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Executive summary 

BS19004 Nectriaceae associated with vine decline of 
kiwifruit – Objective 2 – Pathogenicity testing 

Tyson JL, Mellow KD 
Plant & Food Research Auckland 

June 2023 

 

Kiwifruit vine decline was first reported in New Zealand in c. 2000 and appeared to be associated with 

Actinidia chinensis var. deliciosa ‘Hayward’ vines over 15 years of age. Over time, the syndrome in 

New Zealand has been known as vine decline, vine decay, swollen trunk disorder, crown decay 

disorder and kiwifruit wood decay. These woody vine diseases are currently known overall as kiwifruit 

trunk disease (KTD). KTD has now been seen on all commercial cultivars and appears to be 

increasing in incidence and visibility. 

Objective 1 of this project aimed to understand the incidence and prevalence of members of the fungal 

group Nectriaceae that are associated KTD in New Zealand. The survey undertaken in 2019 found 

that, within the Fusaria, the Fusarium solani species complex (FSSC) was prevalent, F. cerealis 

(syn. F. crookwellense) was found regularly and Fusarium venenatum (prev. Fusarium sambucinum) 

was found as the major species in one diseased vine. 

The current work tested these three species/groups in potted-plant pathogenicity tests and 

demonstrated the pathogenicity of the F. solani group on potted kiwifruit vines. Although the other two 

species were able to establish in the vines, they did not move far from the inoculation site, and it was 

unclear whether these species are primary pathogens in kiwifruit. 

These pathogenicity tests validate what is being observed on-orchard, with the FSSC being isolated 

from a large proportion of KTD symptoms. However, there is still uncertainty as to which members of 

the FSSC are involved in KTD in New Zealand – knowledge of this would give a clearer idea of control 

or avoidance options. 

 

For further information please contact: 

Joy Tyson 

Plant & Food Research Auckland 

Private Bag 92169 

Auckland Mail Centre 

Auckland 1142 

NEW ZEALAND 

Tel: +64 9 925 7000 

DDI: +64 9 925 7139 

 

Email: Joy.Tyson@plantandfood.co.nz 
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1 Introduction 

Kiwifruit vine decline was first reported in New Zealand in c. 2000 and appeared to be associated with 

Actinidia chinensis var. deliciosa ‘Hayward’ vines over 15 years of age (Manning et al. 2002). 

Over time, the syndrome in New Zealand has been known as vine decline, vine decay, swollen trunk 

disorder, crown decay disorder and kiwifruit wood decay (Figure 1). These woody vine diseases are 

currently known overall as kiwifruit trunk disease (KTD). KTD has now been seen on all commercial 

cultivars and appears to be increasing in incidence and visibility (Tyson 2023). 

Within the recorded fungal pathogens that have been associated with root rot and trunk diseases of 

kiwifruit, there is a growing list of members of the Nectriaceae. 

Objective 1 of this project (BS19004) aimed to understand the incidence and prevalence of members 

of the fungal group Nectriaceae that are associated with kiwifruit vine decline (Tyson et al. 2020b). A 

survey of three kiwifruit orchards with a history of disease (two in the Bay of Plenty, one in Motueka) 

took place in early 2019. In each orchard, fungal isolations were made from bark at the crown and 

from woody trunk cores taken from symptomatic and asymptomatic vines. Fifteen species, types, or 

complexes within the Nectriaceae were identified from woody tissues of kiwifruit trunks and leaders, 

and from bark at the crown. Different principal fungal species/groups were identified in each orchard. 

Although many members of the Nectriaceae group were isolated from declining/decaying kiwifruit 

vines, this does not necessarily mean that these are causing the various symptoms observed. Some 

species may be the primary cause of decline, others may be part of a complex, and others may be just 

taking advantage of declining vines and the presence of other fungi. In order to understand the 

significance of the fungi found within the wood of symptomatic vines, the pathogenicity of each needs 

to be tested against kiwifruit plants. 

Four species or groups were isolated most frequently from the three orchards — the Fusarium solani 

species complex (FSSC), Neonectria microconidia, the Ilyonectria species group and Clonostachys 

sp. Of these, N. microconidia and the Ilyonectria species group have been the subject of pathogenicity 

testing in other projects (BS19011 and BS1932), using isolates found in this study (Tyson et al. 2020a; 

Tyson et al. 2021). Clonostachys sp. is likely to be a saprophyte on dead or dying plant tissues 

(Everett et al. 2020) and is not a good candidate for pathogenicity testing. 

In the previous study (Tyson et al. 2020b), the FSSC was prevalent, making up 28.7% of all isolations 

from the diseased trunks in one of the three assessed orchards. F. solani is a known plant pathogen 

and sequencing has shown that there is an array of strains found in the wood of kiwifruit vines in 

New Zealand (Tyson & Mellow, unpub. data). Five other Fusarium spp. were identified at low 

numbers; however, F. cerealis was found regularly. Fusarium venenatum was found at even lower 

rates but was the major species found in one diseased vine. 

This work aimed to test the following species/groups in potted-plant pathogenicity tests: 

• Fusarium solani species complex (FSSC) 

• Fusarium cerealis (syn. F. crookwellense) 

• Fusarium venenatum (prev. Fusarium sambucinum). 
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2 Programme overview 

Project BS19004 comprises three objectives: 

1. Understanding the incidence and prevalence of members of the Nectriaceae 

associated with kiwifruit vine decline. 

2. Verification of the pathogenicity of different isolates on kiwifruit cultivars 

3. A literature review to identify potential treatments to support extension 

messages that may inform management decisions by growers. 

This report covers Objective 2 of the wider programme of research and involves testing three of the 

Fusarium species/groups found in the initial survey (Objective 1) to determine pathogenicity. 

This project is closely linked to projects BS1932 – Identification and characterisation of Ilyonectria 

species associated with root rot of kiwifruit (Ridgway et al. 2019; Tyson et al. 2020a), and BS19011 – 

Neonectria pathogenicity (Tyson et al. 2019; Tyson & Mellow 2020; Tyson 2021; Tyson et al. 2021). 

An additional project, BS20117, also focused on fungal isolations of vine decay symptoms in one of 

the orchards surveyed in this project (Tyson et al. 2020c). 

 

 

Figure 1. Severe kiwifruit trunk disease. 
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3 Methods 

Plant material 

Micro-propagated (tissue-cultured) plants of Actinidia chinensis var. deliciosa ‘Hayward’ were potted 

into 8-cm diameter planting bags and grown in a glasshouse (average temperature of 25 ± 5°C). At 

approximately 2 years post-tissue culture, vines were transplanted into 16-cm diameter potting bags 

containing sterile potting mix with slow-release fertiliser. Vines were kept at a height of approximately 

40 cm, and fertilised 14 days before inoculation. 

Inoculum preparation 

New Zealand isolates of three Fusarium species/groups were obtained from the culture collection at 

The New Zealand Institute for Plant and Food Research Limited (Table 1). For Fusarium cerealis and 

F. venenatum, two isolates from different regions were included. As the FSSC in kiwifruit is known to 

comprise many different types (Tyson & Mellow, unpub. data), four isolates were included. 

