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Abstract 

 

 

 In response to the surging global demand for nutritious foods, blueberry production has 

doubled in the last decade. However, sustainability of blueberry production is challenged by 

diseases such as Botryosphaeria stem blight, which is caused by fungi in the Botryosphaeriaceae 

family. Botryosphaeria stem blight can lead to rapid leaf wilting, chlorosis, reddening, and 

distinct stem discoloration, often resulting in significant yield loss. Management options are 

largely limited to cultural practices due to the limited success of chemical controls. Currently, no 

blueberry cultivar is known to have sufficient and lasting resistance to Botryosphaeria stem 

blight. The identification of resistant genotypes is hindered by knowledge gaps in isolates’ 

identity and virulence, as well as non-standardized screening protocols. To address these 

challenges, this study surveyed blueberry stem blight pathogens in Alabama and surrounding 

regions to evaluate the distribution and identity of the causal pathogens. A total of 47 

symptomatic blueberry samples were collected from Alabama, Georgia, and Mississippi between 

2021 and 2022. Phylogenetic analysis based on three genomic regions revealed that species in 

the Botryosphaeriaceae were encountered on 36% of disease samples, followed by other families 

such as Sporocadaceae (13%) and Diaporthaceae (11%). Within Botryosphaeriaceae, 

Neofusicoccum and Lasiodiplodia are the most common genera. Virulence testing using 

attached-stem assay showed that isolates of Neofusicoccum species caused longest lesion length 

four weeks after inoculation. Inoculating four blueberry cultivars ‘Star’, ‘Legacy’, ‘Miss Alice’, 

and ‘Vernon’ with Neofusicoccum parvum and Neofusicoccum sp. confirmed virulence of the 

isolates and revealed significant difference in lesion length due to treatment and cultivar, but no 

treatment x cultivar interaction (P < 0.05) was detected. Based on our findings, eighteen 

blueberry cultivars are currently being screened with the same two species. We hope to uncover 

sources of resistance to Botryosphaeria stem blight from this larger-scale screening and 

contribute to sustainable blueberry production. 
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Chapter One 

Literature Review 

 

The history of blueberry cultivation 

Blueberries (Vaccinium corymbosum) are native to North America and have been consumed by 

indigenous peoples for centuries. They belong to the Vaccinium genus in the Ericaceae family, 

with several wild relatives including huckleberries (V. membranaceum), velvetleaf blueberries 

(V. myrtilloides), cranberries (V. oxycoccus), bog blueberry (V. uliginosum), and dwarf 

blueberries (V. myrtillus). Although no significant cultivation was recorded prior to the early 

1900s (Mainland 2012), blueberries were a prominent part of the diet of Native Americans who 

discovered and began to exploit the nutraceutical properties of its roots, stems, leaves and 

flowers. Blueberry cultivation was reported to have begun in North America (Hancock and 

Draper 1989) when Native Americans burned wild stands of V. angustifolium and V. myrtilloides 

to stimulate higher production (Eck and Childers 1966). A significant milestone in the 

domestication of blueberries dates back to the early 1900s, with the collaborative effort of F. V. 

Coville and Elizabeth White (Mainland 2012, Mainland and Ehlenfeldt 2016). After the 

publication of Frank Coville’s book titled “Experiments in Blueberry Culture” in 1911, blueberry 

cultivation experienced a significant boost, as more people became more interested in growing 

them. 

 

Blueberry production trends – past and present 

North America has remained a major player in global blueberry production and acreage. 

Beginning from the early 1930s, blueberry production began to rise steadily and by 1965, about 

20,000 acres were planted to blueberries. By 2003, North America was producing 83% of total 

highbush blueberry in the world, constituting approximately 75% of global blueberry acreage 

(Brazelton and Strik 2007). Globally, blueberry production has been increasing steadily, 

doubling within the last decade (USDA 2021). The United States is a significant producer 

especially in states like Michigan, New Jersey, Georgia, and Oregon (Scherm and Krewer 2003). 

As of 2021, the total value of global cultivated blueberry stood at $938 M. At least eleven 

countries were producing more than 10,000 tons annually, with the United States, Canada, Chile, 

and Peru as the foremost world blueberry producers, as of 2019 (USDA, 2021). In the 

southeastern United States, Georgia and Florida are the leading blueberry producing states 

(USDA 2021). In 2017, Georgia committed eighteen thousand, three hundred and sixty-one acres 

to blueberry cultivation,  surpassing North Carolina’s nine thousand, eight hundred and thirteen 

acres. Meanwhile, Florida cultivated blueberries on seven thousand, one hundred and forty-seven 

acres while Alabama’s blueberry acreage stood at eight hundred and thirty-four during the same 

year (USDA 2021). The trend of increasing blueberry output and consumption is expected to 

continue, as consumers continue to seek healthier alternatives to meet their nutritional needs 

(Kalt et al. 2007). Consumer demands are predicted to sustain annual expansion in overall global 

blueberry output (USDA FAS 2021). 

 

Blueberry diseases in the southeastern United States 

Fungi are eukaryotic organisms and the most commonly encountered pathogens of blueberry 

(Cline and Schilder 2006). Their body structure is made of thread-like hyphae which is capable 

of indefinite growth (Sikder et al. 2019). They reproduce through spores which may be dispersed 

by wind, rain splash, humans, farm equipment, insects, or other animals (Malloch and Blackwell 
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1992). Although fungi are microscopic, their hyphae or spores may be seen when they infect 

plant tissues. Some fungi have been reported to exclusively target blueberries while others with 

broad host ranges infect multiple crops (Cline and Schilder 2006). Monilinia vaccinii-corymbosi 

and Botryosphaeria cortices are two host-specific pathogens that have been reported to 

exclusively target blueberries (Cline and Schilder 2006). Blueberry diseases attributed to fungal 

infections include stem cankers, mummy berry, root rots, twig blight, fruit rots, leaf spots, leaf 

rust, and powdery mildew (Cline and Schilder 2006). Most fungi overwinter in dead or infected 

plant parts, or other debris. Others may overwinter in the soil by forming protective 

overwintering structures (Zhou et al. 2015) with the infected plant parts from the current growing 

season, serving as a repository of inoculum for infection in the following season (Cline and 

Schilder 2006). Phomopsis canker and twig blight caused by Phomopsis vaccinii, stem canker 

caused by Botryosphaeria corticis, and stem blight caused by species in the Botryosphaeriaceae, 

are some examples of fungal diseases that have been reported in blueberry producing areas in the 

southeastern United States (Cline et al. 2006, Cline and Schilder 2006).  

 

Botryosphaeria stem blight of blueberry 

Botryosphaeria stem blight is the most important disease limiting the establishment of blueberry 

fields in the southeastern United States (Cline and Schilder 2006). Economically, it is also the 

most significant disease affecting blueberry production in Florida (Wright and Harmon 2010). In 

New Zealand, Sammonds et al. (2009) attributed annual losses and additional expenses of 

NZ$500,000 to this disease, arising from reduced yield and replanting costs due to plant 

mortality. Stem blight disease is caused by fungi in the Botryosphaeriaceae family (Cline and 

Schilder 2006, Milholland 1972). This cosmopolitan fungal disease has been reported in 

Australia (Scarlett et al. 2019), China (Zhao et al. 2019), Italy (Garibaldi et al. 2012), Korea 

(Choi 2011), Mexico (Boyzo-Marin et al. 2016), New Zealand (Tennakoon et al. 2018), Portugal 

(Hilário et al. 2020), the United States (Babiker et al. 2019; Smith, 2009), and other regions. The 

disease affects not only blueberries, but also a wide range of other economically important fruit 

crops such as apple (Tang et al. 2012), grapevine (Urbez-Torres et al. 2006), peach (Wang et al. 

2011), and pear (Garibaldi et al. 2012; Zhai et al. 2014). Infection typically occurs through 

wounds or natural openings (Milholland 1995).  

 

Symptoms of stem blight disease 

Typical signs of infection with stem blight disease include wilting and discoloration of leaves 

and stems, typically on one side of the diseased stems (Xu et al. 2015, Wright and Harmon 

2010). Gradual downward wilting of the stem (also known as dieback) usually occurs at 

advanced stages of the disease development (Scarlett et al. 2019). Susceptibility and subsequent 

higher mortality are common in infected young plants compared to older plants, where the death 

of stems or individual branches is more common (Milholland 1995). Young blueberry plants and 

plants under stress (e.g., drought, freeze) are more likely to develop symptoms (Cline and 

Milholland 1992, Wright and Harmon 2010). In severe cases, the whole plant dies when the 

fungus completely clogs the plant’s vascular tissues (Cline and Milholland 1992, Polashock and 

Kramer 2006). The invasion of young, succulent, or wounded stems results in the quick 

deterioration of phloem and cells of the cortex. These ultimately results in the appearance and 

spread of necrotic tissues on the infected stem, beginning from the site of infection (Biggs and 

Briton 1988, Brown and Hendrix 1981). 
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Mode of infection and spread 

Wounds have been identified as the primary route through which stem blight pathogens access 

the vasculature of their host (Milholland 1972, Smith 2009). These wounds may be inadvertently 

created by mechanical devices used during harvesting, pruning, or herbicide application 

(Milholland 1995, Creswell and Milholland 1987), or abiotic factors such as frost damage or 

wind. Natural openings such as stomata, lenticels, and flower buds (Milholland 1995) may also 

provide an entry point for stem blight pathogens. Inoculum spreads from infected to healthy 

plants through contaminated field equipment (Babiker et al. 2019), wind, and water splash during 

rainfall (Flor et al. 2019). Infected plants may remain asymptomatic until the plant is exposed to 

stress factors such as wounds, defoliation, drought, over-fruiting, nutrient deficiency, and winter 

freeze (Mullen et al. 1991, Pusey 1989). Susceptibility to stem blight has been linked to water 

stress: as water potential (ψ) decreases, susceptibility to infection by stem blight pathogen 

increases (Crist and Schoeneweiss 1975). Although resistance to infection may be restored if 

turgor pressure is restored within three days, susceptibility may be difficult to reverse if turgor 

pressure remains low for a protracted period or the water potential (ψ) becomes extremely low 

(Schoeneweiss 1981). 

 

The causal pathogens of Botryosphaeria stem blight disease 

Most early studies concluded that Botryosphaeria dothidea was the dominant causal pathogen of 

Botryosphaeria stem blight disease (Witcher and Clayton 1962, Milholland 1972, Creswell and 

Milholland 1987, Cline and Milholland 1992, Ballington et al. 1993, Smith 2004). This may 

explain why the disease was commonly referred to as “Botryosphaeria stem blight” disease (Ru 

et al. 2022). The large size of the Botryosphaeriaceae family and the cryptic nature of the 

members of the taxa make it difficult to accurately differentiate between closely related species 

in the family based only on morphology (Marsberg et al. 2017, Scarlet et al. 2019, Xu et al. 

2015). Combining morphological features, DNA sequencing and phylogenetic analysis, newer 

studies have shown that B. dothidea was no longer the dominant causal pathogen of 

Botryosphaeria stem blight disease of blueberry in many regions (Boyzo-Marin et al. 2016, 

Espinoza et al. 2009, Flor et al. 2022, Hilário et al. 2020, Rodriguez-Galvez et al. 2020, Scarlett 

et al. 2019, Slippers et al. 2007). Species of causal pathogens reported as predominant causal 

pathogens of Botryosphaeria stem blight disease of blueberry in different regions include 

Neofusicoccum parvum in Australia, Mexico, Italy, and Portugal (Scarlett et al. 2019, Boyzo-

Marin et al. 2016, Hilário et al. 2019, Guarnaccia et al. 2020), B. corticis in New Jersey and the 

southeastern United States (Phillips et al. 2006, Flor et al. 2022), and L. theobromae in Peru 

(Rodriguez-Galvez et al. 2020). Worldwide, the genus Neofusicoccum was reported as the most 

prevalent and N. parvum was found to be the most aggressive in the genus (Flor et al. 2022). 

 

Phylogenetic analysis 

Phylogenetic analysis plays a pivotal role in the identification of fungal pathogens due to its 

ability to reveal evolutionary relationships among organisms based on genetic data (Hall 2013, 

Marsberg et al 2017). By comparing genetic sequences, researchers can infer the evolutionary 

history of fungi and elucidate their relatedness  to known pathogens (Hall 2013). This 

information is crucial for accurate identification and classification of fungal species, especially in 

cases where morphological characteristics are insufficient for differentiation. Furthermore, 

phylogenetic analysis aids in understanding the origins and spread of fungal pathogens, which is 

essential for developing effective control and management strategies. By tracing the evolutionary 
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pathways of pathogens, researchers can gain insights into their geographic distribution and 

potential reservoir hosts (Eisen and Wu 2002). Information derived from phylogenetic analysis 

may provide valuable insights for designing targeted interventions.  

 

Overall, phylogenetic analysis is an indispensable tool for precise identification and 

comprehensive understanding of fungal pathogens, contributing to improved disease control and 

management. Numerous software and packages have been developed to facilitate the use of 

DNA and molecular information for highly precise identification of pathogens. This, in turn, 

enhances the development of targeted approaches to combat diseases. Examples include Bioedit, 

Figtree (http://tree.bio.ed.ac.uk/software/figtree/, accessed on 25 September 2023), Treeview 

(Page 1996), PAUP (Phylogenetic Analysis Using Parsimony) - a widely used program for 

inferring phylogenetic trees based on parsimony, PhyML (Phylogenetic Maximum Likelihood) - 

a program that estimates the likelihood of different evolutionary models to find the most 

probable tree (Dereeper et al. 2018), RAxML (Randomized Axelerated Maximum Likelihood) - 

a powerful tool for maximum likelihood phylogenetic analysis known for its speed and 

efficiency, and MrBayes, a Bayesian inference program that uses a probabilistic approach to 

estimate phylogenetic trees.  
 

