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PREFACE 

 

Plum trees in the Western Cape Province have shown symptoms of trunk cankers and gummosis, 

which has led to their slow decline, which negatively affects the plum production industry. It has 

been suggested that this could be due to the prolonged drought in combination with pathogenic 

agents such as nematodes, oomycetes and Pseudomonas syringae.  Oomycetes diseases have a 

large economic impact on agricultural crops, and results in huge annual losses to crop production 

globally. This thesis is based on determining if oomycetes are associated with infected plum 

trees in the Western Cape Province of South Africa. This thesis is presented as three independent 

chapters. 

 

Chapter 1 will review previous literature on diseases of fruit crops caused by various species of 

oomycetes and Pseudomonas syringae pv. syringae. This chapter will also include sections on 

how the disease triangle and climate change influence disease development in stone fruit trees.  

Chapter 2 will deal with field observations and sampling of symptomatic plum trees at several 

plum orchards located in Franschoek, Simondium and Wellington in the Western Cape Province 

of South Africa. Isolations will be performed by isolating oomycetes, which include species in 

the genera Phytophthora, Pythium and Phytopythium from the rhizosphere soil of apparently 

healthy and diseased trees using soil baiting technique, and oomycetes from infected plant 

material will be isolated by plating the plant material onto selective media. The oomycetes will 

be identified based on the amplification and sequencing of the ITS region of the ribosomal DNA, 

followed by phylogenetic analyses. 

Chapter 3 will focus on the pathogenicity of Phytophthora multivora and Phytopythium vexans 

(isolated in Chapter 2) on plum seedlings using a ‗sand-infestation pot trial‘ inside a greenhouse 

environment. In this study, a set of plum seedlings (Sun kiss cultivar) will be co-infected with 

either one of the oomycetes and Pseudomonas syringae pv. syringae to test synergism. Roots 

will be inoculated with either P. vexans or P. multivora, and P. syringae pv. syringae will be 

inoculated into the stems. The disease severity will be recorded six weeks after inoculation. 
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CHAPTER 1 

 

Investigating plum decline within the framework of the disease 

triangle and climate change 

 

1.1 Introduction 

Several studies have shown that investing in agricultural research and development enhances 

global agricultural productivity. In South Africa, this investment, particularly in deciduous fruit 

research, has benefited the agricultural sector significantly (Thirtle et al, 1998). The Agricultural 

Research Council of South Africa‘s (ARC) stone fruit breeding programme, over a period of 15 

years, has developed at least 300 deciduous fruit tree cultivars of which 63 are stone fruit crops 

(Tshabalala, 2015). Between ARC‘s various fruit tree-breeding programmes, the one responsible 

for breeding plum fruit trees dates back to the early 1940s. The programme focused on trees 

originating from the Japanese plum species, Prunus salicina. Previously, the success of this 

industry was jeopardized by the poor quality of plums. One of the reasons for inferior fruit 

quality was the inability of these cultivars to adapt to South African climatic conditions. Through 

this research programme, the ARC produced two cultivars, Laetitia and Songold, which 

contributed significantly to the success of the plum industry allowing South Africa to become 

internationally competitive with this agricultural resource (Tshabalala, 2015). 

Plum trees are susceptible to a wide range of pathogens that includes bacteria, viruses, fungi and 

oomycetes. The individual disease cycles of these microorganisms are generally well understood. 

However, it is becoming increasingly evident that there has been an increase in sudden and large-

scale losses of trees to decline, a term used to infer an unknown cause. Tree decline has been 

attributed to several factors, viz. climate change (increasing temperature and/or drought), 

catastrophic weather events and invasions by both native and exotic pathogens. In combination, 

the plants, pathogens and environmental variability are the contributing factors to plant decline 

(Grulke, 2011). Studies have shown that stressful environmental conditions such as drought can 

promote pathogen development in trees and plants (Thomas et al, 2002; Eastburn et al, 2011).  
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In the last few years, plum trees from orchards in the Western Cape Province of South Africa 

have shown symptoms of decline (Pienaar and Boonzaaier, 2018). It has been suggested that this 

is due to the prolonged drought periods, in combination with pathogenic agents such as 

Pseudomonas syringae pv. syringae, oomycetes species, infection by ring nematodes, fungal 

pathogens and phytoplasmas (Wenneker et al, 2011; Gurdeep et al, 2012). In this review, the 

different interacting factors of the disease triangle, together with the effect of climate change on 

plum decline, will be discussed.   

 

1.2 Disease triangle 

One of the fundamental principles in plant pathology is the disease triangle. It is a model 

proposed by Stevens (1960) that illustrates the interactions between the environment, the host 

and the pathogen in disease development. Over time other parameters have been added, viz. 

humans, vectors and time, and a pyramid or tetrahedron is used to depict the interactions 

between the four factors. More recently, environmental change, i.e. climate change, has been 

shown to induce effects on the components of the triangle (Grulke, 2011). Below is a discussion 

on how these factors or components may play a role in plum decline. 

The three factors involved in decline are predisposing, inciting and contributing factors. 

Predisposing factors weaken the host‘s immunity resulting in the plant being unable to withstand 

adverse conditions (Mittler, 2000). These factors include soil as well as climatic conditions 

(Garrett et al, 2006). Climate change has a direct and indirect impact on soil (Dermody et al, 

2007). Soil-climate models assume that one of the effects of climate change to soil is an increase 

in the loss of CO2 in minerals and organic soil (Kardol et al, 2011). The loss of carbon will result 

in poor soil structure and stability, topsoil water holding capacity, mineral and nutrient 

availability and erosion (Lal, 2004).  

Furthermore, rainfall fluctuation, such as drought periods, increases the likelihood of shrink-

swell in clay soils (Bronick and Lal, 2005). The shrink-swell is a process whereby soils 

containing minerals absorb water causing the soil to swell, and when soil loses water, the soil 

begins to dry up and shrink (Dasog et al, 1988; Al-Kaisi et al, 2013). During shrinkage roots 

bridge the cracks and tend to snap as the crack expands, however, it is not clear to what extent 

this affects plant growth (Bengough et al, 2006; Whitmore and Whalley, 2009). In addition to 
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snapped roots, this also disturbs the foundation of the soil organic matter (Whitmore and 

Whalley, 2009). Climate change increases soil temperature, which is another factor that affects 

minerals and organic matter (Karmatar et al, 2016; Fang et al, 2019). 

Inciting factors such a drought, atmospheric and soil temperature contribute to plant decline. 

Moderate deficiencies do not cause detectable symptoms. However, biological processes are 

usually the ones affected (Corcuera et al, 2004; Andersson et al, 2011; Sohar et al, 2014). 

Photosynthetic rate decreases leading to less accumulation of photosynthate required for plant 

growth and development (Tjoelker et al, 1998; Noormets et al, 2000). Extreme deficiencies can 

result in visible symptoms such as wilting, discoloration of leaves, rootlet mortality and 

ultimately tree death (Karnosky et al, 2002; Way et al, 2005). Moisture stress, for example, is 

known to increase the susceptibility of plants to pathogen attack by interfering with the food 

manufacturing process. When plants are unable to obtain essential nutrients, they become weak, 

and their immune becomes compromised (Lindroth et al, 1997; Wustman et al, 2001).  

Contributing factors to plant decline include plant pathogens such as oomycetes and pathogenic 

Pseudomonas syringae, which usually cause visible symptoms. For instance, Phytophthora 

species cause root and crown rots, stem cankers or ―bleeding cankers‖ of their host trees (Zwart 

and Kim, 2012; Colangelo et al, 2018).  They are known to girdle the stem, which kills the 

phloem, leading to the interference of water and nutrient uptake subsequently killing the tree 

(Erwin and Ribeiro, 1996, Brown and Brasier, 2007).  

A plant is diseased when its normal physiological functions are altered by abiotic and biotic 

factors mentioned above (Spaulding, 1958; Manion, 1991, Thomas et al, 2002; Ostry et al, 

2011). The affected plant will then change in appearance or become less productive than a 

normal healthy plant of the same variety. In order for a plant disease to occur a host must be 

susceptible, pathogen virulent and the environment favorable (Nelson, 1994). Over the years, 

different plant hosts have been victims of decline. Despite the fact that plum trees are of 

economic importance in South Africa, studies on decline on this host have yet to be undertaken. 
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1.2.1 Host: Plum trees 

Plums were domesticated in China and Europe more than 2000 years ago, and one of the 

predominant species in large-scale commercial plum production is the Japanese plums (Prunus 

salicina) (Klabunde et al, 2014). They were introduced in South Africa by Jan van Riebaack in 

1659. There is a variety of plum cultivars produced in South Africa and Laetitia and Songold are 

the two most produced cultivars (Tshabalala, 2015). Plum fruits are popular due to their health 

properties (Vicente et al, 2009; Pennington and Fisher, 2010; Rendina et al, 2012; Nogales-

Delgado et al, 2013). Temperate fruit crops like plum trees require specific temperature regimes 

for optimal vegetative growth and reproductive development (Srinivasan et al, 2012). Plum trees 

require sufficiently low temperatures during winter to enter into a dormant state. The minimum 

air temperature required during this period should range from 2.5o-12.5oC. Plum trees can grow 

well in different soil types (sandy, clay and loamy), provided they are planted at least 60 cm deep 

and should have a pH range of 5.5-6.5. Well-drained soil is ideal. However, plum trees are more 

tolerant to heavy or waterlogged soils compared to other stone fruit trees (Department of 

Agriculture, 2008). These growth requirements render them susceptible to climate change. 

Climate change, also known as global warming, means the rise in the average surface 

temperatures on Earth. Climate change has caused the physical and chemical environment of the 

Earth to change drastically over the years, and the changes are expected to continue in the 

foreseeable future (Chappelka & Grulke, 2016). The primary cause of climate change is 

increased secondary pollutants and the release of gas emissions. Climate change affects water 

availability, which is of global importance more so for water-scarce countries (Dale et al, 2001). 

