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Monilinia vaccinii-corymbosi pseudosclerotia overwinter on the soil surface
and produce apothecia in early spring, providing primary inoculum for Mummy Berry
Disease of blueberry. Burial under 2.5 cm of soil or the absence of light have
previously been identified as critical factors preventing the development of apothecia.
Mulches were applied to overwintering pseudosclerotia at different developmental
stages in outdoor conditions over a two-year period. Douglas-fir (Pseudotsuga
menziesii) sawdust applied at depths of 2.5 or 5 cm, blueberry leaves cv. ‘Bluetta’ at a
depth of 2.5 cm, and a bare ground (or no mulch) control, in combination with
application timing, were assessed for their effect on apothecial development.
Application timings corresponding to visible stages of pseudosclerotial overwintering
development included maturation, dormancy, germination/emergence, and
differentiation. Mulches were tested at the OSU Botany and Plant Pathology Field
Lab, Corvallis, OR and at two collaborator field sites in the Willamette Valley. Mulch
depth loss was also assessed at the end of the overwintering period.

A mulch depth of 5 cm of Douglas-fir sawdust was associated with more
instances of complete apothecial suppression than the bare ground treatment. Mulch
application timing did not have an effect on apothecial development. A significant
change in Douglas-fir sawdust mulch depth was observed when applied in October as
compared to a February application. Therefore, it is recommended that mulches be
applied in late winter to decrease mulch depth loss due to decomposition and/or
weathering.
In the laboratory, apothecial development under various light qualities and the
effects of burial depth on light intensity were assessed. Vials, containing a
pseudosclerotium, were capped with a clear, red, or blue filter, and placed into one of
two photosynthetrons in a completely randomized design. Pseudosclerotia were
incubated at 9-10°C on a 12-hr photoperiod with 80 µmol m-2 s-1 intensity for 14 days
and monitored for apothecial development. In addition, two additional light exclusion
trials were performed in a dark room at 5x10-5 µmol m-2 s-1 intensity. Light intensity
was measured under increasing depths of soil or Douglas-fir sawdust. Clear filtered
(full spectrum) or red filtered light stimulated more apothecia in comparison to blue
filtered light. There was no difference in apothecial stimulation between the red or
clear filtered light environments. Light was required for apothecium development, as
zero apothecia developed in the dark environment, confirming previous reports.
When light intensity was measured under increasing depths of soil or Douglas-fir
sawdust, light conditions favorable to apothecial development was detected at a 0.5
cm depth but not at a 2.5 cm depth.
An annual application of at least 5 cm (2 inches) of Douglas-fir sawdust either

in late winter (prior to sporulation) or anytime during the fall and winter months, if
maintained at or above the 5 cm minimum depth, can help reduce the likelihood of
apothecial development in the spring.
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Since the domestication of northern highbush blueberry, Vaccinium corymbosum L., in
the early 1900s, blueberry production has gained momentum, transitioning from a native North
American understory bush to an internationally traded crop (Retamales and Hancock 2012). In
the United States alone, blueberry production is an $800 million industry, with Michigan,
Georgia, Washington, and Oregon serving as the top four blueberry growing states (USDANASS 2015). In Oregon, the production of blueberries has increased dramatically in the last 20
years, with acres of blueberries harvested undergoing a 339% increase (USDA-NASS 2015).
Monilinia vaccinii-corymbosi, the causal agent of mummy berry disease, has a host range
that stretches from the southern United States to Canada (Batra 1983). Monilinia vacciniicorymbosi attacks all cultivated species of blueberry, which include V. corymbosum L. (highbush
blueberry), V. ashen Reade (rabbiteye blueberry), and V. angustifolium Ait. (lowbush blueberry).
The resulting mummy berry disease is widely considered the most economically important
problem in blueberry cultivation (Retamales and Hancock 2012).
Monilinia vaccinii-corymbosi begins its life cycle as a pseudosclerotium, overwintering
on the soil surface from late summer until early spring (Appendix A; Batra 1983). After
accumulating sufficient chill hours (average temperature < 7.2°C), degree-days (base 7.2°C), and
in the presence of light and adequate soil moisture, the pseudosclerotium will produce apothecia
(Milholland 1974; Scherm et al 2001). Sexual development is synchronized with host phenology,
producing apothecia which coincide with blueberry floral bud break (Honey 1936). Ascospores,
which are primarily wind-dispersed, are carried downwind. After contacting new, healthy
vegetative tissue, ascospores will incite primary infection (Cox and Scherm 2001). The earliest
symptom is a general wilting of foliage, as newly formed leaves turn a rosy brown and
sometimes form a shepherd’s crook or curl. Asexual spores called conidia are produced on
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diseased tissue and are vectored by pollinators to blueberry flowers at anthesis. Secondary
infection is characterized by colonization of blueberry fruit. The blueberry fruit initially appear
healthy, but begin to discolor as the disease develops. These infected berries turn pinkish-purple,
wrinkle, and can appear “mummified” as the fruit develops into a pseudosclerotium.
Major mummy berry epidemics have been reported since the 1960s in North America.
Surveys of Nova Scotia farmland in 1956 found that 33% of blueberry fields were severely
infested (Lockhart 1961). In 1969, British Columbia, Canada experienced an 8.1% crop loss,
with an estimated monetary loss of $750,000 (Pepin and Toms 1969). In 1974, many commercial
farmers in New Hampshire experienced a yield reduction reaching 70-85% (Wallace et al. 1976).
In 2014, an Oregon grower reported an 83% crop loss due to mummy berry, and in a 2015
survey of Washington blueberry growers, 3 out of 29 participants reported a greater than 36%
loss in the previous season (Appendix B).
There are a variety of management options mentioned in the literature (Appendix C).
Selecting resistant cultivars is a common recommendation, as cultivars can vary widely in their
susceptibility to mummy berry disease (Retamales and Hancock 2012). Cultivars resistant to the
fruit infection stage, such as ‘Reka’, ‘Bluejay’, and ‘Brigitta’, can be planted to expand
production or replace susceptible cultivars (Appendix C; Pscheidt and Ocamb 2015; Stretch and
Ehlenfeldt 2000). Fungicides are another option for disease management, with applications
generally applied from bud break through bloom on a 7- to 14-day interval (Retamales 2012).
There are several registered fungicides available for management of mummy berry disease, and
the use of some desiccants and herbicides may have the added benefit of inhibiting apothecial
development in the field (Cox and Scherm 2001). Fungicides registered for organic agriculture
are less effective, leaving organic growers with fewer management options (Pscheidt and Ocamb
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2015). Cultural management options such as harvesting pseudosclerotia directly from the bush or
raking pseudosclerotia into the aisle for collection can be utilized in both conventional and
organic production systems (Retamales and Hancock 2012). Mechanical cultivation of
pseudosclerotia is another effective management technique, as it can reduce apothecial
emergence by about 50% (Nguki et al. 2002). Other recommendations in the literature include
mulching with 2.5 cm of mulch during autumn or winter (Retamales and Hancock 2012).
The recommendation to mulch presumably originates from a laboratory experiment
conducted in 1974, which demonstrated that burial of pseudosclerotia 2.5 cm below the soil
surface completely inhibits apothecium development (Milholland 1974). Mulching for mummy
berry disease management was further explored in a field study, which demonstrated that 3 cm of
peat moss applied immediately prior to sporulation significantly decreased mummy berry blight
(Annis et al. 2010). Peat moss, however, is not a common mulch in Pacific Northwest blueberry
production and reports by farmers concerning the effectiveness of mulching for mummy berry
disease management are varied.
In a survey of Pacific Northwest organic blueberry farmers conducted in 2014- 2015,
66% and 80% respectively of Oregon and Washington blueberry farmers reported that they
already mulch for disease management (Appendix B). When asked about the application timing
of their mulch, their answers varied; 64% and 29% respectively of Oregon and Washington
growers reported applying mulch in March and April, despite these being the months typically
associated with M. vaccinii-corymbosi sporulation and primary infection (Appendix B). The type
of mulch used also varied, with ten different mulches reported by the blueberry growers
(Appendix B). When asked about mulch depth, reports of estimated mulch depths varied from
less than 2.5 cm to over 5 cm, with 45% of all blueberry growers reporting mulching to a depth

5
between 2.5 cm-5 cm (Appendix B). Furthermore, blueberry growers have reported witnessing
apothecia with long stipes growing out of the leaf litter. Observations of pseudosclerotia
incubated in a chill room in low light conditions yielded elongated stipes that reached up to 10
cm in length (Appendix D).
Field testing is needed to demonstrate whether mulching is an effective means of
suppressing the apothecial development of M. vaccinii-corymbosi and to standardize this practice
by determining the most effective depth and application timing. Mulching for mummy berry
disease management may be further enhanced by elucidating the biological requirements of M.
vaccinii-corymbosi. Previous reports have demonstrated that soil moisture, light, and temperature
are the most important factors that influence germination of the pseudosclerotium, and that
incubation in a no-light environment completely inhibits apothecia germination (Milholland
1974). By investigating both the effects of light on apothecial development and the effect of
burial depth on light intensity, the practice of mulching for disease management may be
enhanced to reliably suppress apothecial development.
The overall goal of this study is twofold: (1) determine the influence of mulching on M.
vaccinii-corymbosi sexual development under field conditions; and (2) assess the impact of light
quality on the sexual development of M. vaccinii-corymbosi.
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CHAPTER 2A
LITERATURE REVIEW
ETIOLOGY AND MANAGEMENT OF MUMMY BERRY DISEASE

9
Mummy berry, caused by the fungal pathogen Monilinia vaccinii-corymbosi (J.M.
Reade) Honey 1936, is a disease of economic concern in areas of blueberry production from the
southern United States to Canada. The disease results in the replacement of blueberry fruit with a
fungal pseudosclerotium, which results in yield losses. Severe epidemics due to M. vacciniicorymbosi have been documented since the 1960s, with as much as an 85% yield loss reported in
some cases.
SIGNIFICANCE
Losses and Economic Impact
Surveys of Nova Scotia farmland in 1956 found that 33% of blueberry fields were
severely infected (Lockhart 1961). In 1969, British Columbia, Canada experienced an 8.1% crop
loss, with an estimated monetary loss of $750,000 (Pepin and Toms 1969). In 1974, many
commercial farmers in New Hampshire experienced a 70-85% crop loss due to mummy berry
(Wallace et al. 1976). In 2002, an estimated 70-80% crop reduction was reported on a crop of
non-sprayed rabbiteye blueberry in North Carolina (Cline 2003).
SYMPTOMS AND SIGNS
Symptoms
Following primary infection, the earliest symptom is generally wilting of foliage, as
newly formed pinkish leaves will often turn a rosy brown and sometimes form a shepherd’s
crook or curl. Severe wilting of vegetative and floral shoots and a brown discoloration or blight
(Figure 2.1), may occur in some years but not all (Batra 1983). Within 72 h, the whole shoot,
including any flower buds, will collapse, with the highest incidence of these infected shoots
occurring on the lower canopy, which overhangs moist soil and developing apothecia (Batra
1983; Lockhart et al 1983).
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After flowers are infected, fruit initially appear healthy, but begin to discolor as the
disease develops. These previously green berries become pinkish-purple and wrinkled, while
healthy blueberries ripen and turn a dark bluish-purple (Figure 2.2) (Batra 1983). In addition,
infected berries at first appear swollen, then shrivel to about three-fourths of the normal fruit size
and drop to the ground.
Signs
From late summer until early spring, fungal structures called pseudosclerotia (also
commonly referred to as “mummies”) overwinter on the ground under blueberry bushes.
Pseudosclerotia are hardened masses of mycelium, mixed with non-fungal material such as
stones or soil, that resist decomposition and allow the fungus to survive the harsh conditions of
winter (Ainsworth et al. 1995). Successfully overwintered pseudosclerotia are commonly found
beneath fallen blueberry leaves, moss, or other plant debris (Batra 1983). At blueberry floral bud
break, the pseudosclerotia produce fruiting bodies called apothecia (Figure 2.3), which discharge
sexual spores (ascospores) resulting in primary infection (Batra 1983). Asci, ascospores, and
paraphyses are hyaline (light-colored) and the ascospores are lemon-shaped (Honey 1928).
Following primary infection, secondary asexual spores, called conidia, are produced.
Conidia are borne in chains, which can be branched or un-branched (Honey 1928). They are also
hyaline in color, but when clustered together, take on a grayish-blue appearance which can be
observed in the form of a grayish mantle on infected plant parts (Figure 2.4) (Batra 1983). There
is also a distinctive sweet odor that is characteristic of many Monilinia species (Honey 1928).
Additionally, the conidial mat secretes sugars and reflects UV light, which is thought to attract
pollinators (Batra and Batra 1985). The conidia, mixed with these sticky sugars, adhere to
various bee, moth, and fly species and are vectored to healthy blueberry flowers, where they
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germinate to cause secondary infection of the fruit (Batra and Batra 1985).
Mats of fungal hyphae (mycelium) can be observed in the locules when an infected
developing blueberry fruit is cut open (Figure 2.5) (Shinners and Olson 1996). This mycelium
will continue to colonize the berry until it forms a pseudosclerotium, at which point the host
tissues will shrivel and the fruit will drop to the ground. This mass of mycelium is soft and
cream-colored early in development, but as it grows, the mycelium hardens and becomes a tan
color. Late summer pseudosclerotial maturity can be visually assessed based on color (Cox and
Scherm 2001c). This is typically observed as the surrounding host epidermis is sloughed off. Tan
or brown pseudosclerotia represent the most juvenile form, followed by grey, and mature
pseudosclerotia are black (Cox and Scherm 2001c).
PATHOGEN BIOLOGY
Monilinia vaccinii-corymbosi was originally described by Longyear in 1901 occurring on
wild Vaccinium spp. in Michigan (Longyear 1901). He classified the fungus as Sclerotinia
vaccinii Wor. In 1908, Reade differentiated the pathogen based on its host range and named the
fungus Sclerotinia vaccinii-corymbosi Reade (Honey 1928). It wasn’t until 1936, when the new
genus Monilinia was established by Edwin E. Honey, and that the fungus became known as
Monilinia vaccinii-corymbosi (J.M. Reade) Honey (Honey 1936).
Sexual Reproduction
Historically, there has been a lack of consensus in the scientific community as to whether
the “mummy” of M. vaccinii-corymbosi is a sclerotium or a pseudosclerotium. A sclerotium is
defined as “a firm, frequently rounded, mass of hyphae with or without the addition of host tissue
or soil, normally having no spores in or on it, and may give rise to a fruiting body” (Ainsworth et
al. 1995). A pseudosclerotium is defined as, “a compacted mass of intermixed substratum (soil,
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stones, etc.) held together by mycelium” (Ainsworth et al. 1995). Honey originally described the
overwintering structure of M. vaccinii-corymbosi as a pseudosclerotium (Honey 1928).
However, Milholland later sought to reclassify the structure based on the lack of incorporation of
host or other tissues (Milholland 1977). According to Milholland, the structure was solely
composed of filamentous hyphae with an outer rind of host epidermis cells. However, the name
remained unchanged and the structure is referred to as a pseudosclerotium.
After appropriate conditioning of the pseudosclerotia (see Favorable Environmental
Conditions below), stipe development occurs in two well-defined stages: germination and
emergence (Milholland 1974). During germination, dark, hardened stipe initials, also known as
fundaments, develop from the overwintering pseudosclerotium (Figure 2.6) (Bristow 1979).
These fundaments grow up to 5 mm in length during the germination phase, and then continue to
grow and elongate (between 5-15 mm) in the emergence phase (Milholland 1974). Once
fundaments become fleshy and a depression at the tip is formed, they are referred to as stipes
(Figure 2.7). This depression later becomes an apothecium. Rhizoidal tufts are commonly found
at the junction between the base of the stipe and the pseudosclerotium (Bristow 1979).
Pseudosclerotia originating from early-fruiting cultivars will produce apothecia earlier than those
originating from late-fruiting cultivars (Lehman and Oudemans 1997).
Asexual Reproduction
Conidia are round, hyaline asexual spores that are vectored by pollinators and infect
blueberry flowers (Batra 1983, 1991; Batra and Batra 1985). Honey divided the genus Monilinia
into two groups- the Junctoriae and the Disjunctoriae (Honey 1928). Monilinia vacciniicorymbosi is classified within the Disjunctoriae, which is distinguished by the presence of
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disjunctors or specialized separating structures between conidia. The disjunctors are thought to
aide in dissemination and may detach with the spore when dislodged (Honey 1928).
Once a conidium has been successfully vectored to the host’s stigmatic surface, it
germinates to form a germ tube. Unlike closely related Monilinia species in the Junctoriae, the
germ tube of M. vaccinii-corymbosi grows unidirectionally down the style, much like a pollen
tube (Nguki and Scherm 2004). By adhering selectively to imprints of stylar transmitting tract
tissue, the fungus can gain entry into the ovary without destroying the canal for the later pollen
tube growth and fertilization needed for berry formation and subsequent colonization.
DISEASE CYCLE AND EPIDEMIOLOGY
The Disease Cycle
The disease may be infrequently observed after planting; therefore, it may not be an
economic problem for many years. If growers do not manage the disease, inoculum will slowly
build up over time. A year of highly favorable weather will result in dramatic increases in
mummy berry and can cause sustained crop loss for the grower from that time on.
Pseudosclerotia present on the soil surface germinate in early spring to form apothecia. A
single apothecium can discharge over 100,000 ascospores per day (Wharton and Schilder 2005).
Apothecia begin discharging spores when the cup diameter reaches 2mm, and once the cup
opens to 8-10mm, sporulation generally remains constant for 3-4 days before declining (Wharton
and Schilder 2005). Apothecia viability is temperature dependent and cooler temperatures (~5°C)
are most conducive to longevity (Wharton and Schilder 2005). Floral buds become susceptible as
bud scales begin to separate, and vegetative buds become susceptible when 1-2 mm of green
tissue becomes visible (Ramsdell et al. 1974). Ascospores land on this new floral and vegetative
tissue, germinate under appropriate environmental conditions, and gain entry to the host either
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directly through the epidermis or indirectly via stomata, thus initiating primary infection
(Milholland 1977).
Infected shoots, leaves, and twigs become covered with a grayish mat of conidia, which
are then vectored, primarily by pollinators, to healthy blueberry flowers at anthesis (Batra 1983,
Batra and Batra 1985). The conidium is deposited on the stigma of the blueberry flower; it then
germinates to form a germ tube. The germ tube grows unidirectionally down the style of the host
toward the ovary, adhering to the stylar canal (Nguki and Scherm 2004). Hyphal growth rates are
correlated with blueberry flower age, with the fastest growth rate associated with the youngest
blossoms (Nguki and Scherm 2002). Thus, the youngest blossoms are most susceptible to flower
infection. Once the flower is fertilized, the fungus begins to grow, invading the locules and
replacing the fruit with a dense mat of hyphae (Shinners and Olson 1996). The blueberry then
shrivels as the mat of hyphae expands, and the newly formed pseudosclerotium drops to the
ground around the time of harvest.
From late summer until early spring, the pseudosclerotium rests on the ground. During
this time, the pseudosclerotium undergoes several transitions such as melanization, germination,
and emergence (Cox 2001c; Milholland 1974).
In early spring, under conditions of adequate soil moisture and temperature, the
pseudosclerotium will form apothecia that will disseminate ascospores and initiate a new disease
cycle (Milholland 1974). A 42% soil moisture content (SMC) measured by weight has been
shown to be conducive to stipe elongation in a laboratory setting (Millholland 1974). In addition
to SMC, a temperature below 21°C is conducive to stipe elongation, 10°C being the most
productive temperature. These temperatures satisfy the degree-day requirement of M. vacciniicorymbosi, or days with an average temperature at or above 7.2°C (Scherm et al. 2001).
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Aerial Dispersal
Once the apothecium is formed, ascospore release is achieved in conditions of low
relative humidity and wind speed (Ramsdell et al. 1974). Ascospores are long-lived (up to 48
days when stored at a temperature of 5°C under laboratory conditions), and are well-suited for
wind dispersal and long-distance transport (Batra 1983; Honey 1928). In field studies, increased
primary infection downwind, as opposed to upwind, of an ascospore point source is further
evidence that ascospores are forcibly ejected from asci and dispersed by wind currents (Cox and
Scherm 2001b). In the same study, there was a tendency for increased fruit infection upwind of
the conidia point source. The upwind pattern of conidia dispersal is similar to the upwind flight
pattern of bees, but results also provide evidence for some wind dissemination.
When conidia of M. vaccinii-corymbosi were examined by Russian mycologist, Voronin
(1888), he discovered tissue that served to separate mature conidia from one another on the
conidial chain, which he called disjunctors (Honey 1928). As the disjunctors elongate, it
becomes easier for each conidium to break apart from the chain. At the time, Voronin (1888)
postulated that this appeared to be an adaptation for wind dissemination, although this could also
facilitate the transfer of conidia from the chain to pollinator vector.
FAVORABLE ENVIRONMENTAL CONDITIONS
Pseudosclerotia of M. vaccinii-corymbosi overwintering on the ground are affected by a
variety of environmental factors. During late summer, when the pseudosclerotium has dropped
from the host blueberry bush, increased soil moisture is associated with higher rates of decay for
immature pseudosclerotia (Cox and Scherm 2001c). Therefore, mature, black, pseudosclerotia
have a higher likelihood of survival.
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During the winter, pseudosclerotia are conditioned by chill-hours (< 7.2°C) (Scherm et al.
2001). The chill-hour requirement in North Carolina is from 900 to 1,200 hours, while the
requirement in the state of Washington is around 700 hours (Bristow 1979, Milholland 1977).
Chill-hour satisfaction and high levels of soil moisture enhance carpogenic germination
(Milholland 1974; Scherm et al. 2001). Degree-day accumulation (days with an average
temperature at or above 7.2°C), adequate soil moisture, and exposure to light promote
apothecium development (Milholland 1974; Scherm et al. 2001). Ascospore dissemination is
enhanced in environments with low relative humidity (Ramsdell et al. 1974).
Environmental information pertaining to M. vaccinii-corymbosi primary infection has been
utilized to create the Mummy Berry Forecast System in Nova Scotia, Canada (Table 2.1) (Annis
et al. 2010). By visually assessing when the floral bud scales have separated and leaf buds are
more than 0.6 cm (or ¼”) green, growers can determine when 40-50% bud break has occurred. If
temperature and leaf wetness fall within the moderate to high infection range on the table, it is
recommended that the grower apply a fungicide within 72 h from the start of the wet period.
MANAGEMENT OF MUMMY BERRY
Cultural Management
Since conidia of M. vaccinii-corymbosi are pollinator-vectored and, to a lesser extent, wind and
water dispersed, movement of secondary inoculum by pollinators is impossible to prevent
without harming the vector, thus reducing pollination and impeding adequate fruit set (Batra
1983).
Experiments in North Carolina have shown that burial of pseudosclerotia under at least
2.5 cm of soil completely inhibits germination, and field research has determined that burying
pseudosclerotia via mechanical cultivation can reduce apothecial emergence by about 50%

