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1 AV15010 – Packhouse studies report 

1.1 Introduction 

This project has focused on increasing the adoption of best practice along the supply chain, 
with the aim of reducing the amount of damaged fruit at retail.  

The packhouse has a major influence up and down the supply chain; across growers, 
transporters, ripeners and, to some extent, retailers. Therefore, an extension program 
targeted the major avocado packhouses in each growing region.  

Engagement was through a study of the packhouse supply-chain practices from harvest to 
retail, with a focus on temperature management. Packhouses were provided with a detailed 
report on the findings, with issues and recommendations for improvements identified.  

As those reports were provided confidentially to the packhouse only, this report de-
identifies the packhouses involved. It provides an overall summary of practices assessed at 
each packhouse/supply chain and, wherever possible, links those practices to fruit-quality 
assessments.  See Table 2 for an overall summary of practices and quality.  

 

1.2 Methods 

1.2.1 Participating packhouses 

Avocado packhouses were invited to participate via Avocados Australia Guacamole 
newsletter and Talking Avocados magazine. In addition, the 12 largest avocado packhouses 
in Australia (covering all major growing regions) were contacted and personally invited to 
participate in the studies. All up, 12 packhouses across five states participated in the studies 
as follows:  

 
Region Packhouses (no.) Date (2017) 

North Qld 3 May 
Central Qld 3 July to August 
Central NSW Coast 2 September 
Riverland SA 1 October 

Southwest WA 3 November 



Each packhouse was visited during the harvest season. A selection of practices were 
assessed depending on the needs of each business, the availability of equipment, and supply 
chain logistics. Overall, the 12 studies included the following number of assessments:  

Fruit handling and impacts  
o Harvest impacts  2 
o Bin compression damage  1 
o Packing line impacts  8 
o Lenticel damage along packing line 1 

Temperature management 
o Cooling before packing  9  
o Cooling after packing  9  
o Transport temps  13 
o  Ripening temps  6 
o  Ripener-to-retail temps  3 

 Fruit quality assessments through the supply chain – 7  

 

1.2.2 Fruit handling and impacts 

Impacts at harvest  

A Techmark impact recorder was added to the top, middle and bottom of mechanical work 
platform (MWP, also known as a cherry picker) bags and then emptied into half-full or 
empty picking bins. This was repeated 2–3 times for each position in the bag.  

To simulate a fruit being dropped into an MWP and ground bag, the impact recorder was 
dropped into an empty mechanical work platform and ground bag (with a single layer of 
fruit in the bottom), and then a half-full MWP bag. This was repeated three times.  

Maximum G-force and velocity change were both recorded. This data was graphed 
according to the MaxG recorded. 



  
Figure 1. Dropping fruit into a full-depth mechanical work platform bag.  

Bin compression damage 

At one packhouse, flat spots/compression damage symptoms were observed on incoming 
fruit from a particular supplier.  

To try and identify the cause of this damage, two bins of fruit were examined before 
packing. Fruit was removed from bins and assessed for compression damage, noting 
location in the bin. 

A sample of fruit with compression damage symptoms was taken back to the AHR 
laboratory, ripened and assessed for internal damage.  

 

Packing line impacts  

A Techmark impact recorder was run down the packing line in appropriate sections (x 3). 
After an initial run through the whole line, potentially problematic areas were identified and 
the ball re-run focusing on specific drops. 

Time stamped maximum G-force and velocity change were recorded. This data was graphed 
according to the MaxG recorded at each impact point. 

Previous work had shown that a >180G impact recorded using the Techmark IRD is 
equivalent to a 10cm drop onto a hard surface. This is sufficient to cause a small bruise on a 
hard-green avocado, even though that bruise does not become evident until after ripening.  

To establish the damage threshold, hard-green avocados were dropped onto a hard surface 
from increasing heights. Bruising was evident in some fruit from 15cm, which was 
equivalent to an impact of 200G.   



Where potentially damaging impacts (>200G) were identified, fruit samples were retrieved 
from before and after the impact, ripened and assessed for damage.  

 

  
Figure 2. Techmark impact recorder on packing lines. 

 

Lenticel damage  

Although lenticel damage on Hass fruit becomes less obvious as the fruit ripens, it 
nevertheless could contribute to increased moisture loss and disease, as well as appearing 
unattractive when fruit is delivered to ripeners. One of the packhouses studied had 
experienced significant issues with lenticel damage, but was unsure of the cause of this 
problem.  