All of the isolates were originally from kiwifruit vines and were isolated during the vine decline survey 

(Tyson et al. 2020b). Each isolate was grown on Difco potato dextrose agar (PDA) at 25°C for 

c. 3 weeks prior to inoculations. The two F. cerealis isolates were from vines that were externally 

symptomless. 

Table 1. Fusarium isolates used in the pathogenicity tests.  

Isolate 
# 

Previous lab 
# 

Fusarium species 
Date 

isolated 
Geographical 

location 
Plant part 

cc1098 3101.2.2A Fusarium cerealis Apr-19 Motueka 100 cm woody core 

cc1180 3073.6.1I Fusarium cerealis Mar-19 Paengaroa 30 cm woody core 

cc1092 3073.13.2H Fusarium solani species complex Mar-19 Paengaroa 100 cm woody core 

cc1093 3100.17.1A Fusarium solani species complex Apr-19 Te Puke 30 cm woody core 

cc1118 3101.11.1K Fusarium solani species complex Apr-19 Motueka 30 cm woody core 

cc1158 3100.11.1F Fusarium solani species complex Apr-19 Te Puke 30 cm woody core 

cc1099 3073.14.3J Fusarium venenatum Mar-19 Paengaroa 
Bark from 

crown/base of trunk 

cc1142 3101.20.3A Fusarium venenatum Apr-19 Motueka 
Bark from 

crown/base of trunk 

Inoculation 

Kiwifruit vines were inoculated while actively growing (29 November 2021). Ten vines (replicates) 

were inoculated with each treatment (eight Fusarium isolates and one control treatment). 

An approximately 3-mm deep, downward-slanting cut was made from the outer bark to the inner wood 

with a sterile scalpel, 5 cm from the base of the plant. A 5-mm mycelial plug of inoculum was placed 

into the wound using a sterile scalpel and the inoculation site was wrapped with Parafilm®. The 

Parafilm was removed 48 h after inoculation. Plugs of sterile PDA were used for all control vines. 

Plants were laid out in a randomised block design in the greenhouse, assessed regularly and 

harvested approximately 15 months after inoculation. All plants were given additional fertiliser 

approximately every 4 months following inoculation. Due to the time needed for assessments and 
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isolation, the vines were harvested in batches over the last week of February and first week of March 

2023. 

Assessment and re-isolation: Fusarium spp. 

Assessments of vines were done weekly for the first 4 months, and then fortnightly for the remainder 

of the trial. Any symptoms were recorded, including any blanket changes to the plants/unit such as 

any changes to lighting times, trimming of excess vine growth, or soil soaks with supplementary 

nutrients. Vines were checked for any dieback, discolouration, cracking, or swelling at the wound site, 

nutrient deficiency or leaf drop, any new shoots growing from the roots or crown. If, at any stage 

during the trial, vines developed severe symptoms and it was suspected they would not survive, they 

were taken to the lab for further assessment and isolations. 

After the final greenhouse assessment of the remaining vines was completed, the vines were taken for 

further assessment and isolation. Each vine was pruned to 30 cm in height and loose soil was 

removed from the roots. All smaller roots were removed, leaving the largest root in place. Each vine 

was surface sterilised (30 s in 70% ethanol, 5 min in 0.35% sodium hypochlorite, 30 s in 70% ethanol 

and a rinse in sterile distilled water) before being left to dry in a lamina flow cabinet. 

A sterile scalpel was used to remove a thin layer of outer tissue from the crown to the tip to assess 

internal symptoms, and the length of xylem discolouration recorded. 

Vines were then cut into 1 cm segments, each segment was then cut longitudinally and each half 

placed onto PDA amended with rifampicin and ampicillin to prevent bacterial growth. By default, all 

vines had isolations from the wound, 1 cm above and below the wound, 2 cm above and below the 

wound, and 5 cm above and below the wound. Further isolations were done if symptoms were 

observed beyond these points. Plates were incubated at c. 22°C (room temperature) under natural 

light. Identification of the re-isolated fungi was by standard morphological techniques. 

The extent of colonisation by each isolate was compared using one way ANOVA (Minitab 21) using 

Fisher’s LSD (p<0.05). 
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4 Results 

Severe symptoms were rarely visible from the exterior of the plants before the final assessment. 

Minor symptoms were seen over the 15-month incubation period, mostly scattered throughout the 

Fusarium-inoculated sets and only absent from the control treatments. There were no statistically 

significant differences in symptom appearance between isolates or Fusarium species. These minor 

symptoms included the following: 

• Darkening of the wound area. This was particularly noticeable in those vines inoculated with 

F. cerealis. 

• Cracking of the area immediately surrounding the inoculation site. 

• Minor expansion of the wound up and down the stem. 

• Minor swelling of the stem around the wound. 

• Tip dieback. 

• Whole-plant symptoms similar to nutrient deficiency, e.g., pale leaves, distorted or cupped 

leaves, which were seen after the vines emerged from dormancy in September 2022. Vines 

inoculated with the FSSC isolates cc1158, cc1092 and cc1118 were more likely to appear 

nutrient deficient (Figure 2). 

 

 

Figure 2. Fusarium-inoculated vines of Actinidia chinensis var. deliciosa ‘Hayward’ displaying symptoms similar to nutrient 

deficiency. 
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On dissection at harvest, discolouration was visible in the interior of some vines. This discolouration 

often did not coincide with the areas from which Fusarium species were recovered and could not be 

used as an indication of colonisation extent. It may be that much of the discolouration was a 

physiological response due to xylem blockages at the wound site disrupting water and nutrient 

transport to the rest of the vine. The discolouration was absent from all control vines. 

At the inoculation site of the vines inoculated with FSSC isolates, the inner tissues were more 

disordered that those inoculated with F. cerealis or F. venenatum (Figure 3). 

 

Figure 3. Examples of the symptoms seen within the vines at the inoculation site. 

 

 

Fusarium solani cc1092 vine 10 Fusarium solani cc1093 vine 4

Fusarium solani cc1158 vine 2

Fusarium solani cc1092 vine 1

Fusarium cerealis cc1098 vine 5 Fusarium cerealis cc1180 vine 5

Fusarium venenatum cc1142 
vine 4

Fusarium venenatum cc1099 
vine 5

Fusarium venenatum cc1142 
vine 9
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Table 2 shows the mean length of colonisation (n=10) by each of the Fusarium isolates used in the 

pathogenicity tests. Figures 4–6 illustrate the extent of colonisation by the inoculated Fusarium 

isolates within the tissues of each individual ‘Hayward’ kiwifruit vine 15 months after inoculation. 

Overall, there were species differences in survival and colonisation extent. Isolates from the FSSC 

were recovered from 100% of inoculated vines, while F. venenatum was recovered from 80% of 

inoculated vines and F. cerealis was recovered from only 60% of inoculated vines. 

Fusarium venenatum and F. cerealis did not differ in mean colonisation length, both between species 

and isolates. Some members of the FSSC had a significantly longer mean colonisation length from 

each other and from isolates of F. venenatum and F. cerealis. 