Others include BEAST (Bayesian Evolutionary Analysis Sampling Trees) - a Bayesian software 

package for estimating phylogenies and divergence times, IQ-TREE (Efficient Tree 

Reconstruction) - a versatile software for maximum likelihood phylogenetic analysis (Nguyen et 

al. 2015),  PAML (Phylogenetic Analysis by Maximum Likelihood) - a collection of programs 

for conducting evolutionary analysis using maximum likelihood methods, MEGA-X, a 

comprehensive software package that offers a wide range of tools for phylogenetic analysis, 

maximum likelihood, and neighbor-joining (Mello 2018), Garli (Genetic Algorithm for Rapid 

Likelihood Inference) - a program for conducting phylogenetic analysis using a genetic 

algorithm, and FastTree, designed for constructing large phylogenies quickly. These software 

packages offer a range of algorithms and approaches for phylogenetic analysis, helping 

researchers choose the most suitable method for specific datasets and research questions 

(Dereeper et al. 2008).  

 

Control of Botryosphaeria stem blight disease of blueberry  

Various options have been employed in the management of Botryosphaeria stem blight disease 

in blueberry cultivation such as the use of chemical and biological agents, or the use of cultural 

methods. Although no single management option has yet to give total control of the disease, 

varying degrees of success have been recorded (Cline and Milholland 1992, Smith 2009). The 

standardization of protocols (Ru et al. 2022) and a multi-strategic approach that effectively 

combines these methods may yield the best results. The release, dispersal, and germination of 

spores of Botryosphaeria dothidea was effectively controlled by reducing overhead irrigation 

time, changing the angle of sprinklers, and substituting surface irrigation with drip irrigation in 

pistachio cultivation (Michailides and Morgan 1993, Mila et al. 2005). This approach may be 

adapted for use in blueberry cultivation since the same causal pathogen is involved (Wright 

2011). Further research and field testing are required to establish best practices for effective and 

consistent results in the management of Botryosphaeria stem blight (Cline and Milholland 1992, 

Smith 2009).  

 

 

http://tree.bio.ed.ac.uk/software/figtree/
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Chemical management 

Smith (2009) tested nine commercial fungicides in a detached stem assay and reported a 

reduction in lesion length in blueberry plants inoculated with B. dothidea isolate after treatment 

with cyprodinil + fludioxonil, pyraclostrobin + boscalid, fenhexamid or pyraclostrobin. Similar 

findings were reported by Babiker et al. (2019) using an in vitro fungicide assay. Azoxystrobin, 

propiconazole, pyraclostrobin + boscalid, and cyprodinil + fludioxonil were found to inhibit the 

mycelial growth of B. dothidea and Neofusicoccum species isolates. Cline and Milholland (1992) 

found that dipping roots of blueberry plants into Benomyl-kaolin clay slurry at concentrations 

between 2,000 to 3,000 µg/ml exhibited fungicidal action and restrained disease development 

when stem cuttings were inoculated with a highly virulent B. dothidea isolate. However, the 

fungicidal effects lasted only between 3 to 6 months. Standardized protocols adapted for use in 

field conditions did not emerge from these studies. The application of fungicide right after 

pruning or other wounding events was recommended to limit the chances of Botryosphaeriaceae 

species accessing the vascular tissues of the plants via open wounds (Flor et al. 2019). 

 

Biological control 

Many in vitro studies that used diverse biological agents and plant extracts have reported 

promising results in controlling fungal diseases. Bello et al. (2022) used volatiles produced by 

Trichoderma artoviride as a mycofumigant against gray mold, a post-harvest disease of 

blueberries caused by Botrytis cinerea. Aloe vera gel was also shown to inhibit the growth of 

Rhizoctonia solani, Curvularia hawaiiensis, Botyrotinia fuckeliana, Penicillium italicum, and 

Verticillum dahlia – all well-known blueberry post-harvest disease pathogens (Sempere-Ferre et 

al. 2022). Another study by Hernández-Ceja et al. (2021) reported the potency of plant extracts 

from Lantana hirta, Argemone ochroleuca, and Adenopyllum podolyllum in inhibiting the 

growth of pathogenic fungi on blueberries. Similar results were also reported when Billar de 

Almeida et al. (2020) used endophytic fungi to inhibit the growth of six different blueberry 

pathogenic fungi - Fusarium oxysporum, Aspergillus niger, Penicillium species, Trichoderma 

sp., Clonostachys rosea, and Epicoccum nigrum. The studies conducted by Billar de Almeida et 

al. (2020) and Kotze et al. (2011) reported the successful use of Trichoderma to inhibit the 

growth of pathogens causing grape-vine trunk diseases. Notably, these pathogens belong to the 

same taxonomic group as those causing stem blight. Although these biological agents have not 

been tested in vivo, there seems to be potential for their effective use in the future to design a 

robust multi-strategic approach in the fight against stem blight disease, especially since no single 

management approach has yet provided satisfactory control (Smith, 2009). 

 

Cultural management 

Control of stem blight disease is limited mainly to cultural practices due to little success with 

fungicide treatment in the field (Milholland 1995). Suggested cultural practices include the use 

of vigorous, healthy plants that are disease-free for new field establishment, the use of resistant 

or tolerant blueberry cultivars, prompt and complete pruning of diseased canes to reduce the 

spread of inoculum, ensuring that pruned or dead twigs are burned or buried to prevent 

contamination of healthy plants, effective irrigation management to avoid drought stress, 

prevention of wounds through pruning and mechanized harvesting, or the activities of root and 

shoot pests (Babiker et al. 2019; Cline and Milholland 1992; Creswell and Milholland 1987, 

Milholland, 1995; Smith 2004; 2009). Prompt fungicide application after any wounding event 
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(such as pruning) (Smith & Miller-Butler 2017) and sound management practices are also 

recommended to prevent biotic and abiotic stresses. 

 

Breeding for plant resistance to stem blight disease 

Breeding or screening for plant-level resistance to stem blight disease remains a desirable option, 

given the limited success of all the afore-mentioned methods. Currently, there is no commercial 

blueberry cultivar with complete immunity to stem blight disease (Smith 2004) although some 

sources of resistance have been identified in both wild and cultivated blueberry species (Smith 

2004; 2009, Babiker et al. 2019). A wide range of cultivated and wild blueberry species (V. 

corymbosum, V. corymbosum interspecific hybrid, V. virgatum Reade, V. angustifolium, V. 

corymbosum × V. angustifolium, V. elliottii, V. darrowii, V. arboreum, V. stamineum) have been 

screened for stem blight resistance using detached- (Babiker et al. 2019 Smith 2004; 2009) or 

attached-stem assays (Polashock and Kramer 2006). The inconsistencies observed between the 

results of pathogenicity and cultivar screening studies is indicative of several underlying issues 

that must be addressed for a reliable resistant cultivar to emerge from plant breeding and cultivar 

screening assays (Ru et al. 2022). Reasons for observed inconsistencies include: lack of 

standardized protocols for cultivar screening (Ru et al. 2022), different inoculation methods 

(Polashock and Kramer 2006, Smith 2004), the use inadequately characterized isolates for 

pathogenicity and cultivar screening, age of isolates used for screening in different assays, 

differences in the age and physiological characteristics  of plant materials used for screening 

(Creswell and Milholland 1987), differences in the resistance of cultivars used due to genetic 

differences (Gupton and Smith 1989) and variation in the virulence of isolates used for screening 

in different assays or experiments (Creswell and Milholland 1987).  

 

Methods of pathogen identification 

Marsberg et al. (2017) reported that prior to recent advancements in DNA-based identification, a 

lot of “taxonomic confusion” existed around the identities of species in the Botryosphaeriaceae. 

Many of the species earlier classified as B. dothidea based solely on morphological identification 

have since been shown to actually belong to other species. The epitypification of these species as 

a result of DNA-based methods of identification has resolved the ambiguity surrounding the 

identities of these species (Slippers et al. 2004). Subsequently, sequences of various genomic 

regions of rDNA have been found as effective barcodes that could discriminate between very 

closely related fungal species (Badotti et al. 2017). The ITS, β-tubulin, and EF1-α have been 

used in multiple studies to effectively delineate fungal identities (Espinoza et al. 2009, Flor et al. 

2022, Guarnaccia et al. 2020, Rodriguez-Galvez et al. 2020, Scarlett et al. 2019, Wright and 

Harmon 2010, Xu et al. 2015). In addition to sequences of the ITS, β-tubulin, and EF1-α, the 

calmodulin and histone 3 loci have also been used to differentiate between species of fungal 

pathogens associated with stem blight (Hilário et al. 2020). Marsberg et al. (2017) reported that 

the whole genome of B. dothidea has been sequenced as part of the 1000 fungal genomes 

initiative of the Fungal Genomics Program (FGP) (https://1000.fungalgenomes.org/). Ru et al. 

(2022) proposed the use of whole genome sequencing as a veritable tool to overcome limitations 

imposed by the use of few genomic regions to discriminate between closely related fungal 

species (Flor et al. 2022, Wright and Harmon 2010). 

 

 

 

https://1000.fungalgenomes.org/
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Methods for screening pathogens and cultivars 

Pathogenicity tests to assess the ability of a pathogen to initiate disease conditions in an 

otherwise healthy host as well as cultivar screening to assess the response of two or more 

cultivars to one or more pathogens, use two major assays (Ru et al. 2022): the attached-stem 

assay, and the detached-stem assay. Creswell and Milholland (1987) developed a screening 

protocol where potted plants are used, and inoculation was done by cutting off the tip of the stem 

and placing aerial hyphae of B. dothidea on the exposed wounded stem to infect the plant with B. 

dothidea. This method was subsequently modified by Cline et al. (1993) by incorporating a 

walk-in incubation chamber into the screening protocol. Generally, in attached-stem assay, 

blueberry plants with the stem and roots still intact are wounded and inoculated (Creswell and 

Milholland 1987, Polashock and Kramer 2006); while in a detached stem assay, the stems are cut 

from the blueberry plant before being wounded and inoculated (Smith 2004; 2009, Babiker et al. 

2019). The original method for screening blueberry cultivars with the attached-stem assay was 

initially developed by Creswell and Milholland (1987), but later modified to include inoculations 

conducted in a walk-in growth chamber by Cline et al. (1993). The stems (whether attached or 

detached) may be inoculated by transferring mycelia of the pathogen to a freshly made wound on 

the stem (mycelia-side down), then covered with parafilm to prevent rapid drying. The necrotic 

lesion that develops is monitored and measured as an indication of either the pathogenicity of the 

isolate used for the inoculation, or the resistance of the blueberry cultivar that was inoculated 

(Creswell and Milholland 1987, Polashock and Kramer 2006, Xu et al. 2015, Úrbez-Torres and 

Gubler 2009).  

 

Plant-level resistance is the primary focus of breeding efforts in the search for effective solutions 

to Botryosphaeria stem blight disease (Ballington et al. 1993, Rooks at al. 1995, Smith 2009). 

However, the search for plant-level resistance to Botryosphaeria stem blight disease has 

experienced limited success because of several obstacles including knowledge gaps in the 

distribution and prevalence of Botryosphaeria stem blight pathogens, and the lack of 

standardized protocols to screen pathogenic isolates and resistant blueberry genotypes (Ru et al. 

2022). Other reasons for the inconsistent results may be due to differences in the virulence of 

isolates used for screening, interaction between isolates and cultivars, the inoculation 

environment, the inoculation method, and the timing of evaluation (Cline et al. 1993, Creswell 

and Milholland 1987). Often, results from studies that used different assays did not correlate well 

with each other (Milholland 1995, Polashock and Kramer 2006, Smith 2004; 2009, Xu et al. 

2015). Inconsistencies were also reported when the same assay, same cultivars, and sometimes 

the same fungal isolates were used (Smith 1997, Smith 2004, Xu et al. 2015). Hence, it is 

difficult to compare the outcomes reported from different studies (Ru et al. 2022), or accurately 

gauge the level of progress made.  

 

Despite the devastating effects of Botryosphaeria stem blight disease as the most damaging 

disease of blueberry in Alabama (Cline and Schilder 2006, Wright and Harmon 2010), limited 

information exists regarding the causal pathogens of the disease. In addition, the response of 

blueberry genotypes to pathogens causing blueberry stem blight in Alabama has yet to be fully 

understood. This work aimed to overcome these limitations that have hindered the identification 

of resistant blueberry genotypes by uncovering the identity and virulence of the causal pathogens 

of Botryosphaeria stem blight in Alabama and evaluating the resistance of blueberry genotypes 

to these pathogens. The specific objectives of this work were to: 
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(i) assess the distribution of Botryosphaeria stem blight pathogens in blueberry orchards 

in Alabama and surrounding regions.  

(ii) identify the species of causal pathogens associated with Botryosphaeria stem blight 

disease of blueberry in these areas. 

(iii) assess the virulence of the identified causal pathogens of Botryosphaeria stem blight 

disease in Alabama. 

