CHAPTER 1. INTRODUCTION AND OBJECTIVES

Sclerotinia blight was first recognized as a disease of peanut in Argentina in 1922 and
since has been observed in most peanut producing countries of the world (35, 49). In the
United States, Sclerotinia blight was first observed in Virginiain 1971 and has since spread
to the peanut growing regions of North Carolina, Oklahoma, and Texas (48, 70, 76). Yield
losses to the disease in Virginia were estimated to be 7.5% and 15% in 1977 and 1979,
respectively (47, 69). By 1986, Sclerotinia blight was considered the most important disease
of peanut in Virginia and Oklahoma (66). Replicated trials in naturally infested fields over
a 4-yr period from 1988 to 1991 in Virginia demonstrated yield losses in excess of 32.9% in
plots not receiving fungicide treatments (61).

Disease Cycle and SymptomologyThe causal agent of Sclerotinia blight is the
fungus,Sclerotinia minor(Jagger) Kohn (32). Sclerotia of this fungus serve as primary
inoculum which may overwinter in the top 20 cm of soil (49, 54). Sclerotia survive in soil
for several years and inoculum densities as low as one sclerotium per 100 g of soil can cause
severe disease. Host tissue in close proximity to the soil surface is infected following
myceliogenic germination of sclerotia (2, 48). The first visible symptoms of Sclerotinia
blight are interveinal chlorosis of leaves followed by wilting of infected branches (49, Phipps
personal communication Stem lesions at first appear water soaked and later appear light
tan with a distinct demarcation zone between healthy and infected tissue (48). White,
cottony mycelium can be observed on infected tissue during cool, moist periods (49). Older
lesions later appear shredded as a result of rapid decay which is likely due to the combined
effects of oxalic acid and enzymes produced by the pathogen (48, 59). Black, irregular-
shaped (.5-3mm dia.) sclerotia are produced on the surface and within diseased tissue, and
serve as the source of inoculum for future plantings of peanut.

Environmental factors. Temperature has long been known to be an important
determinant in the growth and developmen&ahinor. In 1939, Keay reported that the

optimum temperature for myceliogenic germination and growgh wiinomwas between 20-



25 C (31). Since then, several studies have confirmed that temperatures in the
aforementioned range are optimum for growth, sclerotial germination and development of
diseases caused Bylerotiniaspp. (1, 19, 30, 73, 76). Lee et al. (33) speculatedsthat
minor is inactive when soil temperatures at the 5-cm depth exceed 28

Moisture is also a contributing factor to the development of diseases caused by
Sclerotiniaspp. Grogan and Abawi (1,22) found that mycelial growth and lesion expansion
of Sclerotinia sclerotiorum (Lib.) DeBary on agar amended with soluble salts and on
moistened bean stems increased as water potential and moisture levels increased,
respectively. Sclerotia germinated at soil moisture tensions ranging from -1/3 to -15 bars,
but the highest percentage germination occurred at -1/3 bar (30). Porter et al. reported
significantly higher disease incidence in irrigated compared to non-irrigated peanuts (55).
These results are similar to those observed in irrigation studies concerning white mold of
edible dry beans caused 8ysclerotiorun(8, 73). Rainfall has also been associated with
Sclerotinia blight outbreaks. Phipps reported that rainfall accumulations were heaviest 6 to
15 days before disease outbreaks (42). Moisture in the form of relative humidity (RH) has
also been implicated in the growth®iminor as well as in the development of Sclerotinia
blight. Dow et al. (19) showed that 80% sclerotial germination occurred when sclerotia were
incubated at 100% RH for periods of 12 hr or longer. Colonization of lateral branches and
mainstems of peanut was facilitated as exposure to 100% RH was extended (19).

Vine Growth and Plant Foliar Canopy. Vine growth coupled with plant canopy
density have an effect on soil temperature, soil moisture, duration and amount of leaf
wetness, canopy RH, and canopy temperature (38). Therefore, host growth and architecture
can play a major role in the microclimate around infection sites and disease development.
According to a study by Blad et al. (8), dense canopies in beans had a cooler and more humid
microclimate than open canopies, and resulted in a higher incidence of white mold caused
by S. sclerotiorum Another study showed that bean cultivars with dense foliar canopies had
significantly higher disease severities than cultivars producing more open canopies (58).