Climate change has repercussions for climate-sensitive systems such as forestry, natural 

resources and agriculture (Sanderman, 1996; Krupa et al, 2000; Karnosky et al, 2007). Projected 

changes in temperature and precipitation impacts on agricultural production, which subsequently 

affects the economy, leading to changes in prices due to reduced production. South Africa is a 

semi-arid and water-scarce country; therefore, the effects of climate change will be dramatic, and 

the competitiveness of agriculture will be at risk (Ogundeji & Jordaan, 2017). 

Due to climate change, the two most important limiting factors of plant productivity are drought 

and heat stress (Garrett et al, 2006; Fahad et al, 2017).  Drought is a prolonged period of 

deficient precipitation, which results in extensive damage to crops, and subsequently yields loss. 
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The Western Cape Province has experienced a persistent drought since 2014, and this condition 

has severely affected the agricultural sector. The Western Province has a Mediterranean climate; 

therefore, insufficient rainfall combined with warm temperature aggravates evapotranspiration, 

which leads to plant stress. The persistence of drought conditions has affected the stone fruit 

industry (Botai et al, 2017). Prolonged drought periods affect plant growth, development, 

physiology, reproduction and the overall health of a plant (Yordanov et al, 2000). Water is an 

important abiotic factor that limit physiological processes and ecological adaptability of plants 

(Fahad et al, 2017). It plays a crucial role in the transportation of nutrients from the soil to the 

plants, which aids in plant growth and development. Therefore, when plants are water-stressed 

their growth rate decreases and their immunity also becomes compromised due to starvation 

(Shao et al, 2005; Shao et al, 2006; Shao et al, 2008). 

Another important factor that impacts plant growth is temperature. Atmospheric temperature 

plays a crucial role in plant growth and development, and each species has different temperature 

requirements (Hatfield and Prueger, 2015). Elevated temperatures are expected to become 

intense, frequent and prolonged in the next 30-50 years compared to recent years (Meehl et al, 

2007). Elevated atmospheric temperatures result in heat shock, which subsequently affects the 

morphological, physiological, and biochemical processes of plants (Peng et al, 2004; Wahid et 

al, 2007). Heat stress may interfere with protein synthesis, inactivate vital enzymes, damage 

membranes and can interfere with cell division processes (Smertenko et al, 1997).  

Plants are continuously exposed to drought and heat, and the combined effect of both stress 

factors has a dire impact than the effect of each stress alone (Dreesen et al, 2012; Rollins et al, 

2013; Lipiec et al, 2013). Plants experience drought stress either when the loss of water through 

transpiration is extremely high or when the water supply to the roots is restricted, and often water 

shortage in the soil is concurrent to higher air temperatures (Anjum et al, 2011; Farooq et al, 

2012, Lipiec et al, 2013). Therefore, the decrease in precipitation and rainfall, heat wave events, 

as well as the increase in atmospheric CO2 levels adds complexity to the effect of drought and 

heat stress.  
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1.2.2 Pathogens 

One of the three elements that stresses the host plant is a virulent pathogen (Pritchard et al 1999; 

von Tiedemann and Firsching, 2000). Most plant pathology studies focus on single host-single 

pathogen interactions. However, plants in nature interact with multiple pathogens, which creates 

a complex interaction (Frey-Klett et al, 2011). Therefore, plant pathology studies need to focus 

on these complex interactions known as co-infection, since it tends to alter the disease severity 

and virulence compared to when a single pathogen is involved (Kozanitas et al, 2017).  The 

result of co-infection is reduced fitness of the host (Brown, 2015). Pathogen-pathogen 

interactions and host-multiple pathogen interactions may result in mutualism, coexistence, 

synergism or antagonism (Lamichhane and Venturi 2015). The severity of the disease on the 

plant is dependent on the outcome of the interactions and the host‘s response (Abdullah et al, 

2017; Kozanitas et al, 2017; Tollenare et al, 2017).  

Understanding co-infection complexes may help predict long-term dynamics of multiple disease 

outcomes (Abdullah et al, 2017). For instance, the outcome of co-infection complexes may be 

mutualism, where both pathogens are able to co-exist in peace, or competitive exclusion where 

one pathogen is excluded over time, or a new recombinant may emerge where one pathogen 

incorporates some genes obtained from another pathogen leading to large-scale epidemics (Al-

Naimi et al, 2005; Friesen et al, 2006; Mordecai et al, 2016). 

In cases of multiple pathogen attack, the plant‘s defense system is weakened even more than 

when a single pathogen is responsible for the disease (Lamichhane, 2015). This leads to extreme 

infection and consequent yield losses. Cases like this make it difficult to recognize disease 

symptoms on the plant. For instance, based on which pathogen we are looking for, the conditions 

for the disease development and establishment may differ throughout the year. Also, the 

presence of pathogenic species can mask that of non-pathogenic ones (Malvick & Moore, 1988). 

Plants have an innate immunity that is composed of two inducible layers that defend the plant 

against microbial infections (Monaghan and Zipfel, 2012; Andolfo and Ercolano, 2015; Irieda et 

al, 2019). The first one is the pathogen-associated molecular pattern (PAMP) or pattern-triggered 

immunity (PTI), which detects microbial molecules, or by-products produced by microbial 

activity by pattern-recognition receptors on cell surfaces. Pathogens manage to successfully 

colonize plants by releasing their cytoplasmic effectors or apoplastic effectors into the host 
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(Oliveira-Garcia et al, 2015; Büttner D, 2016; Lanver et al, 2017). The second layer is the 

effector-triggered immunity which involves the concept of effectors by cytoplasmic nucleotide-

binding, leucine-rich repeat (NB-LRR) resistance (R) proteins (Jones and Dangl, 2006; He et al, 

2018).   

Research on oomycetes has shown that they produce hundreds of effector proteins and they are 

used to target host plants at distinct sites (Birch et al, 2006; Kamoun, 2006; Tyler et al, 2006). 

For instance, they secrete apoplastic effectors into the plant‘s extracellular space, which are 

involved in inhibiting host enzymes, induced in response to pathogen infection (Rose et al, 2002; 

Tian et al, 2004; Tian et al, 2005). They may also secrete cytoplasmic effectors into plant cells 

where they target distinct subcellular compartments.  However, cytoplasmic effector activities 

are still poorly understood, and more research has to be done to understand the virulence 

function of these proteins (Morgan and Kamoun, 2007). 

Phytophthora infestans is known to produce RXLR effectors, which translocate to different 

subcellular locations and target various host proteins subsequently suppressing the host‘s 

immunity and promoting disease development (Whisson et al, 2016; Wang et al, 2017). PAMP 

innate immunity consists of various mechanisms, and stomatal closure is one of the most 

important ones. For instance, when a plant recognizes pathogen molecules, it will close its 

stomata to prevent or reduce pathogen entry. However, in the case of a suppressed immunity, the 

plant will be unable to close its stomata (Gudesblat et al, 2009). In addition to elevated CO2 due 

to climate change, stomata remain open due to that factor as well. This then enables 

opportunistic pathogens such as Pseudomonas syringae to take advantage of the situation and 

gain entry. Pseudomonas syringae is an opportunistic pathogen and infects predisposed host 

plants to cause disease. It will invade the stomata, multiply, then release type III effectors, which 

further attacks the plant‘s innate immune system (Block and Alfano, 2011). Therefore, disease 

symptoms displayed by infected plants are as a result of a weakened immune system. Symptoms 

are usually observed on roots, crown and foliage. 

 

1.2.2.1 Oomycetes associated with diseased fruit crops 

Oomycetes, known as water molds, are a diverse group of organisms belonging to the 

Infrakingdom Chromista (Cavalier-Smith, 1981). Organisms from this group include some of the 
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most devastating plant pathogens of agricultural crops, such as Phytophthora, Pythium and 

Phytopythium (Kamoun et al, 2003; Herrero et al, 2011). The genus Phytophthora has 180 

identified species to date, and some species reported in South Africa are Phytophthora 

cinnamomi, P. multivora, P. cactorum, P. capensis, P. cryptogea, P. frigida, and P. alticola 

(Cooke et al, 2000; Oh et al, 2013; Bose et al, 2018; Scott et al, 2019). Phytophthora disease 

symptoms include discoloration of the foliage, branch dieback and sometimes tree death, stem 

cankers, gummosis, crown and root rots (Erwin & Ribeiro, 1996; Werres et al, 2014).  

Over a hundred species of Pythium have also been identified, and the ones that are known to 

cause disease in plants are Pythium aphanidermatum, P. irregulare and P. ultimum (Sutton et al, 

2006; Ivors & Moorman, 2014; Kageyama, 2014). Pythium usually causes seed rot, root tip 

browning and rot, and seedling damping-off (Daughtrey & Benson, 2005; Sutton et al, 2006; 

Yang & Hong, 2016). Phytopythium currently includes over ten species and was recently 

diverged from Pythium (de Cock et al, 2015). The most important Phytopythium species are 

Phytopythium helicoides and P. vexans. They cause similar symptoms to that caused by Pythium 

spp. such as root damping-off and rot (Tao et al, 2011; Yang et al, 2013; Kageyama, 2014).  

Although the above species are amongst the most devastating plant pathogens, limited 

information is known about the role they play in the development of stem cankers and gummosis 

on stone fruit trees. The role they play, if any, in plum disease decline is unclear and has yet to 

be investigated. However, the closest host to plums to be studied is cherry trees, and other 

studies involving fruit crops such as grapevines, citrus and avocado trees.  

Oomycetes have been linked to replant and decline disease of grapevines, which causes yield and 

financial losses. Phytophthora and Pythium species have been reported as the most common 

frequently detected soil borne pathogens of grapevines in both nurseries and established 

grapevines (Marais, 1979; Marais, 1980). A study conducted by Spies et al (2011) investigated 

Phytophthora, Pythium and Phytopythium species associated with grapevines, and determined 

the pathogenicity of Phytophthora niederhauserii and Phytopythium vexans compared to that of 

Phytophthora cinnamomi and Pythium irregulare on resistant grapevine rootstocks. The results 

showed that the most common infections in grapevines were caused by P. irregulare (18%), P. 

vexans (16.7%), Pythium ultimum var. ultimum (15%), P. heterothallicum (7.3%), P. cinnamomi 

(5.1%) and P. niederhauserii (1.1%). The pathogenicity trial showed that P. niederhauserii and 
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P. vexans were as aggressive as the well-known grapevine pathogens P. cinnamomi and P. 

irregulare. Altogether, these findings showed that the common oomycetes species might induce 

disease on their own or in association with other pathogens and can aggravate infections already 

caused by these pathogens. 