(iv) screen blueberry genotypes for resistance to Botryosphaeria stem blight disease while 

developing a reproducible method for screening blueberry cultivars by improving the 

attached stem assay. 
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Chapter Two 

Identifying the distribution and causal pathogens of Botryosphaeria stem blight disease of 

blueberry in Alabama, Georgia, and Mississippi 

 

Abstract 

 

Global blueberry production has doubled within the last decade, driven by consumer demands for 

healthy food. However, sustainable blueberry production is challenged by diseases such as stem 

blight caused by fungi in the Botryosphaeriaceae family. Infected plants display rapid leaf wilting, 

chlorosis, or reddening, with stems showing distinct discoloration, usually on one side. A gradual 

downward wilting of the stem, which may spread to the crown at advanced stages of the disease, 

results in the death of individual canes or entire bushes. Growers in Florida, Alabama, and other 

parts of the Southeast recognize stem blight as one of the major diseases limiting blueberry 

production. Identifying and characterizing stem blight pathogens is the first step to developing 

effective disease management, but such data remains scarce for Alabama. This study aims to (i) 

assess the distribution of blueberry stem blight in Alabama and surrounding regions and (ii) 

identify the species causing blueberry stem blight in these areas based on morphological and DNA 

sequence data. Forty-seven symptomatic blueberry samples were collected between March 2021 

and August 2022 from six locations in Alabama, two in Georgia, and one in Mississippi. Pathogen 

isolation, culture, DNA extraction, and PCR were conducted. Three genomic regions, the internal 

transcribed spacer region (ITS), the β-tubulin, and the translation elongation factor (EF1-α), were 

sequenced. Phylogenetic analysis was conducted by comparing sequence information of isolates 

collected in this study with data from GenBank using MEGA 11 software. Species in the 

Botryosphaeriaceae (36%) were the most abundant fungal families associated with stem blight in 

Alabama, followed by Sporocadaceae (13%) and Diaporthaceae (11%). Phylogenetic analysis 

revealed that the most encountered species belong to the Neofusicoccum and Lasiodiplodia genera. 

Neofusicoccum parvum and N. ribis were identified in the Neofusicoccum genus, while the identity 

of other Neofusicoccum spp. could not be verified. Lasiodiplodia citricola, L. brasiliensis and other 

Lasiodiplodia spp. were identified in the Lasiodiplodia genus. Botryosphaeria dothidea and 

Pseudofusicoccum sp. were also identified in this study. The outcome of this study provides a 

foundational information for conducting more reliable cultivar resistance screening against 

common pathogens causing blueberry stem blight in the southeastern United States. 
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Introduction 

 

Blueberry acreage and output have increased steadily in recent years (Fonsah et al. 2011) with 

global production rising from 439,000 to about 1 million metric tons between 2010 and 2019 

(IATR 2021) thanks to the health benefits and improved fruit quality of blueberries (Kalt et al. 

2007, Panprawit et al. 2015). Consumer demands are expected to increase, leading to a projected 

2.1% annual compound rise in the growth of the United States blueberry market between year 

2020 and 2025 (United States blueberry market report, 2021). However, increasing blueberry 

cultivation has been accompanied by a spread of blueberry diseases across production regions 

(Babiker et al. 2019). Botryosphaeria stem blight of blueberry, also known as twig dieback, 

(Wright and Harmon 2010) is a fungal disease caused by pathogens in the family 

Botryosphaeriaceae. This disease has been reported in Australia (Scarlett et al. 2019), China 

(Zhao et al. 2019), Italy (Garibaldi et al. 2012), Korea (Choi 2011), Mexico (Boyzo-Marin et al. 

2016), New Zealand (Tennakoon et al. 2018), Portugal (Hilário et al. 2020), and the United 

States (Flor et al. 2022, Koike et al. 2014, Smith 2009). Botryosphaeria stem blight is a major 

disease that impedes the establishment of blueberry fields in the southeastern United States 

(Cline and Schilder, 2006). Blueberry growers in Florida acknowledged stem blight as the most 

economically impactful disease (Wright and Harmon 2010). In New Zealand, major production 

areas experienced approximately an 18% incidence rate of stem blight, resulting in annual costs 

of NZ$500,000 due to reduced yields and replanting (Sammonds et al. 2009).  

 

Stem blight pathogens typically access the vascular tissues of their hosts through wounds or 

natural openings (Milholland 1995). Infected plants may display wilting and discoloration of 

leaves and stems, usually on one side of the diseased stems (Xu et al. 2015, Wright and Harmon 

2010). Gradual downward wilting of the stem (also known as dieback) usually occurs at 

advanced stages of disease development (Scarlett et al. 2018). Young blueberry plants tend to be 

more susceptible than older plants (Milholland 1972, Smith 2004), and plants under stress (e.g., 

drought, freeze) are more likely to develop symptoms (Cline and Milholland 1992). In severe 

cases, the whole plant may die once the fungus completely colonizes the plant's vascular tissues 

(Cline and Milholland 1992, Polashock and Kramer 2006). 

 

Early studies based largely on morphological characterization considered Botryosphaeria 

dothidea the dominant causal pathogen of Botryosphaeria stem blight disease (Witcher and 

Clayton 1962, Milholland 1972, Creswell and Milholland 1987, Cline and Milholland 1992, 

Ballington et al. 1993, Smith 2004), likely due to overlapping morphological characteristics 

between species (Marsberg et al. 2017, Scarlet et al. 2019, Xu et al. 2015). Using a combination 

of morphological characterization, DNA sequencing, and phylogenetic analysis, recent studies 

have uncovered more genera and species associated with this disease, and B. dothidea is no 

longer considered the dominant species in many regions (Boyzo-Marin et al. 2016, Espinoza et 

al. 2009, Flor et al. 2022, Hilário et al. 2020, Rodriguez-Galvez et al. 2020, Scarlett et al. 2019, 

Slippers et al. 2007). Examples of other species in the Botryosphaeriaceae associated with stem 

blight include Botryosphaeria corticis, Diplodia seriata, Lasiodiplodia pseudotheobromae, L. 

theobromae, Neofusicoccum arbuti, N. eucalyptorum, N. kwambonambiense, N. luteum, N. 

macroclavatum, N. nonquaesitum, N. occulatum, N. parvum, N. ribis, and N. vitifusiforme. 

Among reported species, N. parvum, N. australe, B. dothidea, L. theobromae, and N. ribis are the 

most common (Espinoza et al. 2009, Hilário et al. 2020, Scarlett et al. 2018, Wright and Harmon 
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2010, Xu et al. 2015, Tennakoon et al. 2018). Besides blueberries, stem blight pathogens also 

affect many other economically important fruit crops such as apple (Tang et al. 2012), pistachio 

(Michailides, 1991, Ma and Michailides 2002), walnut (Haggag et al. 2006), citrus (Xiao et al. 

2021), grapevine (Urbez-Torres et al. 2006), peach (Wang et al. 2011), mango (Sakalidis et al. 

2011), and pear (Garibaldi et al. 2012, Zhai et al. 2014). 

 

The distribution and prevalence of Botryosphaeria stem blight pathogens changes over time and 

varies across production regions (Ru et al. 2022). B. dothidea was reported as the predominant 

species in China in 2015 (Xu et al. 2015), Neofusicoccum parvum was the most common species 

recently reported in Australia, Mexico, Italy, and Portugal (Scarlett et al. 2019, Boyzo-Marin et 

al. 2016, Hilário et al. 2019, Guarnaccia et al. 2020), B. corticis in New Jersey (Phillips et al. 

2006), and L. theobromae in Peru (Rodriguez-Galvez et al. 2020). N. kwambonambiense, N. 

ribis, L. theobromae, and L. pseudotheobromae are the most encountered species in Florida, 

United States (Wright and Harmon 2010, Flor et al. 2022). In general, Neofusicoccum is the most 

common genus globally and N. parvum is the most aggressive and widespread species in the 

Neofusicoccum genus (Castillo et al. 2013, Flor et al. 2022, Koike et al. 2014, Kong et al. 2010, 

Scarlett et al. 2019, Smith and Miller-Butler 2017, Tennakoon et al. 2018, Wright et al. 2012). 

Apart from the Botryosphaeriaceae, other families of pathogens have also been reported to be 

associated with Botryosphaeria stem blight disease symptoms or to co-exist with pathogens in 

the Botryosphaeriaceae. In Portugal, Peru, and Europe, Diaporthe species such as D. 

leucospermi, D. amygdali, D. malorun, D. crousii, D. foenicula, D. phillipsii, D. rossmaniae, D. 

rudis, and D. vacuae were reported to be associated with stem blight symptoms on blueberries 

(Hilário et al. 2020; 2021, Lombard et al. 2014, Rodriguez-Galvez et al. 2020).  

 

Management options for Botryosphaeria stem blight include the use of fungicides, biological 

agents, resistant blueberry cultivars, and cultural practices. In vitro studies using various 

chemical agents have reported successful reduction in the lesion length produced by 

Botryosphaeria stem blight isolates. Smith (2009) reported that cyprodinil + fludioxonil, 

pyraclostrobin + boscalid, fenhexamid or pyraclostrobin effectively reduced the lesion length 

produced by a Botryosphaeria dothidea isolate. Cline and Milholland (1992) also found that a 

Benomyl-Kaolin slurry at 2000 to 3000 µg/ml used to dip blueberry plant roots also exhibited 

transient fungicidal action that lasted up to six months. However, these studies have yet to be 

adapted for field use, and often give inconsistent results (Cline et al. 1993, Smith 2009). 

Similarly, the promising potential of some biological agents have been reported in some in vitro 

studies. Bello et al. (2022) demonstrated that volatiles produced by Trichoderma artoviridae 

could be an effective mycofumigant against gray mold. Similar submissions were also made by 

Billar de Almeida (2020) and Kotze et al. (2011) when Trichoderma was used to inhibit the 

growth of grape-vine trunk disease pathogens. 

 

 Currently, no blueberry cultivar is immune to Botryosphaeria stem blight although various 

degrees of resistance have been reported in cultivated and wild blueberry genotypes. (Milholland 

1995, Smith 2004; 2009).  A wide array of cultivated and wild blueberry species (V. 

corymbosum, V. corymbosum interspecific hybrid, V. virgatum Reade, V. angustifolium, V. 

corymbosum × V. angustifolium, V. elliottii, V. darrowii, V. arboreum, V. stamineum) have been 

screened for stem blight resistance using detached- (Babiker et al. 2019, Smith 2004; 2009) or 

attached-stem assays (Polashock and Kramer 2006). The outcome of these screenings have 



 26 

varied widely between different assays, and discrepancies have also been reported, even when 

the same assays were used (Ru et al. 2022). In a detached-stem assay conducted by Babiker et al. 

(2019), no significant difference was found in the resistance level of thirty-nine accessions of 

seven blueberry genotypes tested (V. corymbosum, V. virgatum Reade, V. elliottii, V. darrowii, V. 

arboreum, V. stamineum). Polashock and Kramer (2006) used an attached-stem assay and 

reported a higher level of resistance in low-bush and half-high blueberry cultivars compared to 

cultivated blueberries (highbush and rabbiteye). The variations and inconsistencies reported in 

cultivar screening studies remains a great challenge to the identification or breeding of blueberry 

genotypes that are completely immune to Botryosphaeria stem blight (Polashock and Kramer 

2006, Ru et al. 2022). Consequently, the management of Botryosphaeria stem blight is largely 

limited to cultural practices (Milholland 1995) aimed at minimizing the spread of the disease and 

reducing the chances of serious outbreaks (Flor et al. 2019). Pruning, proper irrigation and 

fertilization, prompt fungicide application after any wounding event and the use of disease-free 

planting materials for establishing new fields are examples of management practices that have 

been used to manage this disease (Babiker et al. 2019, Cline and Milholland 1992, Smith 2009, 

Smith & Miller-Butler 2017).  

 

Previous cultivar screening assays and management options faced challenges attributable to 

knowledge gaps regarding the identity and virulence of Botryosphaeria stem blight pathogens 

and the yet-to-be-standardized screening protocols used to screen blueberry genotypes for 

resistance to this disease. Targeted approaches, such as the breeding or selection of resistant 

cultivars to improve the resilience of the blueberry industry greatly depend on the correct 

identification of causal pathogens (Babiker et al. 2019, Ru et al. 2022). The variations in the 

prevalence and virulence of causal pathogens reported in different regions further underscores 

this need (Guarnaccia et al. 2020, Tennakoon et al. 2020, Xu et al. 2015).  

 

The blueberry industry in the southeastern United States is greatly threatened by Botryosphaeria 

stem blight (Cline and Schilder 2006). But despite being classified as the economically most 

important disease of blueberry in Florida (Wright and Harmon 2010), the commonest blueberry 

disease on blueberry in Alabama (East 2019), and the top limiting disease for blueberry 

cultivation in the southeastern United States (Cline and Schilder 2006), data on the dominant 

causal pathogens of Botryosphaeria stem blight disease in Alabama is limited, with the report 

from Flor et al. (2022) being the only one available for the state. Accordingly, the objectives of 

this study were to (i) assess the distribution of Botryosphaeria stem blight pathogens in blueberry 

orchards in Alabama and surrounding regions and (ii) identify the species of causal pathogens 

associated with Botryosphaeria stem blight disease of blueberry in these areas.  

