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I 

 

Abstract 

 

Postharvest decay limits the storage life of fresh blueberries and is unacceptable in export markets. 

Currently, no surveys have been conducted to determine the microorganisms causing decay of blueberry 

fruit during postharvest storage in New Zealand. Identification of the major microorganisms associated with 

postharvest decay is critical to effective management of decay within the supply chain. This thesis identifies 

the microorganisms associated with postharvest decay of blueberry fruit with the aim of observing the 

prevalence and nature of these rots after cold storage.  

Four combinations of temperature and relative humidity (RH) were used to store blueberry fruit. These 

treatments were obtained by a factorial combination of two temperatures, 1°C and 15°C, and two relative 

humidity (RH) conditions of high RH (98-100% RH) or low RH (80% RH). The 1°C storage at either RH was 

implemented for 42 d, while the 15°C storage had a duration of 14 d. Following storage, the fruit was stored 

at 20°C for 7 days to simulate shelf life (retail or home use), and decay prevalence evaluated. From the 

decay signs observed, microorganisms were isolated and identified through morphological and molecular 

analysis.  

The major microorganisms isolated from blueberry fruit decay were identified as Botrytis cinerea, 

Colletotrichum acutatum species complex, and Pestalotiopsis spp. Both B. cinerea and C. acutatum spp. 

complex are causal agents of decay signs, responsible for grey mould and anthracnose, respectively. 

Pestalotiopsis spp. was associated with decay of blueberry fruit, but it is unclear whether this is a causal 

agent of decay.  

The postharvest storage conditions influenced the prevalence and behaviour of decay. At 1°C, B. cinerea 

was the dominant causal agent of decay, leading to grey mould sign (extensive grey/tan mycelium) at 98-

100% RH. When blueberries were stored at low RH (80%), B. cinerea infections were mostly restricted to 

the fruit stem scar.  

During shelf life, after 1°C storage for 42 days, decay showed a higher accumulation rate than when the 

fruit was stored at 15°C prior to shelf life. In addition, after shelf life, B. cinerea and the C. acutatum spp. 

complex were the most predominant causal organisms isolated from decayed fruit.  
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& Beaudry, 2020). Therefore, maritime transport to Asian markets can be undertaken, however, there is a 

critical risk of quality deterioration if optimal management techniques are absent.  

 

Postharvest losses are a result of quality deterioration indicated by decay, softening, shrivel, and physical 

damage (Forney, 2009; Tournas & Katsoudas, 2005). Decay is the most important cause of postharvest 

losses and is caused by pathogenic and opportunistic microorganisms (Vicente et al., 2007). Softening is a 

result of cell wall degradation and weight loss; it leads to increased pathogen susceptibility and decreased 

consumer acceptance (Chen et al., 2015; Paniagua et al., 2013). Shrivel is a result of transpiration mainly 

through the cuticle and stem scar (Moggia et al., 2017a; Yan & Castellarin, 2022). The result of shrivel is 

softening and a corrugated appearance (Paniagua et al., 2013). Mechanical damage is a consequence of 

poor handling, leading to bruising and subsequent softening and decay (Opara & Pathare, 2014; Xu et al., 

2015). These issues are detrimental to fruit quality and limit the storage life of fresh blueberries. However, 

decay remains the major cause of postharvest losses throughout the supply chain, responsible for 

significant losses and wastage of fresh produce (Agrios, 2005).  

 

Decay of fresh produce is indicated by the presence of signs or symptoms of decay resulting from 

microorganism infection. It is an important indication of quality loss from the consumer perspective (Prusky, 

2011). The major genera reported to affect blueberry fruit are Botrytis, Colletotrichum, and Alternaria 

(Cappellini et al., 1982). Signs of decay are direct evidence of microorganism presence. These include 

mycelium and other fungal bodies and exudates. Symptoms are the effects of infection on the host, for 

blueberry fruit, these include leakage of juice, collapsed fruit tissue, and slip skin (Latorre et al., 2014; 

Paniagua et al., 2014).  

 

Plants are continually exposed to potentially pathogenic microorganisms, yet disease remains relatively 

infrequent among plants (Ferreira et al., 2006). This is because decay requires the coincidence of pathogen 

presence and virulence, a susceptible host, and conducive environmental conditions in order to produce 

decay signs or symptoms (Agrios, 2005; Ferreira et al., 2006). These requirements for decay are variable 

throughout the production system and in the postharvest environment, resulting in variable decay 

incidence.  

 

When considering the causes of decay, a schematic representation of the factors influencing the presence 

of plant disease is helpful for determining causal factors and implementing control measures. The disease 

triangle (Fig. 1.1) consists of three sides, each representing either environmental, pathogen, or host factors 

influencing disease (Agrios, 2005). The length of each side relates to the sum of factors affecting disease 

incidence within each heading. The area of the triangle is an estimate of the quantity of disease 
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1.1 Research Objectives 

 

This research intends to provide information on the microorganisms related to the decay of fresh NZ grown 

blueberry fruit under various postharvest conditions. The specific objectives are: 

1. To determine the microorganisms associated with the postharvest decay of blueberry fruit using 

morphological and molecular techniques. 

2. To evaluate the prevalence of postharvest decay and associated microorganisms during 

postharvest storage under different temperature and relative humidity conditions.  

 

With the completion of this investigation, the author hopes to support the ability of blueberry exporters to 

maintain fruit quality when exporting fruit to markets requiring long distance maritime transportation. This 

work will provide insight into the nature of decay related microorganisms of blueberry fruit in commercial 

postharvest conditions. If the objectives are met, this research will facilitate targeted control measures to 

improve blueberry quality in the postharvest supply chain.  
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Chapter 2: Literature Review 

 

This literature review chapter will provide an overview of postharvest blueberry fruit decay in relation to the 

disease triangle factors of host susceptibility, favourable environmental conditions, and virulent 

microorganisms. In addition, this chapter will review the morphological and molecular methods used to 

identify causal microorganisms.  

 

 

2.1 The New Zealand Blueberry Industry 

 

Blueberries were first grown in New Zealand (NZ) in the 1950s on acidic soils in the Waikato region. Since 

then, the industry has bred cultivars specific to NZ conditions and adopted a variety of international cultivars 

for domestic consumption and exportation, mostly as fresh blueberries (Retamales & Hancock, 2018). The 

cultivars grown enable a main production season from November to March (Retamales & Hancock, 2018). 

Blueberries are mostly grown in the Waikato, with production also occurring in Hawkes Bay and the Bay of 

Plenty (Plant and Food Research 2021). These regions experience a temperate climate with mild winters, 

warm summers, and regular rainfall (Plant and Food Research, 2021). Blueberry production in NZ is 

enabled by multiple production systems, including unprotected outdoors, under netting, tunnel houses, and 

indoor cropping. Soil-less systems have enabled the blueberry industry to expand into new regions and 

increase production. The New Zealand blueberry industry is small on the global scale but is innovative and 

forward thinking, with numerous cultivars grown in a variety of production systems to enable fruit availability 

for most of the year.  

 

 

2.2 Blueberry Fruit Biology 

 

Blueberry fruit are harvested from a multitude of cultivars, including both Highbush (Vaccinium 

corymbosum and interspecific hybrids) and Rabbiteye (Vaccinium ashei) blueberries, which offer a variety 

of growing and postharvest characteristics. Blueberries are botanical berries with a roughly spherical shape 

and range in surface skin colour from light to dark blue, depending on cultivar. Blueberries have an outer 

epidermis featuring a wax layer known as bloom and feature a stem scar and a calyx scar (Retamales & 

Hancock, 2018). The epidermal cells have thickened cell walls, which form the cuticle. Fruit tissue, known 
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annealed wax patches of dark blue and black cultivars (Sapers et al., 1984). This light scattering creates 

the light blue appearance of mature fruit of some cultivars. The darker blue colours associated with some 

cultivars and with overripe fruit is associated with the transformation of upright rodlets to flat platelets, 

leading to less scattering of light and thus a darker colour (Sapers et al., 1984). This wax layer is also 

important for postharvest performance, offering reductions in water loss and decay after harvest (Chu et 

al., 2018). Therefore, for optimum colour and postharvest storability, the wax layer is crucial.  

 

2.2.1.3 Firmness 

 

Firmness is another major component of blueberry quality, with implications for storage life and decay 

incidence (Vicente et al., 2007). Blueberry fruit soften as they ripen due to the enzymatic degradation of 

cell wall pectin, hemicellulose, and cellulose (Proctor & Peng, 1989). Most softening occurs before harvest 

between the green and blue stages; however, softening continues after harvest (Ballinger et al., 1973; 

Moggia et al., 2018). Cell wall degradation increases susceptibility to pathogen infection, and, subsequently, 

softer fruit are more likely to decay (Mehra et al., 2013). Postharvest firmness is also important for storage 

potential and consumer acceptance, with firmer fruit being preferred (Retamales & Hancock, 2018). 

Firmness is related to cell wall structure and composition. The major components include cellulose, 

hemicellulose, and pectin, which construct the cell wall as it expands during fruit growth (Keegstra, 2010). 

Fruit tissue softening is the result of processes including hemicellulose depolymerisation and solubilisation, 

arabinose solubilisation, and pectin depolymerisation and solubilisation (Vicente et al., 2007). These 

changes dismantle the cell wall and lead to overall fruit softening during ripening; these are visualised in 

Fig. 2.3. 

 

Figure 2.3. Blueberry fruit cell wall modifications occurring at different fruit development and firmness stages. 

Reprinted with permission from Vicente, A. R., Ortugno, C., Rosli, H., Powell, A. L., Greve, L. C., & Labavitch, J. M. 

(2007). Temporal sequence of cell wall disassembly events in developing fruits. 2. Analysis of blueberry (Vaccinium 

species). Journal of Agricultural and Food Chemistry, 55(10), 4125-4130. Copyright 2007 American Chemical Society. 
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2.3.1.1 Constitutive Defences 

 

Constitutive defences are permanent mechanisms of the fruit host that aim to prevent the establishment of 

pathogen infections. Structural constitutive defences include the cell wall and fruit cuticle layer. These are 

often the first line of defence against pathogens and form a physical barrier which is insurmountable to 

most microorganisms.  