 

Table 2. Mean length (cm) of colonisation of Actinidia chinensis var. deliciosa ‘Hayward’ kiwifruit vines inoculated with 
eight New Zealand isolates of Fusarium spp. originating from field vines with kiwifruit trunk disease. 

Fusarium spp. Isolate Mean colonisation length (cm) Grouping* 

F. solani species group cc1158 6.2 a 

F. solani species group cc1092 5.0 ab 

F. solani species group cc1093 3.9 bc 

F. solani species group cc1118 2.0 cd 

F. venenatum cc1142 1.9 cd 

F. venenatum cc1099 1.5 d 

F. cerealis cc1098 1.2 d 

F. cerealis cc1180 0.4 d 

control control 0.0 d 

*Means that share a letter are not significantly different. 
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Figure 4. Movement of the control treatment and Fusarium isolates (cc1098, cc1180) within the tissues of greenhouse-grown Actinidia chinensis var. deliciosa ‘Hayward’ 

kiwifruit vines (15 months after inoculation). 1–10 are 10 separate plants for each isolate/treatment (replicates 1–10). KEY: 0 = no Fusarium isolated, 1 = inoculated 

Fusarium isolate re-isolated, - = no isolation at this point. Red stars indicate vines that had some degree of tip dieback. 
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Figure 5. Movement of inoculated Fusarium isolates (cc1092, cc1093 and cc1118) within the tissues of greenhouse-grown Actinidia chinensis var. deliciosa ‘Hayward’ kiwifruit 

vines (15 months after inoculation). 1–10 are 10 separate plants for each isolate/treatment (replicates 1–10). KEY: 0 = no Fusarium isolated, 1 = inoculated Fusarium isolate 

re-isolated, - = no isolation at this point. Red stars indicate vines that had some degree of tip dieback. 
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Figure 6. Movement of inoculated Fusarium isolates (cc1158, cc1099 and cc1142) within the tissues of greenhouse-grown Actinidia chinensis var. deliciosa 

‘Hayward’ kiwifruit vines (15 months after inoculation). 1–10 are 10 separate plants for each isolate/treatment (replicates 1–10). KEY: 0 = no Fusarium isolated, 

1 = inoculated Fusarium isolate re-isolated, - = no isolation at this point. Red stars indicate vines that had some degree of tip dieback. 
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5 Discussion 

Objective 1 of this project aimed to understand the incidence and prevalence of members of the fungal 

group Nectriaceae that are associated with kiwifruit vine decline/kiwifruit trunk disease (KTD) in 

New Zealand. The survey undertaken in 2019 found that, within the Fusaria, the Fusarium solani 

species complex (FSSC) was prevalent, F. cerealis (syn. F. crookwellense) was found regularly and 

Fusarium venenatum (prev. Fusarium sambucinum) was found as the major species in one diseased 

vine. 

Ad hoc isolations of KTD symptoms in New Zealand over time also regularly reveal large amounts of 

F. solani in the tissues (Figure 7). 

 

Figure 7. Symptomatic trunk of Actinidia chinensis 

var. chinensis ‘Zesy002’ (commonly known as Gold3) 

from which Fusarium solani was isolated. 

Photo by Joy Tyson. 

 

The current work tested these three species/groups in potted-plant pathogenicity tests and 

demonstrated the pathogenicity of the F. solani group on potted kiwifruit vines. Although the other two 

species were able to establish in the vines, they did not move far from the inoculation site and it was 

unclear whether these species are primary pathogens in kiwifruit. 

It was found that pathogenicity segregated by Fusarium species, then by isolate. The FSSC isolates 

were the most pathogenic, with each of the four inoculated isolates recovered from every vine (n=10) 

and each isolate had significantly larger mean colonisation lengths within the inoculated vines than 

those of F. venenatum and F. cerealis. In comparison, the two F. venenatum isolates were recovered 

from 9/10 and 6/10 vines and the two F. cerealis isolates were recovered from 9/10 and 3/10 vines. 
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These pathogenicity tests validate what is being observed on-orchard, where the FSSC is being 

isolated from a greater proportion of KTD symptoms (Figure 8). 

 

Figure 8. Symptomatic vines of Actinidia chinensis var. chinensis ‘Zesy002’ (commonly known as Gold3) from which Fusarium 

solani was isolated. Photos taken by Seeka for project BS23288. 

Vines growing slowly in the greenhouse with a less variable environment may have influenced the 

formation of symptoms. It is probable that the vines, particularly those inoculated with members of the 

FSSC, would have developed more severe symptoms if given more time. On-orchard, it is likely that 

the fungal species involved in KTD spread through the vine over a number of years, slowly degrading 

the health of the vine, until eventually the burden on the vascular system becomes too great and the 

vine collapses (Tyson 2023). 

Recommendations for future work 

This work aimed to test the pathogenicity of the most common Fusarium species isolated from KTD 

and found that the FSSC was the most pathogenic, however gaps in understanding remain, including: 

Identification 

There is currently no knowledge of the members of the FSSC that are associated with KTD in 

New Zealand. A small unreported set of sequencing data indicates that there is a variety of strains 

present; however, this data is insufficient for species identification (Tyson & Mellow, unpub. data). 

Delineation of the FSSC species found in New Zealand is recommended, as is a study of those strains 

found in association with kiwifruit vine decline syndrome (KVDS) in Italy. KVDS is currently thought to 

be caused by interaction between waterlogging and soil-borne pathogens (Savian et al. 2020). 

F. solani was one of the most commonly recovered pathogens, along with Phytopythium and 

Phytophthora spp. Savian et al. (2020) recovered 8 unique sequence types of F. solani. 

Pathogenicity 

The pathogenicity of each FSSC ‘species’ should be tested on Actinidia chinensis var. chinensis 

‘Zesy002’ (commonly known as Gold3) and the common rootstocks – it is possible that this could be 

done using a budstick assay, which would allow multiple runs, speed up testing and allow more 

isolates to be tested. 
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Epidemiology 

Knowledge of the more common members of the FSSC, which symptoms they are associated with, 

and their epidemiology on kiwifruit and other woody hosts would give a clearer idea of control or 

avoidance options. Of particular interest to growers will likely be the time taken from infection, or first 

symptoms, to vine or leader death. 

Knowledge of the principal factors involved in the expression of KTD associated with the FSSC, such 

as environmental factors, rootstock choice, and the susceptibility of different wound types, is also 

needed. 
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Executive summary 

BS19004 Nectriaceae associated with vine decline of 
kiwifruit – Objective 3 – Literature reviews 

Tyson JL, Mellow KD 
Plant & Food Research Auckland  

July 2023 

 

Kiwifruit trunk diseases (KTD) have been recorded in New Zealand for the last 20 years and have 

been known as vine decline, vine decay, swollen trunk disorder, crown decay disorder and kiwifruit 

wood decay. Targeted research, and ad hoc isolations, have shown that a significant proportion of the 

recorded fungal pathogens associated with root rot and trunk diseases of kiwifruit are members of the 

fungal group Nectriaceae. 

Objective 1 of this project aimed to understand the incidence and prevalence of members of the fungal 

group Nectriaceae that are associated with kiwifruit vine decline by surveying three orchards. 

