughout 

the field.  
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Figure 2.15. Peanut plants affected by Botrytis cinerea (top stem) and 

Sclerotinia sclerotiorum (bottom stem). Both pathogens may produce similar 

symptoms in the field, which may complicate diagnosis. (Photo courtesy of J. 

E. Woodward) 
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Figure 2.16. White mycelial growth of Sclerotinia minor on peanut plant stems 

at the soil line.  
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Figure 2.17. Large, black sclerotia formed on peanut tissue affected by 

Sclerotinia sclerotiorum. 
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Figure 2.18. Patches of wilted plants affected by Verticillium dahliae.  
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Figure 2.19. Chlorosis and necrosis of the peanut leaves beginning from the 

margin of the leaf and continuing inward caused by Verticillium dahliae 

infecting the vascular tissue of the plant. 
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Figure 2.20. Discoloration of the vascular tissue of the peanut host plant 

infected by Verticillium dahliae.  
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Figure 2.21. Discoloration of the vascular tissue of the petioles caused by 

Verticillium dahliae. 
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CHAPTER III 

FUNGICIDE SELECTION AND TIMING FOR MANAGEMENT OF 

PEANUT POD ROT 

3.1 ABSTRACT 

 Pod rot of peanut is an economically important disease in the Southern High 

Plains of Texas, and is caused by Rhizoctonia solani Kühn AG-4 and several Pythium 

spp. A large plot fungicide trial was conducted in the growing seasons of 2010 and 2011 

to study the effects of delaying initial applications of fungicides, azoxystrobin, 

mefenoxam, and flutolanil, on disease development. Initial applications were made 68 or 

82 days after planting (DAP) with subsequent applications using a banded spray 

application. In 2010, the percentage of pods affected and percent damaged kernels were 

reduced by early applications of mefenoxam and azoxystrobin. The flutolanil treatment in 

2010 showed the greatest improvement in yield compared to the control. The 2011 trial 

was greatly affected by drought, and no appreciable differences were seen for any of the 

parameters evaluated.  

3.2 INTRODUCTION 

Peanut (Arachis hypogaea L.) is an economically important crop in Texas, and 

soilborne pathogens are a limiting factor for production. The pod rot complex is the most 

important disease in the Southern High Plains of Texas and may cause significant yield 

losses (Beute, 1997; Brenneman, 1997). The pod rot complex of peanut is comprised of 

several fungal pathogens, including Rhizoctonia solani Kühn AG-4 and several Pythium 

spp. In a recent survey, Wheeler et al. (2005) found R. solani present in approximately 
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35% of fields in this region, and Pythium spp., were found in approximately 40% of 

fields. Pythium myriotylum, P. irregulare, and P. ultimum, were found to be the most 

prevalent species associated with diseased pods (Wheeler et al. 2005). A similar survey 

conducted in North Carolina found that Pythium spp., primarily P. irregulare, and 

Rhizoctonia spp. were the most commonly isolated pod rot fungi in all 11 major peanut 

producing counties (Hollowell et al., 1998).  

Pod rot not only affects the hulls of peanuts, but may also infect the kernels, 

which lowers the crop value (Wells and Phipps, 1997). Yield losses caused by R. solani 

and Pythium spp. are difficult to determine due to the variety of fungal pathogens that 

cause pod rot.  Management of pod rot through resistant peanut cultivars is important for 

management. In general, Virginia types appear to be more susceptible, whereas Spanish 

peanuts tend to be more resistant (Shew, 1987). The Spanish cultivar Toalson may 

provide resistance to both Pythium spp. and R. solani (Beute, 1997; Brenneman, 1997). 

Partial resistance to R. solani has also been identified in the runner cultivar Georgia 

Browne (Brenneman, 1997).  Although some resistance has been identified, there is 

limited information of cultivar reaction. 

Fungicides are the primary management method for pod rot peanut in the 

Southern High Plains of Texas. Various fungicide chemistries are used for pod rot 

management. Azoxystrobin, a strobilurin fungicide, and mefenoxam, a phenylamide 

fungicide, are the most widely used in the region (Woodward et al., 2007).  Strobilurin 

fungicides target the QoI site of Cytochrome b and inhibit electron transport (Bartlett et 

al., 2002). Azoxystrobin has activity against basidiomycetes such as R. solani and has 
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limited activity against Pythium spp. (Grichar et al., 2000). Phenylamides, such as 

mefenoxam, inhibit RNA synthesis, and mefenoxam only has activity against oomycetes 

such as Pythium spp. (Filonow and Jackson, 1989; Lewis and Filonow, 1990). Flutolanil 

is also used as a foliar spray targeting basidiomycete fungi such as R. solani by affecting 

infection cushion formation and mycelial growth (Csinos, 1987; Araki, 1985).  

The initial application of these products is based on the Sclerotium rolfsii model 

utilized in the Southeastern United States. Initial applications of fungicides are 

recommended to be placed at 60 days after planting (DAP) with subsequent applications 

at 90 and 120 DAP if needed (Langston et al., 2002; Rideout et al., 2008). Peanut plants 

in the Southern High Plains of Texas display a different rate of development than those in 

Southeast United States (Woodward, unpublished data), which may affect the onset of 

disease. Growers in the West Texas region spray fungicides twice during the growing 

season, thus delaying initial applications may decrease losses caused by pod rot. The 

objective of this study was to evaluate fungicide programs with varying initial application 

timings.  

3.3 MATERIALS AND METHODS 

3.3.1 Fungicide timing 

Large plot fungicide trials were conducted in Gaines County, Texas in 2010 and 

2011 in fields with a history of pod rot. Plots were four rows wide by 304.8 meters, 

approximately 0.1 hectares. The runner cultivar Flavorrunner 458 was used in 2010 and 

the Virginia cultivar Gregory was used in 2011.  
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Three fungicides were evaluated: azoxystrobin (Abound 2.08F, Syngenta Crop 

Protection, Greensboro, NC), mefenoxam (Ridomil Gold 4F, Syngenta Crop Protection, 

Greensboro, NC), and flutolanil (Convoy 3.8F, Nichino America, Inc., Wilmington, DE). 

A non-treated control was used for comparison of fungicide applications. The first 

treatment follows the industry standard of two applications of azoxystrobin (1.79 L/ha) at 

68 and 98 DAP. The second treatment was the maximum input treatment consisting of 

mefenoxam (0.58 L/ha) at 68 DAP, and azoxystrobin (1.79 L/ha) at 98 and 128 DAP. A 

R. solani treatment, flutolanil (2.33 L/ha) was applied at 68 and 98 DAP. A complete list 

of fungicide programs evaluated can be found in Table 3.1. Treatments were arranged in 

a randomized complete block design with four replications. Initial applications of 

fungicides were made at 68 or delayed until 82 days after planting (DAP) with 

subsequent applications made 30 days thereafter. Fungicide applications were applied in 

a banded application via spider sprayer (Lee Inc, Idalou, TX).   

3.3.2 Data collection and analysis 

Pod rot incidence was determined during the growing season by estimating the 

proportion of pods exhibiting symptoms within 25 arbitrarily chosen regions of 

approximately 0.9 to 1.5 meters and examining the number of affected plants. Pod yields 

were determined by weighing harvested plots in drying trailers with load cells. Grade 

data were obtained using Federal Inspection Service Guidelines (USDA-AMS, 2003) by 

determining the percentage sound mature kernels plus sound splits (SMK+SS) of 250 g 

sub-samples. The percentage of damaged kernels was used to compare treatments. 
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Pod rot, yield, grade, and damaged kernels data were analyzed using Proc GLM 

(Statistical Analysis System, version 9.2, Cary, NC) and Fisher’s protected least 

significant differences were calculated for the separation of means. Subsequent 

references to significant differences among means are at the P ≤ 0.05 level, unless 

otherwise specified.  

3.4 RESULTS AND DISCUSSION 

 Year was significant for all parameters observed, so the two years are analyzed 

separately (Table 3.2). Differences in environmental conditions may have contributed to 

the trends observed between the two years. The precipitation in 2010 was 15.3 inches, 

and 3.5 inches for 2011 with no precipitation between April and September (West Texas 

Mesonet, 2012). The average temperature 2010 was 23.6° C (National Weather Service, 

2011) and the average temperature in 2011 was 25.4° C (National Weather Service, 

2012). 

3.4.1 Pod rot 

All applications of fungicides reduced pod rot incidence compared to the non-

treated control in 2010 (Table 3.3). In 2010, a trend in percent pod rot (LSD = 2.5; p ≥ 

0.0109) was observed where early applications (68 DAP) of fungicides reduced pod rot, 

and later applications of fungicides led to pod rot similar to that of the control (Table 

3.3). Treatments with early applications of azoxystrobin and mefenoxam showed the 

greatest reduction of pod rot compared to the control (3.4 - 3.7 % pod rot compared to 7.5 

% pod rot) (Table 3.3). 2011 did not show a trend in pod rot percentage (LSD = 1.4; p ≥ 

0.1237) (Table 3.2). Differences not shared between years may be attributed to the harsh 
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environmental conditions of 2011, which may have reduced disease pressure. While early 

applications of fungicides reduced pod rot incidence compared to the control, delayed 

applications of fungicides may have led to higher percentages of pod rot due to the 

interception of fungicides with the increased canopy density later in the season. Delayed 

mefenoxam applications may have been less effective than earlier applications due to the 

high affinity of mefenoxam to the foliage.  