These same dense canopy characteristics in peanut seem to have a similar effect on



Sclerotinia blight of peanut, caused &yminor (4, 20). Both Davidson et al. (16) and
Sanders et al. (57) reported that plant canopy development in peanut has a direct effect on
temperatures at or below the soil surface. Dow et al. and Bailey demonstrated that thinning
plants reduced disease incidence and severity (4, 20). A 16-yr study confirmed these findings
by showing that the initial onset of disease always occurred after peanut vines were within
15 cm from touching between rows or after vines overlapped between rows (42).

Other Factors. Additional factors which may influence the development and
severity of Sclerotinia blight of peanut are often related to crop management practices.
Frequent applications of chlorothalonil for control of leaf spot diseases have been shown to
significantly increase the severity of Sclerotinia blight. Possible explanations for this
increase in disease may include altered metabolic systems in the pathogen as well as
suppression of microflora which are antagonisti8.tminon24, 45, 46). High soil pH (6.0-

7.0) and desiccated plant tissue on the soil surface have also been implictiteal atsng

factors for the increased severity of Sclerotinia blight (23). Mechanical injury of vines by
tractor tires represents yet another factor reported to predispose peanuts to infe8tion by
minor (12, 52). When Phipps (41) compared two planting dates (23-25 April and 14-15
May) and two seeding rates (78 and 157 kg/ha) he reported that disease incidence appeared
earlier in the early planting date and was higher where the higher seeding rate was used.
However, no differences in yield were detected between planting dates and seeding rates.

Disease Control. Resistant varieties are an ideal management tool for reducing
losses to diseases. In peanut, however, true resistance to Sclerotinia blight has not been
demonstrated (3, 14, 15). Rather than physiological or genetic forms of resistance, partial
resistance of peanut cultivars is generally attributed to architectural characteristics of the
host, such as an open foliar canopy and upright growth of lateral limbs (3, 14, 15). This
partial resistance may be due to the spatial relationship of scler@ianfior and host
tissue as suggested in previous studies (29).

Canopy density and architecture are thought to be significant factors in development

of diseases caused Bglerotiniaspp. (20, 42, 65). Dense canopies block fungicide sprays



from reaching lower leaves and stems near the soil surface (26, 34). Suppressing vine
growth may improve fungicide penetration through the foliar canopy, and result in improved
control of soilborne diseases (26, 34). Hawthorne noticed that incidence of lettuce drop
caused bys minor was less on plants with a more erect growth habit which allows for
greater air movement and higher temperatures near the soil surface (25). This relationship
has also been recognized in other studies of resistance (3, 14, 15). Wider row spacing has
been shown to reduce white mold incidence in Great Northern beans (65). Thinning of the
peanut canopy has been shown to significantly decrease the development of Sclerotinia blight
of peanut (4,20). Mechanical pruning reduced the area under the disease progress curve
(AUDPC) of Sclerotinia blight in peanuts, but reduced yield has also been associated with
this type of canopy modification (4, 20).

Changes in plant canopy can be brought about by foliar-feeding insects and foliar
diseases. The early instars of corn earwatsliCoverpa ze®8oddie) can cause significant
defoliation of peanut (28). Defoliation by this insect usually occurs well after pod set and
generally has no significant effect on yield (63). However, peanuts rarely are subjected to
the full effect of this defoliation due to insecticide sprays (Herpersonal communication
Leaf spot caused Iyercospora arachidicol&lori andCercosporidiunpersonatun{Berk.
and Curt.) Deighton can also cause severe defoliation which may lead to a 50% loss in yield
in years of heavy disease pressure; however yield loss is not likely if 40% or less defoliation
occurs late in the season (59, Phiggesonal communication

Plant growth regulators have been shown to modify the canopy architecture without
reducing peanut yield (6, 37). In Bauman and Nordans study (6) the use of daminozide
resulted in a more compact plant by shortening the internodes of lateral limbs and mainstems.
This product is no longer used due to consumer concerns over chemical residues in peanut
kernels and products (56). Prohexadione calcium, a new plant growth regulator for peanut,
alters plant growth in a manner similar to daminozide and is pending for registration in the
future (37). Chlorimuron, a systemic herbicide registered for use on peanut, has been

evaluated for growth suppression (36, 67, 68). This chemical is effective in controlling



excessive vine growth, but may have detrimental effects on yield and quality (36). Paraquat
is a contact herbicide used for early season weed control in peanuts (71, 72, 74, 75).
However, this method of canopy alteration may cause yield losses if applied subsequent to
60 days after emergence of peanut (71) and has not been investigated for disease control.
Modifications in the plant canopy by insects, diseases, and chemicals have not been tested
for effects on Sclerotinia blight of peanut.