Another important fruit crop that is targeted by oomycetes is citrus. A study was conducted to 

identify the causal agent of citrus gummosis in Tunisia during 2012 and 2013. Infected trees in 

major citrus orchards were secreting gum from infected trunk cracks. Most studies have reported 

Phytophthora nicotianae and P. citrophthora as the causal agents of gummosis (Erwin & 

Ribeiro, 1996; Sonoda, 2000; Verniere et al, 2004, Cacciola & Di San Lio, 2008). However, 

Pythium species are abundant in the rhizosphere of diseased citrus trees and widely distributed 

throughout the world as plant pathogens (Maseko & Coutinho, 2002; Mostowfizadeh-

Ghalamfarsa & Banihashemi, 2005).  

For example, Benfradj et al (2017) believed that Pythium and Phytopythium might influence the 

development of gummosis in citrus and not only Phytophthora.  They recovered Pythium 

aphanidermatum, P. diclinum, P. ultimum, Phytopythium vexans, and P. mercurial from the soil 

and diseased trunk samples. This study showed that Pythium species were consistently isolated 

from symptomatic infected citrus trees and showed that Pythium ultimum is the most virulent 

compared to the other recovered species.  

Crown and root diseases have had a major economic impact on the commercial cherry industry 

in the United States. Whenever soil samples were examined from diseased trees, Armillaria 

mellea and Poria ambigua were often identified as causal agents (Proffer et al, 1987). However, 

if these two pathogens were not identified as causal agents, the disease was usually attributed to 

wet feet or sour sap. Phytophthora was then later suspected to be the causal agent, and it was 

also noticed that the highest incidences of rots usually occurred in orchards suffering from poor 

soil water drainage (Mircetich and Matheron, 1976). This study revealed that Phytophthora 

cambivora, P. megasperma and P. dreschleri were repeatedly isolated from orchards with a high 

incidence of tree deaths, indicating that these three species were mostly associated with diseased 

cherry trees.  

Furthermore, Wilcox and Mircetich (1985) conducted a study to determine which other 

Phytophthora spp., other than the species mentioned above, are associated with dead and 



14 

 

declining cherry trees in the United States. The other Phytophthora species identified were, 

namely, P. crypyogea, P. cinnamomi, and P. citricola. Pathogenicity trials proved that the 

severity of the rots was much higher when trees were exposed to flooding compared to well-

drained soil (Wilcox & Mircetich, 1985).  

Cherry rootstocks that were mainly used in the past were Mazzard and Prunus avium, and Gisela 

5 and Maxma 14 rootstocks later replaced them. These rootstocks were preferred due to their 

dwarfing and precocity, and ability to tolerate the Mediterranean climatic conditions. Trees in 

cherry orchards in Greece were experiencing crown rots, and examination of the rots identified 

Phytophthora cactorum, P. citricola, P. citrophthora, and P. parasitica as the causal agents of 

the crown rot. These findings raised concerns in choosing suitable rootstocks that will be 

resistant or tolerate to these pathogens.  

A study was conducted evaluating the susceptibility of Gisela 5 and Maxma 14 cherry rootstocks 

to Phytophthora cactorum, P. citrophthora, P. citricola and P. parasitica. Two-year-old cherry 

trees of both rootstocks were inoculated with isolates of the above Phytophthora species, and all 

four species were found to be pathogenic to both rootstocks with similar susceptibility. When 

severity was compared between the four species, P. citrophthora and P. parasitica were highly 

virulent compared to P. citricola, which showed moderate virulence, and P. cactorum, which 

was the least virulent (Exadaktylou and Thomidis, 2005).  

 

1.2.2.2 Pseudomonas syringae associated with fruit crops 

Pseudomonas syringae is a Gram-negative, rod-shaped bacterium and is of economic importance 

with a worldwide distribution (Lamichhane et al, 2014; Konavko et al., 2014). Pseudomonas 

syringae causes infections in trees and crops of over 180 species (Little et al, 1998; Agrios, 2005; 

Kaluzna et al, 2010; Konavko et al, 2014). In 1994, about 40 pathovars were identified and later 

the number increased to over 50 (Braun-Kiewnick & Sands, 2001; Höfte & De Vos, 2006; 

Young, 2010). Pathovar is ―bacterial a strain or set of strains with the same or similar 

characteristics, which is differentiated at the infrasubspecific level from other strains of the same 

species/subspecies on the basis of pathogenicity, particularly in relation to host range‖ (Gonzalez 

et al, 2000).  
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The pathovar responsible for bacterial canker in stone-fruit trees is Pseudomonas syringae pv. 

syringae (Agrios, 1988; Shamsbakhsh & Rahimian, 1997; Bultreys & Kaluzna, 2010). 

Pseudomonas syringae pv. Syringae was first reported in New Zealand as the causal agent of 

blast of stone fruits by Dye (1954). Bacterial canker was then reported in Iran where Ps. syringae 

was detected from diseased apricot trees and later from peach trees (Bahar et al, 1985). In 

addition to stem canker, the infected trees displayed symptoms such as dieback, blossom blast, 

spur and twig blight, necrotic leaf spots, discolored leaf veins, spots on fruit and gummosis 

(Gotto, 1992; Hattingh & Roos, 1995; Mohammadi et al, 2001). Stem cankers often exude sap 

(gummosis), and as the canker enlarges, it girdles the stem, which eventually causes the death of 

the branch, or the entire plant (Moore, 1988; Kaluzna et al, 2010). 

Pseudomonas syringae pv. syringae can exist in large numbers on plant surfaces without causing 

an infection until the plant is predisposed to factors that weaken it. This bacterium exists on the 

surfaces of leaves, and during rainy seasons (spring and early summer) it enters through the 

stomata and causes infections in developing young leaves. As the leaves mature small patches of 

necrosis appears on the leaves. The pathogen then infects blossoms, and lenticels leading to 

invasion of woody tissue resulting in canker formation. As the canker enlarges, it eventually 

girdles and kills the branches, which results in loss of fruit surface and eventually tree death 

(Kennelly, 2007). 

Little et al (1998) identified and characterized different strains of Pseudomonas syringae pv. 

syringae that were isolated from various Prunus species which included almonds, peaches, 

plums etc. The strains isolated from leaves, flowers, branches, and dormant buds of healthy and 

diseased stone-fruit trees from 43 orchard sites in California between 1995 and 1996, were 

inoculated into Lovell peach seedlings. The results indicated that all the strains were moderate to 

pathogenic on the peach seedlings as the infected trees displayed symptoms of necrotic lesions 

and gummosis.  

Similarly, Mohammadi et al (2001) observed the same results when they isolated various Iranian 

strains of P. syringae pv. syringae from stone fruit trees to evaluate their phenotypic properties. 

They tested the degree of necrosis associated with the strains on apricot leaves, immature cherry 

fruits and shoots. The infected apricot leaves developed water-soaked spots and necrosis; the 

color of the cherry fruits changed to dark brown, and the infected shoots developed chlorotic 
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spots, which become necrotic and dried. Overall, the results showed that the virulence of the 

strains was undoubtedly associated with the degree of necrosis on the cherry fruits. 

 

1.2.3 Environment  

Environmental factors have an impact on the development of plant diseases (Czembor et al, 

2015; Fathi and Tari, 2016). The disease triangle clearly states that for a plant disease to occur, a 

susceptible plant host, a virulent pathogen, and favorable environmental conditions must interact 

(Agrios, 2005; Islam et al, 2017, Islam, 2018). Because of this intimate relationship, plant 

disease incidence and severity is expected to be significantly influenced by climate change 

(Ghini et al, 2008; Das et al, 2016). 

The two most important environmental factors involved in plant disease development are 

temperature and moisture (relative humidity) (Rana & Randhawa, 2011). Temperature and 

moisture influence the rate of reproduction of pathogens. Climate change makes growing seasons 

longer, which may extend the amount of time required for reproduction and dissemination of 

pathogens (Dufault and De Wolf, 2006; Granke and Hausbeck, 2010; Manstretta and Ross, 

2015). Temperature and relative humidity affect disease cycle events such as germination, 

dispersal, infection, development, establishment, survival and the reproduction rate of most 

pathogens (Chakraborty et al, 2008; Das et al, 2016). 

Climate change modifies temperature and precipitation regimes, which usually alters the growth 

stage, development rate and the pathogenicity of plant pathogens (Mboup et al, 2012; Haavik et 

al, 2015). Climate change is expected to worsen the effects of plant pathogens (Coakley et al, 

1999). Changed temperature conditions favor the overwintering of sexual propagules, which 

increases the evolutionary potential of a population (Tapsoba and Wilson, 1997; Pfender & 

Vollmer, 1999). In summary, warmer temperatures enhance pathogen fitness in terms of 

generation number and sexual reproduction rate, extends the amount of time available for 

reproduction and dissemination (Huber and Gillespie, 1992; Venette, 2009). For instance, with 

Phytophthora species, the severity and incidence of root rot in trees increases when there is a rise 

in winter temperatures, a shift in precipitation from summer to winter and towards heavy rainfall 

(Elad and Pertot, 2014). 
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1.3 Conclusion 

Climate change affects the two most important environmental factors, temperature and moisture. 

During climate change there is an increase in atmospheric temperature, which subsequently 

reduces rainfall, resulting in drought conditions. Drought was reported to be one of the limiting 

factors stone fruit productions in the Western Cape. Water stress weakens the host plant by 

interfering with the absorption of essential nutrients required for plant growth and development. 

