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Executive Summary 
A survey was conducted in the 2019/20 growing season to determine the microbial diversity 

on walnut husks and kernels as they developed throughout the season and after harvest.  This 

followed a report of an increase in kernel moulds detected in nuts from the 2018/19 growing 

season following wet spring conditions.  A literature review was conducted to link the findings 

of the survey to the potential causes of walnut kernel mould. 

There are a range of organisms including Penicillium, Aspergillis, Phomopsis, Fusarium, 

Alternaria and Xanthomonas arboricola pv. juglandis that are frequently associated with 

walnut kernel decay world-wide.  In the current New Zealand survey, Aspergillis was not 

detected.  Kernel moulds can cause significant losses but the presence of moulds, especially 

Penicillium and Aspergillis, can be associated with mycotoxin production. 

Organisms causing kernel moulds may be present in the husks before maturity and may enter 

the fruit early or later especially where there is early husk split, a large stem-end hole or if 

there is a delay between husk split and harvest.  Another possible mechanism for pre-harvest 

kernel infection is damage to the husk prior to nut-fall, such as that caused by walnut blight 

infection or by fungal pathogens.  Wet conditions, such as occurred in the spring of 2018 is 

likely to increase pathogen damage and generally increase the load of bacterial and fungal 

organisms in the orchard which may later colonise damaged walnut husks.  

Control of pathogens during the growing season, minimising the time from husk split to 

harvest, separation out of obviously diseased nuts, prompt drying of nuts, monitoring and 

control of environmental conditions and water activity at all stages from harvest to processing 

and storage, are likely to be helpful in discouraging mould growth.  
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Introduction 
An increase in kernel mould was reported by Walnuts New Zealand following the 2018/2019 

growing season. Factory processing detected higher mould incidence within the kernels of 

nuts harvested in 2019 compared to other seasons. Laboratory analysis revealed that the 

primary fungus present was Penicillium, but Alternaria, Phomopsis, Trichoderma, Mucor, 

Gliocladium and Botrytis were also detected. Growers reported that through the Spring of 

2018 moisture levels on orchards were particularly high in the Canterbury region. Weather 

data showed that rainfall in Christchurch was 108.8 mm in November 2018, more than double 

the historical average of 42.8 mm. No other factors appeared to be different from other 

seasons. A survey was carried out for the 2019/2020 season to investigate the presence of 

microorganisms associated with walnuts as they developed from young fruit to mature nuts. 

This was designed to determine the following: 

• Microbial diversity on walnut husks and kernels. 

• The timing of infection of different microbes throughout the season. 

• Any relationship between early infection and later kernel moulds. 

Results from this testing are presented in Table 1. Testing of young symptomatic fruit in 

December 2019 and January 2020 showed that many of the early fruit spotting symptoms 

were attributed to infection by Xanthomonas arboricola pv. juglandis, the cause of walnut 

blight. In December, fruit were also infected with Phomopsis and Phoma which are also plant 

pathogens, as well as Alternaria which was likely to be secondary. In January, the fungal 

spectrum became more diverse with detection of Colletotrichum acutatum and Cladosporium 

as well. The results from the 3rd sample collected 6th May should be interpreted with caution. 

Fruit were held for several weeks before laboratory analysis due to COVID-19 restrictions on 

travel and at the time of testing husks were severely decayed. This is a possible explanation 

for high levels of Botrytis cinerea which is a fungus often associated with secondary tissue 

invasion following damage. Penicillium was detected at low levels in this batch of testing but 

due to the condition of the samples at testing the significance of this finding is unknown. In 

the final testing batch, mature nuts collected 25th May revealed mainly Penicillium and 

Phomopsis, as well as some Xanthomonas arboricola pv. juglandis.  

Table 1 shows that early in the season microbial populations comprised mainly plant 

pathogenic fungi and bacteria. As the season progressed, diversity also increased to include 

saprophytic fungi such as Penicillium. This is more commonly an opportunistic storage fungus 

and was considered to be the primary cause of storage moulds in the previous season’s nuts. 

Penicillium was detected in one sample of the third testing batch, however due to high levels 

of decay of husks, the finding is inconclusive. Penicillium was detected at higher levels in 

harvested nuts than in nuts collected during the growing season but it is unclear from these 

results whether Penicillium infection primarily occurred pre- or post-harvest. 

