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Abstract 

This paper presents a review of the literature on the ability of growers to manage and improve 

walnut quality. Initially the background is set by looking at the general production process for 

walnuts, the Australian industry, the range of walnut products available and the specific 

issues they may have for quality. The review then looks at the areas of safety that need to be 

managed by growers, particularly contamination by agricultural chemicals, microbes, toxins 

and spoilage products. What constitutes quality for the various players and how to accurately 

define these measures are considered. The review covers all the factors within the grower‟s 

control that could affect quality and what the consequences of good or poor management 

might be on walnut quality. These factors include orchard establishment, water use, PGR use, 

vegetative growth, fertility, pests and disease, environment control and nut management.  The 

management of nuts must start in the orchard and then proceed through harvest, cleaning, 

drying, storing, processing and transport. Finally a model for validation of a high walnut 

quality management system by growers is presented along with an extensive literature list. 
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1 Introduction 

“Quality” is achieving fitness for purpose efficiently, not adherence to a limited quality 

standard. 

Value chain theory indicates that achieving high product “quality” can lead to higher returns 

for all participants in an agricultural commodity chain provided information, collaboration 

and benefit transfers (i.e. growers will not seek higher quality if all of the extra returns are 

retained by retailers) exist along the full length of the chain (Taylor and Fearne, 2006).  The 

theory also states that the “consumer” is the final arbiter of “quality”, whereas the “customer” 

is represented by chain intermediaries prior to the final consumer. Therefore, the chain 

participants must either provide a product as close as possible to what the consumer wants or 

educate the consumer to desire the products that producers perceive as high quality and can 

provide more profitably (McNeil and Felgate, 2012a).  Even though walnut quality standards 

(USDA, 1997; UN 2002; CWC 2008) and product evaluations based around these standards 

exist (Vanhanen and Savage, 2010; McNeil and Savage, 2001), care is needed in their 

application to ensure they meet actual customer and consumer needs. A more comprehensive 

evaluation for the Australian situation has been published by the Australian Walnut Industry 

Association (AWIA, 2011) and this should be read in conjunction with this publication. 

Customer concepts of their specific quality needs also must be taken into account. These 

needs may be of great importance earlier in the chain, where they cause processors to incur 

costs but may be of no concern to the final consumer because all the processor output has 

been cleaned to a desired standard; for example, the original crackout, moisture content and 

stick and stone contamination levels of the grower delivered product.  Processors will have 

already dealt with these issues to achieve a clean, uniform product earlier in the processing 

chain.  However, the customer (processor) that dealt with them will have encountered 

cost/effort/time/loss issues that affect their idea of the product quality. Dealing with these 

customer quality issues and potential waste could reduce payments to growers. The four 

critical steps in the full chain process therefore are: 1) to provide clear feedback to every 

section of the chain on what is contributing value and; 2) to provide incentives (reward or 

punishment) to chain members to affect that value and 3) to encourage joint development of 

mechanisms that enhance steps 1 and 2; and finally 4) to remove incentives for and 

discourage perverse actions by any members of the chain that might degrade the whole 

market (e.g. reward supermarket purchasing agents based solely on product purchase price or 

have producers or retailers dump poor product into a market and destroy consumer trust 

achieved).  This review will explore what attributes contribute to walnut value in various 

chains (step 1), and how that value can be achieved by growers (step 3) so they and other 

chain members can put in place steps 2) and 4).  
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Figure 1.0.1.  Supply chain map for walnuts. The area in dark blue is the physical product. The area in pink is the core area of the literature review.  The area 

in green constitutes research into how growers could improve quality.   
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Figure 1.0.2. Area of grower control over quality and safety.  
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“Quality” at the grower gate sets the foundation for the ultimate product and includes 

safety and integration into a chain. 

While this review is predominantly about achieving high walnut quality at the growers‟ gates 

it is important to observe that product safety is a pre-requisite of any quality determination.  

That is, unsafe foods have a zero value for quality within the food system.  The ability to 

achieve and reliably document this safety is greatest in well regulated economies and may 

thus be an advantage to them (e.g. Australia) relative to production in less well developed 

food chains. This review will examine potential issues in the area of walnut safety, although 

the main focus will be the region within the total supply chain for walnuts depicted in Figure 

1.0.1.   A detailed, generalised „process flow model‟ concentrating on quality management 

for fresh horticultural produce is given by DAFF (2004). Note that in Figure 1.0.1 quality and 

safety continues to be affected in a region (yellow) beyond the orchard production area.  This 

post farm gate safety/quality is more fully described in the book chapter by McNeil (2012) on 

walnut quality and safety.  As previously indicated, consumer needs and responses also need 

to feed back into defining acceptable quality and safety values and preferences (e.g. UK, 

McNeil & Felgate, 2012; McNeil et al., 1994). Different quality and safety issues dominate in 

different regions of the chain hence the need for this specific review from a grower point of 

view.  With respect to safety, microbial contamination can occur anywhere, pesticide issues 

arise in the orchard, shell contamination exists post processing and allergenicity issues arise 

at the consumer level.  Similar diversity exists for quality issues.  For example, pellicle 

darkening can occur throughout the chain while broken kernels only occur post processing. 

However, it is difficult to reinstate either quality or safety at later stages of the chain and for 

this reason getting the initial quality right by the grower is essential.  Re-establishing lost 

quality may, for example, require additional cleaning steps or sterilisation of contaminated 

product.  These steps may then affect consumer acceptability, product cost or degrade another 

quality parameter.  For these reasons, growers cannot ignore the next steps in the system. Any 

one of these steps could lose the high value embedded in the product by the grower. Figure 

1.0.2 breaks down the grower control region into its separate parts that will be followed 

through the rest of the review to develop a program for understanding quality management by 

the grower. 

 

1.1 Structure of the Review 

To achieve “Quality” the system needs to be defined and every step optimised. 

Initially, this review will briefly describe the production process as well as the industry as it 

exists within Australia.  Next it will describe the products that may be the ultimate goal for 

the grower supplied product. The intended product can affect the quality that needs to be 

achieved as well as the level of effort that can be invested in achieving the quality. Walnuts 

differ from many other nuts in often requiring greater quality management. To understand 

why this is so, a section will outline some of the specific characteristics of walnut which 

create these issues.  Safety issues will then be reviewed as establishing a safe product is a 

prerequisite to achieving desired quality. The possible measures of quality, how they are 

carried out, who has used them and their links to consumer and customer needs will then be 

investigated. This section of the review will be followed by an analysis of quality 

management in accordance with preferred quality standards at each of the steps under grower 

control: 1) orchard establishment 2) in-season orchard management, 3) harvest management, 

4) drying, 5) storage and transport (Figure 1.0.2). The review will end with general 

conclusions and recommendations.  
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1.2 Walnut production process 

Walnut productions systems vary widely but all need to achieve high “Quality” by 

dealing with the same types of issues. 

Worldwide, walnuts are a major horticultural crop (McNeil, 2010) that is grown in temperate 

continental regions with mid-summer monthly means generally between 25 and 33
o
C and 

mild winter frosts.  Production varies from being a highly industrialised crop in the USA to 

small scale production in northern India (McNeil and Malhotra, 2010) or for forestry in the 

Kyrgyz Republic (Bourne, 2011).  The process of growing walnuts is well described by 

Ramos (1997), Lawrence (2005), Wilkinson (2005), AWIA (2011), more briefly by McNeil 

et al. (2011) and specifically for Australia by Goullet and Titmus (2010). Section 4.3.2 shows 

the process and multiple options for management once nuts have reached maturity. The issue 

of side by side production of small scale systems of production and industrial-sized farms 

exists in a number of regions including Australia (Kenez, 2010), New Zealand and China. 

Areas may also have well established, long-standing systems of walnut production (e.g. 

California, Scheuring, 1997),  in the process of introducing walnuts as a new crop (Australia, 

Kenez, 2010) or having a mix of  farm business styles and history (China). An issue arising 

from this mix of skill levels and infrastructure investments is that there are highly variable 

systems applied to production.  Consequently, there may be a need for multiple solutions to 

solve highly variable problems. This variability may adversely affect quality particularly 

where a chain must integrate different sources (e.g. McNeil and Felgate, 2012b) or need close 

management that incurs additional costs to ensure uniform quality across the products arising 

from different types of sources.  

 

1.3 Australian walnut industry 

Small, expanding industry with varying scales and styles of business: needs to define 

and achieve high “Quality” of in-shell products for export and domestic markets  

The Australian Agribusiness Group (2007) produced a brief market overview of the industry 

in 2007. The industry is represented by the Australian Walnut Industry Association (AWIA, 

http://www.walnut.net.au/). The development of the Australian industry has been recently 

reviewed by Kenez (2010). It expanded slowly for the last quarter of the 20
th

 century but then 

started to grow rapidly with the planting of a major orchard in Tasmania. Kenez (2010) and 

Evans (2012) indicate that AWIA estimated there were ~800,000 trees in the ground in 2009 

mostly less than 8 years old and predominantly (~2,200 ha in 2010) under the control of 

Walnuts Australia (http://www.websterltd.com.au/walnuts/) in Swansea, Tasmania as well as 

Leeton and Tabbita, NSW. In addition to these orchards, AWIA estimated ~100 smaller 

orchards of 20 ha or less with a few additional larger plantings totalling around 500 ha: some 

of these are small scale organic producers. This growth and distribution follows a similar 

process to that of California (Scheuring, 1997). While quality goals clearly remain the same 

for the different types of orchards, the systems in place to achieve that quality and the product 

mix they create may vary greatly between the systems. Hoskens (2011) suggested ~4,400 t of 

production would arise in 2012, rising by nearly 2,000 t pa for the next 4 years.  A later 

estimate of Evans (2012) was higher at nearly 6,000t in 2012 reaching 19,000t by 2020. The 

dominant contributor will be Walnuts Australia. The industry is targeting “in shell” products 

for export and domestic “import replacement”.  In this respect it is worth noting that the 

French Industry exports high quality nuts and imports low quality, low priced nuts for lower 

quality uses (McNeil and Felgate, 2012b) and this may be a sensible approach for Australia 

as well.  

http://www.websterltd.com.au/walnuts/
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 Table 1.4.1 Uses of walnuts. 

Product Examples General desirable attributes Value General issues 

All Listed below Non rancid, no aflatoxins, no 
contamination (shell, foreign 
matter, pathogens), clear & 
accurate  description, 
appropriate storage  

Varies Allergenic listing in all products, 
accurate provenance (e.g. organic, 
area of production) for some products 

Product Examples Desirable attribute Value Issues 

     
In shell pickle Pickles and relishes Not hard shell, uniform size*, 

not diseased/malformed, 
holds together in liquid, 
distinct walnut flavour 

High, minor use Short harvest period, short pre-
processing storage life, immediate 
processing, long processed life. 

In shell green Often sold in bulk at 
farmers markets 

Not mouldy, not empty, fresh 
with high moisture and crisp 

High, minor use Short storage life, limited availability, 
poor transportability, rots & ages.  

In shell fresh nut  Festive season in shell 
mixes, loose nuts 

Clean shell, not mouldy, not 
empty, fresh, easy to crack 

High Limited market timing, stable with 
good storage, benefits from pre-
cracking of shell, regional and seasonal 
demand, longest storage life. 

Fresh snacking kernel Halves, pieces Strong sweet flavour, light 
colour, non scuffed, larger 
pieces/halves 

Moderate-high Often poor storage leads to low quality 

Ingredient – visual Halves Strong flavour, non rancid, 
light colour, non scuffed 

Moderate-high Full halves or defined shape/size, light 
or defined colour, fresh flavour, must 
be well stored 

Ingredient – non visual Pieces Strong flavour, uniform size, 
lighter colour 

Moderate Ingredient declaration for allergens, 
strong flavour, well stored 

Ingredient – pre made visual Cakes, nut mixes Strong flavour, non rancid, 
light colour, non scuffed 

Moderate-lower Full halves or defined shape/size, light 
or defined colour, fresh flavour, must 
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be well stored, degenerates post 
cooking. 

Ingredient – pre made non 
visual 

Teas, breads, cakes, muesli,   Strong flavour, defined size Moderate-lower Ingredient declaration for allergens, 
strong flavour, degenerates post 
cooking. 

Processed products     

Oils Fresh oils Distinct flavour  Chemical 
extraction:  lower  

Cold pressed: 
higher 

May be waste product in some areas 
to eliminate aflatoxins (oil salvaged 
from contaminated product); well 
stored, cold press/ chemical 
extraction, degenerates with light, 
time, oxygen. 

(De fatted) Flours Breads, health mixes Strong flavour, regulated 
composition  

Lower  May be enriched for aflatoxins if 
waste, short storage life 

Waste products     

Shell kernel trash mixes Bird/animal feeds, oil 
extraction, furnace fuel 

Mixed kernel, oil and grit, 
flowable, non rancid  

Low May have anti nutritional effects, short 
storage life.  

Shell Soaps, furnace fuel, 
blasting, mulches 

Clean uniform sized grits 
without contamination 

Low Uniform grain size can be needed, may 
clog if oil present.  

* items in italics not needed for all uses of the product type described. 
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1.4 Walnut final products 

Growers have diverse options, with specific values and by-products needing appropriate 

“Quality”, premium prices and full utilisation of all grades and by-products. 

Walnuts are a particularly healthy product containing a wide range of human nutrients in the 

kernel (Nuttab, 2010). Globally almost two thirds of walnuts are traded as raw shelled 

product (FAOSTAT, 2012) with substantial amounts being consumed directly. However, the 

products available containing walnuts are highly varied and to a large degree culturally 

specific for many of the minor uses (McNeil and Felgate, 2012b; Avanzato, 2010; He et al., 

2010; Tian et al., 2010; Camarena and Sanjuán, 2006) with consumer preferences varying in 

different locations.   A summary of the different products is given in Table 1.4.1 with some 

examples in Figure 1.4.1–5. These include a variety of forms (e.g. oil, protein supplements) 

and grades (halves, pieces, light amber, organic etc), waste products (shell sweepings) and 

product types (walnut tea, muesli, yoghurts, confectionary, nut mixes, breads, cakes).  

Because different products have different specific requirements, the opportunity exists for 

targeting walnuts to the market best suited to their quality composition.  As indicated in Table 

1.4.1 some attributes (e.g. no aflatoxin) are requirements of all product types to achieve high 

quality. Australian production will need to be targeted at the high quality/high price end of 

the market as a consequence of the present (2012) relatively high Australian dollar (above 

parity (http://www.tradingeconomics.com/australia/currency) compared to the 1985-2010 

average of ~0.7), small size of the industry (Hoskens, 2011), and high labour costs.  In 

particular, the aim is to produce high quality, valuable “in shell” product requiring 

considerable attention to quality management throughout the value chain. Globally, however, 

“in shell” product tends to be of high quality (though limited in seasonal availability) and less 

adversely affected by storage than shelled product (Osterberg et al., 2001).  Thus the market 

will be highly competitive (McNeil and Felgate, 2012b) but potentially have a seasonal 

window for sales that is opposite to that of northern hemisphere producers. In terms of 

volume of sales globally, walnut kernels and pieces remain the dominant form either for 

direct consumption or for customers and consumers to turn into products. However, the small 

size of the Australian “out of season” production indicates targeting fresh, direct consumption 

“in shell” or high value snacking halves would be the most appropriate market strategy 

without fear that Australian production could overwhelm the premium market. 

http://www.tradingeconomics.com/australia/currency
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Figure   1 . 4 . 1 Green walnut products available in the UK. A) Pickled whole walnuts. B) Imported  

French green walnuts with mould growth. C) Clean UK green walnuts.   
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Figure 1.4.2 In shell walnut products.  A) Unbleached walnut mix (UK imported from many locations). 