Stressed plants become more susceptible to pathogen attack. Temperature and moisture also 

influence pathogen occurrence and establishment. These factors alter growth and development 

rates of pathogens which aids in plant infection. In some cases, a single host can be infected by 

more than one pathogen, and this complex interaction may influence the disease severity. Studies 

on plant diseases have highlighted the importance of the interrelations of stress factors involved 

in decline. Decline is a complex phenomenon, and has been predicted that in the next coming 

years, there will be greater frequency of occurrence of diseases. The plum decline in South 

Africa could be due to the interrelation stress factors which need to be investigated. The role of 

Pseudomonas syringae pv. syringae causing disease in plum trees has been studied; however, the 

role that oomycetes play in the development of the disease has not been studied. In order to 

understand and develop better management strategies, the interaction of potential contributing 

factors has to be considered. 
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CHAPTER 2 

 

Identification of oomycetes associated with plum orchards in the 

Western Cape Province of South Africa 

 

2.1 Abstract 

Plums are one of the largest exported fruit crops in South Africa. In the past few years, there has 

been a slow decline of plum trees in the Western Cape Province of South Africa. It has been 

suggested that this is due to climate change, in combination with various biotic factors such as 

bacteria, oomycetes and nematodes. Sampling was conducted during 2017 and 2018 at several 

plum orchards in the Western Cape Province, to determine if oomycetes were among the causal 

agents of the plum tree decline. The aim of this study was to isolate and identify oomycetes 

isolated from plum trees displaying symptoms of trunk cankers, gummosis and brown/red lesions 

in the inner bark, as well as from the rhizosphere soil of apparently healthy and diseased trees in 

this region. Baiting technique was used to isolate oomycetes from the rhizospheric soil, followed 

by the transfer of lesions on the baiting material onto selective media NARPH. Oomycetes on 

infected plant material were plated directly onto the selective media. The isolates were identified 

as Phytophthora, Phytopythium and Pythium based on the amplification and sequencing of the 

ITS region of the ribosomal DNA. Species recovered from the rhizosphere soil were 

Phytophthora multivora, Phytopythium vexans, Pythium coloratum, P. diclinum, P. irregulare, 

and P. ultimum. The only species that was recovered from infected plant material was 

Phytopythium vexans. Overall, the results revealed that only Phytopythium vexans was associated 

with symptomatic plum trees. This is the first study to provide evidence of the association of 

Phytopythium vexans with plum trees.  

Keywords: oomycetes, Internal transcribed spacer (ITS), soil baiting 
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2.2 Introduction 

Plums are one of the most economically important stone fruit crops in the genus Prunus 

belonging to the family Rosaceae (Okie and Ramming, 1999; Venter et al, 2014). In South 

Africa, Western Cape Province is the largest producer of stone fruit (Hortgro, 2016). The South 

African plum industry is well established with 70% of the plum production supplied to the export 

market in Europe, the United Kingdom and the Middle East (Hortgro, 2017; Nyawo, 2017). 

Recently, there has been a slow decline of plum trees in major orchards located in the Western 

Cape. Symptoms of this slow decline are gradual reduction in growth and vigor, and 

discoloration and chlorosis of leaves that leads to defoliation (Wen-Hsiung, 2009). Plum trees 

are long-lived and over time they become susceptible to pathogen attack and extreme 

environmental conditions. The combination of these stress factors negatively affects the overall 

function of a plum tree. Extreme environmental conditions such as drought usually weakens the 

resistance of the trees, thus making the tree susceptible to pathogen attack. Between 2014-2019, 

the Western Cape Province experienced the worst drought since 1904, which has negatively 

affected the plum trees (Botai et al, 2017; Pienaar and Boonzaaier, 2018).  Due to the drought 

farmers resort to almost seven hours of irrigation twice or three times a day to compensate for 

the water loss. This creates a potential for water-logging which is a favorable environment for 

zoospore release, since the incidence and severity of Phytophthora infections is closely related to 

soil moisture conditions (Utkhede and Smith, 1996).   

It has been suggested that the slow decline of plum trees in the Western Cape is due to the 

prolonged drought periods, in combination with pathogenic microbes such as Pseudomonas 

syringae pv. syringae, oomycetes, infection by ring nematodes, fungal pathogens and 

phytoplasmas (Wenneker et al, 2011; Gurdeep et al, 2012). This type of complex was reported in 

peach orchards in the United states, were trees suffered from peach tree short-life syndrome, 

where trees are often killed by the combination of nematodes, bacterial canker and cold injury 

(Okie et al, 2009). The primary disease symptoms displayed by the infected trees were cankers 

on the trunks of the trees. Advanced symptoms on the diseased trees were gummosis from the 

cankers, brown/red lesions on the inner bark and eventually death of the trees. Trunk cankers are 

an economically important disease in the plum industry, and the one pathogen most commonly 

associated with it is Pseudomonas syringae (Wenneker et al, 2011). However, other pathogens, 
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including fungi, are also capable of causing cankers, therefore, diagnosis should be approached 

with an open mind (Nelson and Hudler, 2007). 

Limited information is available on the role played by oomycetes, if any, in the development of 

trunk canker and gummosis. The main symptoms displayed by the diseased plum trees 

suggesting oomycete involvement is the ‗bleeding‘ of the canker, as well as the brown to red 

color of the lesion on the inner bark (Hayden et al, 2013). Infected stone fruit trees usually 

exudes gum from the bark, and the gum darkens with age. This disease is usually caused by one 

of the three Phytophthora species; P. cactorum, P. cinnamomi and P. cambivora, and P. 

cactorum is the most widely spread (Adem, 2010). Aerial Phytophthora infections have been 

reported in infected almond trees.  Almond trees are fasting growing and their rapid growth this 

usually results in weak tissues that split easily, creating entry for pathogens. During extreme 

rainfall and irrigation, the wood remains wet for long periods which create favorable conditions 

for aerial Phytophthora infections (Yamashiti, 2018). Some oomycetes capable of causing plant 

diseases belong to the genera Pythium and Phytopythium, and they are usually abundant in the 

rhizosphere soil of infected citrus trees (Maseko and Coutinho, 2002; Benfradj et al, 2017). 

Species belonging to these genera are capable of causing devastating plant diseases either as a 

single pathogen or in complexes with other pathogens (Belhaj et al, 2016; Larousse and Galiana, 

2017). Phytophthora cactorum has been frequently isolated from cankers located below ground, 

and P. citricola is usually limited to above ground portion of almond trees (Browne and Viveros, 

1999). Phytophthora megasperma has also been isolated from diseased plum in Turkey which 

displayed symptoms of decline such as leaf discoloration, twig dieback and reddish brown 

cankers on roots and stems (Kurbetli et al, 2017). There is evidence that proves Phytophthora 

species to be causal agents of trunk cankers of stone fruit in various countries, however, they 

have not been investigated in plum trees in South Africa. 

The role played by oomycetes in plum tree decline in the Western Cape Province of South Africa 

is unclear and has not yet been investigated. Therefore, the aim of this study was to isolate and 

identify the oomycetes isolated from trees displaying trunk cankers, gummosis, and brown/red 

lesions on the inner bark, as well as from rhizosphere soil collected from diseased and healthy 

trees using molecular techniques.  
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2.3 Materials and methods 

2.3.1 Sampling and isolation of oomycetes 

In 2017-2018, six farms located in the Western Cape Province of South Africa were selected for 

investigation, due to reports of slow decline in plum trees (Figure 3). In order to determine the 

cause of slow tree decline, sampling was conducted at two different periods, March 2017 and 

October 2018. The population density often differs throughout the year; therefore, sampling at 

different times will ensure that the entire population is represented (Shearer and Shea, 1987; 

Bush et al, 2003).  

Trees displaying visible symptoms of stem cankers, gummosis, shoot-dieback and wilt were 

tested for the presence of oomycetes (Figure 1). Samples compromised of soil and fine roots (50 

samples in total) from the rhizosphere soils of healthy and diseased trees, including plant 

material (20 samples in total). At each sampling site, i.e. orchard, trees were randomly selected, 

debris was removed and about 4-5 cm of topsoil was collected (Bose et al, 2018).  They differed 

in age and cultivar. The soil samples were combined/per orchard and were stored in brown paper 

bags in room temperature until baiting. Trees displaying symptoms were randomly selected and 

infected plant material was collected. 

Soils were divided into 100 g and placed into 350 ml plastic containers and were flooded with 

deionized water overnight to the depth twice as that of the soil.  Floating debris was removed 

with paper towels, and soil samples were baited with citrus leaves, plum leaves, and white rose 

petals. Samples were incubated at room temperature and baits were monitored regularly for 5-10 

days for signs of infections. Infected leaves developed blackened lesions, and infected rose petals 

developed water-soaked and brown lesions. Lesions from infected baits were removed from the 

water, blotted dried and plated into Petri dishes containing Phytophthora-selective medium 

NARPH (Masago et al, 1977). Petri dishes were incubated at 25
o
C in the dark, and pure cultures 

were established on ½ PDA (Potato Dextrose Agar 20 g (Sigma-Aldrich, USA) and Nutrient 

Agar 7 g (Merck, USA)) and incubated at the same conditions. 

Cankered bark tissue, including the inner bark, was rinsed with deionized water to remove dirt, 

and the outer bark was carefully removed. A sterile scalpel was then used to cut into the inner 

bark and about 2-3 mm pieces of plant tissue, which included diseased and healthy tissue, was 
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plated directly into Petri-dishes containing Phytophthora-selective medium NARPH.  Petri 

dishes were incubated under the same condition as described above. 

2.3.2 Identification of oomycetes isolates  

Mycelia from isolates grown on ½ PDA were harvested by scraping them from the agar surface 

using a sterile spatula. Thereafter, genomic DNA was extracted using the Prepman kit (Applied 

Biosystems, USA). Molecular identification was performed by amplifying and sequencing the 

Internal Transcriber Spacer (ITS) regions using primers ITS4 and ITS6 (White et al, 1990; 

Cooke et al, 2000). Polymerase chain reactions consisted of 25µl reaction mixture containing:  1 

µl of DNA template, 5 µl MyTaq reaction buffer (Bioline, UK), 0.5 µl MyTaq DNA polymerase 

(Bioline, UK), 0.5 µl of each primer and 17.5 µl PCR grade water. The PCR reactions were 

carried out in the following conditions: denaturation at 94 
o
C for 3 min, followed by 35 cycles of 

94 
o
C for 1 min, 57 

o
C for 1 min, 72 

o
C for 1 min and 72 

o
C for 10 min. The resulting PCR 

products were separated by 1 % agarose gel electrophoresis. The DNA sequencing facility of the 

University of Pretoria sequenced the amplicons. Preliminary identification of the amplicons was 

done using BLAST (Altschul et al, 1990) algorithm available through NCBI GenBank.  