17
(Milholland 1974; Nguki et al. 2002). Of the three cultivation methods examined, a rotary
cultivator buried 78.6% of pseudosclerotia at least 2.6 cm below the soil surface, while the disc
harrow and in-row cultivator buried 52.6% and 20.9% of pseudosclerotia respectively. Some
farmers also use mulching as a method of burial. A report from the literature demonstrated that
mummy berry primary infection can be significantly reduced when 3 cm peat moss is applied
immediately prior to sporulation in Maine (Annis et al. 2010). Mulching has the added benefit of
increasing organic matter content in the soil and water retention around the root zone of the
blueberry bush.
Sanitation is another cultural management method (Pscheidt 2015). Pseudosclerotia can
be collected during harvest (or raked into the aisle and gathered); they must be subsequently
taken to cull piles, and they must be destroyed or buried before the following spring to prevent
newly-formed apothecia from producing ascospores and re-infecting the field. Many farmers
have also tried raking or disrupting apothecia in the spring with some reported success (Pscheidt
2015).
Cultivar selection is another important factor in disease management. If a susceptible
cultivar of blueberry is heavily infected, the cultivar can be removed to lessen disease pressure in
the field (Pscheidt 2015). While this is a logical step in disease management, it is not yet been
substantiated by data from the literature. If the bushes are to be replaced, planting resistant
cultivars such as Reka and Bluejay will reduce losses due to mummy berry (Table 2.2) (Pscheidt
2015; Stretch and Ehlenfeldt 2000).
Chemical Management
There are several registered fungicides available for management of mummy berry
disease (Pscheidt 2015). In Oregon, fungicides in FRAC group 3, which result in inhibition of
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demethylation, are generally most effective (DeFrancesco et al. 2015). Contrastingly, fungicides
in FRAC group 11, which is the family of QoI strobilurins, have consistently been shown to be
ineffective (DeFrancesco et al. 2015). There has also been some preliminary investigation into
the impact of non-fungicide chemicals on apothecium development. The use of some desiccants
(used experimentally as bloom thinners) and herbicides may have the added benefit of reducing
primary inoculum in the field (Cox and Scherm 2001a). Laboratory studies have demonstrated
that ammonium thiosulfate (a bloom thinner and desiccant) and diuron (an herbicide, which
inhibits the Hill reaction in photosynthesis), can completely inhibit apothecia development when
applied to immature stipes. Application can also reduce apothecium longevity when applied
directly to open apothecia. Simazine (a pre emergent herbicide) affects spore viability if applied
before germination or at stipe emergence by causing malformed apothecia.
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Figure 2.1. Primary infection of blueberry shoots caused by M. vaccinii-corymbosi. Necrotic
leaves, often with a grayish mantle of conidia, are characteristic of the disease. (Courtesy Dr. Jay
Pscheidt)
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Figure 2.2. A mixture of healthy blueberries and the pinkish-purple pseudosclerotia, or
“mummies”, of M. vaccinii-corymbosi (Courtesy Jade Florence).
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Figure 2.3. Nearly-mature apothecia of M. vaccinii-corymbosi developing from pseudosclerotia.
(Courtesy Dr. Jay Pscheidt)
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Figure 2.4. The necrotic apical tip of a blueberry shoot infected with M. vaccinii-corymbosi.
Note the distinctive grayish mantle of conidia. (Courtesy Dr. Jay Pscheidt)
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Figure 2.5. A cross-section through a developing blueberry reveals the mycelium of M. vacciniicorymbosi invading the locules (Courtesy Jade Florence).
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Figure 2.6. The hardened stipe initials of M. vaccinii-corymbosi. (Courtesy Dr. Jay Pscheidt)
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Figure 2.7. Hardened stipe initials become fleshy in preparation for apothecium maturation. An
indentation at the tip will be the location of the apothecium. (Courtesy Dr. Jay Pscheidt)
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Wetness Duration
(Hours)
2
4
6
8
10
15
24