 

The cell wall encompasses a plant cell and provides strength, support, and protection from biotic and abiotic 

stress (Malinovsky et al., 2014). Cell walls consist of a cellulose network bound with hemicelluloses and 

embedded in a pectin matrix (Loix et al., 2017). Thickness is important for the efficacy of its defensive 

function, as thicker cell walls are more difficult for pathogens to break through (Guest & Brown, 1997). It 

follows that cell wall degradation during fruit ripening and senescence leads to a weakening of this barrier 

and a subsequent increase in susceptibility to infection. The cell wall also plays a role in induced responses, 

with damage to the cell wall being recognised as a signal of potential pathogen attack, leading to induced 

defence responses (Hématy et al., 2009).  

 

The cuticle is a waxy, hydrophobic coating on the surface of aerial primary plant tissue that provides 

strength to plant organs and forms a barrier to transpiration and pathogen infection (Ziv et al., 2018). The 

cuticle is comprised of cutin and waxes formed into two layers. A cuticle layer that contains cutin and 

polysaccharides lies beneath the cuticle proper, which is comprised of cutin and waxes (Serrano et al., 

2014). The cuticle forms a further barrier between the cell wall and the outside of the plant, offering a thicker 

and more complex barrier to pathogen infection (Guest & Brown, 1997). This barrier is hydrophobic, so it 

prevents waterborne pathogens from accumulating (Ziv et al., 2018). The cuticle is also involved in 

signalling of pathogen presence, with damage to the cuticle recognised and responded to through induced 

responses (Malinovsky et al., 2014). In harvested blueberry fruit, the cuticle is compromised at the stem 

scar due to the picking wound, leaving the fruit exposed to decay causing microorganisms in this region. 

This leaves this region of fruit tissue more susceptible to infection. 

 

Constitutive defences also include chemical compounds permanently present within plant tissue which 

offer anti-microbial properties. These are known as phytoanticipins and are present in plants before 

pathogen attack (van Etten et al., 1994). These compounds include flavonoids, tannins, saponins, alkaloids, 

and terpenoids (Tiku, 2020). Phytoanticipins are present throughout plant tissue, but important locations 

are within the cuticle, where they form an antimicrobial barrier to pathogen attack, and in the vacuole, from 

which they can be delivered to the site of infection (Tiku, 2020; Ziv et al., 2018). In blueberry fruit, fructose 

is considered a phytoanticipin for its effect on Escherichia coli (Tiku, 2018). Other phytoanticipins of 

blueberry fruit are unclear, but organic acids have been suggested to have an antifungal role in ripe wild 
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2.6.1.1.4 Sclerotia 

 

Sclerotia are the overwintering bodies of B. cinerea. Ageing mycelium forms sclerotia as survival structures 

once conditions become unsuitable for continued growth, generally due to diminishing resources (Dewey 

& Grant-Downton, 2016). They are melanised structures able to store nutrition and remain viable for 

between five and nine months in the environment (Dewey & Grant-Downton, 2016; Thomas et al., 1983). 

They can withstand adverse conditions to germinate when conditions become favourable and act as the 

primary source of Botrytis inoculum in late winter and early spring (Hsiang & Chastagner, 1992). On 

germination, mycelium, conidiophores, and conidia are produced to distribute conidia into the environment 

and infect susceptible plant organs. Conditions favouring sclerotia germination are wetting and drying 

cycles following rainfall or dew in late winter and spring (Dewey & Grant-Downton, 2016). The size of 

sclerotia varies between species, but they are generally irregular in shape and dark in colour; they inhabit 

the top layer of soil amongst decaying plant material. The sclerotial life stage facilitates the sexual cycle of 

Botrytis. 

 

In blueberry orchards, sclerotia are found within decaying plant material in the top layer of soil or within 

other sources of decayed plant debris, including within the canopy (Elmer & Michailides, 2007). Plant debris 

includes residual fruit, leaves, pruning debris, mulches, and weeds; these offer substrate for sclerotia and 

overwintering mycelium (Braun & Sutton, 1987). These provide an opportunity for B. cinerea material to 

overwinter and germinate in late winter/early spring to infect new plant tissue.  

 

2.6.1.1.5 Sexual Cycle 

 

The sexual cycle of B. cinerea is rarely seen in the environment, with this thought to be due to 

misidentification of fruiting bodies (Dewey & Grant-Downton, 2016). The sexual cycle begins with sclerotial 

structures being fertilised by microconidia, which are produced from asexual mycelium (Fukumori et al., 

2004). Apothecia are produced as a result of fertilisation; these utilise the nutrition stored in the sclerotia to 

grow phototrophically and produce apothecia (Rodenburg et al., 2018; Urbasch, 1983). On the upper 

surface of the apothecia, asci are borne, containing ascospores, which are released into the air. These can 

be primary inoculum in the early spring season, causing initial infection of plant organs before asexual 

reproduction from conidia becomes prevalent.  
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2.6.2.1 Colletotrichum spp. Lifecycle 

 

Colletotrichum pathogens affecting blueberries are present perennially in the environment. As blueberry 

fruit are mostly affected by the C. acutatum spp. complex, the lifecycle of this species complex will be the 

subject of this description. The asexual lifecycle is the only form of reproduction found in the field, and the 

sexual stage has only been observed in vitro (Guerber et al., 2003; Wharton & Diéguez-Uribeondo, 2004). 

The asexual lifecycle consists of conidia being distributed by rain splash, being deposited, and germinating 

on host surfaces (Dowling et al., 2020). These then penetrate the epidermis and grow throughout plant 

tissue, finally producing acervuli and conidia, which are dispersed to cause new infections (Wharton & 

Diéguez-Uribeondo, 2004). This infection cycle is continuous, enabling infections to spread and develop 

quickly on susceptible material.  

 

Primary infections of Colletotrichum in blueberry orchards originate from remaining tissue infected in the 

previous season, including twigs, fruit trusses, and most commonly, buds (Wharton & Diéguez-Uribeondo, 

2004). These tissues harbour infections from the previous growing season, existing as appressoria, 

mycelium, and conidia within these areas (Milholland, 1995; Peres et al., 2005). Once host dormancy breaks 

in late winter and early spring, C. acutatum infections become active and infect vegetative tissue adjacent 

to infections. This often leads to flowers and young leaves becoming infected and dying, enabling the 

spread of conidia to other host tissue (Wharton & Diéguez-Uribeondo, 2004). These primary infections 

distribute conidia in alignment with flowering, fruit set, and early fruit development (Wharton & Diéguez-

Uribeondo, 2004). The conidia create new infections, resulting in significant economic damage. 

 

2.6.2.1.1 Conidia 

 

Conidia initiate infections of anthracnose disease. Conidia are produced prolifically from the acervuli of 

existing infections. As conidia are present in a mucilaginous liquid, they are dispersed by rain splash or 

direct contact with other tissue (Yang et al., 1990). Conidia can also be produced on the surface of 

symptomless living leaves and spread through rain splash (Leandro et al., 2001). As conidia are spread 

through rain splash, periods of high rainfall and wind are favourable to conidia dispersal. The mucus-like 

liquid within which conidia are exuded offers protection from desiccation; this enables conidia to survive on 

surfaces for a short time if they do not land on plant tissue (Perfect et al., 1999). This offers another avenue 

for infections to spread through infested surfaces in the postharvest environment and through fruit-to-fruit 

contact (Cline, 1996). Following conidia production and dispersal, if a suitable host is found, infection can 

commence.  
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2.6.2.1.2 Infection 

 

Infection by C. acutatum of blueberry fruit conforms to a hemibiotrophic lifestyle consisting of biotrophy, 

then switching to necrotrophy as fruit ripen (De Silva et al., 2017). Infections begin with conidia landing on 

aerial tissue of the host plant and germinating to produce germ tubes which anchor the conidia to the host 

(Peres et al., 2005). Germ tubes develop appressoria, which are specialised tissue capable of penetrating 

the host cell (Perfect et al., 1999). Appressoria utilise pressure to push a penetration peg into the host 

tissue. If the host is resistant, the appressoria will penetrate the host cuticle and develop in the subcuticular 

region. If the host is susceptible, the cell wall is penetrated, and infection hyphae develop intracellularly 

(Wharton & Schilder, 2008). Colletotrichum can also enter through natural openings and wounds in host 

tissue (Wharton & Diéguez-Uribeondo, 2004). Once the infection is established and remains undetected by 

host defence, C. acutatum continues its biotrophic phase (De Silva et al., 2017). The infection can enter a 

quiescent period if unfavourable host resistance or environmental conditions persist. Once fruit ripen and 

host defences decrease to a threshold level, biotrophic or quiescent C. acutatum infections begin to 

produce secondary infection hyphae, which undertake a necrotrophic lifestyle, killing host cells and 

aggressively expanding the infection to produce anthracnose sign (De Silva et al., 2017). This switch to 

necrotrophy occurs when fruit are ripe and host resistance and environmental conditions are conducive to 

decay.  

 

The ideal conditions for infection are warm, humid conditions, as conidia are spread through rain splash 

(Brook, 1977). High humidity is important for infection as the glycoprotein mucilage conidia are dispersed 

with offers limited protection against desiccation, but high humidity conditions enable greater survival of 

conidia by reducing desiccation and can activate quiescent infections (Perfect et al., 1999; Wharton & 

Diéguez-Uribeondo, 2004). For germination of conidia and development of appressoria, 100% RH is 

considered optimum, or uninterrupted surface water presence for over eight hours (Miles et al., 2013). 

Thus, periods of uninterrupted rainfall or dew offer a greater chance of infection. Temperature is also 

important; the lowest temperature at which C. acutatum is active was recorded as 7°C in vitro by Verma et 

al. (2006). This is relevant to postharvest storage as low temperature can inhibit activity and thus 

anthracnose decay caused by C. acutatum. The optimum temperature for growth is reported as 26°C, so 

warm and humid conditions can lead to greater infection incidence (Miles et al., 2013).  