The aim of this literature review was therefore to provide more information about kernel 

mould in walnuts, including the causal organisms, possible mechanisms of infection and the 

risk factors associated with increases in the incidence of kernel mould. It should be noted that 

many studies have been conducted in California which has a different climate. However, 

although the risk factors may be different, the mechanisms of mould development are likely 

to be similar.
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Table 1. Results summary of walnut microbial diversity survey from a sample of 100 nuts from each of 5 growers in Canterbury across the 2020 growing season. Data is 

from surface sterilised plant material plated to agar that showed subsequent bacterial/fungal identification. 

 

 

Sample 
ID 

X. campestris 
 pv. Juglandis Phomopsis Phoma 

Colletotrichum 
acutatum Fusarium Alternaria Cladosporium 

Botrytis 
cinerea Penicillium 

Immature nuts A  ✓ ✓       

16/12/2019 B   ✓       

 C ✓ ✓ ✓       

 D ✓ ✓        

 E  ✓    ✓    

27/01/2020 A ✓  ✓   ✓ ✓   

 B  ✓ ✓ ✓  ✓    

 C ✓         

 D ✓  ✓ ✓   ✓   

 E ✓ ✓    ✓ ✓   

6/05/2020 A       ✓ ✓  

 B        ✓ ✓ 

 C ✓  ✓  ✓ ✓    

 D No data         

 E        ✓  

Mature nuts A  ✓       ✓ 

25/05/2020 B         ✓ 

 C         ✓ 

 D ✓         

 E ✓ ✓       ✓ 
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Fungal diversity amongst walnut kernel moulds 
Tree nuts are known to have large diversity of associated fungi with dominant species and 

incidence differing between nut species. Compared to other tree nuts, walnuts have relatively 

high levels of mould contamination. Tournas, Niazi, and Kohn (2015) analysed various nut 

samples from US supermarkets and found that 100 % of walnuts, 91 % of pine nuts, 76 % of 

almonds and 6 % of pecans had live fungi present. Walnut samples also had the highest yeast 

and mould counts with the most common species being Penicillium and Aspergillus. Five 

Penicillium species and three Aspergillus species were identified. Similarly, a study 

investigating the cause of kernel moulds in China found that Penicillium and Aspergillus were 

present in 100 % of the 60 samples analysed (Wei et al., 2020). Additionally, Fusarium and 

Alternaria were detected in 100 % of samples. Other authors have investigated the fungi 

causing mould on walnut in California. Michailides, Felts, Puckett, Lake, and Gabri (2019) 

showed in a study across Californian counties that the most widespread fungi were 

Botryosphaeria, Alternaria, Aspergillus and Fusarium. However, the spectrum of microbes 

depended on the county with Phomopsis and walnut blight (Xanthomonas arboricola pv. 

juglandis) prevalent in selected regions. These findings were different to our studies in 

Canterbury whereby the predominant cause was Penicillium. DNA sequence analysis was 

performed on a Penicillium species detected in our research from factory sourced nuts in 2019 

and it was identified as Penicillium roqueforti. More DNA sequencing would have been 

required to determine whether other species of Penicillium were also involved. It could be 

concluded that the causal organisms behind walnut kernel mould are diverse and could 

depend on factors such as climate and inoculum sources around specific orchards or on the 

prevalence of moulds in the environment post-harvest. 

Significance 
Kernel decay of walnuts through infection with fungi is a significant issue for growers across 

the world with some authors placing losses at 1-2% per year (Teviotdale, Michailides, & 

Pscheidt, 2002). High levels of mould in walnuts is a concern for two main reasons. Firstly, the 

obvious losses associated with a reduced marketable yield. Secondly, fungi such as Penicillium 

and Aspergillus can produce mycotoxins which can cause acute toxicity or cause poor health 

outcomes with long term exposure (Fung & Clark, 2004). A rare case was reported in New 

Zealand where a dog was diagnosed with tremorgenic mycotoxicosis following ingestion of 

walnuts containing the mycotoxins penitrems A-F and roquefortine C. The walnuts had been 

on the ground for 5 months and mould associated with them was identified as Penicillium 

crustosum. Studies in California have previously identified Aspergillus species as being of 

primary concern due to their production of hepatotoxic aflatoxins and nephrotoxic 

ochratoxins (Molyneux, Mahoney, Kim, & Campbell, 2007). However, although aflatoxins 

appear restricted to species of Aspergillus (Varga, Frisvad, & Samson, 2009), ocratoxin A can 

also be produced by Penicillium verrucosum and P. nordicum (Cabañes, Bragulat, & Castellá, 

2010). Penicillium roqueforti that was identified from Canterbury walnuts following 

laboratory analysis is also capable of producing mycotoxins, importantly PR-toxin although 

this may be strain and substrate dependant. It is possible that there were other Penicillium 
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species present also as overseas literature suggests a high level of Penicillium species diversity 

on walnuts (Tournas et al., 2015). DNA sequencing of each isolate is required for accurate 

identification. 

