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1 EXECUTIVE SUMMARY 

Pseudomonas syringae pv. actinidiae (Psa) is the causal agent of bacterial canker in kiwifruit, a 

significant threat with wide reaching economic consequences. Psa has been estimated to have 

cost over $1 billion to the New Zealand kiwifruit industry since 2010. Although productivity has 

recovered, Psa still remains a prevalent threat as the majority of orchards harbour the bacteria 

and only one kiwifruit growing region in New Zealand has yet to exhibit infection. Control 

methods are currently in place and being used to manage the incidence and progression of Psa 

infection. This has relied upon chemical products such as copper, antibiotics and elicitors in 

addition to orchard management practises such as the removal of infected material. More recently 

the use of other biological organisms to control Psa have been trialled and included in a 

comprehensive control programme. All these products are effective to various extents, but it has 

been found that some samples of Psa have acquired low level resistance to some of the chemical 

controls, which could potentially render them ineffective. Subsequently a continuing KVH / Zespri 

funded research programme is essential as an effective response to ensure the ongoing ability to 

control Psa, addressing the occurrence of resistance, optimising control methods, and identifying 

new ways of combating bacterial canker.  

This document aims to review past and ongoing research addressing the threat of Psa to New 

Zealand kiwifruit, identifying areas where research needs to be strengthened and highlighting new 

and novel areas which could have potential in combatting Psa. This review covers the 

epidemiology of Psa, biological and chemical control of the bacteria, on-orchard management and 

the breeding of Psa tolerance varieties of kiwifruit.  
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2 INTRODUCTION 

2.1 GENERAL INTRODUCTION 
The bacterium Pseudomonas syringae is one of the most prevalent plant pathogens, existing as more 

than 50 varieties, and is able to infect over 180 plant species (González et al., 2000). P. syringae pv. 

actinidiae (Psa) is one such variety and is the cause of bacterial canker in kiwifruit (Actinidia spp.). 

The disease presents itself through leaf spotting, bud browning, bud drop, cane dieback and red or 

white exudate from canes or trunks, and extreme cases even vine death (Balestra et al. 2009). Psa 

can be classified into several types of biovars. Biovars 1 and 2 were involved in outbreaks causing 

moderate damage in kiwifruit industries in Japan, China, Korea and Italy. Recent outbreaks causing 

serious damage to kiwifruit, including that of New Zealand, have been caused by Psa biovar 3, 

otherwise known as Psa-V. Psa was historically typed into a forth biovar, known as Psa-LV, however 

this bacterium is no longer considered a type of Psa (Froud et al. 2015).  

Although not much is known about how this bacterium causes disease, it is thought to be spread 

primarily by water splash, and thrives in humid and wet conditions. It is thought to initially survive 

on the surface of the plant like many of its relatives (Arnold et al. 2011), and when the opportunity 

arises, it will invade the plant through natural openings or wounds to spread through the plant and 

either survive asymptomatically or to cause disease in the leaves, cane and trunks of kiwifruit 

(Vanneste et al. 2011a). It is noted that rain is a key component of infection, in the absence of 

rainfall, bacterial populations of P. syringae remain static (Everett 2011b).  

Although it is relatively easy to kill on a lab bench or a surface, there is no cure for Psa once infection 

takes hold (Donati et al. 2014), meaning the control of Psa relies on prevention and control. 

Currently disease management is limited to physical orchard practises such as the removal of 

infected plant material and trying to slow the spread of Psa. Chemical compounds such as copper, 

elicitors and antibiotics are used to prevent the disease from occurring, however these practises may 

become less and less effective unless bacterial resistance is managed carefully.  

2.2 TIMELINE 
Psa was first described in China and Japan during the 1980s which soon spread to neighbouring 

provinces, countries and even as far as Italy (Takikawa et al. 1989, Mazzaglia et al. 2012). Although 

quietly active, the disease did not rear its head significantly until an Italian outbreak in 2008 

(Balestra et al. 2009), later spreading to France and Portugal which affected both A. deliciosa and A. 

chinensis varieties of kiwifruit, of particular significance to Zespri and KVH; Hort16A and Hayward 

(Vanneste et al. 2011b, Balestra et al. 2010). In November 2010, the disease had reached New 

Zealand (Everett et al. 2011a). Psa has since spread to Spain (Balestra et al. 2011), Switzerland (EPPO 

2011a), Australia (EPPO 2011b), Germany (EPPO 2013), Chile (Anonymous 2011), Slovenia (Dreo et 

al. 2014) and Greece (Holeva et al. 2015).   