 

2.6.2.1.3 Decay 

 

Anthracnose caused by C. acutatum is formed following penetration of host tissue and initiation of the 

necrotrophic phase. Hyphae existing intercellularly or intracellularly develop a network within plant tissue. 

The function of these hyphae once the necrotrophic stage is initiated is to kill host tissue in advance of the 
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expanding infection. Once the infection becomes necrotrophic and sufficient resources are acquired from 

the host, acervuli are produced, which exude orange or salmon-coloured mucilage containing conidia. If 

the infection has been unable to effectively obtain nutrition from the host due to host resistance, acervuli 

contain fewer conidia and occur less frequently (Wharton & Schilder, 2008). Anthracnose decay results in 

fruit displaying orange-coloured droplets and is considered unmarketable, as shown in Error! Reference 

source not found.6. Also considered part of this decay is the mycelium associated with secondary infection, 

which can be occasionally observed on the surface of severely infected fruit. While C. acutatum is a 

significant cause of decay; it can be observed in non-pathogenic forms and isolated from non-symptomatic 

plants, suggesting colonisation as an epiphyte or endophyte without producing decay (Peres et al., 2005). 

This shows that C. acutatum is an adaptable and prevalent fungus in the orchard environment and can 

cause severe decay of susceptible hosts.  

 

 

Figure 2.6. Anthracnose decay of blueberry fruit caused by Colletotrichum acutatum. 

 

2.6.2.1.4 Overwintering 

 

The survival of C. acutatum between growing seasons occurs as mycelium, appressoria, or conidia in the 

environment or on host plants (Milholland, 1995; Peres et al., 2005). In blueberry orchards, residual infected 

tissue such as mummified fruit, twigs, fruit trusses, and bud scales offer habitat for C. acutatum to reside in 

dormancy (Wharton & Diéguez-Uribeondo, 2004). Non-symptomatic tissue also offers the opportunity for 

C. acutatum to remain present as an endophyte or epiphyte through the winter (Yoshida et al., 2007). A 

degree of control can be obtained through the removal of affected twigs, fruit trusses, and other tissue 

present in the bush through the winter (Wharton & Diéguez-Uribeondo, 2004). By removing these sources 

in the bush, the pathogen presence is reduced, and dispersal of conidia is limited in the new season.  
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supply chain, leading to inconsistent decay expression in the marketplace. Experimentation on these factors 

and determining their impact on decay prevalence, particularly postharvest temperature and relative 

humidity, is useful to understand for the growth of blueberry exports from NZ. Accurate identification of 

microorganisms through morphological and molecular techniques is also critical to enabling an 

understanding of these relationships with various postharvest environmental conditions. 

 

The microorganisms related to postharvest decay of blueberry fruit have not been recently determined in 

NZ. This research will offer an improved understanding of the microorganisms causing decay of blueberry 

fruit and their interactions with postharvest temperature and relative humidity conditions. This research 

could provide a starting point for growers and marketers to better control decay in the supply chain.  
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Chapter 3: Identification of Microorganisms 

Associated with Decay of Blueberry Fruit 

 

3.1 Introduction 

Blueberry (Vaccinium spp.) fruit quality loss is principally caused by postharvest decay (Cappellini & 

Ceponis, 1977). The quality of blueberry fruit deteriorates from the moment of harvest due to senescence 

processes involving degradation of fruit physical and chemical quality, which increases susceptibility to 

decay (Wills & Golding, 2016). Postharvest decay of blueberry fruit is mainly caused by Botrytis cinerea, 

Colletotrichum spp., and Alternaria spp. (Schilder et al., 2000). These organisms infect fruit prior to harvest 

and can cause infection in the postharvest environment, leading to damage and unacceptable quality 

(Forney, 2009). Given the recent expansion of the New Zealand (NZ) blueberry industry and a focus on 

export markets for future growth, the determination of the major postharvest decay species of NZ blueberry 

fruit is required to improve the efficiency of the supply chain (Coriolis Research, 2020). 

 

The quality of blueberry fruit is defined by the consumer, so visual appearance, flavour, and texture are 

critical for marketability (Chiabrando et al., 2009). Blueberry fruit quality peaks at harvest and subsequently 

deteriorates as softening, shrivel, flavour decline, and decay become prevalent; this irreversible process 

results in unmarketable fruit (Forney, 2009). Of these factors, decay is the major cause of quality loss; it is 

intricately linked to host susceptibility, pathogen pressure, and environmental conditions (Agrios, 2005). 

After harvest, host susceptibility to decay increases as senescence processes deteriorate host defences. 

Pathogen pressure is determined at harvest, as latent and quiescent infections initiated at flowering and 

throughout fruit development are present within the fruit microbiome and cause infection after harvest when 

suitable conditions are met. The environmental conditions experienced by the fruit have effects on 

postharvest decay, particularly temperature, of which low temperature is an effective control measure 

(Nunes et al., 2004). Invariably, due to fruit senescence, decay develops eventually after harvest. 

 

Postharvest decay of blueberry fruit is reported to be associated with numerous plant pathogens, including 

Alternaria spp., Aspergillus spp., Aureobasidium pullans, Botrytis spp., Cladosporium spp., Colleotrichum 

spp., Diaporthe spp., Epicoccum nigrum, Fusarium spp., Hainesia lythri, Penicillium spp., Pestalotia vaccini, 

Pestalotiopsis spp., Phomopsis vaccinii, Rhizopus spp., and Trichoderma spp. (Mehra et al., 2013; Wang et 

al., 2016; Wharton, 2003; Xiao & Saito, 2016; Yu et al., 2018). In NZ there are few reports, but postharvest 

decay is reported to be caused by B. cinerea, Colletotrichum spp., and Alternaria tenuissima (Johnston & 

McKenzie, 1982). However, due to the developing nature of the NZ blueberry industry and similarities with 

Australian and USA blueberry producers, the pathogens present are likely to be similar to species reported 
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3.1.1 Aim and Objectives 

 

The aim of this chapter is to determine the species identity of microorganisms associated with the decay of 

fresh blueberry fruit in New Zealand through sequencing of genomic DNA, supplemented by morphological 

data. This will provide a confident species identification, which will inform a better understanding of the 

organisms involved in postharvest decay of blueberry fruit in this country. This is expected to offer 

numerous avenues for future research into these organisms and their relationships with horticultural 

practises. This research could be used to inform target species to implement control measures that aim to 

improve blueberry fruit quality through the supply chain.  

 

The objectives of this experiment are as follows: 

1. To gather morphological data from microorganisms associated with blueberry fruit decay to inform 

identification. 

2. To conduct molecular analysis of selected microorganisms isolated from blueberry fruit decay to 

confirm species identification. 

3. To compile morphological and molecular data to provide an informative characterisation of 

microorganisms isolated from blueberry fruit decay and the decay they are likely responsible for.  

 

 

3.2 Materials and Methodology 

 

3.2.1 Selection of Blueberry Fruit with Microbial Signs and/or 

Damage Symptoms Putatively Caused by Pathogenic Microbes 

 

Blueberry fruit with microbial signs and/or damage symptoms putatively caused by pathogenic microbes 

were selected weekly at the conclusion of successive postharvest experiments for microbe isolation (see 

Section 4.2). Individual plastic cups (60 mL sample cup, Jadcup, Auckland, NZ) were used to contain one 

fruit and allow expression of signs and/or symptoms independently. Here, fruit with a specific sign and/or 

symptom appearing more than three times within a batch (45 fruit of one origin and with a postharvest 

treatment completed) were isolated at a rate of three per week per batch, while fruit with a specific sign 

and/or symptom appearing three or fewer times per week within a batch box were isolated as often as they 

appeared. This weighted the number of selections more evenly and prevented oversampling of fruit with 
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3.3 Results 

3.3.1 Genomic DNA Sequencing Results  

 

Table 3.1. DNA Sequencing Results 

Plate 

Group 

Primer Sequence 

Length 

Max 

Score 

Query 

Cover 

% 

Identity 

Top BLASTn hita GenBank 

Accession no. of 

top hit 

1a ITS4/5 295 545     -                -             Inconclusive - 

2a ITS4/5 475 878 100.00% 100.00% Botrytis cinerea MT5734790.1 

2b ITS4/5 568 1,048 99.00% 100.00% B. cinerea EF207413.1 

2c ITS4/5 421 778 100.00% 100.00% B. cinerea MT573470.1 

2e Bt2a/b 695 1195 100% 100.00% B. cinerea MN159914.1 

2f ITS4/5 338 625 100% 100.00% B. cinerea LC514949.1 

3a ITS4/5 630 1162 99.00% 100.00% Pestalotiopsis 

disseminata 

HQ607992.1 

3b ITS4/5 599 1107 100.00% 100.00% P. disseminata HQ607992.1 

3d ITS4/5 631 1107 100.00% 98.42% Pestalotiopsis sp. HQ608093.1 

3e Bt2a/b 746 1352 99.00% 99.60% Diaporthe 

salicicola 

KF170923.1 

4a Bt2a/b 517 955 100.00% 100.00% D. nobilis KT163359.1 

5a Bt2a/b 553 1020 99.00% 100.00% Colletotrichum 

fioriniae  

MT409125.1 

5b ITS4/5 510 941 99.00% 100.00% C. fioriniae MT466533.1 

5c ITS4/5 563 1040 100.00% 100.00% C. fioriniae MT133292.1 

8d ITS4/5 597 1103 100.00% 100.00% Penicillium 

expansum 

KX243329.1 

9a ITS4/5 283 523 100.00% 100.00% Neofusicoccum 

australe 

OP142416.1 

11c ITS4/5 530 977 100.00% 100.00% Colletotrichum 

salicis 

KU743959.1 

14a ITS4/5 573 1053 100.00% 99.83% Neopestalotiopsis 

clavispora 

MN519192.1 

14b ITS4/5 582 1068 99.00% 99.83% Pithomyces 

chartarum 

MH860227.1 

17a ITS4/5 571 1055 100.00% 100.00% Epicoccum nigrum MW486023.1 

a Further sequencing results of ITS and BT2 can be found in Appendix B. 
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3.3.2 Microorganism Identification 

 

3.3.2.1 Botrytis cinerea 

 

Botrytis cinerea was found through genomic DNA sequencing to correspond with plate groups 2a, 2b, 2c, 

2e, and 2f. High quality ITS sequences were used for phylogenetic analysis; these showed greater similarity 

to B. cinerea than other Botrytis species reported on blueberry fruit. Of these, a B. cinerea isolate 

(HQ455788.1) found on Korean blueberry fruit was the closest relative among the evaluated ITS sequences 

(Kwon et al., 2011).  