Objective 2 involved pathogenicity testing of the three most common Fusarium species/species 

groups found in that survey; the Fusarium solani species complex (FSSC), F. cerealis and 

F. venenatum. 

The current report comprises literature reviews for the three Fusarium species/groups that were used 

in the pathogenicity testing. Very little is published on the Fusarium solani species group in kiwifruit 

and nothing for the other two species. Although no information was found on potential treatments in 

the literature, suggestions for options that may minimise infections have been given for the FSSC. The 

other two Fusarium species are unlikely to warrant individual controls; however, the suggestions given 

for the FSSC are likely to apply to these also. 

 

For further information please contact: 

Joy Tyson 

Plant & Food Research Auckland 

Private Bag 92169 

Auckland Mail Centre 

Auckland 1142 

NEW ZEALAND 

Tel: +64 9 925 7000 

DDI: +64 9 925 7139 

 

Email: Joy.Tyson@plantandfood.co.nz 
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1 Introduction 

Kiwifruit vine decline was first reported in New Zealand in c. 2000 and at that time appeared to be 

associated with Actinidia chinensis var. deliciosa ‘Hayward’ vines over 15 years of age (Manning et al. 

2002). Over time, the syndrome in New Zealand has been known as vine decline, vine decay, swollen 

trunk disorder, crown decay disorder and kiwifruit wood decay. These woody vine diseases are 

currently known overall as kiwifruit trunk disease (KTD). KTD has now been seen on all commercial 

cultivars and is increasing in incidence and visibility (Tyson 2023). 

Within the recorded fungal pathogens that have been associated with root rot and trunk diseases of 

kiwifruit, there is a growing list of members of the Nectriaceae. 

Objective 1 of this project (BS19004) aimed to understand the incidence and prevalence of members 

of the fungal group Nectriaceae that are associated with kiwifruit vine decline (Tyson et al. 2020c). A 

survey of three kiwifruit orchards with a history of disease identified 15 species, types, or complexes 

within the Nectriaceae from woody tissues of kiwifruit trunks and leaders, and from bark at the crown. 

In order to understand the significance of the fungi found within the wood of symptomatic vines, 

Objective 2 involved pathogenicity testing of the three most common Fusarium species/species 

groups found in the survey of the three orchards (Tyson & Mellow 2023). These were the 

Fusarium solani species complex (FSSC), F. cerealis and F. venenatum. That research found that the 

FSSC was the most pathogenic. The current report comprises literature reviews for these three 

Fusarium species/groups that were used in the pathogenicity testing. 

1.1 Programme overview 

Project BS19004 comprises three objectives: 

1. Understanding the incidence and prevalence of members of the Nectriaceae 

associated with kiwifruit vine decline (Tyson et al. 2020c). 

2. Verification of the pathogenicity of different isolates on kiwifruit cultivars 

(Tyson & Mellow 2023). 

3. A literature review to identify potential treatments to support extension 

messages that may inform management decisions by growers. 

This report covers Objective 3 of the wider programme of research and involves literature reviews of 

three of the Fusarium species/groups that were found in the initial survey (Objective 1) and for which 

pathogenicity testing has been performed (Objective 2). 

This project is closely linked to projects BS1932 – Identification and characterisation of Ilyonectria 

species associated with root rot of kiwifruit (Ridgway et al. 2019; Tyson et al. 2020a), and 

BS19011 – Neonectria pathogenicity (Tyson et al. 2019; Tyson & Mellow 2020; Tyson 2021;  

Tyson et al. 2021). An additional project, BS20117, also focused on fungal isolations of vine decay 

symptoms in one of the orchards surveyed in this project (Tyson et al. 2020b).  
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2 Fusarium solani species complex 

2.1 Synonymy 

Fusarium solani (syn. Nectria haematococca) has been found to be a complex of morphologically 

similar species, often called the Fusarium solani species complex (FSSC). The genus 

Neocosmospora has been proposed for the members of the FSSC; however, there are opposing 

views on the validity and usefulness of this name, and the taxonomic placement of the FSSC remains 

controversial (Ezrari et al. 2022). 

Although little research has been published on the members of the complex associated with Actinidia, 

several researchers have reported that the ‘F. solani’ found in kiwifruit is not homogenous. In Italy, 

Savian et al. (2020) recovered many unique F. solani sequence types from flood-challenged kiwifruit 

vines. In China, Song et al. (2022) found two members of the FSSC associated with kiwifruit root rot 

and vine death. In New Zealand, sequencing of isolates of the F. solani complex has also shown that 

there are a multitude of F. solani types in the wood of vines with visible trunk disease (Tyson & 

Mellow, unpub. data). 

This review largely refers to Fusarium solani, as the members of the FSSC involved in kiwifruit vines 

are not clear. 

2.2 Geographic distribution 

Fusarium solani has been recorded in association with root and crown rots, and trunk disease of 

kiwifruit for many years; in Italy (Porta-Puglia & Corazza 1985), Turkey (Yaman & Turkkan 2017), 

China (Huang & Qi 1998) and New Zealand (Tyson et al. 2020c; Tyson 2023). 

In addition to kiwifruit, the FSSC has a very wide range of hosts, including many that are  

agriculturally important (Coleman 2016). Fusarium solani sensu lato has a worldwide distribution 

(Leslie & Summerell 2006). 

2.3 Host plant symptoms 

Symptoms on kiwifruit that are caused solely by F. solani are unclear; however, the fungus has been 

associated with root rot, collar rot and wood decays in kiwifruit vines overseas (Table 1). In 

New Zealand, F. solani has been associated with all of these symptoms, as well as sudden death of 

vines and the formation of large swellings in the wood of the trunk and leaders (Tyson unpub. data). 

One report from China has also implicated F. solani in fruit rots of several cultivars (Yang et al. 2018). 

In other woody hosts, Fusarium solani or members of the FSSC as a whole, have been recorded 

causing similar symptoms as those seen on kiwifruit. Some examples include Carya cordiformis 

(bitternut hickory) trunk canker (Park & Juzwik 2012), Juglans nigra (black walnut) stem canker 

(Tisserat 1987), Magnolia denudata root rot (Yin et al. 2022), Persea sp. (avocado) trunk canker 

(Guarnaccia et al. 2018), Pistacia vera (pistachio) crown and stem canker (Crespo et al. 2019) and 

Prunus dulcis (almond) stem canker (Markakis et al. 2021). 
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In field crops, members of the FSSC are well known for causing foot and root rots of infected hosts, 

with obvious symptoms of wilt and chlorosis of the stems and leaves (Coleman 2016). Field crop host 

plants include peas, potatoes and soybean. 

Table 1. Published symptoms associated with the Fusarium solani species complex (FSSC) in kiwifruit. 