B) Bleached USA walnuts in UK Xmas pack. C) Chinese thin shelled pre-cracked walnuts.  
-   

B 
C 
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Figure 1.4.3 Walnut half kernels A) Stall bulk Chinese walnuts Shanghai. B) Supermarket bulk Chinese 

walnuts Hong Kong. C) High quality, new season, short expiry date, French walnut halves in UK. D) 

Indian walnut sample from UK supermarket. 
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Figure 1.4.4 Walnuts sold as ingredients. A) UK confectionary store product. B) UK supermarket walnut confectionary. C) Korean made walnut tea from 

Hong Kong. D) Bakery sourced walnut bread with walnut pickles in UK. E) French supermarket sourced walnut cake. 

A B 
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Figure 1.4.5  Processed walnut products. A) Cold Pressed walnut oil from France. B) Walnut flour from Shanghai. 
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1.5 Certification schemes 

Entry into many markets requires compliance with specific certification schemes.  

Walnut is included with nuts in the global standards under fruit and vegetable crops.  

Therefore it is these standards that will apply. The main international standards are 

EUREPGAP® (http://www.eurep.org) and GLOBALGAP® 

(http://www.globalgap.org/cms/front_content.php?idcat=9) which have a mission to 

encourage the adoption of commercially viable farm assurance schemes which promote the 

minimisation of agrochemical inputs. They are private sector standards that will affect 

commercial contractual relationships between supermarkets and their suppliers who mutually 

choose to recognise the standards. These contractual relationships are beginning to be 

affected by increasing requirements of retailers for producers to adopt the EUREPGAP® 

Standard.  In the European market, individual producers or groups of producers may choose 

to apply directly to EUREPGAP® for certification or use existing on-farm assurance schemes 

that are benchmarked against the EUREPGAP® standard.  Full information on Australian 

compliance is available from DAFF (2004a; http://www.daff.gov.au/agriculture-

food/food/publications/eurepgap) and the EUREPGAP® and GLOBALGAP® websites listed 

above. 

According to DAFF (2004a) in the Version 2.0 – Jan 04 EUREPGAP® standard, there must 

be compliance around at least 95% of the 210 individual system control points. There are 47 

major, 98 minor, and 65 recommended control points which cover areas such as traceability, 

records, inspections, history, orchard and soil management, agrichemical use, harvesting, 

handling, health and safety, environmental issues and complaint management. In addition to 

these schemes there exist others such as Organic and various „Green‟, „Ethical‟ or „Healthy‟ 

compliance certification or endorsement schemes.  Australian organic requirements and their 

relationship with international standards (IFOAM) are found on their web site 

(http://www.australianorganic.com.au/).   

It is the responsibility of individual producers and organisations to work with certifiers where 

they deem it necessary for their particular needs either to expand their markets or value add to 

their business. 

 

1.6 Walnut specific characteristics affecting safety and quality 

Not all nuts are the same; walnuts break on shelling, have high PUFA and specific 

regional/system effects. 

Walnuts have a range of specific characteristics that make their safety and quality differ from 

other edible products as well as other nuts. These include the methods and locations of their 

production, their physical structure and their nutritional composition. Like fine wine, 

production of the highest quality walnuts is often associated with cool climate areas where 

maturity development is slowed by low temperatures and consequently high quality flavours 

develop. These cooler, often moister, environments may also have slower growth and slower 

achievement of maximum production for both the orchard and during the season (FAOSTAT, 

2010; McNeil et al., 2011) giving more time and opportunity for quality problems to develop.  

At the other end of the spectrum hotter growing areas may have “taste” issues associated with 

stress and more rapid maturity or rates of (bio)chemical or microbial processes. Alternatively 

there may be particular styles of product that develop in specific production locations leading 

to retail provenance claims aimed at value adding (McNeil and Felgate, 2012b) due to 

regional quality characteristics similar to the wine industry “terroir”.  Researchers have 

indicated regional changes in composition for the same varieties (Vanhanen and Savage, 

http://www.globalgap.org/cms/front_content.php?idcat=9
http://www.australianorganic.com.au/
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2010). The fatty acid profile of walnuts can also be highly variable by cultivar; for example, 

the range in linolenic acid contents in walnuts from a study in New Zealand was 8.0-13.8% 

(Zwarts et al., 1999) whereas in an Italian study it was 12.8-15.3% (Ruggeri et al., 1996).  

Walnut kernels generally contain about 60% oil but this can vary from 52 to 70% depending 

on the cultivar, location grown and irrigation rate (Greve et al., 1992). A full analysis of 

walnuts is given by Robbins et al. (2011), McNeil (2012) and in a summarised form in 

Nuttab (2010). The important components of the composition are the high levels of poly- and 

mono- unsaturated fatty acids (PUFA and MUFA) because of their limited stability against 

breakdown and development of rancidity particularly in the presence of exposure to oxygen 

or under high temperatures.  This may be partly overcome by the high anti-oxidant content of 

walnuts (Savage et al., 1999) though the concentration of anti-oxidants in the pellicle may 

limit their ability to protect broken nuts (Blomhoff et al., 2006).  Together these factors mean 

walnuts have significant human health advantages (Savage et al., 2001; Tapsell, 2010; Ros, 

2010).  However, these benefits as well as the quality may also be more readily lost from 

walnuts as they are traditionally transported globally as shelled kernels (McNeil, 2010).  

While recommendations for cooled transport are made these are not stringent (TIS, 2012).  

 

A specific issue with walnuts that is not present in many other nuts is a shell divided in two 

halves with a seal.  Consequently there is considerable opportunity for entry of external 

agents from the environment into nuts with weak or broken seals that are not present in other 

nuts.  Thus seal strength is a major quality issue that is often lost under poor harvest 

conditions (Section 4.3.2.1). Because of the structure of the kernels, the kernels are 

necessarily broken on shelling to a greater or lesser degree (McNeil, 1999) and the inner 

contents are thus exposed to the external atmosphere when the surface cells are no longer 

intact or protected by the pellicle. Rancidity development is a major issue in walnuts after 

shelling (McNeil and Felgate, 2012b).  Storage at the higher temperatures may be appropriate 

for unbroken low PUFA value nuts (e.g. almonds) but is inappropriate for walnuts (CWC, 

2008). Unfortunately, high temperature storage, transport and display are consistent with the 

experiences of many parts of the supply chain. The large proportion of walnuts that are 

produced in the northern hemisphere, and regional or global imbalances of supply and 

demand, also means that presently many walnuts are stored for protracted periods (12 months 

and beyond), often after shelling.  This can produce low quality walnuts which has created an 

opportunity for out of season Australian production if it can provide substantial quality 

improvements. 
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Table 1.7.1 Quarantine issues identified in the Plant Health Australia nut industry plan 2009 for 

walnuts 

Walnut Diseases (fungal, bacterial and  viruses) 

Armillaria root rot fungi,   Armillaria mellea 

Blackline virus,    Cherry leafroll virus (Nepovirus)  

Shallow bark canker,   Erwinia nigrifluens  

Deep bark canker,   Erwinia rubrifaciens 

Anthracnose,    Gnomonia leptostyla  

Zonate leaf spot ,   Grovesinia pyramidalis 

Branch wilt,    Hendersonula toruloidea  

Powdery mildew (black walnuts), Mycosphaerella juglandis 

European canker,   Nectria galligena  

Stigmatomycosis,   Nematospora coryli 

 Texas root rot,    Phymatotrichopsis omnivora  

White root rot,    Rosellinia necatrix 

Almond leaf scorch,   Xylella fastidiosa  

 

Invertebrate pests 

Navel orangeworm,   Amyelois transitella 

 Filbertworm,    Cydia latiferreana  

Walnut husk fly,   Rhagoletis completa 

Asian walnut moth,   Erschoviella musculana  

Asian gypsy moth,    Lymantria dispar 

Walnut aphid,    Chromaphis juglanicola 

Dusky-veined walnut aphid,  Panaphis juglandis 

Walnut scale,    Quadraspidiotus juglansregiae  

Hickory shuckworm,   Cydia caryana 

Redhumped caterpillar,   Schizura concinna  

City longhorned borer,   Aeolesthes sarta 

Fruittree leafroller,   Archips argyrospila 

Pacific flatheaded borer,  Chrysobothris mali 

Fall webworm,    Hyphantria cunea 

Pacific spider mite,   Tetranychus pacificus 

European shothole borer,  Xyleborus dispar Polyphagous  

Italian pear scale,   Epidiaspis leperii 
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1.7 Walnut biosecurity 

Biosecurity can affect introduction of plant material to Australia, quality/safety issues 

caused by exotic pests/disease, and conditions of export. 

Walnuts have been grown in Australia for a considerable period in a minor way but are only 

recently becoming a major industry (Kenez, 2010). Consequently there is a major need to 

maintain biosecurity related to introductions of plant material (germplasm) into Australia to 

avoid productivity, quality and safety issues arising.  In addition, biosecurity will be enforced 

at the borders of countries likely to import Australian walnuts which can cause market 

closure, lot rejection and quality issues associated with treatments such as methyl bromide 

disinfestations.  Small but detectable amounts of methyl bromide can be found in walnuts 

after fumigation (Norman, 2000) and as the walnuts cannot be kept cooled during the process 

there they must pass through fumigation at less than optimal storage temperatures.   However, 

with the phasing out of methyl bromide this issue will cease but other options will need to be 

developed to allow export and import.  It is not known if or how alternative treatments will 

affect components of walnut quality. Johnson et al. (2010) present a survey of available 

physical treatments (radio frequency heating, cold, reduced 02) that do not affect quality in 

the short term as well as vacuum treatment that lead to broken nuts.  However, no 

publications have followed the potential of these treatments for longer term quality effects 

which are possible considering the 50
o
C heating used with radio frequency treatments. The 

full requirements for import of walnut material into Australia are given in the AQIS database 

(http://www.aqis.gov.au/icon32/asp/ex_querycontent.asp) with European information 

available through the EPPO website (http://www.eppo.org/QUARANTINE/quarantine.htm). 

Quarantine requirements generally fall into two groupings those associated with import of 

live plant material (invasive species issues and disease/pest issues) and those associated with 

contamination of product for commercial use (disease/pest and contamination issues). 

The Australian walnut industry is part of the Plant Health Australia nut industry biosecurity 

plan (PHA, 2009).  The key components of the plan are risk identification, incursion planning, 

risk mitigation, contingency planning and awareness raising. The key walnut pests identified 

for exclusion are identified in Table 1.7.1. Full descriptions of effects of each pest on 

production, quality, quarantine and safety issues are given in the nut industry plan along with 

risk assessments. 

 

  

http://www.aqis.gov.au/icon32/asp/ex_querycontent.asp
http://www.eppo.org/QUARANTINE/quarantine.htm
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2 Safety 

2.1  Overview 

Safety is essential with many risks associated with walnuts but growers are principally 

concerned with possible contamination. 

Within our food chains, food is safe and saleable or unsafe and unsaleable; there are no in 

between situations. Within Australia, food safety is monitored and recommendations are 

made by the Australian New Zealand Food Authority (ANZFA; www.foodstandards.gov.au). 

ANZFA does not have a large range of specific recommendations with respect to walnuts but 

rather presents overall requirements and systems applicable across a wide range of products 

within the global remit of CODEX (http://www.codexalimentarius.org/). General discussions 

of the requirements for food safety are given in AWIA (2011). Consumer safety of nuts 

generally has recently been reviewed by Harris (2012) and Wareing et al. (2000). The safety 

of walnuts has been reviewed more specifically by McNeil (2012).   

The main issue associated with walnut consumer safety directly is allergenic reactions to 

walnuts. A phone survey by Sicherer et al. (2003) in the USA found walnuts to be the most 

common „other nut‟ cause of allergic reactions in 2002 at about half of the frequency of 

peanut reactions.  In Australia, Hill et al. (1997) found the frequency of walnut allergies to be 

about 10% those of peanuts.  However, the much greater consumption by Australians of 

peanuts rather than walnuts (McNeil and Felgate, 2012b) may explain the different level of 

reported allergies as many Australians simply did not consume walnuts. Certainly allergic 

reactions to walnuts can be fatal (Wüthrich and Ballmer-Weber, 2001). Walnuts can also be 

dangerous as a result of choking associated with their size, shape and consistency primarily 

for children (Anon, 2010) but also for adults (Robinson and Mushin, 1956).  Shell or foreign 

body contamination causing dental issues can also be a problem (Daily Mail, 2011). None of 

these issues, however, affect walnut growers directly unless they sell direct to the public.  

They can have an indirect effect on the costs associated with later stages of the value chain 

and thus the price paid to growers.  

As indicated above, safety issues fall into a number of general groups, some of which lie 

outside the control of the grower while others are firmly established by the grower. The 

issues that need to be managed by growers principally fall into the realm of intrinsic 

contamination.  This potentially includes contamination by; a) pesticides, b) microbes, c) 

microbe toxins (e.g. aflatoxins), and d) spoilage products (e.g. rancid oils). Horwitz and 

Latimer (2011) provide a full set of physical analytical methods for identifying pesticide, 

toxin and spoilage product contamination, while USFDA (2011a) provides a full set of 

methods for detection of microbiological and toxin contamination levels. A HACCP 

management checklist is provided by DAFF (2004) which may assist growers. 

 

2.2 Contamination 

2.2.1 Pesticide contamination 

Good regulation and adherence limits concern in Australia but vigilance must remain 

and copper may be a future issue.   

Walnuts are not treated with large amounts of agrichemicals (PAN, 2012) particularly in 

Australia where few registrations exist and their use is minimal (ANIC, 2007).  Full details 

for the use and control of agricultural chemicals in Australia are given on the APVMA (2012) 

website with a summary description of their applicability to Australian walnut growers in 

AWIA (2012). Minor use registrations also exist in Australia for walnuts in particular for 

http://www.foodstandards.gov.au/
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mancozeb and ethephon. All risk associated with Maximum Residue Limits (MRLs), 

effectiveness and safety for these minor use chemicals is taken by the grower. Global MRLs 

can be obtained from the FDA database (USFDA, 2012) with CODEX 

(http://www.codexalimentarius.org/) reviewing use of chemical and MRLs on a regular 

scheduled basis. One exception to the low use of pesticides on walnuts is the frequent use of 

copper for blight control both globally and in Australia (Lang et al., 2010). This leads to high 

copper levels in the kernels (Nuttab, 2010). However, at present this elevated level of copper 

is more advantages than detrimental to health though the recommended and upper limit for 

copper in food is reasonably close to the optimal level.  Only two MRL‟s have been set for 

walnuts in Australia (APVMA, 2012), for dithiocarbamates  at 0.2 mg/kg and ethephon at 2 

mg/kg in the shelled product. Analyses of Indian walnuts (Pragya et al., 2010) have indicated 

pesticide contamination problems potentially exist but published Australian reports indicate 

contamination is below MRL‟s (FSANZ, 2000). Every market that Australian exports are 

destined for also has their own MRLs. These may be lower or higher than the Australian ones 

(e.g. ethephon is 0.5 ppm  in most European and N American locations) and will need to be 

considered when exporting walnuts.  These global MRLs can be found on line in the USFDA 

(2012) database.  In addition, a number of chemicals may be used in nut trees that do not 

require MRL‟s because of their accepted safety or nature of use.  These include: 1,3-

dichloropropene, pre plant; dodecan-1-ol, for mating disruption; fatty acid esters for bud 

break control; lime sulfur for fungal, insect control; and (S)-methoprene,  pyriproxyfen as 

insect baits. Thus, switching to consumption of Australian “organic” rather than other forms 

of walnuts is not likely to reduce exposure to pesticide residues because levels in all 

Australian walnuts are likely to be „orders of magnitude‟ below those considered detrimental 

to human health. The APVMA PUBCRIS (2012) database gives a full list of registered 

chemicals for nut trees including various copper formulations and biological controls (e.g. 