2
None
None
None
None
Mod
Mod
High

Mean Temperature During Wed Period (°C)
6
10
14
None
None
Low
Mod
High
High
High

None
None
Low
High
High
High
High

None
None
High
High
High
High
High

18
None
None
High
High
High
High
High

Table 2.1. Wetting duration (in hours) associated with mummy berry infection at different air
temperatures in Nova Scotia, Canada. Table recreated from Annis 2010. (Data from Paul
Hildebrand and Rick Delbridge)
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Blueberry Cultivars and Primary
Infection Resistance to Mummy
Berry
Berkeley
Susceptible
Elliot
Susceptible
Earliblue
Susceptible
Dixi
Susceptible
Blueray Moderately Resistant
Concord Moderately Resistant
Jersey
Moderately Resistant
Collins
Moderately Resistant
Spartan Moderately Resistant
Bluecrop Moderately Resistant
Legacy Moderately Resistant
Darrow Moderately Resistant
Duke
Moderately Resistant
Bluegold
Resistant
Bluetta
Resistant
Bluejay
Resistant
Rancocas
Resistant
Patriot
Resistant
Northblue
Resistant
Reka
Resistant
Table 2.2. Susceptibility of common blueberry cultivars to fruit infection by M. vacciniicorymbosi. Susceptible, moderately resistant, and resistant varieties determined by mean fruit
infection incidence (30-50.9%, 11-29.9%, and 0-10.9% respectively) in 1996-1997 (Data from
Stretch and Ehlenfeldt, U.S. Department of Agriculture).
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CHAPTER 2B
LITERATURE REVIEW
LIGHT DETECTION BY PLANT PATHOGENIC FUNGI
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Responses to light quality in nature were first formally reported in 1881, when Darwin
described phototropism in plants (Darwin 1881). Since then, light responses have been identified
in all three domains including eukaryotes, bacteria, and archaea (Purschwitz et al. 2006). Light
can play an important role in the fungal kingdom by regulating tissue development, the direction
of growth, reproduction, and pigment formation, all of which are important aspects for the
survival and reproduction of fungi (Idnurm and Heitman 2005). This literature review will
discuss the biological importance of light for both fungal model organisms and plant pathogens,
along with management tactics that have been developed from an understanding of light
responses. Finally, a case will be made for the importance of light detection by the causal agent
of mummy berry disease, Monilinia vaccinii-corymbosi.
Light quality and intensity, which are detected by fungi through the use of light-sensitive
pigments, may be especially important for fungal plant pathogens. Light sensing can help a
fungus determine its location, which can help effectively disseminate spores at the soil-air
interface (Purschwitz et al. 2006). Light can facilitate the timing of life cycle transitions,
triggering sporulation (Leach 1972; Rodriguez-Romero et al. 2010; Vakalounakis 1986). Light
can also inhibit the effect of pathogen toxins, impacting disease development. For example, the
ACR-toxin produced by Alternaria alternata has reduced ability to cause necrosis on susceptible
citrus leaves in the presence of light (Akimitsu et al. 1994). While the significance of light for
plant pathogen development and virulence is only beginning to be understood, studies on the
physiological effects of light provide great insight into pathogen light detection systems
(Kitamoto et al. 1972; Lu 2000; Smith 1936; Stevens 1928a, 1928b).
Responses to light have been investigated for a wide variety of fungi, and their lightdetection systems can generally be divided into two major groups: UV/blue-light sensing and
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red/far-red light sensing (Rodriguez-Romero et al. 2010). Blue light induces conidiation for
Alternaria cichorii, the cause of leaf spot on various crops and weeds (Vakalounakis 1986).
Perithecium development is stimulated by UV light for both Leptosphaerulina trifolii, the cause
of leaf blight on turf grass, and Glomerella cingulata, the cause of bitter rot on apple (Leach
1972; Stevens 1928a, 1928b). Blue light induces protoperithecium formation in Neurospora
crassa, a model organism, and UV induces sporulation for Ascochyta pisi, which causes
ascochyta blight on pea (Idurm and Heitman 2005; Leach 1962; Linden et al. 1997,).
Physiological responses to red light have also been reported. Active ascospore discharge
is stimulated by far red light within the band 710-730 nm for Venturia inaequalis, the cause of
apple scab (Brook 1969). Aspergillus nidulans, a model organism in eukaryotic cell biology,
requires red light to induce conidiation; however, conidiation is suppressed by an immediate
switch to far red light, suggesting that this is a phytochrome-mediated response (Mooney 1990;
Osmani and Mirabito 2004). Red light (λmax 625 nm) also inhibits sporulation of Peronospora
belbahrii (Cohen et al. 2013).
A combination of red and blue light can also be involved in the induction of
physiological responses. The asexual development of Magnaporthe oryzae, causal agent of rice
blast disease, is suppressed by blue light, and asexual spore release is controlled by both blue and
red light (Lee et al. 2006). Although sporulation is inhibited by blue light for Botrytis cinerea
and Alternaria solani, it can be reversed by red-light illumination (Rodriguez-Romero et al.
2010; Tan 1974).
An understanding of the morphological effect of light quality can lead to new forms of
disease management. Alternaria, Botrytis, Sclerotinia and Bipolaris have been shown to be
managed in greenhouse production by covering panes with a UV-absorbing vinyl film (Honda
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and Yunoki 1977; Naito et al. 1996). This film eliminates the required UV region of the
spectrum and reduces sporulation. The same tactic leads to a reduction in brown spot disease on
chrysanthemum, as an elimination of the UV region reduces the negative phototropic response of
conidium germ tubes and suppresses invasion through the host stomata (Naito et al. 1996). In the
case of Podosphaera pannosa, the causal agent of rose powdery mildew, continuous darkness or
continuous light results in reduced sporulation in comparison with 12, 18, 20, or 22-hour day
length treatments. By increasing day lengths from 18 to 20-24 hours, a reduction in the quantity
of conidia produced on mildew colonies can be achieved for greenhouse production of roses
without sacrificing rose quality (Suthaparan et al. 2010a). A subsequent study showed that
exposure to red light also suppressed conidia production of P. pannosa on rose (Suthaparan et al.
2010b). The resulting management recommendation was to briefly expose rose plants to red light
during the dark interval, which can suppress powdery mildew on greenhouse-grown roses
without the cost of continuous illumination (Suthaparan et al. 2010b). New disease management
techniques have also been developed for field crops. A 2013 study demonstrated that nocturnal
illumination of basil in the field (4-10 µmol m-2 s-1 from 7pm to 7am) suppressed sporulation of
P. belbahrii and reduced epidemics of downy mildew, thus reducing the need for fungicide
applications (Cohen et al. 2013).
There are many economically-important plant pathogenic fungi for which light-regulated
physiological responses have never been reported, and further study of how these pathogens
respond to particular light qualities and intensities may lead to new management methods. One
such plant pathogen is Monilinia vaccinii-corymbosi, which infects highbush blueberry
(Vaccinium spp.). The life cycle of this pathogen is highly synchronized with the host’s
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phenology, producing apothecia at the same time as blueberry bud break and conidia at anthesis
(Batra 1983, Lehman and Oudemans 2000).
Light has already been shown to be a critical component of the M. vaccinii-corymbosi life
cycle. Daylight is necessary for apothecium development, and apothecial cups produced in the
dark are smaller in diameter and have etiolated stipes in comparison to those exposed to light
(Milholland 1974). Previous studies have shown that 50% of pseudosclerotia produce apothecia
when exposed to light on a 16 hour daily cycle, compared to only 2% in the dark (Milholland
1974). Other studies have shown that light inhibits aerial vegetative growth of M. vacciniicorymbosi when colonies are raised in a 12-hour light/dark cycle, under a 900 lux cool
fluorescent light source (Batra 1983). In no-light environments, pigmentation in young colonies
is enhanced, although this effect is also nutrient dependent (Batra 1983).
The presence of light clearly plays a significant role in the life cycle of M. vacciniicorymbosi, but the particular role light quality plays is unknown. The genus Sclerotinia includes
many plant pathogenic fungi that are closely related to M. vaccinii-corymbosi. Both Sclerotinia
spp. and Monilinia spp. have been classified within the Sclerotiniaceae and are characterized by
the production of hardened overwintering structures from which apothecia are borne. Upon its
discovery in 1901, M. vaccinii-corymbosi was placed in the genus Sclerotinia due to its similar
phenology and life cycle (Longyear 1901). Phylogenetic assessments have since confirmed the
placement of M. vaccinii-corymbosi within the Sclerotiniaceae (Holst-Jensen et al. 1997).
Light is necessary for apothecium development of S. sclerotiorum and light intensity
greatly influences apothecia shape and stipe length (Thaning and Nilsson 2000). Sexual
development is stimulated by wavelengths shorter than 390 nm, which lie beyond the visible
spectrum of light (Honda and Yunoki 1977). Sclerotium germination and apothecium formation
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are most rapid under blue light, and red light is inhibitory (Singh and Singh 1987). Singh found
that shorter wavelengths were comparatively more beneficial to apothecium development of S.
sclerotiorum, in comparison with longer wavelengths. A later study further corroborated this
evidence, finding that ultraviolet wavelengths between 276 and 319 nm were most effective in
stimulating apothecium development, with a maximum absorbance at 310 nm (Thaning and
Nilsson 2000). A study of another Sclerotinia species, S. trifoliorum, found that ultraviolet
radiation between 300 and 390 nm stimulated apothecial development, whereas wavelengths
longer than 390 nm were not effective (Honda and Yunoki 1975).
No studies have been conducted to investigate the role light quality plays in inducing
apothecium development for M. vaccinii-corymbosi. Since the pseudosclerotia of M. vacciniicorymbosi rest beneath the blueberry canopy for much of the year, knowledge of how light
affects the host, Vaccinium spp., may provide clues as to how M. vaccinii-corymbosi
synchronizes apothecia development with blueberry bud break.
The majority of cultivated blueberry varieties are hybrids of various blueberry species,
most of which originate from deciduous forests in intermediate and diffuse light environments
(Retamales and Hancock 2012). The amount of radiation that a blueberry plant receives can
determine photosynthetic rate, fruit quality, plant morphology, and the number of flower buds for
the next season (Retamales and Hancock 2012). All species of Vaccinium spp. are woody
perennial plants, which detect light quality in order to enter dormancy in autumn and break
dormancy in the spring (Welling and Palva 2006). This photodormancy serves to protect the
plant’s energy investments by acclimating live tissues and removing leaf tissue that would not
survive freezing winter temperatures. This state of dormancy depends on the relative ratio of
active and inactive forms of phytochrome- PFR and PR respectively (Wada et al. 2005).
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Phytochromes (PFR and PR) are light-absorbing pigments that are mainly located in tissues with
high meristematic activity, such as shoot and root tips (Scott 2013). PFR absorbs far-red light,
while PR absorbs red light. The concentration of these phytochrome isomers varies between day
and night and amount of canopy shading, with responses determined by the length of the dark
period. During the day, phytochrome converts from PR to the PFR form, and at night,
phytochrome changes back from PFR to PR.
Going into the fall and winter months, the plant experiences short days and long nights.
These dark periods provide an extended period for the PFR form to change back to the PR form,
resulting in a higher relative ratio of PR to PFR in the concentration. This drop in PFR quantity is
what causes leaf fall and initiation of dormancy. As winter ends, nights become shorter. Thus,
there is a high concentration of PFR with respect to PR, which contributes to the initiation of
flowering and plant growth. This oscillation in the ratio of phytochrome throughout the year is
the mechanism that allows the plant to determine day length and thereby season (Wada et al.
2005). Studies have shown that flower bud initiation, or bud break, for Vaccinium darrowi and
V. corymbosum is photoperiodically sensitive and promoted by short days, while flower bud
development is enhanced under long days (Retamales and Hancock 2012; Spann et al. 2003).
Light intensity also plays an important role in vegetative growth and flower bud
development, both of which are reduced under conditions of low light intensity (Gough 1994).
More shoots are produced in full sun as opposed to shade and increased flower bud formation
occurs closer to the top and edges of the canopy where light is more available (Kim et al. 2011;
Retamales et al. 2008). Photosynthetically active radiation (PAR) is strongly reduced at the
interior of the plant canopy, with 51-80% of full sun being detected in the first 20 cm from the
top edge of the canopy, contrasted with only 9-18% of full sun detected 80 cm from the top edge.
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Within the first 80 cm from the canopy edge, 83% of the plant’s total flower buds were formed,
while only 13.4% of flower buds were formed in the basal 120 cm of the canopy where the
intensity was between 66 and 96 µmol m-2 s-1, respectively, in the months of December and
January (Retamales et al. 2008). Previous studies have also shown that light interception and
distribution within the canopy impact fruit quantity and quality of the host, V. corymbosum.
Flowers/flower bud and percentage of fruit/flower bud are increased under full sun, as opposed
to shade conditions (Kim et al. 2011).
Plants, such as V. corymbosum, also respond to light intensity changes within their
environment to achieve efficient photosynthesis. This is known as photoacclimation (Li et al.
2009). If there is too little light in the environment, plants must quickly adapt by harvesting as
much available light as possible (Valladares and Niinemets 2008). In the case of V. corymbosum,
with increasing shade, leaves become broader and thinner, which enhances photosynthetic
efficiency (Kim et al. 2011). If a plant is overexposed to light, photo-oxidation may occur, which
damages plant cells. In leaves of V. corymbosum, chloroplasts of sun leaves have less
chlorophyll, and thus fewer light harvesting complexes, than shade leaves (Kim et al. 2011). Sun
bleaching can occur in these leaves, possibly due to excessive energy in the light harvesting
complex, which may result in photoinhibition and oxidative stress (Kim et al. 2011).
Photoreceptors such as phototropin, neochrome, and cryptochrome sense excess light directly
and relay signals for chloroplast movement and gene expression responses (Chaves et al. 2011;
Christie 2007; Li et al. 2009).
An understanding of the effect of both light quality and intensity on the sexual
development of M. vaccinii-corymbosi may lead to advancements in the management of mummy
berry disease. Further studies that investigate the role light plays for this plant pathogen may
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provide a broader understanding of the coordination of life cycle transitions and the mechanisms
that detect conducive environments. There is often a complex interplay between the sensing of
light quality and intensity. By interrupting these signals new, targeted disease management
techniques may be achieved.

39
LITERATURE CITED
Akimitsu, K., T. Shikata, H. Otani, H. Tabira, M. Kodama, and K. Kohmoto. 1994. Light
suppresses the action of the host-specific ACR-toxin on citrus leaves. Journal of the Faculty
of Agriculture-Tottori University (Japan) 30: 17-27.
Batra, L.R. 1983. Monilinia vaccinii-corymbosi (Sclerotiniaceae): Its biology on blueberry and
comparison with related species. Mycologia 75: 131-152.
Brook, P.J. 1969. Stimulation of ascospore release in Venturia inaequalis by far red light. Nature
222: 390-392.
Bristow, P.R. 1979. Mummy berry disease: Mummy germination. Proceedings of the fourth
North American Blueberry Research Workers Conference. J. N. Moore, ed. University of
Arkansas, Fayetteville: 163-169.
Chaves, I., R. Pokorny, M. Byrdin, N. Hoang, T. Ritz, K. Brettel, L. Essen, G. van der Hortst, A.
Batschauer, and M. Ahmad. 2011. The cryptochromes: blue light photoreceptors in plants
and animals. Annu Rev Plant Biol 62: 335-364.
Christie, J.M. 2007. Phototropin blue-light receptors. Annual Review Plant Biology 58: 21-45.
Cohen, Y., M. Vaknin, Y. Ben-Naim, and A.E. Rubin. 2013. Light suppresses sporulation and
epidemics of Peronospora belbahrii. PloS ONE 8: e81282.
Darwin, C. 1881. The power of movement in plants. New York: Appleton and Company.
Elad, Y. 1997. Effect of filtration of solar light on the production of conidia by field isolates of
Botrytis cinerea and on several diseases of greenhouse-grown vegetables. Crop Prot 16: 635642.
Gough, R.E. 1994. The highbush blueberry and its management. Food Products Press, New
York.
Herrera‐Estrella, A., and B.A. Horwitz. 2007. Looking through the eyes of fungi: molecular
genetics of photoreception. Mol Microbiol 64: 5-15.
Holst-Jensen, A., L. Kohn, K. Jakobsen, and T. Schumacher. 1997. Molecular phylogeny and
evolution of Monilinia (Sclerotiniaceae) based on coding and noncoding rDNA sequences.
Am J Bot 84: 686-686.
Honda, Y., and T. Yunoki. 1975. On spectral dependence for maturation of apothecia in
Sclerotinia trifoliorum Erik. Japanese J Phytopathol 41: 383-389.
Honda, Y., and T. Yunoki. 1977. Control of Sclerotinia disease of greenhouse eggplant and
cucumber by inhibition of development of apothecia. Plant Dis Rep 61: 1036-1040.
Honey, E.E. 1936. North American species of Monilinia. I. Occurrence, grouping, and lifehistories. Am J Bot 23: 100-106.
Idnurm, A., and J. Heitman. 2005. Light controls growth and development via a conserved
pathway in the fungal kingdom. PLoS biology 3(4): e95.
Islam, S.Z., M. Babadoost, and Y. Honda. 2002. Effect of red light treatment of seedlings of
pepper, pumpkin, and tomato on the occurrence of Phytophthora damping off. HortScience
37: 678-681.
Kim, S.J., D.J. Yu, T.C. Kim, and H.J. Lee. 2011. Growth and photosynthetic characteristics of
blueberry (Vaccinium corymbosum cv. Bluecrop) under various shade levels. Scientia
horticulturae, 129: 486-492.
Kitamoto, Y., A. Suzuki, and S. Furukawa. 1972. An action spectrum for light-induced
primordium formation in a basidiomycete, Favolus arcularius (Fr) Ames. Plant Physiol 49:
338-340.

40
Leach, C.M. 1962. The quantitative and qualitative relationship of ultraviolet and visible
radiation to the induction of reproduction in Ascochyta pisi. Can J Botany 40: 1577-1602.
Leach, C.M. 1972. An action spectrum for light-induced sexual reproduction in the ascomycete
fungus Leptosphaerulina trifolii. Mycologia 64: 475-490.
Lee, K., P. Singh, W.C. Chung, J. Ash, T.S. Kim, L. Hang, and S. Park. 2006. Light regulation of
asexual development in the rice blast fungus, Magnaporthe oryzae. Fungal Genet Biol 43:
694-706.
Lehman, J.S., and P.V. Oudemans. 2000. Variation and heritability of phenology in the fungus
Monilinia vaccinii-corymbosi on blueberry. Phytopathology 90: 390-395.
Li, Z., S. Wakao, B.B. Fischer, and K.K. Niyogi. 2009. Sensing and responding to excess light.
Annu Rev Plant Biol 60: 239-260.
Linden, H., P. Ballario, and G. Macino. 1997. Blue light regulation in Neurospora crassa.
Fungal Genet Biol 22: 141-150.
Longyear, B.O. 1901. A sclerotium disease of the huckleberry. Annual Report of the Michigan
Academy of Science 3: 61-62.
Lu, B.C. 2000. The control of meiosis progression in the fungus Coprinus cinereus by light/dark
cycles. Fungal Genet Biol 31: 33-41.
Milholland, R.D. 1974. Factors affecting apothecium development of Monilinia vacciniicorymbosi from mummified highbush blueberry fruit. Phytopathology 64: 296-300.
Mooney, J.L., and L.N. Yager. 1990. Light is required for conidiation in Aspergillus nidulans.
Genes & Development 4: 1473-1482.
Naito, Y., Y. Honda, and T. Kumagai. 1996. Effects of supplementary UV-B radiation on
development of damping-off in spinach caused by the soil-borne fungus Fusarium
oxysporum. Mycoscience 37: 15-19.
Osmani S.A., and P.M. Mirabito. 2004. The early impact of genetics on our understanding of cell
cycle regulation in Aspergillus nidulans. Fungal Genet Biol 41: 401–410.
Purschwitz, J., S. Müller, C. Kastner, and R. Fischer. 2006. Seeing the rainbow: light sensing in
fungi. Curr Opin Microbiol 9: 566-571.
Retamales, J., and J.F. Hancock. 2012. Blueberries (Crop production science in horticulture).
Wallingford, Oxfordshire; Cambridge, MA: CABI.
Retamales, J. B., G. A. Lobos, A. del Pozo, and P. Yáñez. 2008. Light environment within
mature rabbiteye blueberry canopies influences flower bud formation. IX International
Vaccinium Symposium 810: 471-474.
Rodriguez-Romero, J., M. Hedtke, C. Kastner, S. Müller, and R. Fischer. 2010. Fungi, hidden in
soil or up in the air: light makes a difference. Annu Rev Microbiol 64: 585-610.
Sachs, J. 1868. Physiologie végétale: recherches sur les conditions d'existence des plantes et sur
le jeu de leurs organes. V. Masson.
Schwerdtfeger, C., and H. Linden. 2003. VIVID is a flavoprotein and serves as a fungal blue
light photoreceptor for photoadaptation. The EMBO Journal 22: 4846-4855.
Scott, P. 2013. Physiology and behaviour of plants. John Wiley & Sons.
Singh, U.P., and R.B. Singh. 1987. Effect of light of different wavelengths on apothecium
formation in Sclerotinia sclerotiorum. J Plant Dis Protect 94: 500-508.
Smith, E.C. 1936. The effects of radiation on fungi. Biological effects of radiation 2: 889-918.
Spann, T.M., J.G. Williamson, and R.L. Darnell. 2003. Photoperiodic effects on vegetative and
reproductive growth of Vaccinium darrowi and V. corymbosum interspecific hybrids.
HortScience 38:192-195.

41
Stevens, F.L. 1928a. Effects of ultra-violet radiation on various fungi. Botanical Gazette 86: 210225.
Stevens, F.L. 1928b. The sexual stage of fungi induced by ultra-violet rays. Science 67: 514-515.
Suthaparan, A., A. Stensvand, S. Torre, M.L. Herrero, R.I. Pettersen, D.M. Gadoury, and H.R.
Gislerød. 2010a. Continuous lighting reduces conidial production and germinability in the
rose powdery mildew pathosystem. Plant Dis 94: 339-344.
Suthaparan, A., S. Torre, A. Stensvand, M.L. Herrero, R.I. Pettersen, D.M. Gadoury, and H.R.
Gislerød. 2010b. Specific light-emitting diodes can suppress sporulation of Podosphaera
pannosa on greenhouse roses. Plant Dis 94:1105-1110.
Tan, K.K. 1974. Red-far-red reversible photoreaction in the recovery from blue-light inhibition
of sporulation in Botrytis cinerea. J Gen Microbiol 82: 201-202.
Thaning, C., and H.E. Nilsson. 2000. A narrow range of wavelengths active in regulating
apothecial development in Sclerotinia sclerotiorum. J Phytopathol 148: 627-631.
Vakalounakis, D.J. 1986. Action Spectrum of Photoinduced Conidiation in Alternaria cichorii. J
Gen Microbiol 132: 3485-3489.
Valladares, F., and Ü. Niinemets. 2008. Shade tolerance, a key plant feature of complex nature
and consequences. Annu Rev Ecol Evol S 39: 237-257.
Wada, M., K. Shimazaki, and M. Iino. Light Sensing in Plants. Tokyo: Springer, 2005.
Iino, Wada, K. Shimazaki, M. Wada, and M. Iino. 2007. Light Sensing in Plants. Dordrecht:
Springer.
Welling, A., and E.T. Palva. 2006. Molecular control of cold acclimation in trees. Physiologia
Plantarum 127: 167-181.