Country Symptom on kiwifruit Reference 

China, Guangdong root rot Huang & Qi (1998) 

China, Guangxi root rot Zhuang et al. (2015) 

China, Liupanshui root rot Wang et al. (2018) 

China, Shaanxi root rot Ku (2018) 

China, Shaanxi and Sichuan fruit rot Yang et al. (2018) 

Italy 'elephantiasis’ Nipoti et al. (2004) 

Italy KVDS* Savian et al. (2020) 

Italy wood decay Gianetti et al. (2002) 

Italy, Latina collar rot Porta-Puglia & Corazza (1985) 

Turkey, Ordu Province root rot Turkkan & Sahin (2019) 

* KVDS: kiwifruit vine decline syndrome. 

 

2.4 Disease cycle 

The fungus 

Fusarium solani forms several types of spores: asexual macro- and micro-conidia, which are formed in 

sporodochia (spore masses), and sexual ascospores that develop in red perithecia (Figure 1). There is 

variation in the ability of members of the FSSC to form the sexual stage, with some being able to  

‘self’ (homothallic) and others needing a separate mating type (heterothallic) to form perithecia 

(O'Donnell 2000). Some strains of F. solani also form chlamydospores (long lived resting spores). 

The disease cycle of Fusarium solani in kiwifruit is unclear; however, it is likely that the macro- and 

micro-conidia will be rain-splashed, and the ascospores will be both rain-splashed and wind-blown. 

The sporodochia and the red perithecia can develop on, or under, the bark of the collar, trunk or 

woody leaders, while the conidial masses also form on the roots (Tyson pers. obs.). Chlamydospores 

are likely to form within the tissues of the roots and wood, and will be an important method of survival 

within the soil, although this needs to be confirmed. 
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Figure 1. Red perithecia of Fusarium solani forming on kiwifruit trunks and bark. Perithecia measure <0.5 mm.  

Photos: Joy Tyson. 

Entry into the host plant 

While F. solani is able to infect intact roots of many hosts, it is likely that many of the entry sites in 

kiwifruit vines will be through natural or man-made wounds. 

The cultivation of kiwifruit is intensive, vines are extremely vigorous and management results in a 

multitude of wounds. Initially, scions are cut and grafted to new rootstock vines (either in a nursery or 

on-orchard), or onto older vines that have had the previous cultivar removed. Once established, the 

vines are pruned several times a year, and the trunks and/or leaders are girdled at least twice each 

year. In addition to these wound events, sucker removal and accidental damage to the trunk/collar 

(e.g., by tractors) can provide further wounds. Below ground, the roots can be attacked by nematodes, 

and soil ripping and root-pruning will also further damage the roots. 

Some members of the FSSC are part of mutualistic relationships. Neocosmospora euwallaceae (a 

member of the FSSC) is vectored by the ambrosia beetle Euwallaceae fornicatus. The beetle carries 

the fungus between avocado trees in Israel, with the infected trees then developing symptoms of 

dieback, wilt, gummosis and eventually tree death (Guarnaccia et al. 2018). Several other members of 

the FSSC are also known or suspected to be to be farmed by ambrosia beetles (Aoki et al. 2019). 

Thus far, there is no record of this method of dispersal in kiwifruit. 
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Colonisation of the host plant (roots) 

Biotic and abiotic stresses are thought to be contributing factors in the development of dry root rot 

(DDR) of Citrus, which is largely caused by Fusarium solani (Vegas et al. 1991; Ezrari et al. 2022). 

Biotic stressors include other pathogens such as Phytophthora and citrus tristeza virus, or physical 

damage by nematodes; abiotic stressors include drought and waterlogging, high temperatures and 

over-fertilisation (Ezrari et al. 2022). In addition to these factors, Menge (1988) also listed root girdling, 

rootstock-scion incompatibility and poor soil aeration as contributing factors to DDR. 

Ezrari et al. (2022) linked rootstock-scion incompatibility with low carbohydrate levels in the roots. In a 

University of California blog on the subject, Akif Eskalen opined that a graft union disconnection 

prevents the phloem from transferring enough carbohydrate to the rootstock to feed the feeder roots 

and that the Fusarium species in the soil then colonise the starch-depleted roots, causing DRR 

(Faber et al. 2015). 

It is probably worth noting that girdling of kiwifruit vines has a similar effect, with the girdle preventing 

sugars from being transported downwards to the roots (NZKI 2021). 

Colonisation of the host plant (trunks) 

Although the Fusarium solani species group is being increasingly described as the causal agent of 

canker diseases of woody plants, many of the publications lack data on the epidemiology of the 

diseases. The few that do have information tend to suggest wounds as the entry points for the 

pathogen. In avocado trunk canker, frost damage or pruning wounds are believed to be the initial entry 

points (Guarnaccia et al. 2018) and in pistachio crown and stem canker, the authors point to 

mechanical injuries on the crown and trunks (Crespo et al. 2019). 

In Quercus robur, Ragazzi et al. (2001) found that F. eumartii (a FSSC member) induced the formation 

of numerous tyloses and gum deposits in the vessels. In Citrus, the xylem vessels of the roots or trunk 

are occluded by thick plugs of tangled mycelium and inert material (Ezrari et al. 2022). These 

occlusions will inhibit the transport of water and nutrients up through the plants. Given that sudden wilt 

and death has been observed in F. solani-infected kiwifruit vines, it is likely that the vessels of kiwifruit 

vines are being obstructed in a similar manner. 

2.5 Disease reports in kiwifruit 

Published reports are divided over the role of F. solani in root and trunk disease of kiwifruit and 

whether it acts as a primary or secondary invader. From the minimal number of publications available 

on kiwifruit, it appears to be able to act in both ways. 

Root rot 

Fusarium solani is well known for its association with root rots of many plant hosts. In kiwifruit, it has 

been recorded from root rots as the sole pathogen, and in association with other pathogens. 

In China, F. solani and Phytophthora cinnamomi were isolated from the same kiwifruit root rots. After 

inoculation of greenhouse vines, P. cinnamomi was found to have a higher pathogenicity, and it was 

thought likely that F. solani was a secondary pathogen that accelerated the root rot when in 

combination with Phytophthora (Huang & Qi 1998). 
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Also in China, a root rot of 3-year-old vines was associated with poorly drained orchards and hot 

summers, with symptoms initially appearing as leaf curl and progressing to blackened, dying roots and 

eventual vine death. It was estimated that 5% of 8000 vines were affected over 2020–21. Isolations 

recovered two fungal species, F. solani and F. breve, both of which belong to clade 3 of the FSSC. 

Kochs Postulates were fulfilled, with both species being found pathogenic on kiwifruit (Song et al. 

2022). 

While creating a list of the many genera of root-rotting fungi found on kiwifruit, Yaman & Turkkan 

(2017) noted that F. solani caused more severe root rot than F. oxysporum and Rhizoctonia solani. 

Song et al. (2022) inoculated kiwifruit roots with conidial suspensions of isolates of F. solani and 

F. breve that were initially isolated from kiwifruit root rot symptoms. After 1 month, the inoculated vines 

displayed similar symptoms to the original disease, indicating that in this case, both members of the 

FSSC were primary pathogens. 

Trunk disease 

Apart from New Zealand, F. solani has only been reported in association with KTD in Italy. Porta-

Puglia & Corazza (1985) isolated F. solani from diseased kiwifruit tissues. Re-inoculation of F. solani 

into wounded kiwifruit bark resulted in browning of the wood; F. solani was then re-isolated from the 

diseased tissues, proving Koch’s Postulates and the pathogenicity of the isolate (Porta-Puglia & 

Corazza 1985). 