Agrobacterium sp.), as well as a range of herbicides (carfentrazone, glufosinate, glyphosate, 

oryzalin, oxyflourfen, triallate). Growers need to be mindful of the potential for 

contamination as well as destruction of beneficial insects and adhere strictly with regulations. 

Potentially issues are more likely where the walnuts originate from regions where pesticide 

use is poorly regulated or enforced or were heavily contaminated in the past. Hazard 

reduction steps (HACCP) for pesticide use therefore include; 1) correct and low use of 

chemicals, 2) real time sampling, 3) accurate documentation 4) training, 5) process evaluation 

and improvement. 

 
Table 2.2.1 Microbiological standards claimed by a US supplier of walnuts in shell 
(Gold River Orchards, 2012)  

 

Microbe Standard 

1) Standard plate count <50,000/g 

2) Yeast count <5,000/g 

3) Mold count <20,000/g 

4) Coliform count <1,000/g 

5) E. coli count 0 

7) Salmonella 0 

8) Aflatoxin 0 

 

 

http://www.codexalimentarius.org/
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2.2.2 Microbial contamination 

Microbial contamination (E. coli, salmonella) is rare but can be serious and occasionally 

demonstrated without shell bleaching.  

Walnuts are frequently handled and consumed raw (Table 1.4.1) creating a potential to cause 

food borne illness, though the presence of a shell and elevation from the ground reduces this 

risk. However, contact with the ground at harvest as well as grazing animals and manure use 

in orchards and human handling during processing all elevate the risk (DAFF, 2004). 

Walnuts are not a nominated product under the FSANZ (2012) regulations and thus subject 

only to the general need to ensure food is safe to eat rather than having specified levels of 

microbial content.  The New Zealand guidelines for dried fruit (Food Safety NZ, 1995) 

indicate microbial count criteria for marginal (m) and rejection (M) of these products per 

specified amount of dried fruit using their described methods as follows: aerobic plate count 

at 35°C ( /g) m = 10
5
, M = 10

6
 ; faecal coliforms ( /g) m = <1.8, M = 10; Salmonella spp. (/25 

g) m = M= 0; Yeasts and moulds ( /g) m = 10
2
, M = 10

3
.  One USA supplier (Gold River 

Orchards, 2012) has set standards for their walnuts as indicated in Table 2.2.1.  Methods for 

analysis of microbiological content of walnuts can be found in the USFDA (2011a) 

“Bacteriological Analytical Manual”. In California, walnut shells are bleached and this can 

reduce contamination risk (CWC, 2012) associated with shell surface borne microbes 

Armstrong (1938) patented the process in the USA providing a full description using 2% 

NaOCl and a separate 3% solution of H2O2. However, his primary purpose was the removal 

of stains and improvement of colour of the nuts rather than microbial sterilisation. Use of the 

process in Australia would require testing and approval for the intended markets.  Fuller and 

Stafford (1993) found that 5% H2O2 gave excellent colour control when used alone in 

bleaching relative to the use of NaOCl. The use of the latter they found to leave poor flavours 

after processing and it was therefore problematical at the high concentrations needed for 

colour bleaching.  They did not test concentrations specifically aimed at microbiological 

control. Determination of the benefit of this process in Australia could have value in 

improving walnut safety and quality; however, research is needed on appropriate 

concentrations for use to both control bacterial contamination in washing water and to 

actually kill surface bacteria on shells without adversely affecting quality.   Bacteria can 

survive on walnut shell and kernel surfaces (Wareing et al., 2000; Kokal, 1965) and the 

processes to enhance quality (washing and cooling) could enhance survival of E. coli by 

providing more amenable environments. Even though bacteria survive on walnut surfaces, 

walnuts are not considered a good surface for survival of bacteria (Mahoney et al., 2004; 

Eidsath, 2011).  However, more recently Blessington et al. (2012) conducted experiments 

suggesting survival of microbial contaminants on walnut kernels may be a possibility. They 

found for Salmonella enteritidis PT 30, E. coli O157:H7 and Listeria monocytogenes 4b that 

while 7 days of ambient drying after inoculation consistently reduced contamination by 0.9 to 

4.4 log units there was still some contamination remaining in many samples. They also found 

greater reductions generally for lower and cocktail inoculations which might better mimic 

field situations. Bacterial contamination levels continued in some instances for up to 3 years 

at 23°C for Salmonella and E. coli and 105 days for L. monocytogenes. Cold storage (at or 

below 4°C) was shown to prevent reductions in Salmonella enteritidis numbers on 

contaminated kernels. Taken together these data indicate that both ambient and high quality 

cool storage of walnut kernels may maintain bacteriological risk for extensive periods.  

In spite of the difficulty of bacterial survival on walnut kernels there have been recalls of 

kernels for both E. coli and Salmonella contamination in recent years (CFIA, 2012; USFDA, 

2011b).  The source of this contamination could be contaminated shell contacting kernels 

during processing, so achieving clean shells may be an issue. In the 2010/11 season, 
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Salmonella sp. were not detected in 935 loads of Californian walnuts that were tested 

(Eidsath, 2011).  The survey was carried out again in 2011/12 using larger (375 g) samples 

and including screening for E. coli O157:H7. At least 2 samples were positive for Salmonella 

though none were positive for E. coli O157:H7 (L Harris pers. comm.).Thus, microbial 

contamination would appear to be a possible but normally absent issue from well managed 

orchards.  Microbial contamination hazard reduction would constitute 1) control of contact 

with insect/rodent/bird feeding and manures, 2) keeping nuts off the ground, 3) maintaining 

the shell suture seal, 4) quickly drying and cooling, 5) bleaching shells 6) maintaining process 

line cleanliness and 7) rejecting stained nuts during processing, as well as 8) real time 

sampling for detection of harmful bacteria. 

 

2.2.3 Contamination by microbial toxins 

Fungal aflatoxins are a threat: cleaning, hazard reduction (e.g. avoiding soil contact), 

spoiled nut removal and analysis of toxin level are needed. 

Mycotoxins including aflatoxin are highly carcinogenic biological toxins (Mahoney et al., 

2003). High levels of infection of walnuts, by the fungus Aspergillus, can produce nuts such 

as the „worst case‟ depicted in Figure 3.2.5.  These fungi are widely present and can only be 

reduced, not avoided. CODEX (2005) gives a set of general management principles for 

reducing contamination of nuts.  These generally are based on the principles of 1) removing 

stress (e.g. water) and damage (e.g. by insects) to nuts, 2) removing sources of and contact 

with infection (e.g. clean nuts and all equipment rapidly, keep off ground), 3) make 

conditions unsuited to Aspergillus growth  (e.g. < 70% RH, <10
o
C), and 4) removal of any 

obvious infected nuts. With lower levels of infections, walnuts may still look appealing thus 

the need for more than just sorting of nuts. Both visible and non visible infections may lead to 

the production and accumulation in the walnut kernels of aflatoxins.  Therefore, it is 

necessary to detect both the level of spoiled walnuts (Section 3.2.1) as well as the aflatoxin 

level by chemical analysis (Zhen et al., 2006; Horwitz and Latimer, 2011).  As walnuts 

generally darken with infection by both aflatoxin producing and non-producing moulds, 

kernel darking may be a good proxy for aflatoxin risk. Wareing et al. (2000) suggested that 

severe aflatoxin contamination arose from contact (and infection) of green walnuts with the 

ground during harvest.  They quote three (non Australian) surveys where aflatoxins exceed 

the Australian (15 μg per kg) and European (10-15 ppb, INC, 2011) limits.  As many export 

loads are routinely tested globally (no  rejections of walnuts in 2005 in the EU, but 40 

rejections for other nuts, Molyneux et al., 2007) there could be safety benefits and 

commercial value in confirmation of low levels in Australian produce. None of 14 retail UK 

samples (FSA 2002) tested positive for aflatoxins though other nuts were severely 

contaminated.  The Australian 19
th

 total diet survey (FSANZ, 2000) found aflatoxins in 

peanuts but not walnuts. Walnuts may have some resistance to aflatoxin contamination 

(Mahoney et al., 2003, 2004). Aflatoxin contamination hazard reduction would be essentially 

the same as for microbial hazard reduction and would constitute 1) control of insect/rodent 

feeding, 2) keeping nuts off the ground, 3) maintaining the shell suture seal, 4) rapid drying 

and cooling, 5) rejection of stained nuts during processing, as well as 6) real time sampling 

for detection of aflatoxin levels to ensure they are sufficiently low or absent (Campbell et al., 

2003).  
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2.2.4 Contamination by spoilage products 

Rancid nuts need to be eliminated because they are unhealthy, taste bad and can spoil a 

batch.  

Walnuts have high oil content, particularly polyunsaturates (Nuttab, 2010) which are less 

stable than saturated fats. Therefore, long term low level exposure by consumers to harmful 

oil breakdown substances is possible. These substances are associated with rancidity which is 

estimated by the Peroxide Value (PV) and Acid Value (AV) (Section 2.4.1).  While they may 

be unhealthy in the long term (Mateljan, 2007), as we eat relatively few walnuts in our diet 

(FAOSTAT, 2010) they are more of a quality than health issue.  In experiments with stored 

green walnuts (Zhen et al., 2006), unshelled walnuts (Osterberg et al., 2001), shelled walnuts 

(Stark et al., 2000a, b), walnut flour (Vanhanen  and Savage, 2006) and walnut oil (Savage et 

al., 1999), peroxide values rose with poor storage but remained relatively low. Zheng et al. 

(2006) showed that green walnuts had relatively rapid rises in PV and AV even when cool 

stored at near 0
o
C. The presence of rancidity in retail raw walnuts is quite common (McNeil 

and Felgate, 2012b) due to poor and long term storage often after shelling. In taste tests of 

walnuts in the UK, Australia and New Zealand conducted by the first author, some 

consumers considered the rancid flavour to be the normal walnut taste.  Thus rancid walnut 

kernels and high peroxide values can be common but fresh “in shell” Australian and NZ 

walnuts appear to be low in rancid oils (Osterberg et al., 2001; Vanhanen and Savage, 2010). 

Most secondary metabolites in walnuts are beneficial, e.g. gallic acid may inhibit aflatoxin 

production (Muir et al., 2003), ellagic acid is a strong anti oxidant (Ros, 2010) and 

tocopherols (vitamin E) and other anti oxidants are present at high levels relative to most 

food stuffs (Nuttab, 2010). Hazard reduction for rancidity would constitute 1) controlling 

contamination, 2) maintaining nuts in shell, 3) rapid drying and cooling, 4) minimising 

storage times particularly of green and shelled nuts, 5) rejection of stained nuts during 

processing, 6) real time sampling for measurement of PV and AV, and 7) short use by dates. 

 

2.3 Safety Management 

HACCP checklists exist and should be used. 

For Australian growers, the best source of information for maintaining on-farm food safety 

for fresh produce has been published by DAFF (2004) which also references several 

international studies. The document outlines the HACCP process for the full production/ 

processing/ distribution chain generally for fresh produce to reduce the potential for 

contamination.  It also provides a grower checklist for managing safety throughout their 

processes. Under these guidelines walnuts are classified as 3B which is the lowest possible 

level. This is in part due to their enclosure in a shell and elevation from the ground and 

animal manures.  However, harvesting processes that drop the shells to the ground and mix 

contaminated shell with kernels during processing can negate these advantages.  FSANZ 

(2001) provides a guide for safe food handling which is also applicable to Australian walnut 

production. While not yet available, the Centre for Produce Safety at the University of 

California (CPS, 2010) has a project developing a comprehensive, integrated program for 

microbiological safety of walnuts.  This approach would also be of great value to Australian 

growers. Any management system must incorporate 1) Good Agricultural Practices (GAP, 

e.g. ABC, 2012), 2) Good Manufacturing Practices (GMP), 3) Hazard Analysis and Critical 

Control Point (HACCP; e.g. DAFF, 2004), and 4) Trace/Recall.  

http://www.mendeley.com/profiles/leo-vanhanen/
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2.4 Safety assurance screening. 

Targeted screening for safe levels and HACCP management can complement screening 

and management for “Quality”. 

The safety screening processes listed in Table 2.4.1 could be carried out as part of a safety 

assurance program on farm linked to a program for evaluating quality. Both programs would 

need to link to a HACCP documentation system as well as an information collection system 

on factors that may have influenced the safety and quality of the walnut products.  Examples 

of these influencing factors might include, source of an input (potentially it could have been 

contaminated), environmental conditions during production (water stress may have increased 

aflatoxin contamination) or grower treatment (slow drying may increase kernel darkening) of 

product.  The screening would be best done at entry and exit from on-farm storage during 

development of a system managed by the grower and later as part of a background 

quality/safety/HACCP/documentation system, with targeted screening when higher risk 

situations are identified.   In addition to the screening, hazard reduction would be needed as 

indicated in the above sections.  Possible steps include,  1) correct and low use of chemicals, 

2) control of foreign contamination at all steps, 3) control of insect/rodent/bird feeding and 

manures in the orchard and in store, 4) keeping nuts off the ground, 5) maintaining the walnut 

suture seal, 6) maintaining nuts in shell, 7) rapid drying and cooling, 8) shell bleaching, 9) 

cool storage 10) rejection of stained nuts during processing, 11) minimisation of storage 

times particularly of green and shelled nuts, 12) real time sampling for the target 

contaminants, 13) process line cleanliness and 14) short use by dates. 
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Table 2.4.1 Safety management screening program. 

Issue Specific Level for concern, per 

weight of  edible product 

Test Importance * 

HACCP System compliance No flaws in system DAFF (2004) High, common 

Environmental 

monitoring 

Manure, allergens, 

pathogens, pests. 

None if monitoring indicates 

below threshold for concern 

DAFF (2004), record keeping 

  

High, common 

     

Pesticides/ chemicals copper 0.5 mg/100 g ICP/MS, AES; (G)FAAS, Horwitz and Latimer (2011) Low, common 

 ethephon 2 mg/kg LC/MS, GC/MS, Horwitz and Latimer (2011) Specific, rare 

 Other registered MRL LC/MS, GC/MS, Horwitz and Latimer (2011) Specific, rare 

 Cd, Pb ~0.5 ppm ICP/MS, AES; (G)FAAS, Horwitz and Latimer (2011) Specific, rare 

 OP’s OC’s@, 

carbamates 

~0.01-1 mg/kg 

0 MRL for some 

LC/MS, GC/MS, Horwitz and Latimer (2011) Specific, rare 

     

Microbes Total < 10
5
/g  USFDA, BAM, 2011 Low, common 

 Coliforms < 2/g USFDA, BAM, 2011 Low, common 

 E. coli H7:0157 0 USFDA, BAM, 2011 High, rare 

 Salmonella 0 USFDA, BAM, 2011 High, rare 
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Toxins Aflatoxin Total < 15 ppb Australia HPLC/MS, Horwitz and Latimer (2011) High, possible 

  < 4 ppb Europe HPLC/MS, Horwitz and Latimer (2011)  

     

Spoilage Rancidity Peroxide value <10 Vanhanen and Savage (2010) Low, possible 

  Acid value < 0.5 wt% AV=2 

mg KOH/g oil 

Cyberlipid (2012) Low, possible 

     

* High indicates proof of safety is of high importance; Specific indicates of concern in specific circumstances (e.g. history of application of pesticide); Low indicates no real 
issue at present.  Common indicates presence at some level normal; possible indicates adverse positive values could occur; rare indicates unlikely but potentially of concern. 
@ See definitions section 7. 
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3 Quality 

Walnuts differ from most fruits in that quality does not necessarily decline with higher yields.  