42

CHAPTER 3
MONILINIA VACCINII-CORYMBOSI APOTHECIAL DEVELOPMENT ASSOCIATED WITH
MULCH DEPTH AND TIMING OF APPLICATION
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ABSTRACT
Pseudosclerotia of Monilinia vaccinii-corymbosi overwinter on the soil surface and
develop apothecia in early spring, supplying primary inoculum for Mummy Berry Disease of
blueberry (Vaccinium spp.). Burial of pseudosclerotia in soil and incubation in the dark have
previously been identified as critical factors inhibiting M. vaccinii-corymbosi apothecial
development. Mulches of Douglas-fir (Pseudotsuga menziesii) sawdust at 2.5 or 5 cm depths,
blueberry leaves (V. corymbosum cv. ‘Bluetta’) at a 2.5 cm depth, and a bare ground (no mulch)
control were assessed for an effect on apothecial development in the spring over the course of 2
years. Mulches were applied in increments corresponding to pseudosclerotial overwintering
stages. Loss of mulch depth was also assessed throughout the overwintering season for two
years. A 5 cm depth of Douglas-fir sawdust was associated with greater apothecial suppression
in comparison to bare ground. Douglas-fir sawdust at a 2.5 cm depth varied in effectiveness
between years, while a 2.5 cm depth of blueberry leaves was not more effective at suppressing
apothecial development than the bare ground treatment in either year. Suppression of apothecial
development was not affected by the timing of mulch application at any overwintering stages,
but may be affected by loss of mulch thickness due to weathering and/or decomposition.
Mulches lose significantly more depth when applied at the beginning of the overwintering season
as compared with late winter mulches, which occur near the end of the overwintering season.
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INTRODUCTION
Mummy Berry Disease, caused by the fungal pathogen Monilinia vaccinii-corymbosi
(Reade) Honey, is a disease of economic concern in areas of blueberry (Vaccinium spp.)
production from the southern United States to Canada (Batra 1983, 1991; Honey 1936). The first
reported crop loss due to Mummy Berry Disease was from Nova Scotia in 1956, when
researchers found that 33% of blueberry fields were severely infected (Lockhart 1961). In 1969,
British Columbia, Canada experienced an 8.1% crop loss, with an estimated monetary loss of
$750,000 (Pepin and Toms 1969). In 1974, many commercial farmers in New Hampshire
experienced yield reductions reaching 70-85% (Wallace and Schilder 1976). In a 2014 survey of
Oregon blueberry growers at a Mummy Berry workshop in Eugene, OR, 24% of respondents had
an estimated 6-35% loss due to Mummy Berry Disease in the previous season (Appendix B). In
2015, Washington blueberry growers were surveyed at another Mummy Berry workshop, and
34% of respondents had an estimated 6-35% loss due to Mummy Berry Disease the previous
season (Appendix B). In both surveys, 3 and 10 % of surveyed Oregon and Washington
blueberry growers, respectively, had a greater than 36% loss due to Mummy Berry Disease in the
previous season (Appendix B).
Monilinia vaccinii-corymbosi infects Vaccinium spp. in two discrete events. Primary
infection begins when pseudosclerotia overwintering on the soil surface develop apothecia at bud
break and eject ascospores (Batra 1983,1991; Honey 1936). If viable ascospores contact newly
formed vegetative or floral host tissue, a primary infection can result. Conidia are produced soon
after on infected tissue and are vectored by pollinators to open flowers at anthesis (Batra and
Batra 1985; Cox and Scherm 2001c). The fungus then colonizes host floral tissue and subsequent
fruit, producing new pseudosclerotia and resulting in a direct loss for growers (Shinners and
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Orson 1996). These pseudosclerotia will then fall from the bush prior to and during harvest and
overwinter, providing inoculum for the following season.
Since conidia of M. vaccinii-corymbosi are pollinator-vectored and, to a lesser extent,
wind and water dispersed, prevention of movement of secondary inoculum is difficult to achieve
without harming the vector (Batra and Batra 1985; Cox and Scherm 2001b). Recommended
methods to manage Mummy Berry Disease include cultivation, sanitation, and chemical or
biological sprays, yet Oregon blueberry growers still have trouble managing this disease with the
tools available, especially in organic production (Cox and Scherm 2001a; Drummond et al. 2009;
Ngugi et al. 2002; Stretch and Ehlenfeldt 2000; Wallace et al. 1976).
Previous studies (Milholland 1974) have demonstrated that both burial of pseudosclerotia
at least 2.5 cm below the soil surface or incubating pseudosclerotia in a dark environment
completely inhibits apothecial development under laboratory conditions. This was further
explored in a field study (Annis et al. 2010), which demonstrated that Mummy Berry Disease
primary infection was significantly decreased by mulching blueberry bushes with 3 cm peat
moss immediately prior to sporulation. This 2.5 - 3 cm burial depth contrasts observations of M.
vaccinii-corymbosi apothecia growing up to 10 cm in length (Appendix D). Mulching is a
common horticultural practice in Pacific Northwest blueberry production (Appendix B; Roberts
and Mellenthin 1959; Strik 2008), but additional studies are needed to assess the effects of mulch
type and burial depth on apothecial development. Based on the literature, burial of
pseudosclerotia under 2.5 cm of Douglas-fir sawdust would be expected to significantly decrease
apothecial development in comparison with pseudosclerotia resting on the soil surface.
Other studies have determined that certain overwintering stages of M. vaccinii-corymbosi
pseudosclerotia are more vulnerable to decay than others. The degree of maturation,
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characterized by the presence of melanized entostromata, non-melanized entostromata, and
undifferentiated mycelia within a pseudosclerotium at the time of abscission from the blueberry
bush, significantly influences survival of pseudosclerotia (Cox and Scherm 2001c). Soaking
germinated pseudosclerotia in water can also have differing effects on pseudosclerotial survival
when applied at different stages of the overwintering cycle (Bristow 1979). Additionally, there
are chill hour and degree-day requirements that must be satisfied in order for a pseudosclerotium
to successfully produce an apothecium at the end of the overwintering season (Scherm et al.
2001). Therefore, it follows that burial at certain stages of overwintering may have differing
impacts on pseudosclerotial survival and subsequent apothecial development.
Douglas-fir sawdust decomposes relatively slowly over time (Roberts and Mellenthin
1959), at a rate of approximately 2.5 cm (1 inch) per year under Willamette Valley, OR
conditions (Strik 2008). However, the rate of mulch depth loss during the overwintering period,
which lasts from October to March annually, has never been documented. Although, it is
expected that earlier mulches applied during the overwintering season will result in greater loss
of mulch depth.
The objectives of this study were to (i) document pseudosclerotial overwintering
development in the Pacific Northwest; (ii) assess the effect of mulch type and application timing
on sexual development of M. vaccinii-corymbosi; and (iii) determine the best month for mulch
application.
MATERIALS AND METHODS
Inoculum source. During the summer of 2013 and 2014, pseudosclerotia were collected
from blueberry bushes throughout the harvest season at a commercial organic blueberry farm in
Eugene, Oregon. Cultivars included ‘Darrow’, ‘Duke’, ‘Reka’, ‘Brigitta’, ‘Bluecrop’, and ‘North
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Blue’. Fruit was sorted on site and pseudosclerotia were brought to the Oregon State University
(OSU) Plant Pathology Field Lab, Corvallis, OR, where they were air-dried on screen benches
for one week, then stored in brown paper bags at ambient room temperature until use in field
experiments. Only pseudosclerotia harvested during the same year were used in each of the field
experiments.
Stages of pseudosclerotial development. In early September 2013, approximately 2000
pseudosclerotia from the inoculum source described above, at the maturation stage of
overwintering, were distributed beneath blueberry bushes cv. ‘Berkeley’ at the OSU Plant
Pathology Field Lab. The following year, in September 2014, pseudosclerotia were again placed
into the field. To aid in collection later during the overwintering season, 100 pseudosclerotia
were placed into each of five 2.7 liter plastic nursery pots with the bottoms removed (termed
“corrals”) and installed beneath blueberry bushes cv. ‘Berkeley’. In October 2014, four more
corrals were installed and 100 pseudosclerotia were again placed inside each of the corrals.
During the first week of each subsequent month, whole pseudosclerotia were collected from
beneath bushes (in 2013) or from within corrals (in 2014) and brought back into the laboratory to
assess pseudosclerotial developmental stage of overwintering (see Appendix A). Pseudosclerotia
were surveyed during the months of September, October, November, December, January, and
February. These development stages were used to guide the timing of mulch applications.
Pseudosclerotia were not collected in the month of March because the last mulch was applied in
February in both years.
Mulch type, depth and application timing. In early September 2013, corrals were installed
between 120 blueberry bushes cv. ‘Bluetta’ at the OSU Plant Pathology Field Lab. The plot area
was arranged in a split-plot design with mulch application timing assigned to whole plots (each
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consisting of four corrals) in a completely randomized design and mulch type randomly assigned
to subplots (each of the four corrals in a given whole plot). Mulch application timings
corresponded to visible stages of pseudosclerotial overwintering development, which included
maturation, dormancy, germination/emergence, and differentiation (Appendix A).
In 2013-2014, there were a minimum of five replications for each application timing. In
2014-2015, there were six replications of each application timing. One of four mulch treatments
was assigned to each subplot, which included a bare ground (or no mulch) control, a 2.5 cm
depth of blueberry leaves cv. ‘Bluetta’, a 2.5 cm depth of Douglas-fir (Pseudotsuga menziesii)
sawdust, and a 5 cm depth of Douglas-fir sawdust. The 2.5 cm depth of blueberry leaves was
chosen to represent a typical depth of annual blueberry leaf fall.
During late September of 2013 and 2014, 50 or 100 pseudosclerotia, respectively, were
placed into each subplot to begin overwintering. Mulches were applied to whole plots when at
least 20% of the surveyed overwintering M. vaccinii-corymbosi pseudosclerotia were in a
particular overwintering stage. During M. vaccinii-corymbosi sporulation the following spring,
the number of apothecia was counted in each subplot with three data collection days occurring in
2014 (Mar 9, 12, and 18) and seven data collection days occurring in 2015 (Mar 14, 18, 25, 31,
and Apr 9, 16, and 21). More data collection days were added in 2015 to capture the total
number of apothecia that developed during the sporulation period.
Because air easily flows through the leaf mulch, mature apothecia developing beneath the
leaves were considered important inoculum that may contribute to primary infection. Therefore,
for all subplots assigned a 2.5 cm depth of blueberry leaves at the OSU Plant Pathology Field
Lab, leaves were applied directly on top of overwintering pseudosclerotia, but moved on top of
mesh screens (positioned approximately 2.5 cm above the overwintering pseudosclerotia) when
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sporulation began. This was done to minimize disturbance of apothecia while counting the
number that developed beneath the blueberry leaf mulch. This practice was not applied to
apothecia developing beneath Douglas-fir sawdust, because apothecia developing beneath the
mulch layer were not assumed to be important for primary infection due to minimal air flow
within/through the mulch.
The analysis was split into two parts: 1) presence-absence of apothecia and 2) a measure
of magnitude of apothecia exposure when present. The binary response for presence-absence was
used to assess treatment effects on the probability of complete apothecium suppression during
the sporulation period. Within each application stage, variation between whole plots was
assessed by fitting a logistic regression with whole plots, mulch type and their interaction in the
model. Because of the small sample sizes and large number of absences in some treatments,
exact logistic regression was used to model the binary response (PROC LOGISTIC, SAS version
9.4). No evidence of whole plot effects (neither main effect nor interaction) were found in any
application stage (P > 0.1 for each stage), nor when p-values were combined across stages using
Fisher’s combined probability test (P > 0.3 in both years). Therefore, whole plots were not
included in the model, allowing the use of exact logistic regression for the subsequent analysis of
application stage, mulch type and their interaction on the probability of complete suppression.
For subplots where there was not complete suppression, the measure used for the
magnitude of apothecia exposure over the sporulation period was the area under the curve (AUC)
for the counts of apothecia across the (unequally-spaced) data collection days. The units then are
apothecia-days analogous to degree-days as a measure of heating. The AUC was calculated by
the trapezoidal rule summing over sampling days ( ∑ 1 2 (Ci + Ci+1 ) × (ti+1 − ti ) ) where, for
sampling day i, Ci is the apothecia count and ti is the days since the start of sampling. Apothecia
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exposure when apothecia were present was modeled as the response in a linear mixed model for
an unbalanced split plot design (PROC MIXED, SAS version 9.4) with whole plots as random
effects and application timing, mulch type and their interaction as the fixed effects. The response
ranged from 1 to 124 in 2013-2014 and 1-628 in 2014-2015 and was log transformed to improve
homogeneity of variance and normality.
Collaborator Trials. Corrals were installed as described above in early September 2013 at
two commercial Willamette Valley blueberry farms. Treatments were applied in the same splitplot design as described above with all four mulch types. In 2013-2014, mulch was applied at
maturation, dormancy, and germination in Eugene, OR and dormancy, germination, and
differentiation in Springfield, OR. There were four replications of each application timing in
both locations. Only the Eugene, OR field site was used in the 2014-2015 trial, for which the
dormancy and germination/emergence application timings were applied with all four mulch
types. There were six and five replications, respectively, of the dormancy and
germination/emergence application timings.
During late October 2013, 35 pseudosclerotia were placed into each subplot at the
commercial blueberry farms in Springfield and Eugene, OR. During late September 2014, 50
pseudosclerotia from the inoculum source described above were placed into each subplot at the
field site in Eugene, OR. Treatments were applied using the same methods described above. The
following spring, apothecia were counted twice per week during the sporulation period. At the
collaborator site in Eugene, OR, blueberry leaves cv. ‘Bluetta’ were left on top of the
overwintering pseudosclerotia throughout the sporulation period, moved aside during data
collection, then replaced.
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For the 2014-2015 data, AUC was calculated for each subplot to capture the apothecia
counts detected during the sporulation period. The statistical analysis was conducted using the
same methods described above for the Corvallis, OR location.
Mulch Depth. In 2013 and 2014, blueberry bushes cv. ‘Bluetta’ with 1.5 x 3 meter
spacing at the OSU Plant Pathology Field Lab were assigned a mulch application timing, in a
completely randomized design. Approximately 2.5 - 5 cm depth of Douglas-fir sawdust was
applied under each bush in October, November, and February, which corresponded to the
maturation, dormancy, and germination/emergence stages of pseudosclerotia overwintering at
the same location. Differentiation occurred just prior to sporulation, so it was not assessed for
loss of mulch depth. There were four replications of each application timing. The mulch was
applied underneath blueberry bushes from the crown to the drip line. At the time of application,
five initial depth measurements (cm) were taken between the crown and the drip line of the
blueberry bush. During the M. vaccinii-corymbosi sporulation period the following spring, five
final depth measurements (cm) were taken.
Final depth was analyzed as the response in a linear model with the fixed factors being
year of study, month of mulch application and their interaction. It was found that after adjusting
for year of study, there was no evidence of an overall linear relationship between final depth and
initial depth at the individual bush level (P = 0.89), so initial depth was not used as a covariate in
subsequent modeling. The assumptions of equal variance, normality, and independence were
checked and verified following model fitting. Analyses were conducted using SAS version 9.4
(PROC MIXED and PROC GLM ).
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RESULTS
Stages of pseudosclerotial development. Pseudosclerotia deteriorated throughout the
overwintering period with noticeably fewer intact pseudosclerotia present at later stages of
overwintering. Pseudosclerotia placed into the field in late September of both years, underwent a
complete transition from maturation to dormancy in a 2-month window of October to November
(Figure 3.1). In the 2013-2014 observation year, the population of dormant pseudosclerotia rose
from 0% in September to 88% in November (Figure 3.1A). In the 2014-2015 observation year,
dormant pseudosclerotia rose from 0% in September to 100% in November (Figure 3.1B). Only
37% and 27% of sampled pseudosclerotia reached the germination/emergence stages by
February 2014 and 2015, respectively (Figure 3.1). For pseudosclerotia placed in the field in late
October 2014, there was a one month-delay in the transition from maturation to dormancy, with
pseudosclerotia reaching 82% dormancy in the month of December, and only 2% of the sample
reached the germination/emergence stage by February 2015 (Figure 3.2).
Mulch type, depth and application timing. In the first presence-absence analysis, an exact
logistic regression with a binary dependent variable was conducted in both years. Application
timing did not have a significant effect of apothecial suppression (P > 0.5). However, mulch type
did have an effect on the probability of achieving complete apothecial suppression during the
sporulation period (P < 0.0001 in both years).
In 2013-2014, the 2.5 and 5 cm depths of Douglas-fir sawdust were both associated with
more instances of complete apothecial suppression in comparison with the bare ground control
(P < 0.0001 for both comparisons) (Figure 3.3). A 5 cm depth of Douglas-fir sawdust was also
more effective at suppressing apothecial development in comparison with the 2.5 cm depth of
Douglas-fir sawdust (P = 0.03). There was no difference found between a 2.5 cm depth of
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blueberry leaves and the bare ground control (P = 0.2). Although, apothecia developing under 2.5
cm of blueberry leaves had longer stipes than those growing in the bare ground control.
In 2014-2015, only the 5 cm depth of Douglas-fir sawdust suppressed apothecial
development more effectively than the bare ground control (P < 0.0001) (Figure 3.4). When the
Douglas-fir sawdust treatments were compared, a 5 cm depth of Douglas-fir sawdust was more
effective at suppressing apothecial development in comparison to the 2.5 cm depth (P = 0.0013).
Neither the 2.5 cm depth of Douglas-fir sawdust nor the 2.5 cm depth of blueberry leaves were
more effective at suppressing apothecial development than the bare ground control (P = 0.2 and
0.66 respectively). Longer stipes for apothecia developing in the 2.5 cm of blueberry leaves
treatment as compared to the bare ground treatment was also observed this year.
In the second analysis of the magnitude of apothecia developed provided at least one
apothecium was observed, mulch type had a strong effect on the number of apothecia that
developed in 2013-2014 (P < 0.0001). The effect of mulching was not significant in either year
(P = 0.52). However, some visible evidence of apothecia suppression under the 2.5 and 5 cm
depths of Douglas-fir sawdust in comparison with the bare ground and 2.5 cm depth of leaves
treatments was observed in 2013-2014 (Figure 3.5A). In 2014-2015, the 5 cm depth of Douglasfir sawdust had a lower mean AUC in comparison to the other treatments (Figure 3.5B).
Likewise, no effect of application timing on apothecial development was detected.
Among the 2.5 cm depth of blueberry leaves and bare ground treatments, which were associated
with the highest counts of apothecia, no particular application timings corresponded with
increased apothecial suppression in either year (Figure 3.3 and 3.4). Among the low apothecia
counts associated with the 2.5 and 5 cm depths of Douglas-fir sawdust, there was some evidence
that mulch applications occurring earlier in the overwintering season resulted in higher apothecia
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counts when compared to mulch application timings that occurred later in the season (Figure 3.3
and 3.4). However, there may not have been enough observations to detect these differences.
Collaborator Trials. In 2013-2014, no apothecia were observed at either collaborator
farm. In 2014-2015, apothecia were detected at the field site in Eugene, OR. However, statistical
analyses failed to indicate any significant effect of mulch type or application timing. Few
apothecia were observed developing in the bare ground, 2.5 cm depth of Douglas-fir sawdust, or
5 cm depth of Douglas-fir sawdust treatments (Figure 3.6). However, a large number of
apothecia were detected when 2.5 cm blueberry leaves were applied at the germination
application timing (Figure 3.6).
Mulch Depth. Year and initial mulch depths covaried, so initial depth was removed from
the model and year served as a fixed effect. Year had a significant effect on the final mulch depth
(P = 0.015), likely due to the difference in initial mulch depth among years. The average initial
mulch depth was 3.7 (SD = 0.6) cm in 2013-2014 and 2.2 (SD = 0.4) cm in 2014-2015. Mulch
application month also had a strong effect on the final mulch depth (Figure 3.7). An October
mulch application was associated with a lower final depth (cm) than a February application
across years (P = 0.001). A November application, however, was not associated with
significantly different final mulch depth when compared to the October or February applications
across years (P > 0.05 for both comparisons).
DISCUSSION
The best mulch depth and material for reducing apothecial development was 5 cm of
Douglas-fir sawdust, which was associated with more instances of complete apothecial
suppression than the bare ground treatment in both years. When apothecia did emerge through
the 5 cm depth of Douglas-fir sawdust, evidence was found that mulching reduced the total
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number of apothecia that developed in comparison to the bare ground treatment in 2014.
Previous reports have demonstrated that burial of pseudosclerotia at least 2.5 cm below the soil
surface completely inhibits apothecial development (Milholland 1974). Therefore, the use of
mulching for Mummy Berry Disease management has been recommended for this crop
(Retamales and Hancock 2012). In this study, pseudosclerotia were not incorporated into the soil,
but rather, were buried by applying mulch on top of overwintering pseudosclerotia resting on the
soil surface.
The critical depth for burial of M. vaccinii-corymbosi pseudosclerotia with Douglas-fir
sawdust was 5 cm, which differed from the 2.5-2.6 cm critical depth previously reported for M.
vaccinii-corymbosi when soil or peat moss, respectively, were used to bury pseudosclerotia
(Annis et al. 2010; Milholland 1974; Ngugi et al. 2002). For S. sclerotiorum, a 2-4 cm critical
depth has been reported (Singh and Singh 1983). This suggests that different mulch materials
may have unique critical depths, which should be taken into account when choosing alternative
mulches. Application timings did not affect the efficacy of mulching for apothecial suppression.
Therefore, Douglas-fir sawdust applied to a depth of 5 cm anytime in the overwintering period is
sufficient to reduce apothecial development.
Though mulch application timing did not have an effect on particular overwintering
stages, loss of mulch depth throughout the overwintering period may have an effect. A
significant change in Douglas-fir sawdust mulch depth was observed in the October mulch
application as compared to the February application. On an annual basis, Douglas-fir sawdust
mulches typically decompose at a rate of about 2.5 cm (1 inch) in the Pacific Northwest (Roberts
and Mellenthin 1959; Strik 2008). Therefore, it is recommended that mulches be applied in late
winter to decrease mulch depth loss due to decomposition and/or weathering.
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A thin layer (2.5 cm or less) of blueberry leaves cv. ‘Bluetta’ does not reduce apothecial
development more effectively than bare ground, but apothecia in the leaf mulch treatment had an
observed increase in stipe length as compared to the bare ground treatment. Therefore, leaves
appear to have an effect on apothecial development. In 2014-2015, leaf treatments at the Eugene,
OR site rested directly on top of developing apothecia during the sporulation period, while leaf
treatments at the Corvallis, OR site were moved on top of mesh screens. At the Eugene, OR site,
large numbers of apothecia were observed beneath leaves applied during the germination stage
as compared with the bare ground treatment. In Corvallis, OR comparable numbers of apothecia
were observed in both the leaf and bare ground treatments. Apothecia are commonly found
beneath fallen blueberry leaves, moss, or other plant debris (Batra 1983). Particularly moist and
dim light conditions were observed beneath the leaf litter, which may have impacted apothecial
development at the Eugene, OR site, although apothecial development did not differ significantly
from the bare ground treatment.
Deployment of pseudosclerotia to begin overwintering in the fall had a major impact on
apothecial development. In 2013-2014 at the field site in Corvallis, OR, pseudosclerotia were
placed outdoors to begin overwintering in late September. At both collaborator sites, however,
pseudosclerotia began overwintering a month later in late October. The following spring,
apothecia were detected at the Corvallis, OR site, but none were detected at either collaborator
site. The next field season, pseudosclerotia began overwintering in late September in Corvallis
and Eugene, OR and the following spring, apothecia were detected at both sites. Previous reports
indicate that pseudosclerotia removed from the field before the month of November do not
germinate, even when subjected to the same number of chill hours (hours with a mean
temperature < 7.2°C) as those collected in November or later (Bristow 1979). Whether removed
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from the field prior to November or entering the field at the end of October, it appears the
pseudosclerotia in Eugene and Springfield, OR in 2013-2014 may have been deprived of some
environmental conditioning that takes place between abscission from the blueberry bush and the
beginning of November, which allows them to successfully overwinter and produce apothecia in
the spring.
Due to the relatively small field plots used in this study, there was an inability to relate a
reduction in apothecial development with a reduction in primary infection. However, a previous
report successfully associated an early spring mulch with a decrease in M. vaccinii-corymbosi
primary infection (Annis et al. 2010). Similarly, the present study did not address the long-term
effects of adding 5 cm of Douglas-fir sawdust annually, which could lead to an undesirable
build-up of mulch over time. In the Pacific Northwest it is recommended that 9 cm of Douglasfir sawdust be applied initially with 5 cm added every other year (Julian et al. 2012; Strik 2008).
Mulching with Douglas-fir sawdust has the added benefit of enhancing water retention around
the root crown, maintaining a slightly acidic soil pH, and increasing soil organic matter (Julian et
al. 2012; Strik 2008). However, additional studies will be required to determine how best to
combine the horticultural and disease management practices of mulching, while taking into
account mulch decomposition over time. Further research is also needed to determine (i) the
distribution of pseudosclerotia on the soil surface after abscission from the blueberry bush, (ii)
the effect of leaf mulches applied at a depth > 2.5 cm on apothecial development, (iii) the effect
of other mulch application timings, such as a late summer application, and (iv) the critical depth
required when mulching with alternative mulch types. Other mulches may have additional
desirable characteristics such as Douglas-fir bark mulch, which has Phytophthora spp.
suppression properties (Hoitink 1982; Houck 1962), and fabric mulch, which is widely-used for
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weed control in blueberry cultivation (Strik 2008).
Mulching with Douglas-fir sawdust is a viable option for Mummy Berry Disease
management for blueberry growers in the Pacific Northwest. An annual application of at least 5
cm (2 inches) of Douglas-fir sawdust either in late winter (prior to sporulation) or anytime during
the fall and winter months if maintained at or above the 5 cm minimum depth can help reduce
the likelihood of apothecial development in the spring.