Thought to originate from China (Butler et al. 2013), Psa biovar 3 (Psa-V), henceforth referred to as 

Psa unless otherwise stated, was first discovered in the Te Puke region of the Bay of Plenty, where it 

spread to surrounding areas before becoming widespread, as of August 2016 it was estimated that 

at least 84% of orchards were infected with Psa (Kiwifruit Vine Health, 2016). Symptoms were first 

found on the Hort16A species, and then soon after on the Hayward variety (Everett et al. 2011b).  
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Hort16A was found to be especially susceptible to Psa (Balestra et al. 2009), exhibiting more severe 

symptoms, such as whole vine collapse, leading to the removal of large volumes of infected canopy 

and vines which affected downstream productivity. Hayward was found to be susceptible to Psa, but 

to a lesser extent, expressing later development of symptoms and less effect on productivity (Froud 

et al. 2014). As a result, the success of the industry primarily driven by Hort16A seemed unlikely. 

Fortunately, Plant and Food Research (PFR) and Zespri breeding programmes had produced new 

cultivars which were originally designed to access the early market. The cultivar Gold3 (G3) was 

released to growers in 2010 to rapidly replace cultivars of Hort16A. G3 has shown to more tolerant 

than Hort16A in regards to Psa infection (Hoyte et al. 2011). It was hoped that by the predominant 

use of the tolerant cultivars Hayward and G3 Psa could be effectively managed.  

The incidence of Psa has increased rapidly since 2010; with the rate slowing as the number of Psa 

positive orchards becomes saturated (figure 1). Nelson remains the only kiwifruit growing region to 

date, which has no Psa-positive orchards.  

 

Figure 1: The incidence of Psa in New Zealand orchards from 2010 to 2016. Courtesy of Kiwifruit Vine 

Health 2016. 
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Figure 2: The export of New Zealand grown Kiwifruit since the incidence of Psa (Zespri Annual Reports 

2009/2010 ς 2015/2016). 

 

Figure 3: Return price per Tray for New Zealand Grown Green and Gold Varieties of Kiwifruit (Zespri 

Annual Review 2015/2016) 
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million trays of fruit from over 11,000 hectares of orchard, with around 80% of production coming 

from the Bay of Plenty region. In 2010 the industry exports from New Zealand were valued at over 

$1 billion. However, after the onset of Psa, the industry production declined by over 10%. In 2012, it 

was originally predicted that Psa would cost the New Zealand kiwifruit industry up to $410 million by 

2017 (Greer and Saunders 2012). However, in 2014 it was thought that the industry had lost close to 

$900 million since the onset of Psa (Birnie and Livesey 2014).  
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Zespri annual report statistics (figure 2) suggest that the overall cost of Psa was not truly felt until 

2014 when both exported kiwifruit volume and export earnings dropped to pre-2010 levels. 

Arguably the cost of Psa was felt much earlier at an individual or orchard level. This trend is inversely 

correlated with the return for a tray of each variety of kiwifruit (figure 3).  

Despite the high incidence of Psa, the kiwifruit industry is growing at an unprecedented rate.  Since 

2015 the revenues generated from exporting New Zealand grown kiwifruit has surpassed 2014 

annual predictions (Birnie and Livesey 2014) in addition to exceeding revenue generated prior to 

Psa. This growth in productivity to support industry growth relied heavily on a successful response to 

combat Psa and bacterial canker. Although economically the industry is improving, maintaining 

research and active management of Psa is essential to prevent further widespread outbreaks and 

productivity loss.  