Research by Gianetti et al. (2002) found that the microorganisms most frequently isolated from 

‘Hayward’ wood decay in Italy in 1997 were F. solani and Phomopsis sp. 

Also in Italy, species of Phaeoacremonium and F. solani were isolated from elephantiasis-affected 

vines, which are characterised by trunk-swelling, defoliation and fruit that fail to mature. The 

Phaeoacremonium spp. were suggested as the initial invaders, predisposing the vines to the entry of 

F. solani (Nipoti et al. 2004). 

Further research in Italy focused on kiwifruit vine decline syndrome (KD, KVDS), which is 

characterised by a sudden and irreversible wilting of vines, and extensive damage to the roots 

(Savian et al. 2020). This syndrome is believed to be caused by a combination of waterlogging and 

biotic factors. Savian et al. (2020) found that F. solani was one of the most common species isolated 

from symptomatic vines subjected to artificial waterlogging treatments, along with several 

Phytopythium (syn. Pythium) species. 

2.6 Distribution in the kiwifruit vine decline survey 

In the New Zealand vine decline survey undertaken in 2019 (Tyson et al. 2020c), F. solani was found 

in a large proportion of the woody core samples taken from 30 cm up the trunks in Orchard 2, as well 

as in the bark samples taken from the crowns (highlighted in Table 2). 
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Table 2. Percentage of isolations yielding Fusarium solani at each sampling height on the trunk of symptomatic (kiwifruit trunk 
diseases) or asymptomatic vines (n=10) in three orchards (Tyson et al. 2020c). 

Height on trunk Orchard 1 Orchard 2 Orchard 3 

- asymptomatic symptomatic asymptomatic symptomatic asymptomatic symptomatic 

100 cm 2% 6% 0% 2% 3% 3% 

30 cm 4% 5% 12% 41% 2% 5% 

Bark at 
crown/collar 

0% 4% 0% 24% 2% 0% 

2.7 Control 

In field and vegetable crops, management options for members of the FSSC include crop rotation and 

timing of planting (Coleman 2016) as well as resistant cultivars and fungicide applications. 

There is no published information on control options for F. solani in kiwifruit vines and little for other 

woody hosts. Therefore, control options remain limited and focused on hygiene, wound protection and 

minimisation, avoidance of water stress (both drought and waterlogging), and the removal of potential 

sources of inoculum. 

The management of kiwifruit vines results in a multitude of wounds, at many times of the year. Tool 

hygiene should be a priority in order to stop inoculum moving within and between vines. Contaminated 

pruning or girdling tools effectively deliver the pathogen to a new infection site with every cut. 

The protection of those wounds from infection is also essential as, even with clean tools, air-borne or 

water-borne spores may reach the wounds while they are still susceptible. This includes the grafting 

wound, particularly if grafted in-field. The creation of non-husbandry wounds should be minimised, for 

example, avoid mechanical damage on collar/crown and trunks, e.g. by tractors. 

Infections and inoculum sources can be minimised by sourcing clean planting material, and it is also 

important to take measures to ensure that budwood does not touch the ground or any soil when 

grafting on-orchard as the pathogen can be soilborne. 

Although F. solani can colonise the kiwifruit scion and rootstock, identifying tolerant rootstocks would 

be useful. As the pathogen can be soilborne and enter via the roots or wounds at the crown, this 

would lessen the risk and inoculum load in the orchard. This is the approach suggested for pistachios 

in California, where five species of Fusarium, including two in the FSSC, have been implicated as 

causal agents of crown rot and stem canker (Crespo et al. 2019). 

It is impossible to eradicate F. solani from the soil; however, the soil structure is likely to have an effect 

on its prevalence. Heavy and poorly drained soils are likely to exacerbate F. solani as it is can be 

associated with waterlogging (Savian et al. 2020). Good drainage is essential. 

On the flip side, drought stress should also be avoided. Environmental stresses are known to be 

associated with stem and collar/crown cankers of woody plants (Schoeneweiss 1981), and it has been 

suggested that drought stress may render pistachio trees more susceptible to Fusarium solani and 

Neocosmospora falciformis (a member of the FSSC) (Crespo et al. 2019). 
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The vines should be monitored regularly and dead or severely affected vines or leaders removed. If 

left in the orchard, these will provide a source of inoculum and re-infection of healthy kiwifruit vines. 

Disposal of infected vines should be by burning. 

2.8 Biosecurity risk 

Fusarium solani sensu lato is a worldwide (cosmopolitan) species that has been regularly recorded in 

New Zealand over many years. 

Although it is known to be widespread in New Zealand kiwifruit orchards, the concern for domestic 

(New Zealand) biosecurity would be the prevalence and geographic distribution of each of the strains 

of Fusarium solani, and whether each strain causes the same symptoms and has the same 

epidemiology. 

There is currently no knowledge of the members of the FSSC that are associated with KTD in 

New Zealand. A small set of sequencing data has indicated that there is a variety of strains present; 

however, this data is insufficient for species identification (Tyson & Mellow, unpub. data). 

Delineation of the FSSC species found in New Zealand is recommended, as is a study of the Italian 

strains found in association with kiwifruit vine decline syndrome (KVDS) in Italy. KVDS is currently 

thought to be caused by interaction between waterlogging and soil-borne pathogens (Savian et al. 

2020). F. solani was one of the most commonly recovered pathogens, along with Phytopythium and 

Phytophthora spp. Savian et al. (2020) recovered 8 unique sequence types of F. solani. 
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3 Fusarium cerealis (syn. Fusarium crookwellense) 

3.1 Synonymy 

Fusarium crookwellense was first described in Australia in 1982 (Burgess et al. 1982). Later, 

F. crookwellense was found to be identical to a previously described species, F. cerealis, and the 

name F. cerealis therefore has priority (Nirenberg 1990). 

Current name:  Fusarium cerealis 

Synonyms:  Fusisporium cereale 

Fusarium crookwellense 

Fusarium culmorum var. cereale 

Fusarium roseum f. cereale 

Fusarium sambucinum var. cereale 

Fusisporium cerealis 

Gibberella rosea f. cerealis 

Gibberella roseum f. cerealis 

3.2 Geographic distribution 

F. cerealis is a cosmopolitan species widely found in Australia (Burgess et al. 1982) and New Zealand 

(Lauren & Di Menna 1999), as well as the USA, South Africa, France, and Colombia (Burgess et al. 

1982), China (Zhang et al. 2011), Japan (Sugiura et al. 1994), Russia (Gagkaeva 2010), Iran 

(Chehri et al. 2011), Iraq (Minati & Mohanned 2020) and Algeria (Bouanaka et al. 2022). Note that this 

is unlikely to be an exhaustive list. 

Burgess et al. (1982) noted that it appeared to be more abundant in temperate high rainfall or irrigated 

areas. 