Currently, peanut growers depend on fungicide applications for suppression of
Sclerotinia blight of peanut. In 1975, fungicides such as dicloran, PCNB, and benomyl
provided partial control of Sclerotinia blight when multiple applications were made at high
rates (7, 40). Procymidone, a dicarboximide fungicide, was reported to give effective control
in field trials in 1980 (47). Other dicarboximides, such as iprodione and vinclozolin, were
later shown to provide some control of the disease (18,40). Dicloran was used pursuant to
section 18 of FIFRA for control of Sclerotinia blight prior to the registration of iprodione in
1985. Brenneman et al. (10) determined that the dicarboximides, iprodione and vinclozolin,
were more effective in suppressing Sclerotinia blight and were able to deliver more residual
control than dicloran. Lab studies utilizing detached peanut stems produced similar results
(12). However, the dicarboximides were found to be more susceptible to leaching than
dicloran (21).

Currently, iprodione is the only fungicide registered for control of Sclerotinia blight
of peanut in the U. S. Iprodione provided 31% suppression of disease incidence and
increased yield by 718 kg/ha over a 4-yr period in replicated field trials from 1989 to 1991
(61). This low level of control was previously thought to be the result of resistance to the
dicarboximides bys. minor. Isolates with reduced sensitivity to the dicarboximides were
observedin vitro, but field studies failed to show any differences in control between
dicarboximide-treated microplots inoculated with dicarboximide-sensitive and -insensitive
isolates ofS minor (9, 11, 50, 51, 62). Hubbard et al. (27) in 1997 suggested that rapid
breakdown of iprodione by soil microflora was the probable reason for the lack of control

associated with lettuce drop causedhayinor. The new fungicide, fluazinam, was shown



to provide good to excellent suppression of Sclerotinia blight in 1987. Reports in 1991 and
1992 documented that fluazinam limited disease incidence and increased yield of peanut
greater than the dicarboximides, iprodione or vinclozolin (60, 61). In these trials, fluazinam
at 0.56 kg a.i./ha resulted in 69% suppression of disease incidence and increased yield by
1598 kg/ha.

The timing of fungicide application appears to be critical for control of diseases
caused bysclerotiniaspp. (64). When applied just prior to infection of lettuc&hyinor,
sprays of vinclozolin and iprodione were just as effective as calender sprays and more
effective than post-infection or “demand” treatments (39, 77). Fluazinam, when applied just
prior to inoculation of detached peanut limbs, reduced the AUDPC greater than post-
inoculation applications (13). The “demand” program relies on intensive weekly scouting
for disease. The initial fungicide application is made upon detection of disease and
subsequent sprays are made at 3 or 4-wk intervals. A negative aspect of the “demand”
program is that fungicide applications are made often only after disease has already caused
significant damage. Furthermore, subsequent applications are made on a calender schedule
instead of when weather conditions favor disease development. The above observations
underscore the need for a predictive advisory program to improve the efficiency of fungicide
use and eliminate needless sprays.

With the knowledge that fungicides for control of Sclerotinia blight are more
effective when applied as preventative treatments (13, 64, 77), recent studies have focused
on developing algorithms to predict disease onset and increase the efficiency of fungicide
sprays. Researchers in these studies assigned indices to environmental and host factors,
which are known to favor disease development, and utilized these indices as input for
algorithms to predict disease onset and determine when fungicide sprays are needed (5, 33,
43, 44). These algorithms have shown potential for reducing the number of fungicide
applications below that of “demand” treatments while maintaining similar yields (5, 43, 44).
However, algorithms have not been tested across many locations or a wide range of

environments.



Objectives. The primary goal of this research was to develop and refine algorithms
which may provide an early warning for the onset of Sclerotinia blight of peanut through the
use of crop growth parameters and detailed weather data which is currently available in
Virginia (17). The warnings triggered by the algorithms will be used to time fungicide
applications. A secondary goal was to determine methods by which plant growth and canopy
characteristics could be altered to favor improved disease management through manipulation
of planting date, growth regulators, herbicides, and management of foliar insects and
diseases.

The objectives were: 1) to develop and validate an algorithm for predicting the onset
of Sclerotinia blight and determine the duration of plant protection following a fungicide
application (Chapter 2); 2) to determine the effect of planting date on disease management
and fungicide performance (Chapter 3); and 3) to evaluate the utility of plant growth and

canopy modifiers as tools for suppressing disease (Chapter 4).
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