2.3 NEW ZEALAND INDUSTRY RESPONSE TO PSA 
Kiwifruit Vine Health Inc (KVH) was established in December 2010 to lead the New Zealand kiwifruit 

industry response to the Psa epidemic. KVH addresses areas where the knowledge of Psa and how it 

causes infection is poor, and commissions research to address this.  

Zespri, is contracted by KVH, to coordinate and facilitate a comprehensive research programme. This 

will allow the better understanding of the bacteria and determine effective techniques to prevent 

infection and spread.  

This document will review the research and accumulated knowledge of the epidemiology, control 

and prevention of Psa in New Zealand ς with the aim to identify areas of research that may require 

more attention. The five main research areas are: 

¶ Epidemiology 

¶ Detection and Psa Genetics 

¶ Chemical and Biological Control 

¶ Orchard Management 

¶ Psa Tolerance Breeding Programme  

3 RESEARCH 

The scientific and horticultural communities have been aware of Psa for decades (Takikawa et al. 

1989). When Zespri variety Hort16A became infected in Italy, New Zealand became involved and 

contributed to scientific research aimed at understanding this bacterium. When the disease arrived 

in New Zealand very little was known about how it survives and causes disease in this climate, this 

translated into uncertainties with regard to best practices in controlling this disease. The 

understanding of the conditions in which Psa thrives and investigating the process of how infection 

is caused and developed will allow us to effectively prevent, control and manage the disease. 
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3.1 EPIDEMIOLOGY  
The understanding of the biology and physiology of Psa in 2011 was limited, which was evident by 

commissioned reviews screening the available scientific literature (Everett 2011b). But still, in 2016, 

our knowledge of the epidemiology is far from comprehensive.  

3.1.1 Psa Infection 

Psa can be found associated with a wide variety of kiwifruit plant tissues. Interestingly, Psa can be 

found in healthy tissue, and not always detected in diseased tissue. To date the bacterium has been 

found on leaves, buds, flowers, roots, pollen and the woody tissues of vines (Froud et al. 2015; 

Sutherland 2013; Horner et al. 2011).  

The most paragidmatic symptom of Psa is the formation of cankers in the woody tissue. Generally 

found on the trunk or the leaders within the vine, they are most readily observed during early spring. 

Cankers are associated with the production of red or cloudy exudate (Figure 4d). This exudate is a 

mixture of plant sap and may contain Psa (Vanneste et al. 2011d).  

During late spring to summer, leaves start to emerge and are one of the primary infection sites for 

Psa. They tend to exhibit dark brown spots at the site of infection surrounded by a yellow halo 

around the circumference (Figures 4a and 4b). While younger leaves appear to be more susceptible 

to Psa infection there are cultivar differences with regards to symptom expression with Hayward 

leaves tending to exhibit an increased amount of leaf spot as compared to the G3 cultivar. Leaf 

spotting can lead to the wilting or necrosis of the leaf tissue when infection progresses (Figure 4c), 

this then can extend to the shoots and canes as Psa progresses through the vine. Cane die-back is 

where the cane takes a blackened, dehydrated appearance and fails to produce any viable buds or 

flowers, this is likely to be due to the blockage of vasculature. Die-back starts at the point where Psa 

enters the cane, presumably from the infected leaf and stem, and can move bilaterially through the 

cane and eventually infect the leader (Vanneste et al. 2011d). 

Another important secondary symptom is budrot, which is the partial or full browning of buds 

indicating tissue death. Infected buds can fail to develop and may wilt and drop off, affecting yield 

and productivity (Vanneste et al. 2011d). This symptom is not unique to Psa, but can be caused by 

other Pseudomonas spp. Including the casual agent of blossum blight. Psa is now however 

recognised as the main contribution Pseudomonas species to budrot in green kiwifruit varieties 

(Tyson et al. 2015b). Budrot is less prevelant in the G3 variety of Kiwifruit. 
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Figure 4: Examples of the common symptoms of Psa; Leaf spot (A & B); Budrot (B); Leaf Wilt and Necrosis (C) and production of red exudate from an infected 

lenticel (D).