 

Figure 3.1. Phylogenetic tree obtained through alignment of ITS sequences of isolates and morphological groups of 

Botrytis cinerea. Values are distances between branches. Monilinia fructicola KY038837.1 is used as an outgroup. CA 

= California, USA. 

 

The macromorphology of the B. cinerea isolates was similar, with common features including tan 

conidiophores with branching conidia at the tips, a white mycelial base, and a fast growth rate. These groups 

had macromorphological similarities, and DNA sequencing results corroborate this, with all sequences 

returning as B. cinerea through a BLASTn search. Group 2d was not sequenced but displayed similar 

morphology to the identified B. cinerea groups; this was deemed to be B. cinerea. The growth rates of 2a, 

2b, and 2f were 1.7mm/day-1, 2c was 1.42mm/day-1, 2d was 0.71mm/day-1, and 2e was 0.77 mm/day-1
. 

 

Some slight differences were observed between these groups, with group 2b presenting aerial white 

mycelium, 2c with irregularly shaped black sclerotia, 2d displaying both white aerial mycelium and black 

sclerotia, 2f did not have conidiophores and conidia, and 2e producing a yellow exudate alongside aerial 

white mycelium. The slight differences in macromorphology are possibly due to environmental conditions 
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during growth, culture age, conditions experienced prior to isolation, and strain to strain variation. These 

features occur with the B. cinerea species as reported by Jarvis (1977); an outlier is group 2e with a yellow 

exudate, but molecular analysis confirmed this group as B. cinerea. Indicative B. cinerea 

macromorphological images are below. The occurrence of these plates was dominated by 2a with 9.69% 

of total plates, 2b with 7.93%, and 2c with 5.29%. Less frequently obtained was 2d with 1.32%, 2e with 

3.74%, and 2f with 1.10% of total plates isolated. Combined, these give a total of 29.07% of all plates which 

were identified as B. cinerea.  

 

 

Figure 3.2. Botrytis cinerea macromorphology of isolates from decaying blueberry fruit. The plates shown are a 

representative sample of each plate group. 

 

The micromorphological characteristics of B. cinerea were evaluated for groups 2a, 2b, and 2c. The shape 

and length to width ratio of the conidia of these groups were identical. The predominant form was 

symmetrical ovoid, with some ellipsoid conidia present, as shown in the images below (Fig. 3.3). The 

conidia were hyaline, and an abscission scar was present in some conidia. Lengths ranged from 18.791 ± 

3.934 to 15.417 ± 3.890. Conidia lengths were significantly different between plate groups. Conidia width 

was also significantly different between groups, ranging from 10.879 ± 2.857 to 13.184 ± 2.431. These 

differences are attributed to error in the determination of dimensions through analysis and microscopy 

techniques. However, the ratio of length to width was constant among the plate groups, and these values 
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The fruit decay signs observed from which B. cinerea was isolated was largely grey mould. The plate groups 

contributing most frequently to this were 2a, 2b, and 2c. Another sign frequently isolated as B. cinerea was 

grey stem scar, which also often produced plate groups 2a, 2b, and 2c. The other plate groups were isolated 

less frequently. Fruit with these decays are shown in Fig. 3.4. The composition of total decay by plate group 

and the decay signs from which they were isolated can be found in Appendix C.  

 

 

Figure 3.4. Botrytis cinerea plate groups linked to fruit decay from which they were isolated. 2a i, 2b i, 2c i, and 2e are 

classified as grey mould. 2a ii, 2b ii, 2c ii, 2d, and 2f are classified as grey stem scar. 
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Figure 3.7. Micromorphology of Pestalotiopsis spp. 3bi = 3b. Three median cells, with some apical and basal cells 

visible, 40x. 3bii = 3b. Five-celled conidia visible; two apical appendages and one basal appendage observed, 100x. 

1a = 1a. Versicolourous five-celled conidia, with four apical appendages and one basal appendage; appendages are 

knobbed, 100x. 3di = 3d. Five-celled conidia with a visible apical cell with two appendages, the basal cell has one 

appendage, 40x. 3dii = 3d. Three celled conidia visible within the mycelium, 100x. 3c = 3c. Five-celled cylindrical 

conidia, mostly straight with some curved conidia, 40x. 3biii = 3b. Mycelium 40x. Annotations: C = conidia; B = basal 

appendage; A = apical appendage; M = mycelium.  

 

Pestalotiopsis was isolated from distinct decay signs on fruit. A white mycelium was commonly associated 

with this decay. The location, extent, and density of this mycelium was variable, and the presence of other 

structures was erratic. This reflects the molecular identification, with multiple species observed within the 

Pestalotiopsis genus. Of particular interest is 3b, which displayed black spore masses. As shown in Fig. 

3.8, the decay is similar in appearance to Pestalotia vaccinii; however, the molecular data does not support 

this (Wharton, 2003). The assignment of these microorganisms to categories of decay signs was led by the 
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grey mycelium in stem scar sign, with white mycelium in stem scar, and white mycelium signs also related 

to Pestalotiopsis spp. The plate group and decay sign results can be found in Appendix C. 

 

 

Figure 3.8. Fruit decays related to Pestalotiopsis spp. Image labels relate to plate groups. 
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3.3.3.3 Colletotrichum acutatum Species Complex 

 

The Colletotrichum acutatum species complex was found to be linked to sequencing results from plate 

groups 5a, 5b, 5c, and 11c. The sequences were all identified as species within the Colletotrichum acutatum 

species complex. Associated with 5a and 5b was Colletotrichum fioriniae. Group 5c was related to C. 

fioriniae and Colletotrichum godetiae. Plate group 11c was identified as Colletotrichum salicis through ITS 

sequencing; however, the Bt2 sequence was most similar to C. rhombiforme (Appendix B) but had a weaker 

similarity. This places these species closely on the phylogenetic tree. Both 5c and 5b were closely related 

to previously recorded C. fioriniae on blueberry vegetative tissue in NZ (Damm et al., 2012).  

 

 

Figure 3.9. Phylogenetic tree of Colletotrichum spp. obtained through alignment of ITS sequences of isolates and 

morphological groups. Values are distances between branches. Colletotrichum orchidophilum CBS 632.80 is used as 

an outgroup. NZ = New Zealand. 

 

The macromorphology of these groups was highly variable, with a range of colours and fungal organs 

present. Plate group 5a produced mainly dark colours, greys, and green shades. Plate group 5b produced 

orange conidiomata with pink, white, and green mycelium. Plate group 5c was dark, but with orange 

acervuli. Plate group 5d, not sequenced due to low frequency, had identical colours to 5b but without 

acervuli; this was placed within the C. acutatum species complex based on the macromorphology. Plate 

group 11c was morphologically distinct, with dark grey rings of mycelium and a depression at the centre of 

the culture, and no acervuli were observed. The growth rate of 5a was 0.44 mm/day-1, 5b was 0.71 mm/day-

1, 5c was 0.43 mm/day-1, 5d was 0.81 mm/day-1, and 11c was 0.61mm/day-1. The occurrence of the 

Colletotrichum acutatum spp. complex was mainly from 5c, with 9.03%; 5a made up 4.63%; 5b was 1.54%; 

5d was 1.10%; and 11c was 1.54%. 
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Micromorphology was also distinct between plate groups, with significant differences observed between 

cultures for conidia length, width, and L:W ratio (Table 3.4). As groups 5a, 5b, and 5c were identified as C. 

fioriniae, the differences in micromorphology are unreliable indicators for species differentiation based on 

the methods used. Of interest is the discovery of C. godetiae within group 5c; this species produced some 

conidia with rounded ends rather than the acute ends observed from C. fioriniae; this is displayed in Error! 

Reference source not found.. The conidia of C. fioriniae were symmetrical, hyaline, straight, fusiform and 

had acute ends. The conidia of C. godetiae were identical to those of C. fioriniae, but some conidia had 

rounded ends. Conidia of C. salicis were not observed due to the lack of acervuli present. 

 

 

Figure 3.11. Micromorphology of Colletotrichum acutatum species complex isolates on PDA. 5a = 5a. C. fioriniae single 

celled fusiform conidia with acute ends 100x. 5b = 5b C. fioriniae single celled, fusiform conidia with acute ends 100x. 

5c i = 5c. C. godetiae single celled fusiform conidia, some rounded ends present 40x. 5c ii = 5c. C. fioriniae single 

celled fusiform conidia 100x. 5c iii = 5c. Mycelium of C. godetiae 100x. 5c iv = 5c. Mycelium of C. fioriniae 20x. 

Annotations C = conidia, H = hyphae, M = mycelium.  
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Anthracnose was the major decay sign from which the C. acutatum spp. complex was isolated. All 

morphological groups were strongly associated with anthracnose. This is well supported in the literature, 

with C. acutatum being a causal agent of anthracnose in blueberry fruit (Wharton & Schilder, 2008). The 

anthracnose decay sign consisted of acervuli production from the surface of the fruit, with a distinctive 

orange colour. This was sometimes associated with other decays, including grey stem scar decay. 

 

 

Figure 3.12. Anthracnose decay associated with molecular identifications of Colletotrichum acutatum species complex 

microorganisms. Image labels refer to plate groups.  