2.3.3 Phylogenetic analyses of the sequence data 

Sequence data that used in this phylogenetic analysis was retrieved from NCBI GenBank. The 

selected sequences had a BLAST hit of above 98% similarity. The representative sequences were 

sequences within each genus. The genera included in the phylogenetic analysis were 

Phytophthora, Phytopythium, Pythium and the outgroup Albugo. The alignments were edited and 

refined with MEGA.5 software (Tamura et al, 2011), and jModelTest (Darriba et al, 2012) was 

used to statistically select the best-fit model nucleotide substitution (Posada, 2008). The best-fit 

model was identified as General Time Reversible (GTR+G). A Maximum Likelihood 

phylogenetic tree was constructed using GTR+ of G substitution model using PhyML. The 

branch support was based on 1000 bootstrap replications. The phylogenetic tree was visualized 

and rooted using MEGA.5 software. 
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2.4 Results  

2.4.1 Sampling and isolation of oomycetes 

A total of 44 isolates were recovered from fifty soil samples and 15 infected plant material in the 

Western Cape Province (Figure 3). No isolates were obtained from 5 plant samples.  Oomycetes 

species were readily isolated from soil samples taken from rhizosphere as compared to samples 

taken from infected plant tissue. The occurrence and distribution of the species varied from farm 

to farm. Species dominance differed at each farm throughout the duration of the study. The 

pathogen diversity also fluctuated among the different baiting material. The highest population 

diversity was observed during spring (October). The recovered species are shown in Table 1. 

2.4.2 Identification of oomycetes isolates 

The PCR of the amplified ITS regions of the isolates resulted in a single band of 900 base pairs.  

Based on the molecular identification using BLAST the species belonged to the genera 

Phytophthora, Phytopythium and Pythium. The isolates represented six taxa: Phytophthora 

multivora, Phytopythium vexans, Pythium coloratum, P. diclinum, P. irregulare and P. ultimum 

(Figure 2). The only taxon recovered from the infected plant material was P. vexans. The most 

efficient baits used were the rose petals followed by citrus land Prunus leaves (Table 1). The 

isolation success varied considerably during the different sampling times, as well as between 

different farms. During the first sampling, P. multivora and P. irregulare were the only taxa 

recovered. After the second sampling P. multivora was not isolated, however, there was a variety 

of Pythium species and P. vexans was among the taxa isolated.  The species diversity varied 

among the orchards. P. multivora, P. coloratum and P. vexans were only recovered at the 

Wellington area. P. diclinum and P. irregulare were only recovered in Franschoek. Pythium 

ultimum was the only species recovered in Simondium and P. vexans was the only species 

recovered in Franschoek from infected plant material. 

 2.4.3 Phylogenetic analysis of sequence data 

The taxa in the oomycetes phylogenetic tree clustered into three genera: Phytophthora, 

Phytopythium, and Pythium (Figure 2). The outgroup Albugo candida is distantly related to all 

the taxa. Phytophthora multivora has a 97% bootstrap statistical value, P. vexans 100%, P. 

irregulare 100%, P. ultimum 100% and P. diclinum and P. coloratum 96%. 
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2.5 Discussion 

The aim of this study was to isolate and identify the oomycetes isolated from trees displaying 

trunk cankers, gummosis, and brown/red lesions on the inner bark, as well as from the 

rhizosphere soil collected from diseased and healthy plum trees in the Western Cape Province of 

South Africa. Oomycetes that were detected from the soil and trunks of symptomatic plum trees 

in this study belonged to three genera: Phytophthora, Phytopythium and Pythium. In total 44 

isolates representing six oomycetes species were detected, one Phytophthora sp, one 

Phytopythium sp and four Pythium spp. All the taxa are known species, viz. Phytophthora 

multivora, Phytopythium vexans, Pythium coloratum, Pythium diclinum, Pythium irregulare, and 

Pythium ultimum.  

Despite the abundance of oomycetes belonging to Phytophthora, Phytopythium and Pythium 

being reported at citrus farms, very little is known about the role of oomycetes in infected plum 

trees in South Africa (Graham and Menge, 2000; Maseko and Coutinho, 2002; Cacciola and Di 

san Lio, 2008; Benfradj et al, 2017).  

In this study, the first sampling was conducted in March 2017 and this was when the Western 

Cape province was experiencing extreme drought. Symptoms displayed by diseased trees were 

stem cankers, gummosis, discoloration of the foliage, diebacks, and a few dead trees. The only 

species that were detected from the soil samples during that time was Phytophthora multivora 

and Pythium irregulare. Phytophthora multivora is a recently described species that was 

associated with the decline of natural ecosystems in Western Australia (Scott et al, 2009; Puno et 

al, 2015). Similar results were observed by Aldaoud et al (2016) who detected P. multivora from 

several soil samples collect from plants displaying dieback symptoms in Australia at the Royal 

Botanic Gardens Victoria and the Melbourne Museum. Phytophthora multivora was also 

detected from the rhizosphere soil of declining or dead Eucalyptus trees by Scott et al (2009), 

although in our study we did not detect P. multivora on infected plant tissue, they managed to get 

isolated it from the finer root of infected trees.   

During the second sampling the Western Cape Province was experiencing heavy rainfall, and a 

variety of species were recovered. Three Pythium spp. were isolated (P. coloratum, P. diclinum 

and P. ultimum), and Phytopythium vexans. Phytopythium vexans was the most frequently 

isolated species from soil samples of symptomatic infected plum trees and also the only one 
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isolated from infected plant tissue. The rest of the species were only isolated from the soil 

samples. The first report of Pythium and Phytopythium species being causal agents of citrus 

gummosis in Tunisia was reported by Benfradj et al (2017). Similarly, they recovered Pythium 

dissotocum, P. ultimum and Phytopythium vexans from symptomatic infected citrus trees. 

Different species were detected during the different sampling times, and the baiting material may 

have influenced the results. For instance, during the first sampling the only baiting material used 

was citrus leaves, and for the second samples rose petals and plum leaves were used. These 

different baiting materials yielded different results. The rose petals recovered a greater species 

diversity compared to the other baits. Some species might have gone undetected and there might 

be more diversity of oomycetes than what was recovered from the baits due to several reasons. 

Certain species may be less competitive under baiting conditions or less responsive to particular 

baiting material (Arcate et al, 2006). This suggests that in order to get a complete picture of 

diversity, different baiting material should be used. This will reduce or eliminate any possible 

bias of baiting material excluding certain taxa (Dick, 1996; Sanchez et al, 2006; Nechwatal et al, 

2008).    

Environmental conditions are another factor that affects the detection of species. Climate change 

influences the occurrence of droughts by affecting evapotranspiration (Pereira et al, 2018). 

Extreme environmental conditions like drought and waterlogging influences the species 

compositions; therefore, species that thrive under wet and dry conditions will differ (Meisner and 

de Boer, 2018). This explains why species recovered in this study varied between the two 

sampling periods. Soil moisture affects the life cycle of oomycetes such as hyphal growth, 

sporangia formation, and zoospore motility. Wet conditions favor the development and 

establishment of oomycetes.  

During drought conditions the species community consists of species that able to thrive under 

these harsh conditions. This indicates that P. multivora and P. irregulare were able to tolerate 

and survive the drought conditions, compared to other species and there is less competition for 

food. However, once it rains the water will increase the availability of soluble substrates which 

will act as food source. This will temporarily relieve the competitive pressure for energy sources, 

but thereafter the species will resume competition (William and Xia, 2008). Keeping in mind that 

this will be the recovery phase, and the species that will be abundant will be the ones that 
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resuscitate faster (Placella et al, 2002). Therefore, recovery phase will influence species 

composition. This indicates that the Pythium and Phytopythium species recovered during the 

second sampling were able to recover quickly and outcompete P. irregulare and P. multivora. 

Species richness is sometimes liked areas, which could be due to different silviculture practices 

conducted by farmers (Bose et al, 2018). Farmers at plum orchards may be using different 

fungicides which eliminates some species and not others. The cropping history also plays a role 

in influencing the species richness (Arcate et al, 2006). Another factor could be season sampling, 

the samples in this study were conducted in autumn and spring. Meteorological conditions also 

shape the oomycetes community structure (Lang-Yona et al, 2018). Therefore, in order to 

increase the accuracy of the detection samples should be taken every season. To our knowledge 

this is the first report to associate P. vexans with diseased plum trees in the plum orchards in the 

Western Cape Province. This study revealed the diversity of oomycetes present in the 

rhizosphere soil of plum trees. Having the knowledge of which species are present in these 

orchards will help in the development of effective disease management strategies. 