There is some evidence that at very high yields nut fill is reduced and nuts are less plump 

(McNeil et al., 2001).  However, the premium paid for larger kernels and the size reduction 

associated with higher fruit numbers is not great.  Thus, unlike soft fruit such as apples, stone 

fruit and grapes, management for high yields is generally the same as managing for high 

quality. 

 

3.1 General issues 

The grower must manage “quality” of in-shell nuts according to fitness for purpose and 

lobby processors to maintain the “quality”. 

Firstly, it is necessary to remind the reader that quality is fitness for purpose and many of the 

studies which follow look at quality standards that may differ from this definition. There have 

been a range of quality standards published (USDA, 1997; UN, 2003; CWC, 2008; AWIA 

Appendix 1) which vary in respect to the degree that they meet fitness for purpose definitions 

and consumer expectations across the range of available products.  Generally they are divided 

into “in shell” and kernel standards and with respect to “organic”  or “provenance” (e.g. 

walnuts of Grenoble) standards may include intrinsic (i.e. method of growth) as well as 

measurable standards. With respect to the quality achieved by the grower, the usual concern 

is for  producing high quality in-shell dry nuts or less commonly kernels (after shelling) as 

they leave the farm (Figure 1.0.2), though there may also be some sales of green walnuts 

(Section 4.3.2). This transfer may occur immediately after harvest, post cleaning and drying 

or after more complete processing prior to or after any protracted period of storage. Different 

quality issues arise for different products. Issues surrounding customer quality (i.e. the 

response of walnuts to processing equipment) have also been indicated as being associated 

with water content. Altuntas and Erkol (2010) indicated that with  increases in walnut 

moisture content, sphericity, projected area, bulk density, volume, and porosity of both 

shelled and unshelled walnuts increased, and the true density linearly decreased. Studies on 

rewetted walnuts showed that the terminal velocity increased from 14.17 m/s to 15.50 

m/s, and from 12.60 m/s to 14.35 m/s, for in shell and kernel walnuts, respectively. The static 

and dynamic coefficients of friction of in-shell and kernel walnuts on chipboard and plywood 

surfaces also increased linearly with an increase in the moisture content.  All of these changes 

can significantly impinge on processing speed and response to shelling and transport 

equipment.  

 

On shelling, walnuts are broken and exposed to oxygen which increases rancidity. Green 

walnuts have high respiration rates (Zheng et al., 2006). Hence it is at these two times 

(harvest/processing while green, shelled kernel storage) when quality can show the most 

rapid natural deterioration.  In addition, quality can be lost through the safety issues already 

covered or poor management of the orchard processes outlined in Section 4.3.2.  

The German TIS (2012) specify -3 to 0°C as the ideal storage and transport temperature. 

Walnuts deteriorate rapidly in quality with high temperature storage after shelling (Mexis et 

al., 2009; Savage et al., 1999, 2001; Sze-Tao et al., 2001; Stark et al., 2000 a,b). Thus, the 

quality benefits embedded by good grower management can be lost later in the chain (McNeil, 

2012) and while this also will be of some concern to producers it is beyond the scope of this 

review. What is achieved by growers, in terms of the various components of quality, has 

commonly been evaluated (Martinez et al., 2010; Vanhanen and Savage, 2010; Colaric et al., 
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2006; McNeil and Savage, 2001; Guerro et al., 2000; Zwarts et al., 1999; McNeil et al., 1994; 

Greve et al., 1992).  Globally, experiments have also evaluated quality consequences of 

application of growth hormones, drying, harvest delay (Sibbett et al., 1978), irrigation and 

shade (Lampinen et al., 2010), nitrogen availability (Garcin and Chaudrut, 2001), pests 

(Strand and Clark, 2003) and other general orchard practices. Growers can manage both 

consumer and customer needs for quality from the decisions at first establishment of the 

orchard and throughout the orchard and product management processes.   

 

3.2 Quality measures and methods 

Rapid, reliable, accurate methods are needed to generate meaningful measures 

correlated to fitness for purpose 

Ultimately fitness for purpose requires meaningful, definable measures that are correlated to 

desired components of quality and generated using rapid, accurate and reproducible methods. 

In establishing the quality descriptors for use in walnuts it is important to distinguish between 

characters determined genetically and ones which are at least partially influenced by grower 

management.  The former need to be taken care of prior to planting and cannot later be 

changed.  It is also important to distinguish characteristics that relate to in-shell quality 

separately from those related only to kernels.  The former would include a range of 

characteristics as defined by McNeil and Savage (2001) and Nagle and Murdoch (1990).  

These included suture strength, total nut weight, crackout etc. as listed in Table 3.2.1. This 

table also gives a quality scaling tool for walnut kernels modified from one developed by 

McNeil and Felgate (2012b). Table 3.2.1 also shows rating scales for hedonistic values (taste 

attributes) of walnut kernels.  If taste parameters are assessed by a single or consistent group 

of people for one set of locations over time or stages in the production process, then the 

resulting data can be compared for assessment of that particular location.  Taste data cannot 

be compared among locations if different people are doing the tasting.  Otherwise, a single 

person or group will need to taste kernels from all study sites to create a validation scale. 

Similar scoring systems for walnuts have been routinely used elsewhere in establishing 

walnut quality (McNeil et al., 1994, Camarena, and Sanjuán, 2006; Colaric, 2006; Vanhanen 

and Savage, 2010) and are based on the published standards (USDA, 1997; UN, 2003; CWC, 

2008). Figures 3.2.1-6 provide a pictorial reference for the scales used.  Other visual quality 

issues also exist in walnuts and these are given in Table 3.2.1 and illustrated in Figure 3.2.5.  

These include staining of the shell either through infection of the husk, growth of internal or 

external microbes and contact staining.  In addition, internal rots may lead to glassy or rotten 

kernels that discolour on drying and may be contaminated by aflatoxins.  Aflatoxin 

contamination will not always lead to kernels as discoloured as the example shown.  Figure 

3.2.5 also shows partial pinching or shrivelling of the kernel which has been related both to 

variety (Tulecke and McGranahan, 1994) and tree nutritional status.  Other characteristics 

have also been used to describe walnuts (Tulecke and McGranahan, 1994) such as plumpness 

(Figure 3.2.6) and veining. However, it is not clear what direction, if any, is preferred by 

consumers for these qualities.  

In addition to the physical and hedonistic qualities there are also chemical attributes that need 

assessment.  These include the indirect measures of rancidity given by acid values (a measure 

of free fatty acids formed by breakdown of glycosides in the oil) and Rancimat values 

(measures the resistance to oxidation), as well as potential issues such as hexanal levels (a 

volatile compound released as a fat breaks down) and peroxide values (measures an 

intermediate in the oil auto-oxidation process, Table 3.2.1; Vanhanen and Savage, 2010).  
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In measuring quality it is important to have agreed measures. Sinesio et al. (2001) compared 

the methods across a range of European laboratories looking at what had been tested in 

different laboratories (a similar set of characters to Table 3.2.1) and what agreement there 

was in assessment. Generally the quality classifications were reasonably consistent in 

defining high and low quality walnuts. However, this indicates in an Australian context there 

is a need for a central laboratory overseeing all industry tests to ensure comparability such as 

is the case with the Australian Wine Research Institute and wine testing.  

One of the greatest issues that arises from these quality tests are the number and diversity of 

the tests needed to accurately assess quality. Biological samples can absorb radiation at 

specific wavelengths resulting in a spectral „fingerprint‟ that can be correlated to and 

calibrated with known measures of quality. Development of a method using near-infrared 

spectroscopy (NIR) that worked could greatly simplify the whole process. Jensen et al. (2001) 

have done the first assessment of this technique. They found that spectral predictions of the 

quality attributes (nutty, rancid, hexanal) using partial least-squares regression resulted in 

good correlations (R
2
 = 0.77, 0.86, 0.72). This suggests that NIR may be of future value in 

assessing walnut quality management through a supply chain system. 
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Figure 3.2.1  Walnut colour chart.  
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Figure 3.2.2 Walnut scuffing 
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Figure 3.2.3  Classification chart for walnut full “halves”. 
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Figure 3.2.3 Showing degree of oiliness of the cracked surfaces of the nuts. 
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Figure 3.2.5 Nut faults. (A) Mouldy green nuts, (B) Shrivelled, dark and high aflatoxin, (C) 

Tip shrivel, (D) Shell mould staining and cracking damage, (E) Kernel dark mould staining, 

(F) Kernel yellowing. 
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Figure 3.2.6 Walnut plumpness variation  
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Table 3.2.1a  Proposed measures for assessing walnut kernel  attributes. Interpretation for hedonistic 
attributes 5-8 requires panel training, consensus and validation. 

Kernel Attribute Quality Scale Scale source 

1. Colour Physical 1=Light    8=v. dark Fig 3.2.1 

2. Scuffing Physical 1=<5%  8=>80% Fig 3.2.2 

3. Halves Physical 0=100  5=0% by weight Fig 3.2.3 

4. Oiliness Physical 0=opaque 4=100% oily Fig 3.2.4 

5. Texture Taste 1=crisp  4=v. soft M&F  

6. Taste Taste 1=fresh  4=stale M&F  

7. Rancidity Taste 1=none 4=v. bad M&F  

8. After Taste Taste 1=none 4=v. strong M&F  

9. Tip Shrivel Physical 0=none  10>40% by count Fig 3.2.5 

10. Fungal discolouration Physical 0=none  10>10% by count Fig 3.2.5 

11. Insect/rodent/other 
damage 

Physical 0=none  10>10% by count Count 

12. Contaminating 
material 

Physical 0=none  10>10% by weight Measure 

13. Moisture content Chemical 0=<5% 10>10% Measure 

14. Acid Value Chemical  0=<0.1% 10>0.4% Sinesio 2001 

15. Rancimat oil stability Chemical 0=>5.5 10=<4 Sinesio 2001 

16. Aflatoxin level
£
 Chemical 0=<4 ppb 10=>20 ppb Codex 2005 

17. Peroxide Value Chemical 0=0 10=10 Sinesio 2001 

18. Oil level Chemical 0=>65% 10=<45% G&L  

19. Lipase activity Chemical 0=<3 10=>50 G&L  

20. Composition* Chemical % oils, ppm minerals, vitamins, metabolites V&S  

21. Plumpness Physical 1=plump  9=highly indented Fig 3.2.6 

22. Kernel weight Physical g Measure  

23. Veining Physical 1=none  9=highly veined T&M 
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Table 3.2.1b  Proposed measures for assessing walnut ‘in shell’ attributes.  

In Shell Attribute Quality Scale  

1. Colour Physical 1=Light    8=v. dark  

2. Smoothness Physical 1 = smooth  9=highly indented T&M 

3. Crackout # Physical 1>55% 5<40% Measure 

4. Suture strength @ Physical 1= all intact 5=all broken N&M 

5. Extraction ease @ Physical 1= all intact 5=all broken N&M 

6. Discolouration 
damage, adhering 
material 

Physical 0=none  10>10% by count Count 

7. Empty shells Physical 0=none  10>40% by count Count 

8. Insect/rodent/ other 
damage 

Physical 0=none  10>10% by count Count 

9. Contaminating 
material 

Physical 0=none  10>10% by weight Measure 

10. Moisture content Chemical 0=<8% 10>14% dry  

0=30% 10=+/-15% green 

Measure 

11. Shape @ Physical 1=ball  4=highly pointed N&M 

12. Size@ Physical g Measure 

    

* Attributes with gray fill not clear on whether there is a quality direction or quality optima or any benefit  for 

determining ‘fit for purpose’. 

£ 
Other microbial contaminants are listed in the safety table in 2.4.1 

# These attributes are more important for intermediary customers’ than final consumers’ needs. 

@ These attributes are of importance to both customers’ and final consumers’ needs. 

See reference list for full citation, M&F= McNeil and Felgate, 2012b, N&M= Nagel and Murdoch, 1990; V&S= 

Vanhanen and Savage, 2010; T&M= Tulecke and McGranahan, 1994; G&L= Greve and Labavitch, 1985. 

 

3.3 Consumer quality issues 

Defined by consumer for each product, difficult to improve later 

A full list of customer and consumer quality issues is given in Table 3.2.1.  The important 

issues are set by the customer based on their preparedness to pay and not according to grower 

perception of what constitutes quality and the price that should be paid for such quality.  Note 

that the relative weighting of these issues may differ in different areas and different segments 

of the market and different uses. For example the pellicle colour will be of little consequence 

for buyers of ingredient walnuts but a major concern for those buying fresh halves. Some of 

the quality factors can be improved in the processing stages (e.g. sorters can remove off 

colour or damaged nuts, drying can remove moisture), however, others cannot be fixed later 

in the process (e.g. rancidity). There may also be variation in the definitions used for quality, 

uniformity/reproducibility of application of quality tests and in consumer preferences from 

location to location (McNeil and Felgate 2012b; Camarena and Sanjuán, 2006; Colaric et al., 
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2006; McNeil et al., 1994). EU consumers apparently are not as concerned with light colour 

as US consumers (USDA, 1997; UN UNECE, 2002).  In a trial in NZ, McNeil et al. (1994) 

found that as walnut colour became very light consumer taste preference declined.  The 

reduction in tannins associated with very light colour probably affected the strong flavour 

expected by consumers; therefore, there may be risks in attempting to get very light coloured 

walnuts. 

A critical issue in dealing with consumer preferences is the level of knowledge and 

familiarity of the consumer with the product. The consumer trials referred to above all used 

experienced, trained panels to assess quality by agreed standards which may not represent the 

average consumer (or non consumer) of walnuts in the region. In regions where walnut 

consumption is low, the taste, options and opportunities offered by walnuts may be unknown 

to the consumer.  McNeil (2012b) indicated as an example in the UK market that price was 

not the restricting issue for macadamias but rather consumer unfamiliarity with this product 

was a more likely cause of low consumption relative to price point among the nuts on offer in 

the UK. The UK nut consumer often did not understand internationally specified quality 

values in a more general sense for walnuts.  This was determined by analysing price/demand 

data across all nuts imported into the UK. McNeil and Felgate (2012b) indicated that 

consumer perception in the UK was that rancid walnuts were „normal‟ walnuts and thus that 

much of the market for snacking walnuts was unfilled because consumers were unaware of 

the options.  McNeil (unpublished) had similar findings in Australian and New Zealand tests 

when untrained tasters were used. Thus, under these situations, education and training of 

consumers is critical to the quality options that are available.  In an analysis of the New 

Zealand walnut market, Waitzmann (1998) found that buyers of high quality local nuts 

doubled their purchase each year at approximately twice the price of imported nuts and had 

much greater satisfaction ratings for all attributes except availability.  However, due to 

limited supply, the analysis of local nut use did not include large supermarket users. 

Nevertheless, the experience of consuming better quality walnuts can increase market 

penetration even in markets where penetration is low.  

 

3.4 Customer quality issues 

Intermediaries have specific quality needs that also must be accommodated. 