 

Materials and methods 

Sample collection and pathogen isolation 

Forty-seven symptomatic blueberry canes and twigs were collected from twenty-six blueberry 

genotypes grown in nine locations in Alabama, two in Georgia, and one in Mississippi between 

September 2021 and March 2023 (Table 1). The samples were transported to the laboratory in 

plastic bags for pathogen isolation following procedures described by Xu et al. (2015) with slight 

modifications. Specifically, small pieces of twig, approximately 2.5 cm, were cut from each 

sample and surface-sterilized in 75% ethanol for 30 seconds, followed by 1 minute in 10% 

sodium hypochlorite solution, then rinsed with sterile water. The cuttings were placed in potato 
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dextrose agar (PDA) plates acidified with 85% lactic acid at 0.5 ml/L. The cultures were 

incubated at 28°C until fungal colonies were observed. Pure cultures were obtained by 

transferring hyphal tips from the edge of actively growing mycelia mat into fresh acidified potato 

dextrose agar (APDA) plates with a sterile scalpel.  

Table 1. Summary of disease samples collected between September 2021 and July 2022 

Location  Date of collection  No. of plant samples  No. of isolates 

Auburn, AL  03/11/22 - 07/26/22  10 10 

Brewton, AL  10/06/22 - 03/20/23  5 5 

Chilton, AL  03/01/22 - 06/10/22  6 7 

Fairhope, AL  05/20/22  3 4 

Jemison, AL  09/02/21  3 3 

Shorter, AL  04/22/22 - 06/12/22  8 9 

Hahira, GA  09/10/21  1 1 

Lake Park, GA  04/15/22  8 9 

Poplarville, MS  05/09/22  3 4 

                  Total   47 52 

 

Figure 1. Locations of disease sample collections in Alabama, Georgia, and Mississippi 
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DNA extraction and PCR amplification  

Pure fungal cultures were kept at room temperature for twenty-four hours before DNA 

extraction. First, 75 mg of fungal mycelium from each isolate was harvested, weighed, and 

transferred into lysing tubes. DNA extraction was then conducted using the ZymoBiomicsTM kit, 

following the manufacturer’s guidelines. DNA concentration was examined with a Nano Drop 

2000 Spectro-photometer (ThermoFisher Sci., Waltham, MA). Samples were diluted to 20 ng/µl 

and stored at -20°C. PCR and DNA sequencing followed the methods used by Xu et al. (2015) 

with slight modifications. Specifically, primers ITS1 and ITS4 were used to amplify the 

ribosomal DNA ITS region (White et el. 1990). Partial sequence of the β-tubulin gene (BT2) was 

amplified using primers Bt2a and Bt2b (Glass and Donaldson 1995). Part of the translation 

elongation factor (EF-1α) was amplified using primers EF1-728F and EF1-986R (Carbone Kohn 

1999). A total of 25µl of the PCR reaction mixture was prepared to contain 1.5µl of 20 ng/µl of 

genomic DNA of a given isolate, 0.75 µl of each forward and reverse primers at a concentration 

of 10 µM, 5 µl of 1X standard reaction buffer, 0.5 µl of DNTP (10 µM), 0.25 µl of DNA Taq 

polymerase and deionized water to bring the volume to 25 µl. PCR reactions were carried out in 

a thermal cycler (Biometra Tone 96G) using the following program for ITS,β-tubulin, and EF-1α 

primers: an initial preheat at 98°C for 30 seconds, followed by 30 cycles of denaturation at 98°C 

for 10 seconds, annealing at 55°C for 30 seconds, and extension at 72°C for 1 min. A final 

extension at 72°C was held for 5 min. An agarose gel containing 1.5% ethidium bromide 

solution was run to visualize the PCR product. The amplified products were held at 4°C and later 

sequenced at Eurofins Genomics (https://eurofinsgenomics.com/en/home/). 

 

Phylogenetic analyses 

The families of sequenced isolates were determined by using the BLASTN (Basic Local 

Alignment Search Tool) to compare ITS sequence of samples with sequences found in the NCBI 

database (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Reference sequences with 97 - 100% 

alignment score were considered for further phylogenetic analysis, in addition to reference 

sequenced used or generated from previous publications (Flor et al. 2022, Scarlett et al. 2018, Xu 

et al. 2015) The family distribution of all fungal taxa isolated from symptomatic blueberries from 

the sampled locations was estimated, adapting methods described by Fu et al. (2019), and the 

accession numbers of the identified homologues were then used to obtain the sequences of their 

respective ITS, β-tubulin, and EF1-α loci (Hall, 2013). 

 

The DNA sequences of the ITS, β-tubulin, and EF1-α loci of isolates from Botryosphaeriaceae 

obtained from symptomatic blueberry plants in this study were used in phylogenetic analysis for 

the identification of fungal genus and species. Sequences of samples collected in this study were 

compared with selected reference sequences from GenBank based on source and quality of the 

sequence data. Initially more than one hundred and twenty-three reference sequences were 

retrieved. After several rounds of tree construction and filtering, fifty-four Botryosphaeriaceae 

references were used in the final phylogenetic analysis (Table 2). 

 

The MEGA 11 software (Tamura et al. 2021) was used for phylogenetic analysis. First, 

sequences of sample isolates and GenBank references were aligned for ITS, β-tubulin, and EF1-α 

separately using default settings of the MUSCLE algorithm as recommended by Hall (2013). 

Second, aligned sequences of the three genomic regions were concatenated for each accession. 

Third, phylogenetic trees were constructed using the Maximum Likelihood method in MEGA 11 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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following Flor et al. (2022) with slight modifications. For the test of phylogeny, 1000 bootstrap 

replications were used. The General Time Reversible model was selected as the substitution 

model. Gamma distributed with invariant sites (G + I) was chosen with number of discrete 

Gamma categories set to 5.  Partial deletion with site coverage cutoff of 5% was used to treat 

missing data. The Nearest Neighbor Interchange method was used to infer the trees, with the 

initial tree automatically generated. No branch swap filter was selected. A cut-off value of 50% 

was set to remove all tree branches with bootstrap values below 50. A phylogenetic tree of all 

Botryosphaeriaceae isolates and selected reference sequences was first generated to identify the 

genus of sampled isolates. Next, isolates clustered under the same genus, Botryosphaeria, 

Lasiodiplodia, and Neofusicoccum, respectively, were further analyzed at the species level. Trees 

were visualized with TreeView (Page, 1996) and edited with FigTree v1.4.4 software 

(http://tree.bio.ed.ac.uk/software/figtree/, accessed on 25 September 2023).  

 

 

Table 2. Reference Botryosphaeriaceae sequences used in phylogenetic analysis. 

    GENEBANK ACCESSION NUMBER     

Species Isolate ID ITS β-tubulin EF1-α Family Reference 

Botryosphaeria australis CMW6837 AY339262 AY339254 AY339270 Botryosphaeriaceae  

B. corticis CBS119047  DQ299245 EU673107 EU017539 Botryosphaeriaceae 
Phillips et al. 
2006 

B. corticis SENC96b JN607083 JN607129 JN607106 Botryosphaeriaceae  

Botryosphaeria dothidea  CMW8000 AY236949 AY236927 AY236898 Botryosphaeriaceae Flor et al. 2022 

B. dothidea SEFL20b JN607084 JN607130 JN607107 Botryosphaeriaceae Flor et al. 2022 

B. dothidea UF0730 GU595170 JN607154 GQ869643 Botryosphaeriaceae 
Wright and 
Harmon 2010 

B. eucalypticola CMW6539 AY615141 AY615125 AY615133 Botryosphaeriaceae  

B. lutea CMW10309 AY339258 AY339250 AY339266 Botryosphaeriaceae  

B. parva CMW9078 AY236940 AY236914 AY236885 Botryosphaeriaceae 
Slippers et. al 
2004 

B. parva CMW9081 AY236943 AY236917 AY236888 Botryosphaeriaceae 
Slippers et. al 

2004 

Diplodia africana CAD014 KJ638326 MG015798 KJ638344 Botryosphaeriaceae  

D. seriata SEGA6d JN607088 JN607135 JN607111 Botryosphaeriaceae Flor et al. 2022 

D. seriata UF0628 JN607089 JN607136 JN607112 Botryosphaeriaceae Flor et al. 2022 

Lasiodiplodia citricola CERC1960 KP217058 KP217074 KP217066 Botryosphaeriaceae  

L. brasiliensis CMW35884 KU887094 KU887466 KU886972 Botryosphaeriaceae  

L. citricola 7E79 KC357299 KC357305 KC357311 Botryosphaeriaceae  

L. citricola JZB3130025 OP223328 OP225420 OP225413 Botryosphaeriaceae  

L. crassispora 20a OL375403 OL405581 OL455924 Botryosphaeriaceae  

L. euphorbicola CMM3609 KF234543 KF254926 KF226689 Botryosphaeriaceae  

L. jatrophicola CMM3610 KF234544 KF254927 KF226690 Botryosphaeriaceae  

L. mahajangana 17a OL375401 OL405579 OL455922 Botryosphaeriaceae  

L. margarita CBS122519 EU144050 KU887520 EU144065 Botryosphaeriaceae  

L. parva CBS456.78 EF622083 KU887523 EF622063 Botryosphaeriaceae  

http://tree.bio.ed.ac.uk/software/figtree/


 30 

L. pseudotheobromae CBS116459 EF622077 EU673111 EF622057 Botryosphaeriaceae  

L. pseudotheobromae CBS447.62 EF622081 EU673112 EF622060 Botryosphaeriaceae 
Wright and 

Harmon 2010 

L. pseudotheobromae SEFL61a JN607094 JN607141 JN607117 Botryosphaeriaceae Flor et al. 2022 

L. pyriformis CBS 121770 EU101307 KU887527 EU101352 Botryosphaeriaceae  

L. subglobosa CMM3872 KF234558 KF254942 KF226721 Botryosphaeriaceae  

L. thailandica BJFU DZP160119-9 KY676788 KY676794 KY676797 Botryosphaeriaceae  

L. thailandica MFLUCC 22-0154 OP802385 OP801762 OP830884 Botryosphaeriaceae  

L. theobromae CBS111530 EF622074 KU887531 EF622054 Botryosphaeriaceae  

L. theobromae IBL404 KT247468 KT247476 KT247470 Botryosphaeriaceae  

Macrophomina phaseolina AC51 OP654501 OP764447 OP764469 Botryosphaeriaceae  

M. phaseolina CBS 205.47 KF951622 MW592323 KF951997 Botryosphaeriaceae  

Neofusicoccum cordaticola CMW13992 EU821898 EU821838 EU821868 Botryosphaeriaceae  

N. kwambonambiense MAR05 KY052987 KY000159 KY024656 Botryosphaeriaceae  

N. kwambonambiense CSF6037 MT028610 MT028942 MT028776 Botryosphaeriaceae  

N. kwambonambiense MAN27316 KU997524 KU997602 KU997287 Botryosphaeriaceae  

N. mangiferae CMW7024 AY615185 AY615172 DQ093221 Botryosphaeriaceae  

N. mediteterraneum PD312 GU251176 GU251836 GU251308 Botryosphaeriaceae  

N. nonquaesitum PD484 GU251163 GU251823 GU251295 Botryosphaeriaceae  

N. occulatum CBCB-02 OM283296 OM403996 OM315204 Botryosphaeriaceae  

N. parvum BOT 2B MW727250 MW789895 MW789910 Botryosphaeriaceae  

N. parvum H40 MN442121 MN536689 MN536700 Botryosphaeriaceae  

N. parvum H45 MN445613 MN536691 MN536702 Botryosphaeriaceae  

N. ribis M1-105 OK287034 OK346633 OK346636 Botryosphaeriaceae  

N. ribis MUCC125 EU339525 EU339477 EU339514 Botryosphaeriaceae  

N. ribis SEAL2 JN607097 JN607144 JN607120 Botryosphaeriaceae Flor et al. 2022 

N. ribis SEGA8 JN607099 JN607146 JN607122 Botryosphaeriaceae Flor et al. 2022 

N. ribis SENC29 JN607100 JN607147 JN607123 Botryosphaeriaceae Flor et al. 2022 

N. sinoeucalypti CERC 3517 KX278071 KX278280 KX278176 Botryosphaeriaceae  

N. umdonicola CBS:123644 KX464226 KX465055 KX464759 Botryosphaeriaceae  

N. vitifusiforme CBS: 121481 KX464229 KX465063 KX464762 Botryosphaeriaceae  

N. violaceum CSF18840 OQ659894 OQ660146 OQ660020 Botryosphaeriaceae   

 

 

Results 

 

Field survey and pathogen distribution 

A total of twelve fungal families were identified in isolates collected in this study, based on  

BLASTN results of the ITS region (Figure 2). Botryosphaeriaceae (36%), Sporocadaceae (13%), 

Diaporthaceae (11%), and Sclerotiniaceae (11%) were the most prominent families identified. 

Less prominent taxa encountered include Amphisphaeriaceae (9%), Rhizopodaceae (7%), and 

Pleosporaceae (7%). Other families such as Hypoxylacae, Glomerallaceae, Nutriaceae, 
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Hypocreaceae, and Schizoparmaeceae account for less than 5% of the isolates collected in this 

survey. 