 

2.6 Conclusion 

Oomycetes from three genera were recovered from the soil and diseased plant material of plum 

trees in the Western Cape Province. Species that were recovered from the soil samples were 

Phytophthora multivora, Phytopythium vexans, Pythium coloratum, P. diclinum, P. irregulare 

and P. ultimum. The only species retrieved from diseased plant material was P. vexans, which 

indicates that this oomycete is associated with diseased plum trees. The occurrence of this 

pathogen could be related to favorable environmental conditions. Climate change results in the 

rise of relative humidity, which is ideal for the production of P. vexans infective propagules 

(sporangia and zoospores). There was a change in the variability of species between the two 

years. In 2017, the only species recovered were P. multivora and P. irregulare and this was 

during the drought period. They may have been able to tolerate the extreme drought conditions 

that other microorganisms found unfavorable. In addition, the choice of baiting material may 

also have played a role.  In 2018, the recovered species were P. vexans, P. coloratum, P. 

diclinum and P. ultimum, and this was during heavy rainfall. During the recovery phase these 

species have had a better resuscitation strategy than P. multivora and P. irregulare; thus, 
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outcompeting them and becoming abundant. In some cases, baiting material may be bias and 

exclude certain taxa; therefore, different baiting materials should be considered for all 

experiments.  Different species also thrive under different weather condition; therefore, seasonal 

sampling should be conducted. The internal transcribed spacer (ITS) was used as marker; 

however, the cytochrome oxidase (cox) mitochondrial DNA should be used since it produces 

much stronger evidence. Sequence diversity has been reported to be greater in soil communities 

than in bait communities, so direct DNA extraction from rhizospheric soils should be considered 

as well. The above recommendations will help provide a more complete picture of the diversity 

of oomycetes in plum orchards. To our knowledge, this is the first study to report of the 

occurrence of P. vexans in diseased stone fruit trees. This pathogen has been reported in citrus, 

apple, grapevine farms and woody plantations in South Africa, which indicates that it is 

important in plant production and should be further investigated. The results of this study have 

contributed to the knowledge of oomycetes species associated with plum trees in the Western 

Cape Province of South Africa. Knowing which species are present will help with the 

development of effective disease management strategies. 
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2.9 Figures 
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Figure 1. Symptoms of cankers on the trunk of the tree (A). Symptoms of gummosis 

affecting one of the main branches of the tree (B). Brown to red lesion on the wood 

following the removal of the bark (C). Death of a tree (D). 
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Figure 2. Maximum Likelihood (ML) tree for oomycetes species recovered in this study. The 

tree was constructed using complete Internal Transcribed Spacer (ITS) region. The taxon names 

in bold font within highlighted clades indicate isolates recovered from this study. Numbers on 

the branch shows bootstraps values ≥ 70%.  
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Figure 3. Map of plum production areas in the Western Cape Province of South Africa, red pins 

representing sampling sites. 
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Table 1. List of oomycete species isolated from rhizosphere soil and infected plant tissues from 

symptomatic plum trees.  

Species identity 

Isolate 

number Material Location* 

P. multivora JPF1 Soil Wellington 

P. multivora JPF2 Soil Wellington 

P. multivora JPF3 Soil Wellington 

P. multivora JPF4 Soil Wellington 

P. multivora JPF5 Soil Wellington 

P. multivora JPF6 Soil Wellington 

P. multivora JPF7 Soil Wellington 

P. multivora JPF8 Soil Wellington 

P. multivora JPF10 Soil Wellington 

P. multivora JPF11 Soil Wellington 

P. irregulare BR4 Soil Franschoek 

P. irregulare BR5 Soil Franschoek 

P. irregulare BR6 Soil Franschoek 

P. irregulare BR7 Soil Franschoek 

P. irregulare BF10 Soil Franschoek 

P. irregulare BF11 Soil Franschoek 

P. irregulare BF12 Soil Franschoek 

P. diclinum BHR2 Soil Franschoek 

P. coloratum JR1J Soil Wellington 

P. coloratum JR2F Soil Wellington 

P. ultimum LNR1 Soil Simondium 

P. ultimum LNR2 Soil Simondium 

P. ultimum LNR3 Soil Simondium 

P. vexans JP1F Soil Wellington 

P. vexans JP2F Soil Wellington 

P. vexans BRF1 Soil Wellington 

P. vexans BRF2 Soil Wellington 

P. vexans BPFI Soil Wellington 

P. vexans BPF2 Soil Wellington 

P. vexans BSR1 Soil Wellington 

P. vexans BSR2 Soil Wellington 

P. vexans BSR3 Soil Wellington 

P. vexans BSR4 Soil Wellington 

P. vexans BSR5 Soil Wellington 

P. vexans BSR6 Soil Wellington 

P. vexans PMF1 Soil Wellington 

P. vexans PMF2 Soil Wellington 

P. vexans ZBB1F Plant tissue Franschoek 

P. vexans ZBB2F Plant tissue Franschoek 

P. vexans ZBB3F Plant tissue Franschoek 

P. vexans ZBB4F Plant tissue Franschoek 

P. vexans ZBB5F Plant tissue Franschoek 

P. vexans ZBB6F Plant tissue Franschoek 

P. vexans ZVF1 Soil Franschoek 

* Samples from some orchards were combined. 
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CHAPTER 3 

 

Pathogenicity of oomycetes and Pseudomonas syringae pv. syringae 

on plum seedlings in greenhouse trials 

 

3.1 Abstract 

Recently, field observations reported the appearance of trunk cankers and gummosis in plum 

orchards in the Western Cape Province of South Africa. This disease is economically important 

and the pathogen that has been the most frequently recovered is Pseudomonas syringae pv. 

syringae. However, cankers observed on some trees resembled those caused by oomycetes, i.e. 

black discolored outer bark with gummosis and discolored internal tissue present at the tree base. 

A study was conducted during 2017 and 2018 to identify if oomycetes were responsible for these 

symptoms. Phytopythium vexans was isolated most frequently from the cankers on the 

aboveground parts of the trees. Phytophthora multivora was only isolated from the soil. In this 

study, pathogenicity trial was conducted to investigate the role (if any) of P. vexans, P. multivora 

and P. syringae pv. syringae on overall tree health of two plum cultivars under greenhouse 

environment. Stem inoculations and sand-infestation pot trial were conducted on one-year-old 

plum seedlings. Roots were inoculated with either P. vexans or P. multivora, and P. syringae pv. 

syringae was inoculated into the stem in one treatment. The disease severity was compared 

between seedlings that were infected with a single pathogen, and with those that were co-

infected. Seedlings that were stem-inoculated developed lesions after six weeks, and the 

respective pathogen was re-isolated. The lesions on seedlings inoculated with Phytophthora and 

P. syringae pv. syringae were larger compared to the ones inoculated only with P. syringae pv. 

syringae, and the ones inoculated with Phytopythium and P. syringae pv. syringae. For root 

inoculations there were no disease symptoms, i.e. neither root rot or canker development was 

observed.  Results confirmed that P. syringae pv. syringae was the cause of the cankers and 

gummosis. Both P. vexans and P. multivora were not pathogenic to the plum seedlings under 

greenhouse conditions. 

Keywords: oomycetes, Pseudomonas syringae, plum, pathogenicity 
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3.2 Introduction 

Globally, stone fruits such as apricots, cherries and plums are often infected by Pseudomonas 

syringae, causing dieback, bud necrosis and blast, wilting, cankers and gummosis (Scortichini, 

2010). This bacterial canker of plum is often referred to as plum decline and it is one of the most 

economically important diseases of stone fruits (Wenneker et al, 2011). It has been suggested 

that several abiotic and biotic factors could be the cause of this decline. Trunk cankers and 

gummosis were observed during field surveys conducted in plum orchards located in the 

Western Cape Province of South Africa. Cankers were observed on trunks, branches and twigs of 

infected trees. The Western Cape Province experienced extreme drought conditions between 

2014-2018 (Botai et al, 2017). Drought was reported as the major contributing factor for 

reduction in plum production in 2016 (Pienaar and Boonzaaier, 2018). As drought positively 

influence disease development (Velasquez et al, 2018; Sinha et al, 2019), hence, those plum tree 

in the West Cape Province become more susceptible to plant pathogens (Wegulo et al, 2013). 

For instance, although Phytophthora diseases are frequent in poorly drained soils, they are also 

reported in well drained or dry soil (Desprez-Loustau et al, 2006).  

Pseudomonas syringae pv. syringae has frequently been identified as the causal agent of 

bacterial canker of stone fruit trees (Kennelly, 2007; Kim et al, 2017). Although, the majority of 

the diseased trees in the field displayed bacterial cankers, some trees displayed cankers that 

resembled those caused by oomycetes, notably Phytophthora spp. Several Phytophthora species 

are capable of causing trunk cankers on various tree hosts (Kenaley et al, 2014). These cankers 

are called ‗bleeding cankers‘, they are dark-sunken cankers with sap oozing from them. 

Members of the oomycetes are well known, economically important pathogens that cause the 

destructive diseases of both forest and agricultural trees both in the field and in nurseries 

(Kamoun, 2003; Kamoun and Smart, 2005; Derevnina et al, 2016; Benfradj et al, 2017).  

In Europe, Phytophthora ramorum and P. cinnamomi have been isolated from trees displaying 

symptoms of bleeding cankers (Brown and Brasier, 2007). Phytophthora spp. have also been 

associated with the decline of Quercus spp. in Eastern and North-central USA (Balci et al, 2007). 

In South Africa, bleeding cankers caused by Phytophthora spp. has been reported on Quercus 

cerris in the Western Cape Province (Oh et al, 2011). Citrus is another host that has been 

targeted by oomycetes. Canker lesions and gummosis caused by Phytophthora spp. have been 
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observed on Clementine mandarin and Troyer citrange rootstocks since 2002 in the Western 

Cape Province (Schutte and Botha, 2010).  Other oomycetes that have been linked to gummosis 

of citrus are Pythium and Phytopythium. They were reported in all the major citrus growing 

regions in Tunisia experiencing gum disease (Benfradj et al, 2017).  

Currently, limited information is available on the role played by oomycetes in the development 

of trunk cankers and gummosis of plum trees, since most research has focused on bacterial 

cankers. In addition, research has mainly focused on single host-single disease interactions; 

however, in nature plants interacts with multiple pathogens which sometimes results in co-

infection (Tollenaere et al, 2016; Kozanitas et al, 2017). During an infection, the more virulent 

pathogen may takeover, or both pathogens may coexist in the same host. This multiple-pathogen 

complex may influence the severity of the disease expression (Abdullah et al, 2017).  

Although, Pseudomonas syringae pv. syringae has been identified as the causal agent of cankers 

on stone fruit trees, the possibility that oomycetes may also play a role in this disease has not 

been investigated. Therefore, the aim of this study is to investigate the potential pathogenicity of 

P. multivora and P. vexans on plum seedlings in a greenhouse trial, and further investigate if 

there is a synergistic effect when seedlings are infected with both these pathogens and 

Pseudomonas syringae pv. syringae. 