3.4.2 Yield 

In 2010, fungicide treatments improved yields (LSD = 435; p ≥ 0.0485); the 

control yielded 4454 kg/ha and treated plots yielded 4548 to 5224 kg/ha (Table 3.3). 

Similarly to the pod rot results, treatments with early applications of mefenoxam and 

azoxystrobin provided a significant increase in yield (4790 – 4854 kg/ha) (Table 3.3). In 

the 2010 trial, the flutolanil treatment provided the largest yield (5224 kg/ha) compared 

to the control (4454 kg/ha) (Table 3.3). Differences in yield between treatments in 2010 

may be the result of treatments with fungicides reducing disease. 2011 showed no 

appreciable differences in yield for any treatment (5094 – 5324 kg/ha) (Table 3.4). The 

similarities in yield between treatments in 2011 may be attributed to the limited 

precipitation and decreased disease pressure. 

3.4.3 Grade and damaged kernels 

The grade percentages for 2010 showed no significant differences from the 

control. The control graded 70.2% and the treatments ranged from 74.2 to 75.8% (Table 

3.3), and despite no significant differences, treatments tended to have higher grades than 

the control. In 2011, a difference was observed in grade percentages (LSD = 1.7; p ≥ 
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0.0005). The control grade percentage was 68.2% and the treatments ranged from 64.7 to 

68.1% (Table 3.4). The threshold for losses due to damaged kernels was reached in 2010 

by the control at 2.5% damaged kernels (Table 3.3). All treatments in 2010 reduced 

damaged kernels (LSD = 1.4; p ≥ 0.0896). Early applications of azoxystrobin and 

mefenoxam reduced damaged kernels compared to the control in 2010, with damaged 

kernels ranging from 0.6 to 0.8% for those treatments (Table 3.3). No appreciable 

differences in damaged kernels were observed in 2011. The control had 2.1% damaged 

kernels, and the treated plots had from 0.6 to 2.3% damaged kernels (Table 3.4).  

3.5 CONCLUSIONS 

Pod rot pathogens are ubiquitous organisms with a broad host range; furthermore, 

they are necrotrophs are capable of surviving saprophytically on organic matter. Most all 

peanut tissues are susceptible to infection throughout any point in the growing season 

(Brenneman, 1997). Information on peanut resistance to pod rot is limited, and in this 

region peanut is rotated with cotton, which is also a susceptible host to R. solani and 

Pythium spp. Fungicides are widely used to manage diseases caused by soilborne 

pathogens (Baird et al., 1991; Bowen et al., 1997; Brenneman, 1997; Csinos, 1987; 

Filonow and Jackson, 1989; Grichar et al., 2000; Rideout et al., 2008), and are the 

primary management method for pod rot in West Texas.  

In this trial, fungicide treatments reduced damage to pods and kernels caused by 

pod rot pathogens. Early applications of azoxystrobin and mefenoxam showed the 

greatest reduction in pod rot percentage and damaged kernels. Despite pod set in this 
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region not occurring after 82 DAP, early applications at 68 DAP provided better control 

of pod rot in peanuts in this region than later applications beginning at 82 DAP.  

Because environmental conditions were drastically different from 2010 to 2011, 

trends were not consistent between the two years. Further studies are necessary to better 

identify when applications should be initiated to manage losses due to pod rot. 

Identifying the ideal application timing of fungicides for this region may better protect 

plants from pod rot without increasing the number of fungicide applications needed and 

increasing the profitability of the crop. 
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Table 3.1. Various rates, fungicides, and 

application timings evaluated in the 2010 

and 2011 trials on peanut
a 

Treatment
b Rate 

(L/ha) 

Timing 

(DAP) 

Control ----- ----- 

Azoxystrobin 1.79 82 & 112 

Mefenoxam 

Azoxystrobin 

0.58 

1.79 

68 

98 & 128 

Mefenoxam 

Azoxystrobin 

0.58 

1.79 

68 

98 

Mefenoxam 

Azoxystrobin 

1.17 

1.79 

68 

98 

Azoxystrobin 

Mefenoxam 

1.79 

1.17 

68 

98 

Azoxystrobin 

Mefenoxam 

1.79 

1.17 

82 

112 

Mefenoxam 

Azoxystrobin 

1.17 

1.79 

82 

112 

Flutolanil 2.33 68 & 98 

   
a
 Peanuts were planted at April 20, 2010 and April 

21, 2011. 
b 

Treatments were consistent among the two years 

and two cultivars used in these trials. Fungicides 

were applied using a banded spray technique using 

Tee Jet 8010 nozzles on a spider sprayer (Lee Inc, 

Idalou, TX). 
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Table 3.2. Analysis for the variance of replicate, treatment, and year of large plot 

fungicide trials conducted in 2010 and 2011 on peanuts in Gaines County, TX
x 

 

Pod rot incidence 

(%) 

Pod yield  

(kg/ha) 

TSMK+SSy  

(%) 

Diseased kernels  

(%) 

Source 

F-

Value Pr>F 

F-

Value Pr>F 

F-

Value Pr>F 

F-

Value Pr>F 

Rep 1.88 0.1474 24.34 <0.0001 0.16 0.8498 1.19 0.3169 

Treatment (T) 3.53 0.0033 1.58 0.1615 1.83 0.1047 2.05 0.0698 

Year (Y) 56.65 <0.0001 23.48 <0.0001 149.52 <0.0001 19.14 <0.0001 

T × Y 3.66 0.0026 0.89 0.5303 1.61 0.1600 2.13 0.0604 
x
 Data analyzed using Proc GLM (Statistical Analysis System, version 9.2, Cary, NC) . 

y 
TSMK+SS were the total sound mature kernels plus the sound splits combined as a percentage to 

represent the peanut grade as per the Federal Inspection Service Guidelines (USDA-AMS, 2003) .
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Table 3.3. Effect of initial fungicide application timing on peanut pod rot in the Southern 

High Plains of Texas in 2010 

Treatment 
Rate 

(L/ha) 

Timing 

(DAP
w
) 

Pod rot 

incidence  

(%) 

Yield 

(kg/ha) 

Grade 

(%
x
) 

Diseased 

kernels 

(%) 

Control ----- ----- 7.5 a
z
 4454 b 70.2 2.5 a 

Azoxystrobin 1.79 
82 & 

112 
5.7 abc 4548 b 75.8 1.1 bc 

Mefenoxam 

Azoxystrobin 

0.58 

1.79 

68 

98 & 

128 

3.4 c 4790 ab 75.7 0.7 bc 

Mefenoxam 

Azoxystrobin 

0.58 

1.79 

68 

98 
3.6 c 4489 b 75.7 0.6 c 

Mefenoxam 

Azoxystrobin 

1.17 

1.79 

68 

98 
3.7 c 4854 ab 72.1 0.8 bc 

Azoxystrobin 

Mefenoxam 

1.79 

1.17 

68 

98 
4.5 bc 4803 ab 74.9 0.8 b 

Azoxystrobin 

Mefenoxam 

1.79 

1.17 

82 

112 
6.5 ab 4675 b 74.6 2.0 abc 

Mefenoxam 

Azoxystrobin 

1.17 

1.79 

82 

112 
7.3 a 4684 b 75.6 2.1 ab 

Flutolanil 2.33 68 & 98 6.2 ab 5224 a 74.2 1.4 abc 

 
LSD 

p-value 
 

2.5 

0.0109 

435 

0.0485 
ns

y
 

1.4 

0.0896 
w
 Application timing in number of days after planting (DAP). 

x 
Grade percentage was obtained using Federal Inspection Service Guidelines (USDA-AMS, 2003). 

y 
Not significant. 

z 
Means followed by the same letter are not significantly different. 
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Table 3.4. Effect of initial fungicide application timing on peanut pod rot in the Southern 

High Plains of Texas in 2011 

Treatment 
Rate 

(L/ha) 

Timing 

(DAP
w
) 

Pod Rot 

(%) 

Yield 

(kg/ha) 

Grade 

(%
y
) 

Diseased 

Kernels 

(%) 

Control ----- ----- 3.9 5094 68.2 a 2.1 

Azoxystrobin 1.79 82 & 112 3.8 5156 68.1 ab 1.1 

Mefenoxam 

Azoxystrobin 

0.58 

1.79 

68 

98 & 128 
2.1 5275 66.6 cd 0.6 

Mefenoxam 

Azoxystrobin 

0.58 

1.79 

68 

98 
3.2 5294 67.6 a-c 1.7 

Mefenoxam 

Azoxystrobin 

1.17 

1.79 

68 

98 
3.1 5314 65.6 de 2.3 

Azoxystrobin 

Mefenoxam 

1.79 

1.17 

68 

98 
3.8 5187 68.2 a 0.6 

Azoxystrobin 

Mefenoxam 

1.79 

1.17 

82 

112 
2.7 5107 67.9 ab 1.0 

Mefenoxam 

Azoxystrobin 

1.17 

1.79 

82 

112 
2.8 5367 66.9 bc 1.0 

Flutolanil 2.33 68 & 98 2.6 5324 64.7e 2.0 

 
LSD 

p-value 
 ns

z 
ns

 1.7 

0.0005 
ns 

x
 Application timing in number of days after planting (DAP). 