 

Colonial morphologies of the fungal isolates of three families are shown in Figure 3. Isolates of 

Botryosphaeriaceae produced white to brown mycelium, which turned into dark gray to 

completely black with age. Their mycelia rapidly in artificial medium, often reaching the lid of 

the culture plates within 15 days. Diaporthaceae isolates tended to produce white or brown 

mycelium, which grew only slightly darker with age. Mycelia from the Diaporthaceae grew less 

rapidly in artificial medium compared to the Botryosphaeriaceae. Mycelia from the 

Sporocadaceae isolates were light brown to yellow in color, which grew radially in distinct 

circular patterns. They were also less vigorous in culture compared to Botryosphaeriaceae in 

general.  

 

Phylogenetic analysis suggested that Neofusicoccum was the most encountered genus in the 

Botryosphaeriaceae family, accounting for 40.7% of total Botryosphaeriaceae isolates identified 

in this survey. Members of the Neofusicoccum genus were isolated from all the nine locations 

from all three states (Table 3).  

 

 

 

 
 

Figure 2. Distribution of fungal families isolated from symptomatic blueberry plants in 

Alabama, Georgia, and Mississippi. 
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Figure 3. Colony morphologies of three fungal families isolated in this study. 

Botryosphaeriaceae (top), Diaporthaceae (middle), and Sporocadaceae (bottom). 

 

Phylogenetic analysis  

PCR product amplicons were approximately five hundred and sixty-one base pairs for the ITS 

rDNA region, four hundred and thirty-three base pairs for the β-tubulin region, and two hundred 

and sixty-eight base pairs for the EF1-α region. The phylogenetic tree of Botryosphaeriaceae was 

comprised of fifty-four reference sequences of Botryosphaeria, Diplodia, Lasiodiplodia, and 

Neofusicoccum from GenBank and all seventeen Botryosphaeriaceae isolates from this study. 

For the Diaporthaceae, eighteen reference Diaporthe and six Diaporthe isolates from this study 

were used, while the Sporocadaceae phylogeny consisted of twenty-three reference 

Sporocadaceae and four isolates from this study. Two major clades and three subclades were 

observed in the Botryosphaeriaceae phylogenic tree (Figure 4).  Five isolates (AU10, AU25, 

AU26, AU11, and AU3) were clustered into a distinct sub-clade, but not with any reference 

isolates while three other isolates AU37, AU13, and AU27 were clustered into another sub-clade, 

with Neofusicoccum ribis. Isolate AU8 clustered with the reference isolate Neofusicoccum 

parvum CMW9081 which is the same as Neofusicoccum parvum (based on NCBI search results, 

www.ncbi.nlm.nih.gov/). Isolate AU29 clustered with the reference isolate Neofusicoccum ribis. 

A total of eleven isolates from this study were clustered with reference sequences in the 

Neofusicoccum genus. AU33 was clustered with Botryosphaeria dothidea with a bootstrap value 

of 100. AU6 and AU7 clustered together with a bootstrap value of 68 but did not cluster with any 

of the reference Lasiodiplodia or Diplodia species. Isolate AU1 clustered with L. citricola with a 
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bootstrap value of 90. AU2 clustered with L. brasiliensis with a high bootstrap value (100), and 

isolate AU5 clustered with Pseudofusicoccum kimberleyense with a bootstrap value of 97. 

 

 
 

Figure 4. Phylogenetic tree of Botryospheriaceae species isolated from blueberry disease 

samples collected in Alabama, Georgia, and Mississippi. The phylogenetic tree was constructed 

using the maximum likelihood analysis of combined ITS, β-tubulin, and EF1-α nucleotide 

sequences. Bootstrap support values from 1000 replications are shown. 
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Similar procedures were used to identify species in the Diaporthaceae and Sporocadaceae families. 

Table 3 shows all the isolates encountered in this studPhylogenetic tree for only the 

Botryosphaeriaceae is presented in Figure 4. 

 

Additional reference sequences of Neofusicoccum isolates added to provide better resolution for 

isolates in the Neofusicoccum genus revealed that AU8, AU29 and AU50 clustered in the same 

sub-clade with Neofusicoccum parvum (CMW9081 and CMW9078), thus confirming the identity 

of AU50 as Neofusicoccum parvum (Figure 5). 

 

 
Figure 5. Phylogenetic tree of Neofusicoccum species isolated from blueberry disease samples 

collected in Alabama, Georgia, and Mississippi. The phylogenetic tree was constructed using the 

maximum likelihood analysis of combined ITS, β-tubulin, and EF1-α nucleotide sequences. 

Bootstrap support values from 1000 replications are shown. 
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Table 3. Stem blight disease pathogens isolated from blueberry disease samples in Alabama, 

Georgia, and Mississippi  

Isolate Family Species Blueberry Cultivar Ecotype Location 

AU57 Amphisphaeriaceae Pestalotiopsis sp. TH1801  SHB Auburn, AL 

AU53 Amphisphaeriaceae Pestalotiopsis sp. TH2976  SHB Brewton, AL  

AU54 Amphisphaeriaceae Pestalotipsis sp. NC5326  SHB Brewton, AL  

AU23 Botryosphaeriaceae Neofusicoccum sp. Baldwin  RE Auburn, AL 

AU26 Botryosphaeriaceae Neofusicoccum sp. TH1007  SHB Auburn, AL 

AU50 Botryosphaeriaceae Neofusicoccum parvum. TH2976  SHB Brewton, AL  

AU25 Botryosphaeriaceae Neofusicoccum sp. PinkLemonade  RE Chilton, AL 

AU27 Botryosphaeriaceae N. ribis Titan  RE Chilton, AL 

AU29 Botryosphaeriaceae N. parvum 14-335  SHB Chilton, AL 

AU37 Botryosphaeriaceae N. ribis 14-344  SHB Chilton, AL 

AU13 Botryosphaeriaceae N. ribis n/a  RE Jemison, AL 

AU14 Botryosphaeriaceae Neofusicoccum sp. n/a  RE Jemison, AL 

AU15 Botryosphaeriaceae Neofusicoccum sp. n/a  RE Jemison, AL 

AU33 Botryosphaeriaceae Botryosphaeria dothidea BlueRibbon  SHB Shorter, AL 

AU21 Diaporthaceae Diaporthe sp. Brightwell  RE Auburn, AL 

AU32 Diaporthaceae Diaporthe sp. Premier  RE Chilton, AL 

AU46 Diaporthaceae Diaporthe sp. 14-335  SHB Chilton, AL 

AU17 Diaporthaceae Diaporthe sp. NC5286  SHB Shorter, AL 

AU28 Diaporthaceae Diaporthe sp. NC5286  SHB Shorter, AL 

AU30 Diaporthaceae Diaporthe sp. BlueRibbon  SHB Shorter, AL 

AU45 Glomerellaceae Colletotrichum sp. Star  SHB Auburn, AL 

AU40 Hypoxylaceae hypoxylon sp. NC5313  SHB Shorter, AL 

AU51 Nutriaceae Fusarium sp. NC5326  SHB Shorter, AL 

AU24 Pleosporaceae Alternaria sp. Baldwin  RE Auburn, AL 

AU39 Pleosporaceae Alternaria sp. Premier  RE Chilton, AL 

AU44 Pleosporaceae Alternaria sp. Powderblue  RE Chilton, AL 

AU43 Pleosporaceae Alternaria sp. T-3081  RE Shorter, AL 

AU48 Pleosporaceae Alternaria sp. T-3081  RE Shorter, AL 

AU12 Rhizopodaceae Rhipodaceae T3072  RE Auburn, AL 

AU20 Rhizopodaceae Rhizopus sp. T3072  RE Auburn, AL 

AU47 Rhizopodaceae Rhizopus sp. T-3072  RE Auburn, AL 

AU18 Rhizopodaceae Rhizopus sp. SHBselection  SHB Chilton, AL 

AU55 Schizorparmeaceae Coniella sp. TH2976  SHB Brewton, AL  

AU35 Sclerotiniaceae Botrytis sp. Ocklocknee  RE Auburn, AL 

AU36 Sclerotiniaceae Botrytis sp. Premier  RE Chilton, AL 

AU31 Sclerotiniaceae Sclerotinia sp. BlueRibbon  SHB Shorter, AL 

AU34 Sclerotiniaceae Botrytis sp. Sanjoaquin  SHB Shorter, AL 

AU22 Sporocadaceae Neopestalotiopsis sp. TH1872  SHB Auburn, AL 
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AU38 Sporocadaceae Neopestalotiopsis sp. Star  SHB Auburn, AL 

AU41 Sporocadaceae Neopestalotiopis sp. Star  SHB Auburn, AL 

AU56 Sporocadaceae Alternaria sp. TH2976  SHB Brewton, AL  

AU16 Sporocadaceae Neopestalotiopsis sp. Climax  RE Chilton, AL 

AU9 Amphisphaeriaceae Pestalotiopsis sp. Patrecia  SHB Lake Park, GA 

AU10 Botryosphaeriaceae Neofusicoccum sp. n/a  SHB Hahira, GA 

AU11 Botryosphaeriaceae Neofusicoccum sp. n/a  SHB Hahira, GA 

AU1 Botryosphaeriaceae Lasiodiplodia citricola Kirra  SHB Lake Park, GA 

AU2 Botryosphaeriaceae Lasiodiplodia brasiliensis Kirra  SHB Lake Park, GA 

AU3 Botryosphaeriaceae Neofusicoccum cordaticola Kirra  SHB Lake Park, GA 

AU5 Botryosphaeriaceae Pseudofusicoccum kimberleyense Patrecia  SHB Lake Park, GA 

AU4 Diaporthaceae Diaporthe sp. Patrecia  SHB Lake Park, GA 

AU42 Sporocadaceae Neopestalotiopsis clavispora Kirra  SHB Lake Park, GA 

AU6 Botryosphaeriaceae Lasiodiplodia sp. MS1269  SHB Poplarville, MS 

AU7 Botryosphaeriaceae Lasiodiplodia sp. MS1269  SHB Poplarville, MS 

AU8 Botryosphaeriaceae N. parvum VS75  SHB Poplarville, MS 

AU19 Hypocreaceae Trichoderma sp. MS813  SHB Poplarville, MS 

aSHB: southern highbush      

bRE: rabbiteye      

 

Discussion 

Given the growing potentials of the blueberry industry and the significant threat posed by 

Botryosphaeria stem blight disease pathogens, uncovering the identities of the causal pathogens 

has been the focus of many studies in the United States (Philips et al. 2006, Smith 2009, Smith 

and Miller-Butler 2017, Wright and Harmon 2010) and other producing regions of the world 

(Scarlett et al. 2018, Tennakoon et al. 2018, Wright et al. 2010, Zhao et al. 2019). The report by 

Flor et al. (2022) which covered a few counties in Alabama, was the sole available data for the 

state. Hence, this study addressed the knowledge gap on the distribution and specific identities of 

fungal pathogens associated with Botryosphaeria stem blight disease in Alabama.  

 

Botryosphaeriaceae (36%) was the most abundant taxon family encountered in this study. 

Multiple reports have established the pathogenicity of species in this fungal family on 

blueberries and other economically important crops (Garibaldi et al. 2012, Haggag et al. 2006, 

Ma and Michailides 2002, Sakalidis et al. 2011, Tang et al. 2012, Urbez-Torres et al. 2006, 

Wang et al. 2011, Xiao et al. 2021, Zhai et al. 2014). Sporocadaceae (13%) was the second most 

common taxon encountered. Species in the Sporocadaceae have been previously reported as 

important causal pathogen of Botryosphaeria stem blight in Peru and Portugal (Rodríguez-

Gálvez et al. 2020, Santos et al. 2022). The Diaporthaceae (11%) and Sclerotiniaceae (11%) 

were the next most abundant taxa encountered. Although Diaporthe spp. have been previously 

identified as causal pathogen for Botryosphaeria stem blight (Hilário et al. 2020, 2021), this is 

the first report associating the taxon with Botryosphaeria stem blight disease of blueberries in 

Alabama. 
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Neofusicoccum spp., Lasiodiplodia spp., and Diaporthe spp. were the most frequently isolated 

genera in this study. Studies conducted by Flor et al. (2022) and Wright and Harmon (2010) have 

previously reported the prevalence of Neofusicoccum ribis and Lasiodiplodia theobromae in the 

southeastern US. Neofusicoccum parvum is known to have a wide host range, occurring across a 

vast array of cultivated species (Sessa et al. 2016, Phillips 2002, Pitt et al. 2013). Apart from a 

wide host range, the prevalence of these species may also suggest that they are able to out-

compete other species in their respective taxa, hence their ability to colonize host plant tissues 

and spread quickly. However, the size of the sample used in this study may be a limitation. A 

more extensive survey with wider coverage regions across multiple locations is recommended, to 

unravel the possible cause of the prevalence of these species relative to other species in their 

respective taxa. 

 

Overall, the multigene phylogenetic analysis conducted was able to reliably determine the 

identity of species such as Botryosphaeria dothidea, Lasiodiplodia citricola, L. brasiliensis, 

Neofusicoccum ribis, and N. parvum in the Botryosphaeriaceae, with members of the 

Neofusicoccum genus as the most abundant.  Species identified as Botryosphaeria parva in this 

study (AU8) could well be categorized as Neofusicoccum parvum since these species have been 

recognized as either the anamorph or teleomorph of the same species (Kurbetli et al. 2020). 

Diaporthe cercidis is the dominant species identified in the Diaporthaceae, while 

Neopestalotiopsis clavispora and Neopestalotiopsis vitis were identified from the Sporocadaceae.  