In order to identify the cause of lenticel damage, two trays of avocados were taken on four 
different packing days from the following positions along the packing line: 

1. Direct from bin  
2. Bin tip 
3. Fungicide 
4. Brushing 
5. Drying 
6. Packing  

Fruit was transported to Sydney and assessed in hard-green condition. The number of 
damaged (rubbed or broken) lenticels were counted on 10 fruit from each tray using a 5cm2 
circle on three random locations on each fruit. The three values were averaged to give the 
average number of damaged lenticels in a 5cm2 area per fruit.  



Samples from one packing date were ripened to identify any effect of the lenticel damage 
on fruit quality when ripe.  

 

1.2.3 Temperature management  

Temperature from harvest to packing  

Probe and air temperature loggers were added to fruit inside three bins picked during the 
middle of the day in the orchard. Test avocados were placed inside mesh bags, which were 
packed into approximately the centre and top of each bin. 

Picking bins were then taken back to the packhouse and cooled or stored as usual until 
packing. Recorded temperatures were then compared between the middle and outside of 
the bins.   

At one packhouse, the cooling of fruit in a forced-air cooler and passive room-cooling were 
compared.  

  
Figure 3. A marked bin (left) and data logger with probe used to monitor temperatures of fruit inside (right). 

Temperature management from packhouse to ripener, wholesaler, and retailer  

After packing, probe and air-temperature loggers were added to two packed trays per 
pallet. In most cases, two pallets were monitored. Trays were placed at least four trays 
below the top of the pallet, with one in the middle stack and one in the corner stack.  

Real-time Locus Traxx GPS and temperature loggers were also added to trays in nine supply 
chains to track location and temperature in real-time.  



Once loggers were added at the packhouse, trays were sent along with a standard shipment 
of avocados to the ripener/wholesaler (mostly Sydney-based).  

Temperatures were then monitored through the ripening process, and all reusable loggers 
were removed once fruit had been cooled after ripening. Where disposable real-time Locus 
Traxx loggers were included, temperatures were also monitored from ripener to the retail 
distribution centre and into retail stores.  

 
Figure 4. Example of real-time GPS tracking and a locus Traxx data logger (right). 

1.2.4 Fruit quality assessments  

Fruit quality was compared along the supply chain of seven supply chains, with two trays 
per supply chain stage collected and labelled as follows: 

Avocados taken directly from the bin  Packed into tray Transport direct via 
air/car to Sydney  Cool-stored at 5°C until fruit that had been trucked to Sydney 
went into ripening  Ripening 
Avocados taken from the end of the packing line Transport direct via air/car to 
Sydney  Cool-stored at 5°C until fruit that had been trucked to Sydney went into 
ripening  Ripening  
Avocados packed as normal  normal truck transport to Sydney  Ripening  
Avocados packed as normal  normal truck transport to Sydney  Ripening  
Retail store  

 



Fruit that had been normally transported to Sydney went into ripening along with the 
samples that had been transported direct via air to Sydney. The trays were then pre-cooled, 
and transported to the Sydney University laboratory for assessment of internal defects.  

Samples of 20 fruit/treatment were assessed once the fruit had reached edible-soft. Fruit 
was cut into quarters, the skin removed and the fruit examined for signs of rots, bruising or 
other internal defects. If any were detected, the damaged area was scooped out and 
weighed using an analytical balance. The remaining fruit flesh was also weighed, allowing 
calculation of the percentage damaged flesh/fruit. 

1.2.5 Reporting  

A confidential report of findings and recommendations were provided to each packhouse on 
completion of the study, and a follow-up discussion held. 

 

  



1.3 Results and discussion 

1.3.1 Fruit handling and impacts 

Impacts at harvest 

The main harvest impact of concern was the dropping of fruit into full-depth (empty) MWP 
bags. The drop is over 1m, and results in impacts well over the damage threshold (200G) 
where bruising may occur, and skin damage certainly would.  

Halving the height of the drop reduced the impacts back to safe levels, as did picking using 
ground bags (Figure 5). Rope extenders that gradually lower the depth of the bag should 
always be used to minimise impacts on fruit at harvest.  