Intermediate customers may have some specific needs of the products in addition to the need 

to provide high consumer quality.  For example, transporters can carry dry nuts more easily 

with less concern over chilling (TIS, 2012) than wet nuts. Low crack out, high contamination 

levels, tendency to split, exact moisture content, shape and size of the nut can all affect the 

ease with which nuts are extracted and separated from the shells (McNeil, 1999; McNeil and 

Savage, 2001).  This in turn will affect processing costs and products for which the nuts are 

suited. For example “Meyric” is used extensively in NZ for halves production while “Rex” is 

used for pieces (McNeil, 1999). Processors may, however, change their machinery to reduce 

or eliminate these problems. For example, laser sorters can make separation of shell easier 

and thus overcome issues with harder to extract nuts. Storage facilities may be cooled to 

allow slower throughput or cracking to order. Some of these customer issues are identified in 

Table 3.2.1. Ultimately, a well functioning chain needs collaboration and information flow 

among growers and processors to ensure optimal customer quality is provided.  
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4 Grower quality management  

Growers and their organisations need a “whole chain” view of safety and quality. 

The grower needs to manage all aspects of quality in their orchard from first planting until 

final disposition of the nuts from their farm.  Even after final disposition the potential exists 

for downstream industries with little commitment to, or knowledge of, walnuts (e.g. handlers, 

supermarket retailers) to destroy the value innate within the product (McNeil and Felgate, 

2012b).  This means the growers must work with chain partners to ensure such quality losses 

do not occur (Taylor and Fearne, 2006).  Table 4.0.1 lists the issues, times, locations and 

grower actions that have been shown to have potential adverse/beneficial effects on walnut 

quality. The subsequent sections then deal with each in detail outlining the concerns and best 

available methods for management. 

 



41 
 

Table 4.0.1   Grower quality management stages and issues. 

Stage/issue Areas with major 

consequences 

Management solutions Major nut quality issue Reference 

HACCP     

Throughout Safety HACCP management system in place Consumer safety Daff,  2004, CODEX, 2005 

Orchard 

establishment 

   Ramos,1997, Wilkinson, 2005,  McNeil 

et al., 2011, AWIA, 2011.   

Location Nut composition, filling, 

contamination, disease 

Select location suited to growth 

(maximum growth/quality trade off) 

PUFA value  Greve et al., 1992 

Variety All operations and 

processes 

Choose appropriate mix at planting.  

Manage orchard to variety 

specifications (e.g. pistillate flower 

abscission) 

PUFA value Vanhanen and Savage, 2010, McNeil et 

al., 2001, Lemus, 2010. 

Rootstock Disease, vigour, nut 

quality directly 

Choose appropriate mix at planting, 

manage tree vigour actively. 

Nut colour, crackout  Connell et al., 2010 

Spacing layout Harvest, machinery 

management, shading 

Fit to optimal equipment solutions, 

prune to allow light entry 

Colour, off types Lampinen et al., 2010 

Irrigation Orchard management, 

water availability, 

scheduling 

Water security management PUFA value, nut crackout, 

pinching, uniformity, 

aflatoxin 

Greve et al., 1992 

Variety layout Harvest, machinery Fit to optimal equipment solutions, 

prune to allow light entry, manage 

Harvest uniformity and 

delays caused by orchard 

Tulecke and McGranahan, 1994 



42 
 

management,  harvest logistics (labour, machinery) blocks reaching PTB 

simultaneously 

Orchard 

management 

    

Irrigation Nut and spur strength, 

ability to fill and survive 

other attacks 

Well managed,  limited to actual 

need, controlled deficit irrigation 

(CDI) where appropriate 

Nut size, colour, mould, 

insect damage 

UCANR 2012, Goldhamer et al., 1990  

Light levels Nut and spur strength, 

ability to fill and survive 

other attacks 

CDI, pruning, load management  Yellowing, black shrivels, 

sunburn (excess sun) 

Lampinen et al., 2008, 2010 

PGAs Various including, 

uniform harvest, 

uniform bud break and 

flowering and 

vegetative control 

Ethephon for uniform harvest Darkening, degeneration 

due to non uniformity, 

slow drying, rots, shrivel, 

MRL 

Lemus 2010 

Freezing of 

wet nuts 

Rupture of cell walls Maintain canopy, early harvest by 
PGA use, frost fight, reduce moisture 
content of nuts 

Rancidity, shell stain, 

flavour and texture 

degradation 

Claypool and Esau, 1956 

Time since PTB Degradation of nuts, 

non uniform maturity 

Ethephon, direct harvest, test hull 

maturity 

Yellowing, mould, 

darkening 

Lang and Evans, 2010 

Fertilizers Nut fill, nut health and 

resistance to attack,  

Nutritional testing, fertilizer needs 

estimation and application 

Small, dark, low crackout, 

additional pest/disease 

Keshavarz et al., 2011. Anderson 2006, 

AWIA 2011 

Crop Nut breakdown, low Sprays, effective quarantine, well Rotten nuts, aflatoxin, Teviotdale et al., (2002) 
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protection 

(disease) 

photosynthesis managed trees, cleanliness,  adhering rotten vegetation, 

shrivels, darkening 

Crop 

protection 

(pests) 

Damaged nuts, leaf 

loss, nut loss 

Sprays, pheromones, well managed 

trees, quarantine, cleanliness, 

practices that promote beneficial 

arthropods 

Chewed nuts, disease 

entry, fallen nuts, shrivels, 

wormy nuts 

Grant et al., 2001 

In orchard nut 

management 

    

Harvest Contamination, non 

uniformity, 

degradation, staining 

Rapid, PGR, keep off ground, timing, 

cleaning rapidly 

Darkening, spoilage, rots, 

shell weakening 

McNeil et al., 1995, Lang and Evans 

2010, Ramos 2007. 

Drying and 

cleaning 

Rot progression and 

degradation, insect 

infestation 

Rapid, remove rubbish, dry using 

appropriate temperatures 

Darkening, shrivels, rot, 

rancidity 

Labatavitch, 2004 

On farm 

storage 

Degradation, rotting 

and infestation, 

staining 

Cool, 60% RH, secure from water, 

pests, heat, O2, light, keep in shell, 

short period 

Darkening, rancidity, 

aflatoxins, insect bites 

Labatavitch, 2004 

Transport Degradation, rotting, 

breakage 

In shell, dry, soft handle, as for 

storage 

Darkening, rancidity, 

aflatoxins, insect bites, 

breakages 

TIS, 2012 
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4.1 Orchard establishment 

Variety, location and layout are decided at establishment and will influence quality and 

management for the entire orchard life. 

As growers are well aware the first steps in growing walnuts of the desired quality begin at 

the establishment phase, in particular the variety, rootstock, climate and microclimate and 

local soil qualities. Frequently trade-offs will have been made (e.g. land suitability and cost) 

that must be accommodated during the production phase. The establishment steps also extend 

to the design of the orchard and preparation for later management practices such as machine 

harvest and spraying which may change significantly as new laws are introduced and new 

technologies become available.  Examples of this preparation include 1) laying out the 

orchard to achieve good light distribution and air circulation as well as ease of harvest and 

other management practices, 2) tree shaping for achieving high yield, even light distribution 

and ease of management practices between trees and under or through branches, 3) 

establishment of adequate irrigation systems; that is, sufficient water and application systems 

for all seasons and for short-term demands during the season, 4) developing good soil 

structure and nutrient cycling by microorganisms, amendments (e.g. organic matter additions) 

for soil improvement, and management for known soil-borne pathogens (e.g. sterilization and 

mounding for improved drainage),  5) selection of areas free of potential contaminants at 

harvest (e.g. stones), sloped gently enough not to interfere with management and unlikely to 

be wet during harvest, and a low frequency of seasons when blight risk is severe. Most of 

these issues are dealt with in Ramos (1997), Wilkinson (2005), AWIA (2011) and McNeil et 

al. (2011).  They are important concerns as it becomes increasingly difficult to deal with 

these issues as the orchard matures and becomes well established. Variety can be changed by 

top grafting in some climates, but rootstock can only be changed by total replacement.  Either 

option will substantially reduce orchard yield for a long time. Light penetration can be 

improved by pruning and water applied sufficiently by installing irrigation into the mature 

orchard, but both will invoke costs and possibly periods of yield loss.  Some of these options 

will be considered later under orchard management, but pre-thought at establishment will 

simplify the issues and make achievement of high yields of high quality nuts much simpler.  

This does not mean that every issue can be predicted in advance nor that one solution will 

always be ideal. Clearly there will always be an element of „trial and error‟ during orchard 

establishment and growers will always be forced to make best bets based on available 

knowledge and resources. However, the „error‟ can be reduced by considering the full range 

of knowledge and information and how that might relate to a particular site. 

Selection of variety is important as a variety may have specific potential quality 

characteristics. For example, „Tulare‟ is quoted as having a stronger „walnut‟ flavour than 

„Chandler‟ and darkens more on storage (http://tularewalnuts.com/).  It also may be more 

resistant to aflatoxin contamination (Mahoney et al., 2003). Thus its suitability and 

management issues will change for different markets or growing locations. In addition, a 

variety‟s characteristics may make it more or less prone to loss of particular quality attributes 

requiring greater vigilance at some stages or diversion to different end uses.  For example the 

high PUFA value (Vanhanen and Savage, 2010) of „Rex‟ (a NZ cultivar) potentially makes it 

more susceptible to rancidity development while the weaker shell strength of „Serr‟ makes it 

more susceptible to microbial entry. Processing of „Rex‟ produced fewer halves then „Meyric‟ 

in a NZ trial (McNeil, 1999). This could lead to more rapid rancidity development in „Rex‟ 

with greater levels of broken kernel as well as making it unsuitable for the “halves” market. 

Another example is pistillate flower abscission (PFA) in „Serr‟ walnuts. In Peru this is 

managed by sprays with aminoethoxyvinylglycine (AVG). Greve and Labavitch (1985) 

showed that „Howard‟ and „Chandler‟ had much more rapid deterioration in quality when 
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stored at high (38
o
C) temperatures. This was over a period of just a few weeks. There is some 

evidence that rootstock can also affect quality; for example, own rooted „Chandler‟ has been 

shown to produce lighter quality nuts than grafted trees (Connell et al., 2010).  

Location can substantially affect the likelihood of freezing or frost damage, delayed harvest, 

drought, slow growth and maturity of nuts, insect and disease frequency and access to 

processors.  All of these factors can then have their own effects on quality. 

It is thus important at establishment to understand as much as possible the consequences later 

in the mature orchard life of any decisions that are made and have plans in place to minimise 

the problems and maximise the opportunities arising from the initial decisions. 

 

4.2 Orchard management 

4.2.1  Irrigation 

Lack of moisture can directly reduce quality and cause greater susceptibility to moulds 

and pests. 

Water availability (both high and low) can affect both yield and quality directly and indirectly 

(e.g. via vegetative growth and shading). UCANR (2012) gives a detailed account of methods 

to optimally manage available water in a walnut orchard. AWIA (2011) provides Australian 

advice aimed more practically at the grower. Both publications indicate critical issues arise 

with walnut quality related to nut size, colour, insect and mould infestation (Goldhamer et al., 

1990a,b) when inadequate water is available. Indeed lack of water may be the most severe 

issue in grower controlled orchard management of quality. The existence of a water deficit 

management system to accurately assess water potential in the tree or soil for determining the 

amount and timing of water to be applied is therefore essential.  

Of particular importance is an increase in potential for aflatoxin contamination under drought 

stress. Recognition of this increased potential means that many of the European good 

agricultural practice codes (CODEX, 2005) for aflatoxin control are concerned with 

managing water stress. Issues may also arise if excessive water leads to excess vegetative 

growth and shading (Lampinen et al., 2010, 2008) or flooding of the root system during 

growth which can adversely affect quality particularly nut loss, pathogen infection, tree death 

and poor general quality and difficulty harvesting from wet ground (Webster, 2011).  

Fortunately flooding during the dormant season seems to be much less of an issue. Lack of 

moisture near harvest can also lead to “hull tights” and difficulty with processing leading to 

high losses, as well as the quality issues associated with green material in the sample. High 

water deficits in previous years may reduce subsequent years‟ yields but there is no evidence 

of major quality effects except that lower yield in the subsequent year may increase nut size 

(Goldhamer et al., 1990b). In general, the data indicate that moderate application of 

controlled deficit irrigation (CDI), where it is possible, may have limited effects on yield and 

low or positive effects on nut quality (Goldhamer et al., 1990b). This may also result in the 

year after stress application.  However, any severe stress can seriously affect both yield and 

quality.  At present, maintaining good water status throughout the season would be the safest 

way of ensuring high quality with great care needed in applying CDI in regions where this 

management technique can be applied. 
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4.2.1  Growth regulators 

PGRs may improve walnut quality 

Lemus (2010 a,b) indicates there are a number of plant growth regulators (PGRs) either used 

or under development in South America.  These include hydrogen cyanamide (HC-bud 

break), paclobutrazol (vigour control), aminoethoxyvinylglycine (AVG-fruit set) and the 

naturally occurring plant hormone ethephon (uniform maturity).  Clearly some of these have 

the potential to improve walnut quality. Ethephon use in particular has been shown to 

improve the uniformity of harvest and nut quality in Australia (Lang and Evans, 2010), 

although further research is required to develop recommendations for use across the full 

range of varieties and growing conditions. This will be more fully discussed in section 4.3.2.  

Use of any of these products requires registration which may be difficult in a minor crop, or a 

„minor use permit‟.  MRLs will need to be monitored as well. In view of the data of 

Lampinen et al. (2010) fruit set regulators may be of benefit as a means to reduce set in 

shaded areas and increase set in well exposed areas of the tree if targeted application is 

possible.  Such use could potentially increase walnut quality.  

4.2.2  Vegetative growth 

Excess and inadequate vegetative growth can affect light levels and quality of individual 

nuts. 

Lampinen et al. (2008, 2010) indicate that serious issues with walnut quality can arise from 

the level of individual nut shading. Exposed nuts can suffer from sunburn with darkening and 

shrivelling of the nuts (Teviotdale et al., 2002) while excessive shading can lead to nut 

yellowing, or blackening and shrivelling in the most extreme cases. Excessive exposure can 

arise from trees that are water stressed or prolonged periods of high temperatures. Walnuts 

formed deep in the tree canopy are subject to considerable shading as are nuts which are 

covered by emerging or descending higher branches.  These issues can be made worse by 

lack of pruning or other forms of vegetative management (e.g. CDI). The yellowed, black and 

shrivelled nuts arising from excess shading indicate a real need to manage light quality by 

pruning, inputs of nitrogen and water (potentially CDI) and use of cover crops to control 

vigour. Various white clay-based sprays (e.g. Surround®) have been used as possible 

methods to reduce sunburn effects on the fruit. In some situations they have proven highly 

effective (Anderson and Lampinen, 2008) increasing relative crop value by 5% on average.  

This arose from reduced mould damage, more large sound nuts and fewer showing external 

damage in treated trees.  Trials using annual pruning to eliminate excess shade so far seem to 

have limited effect as they either do not sufficiently reduce shade or cause loss of yield in the 

short term (Olsen et al., 1994). Pruning over longer periods (alternate year) may produce 

improved yields and quality of fruit. In all instances, excessive pruning during the early years 

of production leads to substantial losses of quantity though not quality (DeBusy et al., 2010). 

The overall conclusion is that maintaining appropriate light interception by the canopy is the 

best option in the long term, with the potential to use protectants for preventing sunburn in 

high temperature, extreme radiation environments and PGRs and pruning to control and 

manage growth. 