y 
Grade percentage was obtained using Federal Inspection Service Guidelines (USDA-AMS, 2003). 

z 
Not significant. 
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CHAPTER IV 

USE OF A BIOASSAY TO ESTIMATE RESIDUAL ACTIVITY OF 

FUNGICIDES ON PEANUT 

4.1 ABSTRACT 

A fungicide bioassay was conducted in 2011 to determine the residual activity of 

the fungicides azoxystrobin and flutolanil + propiconazole on the foliage and pods of the 

peanut cultivars GA09B and McCloud. Broadcast applications of both fungicides were 

made three times in the growing season using a backpack sprayer system. Plants were 

destructively sampled prior to fungicide application and 1, 3, 5, 7, 14, 21 and 28 days 

after application.  A detached leaflet assay was completed using Sclerotium rolfsii as a 

quantitative measure. Fungicides did not show significant differences between one 

another; however, both fungicides reduced activity of S. rolfsii. The residual activity of 

Abound and Artisan ranged from 7 to 28 days.  Additional testing is required to obtain a 

more accurate determination of residual activity of these fungicides.  

4.2 INTRODUCTION 

The cultivated peanut (Arachis hypogaea L.) is an economically important food 

and oilseed crop in the Southern High Plains region of West Texas. Diseases are a major 

limiting factor the peanut industry in this region. The pod rot complex of peanut, caused 

by Rhizoctonia solani Kühn AG-4 and Pythium spp., is the most important disease in the 

region and may cause severe yield losses (Beute, 1997; Brenneman, 1997). 

Rhizoctonia solani AG-4 is found in approximately 35% of fields in this region 

(Wheeler et al., 2005).  The pathogen infects the pods of peanuts causing a rot that is 
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capable of causing direct yield loss as well as damage to the kernels (Wells and Phipps, 

1997). Rhizoctonia solani may infect pods at any stage of development, and can cause 

seed decay prior to emergence.  Rhizoctonia pod rot is differentiated by a dry, brown or 

russet-colored rotted pod, as opposed to the dark, greasy-appearing lesions as 

characterized by Pythium spp. (Brenneman, 1997; Beute, 1997).  

Current management practices are intended to limit yield losses. Rotation of 

peanut with non-host species such as grain sorghum, corn, and sudan grass (Damicone 

and Melouk, 2009) and bahiagrass (Baird et al., 1995) may limit losses by pod rot, but is 

not economically feasible for this region. Peanut in the Southern High Plains is typically 

rotated with cotton, which is also a susceptible host. Planting resistant and partially 

resistant peanut cultivars in fields with a history of pod rot may also limit infections 

caused by R. solani. Virginia market types tend to be more susceptible, whereas Spanish 

types tend to be more resistant (Shew, 1987). Tamrun OL 07 shows resistance to R. 

solani (Baring et al., 2006), and a more recent variety ACI 149 has shown signs of 

resistance (Woodward, personal observation). The Spanish cultivar Toalson may provide 

resistance to both Pythium spp. and R. solani (Beute, 1997; Brenneman, 1997). Partial 

resistance has also been identified in the runner cultivar Georgia Browne to R. solani 

(Brenneman, 1997).  Calcium deficiency has been cited to influence the disease in 

portions of the southeast (Punja, 1985; Damicone and Melouk; Walker and Csinos, 1980; 

Csinos et al., 1984); however, the Southwest sees no improvement of pod rot with 

calcium sulfate amendments, which may be due to the calcium retention potential of the 

soil or the inoculum potential of the soil (Filonow et al., 1988).  
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Fungicide applications are the primary management tool of pod rot on the 

Southern High Plains. Chemicals like pentachloronitrobenzene (PCNB) were originally 

used to treat soilborne diseases, but are moderately successful providing about 50% 

control (Shim, 1998). Propiconazole and tebuconazole, are broad spectrum, systemic 

fungicides that may be used to manage soilborne basidiomycetes such as R. solani and S. 

rolfsii (Backman and Brenneman, 1997; Brenneman, 1997; Baird et al., 1991; 

Brenneman et al., 1994). The use of propiconazole is cost prohibitive; therefore, lower 

rates of propiconazole are primarily used in targeting leafspot pathogens. Azoxystrobin, 

another broad spectrum fungicide may also be used to control soilborne basidiomycetes 

(Bartlett et al., 2002; Besler et al., 2003), and has limited activity on Pythium spp. 

(Grichar et al., 2000). Flutolanil, a xylem systemic, curative fungicide, is used to control 

basidiomycetes like R. solani (Hagan et al., 1991; Nichino America, 2012), and is 

especially effective at controlling mycelia growth and infection cushion formation 

(Csinos, 1987).  

As new chemistries are developed, the efficacy of the fungicide and the timing of 

the fungicide applications are important to quantify. Fungicides are applied as foliar 

sprays, and the deposition of the fungicide is thought to be distributed through the canopy 

via rainfall or other irrigation events (Woodward, 2008). The objective of this experiment 

is to examine the deposition of the fungicides, azoxystrobin and the combination of 

flutolanil and propiconazole, within the canopy, as well as determine the residual activity 

of these fungicides using a previously developed quantification method utilizing 

Sclerotium rolfsii (Woodward, 2008). 
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4.3 MATERIALS AND METHODS 

4.3.1 Fungicide application 

In 2011, two peanut cultivars, GA09B and McCloud, were planted at the Texas 

Tech Quaker Research Farm in Lubbock, Texas in 2 rows by 15.24 m in a randomized 

complete block design with three replications. The field was flood irrigated four times 

during the growing season. Three fungicide treatments, including a non-treated control, 

flutolanil + propiconazole (Artisan, 2.34 L/ha), and azoxystrobin (Abound, 1.79 L/ha), 

were sprayed with a backpack sprayer system using CO2 and administered through two 

Tee Jet 8002 spray nozzles per row. Each plot was sprayed 70 days after planting (DAP), 

91 DAP, and 126 DAP.  

4.3.2 Inoculation 

Cultures of S. rolfsii were grown on quarter-strength PDA (¼ PDA) for 48-72 

hours prior to inoculation. After each spray date, three plants from each plot were 

destructively sampled. Sampling occurred 1 day after spraying (DAS), 3 DAS, 5 DAS, 7 

DAS, and weekly thereafter.   

After sampling three plants from the field, two leaves were removed from both 

the upper and lower canopy of each plant, and leaflets were placed upright onto 

moistened, sterile filter paper in petri dishes (100 x 15 mm). Inoculum consisted of agar 

plugs (5.6 mm diameter) taken from the active margin of S. rolfsii cultures. Plugs were 

placed onto each leaflet, mycelium-side facing the leaflet. The petri dishes were sealed 

with parafilm, and stored under dark, room temperature conditions for 96 hours. After 
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incubation, the leaflets were removed, and lesion diameters were measured. Each lesion 

was measured twice, both the length and width of the lesion, in centimeters.  

Pods from plots were also collected at the end of the growing season (147 DAP, 

154 DAP, and 161 DAP). Pods were placed into petri dishes (150 x 25 mm) containing 

moistened filter paper. Inoculum consisted of agar plugs (5.6 mm diameter) taken from 

the active margin of S. rolfsii cultures. Plugs were placed onto each pod, mycelium-side 

down on pods.  Dishes were parafilmed then incubated at room temperature for 168 hours 

under dark conditions.  After incubation, disease severity was rated as a percentage from 

0-100%.  

4.3.3 Statistical analysis 

Lesion lengths on leaves and pods from the inoculation study were analyzed using 

Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC) to determine 

significant differences between treatments at a 95% confidence interval. Fisher’s LSD 

was also calculated for mean separations. The residual activity of fungicides was 

determined by determining when the treatments were no longer significantly different 

from control.  

4.4 RESULTS AND DISCUSSION 

4.4.1 Fungicide treatment 

Fungicide treatments, azoxystrobin and flutolanil + propiconazole, were not 

significantly different from one another (P ≥ 0.1140). Both treatments were significantly 

different from the control (P < 0.0001). Both fungicides reduced the activity of S. rolfsii. 
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Because S. rolfsii and R. solani are closely related fungi, the application of azoxystrobin 

or flutolanil + propiconazole will reduce pod rot caused by R. solani.  

4.4.2 Canopy layer 

Sclerotium rolfsii growth on leaflets for each canopy layer was significant (P < 

0.0001) for all sampling dates, and the data for two canopy layers were analyzed 

separately. The lower canopy layer is closest to the soil line, and is completely covered 

by the upper canopy layer. The upper canopy is comprised of larger leaves than the lower 

canopy. The upper canopy intercepts the majority of fungicides when applied foliarly. 