 

3.3 Materials and method 

3.3.1 Bacterial strains 

Strains of Pseudomonas syringae pv. syringae used in this study were obtained from the Plant 

pathogenic bacteria research group culture collection (BCC 1068) which was isolated from 

diseased plum trees in the Western Cape. Cultures were grown on King‘s B agar (200 g Difco 

proteose peptone, 15 ml glycerol, 1.5 g K2HPO4, 1.5 g MgSO4, 15 g agar, 1.5 g boric acid, 8 ml 

cephalexin, 2 ml cyclohexamide, 1000 ml distilled water) at 25 
o
C before use. 
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3.3.2 Oomycetes isolates 

Phytophthora multivora and Phytopythium vexans used in this study were obtained from 

soil/plant tissue from diseased plum trees in the Western Cape. Cultures were grown on V8 agar 

(200 ml V8 juice, 3 g CaCO3, 15 agar, 800 ml distilled water) before use.   

3.3.3 Plant material 

Sun kiss plum cultivars grafted on to a Mariana rootstock were used as host material in these 

assays. The seedlings were planted a year before the inoculation trial was conducted.  For sand-

infestation system, one-year old trees were planted in pots (30 cm diameter x 30 cm deep) 

containing potting soil, and two plastic pipes (2 cm diameter x 30 cm length) were placed on 

each side of the stem. The trees were placed on tables in a greenhouse at 20 to 25
o
C 

temperatures, watered often and pots were arranged in a randomized block design. The seedlings 

were divided into seven treatments with seven seedlings in each treatment, and the trial was 

repeated. The treatments were: control, P. syringae only, P. syringae with P. multivora, P. 

syringae with P. vexans, i.e. 4 treatments.  A number of trees in the greenhouse had developed 

bacterial canker naturally due to their exposure to the disease from infected plum trees in the 

greenhouse. Forty-two of these trees were included in this trial and the treatments were as 

follows: control, infected with P. multivora only, and P. vexans only.  

3.3.4 Seedling root inoculations 

Inocula of P. vexans and P. multivora were prepared as follows: 1 liter of vermiculite and 10 g 

millet seeds were mixed with 600 ml V8 broth (120 ml juice, 480 ml water and 2 g calcium 

carbonate) and autoclaved twice on two consecutive days. Thereafter the mixture was inoculated 

with 10 (1 cm) squares of 7-day-old cultures (from active growing margins) and the flasks were 

incubated at 20 
o
C in the dark. The inoculum slurries were then rinsed thrice to remove excess 

nutrients, and a small amount of each slurry was plated onto selective media to confirm inoculum 

viability. The plastic pipes were removed, and 5 g of inoculum was added into each hole (5 g x 2 

pipes), thereafter the holes were covered with soil. For the control trees, slurry that did not 

contain any mycelial mats was used. Each seedling was placed in an individual plastic container 

to prevent water and pathogen exchange between seedlings. The seedlings were then flooded 

with water for 24 hours following inoculation. After 24 hours, the containers were emptied to 

allow the soil to drain. The seedlings were well watered, monitored regularly and the greenhouse 
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was maintained between 21-24
o
C. After six weeks the seedlings were removed from the pots, the 

soil was removed from the root systems and roots were examined and decay was scored. Root 

decay was scored on a 0–6 scale, where 0= no root decay, 1 = less than 5% root tip decay, 2 = 5–

25%, 3 = 25–50%, 4 = 50–75%, 5 = 75–99% root tip decay and 6 = dead.  

Individual feeder roots were selected at random from each seedling, the roots were then surface 

sterilized with 50% ethanol and plated onto NARPH medium to confirm infection of root tissue.  

They were incubated at 25
o
C in the dark, and pure cultures were established on ½ PDA (Potato 

Dextrose Agar 20 g and Nutrient Agar 7 g) and incubated at the same conditions for 10 days.   

3.3.5 Molecular identification of the reisolated oomycetes 

For DNA extraction, mycelia were harvested by scraping them from the agar surface. Thereafter, 

genomic DNA was extracted using the Prepman kit (Applied Biosystems, USA) following the 

manufacturer‘s protocol. Molecular identification was performed by amplifying and sequencing 

the Internal Transcriber Spacer (ITS) regions using primers ITS4 and ITS6 (White et al, 1990; 

Cooke et al, 2000). Each 25 µl PCR mixture consisted of: 1 µl of DNA template, 5 µl MyTaq 

reaction buffer (Bioline, UK), 0.5 µl MyTaq DNA polymerase (Bioline, UK), 0.5 µl of each 

primer and 17.5 µl PCR grade water. The PCR reactions were carried out in the following 

conditions: denaturation at 94 
o
C for 3 min, followed by 35 cycles of 94 

o
C for 1 min, 57 

o
C for 1 

min, 72 
o
C for 1 min and 72 

o
C for 10 min. The DNA sequencing facility of the University of 

Pretoria sequenced the amplicons. Preliminary identification of oomycetes was done using the 

BLAST algorithm (Altschul et al, 1990) available through the NCBI GenBank.  

3.3.6 Seedling stem inoculations 

The same plum seedlings as above were used for the stem inoculation trial, the stems were 

inoculated with Pseudomonas syringae pv. syringae. Stem inoculations were performed a week 

after the root inoculations. Single colonies were suspended in phosphate buffer, spun down at 

3500 rmp for 10 minutes and re-suspended in phosphate buffer. The concentration of the 

inoculum was measured using a spectrophotometer, with an optical density of 0.2 (OD600) being 

~2x10
8
 CFU/ml (Debener et al, 1991). The bark of the stem was removed with a sterile scalpel. 

The bacteria were inoculated into the plant by pipetting 200 µl of bacterial suspension into the 

wound. The inoculation areas were covered with parafilm and plastic tape. Controls were 

inoculated with sterile deionized water. The seedlings were well watered and kept at the same 
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conditions as described above. The health of the seedling was monitored regularly. After six 

weeks, disease symptoms were recorded and scored. Disease symptoms were scored on a 0-4 

scale, where 1 = no symptoms, 2 = canker, 3 = canker and gummosis and 4 = dead. Parafilm and 

duct tape were also removed, and disease severity was evaluated by measuring the lesion that 

developed around the inoculation areas. Reisolation was done by removing pieces of infected 

bark and placing them onto King‘s B agar and incubated at 25 
o
C for three days. Thereafter, 

bacterial colonies were streaked onto King‘s B agar for purification and incubated at the same 

conditions as described above.  

3.3.7 Molecular identification of the reisolated bacteria 

DNA was extracted using the ZymoBiomics DNA miniprep kit (Zymo Research) following the 

manufacturer‘s protocol. Each 25 µl PCR reaction consisted of: 1 µl of DNA template, 1 µl 

reaction buffer (Supertherm), 0.25 dNTPs (Fermentas), 1µl MyTaq DNA polymerase 

(Supertherm), 1.25 µl Mg2Cl (Supertherm), 0.2 µl of each primer and 6 µl PCR grade water 

(WhiteSci). The PCR reactions were carried out in the following conditions: denaturation at 94 

o
C for 2 min, followed by 30 cycles of 95 

o
C for 45 s, 57 

o
C for 45 s, 72 

o
C for 1 min and 72 

o
C 

for 5 min. The PCR products were separated by 1 % agarose gel electrophoresis in 1X TAE 

buffer and then visualized. The DNA sequencing facility of the University of Pretoria sequenced 

the amplicons. Preliminary identification of bacterial isolates was done using the BLAST 

algorithm available through the NCBI GenBank. 

3.3.8 Statistical analyses 

The stem lesion lengths of the treatments were analyzed using ANOVA using the SigmaXL 

software (Salim et al, 2011). All statistics were considered significant at P ≤ 0.05. Controls were 

excluded from the statistical analysis as lesions did not form and disease systems did not develop 

on these seedlings. 

 

3.4 Results 

3.4.1 Seedling root inoculations 

After six weeks, seedlings were examined for any root decay or the development of lesions on 

the roots or at the interface between the above and belowground parts of the trees. All the 
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uninfected control seedlings did not develop any symptoms, and the seedlings soil-inoculated 

with P. vexans and P. multivora developed cankers and gummosis on the stems (Figure 1).  

Furthermore, no feeder and main root decay was observed on seedlings. Discoloration or 

diseased tissue was also not observed when the outer layer of the roots was scraped off. Neither 

of the oomycete species was isolated from plated root tissue material of these seedlings. In 

addition, seedlings that were soil-inoculated with P. vexans and P. multivora after they were 

naturally infected with bacterial canker did not develop any new disease symptoms or any root 

decay they maintained their initial symptoms which were cankers and gummosis. 

3.4.2 Seedling stem inoculations  

The comparisons between the isolates were made based on the size of discolored lesions 

produced underneath the bark at the site of inoculation. Discolored lesions, stem cankers and 

gummosis indicated the pathogenicity of the isolates.  

Six weeks after inoculation, the lesion length of the of the treatments in the uninfected trees were 

as follows: Pseudomonas syringae pv. syringae was 9±10 cm, P. syringae pv. syringae and P. 

multivora was 13±14 cm, P. syringae pv. syringae and P. vexans 2±3 cm and the controls did not 

develop any discoloration (Figure 2).  Pseudomonas syringae pv. syringae was reisolated from 

treatment seedlings, but not from the controls. Significant differences (P < 0.05) were observed 

for the lesion lengths among the treatments with length ranging from 2-14 cm (Tables 1 and 2). 

The lesion lengths were longer in the P. syringae pv. syringae and P. multivora treatment, 

compared to the other treatments (Figure 3). The overall disease symptoms of the treatments 

were scored as follows: Pseudomonas syringae pv. syringae was 3 = canker and gummosis, P. 

multivora was 2 = canker, P. vexans 2 = canker, P. syringae pv. syringae and P. multivora was 2 

= canker, P. syringae pv. syringae and P. vexans was 3 = canker and gummosis, and the controls 

did not develop any disease symptoms (Figure 4).  