How early do kernel mould fungi enter walnuts? 
Michailides et al. (2019) investigated whether the same fungi causing moulds in mature 

kernels were present as latent infections in asymptomatic fruit. Hulls not showing any sign of 

infection were tested for moulds in late summer and early autumn. Results were then 

compared with rates and identities of microbes present in mature nuts. It was reported that 

many of the same fungi causing kernel moulds were present asymptomatically in the husks 

before nut maturity suggesting that fungi may be entering the husk and developing over time 

to cause symptoms in mature nuts. However, the fungi causing the majority of kernel mould 

were different to what were observed in our Canterbury study. In our Canterbury research it 

was found that Penicillium caused the majority of kernel mould which was mostly not 

detected until after maturity. However due to COVID-19 the fruit harvested in late summer 

and early autumn were in poor condition at the time of testing. There was a small amount of 

Penicillium detected, but it is possible that other fungi causing rotting outcompeted 

Penicillium if it was present. It is therefore difficult to conclude whether Penicillium is likely to 

enter husks as a latent infection to cause kernel breakdown at maturity. In addition to 

Penicillium, a Phomopsis species was consistently detected in mature nuts. This pathogen was 

detected very early in the season causing darks spots on fruit. It is therefore likely that 

Phomopsis is infecting early in the season and later infecting the kernels. These findings were 

similar to Michailides et al. (2019) who reported that Phomopsis can enter fruit early and if 

this occurs, can be the predominant cause of kernel mould. Fruit infected later showed a 

wider spectrum of fungi causing kernel rots and it was concluded that fungi such as Alternaria 

and Fusarium generally cause infections later. 

Mechanism of fungal infection of walnut kernels 

Early husk split, stem end hole size and harvesting conditions 
Research by Doster and Michailides (1995a) found a number of factors that were associated 

with an increase in the incidence of walnut kernel mould. Walnuts were sourced from a 

research orchard in California. Results of studies in 1994 and 1995 showed that husks which 

split 15 days before harvest had higher levels of kernel mould. Studies on pistachio nuts have 

also shown the same association. Doster and Michailides (1995b) reported that pistachios 

that split more than 26 days prior to harvest had 3 times the rate of Aspergillus infected nuts 

compared with hulls that split in the week leading up to harvest. Nuts where there was no 

hull split at harvest did not develop any Aspergillus infection. Doster and Michailides (1995a) 

also found that walnuts left on the ground for 15 days before harvest had higher rates of 

Alternaria colonization but only slightly more by other fungi. Other studies in California have 

reported that Penicillium was a rare cause of kernel decay (Michailides et al., 2019) whereas 

in Canterbury, Penicillium contamination of kernels was prevalent in 2019 harvested nuts. 

Additional research in Tasmania showed that nuts that landed in grass inter-rows had 
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significantly more kernel mould than tree or ground located nuts (Lang, Sulcs, & Evans, 2013). 

Furthermore, the timing of harvest was important with a 16-day harvest delay resulting in a 

19% incidence of kernel mould compared with 6% with no delay. It therefore seems likely that 

nuts left on the ground for a period before harvest could return higher Penicillium 

contamination. 

Doster and Michailides (1995a) also reported an association between kernel mould and the 

stem end hole size, overall nut size and sunburn. A larger stem end hole or overall size of the 

nut resulted in increased kernel mould rates, likely attributed to ease of pathogen entry into 

the inner kernel. There are cultivar differences that affect stem end hole size (Michailides et 

al., 2019). There may be other factors and one hypothesis is that in a wet spring such as 

occurred in the spring of 2018, early fruit growth may be rapid and could lead to larger early 

nut size and a larger stem end hole although this has not been substantiated. Results 

regarding higher mould levels in sunburn damaged nuts are less relevant to the Canterbury 

environment. Temperatures are much hotter in California making sunburn a much more 

relevant risk factor. 