Florence, J., and J.W. Pscheidt. To be submitted to Plant Disease.

59

LITERATURE CITED
Annis, S., K. McGovern, and D. Yarborough. 2010. Mummy Berry Disease Forecast Method.
University of Maine Extension Publication. University of Maine.
http://extension.umaine.edu/blueberries/files/2010/06/mummyberryforecastingmethod.pdf
Batra, L.R. 1983. Monilinia vaccinii-corymbosi (Sclerotiniaceae): Its biology on blueberry and
comparison with related species. Mycologia 75: 131-152.
Batra, L.R. 1991. World species of Monilinia (Fungi): Their ecology, biosystematics and control.
J. Cramer, Berlin.
Batra, L.R., and S.W. Batra. 1985. Floral mimicry induced by mummy-berry fungus exploits
host’s pollinators as vectors. Science 228: 1011–1013.
Bristow, P.R. 1979. Mummy berry disease: Mummy germination. Proceedings of the fourth
North American Blueberry Research Workers Conference. J. N. Moore, ed. University of
Arkansas, Fayetteville: 163-169
Cox, K. D., and H. Scherm. 2001a. Effect of desiccants and herbicides on germination of
pseudosclerotia and development of apothecia of Monilinia vaccinii-corymbosi. Plant Dis.
85: 436-441.
Cox, K. D., and H. Scherm. 2001b. Gradients of primary and secondary infection by Monilinia
vaccinii-corymbosi from point sources of ascospores and conidia. Plant Dis. 85: 955-959.
Cox, K.D., and H. Scherm. 2001c. Oversummer survival of Monilinia vaccinii-corymbosi in
relation to pseudosclerotial maturity and soil surface environment. Plant Dis. 85: 723-730.
Drummond, F., J. Smagula, S. Annis, and D. Yarborough. 2009. Organic wild blueberry
production. Maine Agricultural and Forest Experiment Station Bulletin 852.
Hoitink, H.A. 1982. Composted bark, a light weight growth medium with fungicidal properties.
Plant Disease 64:142-47.
Honey, E.E. 1936. North American species of Monilinia. I. Occurrence, grouping, and lifehistories. American Journal of Botany 23: 100-106.
Houck, L. 1962. Factors influencing development and control of Phytophthora
fragariae Hickman, the cause of red stele disease of strawberries. Ph.D. thesis, Oregon State
University, Corvallis. 162 pp.
Julian, J.W., B.C. Strik, H.O. Larco, D.R. Bryla, and D.M. Sullivan. 2012. Costs of Establishing
Organic Northern Highbush Blueberry: Impacts of Planting Method, Fertilization, and Mulch
Type. Hort Science 47:866–873.
Lockhart, C.L. 1961. Monilinia twig and blossom blight of lowbush blueberry and its control.
Canadian Journal of Plant Science 41: 336-341.
Milholland, R.D. 1974. Factors affecting apothecium development of Monilinia vacciniicorymbosi from mummified highbush blueberry fruit. Phytopathology 64: 296-300.
Ngugi, H. K., H. Scherm, and D. S. NeSmith. 2002. Distribution of pseudosclerotia of Monilinia
vaccinii-corymbosi and risk of apothecial emergence following mechanical cultivation.
Phytopathology 92: 877-883.
Pepin, H.S., and H.N.W Toms. 1969. Economic loss from mummy berry of highbush blueberry
in coastal British Columbia. Canada Plant Disease Survey 49: 105-107.
Ramsdell, D.C., J.W. Nelson, and R. Myers. 1974. An epidemiological study of mummy berry
disease of highbush blueberry. Phytopathology 64: 222-228.
Roberts, A. M., and W.M. Mellenthin, W. M. 1959. Effects of sawdust mulches. 11.
Horticultural crops. Tech. Bull, 50.

Florence, J., and J.W. Pscheidt. To be submitted to Plant Disease.

60

Scherm, H., A.T. Savelle, and P.L. Pusey. 2001. Interactions between chill-hours and degreedays affect carpogenic germination in Monilinia vaccinii-corymbosi. Phytopathology 91:7783.
Shinners, T.C., and A.R. Olson. 1996. The gynoecial infection pathway of Monilinia vacciniicorymbosi in lowbush blueberry (Vaccinium angustifolium). Canadian Journal of Plant
Science 76: 493-497.
Singh, U. P., and Singh, R. B. 1983. The effect of soil texture, soil mixture, soil moisture and
depth on carpogenic germination of Sclerotinia sclerotiorum. Z. Pflanzenkr. Pflanzenschutz
90:662-669.
Stretch, A.W., and M.K. Ehlenfeldt. 2000. Resistance to the fruit infection phase of mummy
berry disease in highbush blueberry cultivars. HortScience 35: 1271–1273.
Strik, B.W. 2008. Growing Blueberries in Your Home Garden. EC 1304
Wallace, D.B., W.E. MacHardy, and E.M. Meader. 1976. Control of mummy berry of highbush
blueberry in New Hampshire. Plant Disease Reporter 60: 97-101.
Wharton, P.S., and A.M.C. Schilder. 2005. Effect of temperature on apothecial longevity and
ascospore discharge by apothecia of Monilinia vaccinii-corymbosi. Plant Disease 89: 397403.

Florence, J., and J.W. Pscheidt. To be submitted to Plant Disease.