! . 
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3.1.2 Life Cycle and Pathogenesis of Psa 
In New Zealand, Psa has the ability to infect kiwifruit and produce viable inoculum all year around, 

but is more prominent in spring and autumn (Tyson et al. 2014c). As rainfall or water is essential to 

the infection process, it was thought that Psa may be naturally spread through a combination of rain 

and wind mediated splash. Bacterial spread through aerosols were found to increase after rainfall. 

The water is likely to either be essential to the replication of the bacteria facilitating infection, or for 

the movement of Psa from one location to another where it is better located to cause infection. 

Wind and hail can also damage the vine and provide additional entry points for Psa, this is most 

evident as an increase in the severity of symptoms was observed associated with gaps in shelter 

belts or unprotected areas (Casonato and Bent 2014). 

 Temperature is another key factor, as the optimal temperature for Psa proliferation and spread of 

infection is around 10 °C to 20 °C, where callus formation in the vine was found to occur at 

temperatures around 25 °C, which correlates with the decline of Psa populations and symptoms 

(Froud et al. 2015). Conversely temperatures which promote frost can also promote Psa infection. 

Extreme cold events or frosts can damage the vine and act as an additional entry point for Psa, 

thereby increasing the incidence of Psa. Frost also promotes the proliferation and progression of Psa 

throughout the vine, although the reason is unknown (Ferrante and Scortichini 2014).   

Once Psa reaches the surface of the vine, it will migrate and invade the plant either through natural 

openings in the leaf, or through wounds or scars. Methods which allowed the visualisation of 

bacteria showed that Psa can enter through stomata, and through leaf scars and broken trichomes 

(surface hair-like projection) (Spinelli et al. 2011). Other potential infection sites have also been 

identified.  

 

Figure 5: Lenticels are gas exchange nodules found on the surface of woody material within the 

kiwifruit vine. This image shows the presence of lenticels on a Psa-infected cane.  
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Lenticels are gas exchange nodules found on the stem of woody plant material. It was found that Psa 

could colonise these pores, and subsequently invade the cells beneath. Young lenticels were found 

to be more susceptible and it has been concluded that Psa is likely to be more successful at 

colonising lenticels during spring (figure 5) (Everett et al. 2012a). Cicadas are insects which cause 

damage to the kiwifruit vine by laying eggs into canes. Research has shown that Psa can potentially 

use these wound sites to infect the vine. However, this is not always statistically significant (Tyson et 

al. 2012). Other work has shown that the root system of kiwifruit vines is a potential point of entry 

for Psa infection (Vanneste 2013), although growers have reported no increase in infection 

susceptibility when wounding the roots in a practise called root pruning.  

It has been reported that once infected, Psa can migrate through the kiwifruit vine to become a 

systemic infection though tissues may remain asymptomatic. When Psa was artificially wound 

inoculated within the trunks of Hort16A cultivars the bacterium was found to have travelled up to a 

meter either direction from the point of entry (Tyson et al. 2014b). Although an important technique 

to remove a substantial amount of inoculum, removing infected material is unlikely to remove all Psa 

from the vine and symptom expression may reoccur at a later date. Psa has also been found in the 

root stocks meaning re-grafting might not necessarily prevent infection of the new scion. This 

impacts potential management techniques (Horner et al. 2011).  More research needs to be 

conducted to find the consequence of the presence of bacteria in asymptomatic tissue, and the 

extent of contribution to re-infection and disease.  

3.1.2.1 Seasonality and Vine Age 

Kiwifruit vines are deciduous and lose their leaves in the autumn/winter period and will grow new 

leaves in spring. This cyclic characteristic is also observed in Psa infection, with symptoms beginning 

to express in spring/autumn and becoming absent in winter. This is thought to correlate with 

weather and temperature, with spring and autumn harbouring more rainfall and milder 

temperatures (Froud et al. 2015). This incidence of infection could also be correlated with the age of 

the plant tissue, as it has been shown that young leaves (up to four weeks old) are significantly more 

susceptible to Psa than their older counterparts (Tyson et al. 2015a). This correlates with reports 

from New Zealand growers that young growth, or new grafts are more susceptible than older plants 

in the same orchard, however the idea that young plants are more susceptible is disputed (Vanneste 

et al. 2011d; Zhang et al. 2013).  