3.3 Host plants and symptoms 

Field crops 

In graminaceous hosts, Fusarium cerealis (syn. Fusarium crookwellense) is a fungal plant pathogen 

best known for causing root rot, seedling blight and head rot in wheat (Liddell 1985; Chehri et al. 2011; 

Zhang et al. 2011) and other grains such as barley (Zhang et al. 2011) and maize (Lauren & Di Menna 

1999). 

F. cerealis is often recorded as a member of the Fusarium head blight complex, particularly of wheat 

(Bouanaka et al. 2022), but is less virulent in wheat and maize than other members of the complex, 

such as F. graminearum and F. culmorum (Sugiura et al. 1994). 

In Australia in 1982, Fusarium cerealis (as F. crookwellense) was isolated from necrotic lesions on 

potato tubers. At this time it was also discovered on a variety of other host plants, including wheat, 

corn, and barley (Burgess et al. 1982). Liddell (1985) also reported it from crown and root rot in wheat 

in Australia, and Pethybridge et al. (2001) isolated F. crookwellense from necrotic lesions on the tips 
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of Humulus lupulus (hop) cones, with pathogenicity tests confirming the fungus as the causal agent 

of the necrosis. Other recorded host plants include ginseng (Gao et al. 2014), Gossypium spp. 

(Wang et al. 2004) and soybean (Ilić et al. 2012; Abdelmagid et al. 2018), on which it caused root rots 

and wilt. 

Woody hosts 

In woody hosts, there are few records of the pathogen within the tree or vine, although it has been 

recorded (as F. crookwellense) as a minor fruit rot pathogen (Hartill 1991; Sever et al. 2012). For 

example, in Croatia, F. cerealis was isolated from rots of stored apples, with pathogenicity tests 

showing that the fungus was able to form lesions on inoculated wounded fruit (Sever et al. 2012). In 

New Zealand, F. cerealis is an uncommon fruit rot pathogen of avocado (Hartill 1991). 

Burgess et al. (1982) isolated the pathogen (as F. crookwellense) from root lesions of Pinus radiata 

(pine) in Australia. 

New Zealand records 

In New Zealand, Lauren & Di Menna (1999) found that F. cerealis was the second most widespread 

pathogen of Zea mays leaves and ears. Waipara (1997) found that it reduced root number and root 

growth in clover and ryegrass. 

In New Zealand, the oldest F. cerealis isolate in the Manaaki Whenua Landcare Research 

International Collection of Micro-organisms from Plants (ICMP) is from Auckland in 1960, where it was 

isolated from sweet potato (Ipomoea batatas). Since then, it has been collected from a variety of plant 

hosts and substrates, including avocado fruit rots, corn cob and stem lesions, grasses including root 

lesions of ryegrass, and grapevine roots. There is a single ICMP record of F. cerealis from kiwifruit 

(Actinidia deliciosa), collected from a leaf in Auckland in December 1998 (ICMP 13819). 

The Fusarium culture database of Phil Broadhurst (Crop & Food) shows that he isolated 

F. crookwellense in New Zealand from avocado fruit, cabbage, carnation, Zea mays (maize and sweet 

corn), sclerotes of Rhizoctonia, squash, strawberry, tomato fruit, turf and wheat seeds (P. Broadhurst 

unpub. data). 

3.4 Disease cycle 

Fusarium cerealis (Figure 2) forms several types of spores: asexual macroconidia, which are formed 

in sporodochia (spore masses), and chlamydospores (long lived resting spores). Burgess et al. (1982) 

did not record the presence of perithecia for this species. 
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Figure 2. Fusarium cerealis culture on potato dextrose agar (PDA). 

Photo: Joy Tyson. 

3.5 Disease reports in kiwifruit 

There are no published records of F. cerealis or F. crookwellense on kiwifruit. There is a single isolate 

of F. cerealis from a leaf of Actinidia deliciosa held in the ICMP, collected in Auckland 1998 (ICMP 

13819); however, no symptoms are recorded. 

The isolations from the vine decline survey (Table 3) appear to be the only records of F. cerealis in the 

wood of any host plant (Tyson et al. 2020c). 

Table 3. Number of vines in each orchard in the vine decline survey from which Fusarium cerealis was identified. 

Orchard # Asymptomatic vines (n=10) Symptomatic vines (n=10) 

Orchard 1  1 1 

Orchard 2 0 1 

Orchard 3 2 6 

 

3.6 Distribution in the vine decline survey 

During the vine decline survey of kiwifruit (Objective 1 of this programme), F. cerealis was found 

sporadically, but regularly, at all three orchards at all vine heights tested in both symptomatic and 

asymptomatic vines (Table 4). It is unclear what role the fungus may have had in the development of 

symptoms. Unlike F. solani, or F. venenatum, there were no examples of the fungus appearing as the 

main coloniser of any of the cores taken from symptomatic vines (Tyson et al. 2020c). 
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Table 4. Percentage of isolations yielding Fusarium cerealis at each sampling height on the trunk of symptomatic (kiwifruit trunk 
diseases) or asymptomatic vines (n=10) in three orchards (Tyson et al. 2020c). 

Height on trunk Orchard 1 Orchard 2 Orchard 3 

- asymptomatic symptomatic asymptomatic symptomatic asymptomatic symptomatic 

100 cm 0 0 0 3 1 0 

30 cm 3 0 0 0 1 6 

Bark at 
crown/collar 

0 1 0 0 4 2 

 

3.7 Control 

From the limited information currently available, it is unlikely that F. cerealis is a large enough problem 

in kiwifruit to warrant specific control options. There are few other recorded woody hosts and no 

control options advised for these. As the fungus can be soilborne, it is likely that avoiding the creation 

of wounds around base of the trunk would be helpful to minimise new infection points. Management 

should be focused on hygiene, wound protection and minimisation. 

3.8 Biosecurity risk 

Fusarium cerealis is widespread throughout New Zealand and the world. It was the least aggressive of 

the three Fusaria in the pathogenicity tests and, although found regularly in kiwifruit vines, it has not 

been found as the main coloniser of any tissues and is likely to be an opportunist in this host. It is 

unlikely to be of biosecurity concern. 
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4 Fusarium venenatum (prev. F. sambucinum) 

4.1 Synonymy 

Fusarium venenatum was described in 1995 after being found to comprise a morphologically distinct 

lineage within Fusarium sambucinum. At this point, Fusarium sambucinum sensu lato was split into 

Fusarium sambucinum sensu stricto, Fusarium torulosum and Fusarium venenatum (Nirenberg 1995). 

4.2 Geographic distribution 

Fusarium venenatum has been identified in many countries, for example Algeria (Azil et al. 2021), 

Croatia (Ilić et al. 2012), Germany (Rigorth et al. 2021), Poland (Stefańczyk et al. 2016), Switzerland 

(Dorn et al. 2009), Malaysia (Manshor et al. 2022), Australia (Tan et al. 2011) and New Zealand 

(ICMP 2023). 

4.3 Host plant symptoms 

In 1985, a non-mycotoxin producing strain of F. venenatum (originally identified as F. graminearum) 

was developed for the production of mycoprotein for use as an alternative to meat-based protein. This 

is marketed as Quorn (Wiebe 2002). Much of the literature on F. venenatum is focused on its use as a 

human food source. 