 

3.5 Discussion 

Plum trees in the Western Cape Province displayed symptoms of foliage discoloration, dieback, 

cankers and gummosis. During sampling, several oomycetes were isolated from the rhizosphere 

soil of symptomatic plum trees, which included Phytophthora multivora. Phytopythium vexans 

was the only oomycetes species isolated from cankers on symptomatic trees. However, neither 
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oomycetes species was shown to be pathogenic to any of the two plum cultivars used as a host in 

this study. 

In this study, the pathogenicity tests were conducted in July. i.e.  in winter, and during this 

season plum trees are usually dormant.  Robin et al (1994) demonstrated seasonal differences in 

stem lesion development, where trees were most susceptible to P. cinnamomi during their active 

stage compared to the dormancy stage. Navarros et al (2015) also demonstrated this difference 

by conducting stem inoculation trials using various Phytophthora species in two different 

seasons, summer and winter. Their results showed that during winter, the dormant trees 

developed much smaller lesions than those observed on actively growing trees. Phytophthora 

cactorum and P. citricola have also been reported to be more successful in infection and 

colonization during warmer periods, than cooler months (Browne and Viveros, 1999). This may 

be a plausible reason for oomycetes isolates in our study could not cause visible disease 

symptoms.  

Second factor that may have influenced the results of the pathogenicity tests could be the type of 

rootstock used in the trials. The plum seedlings used in this study were grafted with Marianna 

rootstocks, which are to some extent resistant to oomycetes infection, particularly to 

Phytophthora species (Browne, 2017). Browne (2017) conducted a series of greenhouse trials to 

examine the resistance of certain plum rootstocks (Hanse, Marianna, Lovell etc.) to 

Phytophthora species, and the Marianna rootstock was shown to be highly resistant to crown and 

root rot compared to other tested rootstocks. 

Furthermore, seedlings in this study were well watered unlike the plum trees in the Western Cape 

Province, which were experiencing extreme drought conditions during 2014-2018 that could 

have participated in the disease development. Water stress negatively impacts a host‘s resistance, 

predisposing them to microbial infection (Sturrock et al, 2011; Klutsch et al, 2017; Devkota et al, 

2018). Since the drought period was prolonged the infection by P. vexans may have been 

repeated from year to year, which reduced the host resistance, greater inoculum build-up, and 

rapid spread (Brasier, 1995). Seedlings in our trial were not subjected to prolonged stress; 

allowing the host to defend to still have resistance.  

Plum trees observed in the field also displayed symptoms of bacterial canker which is caused by 

Pseudomonas syringae pv. syringae. This is one of the most virulent bacteria responsible for 
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bacterial canker of stone fruit trees (cherries, apricots, plums etc.). This bacterium is considered 

an opportunistic pathogen that infects a host plant with compromised resistance, which may be 

due to abiotic stresses. Factors that increase the incidence of bacterial canker are wounding, and 

dormant trees have been reported to be more susceptible to this disease compared to those in 

actively growing stage, and dual infection also increases disease severity (Moore, 1988). Gasic et 

al (2012) conducted a study to test the pathogenicity of P. syringae pv. Syringae on several stone 

fruit species, and the pathogen was successful in causing disease symptoms. Similarly, in our 

study under the greenhouse environment, P. syringae pv. syringae successfully infected our host 

tree species leading to disease development. The symptoms included moderate to severe stem 

canker and gummosis. In this study it was also observed that seedlings that were co-infected with 

P. syringae pv. syringae and P. multivora developed longer lesions, followed by P. syringae pv. 

syringae only treatment, and smallest lesions in the P. syringae pv. syringae and P. vexans 

treatment. In cases were a single host tree is co-infected with more than one pathogen, the 

disease symptoms may be more severe than when it is a single pathogen involved (Lamicchane 

and Venturi, 2015).  

In South Africa, research on oomycetes especially Phytophthora spp. being the causal agent of 

root rot of stone fruit hosts has never been conducted. Therefore, insufficient information is 

available regarding the association of oomycetes with plum trees. Even though bleeding cankers 

were observed in our set of co-infected seedlings yet the pathogenicity yet the pathogenicity of 

oomycetes could not be confirmed. Therefore, further greenhouse trials should be conducted to 

confirm the role of P. vexans on stem canker development in plum trees, this is essential because 

P. vexans was the only oomycetes species that was recovered from infected plant tissue of 

symptomatic plum trees collected from the Western Cape Province. 

  

3.6 Conclusion 

This study aimed to determine if P. vexans and P. multivora were pathogens of plum seedlings, 

and to further investigate if dual infection with Pseudomonas syringae pv. syringae had a 

synergistic effect. Based on the greenhouse trials, it can be concluded that the oomycetes species 

used in this study were not pathogenic to the one-year-old seedlings; however, P. syringae pv. 

syringae showed moderate to high level of pathogenicity. Pseudomonas syringae pv. syringae 
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was able to infect the seedlings and was also re-isolated from the inoculated seedlings. Plum 

seedlings infected with either of the oomycetes species did not manifest any symptoms neither 

they could be re-isolated from inoculated plum seedlings. This could be due to Marianna 

rootstock used in this study was resistant to oomycetes. It has to be noted that the plum trees in 

the natural field were exposed to drought condition for approximately four years, which possibly 

made them more susceptible to microbial infection than those in the greenhouse trials. For future 

studies, other rootstocks should be considered, trials should be conducted during different 

seasons, and environmental stress factors should also be introduced. 
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3.9 Figures 

Figure 1. Symptoms displayed by seedlings after being inoculated with Phytophthora multivora 

(A and B), Phytopythium vexans (C), Pseudomonas syringae pv. syringae and P. vexans (D), and 

P. syringae pv. syringae (F). 
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Figure 2. Exposed inner barks showing canker lesions after being root inoculated with 

oomycetes species and stem inoculated with Pseudomonas syringae pv. syringae. Control 

seedlings (A) did not develop any lesions, seedling infected with only P. syringae pv. syringae 

(B) developed lesions with size 9±10 cm. P. syringae pv. syringae with P. multivora (C) lesion 

size of 13±14 cm, and P. syringae pv. syringae with P. vexans (D) 2±3 cm. 
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Figure 3. Lesion lengths in the stems of one-year-old plum seedlings after six weeks of root 

inoculation with oomycetes species and stem inoculations with Pseudomonas syringae pv. 

syringae.  

 

 

Figure 4. Mean plum seedling overall disease score, measured six weeks after root inoculations 

with oomycetes species and stem inoculations with Pseudomonas syringae pv. syringae. Disease 

symptoms were scored on a 0-4 scale, where 1 = no symptoms, 2 = canker, 3 = canker and 

gummosis and 4 = dead. 
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Table 1. Mean values and standard error results for the lesions caused by Pseudomonas syringae 

pv. syringae, Phytophthora multivora and Phytopythium vexans in the stem inoculation trial. 

Data Summary 

Treatments N Mean Std. Dev Std. Error 

Ps. syringae 14 10.2143 1.3688 0.3658 

Ps. syringae and P. multivora 14 14.0714 0.9169 0.245 

Ps. syringae and P. vexans 14 1.8571 0.8644 0.231 

 

ANOVA Summary 

Source Degrees of 

Freedom 

 

DF 

Sum of 

Squares 

 

SS 

Mean Square 

 

 

MS 

F-Stat P-value 

Between 

treatments 

2 1091.576 545.788 473.0206 1.1102e-16 

Within 

treatments 

39 44.9996 1.1538 

Total: 41 1136.5756 

 

 

Table 2. The results for Turkey‘s post hoc test for the lesions caused by Pseudomonas syringae 

pv. syringae, Phytophthora multivora and Phytopythium vexans in the stem inoculation trial. 

 

Treatment pair 

Turkey 

HSD 

Statistic 

Turkey HSD p-

value 

Turkey HSD 

Inference 

Ps. syringae 

vs 

Ps. syringae and P. multivora 

13.4356 0.0010053 ** p<0.01 

Ps. syringae 

vs 

Ps. syringae and P. vexans 

29.1104 0.0010053 ** p<0.01 

P. multivora 

vs 

P. vexans 

42.5459 0.0010053 ** p<0.01 

*Length differs significantly at P<0.01 
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SUMMARY 

 

The aim of this thesis was to determine the role played by oomycetes in plum tree decline 

observed in the Western Cape Province of South Africa from 2016-2018.  At this time, extreme 

drought conditions were experienced in the province.  Thus, the focus of this study was to 

identify and characterize oomycetes isolated from both diseased plum tree tissue and rhizosphere 

soil, and to test their pathogenicity on two plum cultivars. 

Chapter 1 reviewed previous literature on plant diseases caused by oomycetes and P. syringae 

pv. syringae, and how the disease triangle and climate change influenced disease development. 

Temperature and moisture were reported as factors that influence disease development by 

weakening plant hosts when conditions are unfavorable, and also they influence pathogen 

occurrence and establishment. The literature also highlighted the importance of the interrelations 

of stress factors involved in decline, including the effect of co-infection in a single host plant. 

Chapter 2 of this thesis focused on conducting field surveys and sampling five plum orchards in 

the Western Cape Province. During the survey, a few trees displayed symptoms of bleeding 

cankers, which suggested that an oomycete might be a possible causal agent. Isolations from the 

diseased plant material and soil samples were conducted followed by molecular identifications. 

Six oomycetes species were identified, which are:  Phytophthora multivora, Phytopythium 

vexans, Pythium coloratum, P. diclinum, P. irregulare and P. ultimum. Phytopythium vexans was 

the only oomycetes that was isolated from infected plant material. 

The pathogenicity of P. multivora and P. vexans (isolated in this study) was determined in 

Chapter 3 on Sun kiss plum cultivars in a greenhouse environment. Pseudomonas syringae pv. 

syringae was included because bacterial canker symptoms were concurrently observed in the 

field. The pathogenicity trials showed that neither P. vexans nor P. multivora were able to cause 

symptoms and were not re-isolated from the inoculated seedlings. Seedlings infected with P. 

syringae showed symptoms typical of bacterial canker and the pathogen was re-isolated from the 

infected seedlings. Co-infection trials revealed that seedlings inoculated with P. multivora and P. 

syringae had larger lesion size compared to other combinations. 

 