 

3.3.3.4 Diaporthe spp. 

 

Diaporthe spp. display distinct macromorphological differences between the plate groups identified as this 

genus. Molecular identification of group 3e returned a species level identification as D. salicicola, while the 

morphologically distinct group 4a was found to be D. nobilis. The macromorphology of 3e includes white, 

buff, and brown mycelium with scattered sunken spots (Fig. 3.13). The growth rate was 0.57 mm/day-1. On 

the other hand, group 4a features a white mycelium with spherical aerial mycelium with a light buff colour 

and dark spots and a growth rate of 1.2 mm/day-1. These plates were isolated rarely; 1.54% of total plates 

were identified as belonging to these groups. As no conidia were obtained from these isolates, analysis of 
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these cannot be completed; however, the mycelium of these isolates was examined using microscopy. 

Hyphae of both groups were septate; 3e had brown colouration, and 4a hyphae were hyaline (Fig. 3.14).  

 

 

Figure 3.13. Macromorphology of Diaporthe salicicola (3e) and D. nobilis (4a). 

 

 

Figure 3.14. Micromorphology of Diaporthe salicicola (3e) displaying brown mycelium. 4a, D. nobilis with hyaline 

mycelium. No conidia were observed.  

 

 

Figure 3.15. Decay associated with Diaporthe plate groups. 
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Figure 3.17. Neofusicoccum spp. fruit sign. 

 

3.3.3.6 Epicoccum nigrum 

 

Sequencing results found Epicoccum nigrum to be associated with group 17a. These plates were observed 

as 1.03% of all plates. There were some macromorphological differences between plates within this group, 

with different colours, sizes, and textures observed. However, significant commonalities remained, as all 

cultures produced a pigment in the agar, most often orange, but red was also observed. Colonies were 

slow growing at 0.2 mm/day-1 with a very dense texture, an irregular shape, and the formation of a central 

feature of a contrasting colour (Fig. 3.18, 17a i). Common colours were pink, yellow, white, brown, and 

green. Micromorphologically, no conidia were found; however, the dense mycelium was observed and 

indicated a fine network of tightly packed hyphae (Fig. 3.18, 17a ii). The fruit decay this organism was 

associated with was a rarely observed orange stem scar decay (Fig. 3.18, 17a). Since Epicoccum nigrum 

was irregularly isolated, it is unclear whether this species is the causal agent of this decay.  

 

 

Figure 3.18. Morphology of Epicoccum nigrum. 17a, orange stem scar fruit decay. 17a i, Irregular shaped colony 

featuring yellow and purple dense mycelium with orange pigmentation of the agar. 17a ii, features dense mycelium of 

E. nigrum 40x. 
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3.3.3.8 Neopestalotiopsis clavispora 

 

Sequencing results for group 14a returned an identification of Neopestalotiopsis clavispora. This group 

occurred infrequently, accounting for 2.86% of total plates. The macromorphology of this group featured a 

grey mycelium with several striations originating from a darker grey centre (Fig. 3.21, 14a i). The growth 

rate was 0.65 mm/day-1. No aerial mycelium or conidiomata were observed. The micromorphological 

analysis was limited by a lack of conidia. Hyphae were thin and densely packed, with some branching 

occurring (Fig. 3.21, 14a ii). The fruit decay this species was isolated from consisted of a grey stem scar 

decay; it is unclear whether N. clavispora is a causal agent of this decay sign (Fig. 3.21, 14a). 

 

 

Figure 3.21. Morphology of Neopestalotiopsis clavispora. 14a. Fruit decay from which this isolate was obtained. 14a i, 

grey mycelium with a dark centre and striations leading to a lighter grey outer. 14a ii, fine branching mycelium arranged 

densely without conidia, 40x. 

 

3.3.3.9 Pithomyces chartum 

 

Group 14b was identified through molecular analysis as Pithomyces chartum. This group was isolated from 

2.20% of plates. The macromorphology displayed a light grey to cream yellow-coloured mycelium featuring 

a lighter centre with a darker ring towards the margin (Fig. 3.22, 14b i). The growth rate was 0.625 mm/day-

1. The micromorphology features pigmented muriform conidia with three transverse septa (Fig. 3.22, 14b 

ii). The mycelium was dense, and conidia were found embedded within the mycelium. The fruit decay from 

which P. chartum was obtained was a grey stem scar decay (14b). This is unlikely to be caused by P. 

chartum, which was more likely isolated as a cosmopolitan organism.  
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The groups represented on the phylogenetic tree (Fig. 3.9) from the data presented in this research 

indicate two groupings of Colletotrichum species being associated with anthracnose of blueberry fruit. Both 

are within the C. acutatum spp. complex; however, they are different species. Both C. fioriniae and C. salicis 

were closely related to other isolates of these species obtained from fruit crops in New Zealand. The third 

species, C. godetiae, was not included due to a poor quality ITS sequence. A Vaccinium related C. fioriniae 

sequence was very closely related to the C. fioriniae sequences obtained in this research (Damm et al., 

2012). From Malus and Fragaria crops, a C. salicis sequence was found in GenBank and observed to be 

closely related to C. salicis from this work. Both of these species fall within the C. acutatum species complex 

(Damm et al., 2012). This indicates that multiple species of Colletotrichum are associated with anthracnose 

decay of NZ blueberry fruit. 

 

Colletotrichum commonly produces diverse isolate morphologies. This was observed in the isolates 

obtained, with four distinct macromorphological groups established. The identification of species making 

up these groups was likely representative for groups 5a and 5b. However, given the molecular and 

micromorphological results from group 5c, which contains both C. fioriniae and C. godetiae, there is some 

ambiguity within these groups. Therefore, molecular identification is the preferred method for identifying 

species within this genus.  

 

Micromorphological identification using the methods described in this report is not recommended for 

species identification due to the inaccuracy of measurement. However, conidia characteristics can be used 

to differentiate species (Damm et al., 2012). The presence of acute or rounded ends on Colletotrichum 

conidia can indicate different species. As seen in these results, acute ends were seen for C. fioriniae in 5a 

and 5b, but for C. godetiae, some conidia were observed with one rounded end. Molecular analysis is the 

preferred method to differentiate these species due to the low requirement for specific knowledge and the 

high level of accuracy achievable. 

 

The fruit decays from which the Colletotrichum acutatum spp. complex was isolated were mostly 

anthracnose fruit rot. In some instances, Colletotrichum was isolated from fruit not displaying anthracnose, 

indicating the presence of this genus as a quiescent inhabitant of the fruit microbiome. Fruit with multiple 

decay signs, including anthracnose and grey stem scar, were common. This indicates that the pathogenicity 

threshold of Colletotrichum is similar to that of pathogens related to grey stem scar, including B. cinerea 

and Pestalotiopsis spp.  
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Figure 4.1. Experimental design: 3 sources of blueberry fruit across 4 temperature and RH treatments (1°C high RH, 

1°C low RH, 15°C high RH, 15°C low RH).  

 

4.2.4 Storage Treatments 

 

Four treatments were obtained using two temperatures (1°C and 15°C) in combination with two RH 

conditions (99% and 80%). Each of these treatments was applied to three boxes, one per each of the three 

sources (n = 45 fruit) each week, giving 540 fruit treated per week over all treatment and origin 

combinations (Fig. 4.1). Both temperature (°C) and RH (%) were monitored throughout the experiment 

using button sized loggers (iButton®, Maxim Integrated, CA, USA). Concentrations of atmospheric gases 

(CO2 and O2) were not recorded and were assumed to be at regular atmosphere (0.04% CO2 and 21% 

O2).  

 

The 1°C temperature treatment was applied to reproduce best practice cold storage conditions. This 

represents the minimum growth temperature of fungal species affecting blueberry (Madrid & Beaudry, 

2020). This treatment was measured as 1.5°C ± 0.5°C (Fig. 4.3A), encompassing a range of storage 

temperatures from 1°C to 2°C. Although referred to as 1°C in this text for simplicity, it is important to note 

the actual temperature range was wider than a precise 1°C. The duration was six weeks, which represents 
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Table 4.2. Decay sign key 

Grey mould Anthracnose Grey Mycelium in Stem 

Scar 

Green Mycelium 

    

White Mycelium in 

Stem Scar 

 

Fluffy White Mycelium Dense Orange/Brown 

Mycelium 

Bright Blue/Green 

Mycelium 

Dense Green Mycelium Thin White Threads of 

Mycelium 

Fluffy Dark Grey 

Mycelium 

Dark Grey Droplets 

    

Cream Droplets Pink Droplets Dense White/Green 

Mycelium 

Pink Mycelium 
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Symptoms are the responses of the host to pathogenic organisms (Sholberg & Conway, 2004). In this 

experiment, symptoms were considered to be visible quality disorders until a decay sign was observed. 

These symptoms recorded were juice leakage, slip skin, fruit collapse, and split fruit. Examples of these are 

indicated in Table 4.3.  

 

Table 4.3. Symptoms of decay 

Juice Leakage Slip Skin Fruit Collapse Split Fruit 

    

 

To apply the species identifications obtained in Chapter 3 to the observed fruit decays, matrices were 

created, aligning plate groups with decay signs. Examples of plate groups can be found in Appendix A. 

Instances of contamination, and plate groups associated with fruit decay reported in the literature to be 

caused by other species were removed from the dataset. The identification of the plate group informed the 

identification of the microorganism isolated from decaying blueberry fruit.  

 

4.2.6 Analysis of Microorganisms 

 

After seven days at 20°C, fruit displaying representative or novel signs or symptoms were selected for 

isolation and identification of species through morphological and molecular techniques. These methods are 

detailed in Chapter 3.2. 