  



47 
 

 

4.2.3  Fertility 

Nutrient deficiencies can lead to small nut size and greater susceptibility to factors 

which have adverse quality effects. 

Generally, inadequate nutrients lead to overall yield reductions as well as quality loss via nut 

drop, and small, poorly filled (low crackout) nuts that are more susceptible to other quality 

problems (Teviotdale et al., 2002).  Keshavarz et al. (2011) indicated this suite of quality 

issues arose for boron (B) and Zinc (Zn) deficiency in Iran. Brown et al. (1991) showed 

accelerated development of rancidity caused by Zn deficiency in US orchards. However, 

deficiencies do not always lead to quality reductions as indicated by Olsen (1997) for 

potassium deficient trees. These effects may be direct or indirect.  For example, nut number 

and size may be related to increased or decreased vegetative growth (and associated quality 

issues), or bud survival,  depending on the relative amount of increased photosynthate 

availability due to nut drop, or reduced availability due to decreased photosynthesis. Leaf 

mineral analysis can be used to determine the  status of nutrients in a tree. The critical 

nutrient levels (below which a tree is deficient) and amount of removal of various nutrients 

and methods to test for these are given in AWIA (2011), Beede et al. (2012) and Table 

4.2.3.1. In Australia, generally about 50 leaves are tested mid season, with results compared 

against the standard tables indicating the desired range (level) for each nutrient.  Enough 

fertilizer is then added to meet but not exceed tree demand. Soil testing may also be used 

depending on nutrient type. As different nutrients have different degrees of transfer and 

mobility in soils, adequate fertilisation of a plant is a complex issue.  It has cost and 

environmental aspects associated with loss of expensive fertilizers to the environment by 

runoff, leaching or volatilization. There are also yield and quality benefits if well managed. 

For nitrogen, a detailed method for calculating needs is given by Anderson (2006). 

Importantly, the work of Grant et al. (2001, 2006) indicated that excessive N did not improve 

walnut quality and yield but did increase vegetative growth as well as potentially create the 

cost and environmental issues alluded to earlier.  Thus supplying the right amount of N may 

reduce nut shading and increase quality.  Adequate N could be supplied using a proportion of 

N fixation by cover crops provided soil moisture could be managed (Grant et al., 2001).  

Replacement nutrients can be provided through chemical fertilizers, N fixation, compost or 

manures directly from animal grazing or transported and applied to the site. Uncomposted 

manure represents a quality issue particularly associated with microbial contamination by 

human (Salmonella and E. coli) and/or nut (Aspergillus) pathogens (Lampinen, 2012). It is 

critical where manures are used that they are well composted or there is no contact with the 

nuts (CODEX, 2005) or that animals are withdrawn early (e.g. ABC, 2012; AWIA, 2011) to 

prevent microbial contamination. 

Overall there are certainly yield and most often quality advantages in having well nourished 

walnut trees. Provided adequate nutrient levels are maintained, information from the US 

indicates that high quality walnuts can be produced on marginal soils (Edstrom et al., 2001).  

Thus it is the provision of the nutrients that is important not any specific factor related to soil 

type or suitability. 

The adverse effects of nutrient deficiency may not, however, end at harvest. Brown et al. 

(1991) showed that Zn deficient walnuts had higher levels of Free Fatty Acids (FFA) and 

Superoxide Radicals (SR) which lead to more rapid development of kernel rancidity.  
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Table 4.2.3.1. Critical values (below which deficiency exists) and suggested lower and upper 

values for the healthy range of minerals in walnut leaves sampled in January (northern 

hemisphere winter) in California (Beede et al., 2012). 

 

Element Critical Value Suggested Range 

N 2.1% 2.2-3.2 % 

P 0.1% 0.14-0.3% 

K 1.0% 1.2-1.7% 

Ca 0.9% >1.0% 

Mg - >0.3% 

Na - <1.0% 

Cl - 0.1-0.3% 

Mn - >20 ppm 

B 20 ppm 40-300 ppm 

Zn <18 ppm 20-30 ppm 

Cu 4 ppm  6-10 ppm 

 

 

4.2.4  Pest and disease 

Pests and diseases interact to damage kernels and shells and reduce quality by aflatoxin 

production, or staining and darkening 

Walnut blight, caused by a bacterium, is the major disease of walnuts in Australia and 

globally and has great potential for damaging both yield and quality of walnuts. 

Recommendations exist for Australian (e.g. Lang and Evans, 2007; Lang et al., 2010) and 

international growers (e.g. Buchner et al., 2010), but there is no panacea. Treatments present 

other problems; for example, the potential to exceed MRLs. Excessive copper use in Europe 

for blight control has lead to environmental issues, copper tolerance within some bacterial 

populations, and calls for reduced use (Moragrega et al., 2010). Walnut blight may affect 

walnut quality in a number of ways. Early infections will cause nut loss but later infections 

may produce black shrivelled kernels and stained shells later still (after shell hardening) may 

lead to kernel and shell darkening (Teviotdale et al., 2002). Walnut blight can reduce yield by 

causing bud/nut fall (both prior to and at/near harvest) and early loss of photosynthetic area 

and leaf material associated with blight necrotic lesions (Strand and Clark, 2003). 

Phytotoxicity of protective chemicals (Reigne and Salaun, 2010) may also affect yield and 

quality. These do not necessarily reduce nut quality except that late falling infected nuts and 

leaf will mix with other nuts on the ground or in the catching frame at harvest.  This can 

cause increased mould infection, staining and contamination with green and rotten plant 

material and badly rotten kernels mixing with healthy nuts leading to quality issues.  These 

issues include 1) necrotic tissue adhering to the shell making “in shell” nuts impossible, 2) 

slower drying and consequently reduced quality, 3) rotten nuts leading to increased sorting 

costs, 4) potentially aflotoxin issues arising from secondary infections of nuts, and there may 

be 5) kernel staining. A range of other diseases that affect walnut trees (blackline, canker, 

dieback, Phytopthora etc) can reduce nut size, lead to dark and shrivelled nuts and allow 

secondary infections (Teviotdale et al., 2002; PHA, 2009). Many of these diseases are not 

present in Australia (Table 1.7.1) and thus strong quarantine management is needed to keep 

them out particularly as there are few agricultural chemical registrations for control of walnut 

diseases in Australia. Therefore, best available disease management is needed to maintain 

walnut quality.  
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A number of insect pests including codling moth, husk fly, aphids etc can infest walnut 

orchards (Ramos, 1997; AWIA, 2011). Grant et al. (2001) carried out extensive trials in 

California that indicated use of BIOS (mating disruption, beneficial insects, targeted 

applications, cover crops) rather than intensive spray regimes did not lead to any significantly 

different effect on walnut quality (or yield) either in orchard or at the processor level over a 

three year period. Thus, use of these softer methods does not seem to be a quality hazard and 

is likely to enhance achievement of chemical residues that do not exceed MRLs and 

potentially add value to the consumer. Australian growers would be best served by using such 

methods for insect control, particularly recognising their limited chemical arsenal and present 

restricted range of pests. Quarantine, however, remains the first line of defence against most 

of these potential pests (Table 1.7.1).  

 

4.2.5  Freezing 

Low temperatures can affect walnuts when they are green 

Walnuts are susceptible to kernel freezing if low temperatures occur near harvest (Claypool 

and Esau, 1956) and/or while the nuts have a high moisture content. Freezing results in cell 

wall break down and consequently nuts are rubbery rather than crisp, rapidly oxidise and 

become rancid, are susceptible to moulds, darken and lose their hedonistic qualities.  This 

freezing damage does not occur in nuts that have a reduced moisture content (12% or below) 

which means dry nuts can be stored frozen for long periods without quality loss.  The 

consequences of freezing temperatures in the orchard are worse if nuts are still in the trees 

late in the season when tree leaf coverage is reduced or are left on the moist ground prior to 

harvest. An effective and rapid harvesting technique will minimise the potential for nut 

freezing damage to occur. Such harvesting would potentially use ethephon to hasten harvest 

time and uniformity of maturity.  It would also use direct catching into nets, maintenance of 

leaf canopy as long as possible up to harvest, and possibly frost fighting. 

 

4.3 Nut Management 

Nut management can greatly affect quality before, during and after harvest. Optimal 

conditions must be used. 

The previous sections looked at how issues of orchard management could affect nut quality 

indirectly. This section looks at how the walnuts need to be managed directly to ensure 

desired quality. Kernels are mature when the packing tissue surrounding the kernel is brown 

in colour.   The crop stage known as packing tissue brown (PTB) indicates that ≥ 90% fruits 

are at PTB. Any period of time that passes while the walnuts are past their PTB state 

(physiological maturity) may be considered as part of the period of mature nut management. 

Any time that passes during nut management is effectively a period of storage as the nuts are 

now physiologically mature even if not dried. The grower can reasonably affect some of the 

conditions during this storage phase to retain or lose nut quality. Not all storage may 

necessarily be adverse (e.g. pathogen levels have been shown to decrease during storage 

depending on conditions) if the conditions are optimal. Growers are directly concerned with 

any storage while the nuts are still under their control as well as being concerned indirectly 

with respect to downstream storage due to its potential to reduce retail quality and thus price 

paid by consumers. This retail price reduction would ultimately be reflected in the price 

offered to the grower.   Australian walnuts are in relatively low supply by world standards 

and thus storage beyond 6-7 months would bring them into competition with fresh N 

hemisphere products and potentially lead to lower prices. This length of storage would not 
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generally be advisable other than to maintain a line in the market place or meet local demand. 

Many factors can lead to reduced quality during storage.  These are listed in Table 4.3.1 

along with the main interactions among them. An example of an interaction among factors 

follows. High feeding activity by pests will cause loss of quality due to disfigured nuts. It 

may also lead to greater potential safety issues if the pests are carrying a high load of the 

Salmonella bacterium. Alternatively the damage caused by the pest feeding may allow entry 

of moulds which directly affect quality or lead to increased aflatoxin levels. These issues may 

occur faster at higher temperatures, moisture and O2 levels.  The periods of grower storage 

and potential issues associated with them are listed in Table 4.3.2. The associated issues 

relate back to the storage concerns of Table 4.3.1. Clearly the aim of the grower during 

storage is to minimise the exposure (time and level) to potentially adverse conditions 

consistent with their product type (green, dry, shelled), the costs incurred (e.g. hire of shaker, 

installation of rapid cleaning/drying capacity) and their intended market (e.g. export, local, in 

shell). Table 4.3.1 also clearly indicates there are several different states in which the nuts can 

be stored and that there are different susceptibilities to quality loss in each of the periods.  

Initially the nuts are 1) immature, high moisture content, intact, enclosed by a shell and husk. 

They then become 2) mature, high moisture content, intact, enclosed by a shell and husk; 3) 

high moisture content, intact, enclosed by a shell, not cleaned; 4) high moisture content, 

intact, enclosed by a shell, cleaned; 5)  low moisture content, intact, enclosed by a shell; 6) 

low moisture content, broken, no shell.  At each of these stages the susceptibility to storage 

induced quality deterioration will change.  The following sections therefore look at each of 

these stages separately to provide guidelines for optimal quality management at each stage. 
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Table 4.3.1.a Periods of grower controlled storage for dry in-shell product sales by grower. 

Period Grower technology Usual 
period 

General nut issues* Specific nut issues 

On tree, post PTB, 
pre-harvest 

Shaken Days-weeks High nut moisture, high nut respiration, 
variable (high?) temperatures, influence of 
tree physiology still exists, orchard pest and 
disease levels potentially high 

Tree damage may affect next year’s crop 

Ethephon - shake Days-weeks Uniform harvest =easier processing, exact 
timing of operations, management of MRL  

Collect 
natural/assisted fall 

Days-weeks Highly variable time among nuts, exposure 
to moulds and pests for mature nuts on tree 

On ground, post 
PTB, pre-harvest. 

Direct harvest to net None   None None 

Shake then collect  Hours Contact/mixing with ground contaminants, 
microbes, pest and trash 

Short on ground time, less but some 
contamination opportunities  

Collect 
natural/assisted fall 

Days-weeks Variable and long period on ground allows 
pest/microbe/temperature interactions at 
high nut moisture 

A     Post harvest 
drying then 
cleaning on farm 

Holding green, not 
cleaned until dried  

Hours-
weeks 

See Table 4.3.1b  

Grower drying: solar/ 
cool air drying 

Hours- 
weeks 

Poor environment leads to quality loss and 
contact with contaminants  

Slow and open to environmental 
contamination (moisture, pest, microbe), 
growth of microbes as well as entry 

Grower drying: hot air 
drying 

Hours - 
days 

Rapid stabilisation of degradation by drying. 
Kills pest/mould growth, green 
contamination may stain and slow process 
then warm temperatures may accelerate 
mould growth 

Care not to overheat (degradation), 
uniformity needed in drying, may be build up 
at this stage if dryer capacity low. Potential 
degradation if not cool stored in prior step. 
Contaminants may interfere with 
equipment. 

Post harvest 
cleaning 

Holding dry until 
cleaned  

Hours - 
days 

Slow degeneration, entry/growth of existing 
pests 

See table 3.2.1 

Grower dry cleaning  Hours- days Brittle nuts may crack May be harder to remove dry green material 

B    Post harvest 
cleaning then 
drying on farm 

Holding green till 
cleaned  

Hours - 
days 

See Table 4.3.1b  

Grower green cleaning  Hours- days 

    Post harvest Holding green, clean  See Table 4.3.1b  
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drying (clean) until dried  

Grower drying: solar/ 
cool air drying 

 Poor storage environment leads to quality 
loss  

Slow and open to contamination (moisture, 
pest, microbe) 

Grower drying:  hot air 
drying 

 Rapid stabilisation of degradation by drying. 
Kills/accelerates pest/mould growth 

Care not to overheat (degradation), 
uniformity needed in drying, may be build up 
at prior step. Potential degradation if not 
cool stored in prior step. 

Holding/storage 
on farm 

Hold clean, dry, bulk   Moderate degradation See Table 3.2.2 for interactions and issues 

Hold clean, dry, bulk, 
aerated 

 Prevents moisture build up Reduces rots, wet spots, off odours 

Hold clean, dry , bulk, 
cool 

 Slows degradation, preserves many 
microbes and pests 

Longer storage reduction in all issues 

Hold clean, dry, bulk, 
cool, aerated 

 Prevents moisture build up Reduces rots, wet spots, off odours 

Hold clean, dry, bulk, 
cool, packaged 

 Prevents new contaminant entry, protects 
against physical damage 

 

Hold clean, dry, bulk, 
cool, packaged, inert 
atmosphere 

 Reduces oxidation rate  

Distribution Grower delivery 
handover. 

Hours-days Can control risky period for nut degradation. Needs good links to downstream  businesses 
to achieve  distribution speed and consumer 
awareness. 

Delivery by external 
firm  

Hours-day Potential for quality loss and market damage Non nut intermediary transport may lack 
awareness of specific needs 

Processing Off farm activity Days-years Potential for quality loss and market damage Growers need awareness of downstream 
issues to protect market value against loss 

 

*See definitions in section 7 for PTB, MRL, in-shell, green walnuts etc. 
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Table 4.3.1.b Periods of grower controlled storage for green in-shell product sales by grower. 

Period Grower technology Usual period General Nut issues Specific Nut issues 

On tree or on ground, 
post PTB pre-harvest 

All issues as per dry nut process Table 4.3.1a 

Post harvest cleaning Holding green, not 
clean 

Days-months Contaminants in contact with nuts, mould, 
rotten material may spoil nearby nuts. 