 
Figure 5. Impacts over 200G have the potential to damage fruit, with injury most likely once impacts exceed 250G. Fruit 
harvested into empty, full-depth (1m drop) mechanical work platform (cherry picker) bags often result in impacts 
>200G. Halving the height of the bag using rope extenders, or harvesting into ground picking bags, reduces impacts to 
safe levels.  

When emptying MWP bags into half-full bins, impacts were well within acceptable levels. 
However, the risk of damage increased when tipping bags into empty picking bins, most 
likely a result of fruit rolling in the empty bin (Figure 6). Care should therefore be taken to 
empty fruit slowly, particularly when the first few bags of fruit are emptied into the bin.  



 
Figure 6. Impacts measured from the top, middle or bottom of a cherry picker (mechanical work platform) bag, when 
emptied into half-full or empty picking bins. The main risk of damage was when fruit was tipped into an empty bin.  

 

Bin compression damage 

Levels of flat spots or compression damage were highest in the lower quarter of the picking 
bin. Careful examination of the fruit inside the bin indicated that this damage had occurred 
during transport to the packhouse, being focused on touch-points between fruit. It is 
unclear why this problem occurred in some batches of fruit and not others, but it likely 
relates to the firmness of the skin. Fruit that are harvested during or soon after rain/heavy 
irrigation are likely to have softer skins, which may be more susceptible to compression 
damage. In this case, the region had had significant rain in the weeks leading up to harvest, 
even though the fruit was dry when picked. 
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Figure 7. Avocados with flat spots in the top (a) centre (b) lower-centre (c) and base (d) of a bin delivered to the 
packhouse. 

  
Figure 8. Close-up of flat spot symptoms on fruit. 

Despite what appeared to be significant damage at harvest, samples of fruit with 
compression damage that were taken back to Sydney did not develop any internal flesh 
damage directly underneath the compression spot. It was therefore concluded that this 
damage is superficial only, with the fruit fully recovering during postharvest storage and 
ripening. 

 

a b c 

d 



Packing line impacts 

Impacts were well below the damage threshold (200G) on most packing lines. An example 
of a typical packing line is shown in Figure 9. Out of eight packing lines assessed, only one line 
had impacts that were likely to be damaging fruit. This occurred where second-grade fruit 
was dropped down a long chute at grading (Figure 10). Samples taken from after the chute 
showed higher levels of bruising, with half of the sample affected.  

 
Figure 9. Typical impacts recorded along a packing line from bin tip to packing.  Average (n=3 to 7) maximum G recorded 
using a Techmark IRD. Bars indicate the standard deviation of each mean value. 

 
Figure 10. Average (n=3) maximum G recorded using a Techmark IRD along a Class 2 packing line (bars indicate the 
standard deviation of each mean value). 

On many packing lines, the highest impacts were recorded at the bin tipper. Different types 
of bin tips were assessed, including wet tips, and dry tips, with or without a cover over the 
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bin. However, the type of bin tip did not appear to influence the impacts measured (Figure 
11). As an observation, lower impacts were more likely on tippers that slowly tipped the bin, 
and left small gaps between fruit coming out of the bin and fruit already on the feed belt. 
Larger impacts were noted where fruit fell from the bin, impacting other fruit below. 

Figure 11. Average (n=3) maximum impacts recorded at the bin tip in 6 packhouses. Maximum G recorded 
using a Techmark IRD (bars indicate the standard deviation of each mean value). 

Lenticel damage 

Samples retrieved at different points along the packing line indicated that much of the 
damage was likely due to fruit rolling and rubbing against each other. The action of brushes 
during fungicide application and cleaning along the packing line also likely contributed to 
the damage, with these two factors causing most of the damage (Figure 12). 

Damaged lenticels provide an entry point for avocado fruit-rot pathogens. Therefore, some 
of the fruit that had been collected at different points along the packing line was ripened 
and assessed for rots. However, no clear differences in levels of rots were identified, and 
once fruit was ripe, lenticel damage was less obvious.  
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Figure 12. Average number of damaged or marked lenticels in a 5cm2 circle on a fruit (n=20) at sequential points of a 
packing line. 

1.3.2 Temperature management 

Temperature management from harvest to packing 

Avocados should always be packed and cooled within 24 hours of harvest if possible. 
However, that is not always commercially feasible, and was not the case for most of the 
packhouses assessed.  