 

4.2.7 Data Analysis 

 

The data were analysed through mixed effects models using untransformed data for each decay sign and 

total decay prevalence. The models were constructed using temperature and RH as fixed factors and fruit 

origin and week of purchase as random factors. A Fisher LSD (least significant difference) test was used to 
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After 7 d of shelf life, the average prevalence of decay showed no significant effect between RH levels 

within each postharvest storage temperature. However, the 1°C storage treatment produced a more rapid 

increase in the prevalence of decay during shelf life compared to 15°C storage (Fig. 4.6). These data 

suggest that temperature has a greater impact on decay prevalence than humidity. The rate of increase 

after 1°C storage averages 2.7%/day-1 in high RH and 2.3%/day-1 in low RH. Whereas after 15°C storage, 

decay increases at an average rate of 0.8%/day-1 in high RH and 1.4%/day-1 in low RH.  

 

The duration of 1°C storage was longer (6 weeks) than 15°C (2 weeks). It is possible that a longer storage 

duration at 1°C led to blueberries experiencing more advanced senescence than blueberries stored at 

15°C, leading to a more rapid decline in fruit quality and a subsequent increase in host susceptibility upon 

removal from cold storage. Whether the advanced fruit senescence after storage for 6 weeks at 1°C 

compared to 2 weeks at 15°C contributes to the overall higher decay prevalence requires further 

investigation. 

 

 

Figure 4.6. Average decay prevalence during shelf life after storage at 1°C for 6 weeks (A) or 15°C for 2 weeks (B). 

Means that do not share a letter are significantly different (P <0.05) within each panel. HH = high RH, LH = low RH. 

 

4.3.3.1 Average Decay Prevalence During Shelf Life by Decay Sign 

 

Expression of decay signs during shelf life (7 d 20°C) can be found in Appendix D. Significant differences 

occurred in grey mould and grey stem scar decay prevalence. Grey mould after 1°C storage at high RH 

produced a significantly higher (p<0.05) decay prevalence than low RH (Fig. D1 A,G). Grey stem scar 

prevalence was significantly higher after high RH 15°C storage than after 1°C storage (Fig. D1 C,I). The 

other treatments and decay signs did not produce any statistically significant differences. 







99 

 

 

The microorganisms are isolated at varying frequencies from numerous decay signs, indicating the 

prevalence of different microorganisms within the fruit microbiome and their potential involvement in 

multiple decay signs. Grey mould and anthracnose were strongly associated with their causal agents, B. 

cinerea and the C. acutatum species complex respectively. Green mycelium was associated mostly with B. 

cinerea and Pestalotiopsis spp., which is not typical for this decay sign (Wharton, 2003). The other decay 

signs observed were a mix of these microorganism, with the association of Epicoccum nigrum, 

Neofusicoccum spp., and Penicillium expansum also found. This indicates further diversity of fungi present 

from the infrequently observed decay signs of blueberry fruit.  

 

These results show that B. cinerea, the C. acutatum spp. complex, and Pestalotiopsis spp. are frequently 

present on decaying blueberry fruit, even when the decay signs are not characteristic of each organism. 

This indicates the presence of conidia of these microorganisms on fruit without the causation of 

characteristic signs or symptoms. 

 

4.3.5 Impact of Storage Treatments on Decay Associated 

Microorganisms 

 

Through molecular and morphological analysis detailed in Chapter 3, the identified microorganisms were 

associated with the decay signs they were isolated from. Isolates occurring as less than 1% of a decay sign 

Diaporthe spp. 15.79 

Thin White Threads of 

Mycelium 

1.35 Pestalotiopsis spp. 42.86 

Botrytis cinerea 28.57 

Unidentified (1b) 28.57 

Dense Orange/Brown 

Mycelium 

1.13 Epicoccum spp. 40.00 

Pestalotiopsis spp. 40.00 

Diaporthe spp. 20.00 

Bright Blue/Green 

Mycelium 

0.56 Penicillium expansum 40.00 

Unidentified (8c) 40.00 

Other 20.00 

Other 3.25 - - 
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were regarded as contamination errors. If a decay sign was associated with a microorganism over 80% of 

the time and the relationship was well documented in the literature, the microorganism was deemed to be 

a causal agent (e.g., grey mould caused by B. cinerea (Williamson et al., 2007)). Hence, 100% of the decay 

sign was associated with the microorganism.  

 

Table 4.7. 1°C high RH decay sign prevalence and associated microorganisms with frequency of microorganism 

isolated. 

1°C High RH Prevalence of 

Decay Sign (%)  

Associated Microorganism % of Decay Sign 

Associated with 

Microorganisma 

Grey Mould 44.81 Botrytis cinerea  100.00 

Grey Mycelium in 

Stem Scar 

23.33 Pestalotiopsis spp. 47.37 

Colletotrichum acutatum spp. complex 21.05 

Botrytis cinerea 10.53 

Diaporthe nobilis 10.53 

Other 10.53 

Anthracnose 14.81 Colletotrichum acutatum spp. complex 100.00 

Green Mycelium 6.30 Neofusicoccum sp. 50.00 

Botrytis cinerea 25.00 

Colletotrichum acutatum spp. complex 25.00 

Other 11.11   

a Summation of associated microorganisms represents 100% of prevalence of decay sign within this treatment.  

 

After 1°C storage and a 7 d shelf life at 20°C, the high RH treatment is dominated by the grey mould sign, 

caused by Botrytis cinerea, with 44.8% of the total decay (Table 4.7). Also, the grey mycelium in the stem 

scar sign was shown to be related to different causal organisms, including Pestalotiopsis spp., 

Colletotrichum acutatum spp. complex, B. cinerea, Diaporthe nobilis, and others. Also present in this 

treatment after storage and shelf life was anthracnose caused by the Colletotrichum acutatum spp. 

complex. Green mycelium was observed less than 10% of the time and was related to Neofusicoccum sp., 

B. cinerea, and the C. acutatum spp. complex.  
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Table 4.9. 15°C high RH decay prevalence and associated microorganisms with frequency of microorganism isolated.  

15°C High RH Prevalence of 

Decay Sign (%) 

Associated Microorganism % of Decay Sign 

Associated with 

Microorganisma 

Grey Mycelium in 

Stem Scar 

37.46 Pestalotiopsis spp. 38.00 

Colletotrichum acutatum spp. complex 10.00 

Diaporthe spp. 8.00 

Botrytis cinerea 5.00  

Other  39.00 

Anthracnose 23.53 Colletotrichum acutatum spp. complex 100.00 

Green Mycelium 11.46 Botrytis cinerea 43.00 

Pestalotiopsis spp.  28.00 

Colletotrichum acutatum spp. complex 7.00 

Other 22.00 

Grey Mould 10.22  Botrytis cinerea 100.00 

Other 19.20   

a Summation of associated microorganisms represents 100% of prevalence of decay sign within this treatment. 

 

After 15°C storage, high RH resulted in grey stem scar being the dominant decay sign (Table 4.9). The 

composition was similar to that obtained in the 1°C high humidity treatment, with Pestalotiopsis species 

being dominant alongside the C. acutatum spp. complex, Diaporthe, and B. cinerea. However, 39% of this 

decay was associated with other microorganisms, including Epicoccum nigrum, Neofusicoccum sp., 

Pithomyces chartum, and Neopestalotiopsis clavispora.  

 

Anthracnose was also relatively prevalent in this treatment, with 23% of decay associated with the C. 

acutatum spp. complex. Green mycelium decay occurred at a typical rate for this decay of 11%; this was 

associated mostly with B. cinerea, but Pestalotiopsis and the C. acutatum spp. complex were also isolated. 

Grey mould occurred as 10% of decay, which is much less frequent than after 1°C storage but more 

frequent than low RH after 15°C storage.  
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Table 4.10. 15°C low RH decay prevalence and associated microorganisms with frequency of microorganism isolated.  

15°C Low RH Prevalence of 

Decay Sign (%) 

Associated Microorganism % of Decay Sign 

Associated with 

Microorganisma 

Grey Mycelium in 

Stem Scar 

55.23 Colletotrichum acutatum spp. complex 32.00 

Pestalotiopsis spp. 29.00 

Botrytis cinerea 17.00  

Epicoccum nigrum 3.00 

Neofusicoccum sp. 3.00 

Other  16.00 

Anthracnose 12.79 Colletotrichum acutatum spp. complex 100.00 

Green Mycelium 11.05 Botrytis cinerea 50.00 

Other 50.00 

Grey Mould 0.58  Botrytis cinerea 100.00 

Other 20.35   

a Summation of associated microorganisms represents 100% of prevalence of decay sign within this treatment. 

 

The low RH treatment and 15°C storage produced a majority of grey stem scar decay, similar to the 15°C 

low RH treatment (Table 4.10). However, the species associated with this decay were varied; the C. 

acutatum spp. complex was the most commonly isolated microorganism, with Pestalotiopsis spp. and B. 

cinerea also present. These results suggest that during 15°C storage, the C. acutatum spp. complex is the 

dominant pathogen in the stem scar of blueberry fruit producing grey stem scar decay. At 1°C, this 

microorganism is dormant; hence, B. cinerea is more common. It appears these three organisms are the 

major competitors associated with stem scar decay, and temperature conditions select which species 

become more dominant.  

 

Anthracnose occurred in 12% of the decays associated with this treatment, which is less than high RH 

storage but more than in the fruit stored at 1°C and low RH. This result suggests that the C. acutatum spp. 

complex is a prevalent microorganism associated with the decay of blueberry fruit at 15°C. Green mycelium 

was also observed to occur in blueberries stored at low RH and 15°C, and it is dominated by B. cinerea and 

other microorganisms.  
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Interestingly, grey mould was very rarely observed in this treatment, comprising 0.58% of decay. This is 

indicative of the effect of low RH to limit grey mould sign. Other decays were 20% of decay in this treatment, 

the highest observed through this experiment.  

 

4.3.6 Prevalence of Microorganisms Isolated from Blueberry Fruit 

Decay 

 

From the isolates obtained from blueberry fruit decays and the assignment of identified microorganisms to 

decay signs in Section 4.3.5, the overall prevalence of the common microorganisms was calculated. Table 

4.11 details these observations. There are distinct differences in the prevalence of major microorganisms 

between storage and RH treatments. At 1°C storage, B. cinerea is the dominant pathogen associated with 

decay, with over 50% for both RH treatments. Whereas at 15°C, decay is spread through the major species 

of B. cinerea, C. acutatum spp. complex, and Pestalotiopsis spp.  