However, our analysis could not give sufficient resolution to identify certain species within the  

Lasiodiplodia and Neofusicoccum genera in the Botryosphaeriaceae, as well as some species in 

the Sporocadaceae. Difficulty in clear species identification especially for isolates in the 

Neofusicoccum and Lasiodiplodia genera have been reported in multiple phylogeny studies (Flor 

et al. 2022, Wright and Harmon 2010). Potential solutions to resolve the limitation of species 

identification may be to include more loci from other genomic regions, such as the calmodulin 

and histone 3 loci (Hilário et al. 2021), for species phylogeny. Whole genome sequencing is 

another approach that could help to overcome the limitation of using very few loci to determine 

the identity of these cryptic species (Ru et al. 2022).  

Host-plant resistance to Botryosphaeria dothidea and B. cortices, the causal pathogens of stem 

blight and stem canker, was reportedly developed at North Carolina State University in 1958 

(Ballington et al. 1993). This may explain why in many parts of the United States, B. dothidea 

was no longer the dominant causal pathogen of Botryosphaeria stem blight disease, though it had 

been commonly reported by most of the early studies (Milholland 1972, Smith 1997; 2009). This 

agrees with the finding from this study as B. dothidea was infrequently encountered among the 

identified isolates. Diplodia seriata has also only been reported once in the United States (Smith 

and Miller-Butler, 2017) and was not encountered among the isolates identified in this study. 

This finding concurs with the recent survey conducted by Flor et al. 2022. 

This survey bridged a critical knowledge gap on the distribution and identities of causal 

pathogens of Botryosphaeria stem blight disease in Alabama. Neofusicoccum and Lasiodiplodia 

are the dominant genera in the Botryosphaeriaceae, causing stem blight disease in Alabama. 

Given that virulence of pathogens and host-plant resistance do change with time (Ballington et 

al. 1993, De Monerri and Kim 2014, McDonald et al. 1989), future cultivar screening studies 

should incorporate the species identified in this study into cultivar screening trials to maintain a 

robust germplasm. Recognizing the limitations of sample size and unequal representative isolates 
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from each fungal family in this study, we advocate for an expanded survey for comparative 

analysis. The findings from this study should serve as a pivot for future studies geared towards 

targeted approaches for the control of Botryosphaeria stem blight disease in Alabama and 

surrounding regions. 
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Chapter Three 

Virulence testing of Botryosphaeria stem blight pathogens and blueberry cultivar screening 

for stem blight resistance 

 

 

Abstract 

Global blueberry production has more than doubled within the last decade, driven by a growing 

demand for nutritious foods. However, the increased cultivation has been accompanied by the 

spread of blueberry diseases. One such disease is Botryosphaeria stem blight, caused by fungal 

species in the Botryosphaeriaceae. The disease is prevalent in various production regions, 

including the southeastern United States. Symptoms include rapid leaf wilting, chlorosis, or 

reddening, along with distinct stem discoloration, often leading to plant death and substantial 

yield loss. Despite the recognition of Botryosphaeria stem blight as the top limiting disease in 

Alabama, and the most important economic disease affecting growers in Florida, management 

options are largely limited to cultural practices due to the limited success of chemical control 

methods. Currently, no cultivar is immune to Botryosphaeria stem blight. Identification of 

resistant blueberry genotypes is hindered by knowledge gaps in isolates’ identity and virulence, 

as well as non-standardized screening protocols. Additionally, inconsistencies in screenings 

using attached or detached-stem assays have affected result reliability. This study assessed the 

pathogenicity of twenty-eight fungal species isolated from symptomatic blueberry plants in 

Alabama, Georgia, and Mississippi. Based on the results, virulence testing was conducted using 

nineteen of the pathogenic isolates, out of which two unique aggressive isolates (identified in our 

previous study as Neofusicoccum parvum and Neofusicoccum sp. were then selected to screen 

‘Star’, ‘Legacy’, ‘Miss Alice’, and ‘Vernon’ blueberry genotypes, for resistance to 

Botryosphaeria stem blight. Twenty-five isolates caused lesions on blueberry plants, out of the 

twenty-eight tested for pathogenicity. Thirteen of these isolates belong to Botryosphaeriaceae, 

six Diaporthaceae, and six Sporocadaceae. Virulence testing revealed significant difference in 

mean lesion length due to the isolates (p<0.05), with N. parvum and another Neofusicoccum sp. 

displaying the highest aggressiveness. Two-way analysis of variance revealed significant 

variation in lesion length due to the treatments and cultivar (p<0.05) among the four blueberry 

cultivars screened, while no treatment x cultivar interaction was detected. These findings 

establish a crucial foundation for screening a broader blueberry germplasm, with the goal of 

identifying blueberry genotypes with resistance to Botryosphaeria stem blight for future breeding 

efforts. 
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Introduction 

Botryosphaeria stem blight of blueberry is a fungal disease caused by pathogens in the 

Botryosphaeriaceae family. Since its first reported cases in North Carolina in the United States in 

the 1950s (Ballington et al. 1993, Milholland 1972), Botryosphaeria stem blight has been 

reported in Alabama, California (Úrbez-Torres 2006), Florida, Georgia, Mississippi, and other 

parts of the United States (Creswell and Milholland 1987, Smith 2009, Wright and Harmon 

2010, Flor et al. 2022) as well as outside of the United States in Australia (Scarlett et al. 2019), 

China (Xu et al. 2019), Italy (Guarnarcia et al. 2020), Korea (Choi 2011), Peru (Rodríguez-

Gálvez et al. 2020), and Portugal (Hilário et al. 2020). The devastating impact of Botryosphaeria 

stem blight has made it a top limiting disease in parts of the southeastern United States and the 

spread and severity of this disease is likely to worsen as climate change generates more erratic 

weather patterns and therefore, aggregated stress levels for plants (Ru et al. 2022, Stott 2016).  

 

Stem blight pathogens usually infect the current season’s growth, with plants developing 

symptoms within four to six weeks (Milholland 1995). Young succulent blueberry plants have 

been reported as more susceptible to infection by stem blight pathogens (Milholland 1972), and 

systemic infection may be suppressed in older plants (Marsberg et al. 2017, Slippers and 

Wingfield 2007, Stanosz and Smith 2004). Typical symptoms include rapid wilting of affected 

stem and leaves, leaf reddening or chlorosis (Millholland 1972), and the brown discoloration of 

vascular tissues, usually on one side of the infected stems (Witcher and Clayton 1962, 

Milholland 1972). The formation of tyloses (as part of the plant’s natural defense response to 

stop the spread of the invading fungal pathogen) at advanced stages of infection may result in 

die-back symptoms due to partial or complete blockage of the vascular tissues, and may 

eventually kill the infected stem, branch, or the entire plant (Cline and Milholland 1992, Daykin 

and Milholland 1990, Milholland 1972). The detrimental effects of a severe outbreak of stem 

blight disease, marked by substantial yield losses, the expenses associated with replanting 

deceased plants, and other management-related costs, led Florida growers to acknowledge 

Botryosphaeria stem blight as the most economically impactful disease hindering their 

production (Wright and Harmon 2010). There is still no single cultivar completely immune to 

this disease, nor is there a management practice that guarantees effective prevention or control 

(Milholland 1995, Smith 2004, 2009). 

 

The lack of clear delineation of the causal pathogens of stem blight disease as a result of the 

limited resolution offered by the use of morphological characteristics may have hindered the 

success of targeted approaches to identify effective management options (Ru et al. 2022). Prior 

to recent advancements in DNA sequencing, phylogenetic analysis, and other molecular 

techniques (Badotti et al. 2017, Espinoza et al. 2009, Hall 2013, Marsberg et al. 2017, Slippers et 

al. 2004), most early studies reported Botryosphaeria dothidea as the causal pathogen 

(Milholland 1972, Milholland 1995, Smith 1997, 2004). Reports from more recent surveys have 

shown that other species in the Botryosphaeriaceae, especially in the genus Neofusicoccum and 

Lasiodiplodia, are more commonly encountered (Boyzo-Marin et al. 2016, Espinoza et al. 2009, 

Flor et al. 2022, Rodriguez-Galvez et al. 2020, Scarlett et al. 2019, Slippers et al. 2007). 

Globally, Neofusicoccum is the most widely distributed, and N. parvum has been reported as the 

most aggressive and most ubiquitous member of the Neofusicoccum genus (Flor et al. 2022). N. 

parvum has been reported in Argentina (Wright et al. 2010), Chile (Pérez et al. 2014), China 

(Kong et al. 2010), Korea (Choi et al. 2012), Mexico (Boyzo-Marin et al. 2016), New Zealand 
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(Campbell et al. 2017), Portugal (Hilário et al. 2020), and Spain (Castillo et al. 2013). In the 

southeastern United States, Neofusicoccum spp. have been reported in Alabama, Florida, 

Georgia, North Carolina, and South Carolina (Flor et al. 2022, Wright and Harmon 2010). 

 

Plant-level resistance is the primary focus of breeding efforts in the search for effective solution 

to Botryosphaeria stem blight disease (Ballington et al. 1993, Rooks at al. 1995, Smith 2009). 

The search for plant-level resistance to Botryosphaeria stem blight pathogens has experienced 

limited success because of two major reasons: the lack of standardized screening protocols and 

not using well characterized pathogen isolates (Ru et al. 2022). Other reasons for the inconsistent 

results may be due to differences in the virulence of isolates used for screening, interaction 

between isolates and cultivars, the inoculation environment, the inoculation method, and the 

timing of evaluation (Cline et al. 1993, Creswell and Milholland 1987). Attached and detached-

stem assays are the two methods used to assess cultivars’ resistance. In attached-stem assay, 

blueberry plants with the stem and roots still intact are wounded and inoculated (Creswell and 

Milholland 1987, Polashock and Kramer 2006); while in a detached stem assay, the stems are cut 

from the blueberry plant before being wounded and inoculated (Smith 2004; 2009, Babiker et al. 

2019). Often, results from studies that used different assays did not correlate well with each other 

(Milholland 1995, Polashock and Kramer 2006, Smith 2004; 2009, Xu et al. 2015). Furthermore, 

inconsistencies have even been reported when the same assay, same cultivars, and sometimes the 

same fungal isolates were used (Smith 1997; 2004, Xu et al. 2015). 

 

Milholland (1995) and Smith (2004) reported higher resistance to Botryosphaeria stem blight in 

rabbiteye cultivars compared to highbush cultivars. However, Smith (2009) reported that there 

was no significant difference between twenty-one highbush and seven rabbiteye blueberry 

cultivars screened with Botryosphaeria dothidea, although significant isolate x cultivar 

interaction was reported. ‘Star’ was rated as more resistant to Botryosphaeria stem blight than 

‘Legacy’ in this study, with similar findings previously reported by Polashock and Kramer 

(2006). In contrast, Smith and Miller-Butler (2017) rated ‘Star’ as more susceptible than 

‘Legacy’ based on the lesion length produced when the cultivars were inoculated with each of 

Botryosphaeria dothidea, Neofusicoccum ribis, and Diplodia seriata. ‘Miss Alice’ was a product 

of a cross between TH-647 x ‘Windsor’ made in 2002 (NeSmith 2017). The cultivar has been 

evaluated in trials in various research stations for different agronomic traits but its response to 

highly virulent species of Neofusicoccum has yet to be evaluated.  

 

Our recent survey conducted in Alabama, Georgia, and Mississippi (Chapter 2) in 2022, sampled 

symptomatic blueberry plants from nine locations.  This survey determined that three major 

families were associated with Botryosphaeria stem blight: Botryosphaeriaceae (36%), 

Diaporthaceae (13%), and Sporocadaceae (11%). Three genomic regions of DNA were 

sequenced namely the ITS, β-tubulin, and EF-1α, to identify the isolated pathogens to the species 

level wherever possible. Botryosphaeriaceae species in the Neofusicoccum and Lasiodiplodia 

genera were the most abundant taxa associated with Botryosphaeria stem blight disease in 

Alabama, Georgia, and Mississippi. Members of these fungal groups have been reported as the 

most abundant species associated with Botryosphaeria stem blight in different production regions 

(Flor et al. 2022, Xu et al. 2015). 
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The reputation of Botryosphaeria stem blight, attributed to Botryosphaeriaceae species, as the 

most devastating disease affecting the production and quality of blueberry globally (Xu et al. 

2015); and the limited success of current management options (Milholland 1995, Smith 2009) 

justify the continuous search for effective management options. The two predominant genera 

identified in this study (Chapter 2) are the most widespread and aggressive fungal pathogens 

associated with Botryosphaeria stem blight globally (Flor et al. 2022, Wright and Harmon 2010, 

Xu et al. 2015) but their virulence and the response of different blueberry genotypes is 

insufficiently understood. Screening diverse blueberry genotypes with well-characterized 

Botryosphaeriaceae isolates using standardized screening protocols will greatly enhance the 

success of targeted approaches for the effective management of Botryosphaeria stem blight. 

Therefore, the objectives of this study were to (i) assess the virulence of Botryosphaeria stem 

blight pathogens found in Alabama, and (ii) screen four blueberry genotypes versus two highly 

aggressive stem blight pathogens in Alabama, while improving the attached-stem assay.  
 