The lack of overhead irrigation in these plots in combination with the interception of 

fungicides by the upper canopy may have affected the redistribution of fungicides to the 

lower canopy, causing the differences in S. rolfsii growth between the two canopy layers. 

4.4.3 Residual activity 

In the upper canopy, the residual activity of flutolanil + propiconazole and 

azoxystrobin varied for each spray date. For the first spray date, flutolanil + 

propiconazole showed residual activity throughout the sampling period for both peanut 

cultivars GA09B and McCloud (Figures 4.1 and 4.7). The azoxystrobin treatment showed 

residual activity throughout the first sampling period for GA09B, and showed no 

difference from the control at 14 DAS (Figure 4.1). The second sampling period showed 

residual activity for both fungicide treatments through 7 DAS (Figures 4.2 and 4.8). The 

third sampling period azoxystrobin had activity 28 DAS on McCloud, and 32 DAS on 

GA09B (Figure 4.3 and 4.9).  Flutolanil + propiconazole showed activity on both 

cultivars 32 DAS (Figures 4.3 and 4.9).  
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In the lower canopy, similar trends followed that of the upper canopy (Figures 

4.4, 4.5, 4.6, 4.10, 4.11, and 4.12). The third sampling date, however, showed less 

residual activity on the lower canopy than on the upper canopy (Figures 4.3, 4.6, 4.9, and 

4.12).  The flutolanil + propiconazole and azoxystrobin treatments showed activity for 21 

DAS on GA09B and for 28 DAS on McCloud.  

The residual activity and redistribution of fungicides to the lower canopy layer and pods 

may have been affected by rainfall events later in the season.  The environmental 

conditions during the growing season were extremely hot and dry. The rainfall for 2011 

was 8.89 cm with no precipitation between April and September (West Texas Mesonet, 

2012). The average temperature in 2011 was 25.4° C (National Weather Service, 2012). 

These conditions may have affected the translocation and efficacy of fungicides 

throughout the canopy and into the pods. 

4.4.4 Pod assay 

No appreciable differences were observed between treatments in the pod 

bioassay. The foliar fungicide application requires precipitation or overhead irrigation to 

redistribute to the lower canopy and soil. Because the 2011 growing season did not 

experience adequate rainfall, the fungicide did not redistribute to the pods, and no 

differences in S. rolfsii growth were detected. 

4.5 CONCLUSIONS 

 The activity of flutolanil + propiconazole (Artisan) and azoxystrobin (Abound) 

were found to be comparable with both fungicides reducing the activity of S. rolfsii 

compared to the non-treated control. Because S. rolfsii and R. solani are basidiomycetes, 
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both fungicides should have relatively similar activity on R. solani, as was seen on S. 

rolfsii.  

 The difference in lesion size between upper and lower canopy layers may be 

attributed to the difficulty of fungicide deposition to the lower canopy layer. Larger 

lesions were also present on upper leaves due to the greater surface area compared to the 

leaves of the lower canopy. The majority of fungicides applied was intercepted by the 

leaves of the upper canopy, and may have caused less fungicide to deposit on the lower 

canopy leaves. Also, lack of overhead irrigation and rainfall may have reduced the 

translocation of the fungicides to the lower canopy layer. 

 The activity and translocation of both fungicides were greatly affected by the 

adverse weather conditions experienced this season.  The residual activity of flutolanil + 

propiconazole and azoxystrobin are similar on both upper and lower canopy layers and 

both GA09B and McCloud cultivars, and should be further tested under less stressful 

environmental conditions to more accurately determine residual activity of these 

fungicides. 
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Figure 4.1. Sclerotium rolfsii lesion lengths on leaflets in cm (n=72) from the 

upper canopy of GA09B peanut plants grown at the Texas Tech University Quaker 

Research Farm (1
st
 Spray Date). Initial application of fungicides was made on 

7/14/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were 

analyzed using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, 

NC). Means with the same letter designation are not significantly different 

(P=0.05) according to Fisher’s protected least significant difference test. 
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Figure 4.2. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

upper canopy of GA09B peanut plants grown at the Texas Tech University 

Quaker Research Farm (2
nd

 Spray Date). Application of fungicides was made on 

8/4/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test. 
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Figure 4.3. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

upper canopy of GA09B peanut plants grown at the Texas Tech University 

Quaker Research Farm (3
rd

 Spray Date). Application of fungicides was made on 

9/8/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test. 
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Figure 4.4. Sclerotium rolfsii lesion lengths on leaflets in cm (n=72) from the 

lower canopy of GA09B peanut plants grown at the Texas Tech University 

Quaker Research Farm (1
st
 Spray Date). Initial application of fungicides was 

made on 7/14/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data 

were analyzed using Proc GLIMMIX (Statistical Analysis System, version 9.2, 

Cary, NC). Means with the same letter designation are not significantly different 

(P=0.05) according to Fisher’s protected least significant difference test. 
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Figure 4.5. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

lower canopy of GA09B peanut plants grown at the Texas Tech University 

Quaker Research Farm (2
nd

 Spray Date). Application of fungicides was made on 

8/4/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test. 
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Figure 4.6. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

lower canopy of GA09B peanut plants grown at the Texas Tech University 

Quaker Research Farm (3
rd

 Spray Date). Application of fungicides was made on 

9/8/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test. 
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Figure 4.7. Sclerotium rolfsii lesion lengths on leaflets in cm (n=72) from the 

upper canopy of McCloud peanut plants grown at the Texas Tech University 

Quaker Research Farm (1
st
 Spray Date). Initial application of fungicides was 

made on 7/14/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data 

were analyzed using Proc GLIMMIX (Statistical Analysis System, version 9.2, 

Cary, NC). Means with the same letter designation are not significantly different 

(P=0.05) according to Fisher’s protected least significant difference test.  
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Figure 4.8. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

upper canopy of McCloud peanut plants grown at the Texas Tech University 

Quaker Research Farm (2
nd

 Spray Date). Application of fungicides was made on 

8/4/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test.  
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Figure 4.9. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

upper canopy of McCloud peanut plants grown at the Texas Tech University 

Quaker Research Farm (3
rd

 Spray Date). Application of fungicides was made on 

9/8/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test.  
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Figure 4.10. Sclerotium rolfsii lesion lengths on leaflets in cm (n=72) from the 

lower canopy of McCloud peanut plants grown at the Texas Tech University 

Quaker Research Farm (1
st
 Spray Date). Initial application of fungicides was 

made on 7/14/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data 

were analyzed using Proc GLIMMIX (Statistical Analysis System, version 9.2, 

Cary, NC). Means with the same letter designation are not significantly different 

(P=0.05) according to Fisher’s protected least significant difference test.  
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Figure 4.11. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

lower canopy of McCloud peanut plants grown at the Texas Tech University 

Quaker Research Farm (2
nd

 Spray Date). Application of fungicides was made on 

8/4/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test.  
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Figure 4.12. Sclerotium rolfsii lesion lengths (n=72) on leaflets in cm from the 

lower canopy of McCloud peanut plants grown at the Texas Tech University 

Quaker Research Farm (3
rd

 Spray Date). Application of fungicides was made on 

9/8/2011 using a backpack sprayer with Tee Jet 8002 nozzles. Data were analyzed 

using Proc GLIMMIX (Statistical Analysis System, version 9.2, Cary, NC). 

Means with the same letter designation are not significantly different (P=0.05) 

according to Fisher’s protected least significant difference test.  
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Peanut (Arachis hypogaea L.) is susceptible to numerous soilborne pathogens, 

including Sclerotium rolfsii Sacc., Pythium spp. Pringsheim, Rhizoctonia solani Kühn 

AG-4, Botrytis cinerea Pers.:Fr., Sclerotinia sclerotiorum (Lib.) de Bary and Sclerotinia 

minor Jagger, and Verticillium dahliae Kleb. Damage caused by soilborne pathogen 

infection may cause substantial deductions, lowering the value crop value. To mitigate 

losses, the management of soilborne peanut diseases consists of an integrated system that 

includes both cultural practices and fungicide applications. Cultural practices such as 

using host resistance, modifying irrigation regimes, crop rotation with a non-host crop, 

and improving soil fertility may decrease disease incidence. Fungicides are widely used 

to manage soilborne pathogens, and are the primary management method for pod rot in 

West Texas because of the saprophytic nature of soilborne pathogens in this region, and 

the limited resistant cultivar information available for peanut. Current fungicide regimes 

are based on recommendations from the southeastern United States, where initial 

fungicide applications take place 60 days after planting. Peanuts in West Texas develop 

later than those in the southeastern United States, and peanut pods develop at 

approximately 82 days after planting, which may affect the efficacy of current fungicide 

management regimes. Delaying fungicides may reduce the number of fungicide 

applications necessary by protecting the peanut plant later in the growing season; 

however, delaying initial applications may leave the peanut plant unprotected early in the 

season. The residual activity of fungicides may also affect the duration of protection by 
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fungicide applications. The overall objective of this research was to provide producers 

with proper identification tools and improve management practices of various soilborne 

pathogens through evaluating fungicide application timing and fungicide residual 

activity. 