 

Table 4.11. Summary of microorganism composition of decay by storage and humidity treatment. Values are displayed 

as a percentage of total decay for each treatment. Decay prevalence is after 7 d shelf life at 20°C. 

Microorganism  1°C High RH 1°C Low RH 15°C High RH 15°C Low RH 

Botrytis cinerea 51.08 % 53.33 % 18.47 % 23.27 % 

Colletotrichum acutatum 

species complex 
26.40 % 14.15 % 32.02 % 25.22 % 

Pestalotiopsis spp.  12.76 % 6.94 % 21.15 % 22.75 % 

Diaporthe spp. 2.46 % 5.21 % 3.79 % 1.09 % 

Neofusicoccum sp. 3.15 % 4.39 % 3.11 % 7.12 % 

Other Fungi 4.15 % 15.98 % 21.46 % 20.54 % 

Average Decay 

Prevalence After 7d at 

20°C 

25.00 % 19.44 % 21.76 % 15.93 % 

 

Differences in humidity were more pronounced in the 1°C storage treatments. Both C. acutatum spp. 

complex and Pestalotiopsis spp. were more prevalent at high RH than low RH; this was also observed at 

15°C for C. acutatum spp. complex but not for Pestalotiopsis spp.. The less frequently isolated Diaporthe 

spp. were more prevalent at 1°C and low RH than at 15°C; this is possibly due to the ability to develop 
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infection at 1°C, as shown on kiwifruit (Díaz et al., 2017). Also isolated at low frequency was Neofusicoccum 

sp., which was isolated at the highest rate at low RH and 15°C. Other microorganisms were more prevalent 

at 15°C and in the 1°C low RH treatment. These decays are likely more prevalent at 15°C due to this 

temperature allowing the growth of most fungal organisms. 

These results indicate that B. cinerea and C. acutatum spp. complex are the major microorganisms 

associated with postharvest decay of blueberry fruit in NZ.  

 

The microorganism most frequently isolated from decaying blueberry fruit was B. cinerea, with 38.41% of 

total decay being isolated as this species. The Colletotrichum acutatum spp. complex produced 28.39% of 

decay. Pestalotiopsis spp. was isolated from 22.04% of total decay; this is significant for an organism not 

commonly known as a postharvest pathogen. In contrast, Diaporthe spp. were only observed in 3.55% of 

decay. This is a known postharvest pathogen of fruit species including blueberries (Yu et al., 2018) and 

kiwifruit (Díaz et al., 2017), but to the authors knowledge, this is the first report of this organism being 

isolated from blueberry fruit in New Zealand. The other organisms totalled 4.81% of decayed blueberries; 

these included Neofusicoccum sp., Epicoccum nigrum, Penicillium sp., Neopestalotiopsis clavispora, and 

Pithomyces chartum. 

 

These findings may indicate that the majority of decay found on blueberries sampled in New Zealand is 

linked to B. cinerea, Colletotrichum acutatum spp. complex, and Pestalotiopsis spp. Minor organisms such 

as Diaporthe spp., Neofusicoccum, Epicoccum nigrum, and Penicillium sp. were detected but are 

insignificant. Likely, these minor species cause decay very rarely, potentially when the major species are 

not present.  

 

 

4.4 Discussion 

 

4.4.1 Fruit Maturity and Quality 

 

It is expected that the differences in maturity and quality observed at the initiation of the experiment support 

that this study generated blueberry pathological data that can be associated with a range of commercial 

scenarios within the NZ blueberry industry. Fruit maturity and quality at the beginning of the experiment 

could have been influenced by different pre and postharvest factors, including blueberry cultivar, orchard 

environment and practises, harvest maturity, and supply chain environmental conditions and duration 
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(Retamales & Hancock, 2018). These factors vary between growing operations and through the supply 

chain and likely affected the quality of the fruit used for this experiment. However, cultivar is expected to 

have had a major effect on the quality and maturity values obtained in this experiment. Considering that the 

data was collected between the months of February and April in NZ, it is expected that the fruit collected 

included a variety of both Highbush and Rabbiteye cultivars.  

 

Blueberry cultivars vary in TSS, acidity, and TSS : acidity to a significant extent within Northern and 

Southern Highbush and Rabbiteye cultivars (Gündüz et al., 2015). Fruit firmness is shown to vary at 

commercial harvest between cultivars, as observed by Hancock et al. (2008) for Highbush and NeSmith et 

al. (2005) for Rabbiteye. These differences in quality can have an impact on decay prevalence, as higher 

fruit firmness provides greater resistance to decay (Mehra et al., 2013). While TSS : acidity ratios greater 

than 32 have poor storage performance and a higher rate of decay (Galletta et al., 1971; Retamales & 

Hancock, 2018). It is expected that cultivar was the major determinant of the variation in TSS, acidity, and 

firmness, but other factors may also have contributed to variation.  

 

Other factors potentially involved in fruit quality and maturity variation are harvest maturity and duration of 

the supply chain. Harvest maturity is defined as 100% blue surface skin colour of the berry (Beaudry, 1992). 

Once blueberry fruit reach this colouration, ripening on the plant continues through sugar accumulation 

(from photosynthesis), acidity reduction due to metabolization and softening caused by cell wall 

degradation (Moggia et al., 2018). Once the fruit is harvested, sugar accumulation stops, but acidity decline 

and softening continue regardless of whether the fruit remains attached to the bush. 

 

It has been previously suggested that firmer fruit have a lower rate of decay from both hand and machine 

harvested fruit (Mehra et al., 2013). This was observed in the present study, but the correlation was very 

weak, as indicated in Fig. 4.7. Thus, this does not confirm this finding for the fruit used in this study. 

However, it is possible that the firmness evaluation technique used in the present study compared to Mehra 

et al. (2013) led to an incomparable measurement of firmness. The measurement of blueberry firmness 

depends on the characteristics aiming to be determined; thus, no standard method exists (Rivera et al., 

2022a). However, low firmness is expected to promote decay due to weakening of the constitutive 

defences, mainly the cell wall, which reduces host resistance to decay (Liu et al., 2019; Malinovsky et al., 

2014). Further work is required to elucidate the relationship between the various blueberry firmness 

parameters and the prevalence of decay.  
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4.5 Conclusion 

 

This chapter confirms that temperature is the most important factor in limiting the postharvest decay of 

blueberry fruit. In addition, B. cinerea remains the most important pathogen of blueberry fruit, even when 

fruit is stored at 1°C. On the other hand, anthracnose caused by the C. acutatum spp. complex is more of 

a concern during shelf life at 20°C and when storage temperature is >7°C. Another key finding was that the 

decay sign caused by B. cinerea varied based on the RH conditions during storage. High RH (98-100%) 

produced a grey mould sign over the entire fruit, while low RH (80%) led to a grey mycelium in the stem 

scar only.  

 

Low temperature storage at 1-2°C is effective in reducing infection and the expression of most pathogenic 

fungi for up to 42 days. However, the results of this experiment have shown that B. cinerea persists to cause 

infections even at low temperature (1°C) and is the dominant microorganism related to decay at low RH 

(80%) and high RH (98-100%). At 1°C, high RH did not have any effect on total decay prevalence but was 

shown to lead to more extensive grey mould decay development from B. cinerea. Based on these findings, 

RH is not suggested as an effective control measure for decay within the range of 80-100% RH. Further 

research considering a range of RH management strategies is suggested to elucidate the relationship 

between B. cinerea decays and other quality disorders, including weight loss and shrivel of blueberry fruit 

in commercial storage conditions.  

 

The 14 d 15°C storage treatment resulted in a greater diversity of decay signs and fungal organisms 

isolated, including anthracnose caused by the C. acutatum spp. complex and decay related to 

Pestalotiopsis spp. The differences in decay signs and microorganisms isolated between storage 

temperatures indicate the importance of temperature for the expression of decay signs. Also of note was 

the variety of fungi isolated from the fruit, as shown in the inconsistent composition of grey stem scar and 

green mycelium decays. 

 

Relative humidity is shown to have little effect on the overall prevalence of decay, more strongly influencing 

the decay signs expressed. High RH led to more decay after 15°C storage than low RH or 1°C storage, 

promoting the growth and infection of numerous fungal organisms, mainly the C. acutatum spp. complex 

and Pestalotiopsis spp.  

 

The decay prevalence during shelf life (7 d at 20°C) was shown to be significantly affected by the 

temperature during storage (prior to shelf life), but not considerably by the RH used. It is suggested that 
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this is possibly the result of the enforced dormancy of some microorganisms (and slowing of metabolism) 

at 1°C. Following 1°C storage, decay increases much faster than after 15°C storage due to the breaking of 

this temperature enforced dormancy and the enhanced senescence of the fruit after 42 days of storage 

compared to 14 days at 15°C. This is an important consideration for the NZ blueberry export industry, as 

once fruit arrive in the market, cold chain integrity may be broken, which has been shown in this experiment 

to lead to considerable proliferation of decay.  

 

From this work, it is suggested to minimise the duration of the export supply chain to reduce the progress 

of senescence. This could take the form of airfreight or more efficient oceanic transportation. Ensuring cold 

chain integrity in export destinations is also critical. Based on the results of this experiment, these strategies 

would reduce the prevalence of anthracnose in the supply chain, but B. cinerea would remain a risk due to 

its ability to infect fruit at cold storage temperatures (0-2°C). Another strategy is to limit the inoculum 

presence on exported fruit through preharvest controls, potentially taking the form of an integrated pest 

management approach.  
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Appendices 

Appendix A: Macro-Morphological Analysis Key  

 

Table A.1. Macromorphological analysis key. 