61

Figure	
  3.1. Percent of sampled Monilinia vaccinii-corymbosi pseudosclerotia that reached
particular overwintering stages from September to February in 2013-2014 and 2014-2015. In
Corvallis, OR, pseudosclerotia at the maturation stage were placed into the field in late
September 2013 and 2014 to begin overwintering. Pseudosclerotia were then sampled on the first
week of each subsequent month and classified based on pseudosclerotial stages of overwintering
(maturation, dormancy, germination, or emergence). Sample sizes in 2013-2014 were 198, 198,
199, 107, 107, and 125 respectively in September, October, November, December, January, and
February. Sample sizes in 2014-2015 were 100, 100, 57, 63, 44, and 42 respectively in
September, October, November, December, January, and February. Sample data from early
September was that of mature pseudosclerotia stored at ambient room temperature prior to
placement in the field.
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Figure 3.2. Percent of sampled Monilinia vaccinii-corymbosi pseudosclerotia that reached
particular overwintering stages from September 2014 to February 2015. Pseudosclerotia at the
maturation stage began overwintering in late October 2014 in Corvallis, OR. Pseudosclerotia
were sampled in September, October, November, December, January, and February of 20142015. Pseudosclerotia were classified based on pseudosclerotial stages of overwintering
(maturation, dormancy, germination, and emergence). Percent of sampled pseudosclerotia that
reached particular overwintering stages are shown. Sample sizes were 100, 100, 92, 88, 63, and
62, respectively, in September, October, November, December, January, and February. Sample
data from early September and October was that of mature pseudosclerotia stored at ambient
room temperature prior to placement in the field.
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Figure 3.3. Area under the curve (AUC) for four mulch types applied at one of four distinct
overwintering developmental stages of Monilinia vaccinii-corymbosi pseudosclerotia in 20132014. Apothecia counts were plotted by data collection day and the AUC was calculated using a
trapezoidal approximation. Pseudosclerotia began overwintering in late September 2013 under
blueberry bushes cv. ‘Bluetta’ in Corvallis, OR. Mulch application timing corresponded to stages
of overwintering (maturation, dormancy, germination/emergence, differentiation). Mulch types
included bare ground, a 2.5 cm depth of blueberry leaves, a 2.5 cm depth of Douglas-fir (DF)
sawdust, or a 5 cm depth of Douglas-fir (DF) sawdust. During the sporulation period in spring
2014, apothecia counts were recorded once per week for each subplot. Data points at AUC = 0
are displayed horizontally to show number of zeroes observed.
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Figure 3.4. Area under the curve (AUC) for four mulch types applied at one of four distinct
overwintering developmental stages of Monilinia vaccinii-corymbosi pseudosclerotia in 20142015. Apothecia counts were plotted by data collection day and the AUC was calculated using a
trapezoidal approximation. Pseudosclerotia began overwintering in late September 2013 under
blueberry bushes cv. ‘Bluetta’ in Corvallis, OR. Mulch application timing corresponded to stages
of overwintering (maturation, dormancy, germination/emergence, differentiation). Mulch types
included bare ground, a 2.5 cm depth of blueberry leaves, a 2.5 cm depth of Douglas-fir (DF)
sawdust, or a 5 cm depth of Douglas-fir (DF) sawdust. During the sporulation period in spring
2015, apothecia counts were recorded once per week for each subplot. Data points at AUC = 0
are displayed horizontally to show number of zeroes observed.
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Figure 3.5. Mean area under the curve (AUC) for four mulch types applied at one of four distinct
overwintering developmental stages of Monilinia vaccinii-corymbosi pseudosclerotia in (A)	
  
2013-‐2014 and (B) 2014-‐2015. Apothecia counts were plotted by data collection day and the
AUC was calculated using a trapezoidal approximation. In late September 2013 and 2014, 50
and 100 M. vaccinii-corymbosi pseudosclerotia, respectively, began overwintering under
blueberry bushes cv. ‘Bluetta’ in Corvallis, OR. Mulch application timing corresponded to stages
of overwintering (maturation, dormancy, germination/emergence, differentiation). Mulch types
included bare ground (BG), 2.5 cm blueberry leaves (L), 2.5 cm Douglas-fir sawdust (S1), or 5
cm Douglas-fir sawdust (S2). During the sporulation period in spring 2014 (A) and 2015 (B),
apothecia counts were recorded once per week for each subplot. Mean AUC is plotted with
empirical standard error bars. The connecting lines are intended to assist the reader in
distinguishing between the application timing groups.
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Figure 3.6. Mean area under the curve (AUC) for four mulch types applied at one of two distinct
overwintering developmental stages of Monilinia vaccinii-corymbosi pseudosclerotia in 20142015. Apothecia counts were plotted by data collection day and the AUC was calculated using a
trapezoidal approximation. M. vaccinii-corymbosi pseudosclerotia began overwintering in late
September 2014 under blueberry bushes in Eugene, OR. Mulch application timing corresponded
to stages of overwintering (dormancy, germination/emergence). Mulch types included bare
ground (BG), 2.5 cm blueberry leaves (L), 2.5 cm Douglas-fir sawdust (S1), or 5 cm Douglas-fir
sawdust (S2). During the sporulation period in spring 2015, apothecia counts were recorded once
per week. Mean AUC is plotted with empirical standard error bars. The connecting lines are
intended to assist the reader in distinguishing between the application timing groups.
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Figure 3.7. Final measurements of mulch depth (cm) recorded in March 2014 and 2015 after
being applied in October, November, and February during the previous fall and winter. Mulch
applications corresponded with M. vaccinii-corymbosi pseudosclerotial overwintering stages
(maturation, dormancy, and germination/emergence). Mulches of Douglas-fir sawdust at 2.5-5
cm depths were applied beneath blueberry bushes cv. ‘Bluetta’ in Corvallis, OR during the fall
and winter months of 2013-2014 and 2014-2015. There were four replications of each mulch
application timing treatment. Error bars show empirical standard error. The connecting lines and
are intended to assist the reader in distinguishing between years.
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CHAPTER 4
MONILINIA VACCINII-CORYMBOSI APOTHECIAL DEVELOPMENT
IS FAVORED BY RED LIGHT
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ABSTRACT
Pseudosclerotia of Monilinia vaccinii-corymbosi, the fungus that causes Mummy Berry
Disease of blueberry, overwinter on the soil surface producing apothecia in early spring.
Apothecial development of M. vaccinii-corymbosi was observed under clear (full spectrum), red,
and blue filtered light over a 3-year period. Pseudosclerotia, collected from beneath blueberry
(Vaccinium corymbosum) bushes of cv. ‘Berkeley’ during early spring were placed on 10g of
moist sand inside black polyethylene scintillator vials. Vials were capped with clear (full
spectrum), red (maximum peak at 611 nm), or blue (maximum peak at 436 nm) polyester filters,
placed into one of two photosynthetrons in a completely randomized design, and incubated at 910°C. Three consecutive trials were performed each year from 2013 to 2015. In 2014, two
additional trials were performed in a dark room at 5x10-5 µmol m-2 s-1 intensity. Light intensity
was also measured under soil or Douglas-fir sawdust at increasing depths to determine light
exclusion levels. There was no difference in stimulatory effect between the red filtered and clear
filtered light, but both stimulated more apothecia development than blue filtered light. When
light was excluded, no apothecia developed. Of the three consecutive light trials performed each
year, later trials were associated with increased apothecial development. Light intensity
diminished more under soil than Douglas-fir sawdust. Therefore, greater depths of Douglas-fir
sawdust may be needed to extinguish light when mulching for Mummy Berry Disease
management.
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INTRODUCTION
Eukaryotes, bacteria, and archaea all have light responses that affect their biological
function (Purschwitz et al. 2006). In the fungal kingdom, light can play a central role in
regulating tissue development, the direction of growth, reproduction, and pigment formation, all
of which are important aspects for the survival and reproduction of fungi (Idnurm and Heitman
2005). The detection of light can be especially important for fungal plant pathogens. For
example, some fungi effectively disseminate spores at the soil-air interface by sensing the light
azimuth (Purschwitz et al. 2006). Light detection can also facilitate the timing of life cycle
transitions, initiate sporulation induction, and even inhibit the effect of pathogen toxins, thereby
affecting disease development (Akimitsu et al. 1994, Leach 1972, Rodriguez-Romero et al. 2010,
Vakalounakis 1986).
Morphological responses to light can be exploited to create new forms of disease
management. Alternaria spp., Botrytis spp., Sclerotinia spp. and Bipolaris spp. can all be
managed in greenhouse production systems by using UV-absorbing vinyl films, which eliminate
the stimulatory region of the spectrum and reduces sporulation (Honda and Yunoki 1977, Naito
et al. 1996). The same tactic has been found to reduce brown spot disease (Septoria obesa) on
chrysanthemum, as an elimination of UV light reduces the negative phototropic response of
conidial germ tubes and suppresses invasion through the host stomata (Honda et al. 1992). For
rose powdery mildew (Podosphaera pannosa), brief exposure of rose plants to red light during
the dark interval decreases conidia production and suppresses disease development (Suthaparan
et al. 2010).
There are many economically important plant pathogenic fungi for which light-regulated
physiological responses have only begun to be explored, and further study of how these
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pathogens respond to particular light qualities and intensities may lead to new management
methods. One such plant pathogen is Monilinia vaccinii-corymbosi (J. M. Reade) Honey, which
infects blueberry (Vaccinium spp.), resulting in Mummy Berry Disease. Mummy Berry is a
disease of high economic concern in highbush blueberry production across North America, as it
results in yield loss when berries are replaced by fungal pseudosclerotia. Light is required in
order for pseudosclerotia to successfully produce apothecia in the spring, but it is currently
unknown what light quality and intensity are most conducive to sporulation (Milholland 1974).
Mummy Berry management methods such as soil tillage, sanitation, and fungicide
applications are all recommended, yet blueberry growers in Oregon still have trouble managing
this disease, especially in organic production (Cox and Scherm 2001, Drummond et al. 2009,
Ngugi et al. 2002, Stretch and Ehlenfeldt 2000, Wallace et al. 1976). Mulching was found to
reduce M. vaccinii-corymbosi apothecial development in the spring when 5 cm of Douglas-fir
sawdust was applied during the overwintering season (Chapter 3). Since light is a required
stimulus for apothecial development (Milholland 1974), the light environment under various
mulch materials and depths may impact the effectiveness of mulching for Mummy Berry Disease
management.
Because of the apothecial development success associated with blue light in the
Sclerotiniaceae (Honda and Yunoki 1975/1977, Singh and Singh 1987), it follows that blue light
will favor apothecium development for M. vaccinii-corymbosi, which is also classified in the
Sclerotiniaceae. Furthermore, since light is a requirement for apothecial development
(Milholland 1974) and differing materials have unique critical depths for apothecial suppression
(Annis 2010, Chapter 3, Milholland 1974), light extinction is expected to differ between soil and
Douglas-fir sawdust.
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Understanding the role light plays in M. vaccinii-corymbosi apothecial development and
the impact of burial depth on light intensity may provide information necessary for optimizing
mulching as a cultural management method for Mummy Berry Disease. The objectives of this
study were to (i) determine stimulatory light environments for M. vaccinii-corymbosi apothecial
development; and (ii) elucidate how light intensity varies under different materials and at
increasing burial depth.
MATERIALS AND METHODS
Physiological response to light. Pseudosclerotia of M. vaccinii-corymbosi at the
germination stage of overwintering (Appendix A) were collected monthly from beneath
blueberry bushes (Vaccinium corymbosum cv. ‘Berkeley’) at the OSU Plant Pathology Field Lab,
Corvallis, OR from March to May 2013, 2014, and 2015. Pseudosclerotia were immediately
brought into the laboratory and rinsed under a stream of water for 30 seconds. Each
pseudosclerotium was individually placed into a 20 mL scintillation vial (VWR® Polyethylene
Scintillation Vial, VWR International, Radnor, PA) that was painted black using black spray
paint to exclude light from entering the vial. Each vial contained 10g of rinsed horticultural sand
(Gardner & Bloome Horticultural Sand, Kellogg Garden Products, Carson, CA), autoclaved
once, and moistened to field capacity. Vials were capped with a clear, red, or blue light filter,
which corresponded to full spectrum, red filtered, and blue filtered light treatments respectively
(Gam Products, INC., Stamford, CT). Spectral properties were measured with a spectrometer
(Ocean Optics USB2000, Dunedin, FL), by passing light from two compact fluorescent bulbs
through each filter (Figure 4.1). These spectral properties were used to characterize each of the
light treatments. Neutral density filters (Gam Products, INC., Stamford, CT) were added to the
clear and red filters to standardize light intensity across treatments.
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Black vials containing pseudosclerotia were placed into each of the cells of two
photosynthetrons (Photosynthesis Irradiance Incubator, CHPT Manufacturing, Inc., Georgetown,
DE) in a completely randomized design. The photosynthetrons were horizontally positioned 60
cm from two compact fluorescent bulbs on a 12-hour photoperiod per day with a light intensity
of 80 µmol m-2 s-1 intensity as measured by a quantum sensor (Li-Cor Quantum PAR Sensor,
Lincoln, NE). Fluorescent lights were used because of their previous success in stimulating
apothecial development (Batra 1983, Lehman and Oudemans 1996, Milholland 1974, Willetts
and Harada 1984). The light intensity achieved was consistent with those mentioned in other M.
vaccinii-corymbosi apothecial development studies, ranging from 54 to 145 µmol m-2 s-1 (Batra
1983, Lehman and Oudemans 1996, Milholland 1974, Willetts and Harada 1984).
Photosynthetrons were connected to a water bath, from which cooled water at 9-10°C
was circulated through the photosynthetrons. Apothecial development was monitored daily for
14 days. If one or more apothecia were produced during the 14-day interval, the vial was
assigned a score of one (success). If none were produced, the vial was assigned a score of zero.
Qualitative observations of apothecial development, such as the direction of growth, stipe length,
and cup size were also recorded.
Three consecutive independent light trials were conducted in the laboratory and took
place during the winter and spring months each year, in 2013, 2014, and 2015. Replications
varied among and within years due to availability of germinated pseudosclerotia and space
limitations (Table 4.1). In all years, extra cells in the photosynthetrons were occupied by no light
treatments, which were unsuccessful; so fewer replications were attempted in each subsequent
year. There were 8 replications of each light treatment in every 2013 trial (Table 4.1). In 2014,
replications ranged between 6-8 for each light treatment among trials (Table 4.1). In 2015,
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replications ranged from 6-13, with fewer replications occurring later due to limited availability
of germinated pseudosclerotia (Table 4.1).
Since testing of the untreated control (dark) treatment was unsuccessful in the
photosynthetrons, independent light exclusion experiments were conducted in a dark room to
assess apothecial development in 2014. Two light-exclusion trials were conducted in an interior
room with no windows or light sources at a measured light intensity of 5x10-5 µmol m-2 s-1.
There were 30 and 47 replications, in the first and second light exclusion trial respectively.
For all light trials, a logistic regression was used to assess the effects of light treatments
on the probability of at least one apothecium developing (binary response) with the factors in the
model being year, light treatment, trial and their interactions. Analysis and deviance residual
patterns were assessed using PROC GENMOD, SAS version 9.4.
Light transmittance through materials. Light intensity was measured beneath increasing
depths of soil or Douglas-fir sawdust in 2015. Soil (Camas gravelly sandy loam) was collected at
the OSU Botany and Plant Pathology Field Lab, Corvallis, OR, and fresh Douglas-fir
(Pseudotsuga menziesii) sawdust was obtained from a local landscaping company. Materials
were brought into the laboratory and divided among four plastic bins (30 x 23 x 5 cm). Materials
were then moved to a drying cabinet at the Oregon State University Central Analytical
Laboratory at 30°C. Materials were removed after 34 days when the materials had 0% moisture
content. Materials were dried to standardize water content among treatments, thereby removing
moisture as a factor in comparing materials. Light intensity measurements were recorded at
depths of 0 cm, 0.5 cm, 2.5 cm, and 5 cm for each plastic bin (replication) using the same point
source quantum sensor (Li-Cor). Plastic bins were assessed in a completely randomized order.
Depths were chosen to correspond to biologically relevant depths, which include the 0.5 cm

Florence, J., and J.W. Pscheidt. To be submitted to Phytopathology.