Walnut blight and other field pathogens 
Free moisture and relative humidity have an important effect on fungal infection, sporulation 

and dispersal (Huber & Gillespie, 1992). Furthermore, it is known that walnut blight is very 

reliant on wet conditions and is often very active through vegetative growth in spring. This 

means that a wet spring could also promote infection by both Xanthomonas and Phomopsis.  

It appears that one mechanism for preharvest kernel infection by various fungi is through 

damage to the husk prior to nut fall. Walnut blight caused by Xanthomonas arboricola pv. 

juglandis is a serious bacterial disease of walnuts and was commonly detected in the 

2019/2020 Canterbury study. It can affect all above ground parts of the plant including the 

flowers and fruit (Lamichhane, 2014). Studies have shown that this pathogen is associated 

with the disease complex called brown apical necrosis (BAN) of walnut fruit (Belisario, 

Maccaroni, Corazza, Balmas, & Valier, 2002; Michailides et al., 2019) but can also produce 

fruit lesions that are not associated with an apical rot. Photos are shown in figure 1. 

The implication of damage caused by Xanthomonas arboricola pv. juglandis is that studies 

have shown lesions can also have fungal co-infection. Michailides et al. (2019) reported that 

in one sample, all BAN symptomatic fruit were infected with X. arboricola but had varying 

infection with other fungi including Botryosphaeria, Phomopsis, Fusarium and Penicillium. 

Similar results were recorded in our Canterbury study where X. arboricola lesions were often 

also infected with other fungi. These findings suggest that X. arboricola infection may provide 

a route of infection of other fungi which may later cause kernel breakdown. Environmental 

conditions, particularly leaf wetness period, are very important in the development of walnut 

blight (Scortichini, 2010). Adaskaveg et al. (2008) found that the highest increase in disease 

incidence was recorded with average wetness duration of 8-13 hours at average daily 

temperatures of 12 to 18°C. Conditions in Canterbury during Spring would have been very 

conducive to disease development and could have caused in increase in walnut blight 

incidence contributing to higher levels of kernel moulds later in the season. 
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Figure 1. Symptoms of Xanthomonas arboricola pv. juglandis infection on walnut fruit from the 2019/2020 

Canterbury study. Two symptom types are shown including BAN (left) and smaller spread out lesions (right). 

Walnuts were from the Canterbury region with photos courtesy of Plant Diagnostics Limited. 

 

The main causes of leaf wetness are water intercepted by the canopy through rainfall, fog and 

irrigation or through dew formation. A lack of air movement through the canopy prolongs leaf 

wetness and thus more dense canopies are more prone to plant diseases (Rowlandson et al., 

2015). Furthermore, dense shelter belts will slow wind speed, potentially prolonging leaf 

wetness. However, the relationship between windspeed and disease is complex. For example, 

wind protection by shelter belts may increase humidity and also slow wind speed around the 

crop meaning that fungal spores travelling downwind may be more likely to deposit near a 

windbreak thus increasing disease risk (Cleugh, 1998). However, shelter belts can improve 

crop health and some evidence suggests they can reduce incidence and spread of bacterial 

diseases within crops (Gottwald & Timmer, 1995). This is presumably due to decreased spread 

within the crop. The design of an orchard can influence the microclimate and thus effect 

disease expression so must be adapted to specific circumstances. 

Another aspect to consider is that fungi causing storage moulds can survive on walnut litter 

present throughout orchards from the previous seasons. Doster and Michailides (1994) 

demonstrated this in pistachio orchards where Aspergillus fungi frequently infected and 

sporulated on pistachio orchard litter. It is possible that a wet spring could have promoted 

spread of Penicillium throughout the orchard increasing inoculum levels for later infection. 