1a 1b 2a 2b 

White with black 

sclerotia 

White mycelium White base with 

grey/tan spore 

structures 

White base with 

grey/tan spore 

structures and aerial 

white mycelium 

 

    

2c 2d 2e 2f 

White base with grey/tan 

spore structures and 

sclerotia 

With aerial white 

mycelium and sclerotia 

Grey with white edge, 

no aerial mycelium 

Fluffy white/grey 

mycelium, yellow liquid 
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3a 3b 3c 3d 

White and yellow White with intense 

yellow/gold 

White and yellow with 

black fruiting bodies 

White with intense 

yellow/gold and 

sclerotia 

    

3e 3f 4a 4b 

White mycelium with 

yellow and gold spots 

White mycelium with 

concentric pattern 

White aerial bubbles Grey aerial bubbles 

 

    

5a 5b 5c 5d 

Grey/green with orange 

acervuli 

Pink/green/white with 

orange acervuli 

Dark grey/brown 

Without orange acervuli 

Bright without orange 

acervuli 
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6a 7a 7b 8a 

Light green to yellow 

with a darker ring 

White mycelium with 

black spores 

interspersed 

White mycelium without 

black spores 

interspersed 

 

Green with white 

margins 

    

8b 8c 8d 8e 

Blue with large white 

margin 

Blue with white 

margins 

Blue with yellow 

margins 

 

Other bright colours 

    

9a 9b 10a 10b 

Dark grey Dense dark grey Pink with sclerotia Other pink 
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10c 10d 11a 11b 

Fluffy pink Fluffy yellow Grey/green slow 

growing with white 

margin 

 

Grey slow growing, 

segmented 

    

11c 11d 12a 12b 

Light grey, sunken 

centre 

Other slow growing White slime 

 

Yellow slime 

    

13a 14a 14b 15a 

Orange/grey Grey Light grey 

 

Green segmented 
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15b 16a 16b 17a 

White segmented Grey, slow growing, 

white margin 

Grey, green slow 

growing 

Irregular shape with 

purple/yellow rings 
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Appendix B: Sequencing Results  

 

Internal Transcribed Spacer (ITS) 

 

Table B.1. ITS sequencing results. 

Plate 

Morphology 

Isolate Sequence 

Length 

Max 

Score 

Query 

Cover 

Per. 

Ident 

Top BLAST hit GeneBank 

Accession 

no. of top hit 

1a 11E23 295 545 0.00% 0.00% Inconclusive - 

2a 12D39 475 878 100.00% 100.00% Botrytis cinerea MT5734790.1 

2a 11B33a 530 957 99.00% 99.62% B. cinerea MN.589849.1 

2a 17B35 0 0 0.00% 0.00% Inconclusive - 

2b 15A25 530 699 98.00% 100.00% B. cinerea MN589852.1 

2b 11A34 464 817 99.00% 98.92% B. cinerea MT150132.1 

2b 16E19 568 1,048 99.00% 100.00% B. cinerea EF207413.1 

2c 4C39 421 778 100.00% 100.00% B. cinerea MT573470.1 

2c 16A7 514 950 100.00% 100.00% B. cinerea MN891765.1 

2c 16B2 505 900 100.00% 99.01% B. cinerea MN589849.1 

2e 11C36 0 0 0.00% 0.00% Inconclusive - 

2f 3F37 338 625 100.00% 99.80% B. cinerea LC514949.1 

3a 16D28a 630 1162 99.00% 100.00% Pestalotiopsis. 

disseminata 

HQ607992.1 

3b 8A8 599 1107 100.00% 100.00% P. disseminata HQ607992.1 

3d 5D38 630 1140 100.00% 99.37% Pestalotiopsis sp. KP689121.1 
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3d 6A25 576 1046 98.00% 100.00% Fungal Endophyte 

sp. 

EU686111.1 

3e 3A3a 576 1055 99.00% 99.83% Diaporthe 

salicicola 

NR_137106.1 

4a 16A18 517 955 100.00% 100.00% Diaporthe nobilis  KT163359.1 

5a 4A21 256 126 32.00% 92.86% Colletotrichum 

fioriniae  

MT254962.1 

5b 3A20 510 941 99.00% 100.00% C. fioriniae MT466533.1 

5c 11C1 563 1040 100.00% 100.00% C. fioriniae MT133292.1 

5c 5F19 562 1031 99.00% 99.82% Colletotrichum 

godetiae 

MT133295.1 

5c 5F30 516 941 100.00% 99.61% C. fioriniae MW497230.1 

5c 11C19 482 891 100.00% 100.00% C. fioriniae MT607651.1 

8d 5A19 597 1103 100.00% 100.00% Penicillium 

expansum 

KX243329.1 

9a 5D30 283 523 100.00% 100.00% Neofusicoccum 

australe 

OP142416.1 

9a 4D13 547 558 99.00% 85.20% Neofusicoccum 

parvum 

KF798191.1 

11c 4F8 530 977 100.00% 100.00% Colletotrichum 

salicis 

KU743959.1 

14a 4F33 573 1053 100.00% 99.83% Neopestalotiopsis 

clavispora 

MN519192.1 

14b 6A7bi 582 1068 99.00% 99.83% Pithomyces 

chartum 

MH860227.1 

17a 2C31a 571 1055 100.00% 100.00% Epicoccum 

nigrum 

MW486023.1 
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Appendix C: Plate Group Frequency and Associated 

Decay Sign Results 

 

Table C.1. Botrytis cinerea plate groups expressed by total occurrence and decays from which isolates were obtained. 

Plate 

Group 

Molecular 

Identification 

Occurrence of 

Plate Group as % of 

Total Plates 

Decay Sign Observed on 

Fruit 

% of Sign 

Isolated as 

Plate Group 

2a Botrytis cinerea 13.32 Grey mould 66.67 

Grey stem scar 20.00 

No decay 2.22 

Green mycelium 2.22 

White stem scar 2.22 

White mycelium 2.22 

Other 4.44 

2b B. cinerea 11.52 Grey mould 45.95 

Grey stem scar 24.32 

White stem scar 10.81 

Green mycelium 5.41 

Other 13.51 

2c B. cinerea 6.41 Grey mould 60.87 

Green mycelium 8.70 

Grey stem scar 4.35 

White mycelium 4.35 

Other 21.75 

2d B. cinerea 1.36 Grey mould 40.00 

Grey stem scar 20.00 

White stem scar 20.00 

Other 20.00 
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2e B. cinerea 4.07 Grey mould 31.25 

Grey stem scar 25.00 

White stem scar 12.50 

White mycelium 12.50 

Other 18.75 

2f B. cinerea 1.74% Grey mould 25.00  

Grey stem scar 25.00 

Green mycelium 25.00 

White stem scar 25.00 

 

 

 

Table C.2. Pestalotiopsis spp. plate groups expressed by total occurrence and decays from which isolates were 

obtained. 

Plate 

Group 

Molecular 

Identification 

Occurrence of 

Plate Group as % of 

Total Plates 

Decay Sign Observed on 

Fruit 

% of Sign 

Isolated as Plate 

Group 

3a Pestalotiopsis 

disseminata 

6.33 Grey stem scar 64.71 

No decay 5.88 

Green mycelium 5.88 

Other 23.52 

3b P. disseminata 9.11 Grey stem scar 48.28 

White mycelium 20.69 

Dense orange/brown 6.90 

No decay 3.45 

Green mycelium 3.45 

Other 17.24 

3c Pestalotiopsis sp. 3.26 Grey stem scar 40 

No decay 10 
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Green mycelium 10 

White mycelium 10 

Other 20 

3d Pestalotiopsis sp. 2.42 Grey stem scar 50 

No decay 16.67 

Green mycelium 16.67 

White mycelium 16.67 

1a Pestalotiopsis sp. 0.91 White stem scar 44.44 

No decay 22.22 

Dense orange/brown 22.22 

Grey stem scar 11.11 

 

 

 

Table C.3. Colletotrichum acutatum species complex plate groups expressed by total occurrence and decays from 

which isolates were obtained. 

Plate 

Group 

Molecular 

Identification 

Occurrence of Plate 

Group as % of Total 

Plates 

Sign Isolated From % of Sign 

Isolated as 

Plate Group 

5a Colletotrichum 

fioriniae 

7.79 Anthracnose 36.84 

Grey stem scar 31.58 

Anthracnose and grey stem 

scar 

15.79 

No decay 5.26 

Green mycelium 5.26 

Other 5.26 

5b C. fioriniae 2.55 Anthracnose 66.67 

Grey stem scar 16.67 

Anthracnose and grey stem 

scar 

16.67 
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5c C. fioriniae / C. 

godetiae 

15.82 Grey stem scar 22.50 

Anthracnose 50.00 

White mycelium 10.00 

Anthracnose and grey stem 

scar 

10.00 

Green mycelium 2.50 

Other 5.00 

5d C. fioriniae 2.23 Anthracnose 80.00 

Grey stem scar 20.00 

11c C. salicis 2.81 Grey stem scar 100.00 

 

 

 

Table C.4. Diaporthe spp. plate groups expressed by total occurrence and decays from which isolates were obtained. 

Plate 

Group 

Molecular 

Identification 

Occurrence of 

Plate Group as % 

of Total  Plates 

Sign Isolated From % of Sign 

Isolated as 

Plate Group 

3e Diaporthe salicola 1.42 No decay 28.57 

Grey stem scar 28.57 

White mycelium 14.29 

Other 28.58 

4a Diaporthe nobilis 2.12 Grey stem scar 66.67 

White mycelium 33.33 
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Table C.5. Penicillium and Neofusicoccum spp. plate groups expressed by total occurrence and decays from which 

isolates were obtained. 

Plate 

Group 

Molecular 

Identification 

Occurrence of 

Plate Group as % of 

Total Plates 

Sign Isolated From % of Sign 

Isolated as 

Plate Group 

8d Penicillium expansum 0.17 Bright blue/green 

mycelium 

100.00 

9a Neofusicoccum spp. 1.54 White stem scar 50.00 

No decay 10.00 

Other 40.00 

17a Epicoccum sp. 1.03 Dense orange/brown 66.67 

White stem scar 33.33 
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Appendix D: Supplementary Postharvest Results 
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