Large plot trials to evaluate fungicide timing were conducted in 2010 and 2011 

that tested varying initial applications at 68 and 82 days after planting (DAP) of 

azoxystrobin, mefenoxam, and flutolanil. Early applications (68 DAP) of azoxystrobin 

and mefenoxam showed the greatest reduction in pod rot percentage and damaged 

kernels. Flutolanil treated plots produced the highest yield in 2010 compared to the 

control. Despite pod set in this region not occurring until about 82 DAP, early 

applications at 68 DAP provided better control of pod rot in peanuts in this region than 

later applications beginning at 82 DAP. A bioassay using Sclerotium rolfsii to quantify 

the residual activity of flutolanil + propiconazole and azoxystrobin was also conducted in 

2011. Both fungicides reduced the activity of S. rolfsii compared to the non-treated 

control. The residual activity of Artisan, flutolanil and propiconazole, and Abound, 

azoxystrobin, was similar on the foliage of both upper and lower canopies, and both 

fungicides reduced the activity of S. rolfsii for as few as 14 days  and as many as 28 days.  

Weather conditions between 2010 and2011 were drastically different. The 

precipitation in 2010 was 15.3 inches, and 3.5 inches for 2011 with no precipitation 

between April and September (West Texas Mesonet, 2012). The average temperature 

2010 was 23.6° C (National Weather Service, 2011), and the average temperature in 2011 

was 25.4° C (National Weather Service, 2012). The harsh weather conditions of 2011 
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may have reduced the disease pressure, and the activity of the fungicides utilized in 2011 

may have been affected due to the lack of overhead irrigation. Because environmental 

conditions affected the tests for 2011, further study is needed to determine optimal initial 

applications of fungicides for this area, and to quantify the residual activity of flutolanil. 
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APPENDIX A 

EFFECT OF TEMPERATURE ON MYCELIAL GROWTH AND 

SCLEROTIA PRODUCTION OF THIRTY BOTRYTIS CINEREA 

ISOLATES 

A.1 ABSTRACT  

Botrytis blight of peanut is a cool season disease of peanut that may affect peanut 

fields late in the growing season. 30 Botrytis cinerea isolates collected from Gaines, 

Terry, and Yoakum counties were compared to Sclerotinia minor, Sclerotinia 

sclerotiorum, and Sclerotium rolfsii under five different temperatures (10, 15, 20, 25, and 

30° C) to further characterize the various B. cinerea isolates found in this region. 

Mycelial growth was measured after 24, 48, and 72 hours after inoculation. The Area 

Under Mycelial Growth Curve was calculated for each B. cinerea isolate, and was 

compared to the three reference isolates. After 1 week, the sclerotia were also counted 

and compared to the reference isolate sclerotia growth. The growth of 9 B. cinerea 

isolates was not significantly different from the reference isolates. The sclerotia 

production of the B. cinerea isolates that did produce sclerotia was similar to that of the 

S. sclerotiorum reference isolate. 

A.2 INTRODUCTION 

 Botrytis blight of peanut, also known as gray mold, is caused by the ubiquitous, 

soilborne fungus Botrytis cinerea Pers.:Fr., and is considered a late season disease 

(Porter, 1997; Woodward, 2005). Disease incidence is sporadic, and occurs when 

environmental conditions, such as low temperatures and increased rainfall, are present. 
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Plant injury from frost damage or other pathogens may increase the susceptibility of 

peanut to B. cinerea.  

 Botrytis blight lesions appear water-soaked, and produce a gray moldy 

appearance (Porter, 1997; Woodward, 2005). The fungus may also produce large, 

irregularly shaped sclerotia on or within infected tissues. The use of early-maturing 

cultivars (Porter, 1997; Starr et al., 2006) and fungicides, such as fluazinam (Smith et al., 

1992), dicloran (Starr et al., 2006) and iprodione (Langston et al., 2002; Starr et al., 

2006), may limit the effects of B. cinerea on peanut. 

Botrytis cinerea is often confused with Sclerotinia minor and Sclerotinia 

sclerotiorum, due to the similarity in signs presented by the fungi in the field. In a recent 

field study by Starr et al. (2006), 34 isolates of pathogenic B. cinerea were isolated from 

affected peanut plants in Gaines, Terry, and Yoakum counties (Starr et al., 2006). The 

goal of this study is to further characterize those pathogenic B. cinerea isolates collected 

in this region by observing the effects of increasing temperature on the growth and 

development of these isolates. 

A.3 MATERIALS AND METHODS  

 Growth chamber studies were conducted to determine the influence of 

temperature on hyphal growth and sclerotia production. Thirty pathogenic B. cinerea 

isolates were used in this study (Table 1). Reference isolates, Sclerotium rolfsii (34), 

Sclerotinia minor (35), and Sclerotinia sclerotiorum (36), were also included in the 

second and third trial to compare morphology and growth with B. cinerea isolates. 
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Isolates were maintained on potato dextrose agar (PDA) at room temperature prior to use 

in studies. 

 Colony morphology was identified using B. cinerea isolates that were grown at 

room temperature on PDA. The mycelium growth, sclerotia formation, spore production, 

and color were identified for each B. cinerea isolate used in the temperature trials (Table 

A1.1). 

Hyphal plugs (8.4 mm diam.) of each isolate were taken from the actively 

growing edge of B. cinerea colonies and placed mycelium side down on petri dishes (100 

x 15 mm) containing PDA. Isolates were placed in incubators set to five different 

temperatures (10, 15, 20, 25, and 30° C). Mycelial growth was then measured in 

centimeters 24, 48, and 72 hours after the initial transfer to PDA. Sclerotia from isolates 

were also counted after incubation in each temperature for one week. The experiment was 

organized in a randomized complete block design with three replications. 

Mycelial growth was analyzed using Proc MIXED (Statistical Analysis System, 

version 9.2, Cary, NC), and the Area Under Mycelial Growth Curve (AUMGC) was also 

calculated using average mycelium growth for each isolate and time of measurement.  

A.4 RESULTS AND DISCUSSION 

A.4.1 Differing phenotypes.  

Various phenotypes were observed within the 30 isolates assayed in the 

temperature trials. The abundance of aerial mycelium was observed among various 

isolates. 9 isolates had abundant aerial mycelium growth (isolates 1, 7, 17, 19, 20, 21, 23, 

24, and 28), 10 isolates had moderate aerial mycelium growth (isolates 3, 8, 11, 12, 14, 
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15, 16, 26, and 33), and the remaining 11 isolates (2, 4, 6, 10, 13, 18, 22, 25, 29, and 30) 

had limited to no aerial mycelium growth (Table A.1). Production of sclerotia of each 

isolate was also observed. 16 of the isolates observed produced no sclerotia at room 

temperature (isolates 1, 2, 7, 8, 12, 17, 19, 20, 21, 23, 24, 26, 27, 28, 29, 30, and 33) 

(Table A.1). The spore production of each isolate varied between isolates, and was 

visually estimated. Isolates 2 and 30 had dense sporulation, where isolates 17, 21, and 26 

had no spore production, and the remaining isolates had moderate spore production 

(Table A.1). The color range of isolates was from white to brown (Table A.1). The 

abundance of morphological variation within the B. cinerea isolates found in this region 

makes identification of botrytis blight difficult in the field. Isolates also share 

characteristics of Sclerotinia spp. and to a lesser extent S. rolfsii, which may cause further 

identification problems. 

A.4.2 Mycelial growth.  

 Trial, temperature, isolate, and the interactions of each were all significant, so the 

data were described separately (Table A1.2). Because the isolates showed variation 

between trials, the statistical group for isolates varied between trials despite the biological 

similarities observed. Reference isolates, S. minor, S. sclerotiorum, and S. rolfsii, were 

not assayed in the first temperature trial.  

At 10 °C, 3 isolates (isolates 1, 5, and 6) had the largest AUMGC of the B. 

cinerea isolates in the first trial, and isolates 7, 8, 14, 15, 17, 20, 26, 27, 28, 29, 30, and 

33 had the lowest AUMGC compared to the other B. cinerea isolates (Table A.3). At 15 

°C, isolates 5 and 16 had the largest AUMGC, and again 7, 8, 14, 15, 17, 20, 26, 27, 28, 
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29, 30, and 33 had the lowest AUMGC (Table A.3). Growth of the isolates became more 

aggressive at 20 °C, with 1, 2, 4, 13, 16, 21, and 23 displaying the largest AUMGC 

(Table A.3). 9 isolates (isolates 2, 3, 4, 5, 6, 13, 16, 22, and 25) showed the greatest 

amount of growth at 25 °C (Table A.3). Growth at 30 °C decreased from growth at 20 

and 25 °C for all isolates; compared to the other B. cinerea isolates assayed at 30 °C, 

isolates 1, 5, 6, and 24 showed the largest amount of growth.  