Materials and methods 

Pathogenicity test 

A pathogenicity test was conducted at the Plant Science Research Center of Auburn University, 

Auburn, AL, between March 6 and March 27, 2023, using twenty-eight isolates selected from the 

survey and analysis conducted in Chapter 2 of this work.  The test was conducted to assess which 

fungal families could produce stem blight symptoms on inoculated healthy blueberry plants. The 

selected isolates included fifteen isolates of Botryosphaeriaceae, seven isolates of Diaporthaceae, 

and six isolates of Sporocadaceae. Three partially lignified stems chosen from each of twenty-

eight blueberry plants (cv. ‘Vernon’) were inoculated with each of the isolates to assess their 

ability to cause necrotic lesion on blueberry. Pathogenic isolates were re-isolated from the 

necrotic lesions produced, and re-cultured in pure form. Nineteen pathogenic isolates were 

selected for virulence testing. 

 

Experimental design  

An attached-stem assay modified from Polashock and Kramer (2006) was used for the 

pathogenicity test, virulence test, and cultivar screening. Plant containers were placed in plastic 

trays filled with water to keep them moist. Inoculation was performed in a walk-in growth 

chamber set at 12-hour day light, 60% relative humidity, and temperature of 25°C. A sterile clip 

was used to make fresh horizontal cuts on the selected stems, and the cut surface sprayed with 

70% ethanol for surface disinfection. A sterile scalpel was used to transfer agar plug of mycelia 

with the mycelia-side down, from the fungal plate which was previously punched with a sterile 

7.8mm diameter cork borer, to the surface of the cut stem. After inoculation, the cut end and agar 

plug were covered with parafilm (Bemis Inc. WI, USA) to prevent desiccation (Figure 1a – d). 

The parafilm was removed after seven days. Control plants were similarly inoculated with 

uncolonized PDA, acidified with 85% lactic acid at 0.5 ml/L.  

 

All inoculated plants and controls were arranged in a completely randomized layout and plants 

were watered as needed. The length of necrotic lesions produced on each stem were measured 

and imaged every seven days for three weeks. The inoculated stems were harvested, and 

pathogens were re-isolated from the necrotic lesions produced on the stems to confirm the 

identity of the pathogen for Koch’s postulates. The DNA of each fungal pathogen was extracted 

using ZymoBiomicsTM kit as previously described in Chapter 2, and the ITS region of their DNA 
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was sequenced and compared to the sequences of the ITS region of the original isolates used for 

inoculation, to fulfil Koch’s postulates. 

 

Short and long-term fungal storage 

Botryosphaeria stem blight pathogens are known to rapidly lose virulence in culture (Cline et al. 

1993). Pathogens isolated in this study were preserved for short term use, by following methods 

described by Ellis (1979) with slight modifications. Briefly, pure cultures of each isolate grown 

on APDA were bored with a sterile 7.8 mm diameter cork borer. A sterile scalpel was used to 

transfer the bored mycelium and APDA medium into 1.5 ml sterile water in screw cap tubes, at 5 

cubes per tube. The caps were firmly secured to prevent desiccation and the tubes were stored at 

4°C (for short-term preservation) or -80°C (for long-term preservation). 

 

Virulence testing 

Fifty-seven blueberry plants (cv. ‘Vernon’) were inoculated as described above, with eleven 

Botryosphaeriaceae, four Diaporthaceae, and four Sporocadaceae isolates. The virulence test was 

conducted to assess the aggressiveness of the selected isolates upon inoculation into living 

asymptomatic blueberry plants. The isolates were selected based on the results of the 

pathogenicity test previously conducted as described above. Three plants per isolate and three 

stems per plant were inoculated, resulting in a total of nine stems inoculated with each isolate. 

Three plants and a total of nine stems were similarly inoculated with uncolonized APDA as 

controls.  The length of necrotic lesions produced on each stem was measured and imaged every 

seven days for four weeks. The infected stems were harvested, and the images of necrotic lesions 

produced on each stem were captured. 

 

Cultivar screening 

Two isolates previously identified as N. parvum and Neofusicoccum sp.  were selected based on 

the results of the virulence testing above and used to screen four blueberry cultivars. Before 

inoculation, the isolates were cultured on APDA and kept at 4°C under sterile conditions using 

the short-term storage methods previously described. Three-year-old potted southern highbush 

blueberry cultivars ‘Legacy’, ‘Miss Alice’ and ‘Star’ and one rabbiteye cultivar ‘Vernon’ used 

for the screening were obtained from Fall Creek Nurseries, Oregon, US. The rabbiteye cultivar 

(Vernon) was included as control cultivar for comparison with the performance of the three 

highbush cultivars. Prior to inoculation, plants were hedged in June 2023 to promote new shoot 

growth. The cultivars were inoculated using growth chamber conditions and the inoculation 

method described above. Inoculation on each cultivar was replicated three times, resulting in a 

total of nine stems inoculated with each isolate for each cultivar. Three stems on each cultivar 

were also inoculated with uncolonized APDA and replicated three times, resulting in nine stems 

per cultivar, as controls. The plants were maintained at Paterson Greenhouse, Department of 

Horticulture, Auburn University with routine irrigation, fertilization, and weeding. Imaging and 

measurement of necrotic lesions was carried out every seven days for four weeks. 
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Figure 1. Artificial inoculation of partially lignified, three-year-old potted blueberry plants of 

cultivar ‘Vernon’. The experiment was conducted in a walk-in growth chamber with 12-hour 

daylight, 60% relative humidity, and temperature of 25°C. Potted blueberry plant (cv. ‘Vernon’) 

in the growth chamber (a). Fungal mycelium cultured on APDA, punctured with sterile 7.8mm 

diameter cork borer (b). Fungal inoculum placed on freshly- made horizontal cut on blueberry 

stem (c). Inoculum on wounded stem secured with parafilm to prevent rapid desiccation and 

cross contamination (d). 

 

Statistical analysis 

The virulence of the isolates was determined based on lengths of necrotic lesions produced by 

each of the nineteen isolates on the inoculated ‘Vernon’ plants after four weeks, using one-way 

analysis of variance (ANOVA). Isolates that produced lesion length significantly different from 

the control were identified using Tukey’s Honest Significant Difference test (HSD, α=0.05). 
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Multiple comparison of mean lesion length produced by inoculation with each isolate versus the 

control (inoculation with uncolonized APDA) was conducted using Dunnett’s test. Two-way 

analysis of variance was conducted to determine the resistance level of blueberry cultivars and 

potential isolate by cultivar interactions based on lesion length at four weeks. Mean comparisons 

were conducted using Tukey’s Honest Significant Difference test (HSD, α=0.05). All tests were 

conducted in R (version 4.3.1, R Inc. Boston, USA). 

 

Results 

Pathogenicity testing 

Out of the twenty-eight isolates tested for pathogenicity, thirteen Botryosphaeriaceae, six 

Diaporthaceae, and six Sporocadaceae produced necrotic lesions on the inoculated plants (Table 

1) and were confirmed as capable of causing dieback symptoms on cut stems. The images of 

necrotic lesions produced by isolates AU29 (N. parvum), AU37 (N. ribis), and AU25 

(Neofusicoccum sp.) seven days after inoculation, are shown in Figure 2. The comparison of 

DNA sequences from the re-isolated pathogens obtained from the pathogenicity test with those 

of the original isolates used for inoculation confirmed adherence to Koch's postulates. 

 

Infection was readily established in plants inoculated with species from the Botryosphaeriaceae. 

Necrotic lesion began to grow downwards from the point of inoculation, four days after 

inoculation for isolates AU13 (Neofusicoccum ribis), AU25 (Neofusicoccum sp.), and AU27 (N. 

ribis). Isolates AU25 (Neofusicoccum sp.) and AU13 (N. ribis) produced the longest lesion 

length in the Botryosphaeriaceae while isolates AU6 (Lasiodiplodia sp.), AU2 (L. brasiliensis) 

and AU23 (Neofusicoccum. sp.) had the shortest average necrotic lesion among tested isolates 

(Table 1).  Initiation of infection was slower on stems inoculated with Diaporthaceae. In the 

Diaporthaceae group, isolates AU28 and AU46 (Diaporthe sp.) produced the longest lesion 

length. Isolate AU4 (Diaporthe sp.) produced the shortest necrotic lesion in the group. Isolates 

AU41 (Neopestalotiopsis sp.) and AU9 (Pestalotiopsis sp.) produced the longest and shortest 

necrotic lesion on the inoculated stems, respectively. The length of necrotic lesion produced by 

one isolate from each of the Botryosphaeriaceae and Diaporthaceae, respectively, was not 

sufficient to confirm their pathogenicity (i.e., was not significantly greater than the uninoculated 

control) 
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Table 1 Lesion length produced by isolates of Botryosphaeriaceae, Diaporthaceae, and 

Sporocadaceae during pathogenicity testing 

Family Isolate Mean Lesion length SD     

Botryosphaeriaceae AU25 67.6 10.7     

 AU13 54.5 4.7     

 AU27 43 9.2     

 AU33 36.3 26.7     

 AU29 36 6.4     

 AU37 32.2 7.9     

 AU13 31.9 18.2     

 AU8 12.1 8.6     

 AU3 4.6 2.2     

 AU26 4.3 2.3     

 AU6 3.4 2.9     

 AU2 2.9 1     

 AU23 2.6 1.2     

Diaporthaceae AU28 52.3 4.6     

 AU46 49.2 5.7     

 AU17 41.2 3     

 AU32 36.6 4.5     

 AU30 20.7 15.6     

 AU46 6 4.9     

Sporocadaceae AU41 13.2 6.7     

 AU22 7.7 5.8     

 AU38 4.8 0.2     

 AU42 10.3 0.4     

 AU16 9.5 1.1     

 AU9 1.8 8.3     

Control APDA 0 0     

 APDA 0.1 0.2     

 

 

 

Virulence testing 

The Botryosphaeriaceae produced consistently longer necrotic lesion on inoculated stems 

compared to the Diaporthaceae and Sporocadaceae, with Neofusicoccum sp. inducing the overall 

longest necrotic lesion (isolate AU26). Figure 3 shows the lesion length produced by each 

isolate, across the three fungal families. The necrotic lesion length produced across the 

Botryosphaeriaceae family was 54.47 ± 42.98mm. The Diaporthaceae family produced an 

average lesion length of 10.05 ± 2.89mm. Average lesion length for the Sporocadaceae is 9.98 ± 

7.88mm 
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Analysis of variance revealed a significant difference in mean lesion length produced by at least 

one of the isolates (p<0.05). To determine which specific groups produced necrotic lesion 

lengths significantly greater than the control, Dunnett’s multiple comparison was done to 

compare lesion length produced by each isolate to that of the lesion length recorded for stems 

inoculated with uncolonized APDA (Table 1). A total of eight isolates produced lesion length 

significantly greater than the control: isolates AU26, AU3, AU25 (Neofusicoccum sp.), AU8, 

AU29 (N. parvum), AU37 (N. ribis), AU6 (Lasiodiplodia sp.), and AU1 (L. citricola) (P<0.05). 

Lesion length induced by isolates AU13 (N. ribis), AU33 (Botryosphaeria dothidea), AU5 

(Pseudofusicoccum kimberleyense), AU32, AU28, AU4, AU30 (Diaporthe sp.), AU42 

(Neopestalotiopsis clavispora), AU38, AU41 (Neopestalotiopsis sp.), and AU56 (Alternaria sp.) 

are not significantly greater than the control. The extremely low p-values (p<0.05) strongly 

indicate that isolates AU1, AU3, AU8, and AU26 are highly virulent.  

 

 

Table 2. Mean lesion length produced by Botryosphaeriaceae, Diaporthaceae, and 

Sporocadaceae during virulence testing 

Species IsolateNo Mean lesion length (mm) SD  Family 

Neofusicoccum sp. AU26 110.2 51.8  Botryosphaeriaceae 

Neofusicoccum sp. AU3 81.3 38.4  Botryosphaeriaceae 

Lasiodiplodia citricola AU1 71.4 68.1  Botryosphaeriaceae 

Neofusicoccum parvum AU8 69.5 39.5  Botryosphaeriaceae 

Neofusicoccum ribis AU37 56.7 22.3  Botryosphaeriaceae 

Neofusicoccum sp. AU25 52.6 25  Botryosphaeriaceae 

Lasiodiplodia sp. AU6 52.3 37.6  Botryosphaeriaceae 

Neofusicoccum parvum AU29 49.7 18.4  Botryosphaeriaceae 

Neofusicoccum ribis AU13 27.2 18.7  Botryosphaeriaceae 

Botryosphaeria dothidea AU33 20.4 6.9  Botryosphaeriaceae 

Neopestalotiopsis clavispora AU42 14.8 13.9  Sporocadaceae 

Alternaria sp. AU56 11.3 5.42  Diaporthaceae 

Diaporthe sp. AU30 11.2 2.63  Diaporthaceae 

Diaporthe sp. AU28 10.4 2.07  Diaporthaceae 

Pseudofusicoccum kimberleyense AU5 9.67 7.65  Botryosphaeriaceae 

Neopestalotiopsis sp. AU38 7.94 2.84  Sporocadaceae 

Neopestalotiopsis sp. AU41 6.43 3.76  Sporocadaceae 

Diaporthe sp.. AU4 7.45 2.85  Diaporthaceae 

Control APDA 5.57 4.6  Control 

significant difference at P<0.5 
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Figure 2. Images of necrotic lesion produced by three Neofusicoccum spp. Isolates, 7 days after 

inoculation. Stem inoculated with isolate AU29 (N. parvum) (a), AU37 (N. ribis) (b), and AU25 

(Neofusicoccum sp.) (c). 