The next best option is to cool the fruit and pack it within three days. Most packhouses 
were doing this, although using room-cooling rather than forced-air. Room-cooling was 
slow, and unevenly cooled fruit within the picking bin (Figure 13). The temperature gradient 
that develops between the middle and outside of the picking bin is possibly a contributor to 
fruit ripening variability, as this will alter the rate of breakdown of the “tree factor” that 
inhibits ripening of avocadoes. It’s likely that fruit which remains warm for longer after 
harvest due to position inside the bin and/or cool room will ripen more quickly once 
removed to warmer temperatures.   
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Figure 13. Pulp temperature of avocados in the middle or top of picking bins that were room-cooled. Fruit in the top of 
the bin reached 10 ºC within 10hrs, versus 22hrs for fruit in the middle of the bin.  

Only one of the 12 packhouses studied was using a forced-air system for cooling picking 
bins. This practice resulted in more rapid and even cooling of fruit throughout the picking 
bin (Figure 14).  

 
Figure 14. Pulp temperature of avocados in the middle (solid line) or top (broken line) of picking bins forced-air or room-
cooled within the same storage room.  

Temperature management from packhouse to ripener/wholesaler, and retail  

Most packhouses failed to cool the fruit to the recommended temperature of 5°C before 
transport, with four packhouses dispatching fruit while it was still above 10°C (Figure 15). That 
was often due to the fruit being dispatched soon after packing and relying on room-cooling 
rather than a faster forced-air system. Some packhouses do not cool packed fruit at all, but 
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rely on cooling during storage at transport depots combined with truck refrigeration 
systems during transport.  

In some cases, fruit was cooled well below 10°C after packing, but then re-warmed by up to 
5°C due to extended exposure to ambient temperatures at dispatch.  

Trucks are ineffective at cooling and should only be relied on to maintain temperature. 
Therefore, fruit from packhouses that failed to dispatch fruit at close to 5°C risked fruit 
starting to ripen during transport.  

 
Figure 15. Pulp temperatures at dispatch from the packhouse: the red line indicates optimal temperature for Hass 
of 5ºC.  

Only one out of the 13 supply chains that was monitored maintained fruit consistently at 
the recommended temperature of 5oC. For most supply chains, transport temperatures 
were well above 5°C, with almost half averaging 10°C or higher (Figure 16). There were also 
large fluctuations in temperature, with some fluctuating by 6°C or even greater.  

High transport temperatures were possibly a result of incorrect truck settings, lack of 
cooling capacity, poor internal air circulation or refrigeration being switched off. As a result 
of those issues, most temperatures gradually rose through transport, as per the typical 
example shown in Figure 17.  
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Figure 16. Average ( ), minimum and maximum air transport temperatures across 13 supply chains. The red line 
indicates the optimal temperature for Hass of 5 ºC.  

 
Figure 17. Transport temperature log, where temperatures gradually increased from Adelaide to Sydney. 

Ripening temperatures varied between ripening facilities. Some followed best practice and 
used forced-air systems to rapidly and uniformly raise temperature to 18°C and then hold it 
there. Others left fruit to warm up passively, resulting in slower warming and temperature 
fluctuations during ripening (Figure 18).   
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Figure 18. Fruit pulp ripening temperatures at two different facilities. The first used forced-air to warm fruit and 
maintain temperature (top) and the other let fruit temperature increase passively (bottom).   

Only three supply chains were assessed between ripener and retail store. However, all of 
them were short and maintained the cool chain. As one example, fruit arrived to the retail 
DC at 8°C, was maintained at that temperature and dispatched to a retail store within five 
hours. Fruit was kept somewhat refrigerated, and was placed on store display within seven 
hours of receival (Figure 19).  
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Figure 19. Air temperatures from retail DC to retail store.  

 

1.3.3 Fruit quality and effect of supply chain practices 

Fruit samples were collected from the picking bin, after packing, transport and retail; then 
ripened and assessed for internal damage. While that provided a snapshot of quality at one 
point in time, it should be recognised that this by no means provides an overall level of 
quality for each packhouse.  

There was a large range in fruit quality between packhouses, and it was difficult to make 
comparisons between them, due to differences in length of supply chains and fruit age at 
time of assessment. 