 During the second trial, B. cinerea isolates were compared with the three 

reference isolates. At 10 °C, the growth of isolates 4, 5, 6, 16, 18, and 25 were most 

similar to reference isolate 35, and had the greatest AUMGC compared to all isolates 

(Table A.4). Isolates 11 and 20 showed growth at 10 °C most similarly to reference 

isolate 34, and isolate 12 had growth most similar to reference isolate 36 (Table A.4). At 

15 °C, isolates 5, 16, and 22 had growth most similarly to reference isolate 35, and had 

the highest AUMGC compared to all other isolates (Table A.4). Isolates 10 and 29 had 

AUMGC values most similarly to reference isolate 34 (Table A.4). Reference isolate 36 

had an AUMGC value that was similar to isolates 7, 11, 26 and 30, which had the lowest 

AUMGC values compared to all other isolates (Table A.4). Reference isolate 35 had the 

highest AUMGC at 25 °C, and did not display growth similarly to the B. cinerea isolates. 

Isolates 9, 17, 20, and 29 showed similar growth to the reference isolate 34, and isolates 

7, 11, 26, and 28 showed growth most similar to the reference isolate 36 (Table A.4). At 

30 °C, reference isolate had the largest AUMGC compared to all other isolates (Table 

A.4). The growth of isolates 4, 6, 16, 22, and 24 was most similar to reference isolate 35 

at 30 °C (Table A.4). Isolates 11, 15, 26, 28, 29, and 30 had AUMGC values most similar 
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to reference isolate 36, which were the lowest AUMGC values compared to all other 

isolates (Table A.4). 

 Again, the B. cinerea isolates were compared to the S. rolfsii, S. minor, and S. 

sclerotiorum reference isolates during the third temperature trial. At 10 °C, reference 

isolate 36 had the highest AUMGC, and was not comparable to any other isolate (Table 

A.5). Isolates 12, 13, 21, 24, 25, 29 and 33 had growth most similar to reference isolate 

35, and isolate 8, 28 and 30 had growth comparable to reference isolate 34 (Table A.5). 

At 15 °C, growth by both reference isolates 35 and 36 were most similar to the growth of 

B. cinerea isolates 5 and 13 (Table A.5). The growth by isolates 6, 12, and 15 at 15 °C 

was most similar to the growth of reference isolate 34 (Table A.5). Reference isolate 36 

had the largest AUMGC value at 20 °C, and was not comparable to any other isolate 

(Table A.5). Isolates 4, 5, and 25 had AUMGC values most similar to reference isolate 35 

at 20 °C, and isolates 2, 11, 19, and 24 were most similar to reference isolate 34 (Table 

A.5). Again at 25 °C, reference isolate 36 had the greatest AUMGC value, which was not 

comparable to all other isolates (Table A.5). The B. cinerea isolates 4, 5, and 13 were 

most similar to the reference isolate 35, and the growth of isolates 1, 23, 24, 25, and 33 

was most similar to reference isolate 34 (Table A.5). At 30 °C, the growth of the B. 

cinerea isolates decreased, and reference isolate 34 had the greatest AUMGC value 

(Table A.5). The B. cinerea isolate 24 had an AUMGC value most comparable to 

reference isolate 35, and isolates 13, 21, and 33 were most similar to isolate 36 at 30 °C 

(Table A.5). 
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 The growth for most B. cinerea isolates collected in this region was greatest 

between the temperatures of 20 and 25 °C. Because the growth of various B. cinerea 

isolates was so similar to the growth of the S. rolfsii, S. minor, and S. sclerotiorum 

isolates over each temperature, using temperature effects on mycelia growth as a criterion 

for identification of B. cinerea may not be a viable option for West Texas.  

A.4.3 Sclerotia development.  

 Trial, temperature, isolate, and the interactions of these variables were also 

significant when describing the sclerotia productions, so each trial is analyzed separately 

(Table A.2). The first temperature trial does not contain reference isolates, S. minor, S. 

sclerotiorum, and S. rolfsii.  

 During the first trial, the B. cinerea isolates were compared to determine 

differences in sclerotia production at various temperatures. At 10 °C, isolate 25 produced 

the most sclerotia (230), and 13 other isolates produced sclerotia whereas16 isolates 

produced no sclerotia at 10 °C (Table A.6). At 15 °C, isolate 5 produced the most 

sclerotia (257), 13 other isolates produced sclerotia, and16 produced no sclerotia (Table 

A.6). At 20 °C, 14 B. cinerea produced sclerotia, isolate 5 having produced the most 

sclerotia (135), and 16 isolates produced no sclerotia (Table A.6). At 25 °C a decrease in 

the number of sclerotia produced was observed; isolates 21 and 25 produced the most 

sclerotia (47 and 46 respectively), and only 2 other isolates produced sclerotia (isolates 

18 and 22) (Table A.5). At 30 °C only isolate 18 produced sclerotia (44) (Table A.6). 

 The second trial compared B. cinerea isolates to the three reference isolates. The 

reference isolate 35 produced the greatest number of sclerotia at 10 °C followed by 
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isolates 25 (397) and 14 (205); all other isolates were not statistically different (Table 

A.7). At 15 °C, isolate 35 produced the most sclerotia (610) followed by isolate 25 (503) 

(Table A.7). Isolates 3, 6, 13, 15, 16, 22, 28 and 29 had sclerotia production most similar 

to reference isolate 36 (Table A.7). Again at 20 °C, isolate 35 produced the most sclerotia 

(692) followed by isolate 25 (539) (Table A.7). Isolates 4, 19, 21, and 22 had sclerotia 

production comparable to reference isolates 34 and 36 (Table A.7). At 25 °C, sclerotia 

production by B. cinerea isolates decreased, and isolates 35 and 34 produced the most 

sclerotia (575 and 242 respectively) with all other isolates not statistically different from 

one another (Table A.7. At 30 °C, isolate 34 produced 194 sclerotia, and all other isolates 

did not produce sclerotia (Table A.7). 

 The third trial, the B. cinerea isolates were compared to S. rolfsii, S. minor, and S. 

sclerotiorum reference isolates. The reference isolate 35 produced the largest number of 

sclerotia (142) at 10 °C, which was comparable to isolate 17 (103 sclerotia); all other 

isolates were not significantly different (Table A1.8). At 15 °C, reference isolate 35 

produced the largest number of sclerotia (369) followed by isolate 25 (272 sclerotia) 

(Table A.8). B. cinerea isolates 3, 4, 6, 7, 18, 21, 22, and 29 produced sclerotia most 

similarly to isolate 36 (28) at 15 °C (Table A.8). B. cinerea isolate 25 produced the most 

sclerotia (288) at 20°C, followed by isolate 35 (199 sclerotia) (Table A.8). B. cinerea 

isolates 4 and 5 showed sclerotia production most similarly to reference isolate 36 (Table 

A.8). At 25 °C, reference isolates 34 and 35 and B. cinerea isolate 25 produced the most 

sclerotia (241, 230, and 172 respectively), with all other isolates not significantly 

different from one another (Table A.8). At 30 °C, isolate 34 produced the most sclerotia 
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(215), and isolate 35 produced 30 sclerotia; all other isolates were not significantly 

different from one another (Table A.8).  

 Due to the variation in sclerotia production amongst isolates found in this region, 

using sclerotia to identify B. cinerea may not be a viable option for West Texas. 

Similarities between B. cinerea isolate production of sclerotia and the production of 

sclerotia by the reference isolates used may also cause confusion in identification.  

A.5 CONCLUSIONS 

Morphological differences between isolates and similarities in morphology to the 

reference isolates may complicate identification of causal agents in the field. Differences 

in hyphal growth were also observed across the 30 isolates assessed. The temperature 

optima for the isolates found in this region were between 20 and 25° C. This shows a 

great variability of B. cinerea between isolates and regions. In this study there were also 

differences observed in sclerotia development. Several isolates did not produce sclerotia 

at any temperature tested during this study, and the temperature range for sclerotial 

development was highly dependent on isolate.  