3.1.2.2 Inoculum Sources 

Once infection has taken hold it can present in a variety of symptoms. Important symptoms 

regarding the transmission of Psa are leaf spotting and the production of exudate. Psa leaf spotting 

is a common symptom within kiwifruit orchards, occurring from early spring to late autumn, with up 

to 50% of Hayward leaves exhibiting these lesions.  Although infected woody material is often 

removed, leaves exhibiting infection remain within the vine. Research has shown that these leaf 

spots are viable sources of live Psa, which under high humidity can provide inoculum to infect 

neighbouring plants, or re-infect the original vine (Casonato et al. 2014a). Infected plant material will 

produce exudate ƻǊ ΨōƭŜŜŘƛƴƎ ǎŀǇΩ ŀƴŘ Ŏŀƴ ōŜ Ƴƛƭƪȅ ǿƘƛǘŜ ƻǊ ǊŜŘ ƛƴ Ŏolour. Using previously 

established genetic tests, live Psa has been identified in both types of exudate and are therefore a 

viable source of inoculum (Biondi et al. 2013).    
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3.1.2.3 Environmental Inoculum Sources of Psa  

Psa is an epiphytic bacterium and can survive outside the host plant. For this reason, it is critical to 

examine and identify the environments which have the potential to support and harbour Psa. This 

knowledge can help prevent and limit the spread of infection.  In addition to plant material, soil has 

been shown to be an important vector of Psa, with surfaces or equipment becoming contaminated 

after contact with Psa containing soil (Everett et al. 2012c). This subchapter aims to highlight other 

possible environmental sources of Psa.  

3.1.2.3.1 Compost 

Compost may be used to add organic matter and increase nutrient content to soils on kiwifruit 

orchards. If Psa can survive in compost, this could increase the risk of Psa within and to surrounding 

orchards.  

To investigate whether Psa could survive in compost, and whether this implicated compost as a 

potential source of infection, compost made from non-kiwifruit green waste, was tested for the 

presence of Psa.  No level of Psa could be detected. This could be due to the composting process, or 

due to the compost not containing kiwifruit and therefore no Psa contaminated material. 

When Psa was artificially added to the compost, it was determined that Psa could not multiply and 

few bacteria survived for more than a few days. Other bacteria were identified within the compost 

which could be inhibiting the growth of Psa, but due to the nature of these organisms they have not 

been pursued as viable biocontrol agents (Vanneste et al. 2013b). Compost does not support the 

growth of Psa and is unlikely to be a viable source of Psa. 

3.1.2.3.2 Honeybees and Hives  

Honeybees collect pollen from flowers and will distribute this to different vines. There is a concern 

that these bees can either become contaminated with Psa from infected vines, or transfer infected 

material such as pollen from one vine to another, facilitating the spread of Psa infection.  

In experiments in which honeybees were exposed to pollen contaminated with P. syringae bacteria, 

and exposed to honeybees. It was found that the bacteria could be recovered from the bees for up 

to 2 weeks after the initial contact. Bacteria could also be recovered from non-exposed bees within 

the same hive, showing that not only could P. syringae survive within the hive, but it could rapidly 

spread between honeybees (Pattemore et al. 2011). This work implicates hives and honeybees as a 

viable source of infection and can facilitate the spread of Psa. 

3.1.2.3.3 Pollen 

To produce fruit a female kiwifruit flower must become pollinated by pollen from male plants. This is 

primarily facilitated by wind and insect driven pollination. Psa may be present in the flowers of 

infected plants, so it is possible that the associated pollen could also contain and be a source of Psa. 