75
depth of a half-buried pseudosclerotium, the 2.5 cm depth beneath soil at which apothecial
development is completely inhibited (Milholland 1974), and the 5 cm depth beneath Douglas-fir
sawdust recommended for suppressing apothecial development when mulching for disease
management (Chapter 3).
The dependent variable was light intensity (µmol m-2 s-1) and the independent variables
included burial depth and material type. Data were analyzed in a generalized linear model to
determine whether material type influences light extinction at increasing burial depths (PROC
MIXED, SAS version 9.4).
RESULTS
Physiological response to light. Zero apothecia were produced in either light-exclusion
experiment in 2014. Most pseudosclerotia were observed differentiating in the dark but did not
elongate and no pseudosclerotia produced mature apothecia. Of those that did not differentiate,
many had stipe initials that became mushy when incubated in the dark. In the light experiments,
apothecia developing from germinated pseudosclerotia displayed a positive phototropic response.
Stipe initials elongated as they differentiated, with some stipes growing longer than others.
Apothecia with short stipes (< 1 cm) grew straight up displaying a negative geotropic response.
Apothecia with long stipes (1 cm-2.5 cm) elongated toward the azimuth of the light with
apothecial cups opening toward the light source.
There was a significant effect of light type on the proportion of apothecia that developed
(P = 0.02). Clear and red filtered light were associated with higher proportions of apothecial
development in comparison with blue filtered light (P = 0.04 and 0.01 respectively) (Figure 4.2).
There was no difference in apothecial development detected between clear and red filtered light
(P = 0.52).
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Year did not have a significant effect on the proportion of pseudosclerotia that developed
apothecia (P = 0.92), but there was an interactive effect between year and trial (P = 0.03). Trial
(month of collection) had a significant effect, with the proportion of apothecia developed
increasing with later trials (P < 0.0001). Of the three trials performed each year, the third trial
(mid-April to May) was associated with the highest proportion of apothecia when compared to
the first and second trials conducted earlier in the overwintering period (P < 0.0001 and 0.005
respectively) (Figure 4.2). The second trial (early to mid-April) also had a higher proportion of
apothecia when compared with the first (P = 0.01) (Figure 4.2).
Light transmittance through materials. The 0 cm depth light measurement was removed
from the model, as it was not affected by treatment (Figure 4.3). The largest difference in light
intensity between the two materials tested occurred at the 0.5 cm depth, with soil extinguishing
more light than Douglas-fir sawdust (Figure 4.3). The 0.5 cm depth of soil and Douglas-fir
sawdust resulted in an average light intensity of 175 and 338 (SD = 55 and 57) µmol m-2 s-1,
respectively. Across depths, soil decreased light intensity more effectively than Douglas-fir
sawdust (P = 0.02).
Depth of material also had a significant effect on light intensity (P < 0.0001). At the 2.5
cm depth, both materials extinguished light to the same minimum intensity that was measurable
by the quantum PAR sensor (Figure 4.3). The light sensor never reached zero but rather hit a
light intensity minimum between 2 and 6 µmol m-2 s-1 (SD = 1.3).
DISCUSSION
This is the first study to demonstrate that M. vaccinii-corymbosi apothecial development
is favored by red filtered or full spectrum (clear filtered) fluorescent light as compared to blue
filtered light. A distinctive property of the blue filter is its effectiveness in removing wavelengths
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in the 600-700 nm range. The blue filtered light was characterized by emission peaks within the
400-600 nm range, but not all of which are considered blue light. Therefore, the blue filtered
light treatment may have resulted to fewer apothecia because of elimination of wavelength
beyond 600 nm or due to the presence of wavelengths in the 400-600 nm range.
The result of red light favoring apothecial development differs from those previously
reported for the Sclerotiniaceae, for which, blue light is commonly associated with apothecial
development. Singh and Singh (1987) found that apothecial development of S. sclerotiorum was
most rapid under blue light, while red light was inhibitory. Further experiments concluded that S.
sclerotiorum apothecial development was stimulated by wavelengths shorter than 390 nm, which
is in the UV spectrum (Honda and Yunoki 1977). Fully differentiated, fertile apothecia of S.
trifoliorum also develop under continuous near-ultraviolet illumination but only paraphyses
develop under red or green fluorescent lamps (Honda and Yunoki 1975). Sporulation of Botrytis
cinerea is promoted by UV light and far-red light and is inhibited by both blue and red light (Tan
1974).
M. vaccinii-corymbosi apothecia did not develop in the light-exclusion experiments, but
stipe initials were observed differentiating in the dark. This suggests that photoreception may be
limited to certain developmental stages of overwintering. The suppression of apothecial
development in a dark environment confirms a previous report that light is required for M.
vaccinii-corymbosi apothecial development (Milholland 1974). Observations also show that stipe
initials of M. vaccinii-corymbosi, much like those of M. fructicola, continue to elongate in
complete darkness but do not develop apothecia (Willetts and Harada 1984). However, not all
members of the Sclerotiniaceae are dependent on light for the differentiation of apothecial discs.
For example the plant pathogen, Ciboria acerina, can produce apothecia in the absence of light
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(Elliott 1965).
Apothecia develop when pseudosclerotia were collected later in the spring. This may be
due to increased chill hours and/or degree-days, as demonstrated in previous reports in Georgia
where prolonged chilling periods were associated with increased germination and faster
apothecial development (Scherm et al. 2001).
The present study is the first to measure a light intensity of 5x10-5 µmol m-2 s-1, which
suppressed apothecial development. This light intensity is as bright as starlight but much dimmer
than moonlight, which have estimated light intensities of 2 x 10-5 and 4 x 10-3 µmol m-2 s-1,
respectively (Janick 1986). When light intensity was measured under increasing depths of soil or
Douglas-fir sawdust, light conditions favorable to apothecial development was detected at a 0.5
cm depth but not at a 2.5 cm depth. The ambient light intensity was 400 µmol m-2 s-1, which was
only a fraction of the estimated light intensity of 2000 µmol m-2 s-1 associated with full sunlight
conditions (Janick 1986). The 0.5 cm depth of soil or Douglas-fir sawdust resulted in light
intensities of 175 and 338 µmol m-2 s-1 respectively, which was brighter than the light intensity of
80 µmol m-2 s-1 used to stimulate M. vaccinii-corymbosi apothecial development in our
laboratory light experiments. Conditions at this depth were also comparable to the brightness of
an overcast day, which has an estimated light intensity of 200 µmol m-2 s-1 (Janick 1986).
Comparisons of light intensity beneath 2.5 and 5 cm of soil or Douglas-fir sawdust were
inconclusive. To accurately measure the low light intensity present at depths of 2.5 cm or more
requires a more sensitive light detection system than was used in the present study. Either the
quantum sensor was unable to measure light intensities below the minimum light intensity
observed or the experimental set-up allowed some small amount of light to seep in from the
bottom of the containers that held the materials. These measurements were, however, consistent
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with reports of extreme low light intensity in the literature. First investigations on the penetration
of light into littoral soils at various depths of beach sand found no light reaction at depths
exceeding 2 cm (Perkins 1963), and a layer of moist mud 2 mm thick can reduce light intensity
to less than 5% of the incident illumination (Aleem 1950, Perkins 1963).
The 2.5 and 5 cm critical depths have previously been reported in the literature to
suppress apothecial development (Chapter 3; Milholland 1974). However, without accurate light
intensity measurements at these depths, we are unable to link the apothecial suppression
associated with burial to light extinction. Future studies are needed to (i) measure differences in
light intensity at depths of 2.5 cm and deeper with material commonly used to bury
pseudosclerotia such as soil or Douglas-fir sawdust, (ii) determine the critical light intensity at
which apothecial development is suppressed, and (iii) elucidate the action spectra for apothecial
development of M. vaccinii-corymbosi. A greater understanding of light requirements for M.
vaccinii-corymbosi apothecial development would not only increase the biological understanding
of this pathogen, but may also be applied to aid in disease management and protocols for
stimulating apothecial development under laboratory conditions. At present, all protocols for
apothecial development of M. vaccinii-corymbosi reported in the literature require an outdoor
conditioning component (Batra 1983, Lehman and Oudemans 1996, Milholland 1974, Scherm et
al. 2001), but if overwintering could occur under controlled conditions, experiments may be
conducted year-round, increasing the speed at which new management techniques are tested and
developed.
Apothecial development of M. vaccinii-corymbosi is favored by red light, with
development progressing more rapidly with increased outdoor conditioning. In addition, soil
diminishes light intensity more effectively than Douglas-fir sawdust. Therefore, greater depths of
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Douglas-fir sawdust may be needed to extinguish light and inhibit apothecial development when
mulching for Mummy Berry Disease management.
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Figure 4.1. Spectral properties of two compact fluorescent bulbs measured alone or through a
clear, blue, or red filter (Polyester filters, GAM Color) using a spectrometer (Ocean Optics
USB2000, Dunedin, Florida, USA). Only photosynthetically active wavelengths (400-700nm)
were measured at 60 cm distance from the light bulbs.
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Filter
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Clear

Clear
Red
Blue
Clear
Red
Blue

Early- to MidApr
Early- to MidApr
Early- to MidApr
Mid-Apr to
May
Mid-Apr to
May
Mid-Apr to
May

Table 4.1. The number of replications per light filter treatment for each of the three
experiment trials that occurred in each of three years (2013, 2014, and 2015). In 2013,
2014, and 2015, Late March trials occurred from Mar 18- Apr 1, Mar 18-Apr 1, and
Mar 17-Mar 31 respectively. Early- to Mid- April trials occurred from Apr 1-Apr 15,
Apr 7-Apr 21, and Apr 1-Apr 15 in each year respectively. Mid- April to May trials
occurred from Apr 16-Apr 30, May 13-May 27, and Apr 20-May 5 in each year
respectively. Germinated pseudosclerotia were collected from the field in Corvallis,
OR on the first day of the aforementioned dates in 2013, 2014, and 2015. One
pseudosclerotium was placed into each black scintillator vial and was assigned one of
three light treatments, provided by clear, red, or blue filters. Three consecutive trials
during the spring and winter months were performed each year.
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Figure 4.2. The proportion of pseudosclerotia that formed an apothecium when
incubated for 2 weeks under one of three light treatments. Germinated M. vacciniicorymbosi pseudosclerotia were collected from the field in Corvallis, OR in 2013,
2014, and 2015, then placed into black scintillator vials (one pseudosclerotium/vial).
Pseudosclerotia were assigned one of three light treatments provided by clear, red, or
blue light filters. Pseudosclerotia were incubated at 9-10°C on a 12-hour photoperiod
for 14 days and monitored for apothecial development. If a pseudosclerotium
produced at least one apothecium, it received a score of “1”. If no apothecia
developed, the pseudosclerotium received a score of “0”. Proportion of successes for
pseudosclerotia in each light treatment is presented. The connecting lines are intended
to help the reader distinguish between years.
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Figure 4.3. Light intensity measurements (µmol m-2 s-1) with increasing burial depth
beneath Douglas-fir sawdust or soil materials. Initial light intensity measurements
were taken with no material applied (0 cm), then material was incrementally added at
0.5, 2.5, and 5 cm depths. There were four replications of each material. Error bars
show empirical standard error.
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Mulching for Mummy Berry Disease management is commonly mentioned in
the literature, yet no studies have previously been conducted which measure the effect
of mulching on apothecial development. Douglas fir sawdust at a critical depth of 5
cm was effective at suppressing apothecial development when applied on top of
overwintering pseudosclerotia that rest on the soil surface. This depth differs from the
2.5-2.6 cm critical depths previously mentioned in the literature, for which M.
vaccinii-corymbosi apothecial development was suppressed when pseudosclerotia are
incorporated into the soil (Milholland 1974; Ngugi et al. 2002a).
Mulch application timing did not have an effect on apothecial development. A
significant change in Douglas-fir sawdust mulch depth was observed when applied in
October compared to a February application. On an annual basis, Douglas-fir sawdust
mulches typically decompose at a rate of about 2.5 cm (1 inch) in the Pacific
Northwest (Roberts and Mellenthin 1959; Strik 2008). Therefore, it is recommended
that mulches be applied in late winter to decrease mulch depth loss due to
decomposition and/or weathering.
At the 0.5 cm depth, soil extinguished light more effectively than Douglas-fir
sawdust, but there was no difference in light extinction between the two materials at a
depth ≥ 2.5 cm. First investigations on the penetration of light into littoral soils at
various depths of beach sand found no light reaction at depths exceeding 2 cm
(Perkins 1963), and a layer of moist mud 2 mm thick can reduce light intensity to less
than 5% of the incident illumination (Aleem 1950; Perkins 1963).
M. vaccinii-corymbosi apothecial development was favored by red filtered or
full spectrum (clear filtered) fluorescent light as compared to blue filtered light. This
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differs from previous reports for the Sclerotiniaceae, for which, blue light is
commonly associated with apothecial development. Singh and Singh (1987) found
that apothecial development of S. sclerotiorum was most rapid under blue light, while
red light was inhibitory. Further experiments concluded that S. sclerotiorum
apothecial development was stimulated by wavelengths shorter than 390 nm, which is
in the UV spectrum (Honda and Yunoki 1977). Fully differentiated, fertile apothecia
of S. trifoliorum also develop under continuous near-ultraviolet illumination but only
paraphyses develop under red or green fluorescent lamps (Honda and Yunoki 1975).
In the case of Botrytis cinerea, sporulation is promoted by UV light and far-red light
and was inhibited by both blue and red light (Tan 1974).
M. vaccinii-corymbosi apothecia did not develop in the dark, but stipe initials
were observed. This suggests that photoreception may be limited to certain
developmental stages of overwintering. The suppression of apothecial development in
a dark environment confirms a previous report that light is required for M. vacciniicorymbosi apothecial development (Milholland 1974).
Light is a critical factor required for apothecium development, and the effects
on light intensity under burial conditions are significantly affected by material used.
Mulching for Mummy Berry Disease management with Douglas-fir sawdust can now
be added to the selection of techniques available for blueberry growers in the Pacific
Northwest. An annual application of at least 5 cm (2 inches) of Douglas-fir sawdust
either in late winter (prior to sporulation) or anytime during the fall and winter
months if maintained at or above the 5 cm minimum depth can help reduce the
likelihood of apothecial development in the spring.
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APPENDIX A
OVERWINTERING STAGES OF PSEUDOSCLEROTIAL DEVELOPMENT FOR
MONILINIA VACCINII-CORYMBOSI, CAUSAL AGENT OF MUMMY BERRY
DISEASE ON HIGHBUSH BLUEBERRY IN NORTH AMERICA
by
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Mummy Berry, caused by Monilinia vaccinii-corymbosi, is an economically
important disease of blueberries (Vaccinium spp.) throughout North America (Figure
1) (Batra 1991). From late summer until early spring, pseudosclerotia rest on or close
to the soil surface of blueberry fields. Pseudosclerotia develop apothecia and produce
primary inoculum in coordination with floral bud break, the beginning of blueberry
bush susceptibility. Secondary inoculum infects flowers and replaces developing fruit
with a pseudosclerotium.
Terminology for overwintering stages of M. vaccinii-corymbosi is inconsistent
throughout the literature, and the progression from pseudosclerotium development to
sporulation has never been cohesively and sequentially outlined. A comparison of the
literature has exposed contradicting terms and overlapping definitions for
pseudosclerotial stages, with some stages unnamed entirely. A developmental
classification scheme was derived from existing terminology and observations of
naturally-conditioned pseudosclerotia over a two-year period in Corvallis, OR. The
proposed terminology for overwintering stages include maturation, dormancy,
germination, emergence, differentiation, and sporulation.
Maturation is the first stage of overwintering, being characterized by
dehydration of infected berries, which become shriveled, pinkish-purple, hardened,
and abscise from the bush (Figure A1) (Cox and Scherm 2001). Three maturity
classes, based on exocarp (or fruit skin) color, have previously been proposed in the
literature—brown, grey, and black (Cox and Scherm 2001). Brown and grey are the
least mature classes, while black has been described as the most mature (Cox and
Scherm 2001). In a laboratory study, survival, expressed as a percentage of intact
pseudosclerotia 18 weeks after collection from blueberry fields in July, was highest
for the black maturity class (Cox and Scherm 2001).
However, the black class, which describes the mature pseudosclerotium
remaining after the exocarp has sloughed off, should be classified in a separate stage
since the term “exocarp” is not correct in this context (as the fruit skin is already
gone). In autumn, mature pseudosclerotia transition into dormancy, as they shed the
exocarp (possibly the entire pericarp of the blueberry fruit) to reveal melanized
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hyphae and accumulate chill hours (hours with a mean temperature < 7.2°C) (Figure
A2).
Germination follows dormancy, occurring after pseudosclerotia accumulate
chill hours and form a stipe initial, which is a dark brown hardened protrusion,
measuring <5 mm (Figure A3). Typically, stipe initials are formed from the base of
the pseudosclerotium, below the soil surface (Milholland 1974).
A germinated pseudosclerotium reaches the emergence stage when the stipe
initial grows between 5-15 mm (Figure A4). This stage is similar to germination, but
both are distinctly defined in the literature (Milholland 1977). Stipe initials of
pseudosclerotia in the emergence stage have sometimes been referred to as
“fundaments”, but this term is not commonly used nor is it found in mycological
dictionaries, so the preferred term remains “stipe initial”.
In the presence of adequate soil moisture, light, and degree-days (base 7.2°C)
the stipe initials will continue to develop in the differentiation stage, where they
elongate, become fleshy, turn a light brown color, and produce a tip indentation that
may expand to a diameter up to 2 mm (Figure A5). These visible changes have
previously been included in the emergence stage, with one publication stating that, “a
small depression appears at the tip of the stipe during emergence but remains closed
until the apothecium is formed and matures with the development of mature asci and
ascospores” (Milholland 1974). However, these changes can be parceled into a
separate stage, termed “differentiation”, since differentiation can last for several days
(Chapter 4). Laboratory observations have also shown that these stipes can elongate
to a length of over 10 cm (Appendix D).
An apothecium is formed when the tip indentation diameter reaches 2 mm,
and the pseudosclerotium enters the sporulation stage, discharging ascospores (Figure
A6) (Wharton 2005). Pseudosclerotia exposed to prolonged chilling prior to degreeday accumulation, will produce apothecia more rapidly than those exposed to shorter
chilling periods (Scherm 2001). Once an apothecium has begun to discharge spores,
sporulation generally remains constant for 3-4 days before declining (Wharton 2005).
These ascospores will infect susceptible blueberry tissue and initiate the disease
cycle.
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These stages- maturation, dormancy, germination, emergence, differentiation,
and sporulation—form the foundation of M. vaccinii-corymbosi overwintering
terminology. The standardization of these terms will allow researchers to better
interpret results for their unique geographic locations and climates.