Due to the wide range of temperature optima suitable for the growth of B. cinerea 

isolates collected in this region and the similarity of B. cinerea isolates collected in this 

region to S. rolfsii, S. minor, and S. sclerotiorum, a temperature forecasting model may 

not be reliable enough to predict Botrytis blight of peanut.  
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Table A.1. Isolate identification and colony morphology of Botrytis cinerea isolates used in 

temperature trials 

Isolate Isolate ID
a 

Mycelium Sclerotia Sporulation Color 

1 31 - 9 +++ 
b 

- 
c 

+ 
d
 White-Brown 

2 20 – Pathogenic + - (Dense) + Brown 

3 SW – 1 ++ + + White 

4 PM – 13B + + + White 

5 PM4 – 4 ++ + + White-Beige 

6 HTMC 18A + + + White 

7 HTMC 17C +++ - + White-Brown 

8 HTMC 18 ++ - + White-Beige 

9 SE – 4 +++ + + White 

10 Gile 3 + + + White 

11 DM – 5 ++ + + White 

12 21 – 8 – A ++ - + White-Beige 

13 DM1 – 2 + + + White 

14 21 – 8 ++ + + White 

15 SW – 5 ++ + + White 

16 13 Peanut Pathogenic ++ + + White 

17 HTMC 17B +++ - - White-Beige 

18 DM4 – BB + + + White 

19 SE – 4 +++ - + White-Brown 

20 HTMC 17D +++ - + White-Brown 

21 DM 13A +++ - - White-Brown 

22 16 – 4 + + + White 

23 31 – 9 +++ - + White 

24 HTMC 14 +++ - + White-Beige 

25 PMV 4 + + + White 

26 HTMC – C ++ - - White 

28 HTMC 8A +++ - + White 

29 SE – 7 + - + White-Beige 

30 DM 20A + - (Dense) + White-Brown 

33 2 DB ++ - + Beige 
a  

Pathogenic isolates were collected by the Texas A&M University System, and positive Botrytis cinerea 

identification was made using fatty acid analysis (Starr et al., 2006). 
b  

Multiple + indicate abundance of aerial mycelium growth. 
c
 -  indicates absence of parameter at room temperature. 

d
 + indicates presence of parameter at room temperature. 
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Table A.2. Analysis of variance for replication, trial, temperature, and isolate observed during 

Botrytis cinerea temperature characterization trials
x 

 

Mycelial growth 

    

 
24 hr 48 hr 72 hr AUMGC Sclerotia 

Source 

F-

Value Pr>F 

F-

Value Pr>F 

F-

Value Pr>F 

F-

Value Pr>F 

F-

Value Pr>F 

Rep 1.01 ns
y 

0.08 ns 0.26 ns 0.46 ns 0.13 ns 

Trial 368.38 ****
z 

479.33 **** 183.44 **** 515.27 **** 60.77 **** 

Temperature 303.23 **** 703.61 **** 326.76 **** 550.38 **** 34.65 **** 

Trial × 

Temperature 9.63 **** 8.84 **** 4.36 **** 10.72 **** 7.1 **** 

Isolate 144.91 **** 334.64 **** 167.97 **** 273.64 **** 119.13 **** 

Trial × 

Isolate 30.55 **** 47.22 **** 17.67 **** 45.53 **** 13.62 **** 

Temperature 

× Isolate 7.9 **** 15.86 **** 8.58 **** 13.09 **** 13.2 **** 

Trial × 

Temperature 

× Isolate 2.69 **** 3.12 **** 1.67 **** 3.16 **** 3.05 **** 
x 
Data were analyzed using Proc GLM (SAS, version 9.2, Cary, NC) 

y
 ns denotes no significance observed 

z 
**** shows significance at P≤0.0001 
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Table A.3. Effect of temperature on area under mycelial growth curves 

(AUMGC) for 30 Botrytis cinerea isolates (trial 1)
x
 

x
 Data were analyzed using Proc GLM (SAS, version 9.2, Cary, NC) 

y
 Means (n=3) with the same letter designation are not significantly different 

z 
Reference isolates not included in trial 

 

 

 

Isolate 10° C 15° C 20° C 25° C 30° C 

1 38.5ab
y 

40.6c-e 50.5a-c 47.2b-d 27.4a-c 

2 28.4cd 41.3c-e 47.4a-e 50.4a-c 25.1c 

3 24.4c-g 22.6hi 27.6fg 50.6a-c 18.7e 

4 32.4bc 42.5cd 58.6a 53.5ab 30.4ab 

5 45.9a 59.3a 47.1b-e 59.2a 32.5a 

6 38.7ab 39.2cde 38.0c-f 50.9a-c 26.3bc 

7 3.5j 1.9 4.3kl 3.1jk 4.1h-j 

8 0.0j 0.0k 0.0l 0.0k 0.0j 

9 18.5f-h 30.9e-h 30.8fg 21.7h 6.7hi 

10 14.0h 17.7ij 15.5h-k 17.5hi 7.3hi 

11 24.7c-g 24.1g-i 48.5a-d 22.9gh 15.6ef 

12 28.8cd 45.4bc 16.6hi 39.6d-f 12.1fg 

13 28.9cd 43.5bc 55.0ab 58.8a 26.6bc 

14 0.0j 0.0k 0.0l 0.0k 0.0j 

15 0.0j 0.0k 0.0l 0.0k 0.0j 

16 26.6c-e 54.6ab 50.1a-c 52.6ab 27.1bc 

17 0.0j 0.0k 0.4l 0.0k 0.0j 

18 16.5gh 25.9f-i 32.0fg 37.2ef 20.2de 

19 12.7hi 18.7ij 23.2gh 32.5fg 9.1gh 

20 1.9j 6.2k 5.6i-l 4.0jk 9.6gh 

21 29.1cd 42.3cd 48.5a-d 48.8bc 27.3a-c 

22 19.0e-h 33.2d-h 45.3b-e 54.0ab 19.5de 

23 23.0d-g 35.3c-g 50.1a-d 51.5a-c 24.1cd 

24 26.0c-f 32.4d-h 35.6ef 43.6c-e 27.4a-c 

25 25.9c-f 35.7c-f 38.3d-f 53.8ab 26.6-c 

26 0.0j 2.0k 0.0l 3.2jk 2.6ij 

28 1.5j 1.5k 2.3l 0.6k 0.0j 

29 5.7ij 8.3jk 4.7k-l 10.9ij 5.5hi 

30 4.7ij 7.2k 16.5h-j 17.3hi 3.6ij 

33 5.5ij 10.6jk 14.1h-k 5.7jk 3.7ij 

34 NI
z 

NI NI NI NI 

35 NI NI NI NI NI 

36 NI NI NI NI NI 

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

LSD 8.1 10.7 11.7 8.7 5.1 
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Table A.4. Effect of temperature on area under mycelial growth curves 

(AUMGC) for 30 Botrytis cinerea isolates (trial 2)
x
 

Isolate 10° C 15° C 20° C 25° C 30° C 

1 44.4b-e
x 

44.3c-f 48.7e-g 48.7f-i 23.4f-j 

2 25.7h-l 39.9e-i 44.2f-i 33.4l-m 23.7f-j 

3 38.1d-g 22.4lm 42.0fghij 35.9j-l 17.6h-k 

4 45.2a-d 52.4bc 63.0b-d 62.6b-e 30.5b-e 

5 51.3a-c 62.0ab 64.7bc 63.4b-d 28.6c-f 

6 50.5a-c 53.1bc 56.1c-e 62.8b-d 30.5b-f 

7 27.9g-k 9.2no 12.4l 12.7pq 17.1jk 

8 NA
z 

NA NA NA NA 

9 32.7e-i 34.4g-k 34.8i-k 33.6l-m 15.4k 

10 19.7j-n 29.8i-l 43.8f-j 41.6h-k 16.0k 

11 13.3m-p 3.3o 11.8l 23.8m-o 0.0n 

12 16.7k-o 39.1e-i 31.2k 23.3m-o 21.1g-k 

13 29.9g-j 44.1c-g 52.3d-f 55.0d-g 25.3e-g 

14 34.9e-h 49.1c-e 50.8ef 51.0f-h 28.4c-f 

15 11.0 n-p 33.1h-k 0.0m 8.3q 8.3m 

16 55.5 a 61.6ab 63.4b-d 71.9ab 31.1b-e 

17 24.5 i-m 27.5k-m 32.7jk 39.5i-k 24.0f-i 

18 49.9a-d 35.8f-k 40.7g-k 45.9g-j 17.0jk 

19 31.3f-i 38.1f-k 43.1f-j 38.9jk 15.2kl 

20 15.8lm-p 20.8lm 32.4jk 37.0j-l 17.9i-k 

21 32.3e-i 50.3cd 51.3ef 54.9d-g 23.9f-j 

22 32.5f-i 61.0ab 67.5b 51.7f-h 32.4b-d 

23 30.1f-j 39.5e-j 45.5f-h 45.5g-j 24.9e-h 

24 33.6e-i 41.3e-h 44.0f-i 58.0c-f 34.2bc 

25 43.1b-e 52.8bc 63.7bc 63.7b-d 27.4d-g 

26 5.1p 6.2o 12.8l 9.2q 2.9mn 

28 10.7n-p 18.4mn 12.9l 15.1o-q 8.7lm 

29 29.6g-j 29.4i-l 31.8k 26.9l-n 8.3m 

30 7.0op 5.0o 6.6lm 9.5pq 1.0n 

33 40.6c-f 45.8c-f 50.9ef 52.3e-g 18.5h-k 

34 15.5lm-p 29.1j-l 35.4h-k 68.1bc 66.2a 

35 53.4ab 69.4a 79.4a 80.2a 35.1b 

36 16.7lm-o 7.9o 12.5l 19.7n-p 5.6mn 

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

LSD 10.9 10.1 10.7 10.1 6.5 
x
 Data were analyzed using Proc GLM (SAS, version 9.2, Cary, NC) 

y
 Means (n=3) with the same letter designation are not significantly different 

z
 Isolates were not available for the assay due to culture contamination 
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Table A.5. Effect of temperature on area under mycelial growth curves 