Pollen may therefore transmit the infection to other plants through the process of natural or 

artificial pollination. Italian researchers have showed through genetic and culturing techniques that 

they were able to detect and isolate viable Psa from harvested pollen from Hayward flowers. This 

contaminated pollen was then used to pollinate several kiwifruit plots. The use of contaminated 

pollen resulted in the transfer of Psa and infection of previously clean plants (Stefani and Giovanardi 

2011; Vanneste et al. 2011c).  This work implicates pollen and the process of pollination from 

infected males as a possible source of Psa. 
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3.1.2.3.4 Leaf litter and Pruned Plant Debris 

During the life cycle of an orchard, leaves and vine material will become deposited on the ground. As 

this material is capable of harbouring Psa, the potential of leaf litter and vine debris to act as sources 

of Psa was investigated (Horner et al. 2011).  Infected leaves and cane material was incubated for a 

set amount of time in a variety of conditions, to assess the recoverability and survival of Psa. It was 

found that Psa can survive in the infected leaves and leaf litter for up to 3 months. Psa was also 

found to survive in winter cane ǇǊǳƴƛƴƎΩǎ for a similar amount of time. This work shows that 

ǇǊǳƴƛƴƎΩǎ and leaf litter can be a source of Psa which has the potential to infect nearby plants. This 

has provided valuable information to growers to help shape their management practices to minimise 

their risk of Psa infection. It is recommended that digester and copper products are used on mulched 

ǇǊǳƴƛƴƎΩǎ and leaf material to promote tissue break down and prevent this material acting as a 

inoculum source of Psa.  

3.1.2.3.5 Shelter and Weeds 

Research has established that Psa and its relatives can survive on the surface of a plant without 

causing disease (Vanneste et al. 2011a). Work has investigated whether Psa could survive on nearby 

non-kiwifruit plants such as weeds or shelter (Horner et al. 2011). This could provide an additional 

source of Psa infection. Weeds found on orchard floors, and plant species from shelter belts were 

tested for their ability to harbour Psa. It was found that in all cases, Psa may survive for a short 

period of time, however, it could not replicated and hence shelterbelts and weeds are not likely to 

be a source of Psa innoculum. 

3.1.2.3.6 Water 

P. syringae has been found in water in New Zealand and in other countries (Vanneste et al. 2008; 

Morris et al. 2010). Essential to the infection process, water has been thought to allow the bacteria 

to survive and multiply allowing the bacteria to become widespread. Work has been performed to 

assess whether Psa, like its close relatives, can also survive in water and if infected orchard water 

could be a source of Psa infection (Horner et al. 2011). Psa was artificially added to several water 

sources including tap and rainwater to assess the ability of the bacteria to survive. Psa could not 

survive in tap water, this may be due to the chemical treating process. Psa could survive indefinitely 

in sterilised rain water, however struggled to survive when the rainwater was un-sterilised.  This was 

attributed to the presence of other microorganisms in the water which out-competed or inhibited 

the growth of Psa.  

When water from orchards was tested for the presence of Psa, none could be found either from 

culturing or by genetic testing. High concentrations of other microorganism were found, which may 

be responsible for preventing Psa survival and replication. This work reports that water is unlikely to 

harbour Psa and subsequently presents a low infection risk.  

3.1.3 Modelling Risk  

During the Italian outbreak of Psa it was noted that spring and autumn were important times for the 

progression of infection. This was likely to be because spring and autumn harbour the optimal 

temperatures for the bacteriumΩǎ ǊŜǇƭƛŎŀǘƛƻƴ, whereas summer would lead to a decrease in bacterial 

populations and winter would prevent the progression of the disease. Temperatures over 20 °C 

correlated with the absence of new symptoms (Vanneste 2013a).  
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However, in New Zealand summer and winter temperatures generally never get hot or cold enough 

to reduce bacterial numbers or prevent the spreading of infection respectively. This means that 

infection can occur all year around theoretically. Previous predictive modelling software for other 

bacterial disease had been updated to include data on the incidence of Psa during different weather 

conditions, including wind, humidity and rain-fall (Beresford 2011). This allowed growers to predict 

the risk of Psa depending on the weather and apply appropriate protection 

(http://www.kvh.org.nz/kiwi_psa).  