 

 
Figure 3. Lesion length produced by isolates from Botryosphaeriaceae, Diaporthaceae, and 

Sporocadaceae at week four. The error bars represent the standard deviation from the mean lesion 

length produced by each isolate 
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Tukey Honest Significance Difference test was conducted to rank the mean lesion length 

produced by each isolate (* indicates significantly different mean lesion length at p<0.05). The 

result (Table 2) confirms that the lesion length produced by isolates AU13 (N. ribis), AU33 (B. 

dothidea), AU42 (Neopestalotiopsis clavispora), AU56 (Alternaria sp.), AU30 (Diaporthe sp.), 

AU28 (Diaporthe sp.), AU5 (Pseudofusicoccum sp.), AU38 (Neopestalotiopsis clavispora), 

AU41 (Neopestalotiopsis sp.), and AU4 (Diaporthe sp.) are not significantly different from the 

control. Isolates in the Botryosphaeriaceae are similar in virulence as they produce lesion length 

with apparently overlapping means and range (Figure 3), except for isolate AU5 

(Pseudofusicoccum kimberleyense) which produced mean lesion length of 9.67mm similar to 

isolates in the Diaporthaceae and Sporocadaceae. Isolate AU26 produced the longest mean lesion 

length (110.24mm). Isolate AU41 (Neopestalotiopsis sp.) produced the least mean lesion length 

and is not significantly different from other isolates in the Diaporthe and Sporocadaceae group, 

or the control.  

 

Overall, tested isolates from the Botryosphaeriaceae produced longer lesion lengths compared to 

isolates from the Diaporthaceae and Sporocadaceae (Table 2). Lesion length by species in the 

Botryosphaeriaceae continued to increase up to week four when the experiment was terminated 

(Figure 4). The lesion produced by members of the Diaporthaceae and Sporocadaceae did not 

increase significantly after the first week. Two distinct isolates AU26 (Neofusicoccum sp.) and 

AU8 (N. parvum) were selected for cultivar screening based on the mean lesion length produced, 

and the deviation from the mean as shown in Table 1. AU26 (Neofusicoccum sp.) was selected 

because it produced the longest lesion length (mean =110.2, SD = 51.8). Isolate AU8 (N. 

parvum) was selected for cultivar screening instead of isolate AU1 (Lasiodiplodia citricola) 

because it had less deviation from the mean lesion length, even though the two species had 

similar mean lesion length values (AU1: mean = 71.4, SD = 68.1; AU8: mean = 69.5, SD = 

39.5). Images of harvested stems four weeks post inoculation with isolates AU26 

(Neofusicoccum. sp.), AU8 (N. parvum), and isolate AU5 (Pseudofusicoccum kimberleyense) are 

shown in Figure 5.  

 

 
Figure 4. Progression of lesion length produced by Botryosphaeriaceae, Diaporthaceae, and 

Sporocadaceae isolates from this study four weeks post inoculation. 
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Figure 5. Harvested stems of selected isolates, four weeks post-inoculation. Stems inoculated with 

isolate AU26 (Neofusicoccum. sp.) (a), isolate AU8 (N. parvum) (b), isolate AU5 

(Pseudofusicoccum sp.) (c). 

 

Cultivar screening 

The mean lesion length recorded four weeks after the two isolates were used to inoculate ‘Legacy’, 

‘Miss Alice’, ‘Star’, and ‘Vernon’ are shown in Table 2.  

 

Table 2. Susceptibility of four blueberry cultivars inoculated with species of 

Neofusicoccum 

Cultivar Treatment Mean lesion length (mm) SD  

Legacy Neofusicoccum parvum AU8 56.30 11.91  
Miss Alice Neofusicoccum parvum AU8 39.77 20.80  
Star Neofusicoccum parvum AU8 42.96 15.03  
Vernon Neofusicoccum parvum AU8 54.03 22.95  
Legacy Neofusicoccum sp. AU26 41.93 15.22  
Miss Alice Neofusicoccum sp. AU26 35.86 13.51  
Star Neofusicoccum sp. AU26 43.96 15.28  
Vernon Neofusicoccum sp. AU26 56.03 25.73  
Legacy Control (uncolonized APDA) 1.52 0.81  
Miss Alice Control (uncolonized APDA) 1.77 1.10  
Star Control (uncolonized APDA) 1.40 0.73  
Vernon Control (uncolonized APDA) 0.33 0.71  

 

 

 

The mean lesion length and the variance for each of the cultivars inoculated with either AU8 

(Neofusicoccum parvum), AU26 (Neofusicoccum sp.), or Control (uncolonized APDA) are 

presented in Table 2. The two-way ANOVA  conducted revealed that the treatment factor (p = 

3.2e-13) ( (Isolates AU26, AU8, and Control) and the cultivars (p = 0.0272) had significant effects 

on the average lesion length produced. However, no treatment x cultivar interaction was detected 
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(p = 0.2896). The Tukey Honest Significance Difference Test conducted to compare the fungal 

pathogen groups  indicated that the difference between the means of the AU8 (N. parvum) and 

AU26 (Neofusicoccum sp.) groups is not statistically significant (p = 0.9882, α=0.05). The 

confidence interval includes zero, and we therefore could not conclude that there was a significant 

difference between these two groups. However, The Control-AU26 group has a statistically 

significant difference at the α=0.05 level. The confidence interval does not include zero, indicating 

a significant difference between these two groups. The Control group has a significantly lower 

mean compared to the AU26 group. Similarly, the P-value for the Control-AU8 group is very close 

to zero, indicating that the difference in means between this group is statistically significant at the 

α=0.05 level. The confidence interval also does not border zero, implying a significant difference 

between the two groups. The control group has a significantly lower mean compared to the AU8 

group.  

 

Based on the result of this Tukey HSD Test, we infer that there are significant differences in means 

between the control group and both the AU8 and AU26 groups. However, there is no significant 

difference in means between the AU26 and the AU8 group. In the AU8 (Neofusicoccum parvum) 

group, the longest average lesion length was recorded on ‘Legacy’ (56.30) and is thus considered 

the most susceptible. The shortest lesion length was recorded on ‘Miss Alice’ (39.77) and is thus 

considered the most resistant to AU8 (Neofusicoccum parvum).  In the AU26 (Neofusicoccum sp.) 

group, the longest mean lesion length was recorded on ‘Vernon’ (56.03), while the shortest mean 

lesion length was also recorded on ‘Miss Alice’(35.86). Similar lesion lengths were recorded on 

‘Star’ and ‘Legacy’ in this treatment group. Interestingly, for both the AU8 (Neofusicoccum 

parvum) and AU26 (Neofusicoccum sp.) groups, ‘Miss Alice’ had the shortest mean lesion length, 

suggesting an interaction between the cultivar and isolates AU8 (Neofusicoccum parvum) and 

AU26 (Neofusicoccum sp.). 

 

 

Discussion 

This work assessed the pathogenicity of fungal species isolated from symptomatic blueberry 

plants in Alabama, Georgia, and Mississippi. Among the twenty-eight tested isolates, twenty-five 

were found to induce dieback symptoms on blueberries. Notably, Neofusicoccum sp. and N. 

parvum exhibited the highest aggressiveness among the nineteen species evaluated for virulence. 

Screening the blueberry cultivars "Legacy," "Miss Alice," "Star", and ‘Vernon’ against these two 

aggressive isolates revealed significant difference in mean lesion due to the isolates versus the 

control, and significant difference in mean lesion length due to cultivar, but no significant 

treatment x cultivar interaction. 

  

Approximately 90% of the isolates tested in this study across the Botryosphaeriaceae, 

Diaporthaceae, and Sporocadaceae were pathogenic on blueberries, with species from the 

Botryospheriaceae accounting for more than half of the group and thus indicating that 

Botryosphaeriaceae species are the primary causal pathogens of Botryosphaeria stem blight 

disease in Alabama. This finding agrees with work done in other states in the US including 

Florida and New Jersey (Flor et al. 2022, Phillips et al. 2006, Wright and Harmon 2010) as well 

as in other parts of the world (Hilário et al. 2019, Scarlett et al. 2019, Xu et al. 2015). 

Botryosphaeriaceae readily induced necrotic lesions during pathogenicity testing and produced 

the longest mean lesion length. Even so, pathogenicity varied greatly within the 
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Botryosphaeriaceae compared to Diaporthaceae. A possible explanation for the variance among 

the Botryosphaeriaceae isolates used for pathogenicity testing in this study may be the age of 

some of the isolates. Isolates used in this study were collected between August 2021 and July 

2022. Cline et al. (1993) reported that B. dothidea isolates rapidly lost virulence in culture. 

Similar claims were made by Taylor et al. (2005) and Smith (2009). Isolate AU5 

(Pseudofusicoccum kimberleyense) had an atypical lesion length, with a mean bordering between 

values for Diaporthaceae and Sporocadaceae. The loss of virulence in isolate AU5 is improbable, 

given that other virulent isolates either maintained their virulence or were able to regain it when 

introduced into living host tissue after a temporary loss in culture. The virulence of 

Pseudofusicoccum sp. on blueberries remains poorly understood, but confirmed reports on other 

crops exist (Marques et al. 2013, Sharma 2013). Further investigations may provide more 

support that Pseudofusicoccum species is not a highly virulent pathogen on blueberries. 

 

Overall, members of the species in the Neofusicoccum genus were found to be the most 

aggressive pathogens among the Botryosphaeria stem blight isolates examined in this study. This 

result aligns with the findings of earlier surveys conducted in the southeastern US by Wright and 

Harmon (2010) and Flor et al. (2022) and serves as additional affirmation that our results 

accurately depict the distribution and prevalence of stem blight pathogens in our region. Targeted 

approaches seeking to breed blueberries for resistance to stem blight disease must recognize the 

destructive potential of species in the Neofusicoccum genus. Similarly, the members of the 

Diaporthaceae such as Diaporthe cercidis, which have been previously reported as pathogenic on 

blueberries (Hilário et al. 2020; 2021, Lombard et al. 2014)), are capable to not only co-occur 

with other Botryosphaeria stem blight disease pathogens (Cardinaals et al. 2018, Farr et al. 2002, 

Nabetani et al. 2017, Van Bruggen et al. 2018), but also produce necrotic lesions on healthy 

blueberry stems (a characteristic symptom of stem blight disease). Our results show that they 

could be important pathogens of blueberry in our region. Species in the Sporocadaceae have also 

been previously reported as stem blight pathogens on blueberries in Peru and Portugal 

(Rodríguez-Gálvez et al. 2020, Santos et al. 2021). However, no previous report has associated 

species in the Sporocadaceae with stem blight disease in the United States. Thus, the report of 

the pathogenicity of Neopestalotiopsis clavispora and Neopestalotiopsis vitis on blueberries in 

Alabama, is a novel finding in this study. 

 

The lack of significant differences in the mean lesion length among the four blueberry cultivars 

screened for resistance to our isolates may be due to the sample size. Only three Highbush 

cultivars and one rabbiteye cultivar were tested in this study and the small sample size may have 

hindered the ability to detect any significant difference among the cultivars.  Furthermore, 

drawing inferences between our results and mean lesion lengths reported in various studies, 

regardless of whether the same or different assays were employed may yield misleading 

conclusions, since screening protocols have yet to be standardized (Ru et al. 2022). Additional 

confounding factors when assessing the reported resistance of blueberry cultivars from different 

studies may include the isolates used for inoculation, the conditions of inoculation, and other 

variables such as plant or stem age (Cline et al. 1993, Milholland 1972, Creswell and Milholland 

1987). 

 

Furthermore, the four blueberry cultivars in this study were screened with two isolates from the 

Neofusicoccum genus. It is probable that the isolates used may be the exact same species, or so 
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closely related that they exhibit identical aggressiveness when invading host plant tissues. In 

previous studies, twenty-one southern highbush and seven rabbiteye cultivars screened with two 

B. dothidea isolates by Smith (2009) did not show any differences between isolates in average 

lesion length across all cultivars. However, a significant isolate x cultivar interaction was 

reported. It is likely that increasing the number of cultivars may reveal a significant impact of 

isolate on lesion length produced by one or more cultivars. Similar to our findings, no significant 

plant-level resistance to stem blight was reported in studies conducted by Milholland (1972) and 

Creswell and Milholland (1987) although opposing outcomes were reported in studies conducted 

by Rooks et al. (1995). The rabbiteye blueberry cultivar has often been ranked as having higher 

resistance to stem blight pathogens in multiple studies (Milholland 1995, Smith 2004). However, 

similar susceptibility between the highbush and rabbiteye cultivars screened in this study may be 

due to the aggressiveness of the isolates used, as Neofusicoccum species have been reported as 

both the most widespread and the most aggressive causal pathogens of stem blight disease, 

worldwide (Flor et al. 2022). 

 

The findings from this study underscore the importance of conducting thorough screenings 

across diverse germplasms of blueberry cultivars to enhance the likelihood of identifying a 

viable source of resistance. While rabbiteye cultivars have traditionally been considered resistant 

to stem blight disease, our research suggests that highly virulent Botryosphaeriaceae species, 

particularly those in the Neofusicoccum genus, may induce symptoms similar to those observed 

on southern highbush cultivars. This insight highlights the need for a nuanced approach in 

screening and breeding for resistance to stem blight disease, considering the potential variability 

in pathogenic strains and their interactions with specific cultivars. It also emphasizes the 

dynamic nature of plant-pathogen interactions and the importance of continued vigilance in 

managing this significant disease in blueberry cultivation. 
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