(AUMGC) for 30 Botrytis cinerea isolates (trial 3)
x
 

Isolate 10° C 15° C 20° C 25° C 30° C 

1 37.3b-d
y 

33.7d-f 57.6cd 57.4c-g 32.7cd 

2 24.4g-i 31.8h-k 35.5i-l 31.7l-n 9.7mn 

3 24.2g-j 26.4k-m 29.3lm 40.9i-k 10.2mn 

4 39.4bc 47.9cd 64.1bc 64.5bc 33.6c 

5 42.7b 56.4ab 68.8b 63.2b-d 31.8cd 

6 15.7k-m 21.6l-o 44.1g-j 47.5h-j 17.6i-k 

7 2.5p 4.9r 5.0q 9.9pq 9.9mn 

8 12.4l-n 11.8p-r 9.4o-q 14.5op 7.9n 

9 11.1m-o 20.6 19.8n-p 4.9q 1.4o 

10 29.0e-h 37.7e-h 45.3f-i 53.9d-h 16.8i-k 

11 22.7h-k 28.1j-m 34.4j-l 32.2k-m 18.2i-k 

12 30.0d-g 18.4n-p 9.8o-q 20.8o 20.0hi 

13 29.4d-g 50.6bc 55.5c-e 63.8bc 25.5ef 

14 6.6n-p 9.3qr 3.3q 3.8q 2.0o 

15 19.3i-l 22.2l-o 19.5m-o 18.2op 8.9n 

16 27.4f-h 28.1i-l 40.8h-k 47.9h-j 20.8g-i 

17 16.7j-m 18.7n-p 18.8n-p 24.0m-o 18.1i-k 

18 40.0bc 38.8e-h 51.4d-g 48.5g-j 24.6f-h 

19 18.8i-l 25.2k-n 33.3j-l 22.1no 7.7n 

20 2.7p 4.9r 2.5q 2.3q 1.6o 

21 31.3d-g 42.9de 55.6c-e 52.1e-h 25.3e-g 

22 24.9g-j 34.0g-j 42.3g-j 51.0f-i 17.2i-k 

23 25.2g-i 31.5h-k 42.2g-j 55.5c-h 14.7k-m 

24 30.0d-g 35.3f-i 39.2h-l 56.3c-h 37.4b 

25 30.1d-g 41.9d-g 60.7b-d 58.0c-f 28.9c-e 

26 4.7op 9.2qr 20.0mn 22.6no 10.8l-n 

28 12.6l-n 16.7o-q 17.9n-p 18.5op 9.5n 

29 30.6d-g 35.3e-i 47.2f-h 39.8j-l 18.7ij 

30 14.5lm 14.5o-q 9.6pq 19.2o 14.8j-l 

33 33.9c-e 40.4e-g 54.8c-f 60.6c-e 27.9d-f 

34 12.5l-n 20.7m-o 31.6kl 61.8c-e 68.5a 

35 33.1c-f 55.0a-c 69.4b 71.3b 41.1b 

36 50.7a 59.2a 87.1a 97.8a 27.7ef 

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

LSD 7.0 7.5 10.4 9.7 4.8 
x
 Data were analyzed using Proc GLM (SAS, version 9.2, Cary, NC) 

y
 Means (n=3) with the same letter designation are not significantly different 
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Table A.6. Effect of temperature on sclerotia production for 30 Botrytis 

cinerea isolates (trial 1)
x
 

Isolate 10° C 15° C 20° C 25° C 30° C 

1 0d
y 

0d 0f 0c 0b 

2 0d 0d 18c-f 0c 0b 

3 0d 0d 1f 0c 0b 

4 28cd 7d 8c-f 0c 0b 

5 120b 257a 135a 0c 0b 

6 14cd 15 19c-f 0c 0b 

7 3d 0d 0f 0c 0b 

8 0d 0d 0f 1c 0b 

9 0d 0d 0f 0c 0b 

10 0d 0d 2ef 0c 0b 

11 0d 0d 0f 0c 0b 

12 20cd 23d 0f 0c 0b 

13 1d 43cd 29c-f 0c 0b 

14 0d 0d 0f 0c 0b 

15 0d 0d 0f 0c 0b 

16 22cd 19d 5d-f 0c 0b 

17 0d 0d 0f 0c 0b 

18 6cd 32cd 41c-e 22b 44a 

19 0d 6d 7c-f 0c 0b 

20 89b 68c 95b 0c 0b 

21 1d 19d 37c-f 47a 0b 

22 43c 76c 46c 16b 0b 

23 0d 0d 0f 2c 0b 

24 0d 0d 0f 0c 0b 

25 230a 150b 140a 46a 0b 

26 0d 0d 0f 0c 0b 

28 15cd 0d 0f 0c 0b 

29 5d 13d 44cd 0c 0b 

30 0d 0d 0f 0c 0b 

33 19cd 21d 12c-f 0c 0b 

34 NI
z 

NI NI NI NI 

35 NI NI NI NI NI 

36 NI NI NI NI NI 

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

LSD 38.0 43.8 39.21 11.7 6.7 
x
 Data were analyzed using Proc GLM (SAS, version 9.2, Cary, NC) 

y
 Means (n=3) with the same letter designation are not significantly different 

z 
Reference isolates not included in trial 
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Table A.7. Effect of temperature on sclerotia production for 30 Botrytis 

cinerea isolates (trial 2)
x
 

Isolate 10° C 15° C 20° C 25° C 30° C 

1 0 0f 0e 0c 0b 

2 0 1ef 0e 0c 0b 

3 0 4d-f 0e 0c 0b 

4 33d
y 

31c-f 12c-e 0c 0b 

5 71d 101c 102c 0c 0b 

6 0d 3d-f 4e 0c 0b 

7 0d 0f 0e 0c 0b 

8 NA
z 

NA NA NA NA 

9 0d 0f 0e 0c 0b 

10 0d 1ef 0e 0c 0b 

11 0d 0f 0e 0c 0b 

12 0d 1ef 0e 0c 0b 

13 0d 3d-f 0e 0c 0b 

14 205c 73cd 4e 0c 0b 

15 5d 10d-f 0e 0c 0b 

16 21d 10d-f 7e 30c 0b 

17 0d 51c-f 0e 0c 0b 

18 37d 36c-f 11de 19c 0b 

19 34d 101c 38c-e 0c 0b 

20 8d 45c-f 100cd 0c 0b 

21 53d 73c-e 30c-e 0c 0b 

22 7d 50d-f 23c-e 23c 0b 

23 0d 0f 0e 0c 0b 

24 0d 0f 0e 0c 1b 

25 397b 503b 539b 0c 0b 

26 0d 0f 1e 0c 0b 

28 0d 16d-f 0e 0c 0b 

29 8d 21d-f 16 0c 0b 

30 0d 0f 0e 0c 0b 

33 28d 1ef 3e 14c 0b 

34 0d 0f 17c-e 242b 194a 

35 582a 610a 692a 575a 0b 

36 29d 18d-f 39c-e 16c 0b 

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

LSD 95.2 72.1 90.3 74.4 20.3 
x
 Data were analyzed using Proc GLM (SAS, version 9.2, Cary, NC) 

y
 Means (n=3) with the same letter designation are not significantly different 

z
 Isolates were not available for the assay due to culture contamination 
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Table A.8. Effect of temperature on sclerotia production for 30 Botrytis 

cinerea isolates (trial 3)
x
 

Isolate 10° C 15° C 20° C 25° C 30° C 

1 0b
y 

0e 0f 3b 0c 

2 0b 0e 0f 0b 0c 

3 3b 23de 40c-e 5b 0c 

4 12b 7de 20d-f 19b 2c 

5 10b 102c 30d-f 4b 0c 

6 3b 6de 8f 15b 8c 

7 1b 9de 11ef 50b 0c 

8 0b 0e 0f 0b 0c 

9 0b 0e 0f 0b 0c 

10 0b 0e 47cd 16b 0c 

11 7b 0e 0f 0b 0c 

12 0b 0e 0f 0b 0c 

13 0b 0e 0f 1b 0c 

14 0b 0e 0f 0b 0c 

15 0b 0e 0f 0b 0c 

16 0b 0e 0f 0b 0c 

17 103a 0e 0f 0b 0c 

18 12b 33d 68c 37b 13c 

19 17b 0e 9f 0b 0c 

20 0b 0e 7f 0b 0c 

21 4b 11de 7f 6b 0c 

22 0b 12de 68c 14b 0c 

23 0b 0e 0f 5b 0c 

24 0b 0e 0f 0b 0c 

25 25b 272b 288a 172a 7c 

26 0b 0e 2f 0b 0c 

28 0b 0e 0f 0b 0c 

29 1b 1de 0f 2b 0c 

30 0b 0e 0f 0b 0c 

33 0b 0e 1f 0b 0c 

34 0b 0e 0f 241a 215a 

35 142a 369a 199b 230a 30b 

36 14b 28de 18d-f 21b 5c 

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

LSD 65.3 33.0 30.8 79.9 13.4 
x
 Data were analyzed using Proc GLM (SAS, version 9.2, Cary, NC) 

y
 Means (n=3) with the same letter designation are not significantly different 

 

 