3.1.3.1 Validation and Optimisation 

The Psa risk model was sǳōǎŜǉǳŜƴǘƭȅ ǾŀƭƛŘŀǘŜŘ ǳǎƛƴƎ ȅƻǳƴƎ ƘƻǊǘмс! ǎŜŜŘƭƛƴƎǎ ǎƻ ŎŀƭƭŜŘ ΨǘǊŀǇ ǇƭŀƴǘǎΩ 

(McKay 2012). These trap plants were placed within an orchard block in several locations and 

exposed to both the weather and environmental Psa inoculum for a week. The severity of leaf 

spotting was compared to the calculated risk of Psa infection and it was found that the two highly 

correlated, suggesting the model was accurate and that growers could use this to accurately assess 

their risk of Psa infection.  

To improve the risk modelling, Tyson et al. (2014a) sought to provide data that included seasonal 

variation. They found that rainfall was still an extremely important factor with no Psa symptoms 

occurring without prior rainfall conditions. The results from this project suggested that the Psa risk 

model had greater predictive power during spring and winter, whereas performed poorer over 

autumn and winter. It was speculated that this could be due to differences in the plant maturity, 

levels of environmental Psa, in addition to environmental factors (Tyson et al. 2014a). There are 

further proposals to incorporate the risk posed by frost events into the current model (Beresford, R. 

Personal Communication 2016).  

3.2 DETECTION 
New Zealand kiwifruit orchards can contain several strains of Pseudomonas bacteria and subtypes of 

Psa. It is important to be able to distinguish between them to accurately assess the disease state of 

an orchard and to effectively manage the disease.  

Originally there were four biovars of Psa that had been identified world-wide. New Zealand found 

itself host to two subtypes of Psa, one which is the highly virulent strain which is causing the disease 

found in orchards; referred to as Psa-V, the other is a low virulent strain which causes leaf spotting; 

historically known as Psa-LV; now newly designated P. syringae pv. actinidifoliorum pv. nov. (Pfm) 

(Cunty et al. 2015). This meant that the presence of leaf spotting, would not necessarily reflect the 

disease status of the orchard. Therefore, a test to distinguish between the two organisms was 

critical. 

Historically, candidate Psa bacteria would be cultured and isolated from infected material in a 

process which would span at least a week. The DNA of the bacteria would then be extracted and 

subsequently tested to screen for a unique region of the genome which would identify the subtype 

of Psa (Vanneste 2013). This method is both time consuming and labour intensive. Therefore, unique 

methods of identifying Psa and the subsequent subtype which did not rely on time consuming 

culturing and isolation were investigated. 

http://www.kvh.org.nz/kiwi_psa
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3.2.1 Genetic Based Detection 

The possibility of a fast, sensitive test that did not rely on culturing bacteria was investigated. 

Rikkerink et al. (2011) Identified key genes which were likely to contain differences between both 

Psa and other bacteria and between Psa-V and Pfm. These genes included those responsible for the 

differences observed in virulence between the subtypes. Once the genomes for these bacteria had 

been published, the search included universal genes shared by these related bacteria but focused on 

finding those with subtle differences, such as the presence or absence of a particular stretch of DNA. 

Upon identifying regions of DNA which differed between Psa-V and Pfm, quantitative-PCR assays 

were developed providing the ability to distinguish between Psa-V or Pfm and other bacterial 

species. These assays were then validated independently (figure 6).  

 

Figure 6: Differences in the bacterial DNA sequence allows the identification of Psa and 

subtypes. (http://www.biomedheads.com/restriction-digests.html) 

This work provided a rapid, and sensitive assay which could detect and type Psa bacteria extracted 

from leaf and cane tissue, allowing the disease status of the orchard to be determined rapidly.  

More recently PFR have worked to utilise novel genetic technologies to detect and type Psa (Notomi 

et al. 2000, Bühlmann et al. 2013). Similar to qPCR, loop-mediated isothermal amplification (LAMP) 

was used to detect the presence of Psa-V using unique DNA signatures (Ruinelli et al. 2016). Unlike 

other genetic techniques, LAMP does not require expensive machinery to manipulate temperature 

and can be used in the field. Results can be produced quickly, but may require experienced analysis. 

There are validated products on the market which can be used to perform LAMP assays to detect 

Psa-V which produce easy to interpret results in around 15 minutes which can determine if plant 

material is infected prior to the onset of symptoms. However, this research still requires more work 

to validate its reliability and assess suitable demand in the industry. 




















