As per storage Table 4.3.2 

Green nut sales (to 
distribution) 

Days- 
months 

Grower cleaning  Hours- days Green nut damage, cracks, thorough 
mixing 

Rot entry via breaks, removal of pests and 
contaminants benefits later storage 

Holding/storage – on 
farm unless specified 
otherwise 

Hold clean, bulk  Days -weeks Rapid degradation, rots, gas and moisture 
build up 

Short term high risk option only 

Hold clean, bulk, 
aerated 

Days -weeks Loss of weight by drying, rapid degradation 

Hold clean, bulk, cool Days-months Moisture build up, atmosphere change, 
degradation 

Slightly longer storage, needs good links 
downstream distribution speed and 
consumer awareness Hold clean, bulk, 

cool, aerated 
Days-months Degradation, rots 

Hold clean, bulk, 
cool, packaged 

Days-months Moisture build up, atmosphere change, 
rapid degradation if warmed 

Hold clean, bulk, 
cool, packaged, inert 
atmosphere 

Days-months Removal of 02, moisture build up, rapid 
degradation if warmed 

Off farm (end of 
grower mgmt) 

Not 
applicable 

Potential for quality loss and market 
damage 

Low storage potential, risk of degradation 
as above 

Distribution Grower delivery 
handover. 

Hours-days Can control risky period for nut 
degradation 

Needs good links to downstream 
businesses to achieve distribution speed 
and consumer awareness 

Recipient pick up  Hours-day Potential for quality loss and market 
damage out of growers control 

Non nut intermediary transport may lack 
awareness of specific needs 

Processing Off farm activity Days-years Potential for quality loss and market 
damage out of growers control 

Growers need awareness of downstream 
issues to protect market value against loss 
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Table 4.3.2. Factors that can affect quality during storage. 

Factor Adverse Direction Effects Major Interactions 

Time Increase All All 
Moisture content Very high Darkening, increases all microbe & degeneration 

activity, increased pest lifespan 
Temperature, time, 02, pest, mould, 
comp. 

 Very low Makes nuts brittle, scuffing, breakage O2 level etc as for breakage, often 
less affected (e.g. time, 
temperature) 

Humidity Very high High moisture uptake As for high moisture 
 Very low Drying, darkening  As for low moisture 
 Variable level Alternate dry, moist As for both high /low moisture 
Atmosphere High O2  Rancidity, colour darkens, oiliness, chemical 

alterations 
All 

 Contaminants e.g. methyl bromide Safety issues  Few 
Nut breakage/ shelling High broken surface area Rancidity, colour, scuffing Movement  
Contaminants High pest level Deposit microbes, insects, frass/dung, bite 

marks.  
High pathogen 

 High mould level Toxins, “bad” nuts, darkening, rancid,  High moisture, temperature, O2, 
pests 

 High human pathogen level 
 

Safety High moisture, temperature, O2, 
pests 

 High non walnut organic/inorganic 
content 

Safety, visual issues Depends on nature (e.g. pests, dung, 
stones) 

Temperature High temperature Rancid, darkening, rots, degeneration, mould/ 
pest growth 

All 

 Freeze/thawing Degeneration, breakage, pest entry All 
Physical movement High impact levels Breakage  As for breakage 
Nut composition High PUFA Rancidity All  
 Low anti-oxidants (e.g. gallic acid) Rancidity, microbial survival All 
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4.3.1  In orchard nut management   

Nuts begin to lose quality after PTB in orchard and rapid harvest and hulling is needed. 

Walnut harvest requires both the kernel and the hull, the outer layer of the fruit, to be mature. 

Kernels are at physiological maturity and lightest in colour when the packing tissue 

surrounding the kernel is brown in colour (see previous section for definition of PTB).   This 

period is followed by the splitting and separation of the hull from the nut which is known as 

hull dehiscence. When there is cracking and separation of ≥ 95% of the hull from the shell, 

then the hull is mature.  Lang and Evans (2010) describe a method for determining this stage. 

Determining the number of fruit with mature hulls in a sample enables calculation of the 

percentage of hullable fruits. Walnuts for use „green‟ may be harvested earlier than this stage 

and growers may use freezing or other methods to assist in the removal of the hull (Ma et al., 

2010). Cultivar and climatic differences influence the timing and rate at which kernels and 

hulls mature. Kernel maturity and hull maturity may be asynchronous in that maximum 

percentage of hullable fruits can sometimes occur several weeks after PTB (Lang and Evans, 

2010). As mature walnuts deteriorate rapidly when „green‟ at higher temperatures (Ma et al., 

2010) it is critical to harvest as early as possible without loss of „hullable‟ fruits.  As 

indicated elsewhere, ethephon, a naturally occurring plant hormone, has been used to 

accelerate hull maturity as is the shaking removal of fruits from trees rather than waiting for 

natural nut fall. Harvest time may vary significantly among sites in relation to maturation of 

kernels and hulls.  Therefore, comparison of walnut quality at harvest among sites for a 

particular cultivar requires that the harvest date is referenced in terms of the date of PTB and 

the percentage of hullable fruits. Once fruit are harvested, hulled and cleaned, then moisture 

content of in-shell walnuts, shell and kernel quality can be assessed.  Moisture content then 

needs to be reduced swiftly to prolong the storage life of the walnut.   

McNeil et al. (1995) found that there were significant differences in quality (nut weight, shell 

suture seal strength, crackout) associated with the early and late maturing nuts on a tree 

suggesting that any practice that made harvest date more uniform may lead to better or more 

uniform quality. Teviotdale (2006) indicated that some early fruits may also be very low in 

oil content. In a study of harvest and pre-harvest management of walnuts in Australia, Lang 

and Evans (2010) found that delaying harvest of mature walnuts significantly reduced their 

kernel quality. Factors affected included fewer extra-light kernels and more yellow stained 

pellicles. Fruit need to be removed as soon as possible after kernels are mature to maintain 

their quality. This study found that foliar sprays of ethephon reduced the time delay between 

hull and kernel maturity, and therefore may help walnut growers maintain the quality of 

walnuts. However, the concentration of ethephon in kernels was higher than anticipated in 

some walnuts meaning that certain rates of application may potentially lead to issues with 

exceeding MRLs for nuts exported to Europe, where  the ethephon MRL is considerably 

lower than in Australia (0.5 ppm; USDA, 2012).  However, their data indicated that the 

concentrations fell rapidly and were below 0.5 ppm in all nuts within 3 weeks. Climate can 

influence the uptake and decomposition of ethephon; hence, further research in a range of 

environmental conditions is warranted. 

Overall, the goal of good management is a rapid and uniform harvest targeting 95% hullable 

fruit close to the time kernel maturity is reached. 
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4.3.2 Harvest nut management 

Rapid harvest with no fruit or nuts contacting the ground best maintains quality 

Early harvest of walnuts has been shown to improve colour as well as reduce worm and 

mould damage. However, excessively early harvest may lead to nuts left on the trees and 

difficulty in removing the hulls (Ramos, 1997). Various options are given to optimise harvest 

such as Ramos (1997) suggesting 80% removal by shaking and 95% hull removal with the 

potential for a later second shaking.  Direct harvest into catching nets can substantially reduce 

contact of the nuts with the ground. An alternative is the use of ethephon as described earlier.  

In this instance, however, it is essential that the spraying schedule and harvesting capability 

are well balanced or nuts may end up lying on the ground and deteriorating. Leaving nuts on 

the ground reduced quality by increasing kernel yellowing (Lang and Evans, 2010).  In 

Australian trials, ethephon use lead to improvements in walnut colour, and increased 

“hullable” fruits to 100%, consistent with the more uniform, rapid abscission and shorter time 

on the tree for quality degradation after PTB (Lang and Evans, 2010). In California, yellow 

stained kernels are associated with nuts that have been shaded when they are developing 

throughout the growing year. Lang and Evans (2010) found yellow stained kernels were 

associated with nuts that were left on the ground prior to harvest, suggesting that conditions 

on the ground under trees may contribute to the development of this condition.  Other studies 

have shown that nuts left on the ground can be infected by soil-borne fungi (McNeil et al., 

1995). Figure 4.3.2.1 and Table 4.3.2.1 show that in a New Zealand study as little as 3 days 

on the ground led to substantial deterioration in nut quality whether assessed in-shell or after 

shelling. There may, however, be some advantage in allowing an early fall of some nuts as 

they tend to be lower in oil (Teviotdale et al., 2002) smaller, weaker sealed and of lower 

quality than later nuts (McNeil, 1999a). Separation of these nuts from those that will be sold 

as first grade may improve the quality and uniformity of the overall nut sample. There are 

considerable amounts of low quality nuts collected from the ground and air dried on nets  

within global commerce (e.g.  Bourne, 2011) and sourced mainly from developing regions of 

the world.  However, these practices are reducing in Australia and elsewhere. Therefore to 

ensure the highest quality of harvesting and competitiveness in world markets Australian 

growers will need to continue the trend.  
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Figure 4.3.2.1  Effect of time on the ground on B300 walnut quality characteristics. From McNeil et 

al., 1995. ‘Seal’ refers to strength of seal, ‘shell’ refers to shell appearance, ‘mould’ refers to kernel 

moulds, ‘colour’ refers to kernel colour.  

 

 

Table 4.3.2.1. The effect of different picking and drying methods on nut quality. From McNeil et al., 

1995. 

 Traditional @ 

drying 

Improved drying  Tree Picked  3 days on ground 

Lines Esterhazy & G120 tree picked W 148 & McKinnster with improved 

drying 

 % of 100 sampled nuts of high quality 

Shell colour 14 95 100 43 

Seal strength 28 51 62 22 

     

Kernel colour 53 93 97 72 

Kernel mould 83 98 100 95 

@ = air drying on racks,  vs  water blasted followed by forced air drying at 300C. 
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4.3.3 Drying and cleaning  

Rapid drying and cleaning of walnuts is needed to maintain desired quality. 

Numerous books and papers give the general requirements for post harvest handling of 

horticultural crops (e.g. DAFF, 2004; Kader and Rolle, 2004). There are fewer resources 

available specifically for walnuts though Ramos (1997) gives some information which is now 

dated in parts.  Osias and Thompson give a detailed presentation on walnut drying online at 

(http://ucce.ucdavis.edu/files/datastore/234-1264.pdf). This includes calculations of specific 

dryer requirements. Measuring the moisture content of the walnuts is critical in determining 

adequacy of drying. This issue is confounded by the need for speed and the frequent 

difference between the moisture contents at different depths in the bins. Methods available 

include (1) grain moisture content meters after adequate calibration, (2) hand cracking of 

shells to determine the point of brittleness of the membrane separating the walnut halves 

(~8%), (3) sampling nuts and drying to point of constant weight, (4) or use of electrical 

conductivity meter embedded in the bins (Thompson and Grant, 1992).  All but the last tend 

to measure near surface nuts.  Generally 8% is the target drying value used in the USA 

(Thompson and Grant, 1992) with higher levels leading to quality loss and lower levels 

potentially reducing the weight and therefore value of the nuts unnecessarily.  

One of the most important issues with respect to achieving high walnut quality is rapid drying. 

Ma et al., (2010) indicated that even when green walnuts were stored at 0
o
C and 70-80% 

relative humidity, within 30 days there were significant changes in Acid Value (doubled), 

tocopherols (up to 80% decline), oil content and overall quality (up to 20% loss of high 

quality).  This finding is consistent with the on-ground effects of walnuts where one week on 

the ground led to major deterioration of quality (Lang and Evans, 2010; Figure 4.3.2.1).  

Further evaluation of this early green nut stage for quality loss was done using tree picking 

and forced air drying at the relatively low temperature of 30
o
C (Table 4.3.2.1) compared to 

the recommended value by Ramos (1997) of a maximum temperature of 43
o
C for air drying. 

The latter was based on the work of Woodroof (1978) showing higher temperatures lead to 

rancidity. Time of drying must minimised, even under these temperatures, as over drying can 

lead to brittleness and loss of weight.  Greve et al. (1986) also showed that even at 38
o
C 

rancidity can develop quickly.  Under these drying conditions, when nuts were tree picked 

and force dried, all quality parameters except seal were well above 90% across a range of 

varieties (Figure 4.3.2.1). With air drying and time spent on the ground, nuts with acceptable 

colour, mould and seal often fell by as much as 50%.  There is no doubt that any period of 

time past PTB when the nuts are held even at cool temperatures has severe adverse effects on 

quality. Based on the differences in quality observed with warm air dried and moist stored 

walnuts it is imperative during drying to ensure a uniform flow of air and removal of any wet 

areas arising from external water incursion, input of wet masses of vegetation or 

condensation.  For these reasons, walnuts need to be dehulled and cleaned rapidly before 

being put into dryers.  If immediate drying is not possible then the nuts should be stored cold 

(e.g. Diamond, 2012). 

Ambient air drying has been tested in California (Rumsey and Thompson, 1984) as a result of 

their finding that moisture content of harvested walnuts fell from 35% at the start of the 

harvest season to only 15% at the end. Their data indicate with temperatures above 15
o
C, RH 

60% or below and flow volumes of 12 - 24 M
3
(air)/minute.M

3
(bed volume) and bed depths of 

1.5 M  they could reduce moisture content from 20% to 10% in approximately 48 hours. 

(Note that in the original paper they incorrectly state the rates are per second.) This seemed a 

feasible option but only within these fairly restricted conditions.  Once outside of these 

ranges heated air drying would seem necessary. It has been suggested that ethephon treatment 

http://ucce.ucdavis.edu/files/datastore/234-1264.pdf
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may accelerate the rate of natural drying of nuts on the trees leading to lower moisture 

contents at harvest and shorter drying times (Sibbett et al., 1976).  However, they also warn 

against leaving nuts on the trees beyond the recommended harvest date to dry naturally as 

this leads to loss of quality.  

A range of dryers are available for nut drying consisting of (1) continuous flow and (2) batch 

dryers. More recently indirect solar drying has also been trialled (Ghatrehsamani, and 

Zomorodian, 2012). There is little use of continuous flow dryers for walnuts (more common 

for almonds) because of the high temperatures needed to dry the relatively thin (<50 cm) bed 

of moving nuts.  This gives potential for fire, mechanical nut damage and rancidity from high 

temperatures and uneven drying. Batch dryers (stationary bins, pallet and trailer dryers) are 

more commonly used. The biggest issue with batch dryers is often the over drying of nuts at 

the base relative to nuts deeper in the bin. Choice among these types of dryer generally 

depends on the relative importance of capital expenditure, volume of nuts to be dried in a 

period of time, average batch size of nuts, labour needs and availability.  Dryer size should 

equate with average input load size or a fraction or multiple thereof and geometry should 

consider ease of loading and unloading as well as air flow. Bins with skew angles for ease of 

unloading will also have dead spots for air flow in the skewed corners making for slower 

drying. All of them require similar amounts of energy and the cost and source of that energy 

can be a major cost of production. An additional issue in drying walnuts is the range of initial 

moisture contents. Thompson et al. (1997) found the bottom 1/3
rd

 of walnuts in a batch from 

the harvest averaged 20% moisture at the start of drying and the wettest 1/3
rd

 averaged ~37%.  