However, the data was useful for each individual packhouse, as fruit quality assessments 
were often indicative of practices followed in the supply chain. For example, in some supply 
chains, a low incidence of damage was evident at all stages (e.g. packhouses 4, 6, 7, 8), 
suggesting that supply-chain practices were maintaining fruit quality (Table 1). However some 
packhouses had an increase in damage along the supply chain (e.g. packhouse 5), suggesting 
that supply-chain practices were reducing fruit quality.  Others had high levels of damage 
right across the supply chain (e.g. packhouse 10), suggesting a pre-harvest issue was the 
cause of the damage, or postharvest control of rots was insufficient.  

Supply chain practices and resulting fruit quality are summarised in Table 2.  
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Table 1. Number of avocados (out of 20) with flesh damage collected after three stages of the supply chain at each 
packhouse. Fruit was ripened and assessed at the soft-ripe stage.  

Packhouse Picking bin Packing Transport Retail 

4 NA 1 1 0 
5 NA 1 5 6 
6 2 3 3 2 
7 NA 2 2 1 
8 3 2 3 NA 
9 10 7 9 NA 

10 20 18 11 NA 

 

In one case, a comparison between two packhouse supply chains was possible as the supply 
chains were the same length and originated from the same region. Significant differences in 
quality through the supply chain were evident, where quality from packhouse 6 was 
maintained through the supply chain, while fruit quality of packhouse 5 declined, 
particularly between the packhouse and post transport assessments.  

The main difference between these two supply chains was the average transport 
temperature (Figure 20). This suggests the cause of the quality issues for packhouse 5 was 
poor temperature management during transport.  
 



 

 
Figure 20. Transport temperature profile for packhouses 5 (top) and 6 (bottom). Packhouse 5 was further from the 
target temperature of 5ºC than packhouse 6.  
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Table 2.  Summary of packhouse and supply-chain practices, and resulting internal fruit quality from studies across 12 Australian packhouse supply chains.  

Key: Consistent with best practice; Improvements required; Issue that is likely to reduce fruit quality or needs urgent improvement 

*Supply chain length - Long: >2000km, medium: 1000-2000km , short: <1000km 

 

Packhouse 
Supply chain 

length* 
Harvest 
impacts 

Impacts along 
packing line 

Cooling before 
packing 

Cooling after 
packing 

Transport 
temperatures 

Ripening 
temperatures 

Ripener to 
retail temps 

 Internal 
damage at 

ripe 

1 Long 
  

No, but pick to 
pack < 24hrs 

9ºC within  20 
hrs 

Avg: 10ºC 
Min: 7ºC 

Max: 11ºC 
  

 

 

2 Long 
   

10ºC within 24 
hrs 

Avg: 8ºC 
Min: 5ºC 

Max: 11ºC 
  

 

 

3 Long 
  

No, but packing 
within 24hrs 

None, loaded 
@ 16ºC 

Avg: 11ºC 
Min: 9ºC 

Max: 12ºC 
  

 

 

4 Medium 
  

Room cooling to  
10ºC within 15 

hrs 

8ºC within 
16hrs 

Avg: 9ºC 
Min: 8ºC 

Max: 12ºC 

Forced-air 
warming to 

18ºC, then down 
to 5ºC 

4-8ºC at retail 
DC and in to 

store 

 
Low at 

ripener and 
retail 

5 Medium 
 

Skin damage 
from brushes 

Room-cooled to 
8ºC but 

rewarmed to 
ambient at 

packing 

None, loaded 
at  20ºC 

Avg: 12ºC 
Min: 9ºC 

Max: 20ºC 

No forced-air, 
slow warming, 
then 15-20ºC 

7-9ºC for 12 
hrs 

 
High levels 
at points 

after 
transport 



Packhouse 
Supply chain 

length* 
Harvest 
impacts 

Impacts along 
packing line 

Cooling before 
packing 

Cooling after 
packing 

Transport 
temperatures 

Ripening 
temperatures 

Ripener to 
retail temps 

 Internal 
damage at 

ripe 

6 Medium 
 

No damaging 
impacts 

Room-cooled 
from 30 to 21ºC, 

but packed 
within 24hrs 

10ºC within 
20hrs 

Avg: 9ºC 
Min: 7ºC 

Max: 11ºC 

Slowly increased 
to 20ºC, then 
forced-air to  

5ºC 

Load 1:  
8ºC for 24hrs 

 
Low-

medium 
levels (10-
15%) at all 

stages 
Load 2: 