Some of the records of F. sambucinum from prior to 1995 will relate to F. venenatum, and it is likely 

that the two species will be similar in biology and life cycle. 

Fusarium venenatum 

Although much of the literature for this species focuses on mycoproteins, there is some evidence  

that it is also a plant pathogen. Isolates of F. venenatum collected from maize debris and 

Abutilon theophrasti (velvetleaf) in eastern Croatia were tested for pathogenicity in wheat and maize 

(Ilić et al. 2012); this study was the first to report pathogenicity in this species. In 2021, F. venenatum 

isolates from foot and root rot of wheat in Germany were also found to be pathogenic (Rigorth et al. 

2021). 

F. venenatum has been reported from other hosts, often in association with other Fusaria or other 

fungal pathogens; these reports tend not to include pathogenicity testing. It has been isolated from 

pyrethrum root and crown disease (Moslemi et al. 2017), from sugar beet (Nitschke et al. 2009) and 

from potato wilt (Azil et al. 2021), all in association with other Fusarium spp. 

In New Zealand, cultures of F. venenatum in the ICMP include isolates recovered from Austroderia 

richardii (toi-toi), Quercus ilex (holly oak), Allium cepa (onion), and from the soil of a maize field (ICMP 

2023). 
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Fusarium sambucinum 

Records of host associations for F. sambucinum are more numerous and many diseases were 

attributed to this species before it was split into three (F. sambucinum sensu stricto, F. torulosum, and 

F. venenatum). 

Fusarium sambucinum can act as a soil saprophyte, and as a pathogen, causing cereal root and 

seedling rots, storage rots of fruit and legumes, and cankers on woody trees (Beremand et al. 1991). 

F. sambucinum causes potato dry rot and is considered the most aggressive pathogen for this disease 

in Europe, China, and North America (Sagar et al. 2011; Xue & Yang 2021). 

Research in Japan has found that F. sambucinum can also cause postharvest fruit rots of winter 

squash (Cucurbita maxima) (Kitabayashi et al. 2022). In China, F. sambucinum has been found on 

kiwifruit as a fruit rot pathogen (Yang et al. 2020). 

There are many records of F. sambucinum on woody hosts. Booth (1971) noted that the species can 

be an economically important canker disease of woody trees. The cankers and subsequent girdling 

can result in the death of branches or stems, for example in Humulus lupulus (hops). In the 

F. sambucinum – hops pathosystem, the pathogen infects near the base of the plant through a natural 

opening or wound caused by herbicide injury, insect feeding, wind, or mechanical means. The first 

symptoms on hops plant tend to be cupping and chlorosis of leaves, after which the stems develop 

cankers, swelling and girdling, leading to wilting and dieback of the plants (Thomas et al. 2022). 

Carranza et al. (2004) identified F. sambucinum as the causal agent of a canker disease on branches 

of Phytolacca dioica (umbra tree). The pathogen girdled branches and killed the apical portion of the 

tree. The authors speculated that the disease would be spread by conidia, and also by ascospores 

disseminated from the perithecia that formed on the cankers. 

Vemić et al. (2019) demonstrated that strains from the F. sambucinum species complex were 

pathogenic to ash trees (Fraxinus excelsior) and may contribute significantly to the development of 

ash dieback in young common ash plants. 

The species may also be saprophytic, with Jayawardena et al. (2018) recording F. sambucinum as a 

saprophyte on a dead branch of grapevine (Vitis vinifera) in Italy. In New Zealand, Gadgil (2005) 

recorded F. sambucinum in the roots of Cupressus lusitanica, Cytisus scoparius, Eucalyptus fastigata, 

Eucalyptus nitens, Pinus radiata and Sequoia sempervirens. It is unclear what the symptoms were on 

these hosts, or if they were symptomatic at all. 

4.4 Disease cycle 

Fusarium venenatum (Figure 3) forms asexual macroconidia and chlamydospores (Nirenberg 1995). A 

sexual state has not yet been identified; however, F. sambucinum sensu stricto forms a Gibberella 

sexual state, producing brown to black perithecia and ascospores. Although this was not confirmed by 

a search of the literature, given the close relationship between these two species, it is possible that 

F. venenatum also produces perithecia and ascospores. 
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Figure 3. Fusarium venenatum. Left: culture on potato dextrose agar (PDA). Right: macrospores. Photos: Joy Tyson. 

 

4.5 Disease reports in kiwifruit 

There are no published records of F. venenatum on kiwifruit, although in China, F. sambucinum has 

been found on kiwifruit as a fruit rot pathogen (Yang et al. 2020). The isolations from the vine decline 

survey appear to be one of the only two records of F. venenatum in the wood of any host plant 

(Tyson et al. 2020c). 

In New Zealand, there is a collection of F. venenatum (ICMP 19150) isolated from brown staining in 

the vascular tissues of Quercus ilex (holly oak) (ICMP 2023). 

4.6 Distribution in the vine decline survey 

In the 2019 kiwifruit orchard survey (Tyson et al. 2020c), F. venenatum was predominantly recovered 

from bark at the base of vines (Table 5). However, in one symptomatic vine from Orchard 1, it was the 

dominant species recovered from the wood of the trunk at a height of 30 cm above the soil. In this 

case it was consistently isolated from a 6-cm cross-section of the trunk. This vine was showing 

symptoms of severe collar rot from the soil to 90 cm up the trunk, with a strong red discoloration of the 

bark, and active production of ooze. The role of F. venenatum in the development of these symptoms 

is unknown. 
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Table 5. Percentage of isolations yielding Fusarium venenatum at each sampling height on the trunk of symptomatic (kiwifruit 
trunk diseases) or asymptomatic vines (n=10) in three orchards (Tyson et al. 2020c). 

Height on trunk Orchard 1 Orchard 2 Orchard 3 

- asymptomatic symptomatic asymptomatic symptomatic asymptomatic symptomatic 

100 cm 0% 0% 0% 0% 0% 0% 

30 cm 0% 4% 1% 0% 0% 0% 

Bark at 
crown/collar 

3% 0% 0% 5% 0% 4% 

 

4.7 Control 

The F. sambucinum complex appears to enter host plants through the roots or wounds at the base of 

the tree. In the F. sambucinum – hops pathosystem, the pathogen infects near the base of the plant 

through a natural opening or wound caused by herbicide injury, insect feeding, wind, or mechanical 

means. 

There are no control options advised for woody hosts. As with F. cerealis, the fungus can be soilborne, 

and avoiding the creation of wounds around base of the trunk would be helpful to minimise new 

infection points. Management should be focused on hygiene, wound protection and minimisation. 

4.8 Biosecurity risk 

Fusarium venenatum is widespread throughout the world, being found in many climatic zones. In 

New Zealand, it has been found in the Bay of Plenty and Motueka in kiwifruit, and the ICMP has 

collections from other hosts from Auckland, Waikato, Wellington, Nelson and mid-Canterbury. 

There is no indication of strains of differing pathogenicity or host-preference in the, admittedly minimal, 

literature. It is unlikely to be of biosecurity concern within New Zealand. 
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