This 17% moisture difference equated to a substantial drying time increase leading to two 

thirds of the nuts being dried well below the optimal 8%.  Thus, to the extent possible, 

batches of nuts are best put into the dryer at uniform moisture content.  The rate of moisture 

loss decreases substantially in the initial stages of drying.  Thus, Sibbett et al. (1976) found at 

harvest (~35% moisture) a 10% moisture loss occurred in the first 2-3 hours at 43
o
C, whereas 

from 17 to 7% moisture loss took ~ 14 hours.  This means over drying of nuts can be 

expensive in energy consumption.   The effect of drying conditions can be summarised from 

Thompson et al. (1997). They found a 5
o
C change in drying temperature from 38

o
C increased 

or decreased drying times by about 25%.    A 10% change in relative humidity around 30% 

increased or decreased drying times by about 20%. However, above 55% RH drying times 

increased extremely rapidly as at these RH‟s the equilibrium moisture content approaches 8% 

moisture content (MC). This means that recirculating too much of the hot air back into the 

nut bed will eventually cost more in energy than it saves. A 10% change in initial moisture 

content around 30% led to a 50% change in drying times.  They also found that above ~15 

m
3
/min.m

3
 there was no reduction in drying time with greater air volumes for drying making 

this area the optimal cost point. The uniformity of drying in the bin can be improved 

substantially by higher flow rates, with higher rates likely to result in less time to reach the 

average 8% MC.  Deeper bins will also reduce the uniformity of MC from top to bottom of 

the bin which can only partially be compensated for by higher air flow rates. Osias and 

Thompson (on line presentation) indicate static drops in air pressure needed to maintain flows 

through a nut bed increase with depth of the nut bed as well as air flow rate.  For example, in 

a 1.8 m deep bed static pressure increased threefold from 10 to 20 and a further 2 fold from 

20 to 30 m
3
/minute.m

3
. In increasing the depth from 6 foot to 8 foot at all flow rates the static 

pressure needed doubled and trebled between 4 foot and 6 foot in depth. Fan power thus 

rapidly rose with flow rates above the 15 m
3
/minute.m

3
 or deep beds. There are also 

advantages in minimising drying early in the morning where outside temperatures are very 

low and RH is high as this will be the highest cost time for the dryer to run. 
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Immediately after drying nuts tend to be particularly brittle and require soft handling. There 

is also evidence that roughly handled nuts have a more rapid onset of rancidity than well 

handled nuts. Greve et al. (1986) found large differences in the tendency of individual lots of 

walnuts to go rancid with poor storage which they attributed to the extent of damage during 

handling of the green and dried nuts. 

As with all the processes used with a food substance there is a need for maintaining safety in 

the drying system. The American Council for Food Safety & Quality of California has 

prepared a manual covering the issues associated with “Hullers and Dryers” which is 

available online at http://www.agfoodsafety.org/wp-content/uploads/2012/01/Walnut-Huller-

Dryer.pdf. With dryers there are critical issues around fire safety and the avoidance of the 

build up of combustible material, combustible dusts.  In particular safety measures are needed 

if dryers are running untended. There are also issues associated with NOx pollution from 

burners which may need to be addressed. 

 

4.3.4 On farm storage and transport 

Walnuts require cool, humid, dark storage to maintain quality. 

As described earlier, walnuts go rancid with storage and quality deteriorates. The full 

chemical process is described by Greve and Labavich (1985). The goal of good storage is to 

delay this process as long as possible. Walnuts stored dry and cool in shell can allow a 

considerable period to pass with minimal reduction in quality (Osterberg et al., 2001; Lopez 

et al., 1995). In recognition of this need for cool storage, even for in-shell walnuts, Diamond 

(2012), the largest walnut processor in the US, makes the following statement on its website.  

“Diamond’s cold-storage strategy elevates its industry leadership, guaranteeing a 

year-round supply of the freshest walnuts available. In shell walnuts are stored in 

huge cold-storage facilities, the industry’s largest, with a capacity of 55 million 

pounds (25 million kilos), to preserve freshness until they are shelled to fulfil 

customers’ orders. Prior to shipping, shelled walnuts are stored in a 3.5 acre (1.5 

hectare) cold-storage facility inside the Diamond plant.” 

Interestingly, the same website (Table 4.3.4) lists storage needs that are much less stringent.  

In a similar manner the transport requirements put out by TIS (2012) specify cool storage as 

optimal but not essential. The more stringent needs, as per the Diamond statement above,  

seem to be more correct based on the data of Osterberg et al. (2001) and Bakkalbasi et al. 

(2012) and compiled experience of the authors (Table 4.3.4). 

Shelled kernels can be stored for reasonable times under optimal conditions but any quality 

issue going into storage will be exaggerated under less than optimal storage, given 

interactions among factors affecting quality. Bakkalbasi et al. (2012) found that walnut 

kernels of high quality at the start of storage could be stored for up to 12 months under 

vacuum (90 M PA/PE plastic containers) at 10
o 
C and 20

o
 C without any major changes in PV, 

hexanal content and rancidity. In contrast, hexanal content, rancidity and peroxide values rose 

considerably at 30
o
C to the point where beyond 6 months the kernels were inedible. The 

results were also significantly affected by the variety tested. Had the nuts started with an 

issue (e.g. mishandling, insect damage, late harvest or Zn deficiency) then it is likely that 

even the cooler temperatures may have lead to rapid spoilage.  

Greve and Labavitch, (1985) found some varieties much more prone to storage degradation.  

In the worst instance 3 weeks at 38
o
C resulted in the 18:3 oil content of “Howard‟ to fall from 

18.5% to 10.2%.  By this stage the nuts would be rancid. Use of a nitrogen atmosphere 

http://www.agfoodsafety.org/wp-content/uploads/2012/01/Walnut-Huller-Dryer.pdf
http://www.agfoodsafety.org/wp-content/uploads/2012/01/Walnut-Huller-Dryer.pdf
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significantly hindered this degradation from 18.3% to 16.6%. This deterioration is still an 

issue but significantly less so. 

Storage can be improved by providing an inert atmosphere (<1% O2; or >80% CO2) which 

reduces oxidation as well as insect infestations. Insect infestation will also be reduced by low 

temperature storage. Alternatively, oxygen can be kept out by vacuum packaging (Bakkalbasi 

et al., 2012) or using approved antioxidant coatings such as butylated hydroxytoluene (BHT).  

The coatings are applied to the walnut kernels in compounds that act as barriers to O2 such as 

vegetable oil (Maté et al., 1996) that may include whey protein (Trezza and Krochta, 1996).  

Labavitch (2004) suggests the optimum temperature range for storage is 0 to 10°C (32 to 

50°F), with the lower temperature being better. A RH of 50 to 65% will maintain walnuts at 4% 

moisture. Storage at lower relative humidities (e.g., 40%) does not improve quality but results 

in considerable weight loss and potential for damage of the pellicle and scuffing (Lopez et al., 

1995).  Lopez et al. (1998) modelled sorption isotherms for walnut kernels and concluded 

that optimum stability and texture were retained in a storage environment of 10°C (50 °F) and 

60% RH in air.  Storage should also be in the dark as Jensen et al. (2001) found significantly 

more rapid deterioration of walnuts stored in the light. Their study further established that 

storage in light resulted in oxidative changes, especially in walnuts stored at 21°C, whereas 

dark storage at 5 °C results in walnuts without any trace of rancid taste during 25 weeks of 

storage under storage conditions which accelerated rancidity development (in this instance 50% 

oxygen atmosphere). 

 

Table 4.3.4  Recommended maximum storage times for walnuts to retain full quality. Those 
suggested by Diamond http://www.diamondnuts.com/products/faq/index.php#q_2 (March, 2012) 
and times suggested from quality trials by McNeil and co-workers. 

Product Location  Packaging* Storage time 
(months) 
Diamond 

Storage time 
(months) 
McNeil 

Shelled nuts Pantry 
 

Unopened 24 6 

Opened 18 3 

Refrigerator Unopened 36 12 

Opened 24 6 

In-shell nuts  Pantry Unopened 9 9 

Opened 7 6 

Refrigerator Unopened 24 24 

Opened 18 12 

* Unopened nuts stored in an inert atmosphere. All nuts in the dark/dim light 

If storage conditions are sub-optimum and /or initial nut quality is poor then walnuts will 

exhibit a wide range of quality deteriorations including, rancidity, darkening, scuffing and 

compositional changes (McNeil and Felgate, 2012b; Lopez et al., 1995), the extent of which 

may depend on conditions and variety.  

  

http://www.diamondnuts.com/products/faq/index.php#q_2
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5 Quality validation process 

A robust tool for growers to systematically manage quality will need the following 

attributes: 

 The quality of each type of walnut product (e.g. first grade in-shell walnuts) is defined 

according to methods developed for use by growers and processors in Australia. 

 The definitions need to be highly consistent with characteristics important to 

customers and consumers as walnuts pass through the value chain. 

 Deterioration, and cause/s of deterioration, in the quality of a particular walnut 

product must be quantified, pre- and post-harvest, and throughout the supply chain to 

achieve maximum value for walnuts. 

 There will need to be a set of defined and standardised methods for measuring quality 

parameters overseen by a single standardisation process.  

 Deterioration in the quality of a particular walnut product can be attributed or 

associated with particular conditions that can be ranked or weighted in order of 

importance; for example,  number of days from harvest to consumer purchase, and/or 

orchard, processing, storage or transport conditions. 

 Thresholds for parameters of product quality are defined according to analyses of the 

value chain (customer and consumer needs). 

 Standards for parameters of product quality are set according to value-chain needs. 

 Walnut growers and processors identify and manage key variables (under their direct 

control) that have the potential to cause loss of product quality. 

 Resulting knowledge is used to prevent produce of unacceptable quality entering the 

market, to set „use-by‟ dates, and/or to deliver science-based messages during 

marketing campaigns.  
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6 Conclusions and recommendations 

A broad overview of grower management of walnuts for quality has been developed. 

Walnut quality and safety can be optimised to the consumer requirements for particular 

products.  Many of them are the same but others may vary substantially.  For example, shell 

colour is only important for “in shell” nuts. Australian growers will need to target the 

requirements of the highest value products (“in shell” and snacking kernels) if they are to 

break into the international and domestic markets profitably.  They will also, however, need 

to have outlets for all product and waste product if they are to maximise returns. Thus a basic 

set of actions is needed which includes: 

1. Manage all systems for safety using HACCP and GAP. 

2. Select initial varieties, production systems and areas in accordance with known 

quality management information. 

3. Work with all parts of the supply chain to ensure no steps disregard either quality or 

safety. 

4. During production ensure optimal fertility, water, sunlight, disease and pest 

management of the trees and nuts, as all of these can affect quality. 

5. Harvest as soon after PTB as possible if necessary using PGR‟s to create rapid 

uniform synchronised hull and kernel maturity. 

6. Minimise contact by the nuts with the ground; for example, harvest nuts directly into 

catching frames. 

7. Clean and dry nuts as rapidly as possible using air flow and moderate heat and with 

minimal damage to the nuts. 

8. Store and transport nuts cool, gently, in shell as much as possible with inert 

atmospheres once shelled.  

9. Ensure that moulds and pests are kept out of the system as much as possible. 

10. Maintain short use by dates once shelled and be vigilant in achieving cool, inert, 

humid atmospheric storage that is free of pests. 

11. Label nuts well to ensure they accurately reflect contents including size, grade and 

potential for allergenic reactions. 

 

With a strategy such as outlined above in place, care is still needed in the application of any 

tactic to manage components of quality and safety to ensure actual needs of the customer and 

consumer are met.  
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7 Definitions 

Packing Tissue Brown (PTB) When >90% of walnuts have dry brown septa (packing tissue). 

Hullable   Cracking and separation of ≥ 95% of the hull from the shell so that  

the hull is easily removed. 

Physiologically mature  Period after nuts beyond packing tissue brown. 

Green/fresh walnut  In shell walnut at harvest physiological water content (~35%). 

Walnut fruit    Hull plus in shell nut at physiological water content.  

In shell walnut   Walnut kernel and intact shell whether ‘green’ or ‘dry’. 

Dry in shell walnut  Walnut kernel and intact shell after drying (<10% water) 

In shell kernel    Walnut kernel within but excluding intact shell. 

(Shelled, dry) kernel   Walnut kernel after drying excluding shell. 

 

 

Critical nutrient level The level of a nutrient in a tested plant part below which deficiency 
symptoms occur. 

Maximum Residue Limit (MRL) Limit set on the allowable level of a substance e.g. pesticide, 
aflatoxin  in food or feed 

Plant Growth Regulator (PGR) Natural or man-made hormone that affects plant growth at very low 
concentrations 

OP, OC Organophosphate, Organochloride, long lived possible 
contaminating pesticides  

  

Acid value     The amount of free acid present in an oil 

Hexanal    A volatile product formed from walnut oil breakdown 

Rancimat   A machine for the measurement of resistance to oxidative rancidity 

Peroxide value   Peroxides are intermediates in the autoxidation reaction of oils 

  

http://en.wikipedia.org/wiki/Peroxide
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9 Appendix 1 

9.1 Australian Walnut Industry Association Standards for In-shell Walnuts. 

 

9.1.1 QUALITY 

 

Nuts are not immature or overmature, are sound, clean, well formed, and show no evidence 

of beak, tooth, claw or insect damage where such damage has penetrated the shell.  Slight 

surface scratching of the nut shall not be cause for rejection. 

The package contains not more than 4% by weight of undeveloped or blank nuts. 

The nuts are dried to a moisture content of not more than 8%. 

The walnuts in any one package are of the one size grade having been graded into the 

following grades: Mammoth, Jumbo, Large, Standard, Baby. 

 

9.1.2 SIZE 

 

As most graders operate on the principle of nuts passing through successively larger holes, 

the size standard is set by the hole size.  The grades are as follows: 

 

Mammoth - nuts that will not pass through 38 mm. holes. 

Jumbo  - nuts which will pass through a 38 mm. hole but not a 32 mm. hole. 

Large  - nuts that will pass through a 32 mm. hole but not a 29 mm. hole. 

Standard - nuts that will pass through a 29 mm. hole but not a 25 mm. hole. 

Baby  - all nuts that pass through a 25 mm. hole. 

Walnuts shall be considered as complying with the grading requirements of these standards if 

each package contains a minimuim of 95% by weight of walnuts conforming to the size 

group marked on the package.  The maximum of 5% of walnuts comprising the balance of 

the total weight when packed must be from the size grading immediately above or below the 

marked size, or a combination of both. 

 

9.1.3 PACKAGING AND LABELLING 

 

Walnuts should be packed and labelled according to the following requirements but may also 

be required to meet various State Government regulations from time to time. 

 

The following markings should be placed on all packaging or labels: 

1.  The word walnuts. 

2.  The net weight of the walnuts contained in the packaging at the time of despatch. 
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3.  The grade description - Mammoth, Jumbo, Large, Standard or Baby. 

4.  The word seedling or the variety name before or above the word walnuts. 

5.  The growers name or property name or packers name. 

 

Walnuts are to be marketed in new packaging. 

 

9.1.4 Standards for Walnut Kernel 

 

HALVES    - 85% halves, the remainder 3/4 halves. 

PIECES AND HALVES  - 20% halves, the remainder retained by a 10 mm. screen. 

PIECES    - 25% may pass through a 10 mm. screen including some 

smaller pieces. 

SMALL PIECES   - Consists mainly of pieces passing through 10 mm. screen but 

none passing through 3 mm. screen. 

 

Samples should: 

 be clean and have no material which will pass a 3 mm. screen. 

 not contain any shell fragments or centre-wall membrane. 

 not contain any foreign material. 

 show no evidence of insect presence or frass. 

 not be rancid or show any decay. 

 have no significant shrivelled kernel. 

 have no visible mould. 

 

Labelling and packaging should be consistent with those requirements for in-shell walnuts.  