5-10ºC for 
48hrs 

 

7 Short 
 

No damaging 
impacts 

Forced-air from 
27ºC to 10ºC in 

10 hrs 

Cooled to 7ºC 
before 

dispatch 

Avg: 9ºC 
Min: 5ºC 

Max: 12ºC 

Forced-air 
warming to 18-

20ºC, then 
forced-air 

cooling to 5ºC 

 

 
Low levels 

of at all 
stages of 

supply 
chain 

8 
Short and 
medium  

Damaging 
impacts, flesh 

bruising 
identified 

 

Room-cooled 
to 7ºC within 

30 hrs 

Short length: 
Avg: 6ºC 
Min: 5ºC 
Max: 8ºC 

Forced-air 
warming to 15-

20ºC, then 
forced-air 

cooling to 5ºC 

 

 
Moderate 
incidence 
(15%) of 
rots at all 
stages of 

supply 
chain 

Medium length: 
Avg: 12ºC 
Min: 8ºC 

Max: 15ºC 

 

9 Medium 
 

Bin tip impacts 
close to 

damaging level 

Held at 20ºC 
and packed 

within 24 hrs 

5ºC within 20 
hrs 

Avg: 8ºC 
Min: 5ºC 

Max: 12ºC 

Forced-air 
warming to 
15ºC-20ºC, 
forced-air 

cooled to 4ºC 

 

 High 
incidence 

(30-50%) of 
low level 
rots at all 

stages 



Packhouse 
Supply chain 

length* 
Harvest 
impacts 

Impacts along 
packing line 

Cooling before 
packing 

Cooling after 
packing 

Transport 
temperatures 

Ripening 
temperatures 

Ripener to 
retail temps 

 Internal 
damage at 

ripe 

10 Long 

Damaging 
impacts in 

cherry 
picker bags 

No damaging 
impacts 

Room-cooled 
23ºC to 15ºC  
within 20 hrs 

12ºC at 
dispatch 

Load 1: 
Avg: 10ºC 
Min: 7ºC 

Max: 12ºC 
  

 
High 

incidence 
(50-100%) 
of severe 

rots (>20% 
flesh 

affected) 

Load 2: 
Avg: 12ºC 
Min: 7ºC 

Max: 15ºC 

 

11 Long 

Damaging 
impacts in 

cherry 
picker bags 

No damaging 
impacts 

Room-cooled 
from 25ºC to 
10ºC within 

25hrs. 
    

 

 

12 Long 
 

No damaging 
impacts  

Forced-air 
cooled to 5ºC 

Avg: 5ºC 
Min: 4.5ºC 
Max: 6ºC 

  

 

 



1.4 Conclusions 

Assessment of supply-chain practices and fruit quality across major packhouses in Australia 
was a useful engagement tool. It provided packhouse managers with data that outlined how 
their supply chain was performing. These included issues to be resolved and, in some cases, 
potential improvements in fruit quality that can be made through practice change.  

Impacts on fruit at harvest were potentially damaging when picking fruit into full-depth 
mechanical work platform bags. Halving the bag depth was recommended to reduce that 
risk. Impacts along most packing lines were well below damaging levels.  

Poor temperature management (along with a lack of temperature monitoring) was the 
major issue identified in the studies. Cooling before packing was usually by room-cooling, 
which was shown to be slow and non-uniform through the picking bin compared to forced-
air cooling.  

Fruit was usually only partially cooled before transport, resulting in above-optimal transport 
temperatures from the start of the trip. Additionally, some truck cooling systems were 
unable to stabilise temperatures during transport, with the result that a number of loads 
warmed up on route. Packhouse managers were often unaware of these issues in their 
transport system, and have been encouraged to address these issues with their transport 
company and start regular monitoring of transport temperatures.  

Ripening with forced-air systems, which is recommended best practice, was not always the 
case, with fruit left to passively warm and then fluctuate in temperature during ripening.  

The limited number of supply chains monitored from ripener to retail indicated a well-
managed system, where fruit arrived in stores within a short time, under refrigeration. 
Further monitoring of that system during high fruit supply periods is required to get an 
overall idea of its performance.  