Insect damage 
In some walnut growing regions such as California, insect damage through feeding is 

considered to be the principal factor associated with preharvest fungal infection of walnut 

kernels (Campbell, Molyneux, & Schatzki, 2003). Research by Doster and Michailides (1995a) 

showed that insect damaged nuts had higher levels of fungal contamination of the kernel but 

it was not a requirement for mould infection. Most of the damage was attributed to the naval 

orangeworm which is not present in New Zealand. Codling moth has also been identified as 

an important insect pest of walnuts (Campbell et al., 2003; Strand, 2003) and is present in 

New Zealand, however New Zealand growers have not historically reported heavy 
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infestations (Walnuts NZ, 2003). Codling moth is unlikely to have an effect on kernel mould 

development in cooler climates of Canterbury and the lower South Island as it often only 

completes one lifecycle in the season (Ferro, 1976). Nuts attacked by first generation larvae 

drop from the tree and would therefore not be harvested. Scale insects present in New 

Zealand are known to infest walnuts and associations between scale infestation and 

Botryosphaeria infection have been established overseas (Michailides et al., 2013). It is 

unknown the extent to which scale insects are an issue on New Zealand walnuts or how this 

research would translate to the New Zealand environment. Overall, it seems unlikely that the 

types of insect pests present in New Zealand are significantly contributing to kernel mould 

issues. 

Storage conditions 
There are a number of important factors that relate to effective storage of walnuts to prevent 

loss of quality through fungal growth. Water activity is a measurement of the moisture 

available in foods and greatly influences the ability for fungal growth and contamination (Pitt 

& Hocking, 2009). Drying post-harvest is the method for rapid reduction in water activity and 

it is advised water activity of walnuts in storage is kept below 0.7 (Kader, 2013) down to as 

low as 0.53 (Venkatachalam & Sathe, 2006). The relative humidity and temperature of storage 

conditions are also important as water can be absorbed if these parameters change (Erkmen 

& Bozoglu, 2016). Fungal growth slows with a reduction in temperature. The optimal 

temperature is considered to be 0-10°C with a relative humidity of 50-65% (Gross, Wang, & 

Saltveit, 2016). If water activity is maintained constantly below the limit for fungal activity 

then temperature is likely to be less important for kernel mould development, however it 

could affect other aspects of nut quality. 

In Canterbury, the 2018/2019 growing season saw an increase in mould contamination of 

nuts regardless of any known change in storage conditions. However, higher levels of surface 

contamination from the field could lead to greater spoilage in storage if there were 

fluctuations in moisture during storage. Fungi may remain dormant until conditions are 

favourable for growth but if water activity remains below the necessary threshold for fungal 

growth then this is unlikely to be an issue. 

Summary 
A causal relationship between high rainfall in spring 2018 and higher incidence of kernel 

mould in 2019 cannot be proven however there are valid mechanisms that support this 

theory. A greater rainfall in spring would likely have increased risk of plant disease infection, 

particularly by Xanthomonas arboricola pv. juglandis but also could increase spread and 

infection by Phomopsis species. Furthermore, it could have encouraged sporulation and 

spread of fungi such as Penicillium which could later have infected damaged walnut husks. 

With very few insect pests on walnuts in New Zealand the most likely risk factors for mould 

development pre-harvest include damage to husks through disease infection and a prolonged 

period between husks splitting and harvest. Post-harvest storage conditions are also an 

important factor to consider in reducing kernel mould contamination. Monitoring of storage 
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conditions and water activity at all stages from harvest to processing, may be helpful in 

determining if conditions are being kept within optimum limits for discouraging mould 

growth.  

Recommendations 
• Maintaining effective control of Xanthomonas arboricola pv. juglandis and 

consideration of disease forecasting to inform sprays especially during high risk 

seasons such as spring 2018. Control should also include a plan for cultural control 

including effective removal of diseased tissue, orchard management to reduce periods 

of leaf wetness as much as possible and optimising irrigation and fertigation practices. 

• Consideration could be given to additional control strategies for Phomopsis if high 

disease incidence continues. 

• There appears to be a link between rotten/shrivelled husks adhering to the nut and 

kernel mould. The longer a split husk is in contact with the nut then likely the greater 

risk of kernel mould. Therefore, strategies to reduce this could be beneficial or more 

practically, sorting to remove nuts with rotten husks still attached at or after harvest. 

• A greater risk of mould occurs when nuts are left on the ground for long periods before 

harvest. Attempts to reduce the time from nut fall to harvest could be beneficial in 

reducing kernel mould. If nuts are left on the ground even for short periods in damp 

conditions, this will allow infection or development of moulds in kernels. Nuts left on 

the ground that are already infected could develop moulds very rapidly if left for even 

short periods before drying. 

• Ensure that nuts are dried promptly and are held below the water activity that allows 

fungal growth. Temperature and humidity in storage should remain within optimum 

levels at all times. Short periods of moist conditions in storage could lead to rapid 

fungal growth. 
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