103
LITERATURE CITED
Batra, L.R. 1991. World species of Monilinia (Fungi): Their ecology, biosystematics
and control. J. Cramer, Berlin.
Cox, K.D., and H. Scherm. 2001. Oversummer survival of Monilinia vacciniicorymbosi in relation to pseudosclerotial maturity and soil surface environment.
Plant Dis 85: 723-730.
Milholland, R.D. 1977. Sclerotium germination and histopathology of Monilinia
vaccinii-corymbosi on highbush blueberry. Phytopathology 67:848-854.
Milholland, R.D. 1974. Factors affecting apothecium development of Monilinia
vaccinii-corymbosi from mummified highbush blueberry fruit. Phytopathology
64: 296-300.
Scherm, H., A.T. Savelle, and P.L. Pusey. 2001. Interactions between chill-hours and
degree-days affect carpogenic germination in Monilinia vaccinii-corymbosi.
Phytopathology 91:77-83.
Wharton, P.S., and A.M.C. Schilder. 2005. Effect of temperature on apothecial
longevity and ascospore discharge by apothecia of Monilinia vaccinii-corymbosi.
Plant Dis 89: 397-403.

104

Figure A1. Maturation - Pseudosclerotia (also called “mummies” due to their dry,
shriveled appearance) of M. vaccinii-corymbosi mature on the blueberry bush
alongside ripe berries. Maturation is characterized by dehydration of infected berries,
which become shriveled, pinkish-purple, hardened, and abscise from the bush.
(Courtesy Dr. Jade Florence)

105

Figure A2. Dormancy - Pseudosclerotia that have shed the host exocarp to reveal
melanized hyphae overwinter on soil surface. (Courtesy Dr. Jade Florence)
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Figure A3. Germination - Pseudosclerotia with stipe initials that are dark brown
hardened protrusions, measuring <5 mm. (Courtesy Dr. Jay Pscheidt)

107

Figure A4. Emergence - Stipe initials continue to elongate and grow to between 5-15
mm. (Courtesy Dr. Jay Pscheidt)
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Figure A5. Differentiation – stipe initials elongate, become fleshy, turn a light brown
color, and produce a tip indentation that may expand to a diameter up to 2 mm.
(Courtesy Dr. Jay Pscheidt)
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Figure A6. Sporulation - The tips of the stipes have expanded wide enough, > 2mm,
to become cup-shaped apothecia. (Courtesy Dr. Jay Pscheidt)
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APPENDIX B
GROWER RESPONSES TO MUMMY BERRY SURVEYS, 2014-2015
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Table B1. Growers were surveyed during the 2014 Blueberry Production Workshop hosted in
Eugene, OR and the 2015 Blueberry Production Workshop hosted in Mount Vernon, WA.
Attendees were instructed to only fill out a survey if they were affiliated with a blueberry
farm and to only complete one survey per farm. There were a total of 63 and 73 attendees at
Eugene, OR and Mount Vernon, WA workshops, respectively. The response rates at the OR
and WA workshops were 48% and 38% respectively.

Mummy Berry survey

Oregon Washington
n=30
n=28

Estimate of current year’s yield loss due to mummy berry
None
41%
28%
1-5%
31%
28%
6-15%
14%
24%
16-30
10%
7%
31-35
0%
3%
>36%
3%
10%
Estimated yield loss due to mummy berry in comparison with previous years
More
11%
21%
Less
44%
25%
Same
44%
54%
Percent of respondents who use mulching for mummy berry management
Yes
63%
79%
No
37%
21%
Application timing of mulch
Harvest-September
8%
19%
October-December
48%
24%
January-February
20%
29%
March-April
64%
29%
Type of mulch used
Douglas Fir
73%
54%
Hemlock
12%
0%
Straw
8%
11%
Compost
19%
7%
Grass Clippings
4%
0%
Bark Mulch
8%
14%
Leaves
12%
0%
Burlap Coffee Bags
4%
0%
Cedar
0%
11%
White Pine
0%
4%
Estimated depth of mulch application
Less than 1 inch
13%
18%
1-2 inches
46%
45%
More than 2 inches
42%
36%
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APPENDIX C
MUMMY BERRY MANAGEMENT
IN THE PACIFIC NORTHWEST
by
Jade Florence
Jay W. Pscheidt
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Mummy Berry is a disease of blueberry, caused by the fungus, Monilinia
vaccinii-corymbosi (Figure C.1). This disease is prevalent throughout the Pacific
Northwest, west of the Cascade Mountain Range, affecting the northern highbush
blueberry (Vaccinium corymbosum) industry. Growers often underestimate mummy
berry, as it may occur at low levels for many years. Just one favorable year, however,
can greatly increase this disease resulting in dramatic annual yield losses.
This publication is intended for blueberry growers in the Pacific Northwest. It
briefly describes the mummy berry disease cycle and available management methods.
MUMMY BERRY DISEASE CYCLE
The fungus, Monilinia vaccinii-corymbosi, has two discrete infection periods.
Primary infection begins at blueberry floral bud break and secondary infection occurs
at flowering.
In spring, mummified fruit on the ground produce a small mushroom (an
apothecium) (Figure C.2). These apothecia can be found around the time blueberries
break bud. The floral buds break first, followed a week later by the vegetative shoots.
This newly visible plant tissue is easily infected by the wind-carried spores coming
from the apothecia.
Primary infection is characterized by discolored shoots or flower clusters that
are drooping, wilted, rosy-brown, and curled under. They also typically have a mat of
brown to bluish spores covering the veins of infected leaves (Figure C.3).
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These microscopic spores are moved from infected shoots and flower clusters
to open flowers primarily by pollinators such as honeybees and bumblebees, but also
by wind and water.
Secondary infection develops out of sight, inside of developing blueberry
fruit. This can be seen when infected green berries are cut open. A white fungal tissue
can be seen growing outward and invading the fruit (Figure C.4). As the fungus takes
over, berries shrivel and turn a pinkish-purple color. These shriveled berries take on a
mummified appearance, which is where mummy berry disease gets its name. In
contrast, healthy blueberries remain plump and ripen normally.
The dry shriveled berries (now called mummies) will drop from the bush and
lay on the ground from late summer through winter. In early spring, these mummies
from the previous season will form apothecia and begin a new disease cycle.
It is important to combine multiple tactics to achieve both effective and
reliable disease management. The following list of techniques can be used for both
management and timing of practices. Choosing and integrating methods that make
sense for your particular climate, geographic location, production system, and labor
input is crucial.
MANAGEMENT OPTIONS
Cultivar Selection
Resistant cultivars such as Reka, Liberty, and Olympia should be chosen when
establishing a new farm or expanding production. Lists of cultivars resistant to this
and other diseases are available through state extension offices and online
publications.
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For plantings already in the ground, cultivar types that are heavily infected, such as
‘Berkeley’, can be removed to reduce disease pressure in the field. When replacing
these susceptible cultivars, select resistant types.
Weed Management
Practice good weed control for more effective disease management. Poor weed
control makes other practices such as scouting, raking, and mulching less effective.
Raking
The goal of raking is to remove mummies from the field between harvest and bud
break the following season. Raking works best when used in combination with other
sanitation practices such as harvesting (see below). Typically, growers with smallscale production systems will rake rows during the fall, paying particular attention to
alleys. The collected debris is disposed of by burning or burial. This practice is more
labor intensive and less efficient than harvesting, but can still help remove mummies
from the field.
Scouting
Scouting can help determine the presence of mummy berry during the fall and winter
seasons, so prevention and avoidance techniques can be employed before spring. It
can also assist the grower in determining key months for implementation of practices.
Mummies can typically be found under leaf litter or in and around alleys, root
crowns, and the base of mounds, because this is where mummies often roll after they
drop from the bush. An instructional video on how to scout for mummies is available
through the Northwest Center for Alternatives to Pesticide’s YouTube Channel:
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https://www.youtube.com/watch?v=SyG-B0cr9gc
Some growers also keep a selection of mummies in the field for easy viewing. This
can be done by gathering ~100 mummies at harvest and placing them into a container
for year-round observation (Figure C.5).
Mulching
Mulching enhances water retention around the root crown, can help to maintain a
slightly acidic soil pH, increases soil organic matter, and serves as a disease
management method. Research has shown that apothecia can be significantly reduced
when rows are mulched with 2-inches of Douglas-fir sawdust. For effective
management, mulch should be applied in late winter (mid-February to early March)
or earlier in the fall and winter months if maintained at the 2” depth.
Disruption (Raking)
Disruption, sometimes referred to as raking, is when a harrow or chains are dragged
through the field in early spring. Disruption breaks apart apothecia developing in and
around aisles. While, there is no research quantifying the effects of disruption, many
growers who use it report that it is both effective and worthwhile.
Fungicides
A wide variety of synthetic and some organic fungicides are registered to protect
blossoms and foliage from bud break until the end of flowering. From a farm-wide
perspective, start applications when the earliest cultivars break bud. With regular
scouting, the first application can be timed to coincide with apothecial development.
Tank-mixing and/or alternating products with different modes of action are
recommended to prevent the build-up of resistant fungi. Several biocontrol agents

117
have been registered to manage mummy berry, but do not tank mix biologicals with
antimicrobial compounds. See various state pest management guides for details.
Harvesting
Summertime harvest is the easiest time of the year to remove mummies from the
field. By harvesting all fruit from the bush, then sorting the diseased fruit from
healthy berries, mummies can be collected for proper disposal, such as burial.

Cooperating with surrounding blueberry farms can be beneficial

Spores originating from your field can travel downwind to infect other blueberry
farms during the primary infection period. This is an immediate problem for
neighboring farms, but can later become a problem for you, because pollinators carry
spores back upwind during bloom. A collaborative effort between geographically
close blueberry producers can mean less disease for everyone.

Dedicated to Norma Grier and Artemio Paz, thank you for all your help.
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Figure C.1. Mummies developing on blueberry bush among healthy blueberry fruit.
(Courtesy Jade Florence)
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Figure C.2. Apothecia developing from pseudosclerotia or “mummies”. (Courtesy
Jay Pscheidt)
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Figure C.3. Characteristic mummy berry primary infection: spore mat covering leaf
stem. (Courtesy Jay Pscheidt)
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Figure C.4. White fungal tissue growing inside of blueberry fruit. (Courtesy Jade
Florence)
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Figure C.5. Pseudosclerotia or “mummies” resting inside viewing container during
the fall and winter months. (Courtesy Jade Florence)
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APPENDIX D
EFFECT OF INCREASED CHILL ON DEVELOPMENT OF
MONILINIA VACCINII-CORYMBOSI APOTHECIA
by
Jade Florence
Jay W. Pscheidt
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INTRODUCTION
Monilinia vaccinii-corymbosi is an economically-important fungal pathogen of
cultivated and wild blueberry (Vaccinium spp.) throughout North America (Batra
1991). This pathogen causes annual yield losses as it infects the host and replaces
blueberry fruit with a pseudosclerotium. Pseudosclerotia drop from the bush and
overwinter on the ground until they develop apothecia in the spring, initiating the
disease cycle again.
Some of the key factors needed for a pseudosclerotium to successfully overwinter
and develop an apothecium are known and include adequate chill-hours (<7.2°C),
degree days (base 7.2°C), soil moisture, and the presence of light (Bristow 1979;
Milholland 1974; Scherm et al. 2001). There have been numerous reports in the
literature of researchers inciting apothecium development from pseudosclerotia that
have accumulated chill hours outdoors (Bristow 1979; Lehman and Oudemans 1997;
Milholland 1974), but there have been no accounts of researchers removing
pseudosclerotia from the bush during summer and successfully overwintering
pseudosclerotia solely in the laboratory.
A more complete understanding of the germination requirements of M. vacciniicorymbosi may elucidate vulnerabilities that can be exploited for disease
management. The objective of this study was to induce sporulation from
pseudosclerotia of M. vaccinii-corymbosi with no outdoor conditioning phase.
MATERIALS AND METHODS
In August 2011, pseudosclerotia were collected off of bushes at the Oregon
State University Plant Pathology Field Lab in Corvallis, OR. Pseudosclerotia were
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immediately brought back into the lab and stored in at ambient temperatures until
initiation of the experiment. In October 2011, three 10 x 20 black propagation trays
with drainage holes (trays 1, 2, and 3) were prepared in the same manner as described
by Lehman 1996. Approximately 100 pseudosclerotia were positioned 0.5 cm below
the soil surface in each tray then covered with a screen and covered with moss
(Lehman and Oudemans 1996). Trays were watered and maintained in a greenhouse
setting for 1 month at 21-24°C with natural lighting. In early November 2011 trays
were moved to a cold room at approximately 4°C to fulfill chilling requirements.
In early January 2012, tray one was moved back to the greenhouse
environment, and the screen with moss was removed. Fluorescent lighting was
positioned 24 inches above the flat to provide supplemental lighting from 7am-7pm.
In early February 2012, tray 2 was moved back to the greenhouse environment and
the screen with moss was removed, and in early March, tray 3 was moved back to the
greenhouse and the screen with moss was removed. All trays were monitored twice a
week for a month for apothecia production. Out of curiosity, tray 1 was moved back
to the cold room to accumulate more chill hours after one month incubation in the
greenhouse.
RESULTS
Tray 1 produced zero apothecia during the month incubation in the
greenhouse. Tray 2 produced ten total apothecia, and tray 3 produced zero apothecia.
In August 2012, tray 1 was examined in the cold room and had developed 113
apothecia from ~90% of the pseudosclerotia (Figure D.1). All apothecia appeared to
have a phototropic response, stretching towards the light in the room (Figure D.1).
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The average stipe length was 6.29 cm (SD = 1.72), with a minimum stipe length of 3
cm and a maximum stipe length of 10.5 cm (Figure D.3). Many pseudosclerotia
developed more than one apothecium (Figure D.3).
DISCUSSION
Abundant apothecia can be produced in a laboratory with no outdoor chill
period. These results are consistent with previous reports that pseudosclerotia
exposed to prolonged chill hours produced more apothecia than those exposed to
fewer, and that cooler temperatures promote apothecia longevity (Scherm et al. 2001;
Wharton and Schilder 2005).
The light from the walk-in refrigerator used in this experiment was
intermittent and dim, only used when people opened the door to enter. An apparent
phototropic response was observed, as apothecia grew toward the available light
(Figure D.1). Apothecial stipes were etiolated, apothecial cups were larger in
diameter than those typically observed in the field during the sporulation interval, and
cup edges were folded over outwardly (Figure D.2). This observation contradicts a
previous observation that apothecial cups produced in the dark are smaller in diameter
and have etiolated stipes in comparison to apothecia exposed to light (Milholland
1974).
This low-light environment may have caused the apothecia to grow larger, as
an evolutionary adaptation to the low-light environment commonly found beneath
fallen blueberry leaves. In this environment, successful sporulation must be achieved
by producing spores that can escape the leaf litter and contact host tissue.
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If pseudosclerotia can produce an apothecium up to 10.5 cm in length, there
must be some factor that prevents them from producing an apothecium long enough
to grow through the 2.5 cm burial depth that has been shown to inhibit apothecium
development (Milholland 1974). This factor may be light. If a 2.5 cm burial depth is
enough to create an environment that is functionally devoid of light, and
pseudosclerotia require light to successfully develop apothecia, this may explain why
no apothecia are produced under burial conditions.
The chill hour accumulation provided by this experiment is impractical as an
experimental protocol for apothecium development, as six months is just as long as
the standard overwintering period. Furthermore, the known chill hours requirement is
far less than that used in this study (Bristow 1979; Milholland 1974; Scherm et al.
2001). This suggests that there was some other factor provided by this study that
stimulated apothecium development. One potential explanation is that the intermittent
light may have simulated a short-day photoperiod, which triggered apothecia
development. Future studies are needed to further elucidate the overwintering
requirements of M. vaccinii-corymbosi and determine the photoperiod that is most
stimulatory for germination and apothecium development.
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Figure D.1. Apothecia of M. vaccinii-corymbosi with etiolated stipes growing in the
same direction after incubation under laboratory conditions. (Courtesy Jade Florence)
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Figure D.2. Large apothecial cups with outturned edges. (Courtesy Jade Florence)
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Figure D.3. Selection of apothecia with a total stipe length between 7 cm and 10.5
cm. (Courtesy Jade Florence)