Fruit quality varied largely between packhouses, and quality issues through the supply chain 
often indicated a pre- or postharvest practice that needed addressing. Quality monitoring 
through the supply chain was therefore a useful tool to help supply-chain stakeholders 
understand the impact of pre- and postharvest practices on fruit quality.  
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Research Gaps 
 

 

Research need 

Research conducted in WA to ‘ground truth’ conclusions from Qld research. This could 
include examination of disease management (pre and postharvest), prevalence of different 
pathogens, the effect of high temperatures during harvest and optimising temperature 
management in domestic and export supply chains.  

Justification 

Australian research has primarily focussed on fruit grown in SE Queensland. In Western 
Australia, limited trials have examined productivity of different rootstocks and the effect 
of temperature.  

However, approximately 40% of total National production is grown in WA, a region with 
very different soils and climate to growing areas in South East Queensland. A dry climate 
combined with high temperatures during harvest may reduce disease pressure, but 
increase other physiological disorders.  

For example, WA fruit may be optimally stored at either lower or higher temperatures 
than fruit grown in SE Queensland; Considine reported some preliminary data on the 
effects of growing temperature on quality of WA grown Hass in 2004, but this does not 
appear to have been followed up in detail.  

 

 

Research need 

Examine the effect on fruit quality and yield of different cooling strategies after harvest. This 
should include trials testing the effects of cooling delays between harvest and packing, 
comparison of room cooling with forced air and hydrocooling and cost–benefit analysis of 
different systems.  

The project design should include examination of ripening uniformity (particularly for early 
and late season fruit) and logistical and quality issues associated with running cold fruit over 
a grading and packing line (eg sticker application to cold fruit, changed susceptibility to 
bruising). 

Justification 

It is common practice for harvested avocados to be stored for a period before packing 
and cooling. Bins of fruit may be simply stacked inside cool-rooms, or even left under 
ambient conditions. While there is a stated objective to pick and pack within 24 hours, 
this is not possible at busy times of year or where orchards are remote from packhouses. 
Delays of several days are possible, during which time avocados may be only partially 
cooled. 

Delays in cooling to 5°C or lower can allow fruit to break through the inhibition period 
and start to ripen. This is most likely in late season fruit. Uneven or inadequate cooling 



before and after packing also allows fruit to lose moisture, which can affect both yield 
and quality after ripening. 

The effect of cooling delays between harvest and packing has been studied in both South 
African and NZ grown fruit. These have shown that stem end rot and chilling 
susceptibility can increase significantly with cooling delays of more than 24 hours. While 
disease may be less of an issue in Australia than in NZ, harvest temperatures are often 
higher and humidity may be lower, increasing moisture loss. This very likely contributes 
significantly to uneven ripening after storage. 

In California avocados are hydrocooled. During hydrocooling, products are likely to gain 
moisture; uptakes of 2–5% are common for other products. In avocados, water uptake 
has been demonstrated to result in more homogenous ripening, suggesting there could 
be additional benefits from this cooling method. 

 

 

Research need 

Develop targeted disease approaches based on regional and climatic variables. This could 
include examination of when increased disease prevalence means fruit should be clipped, 
rather than snapped, at harvest; the effectiveness of fungicide applications during flowering; 
the effect of delays in fungicide application after harvest. 

Justification 

Fungicides are commonly applied to Australian avocados to control stem end rot and 
anthracnose. 

The pathogens that infect avocados are often latent diseases that do not develop until 
fruit starts to soften. Infection may have occurred during flowering, or early in fruit 
development. Non-systemic fungicides have limited effectiveness against diseases 
already established inside fruit. 

The effectiveness of postharvest fungicides has been reported as around 50% or less. 
These studies often applied fungicide immediately after harvest; in reality, fungicides 
may be applied several days later. In other crops, fungicide applications more than 24 
hours after harvest have been shown to have little effect.  

Application of fungicides during flowering may therefore be a better way to control 
postharvest diseases than postharvest applications. In addition, pathogen load is likely to 
vary with environmental conditions, with dry areas having lower pathogen loads in 
general. 

Late applications of fungicides may therefore be ineffective, incur significant expense to 
the grower, and risk breaching increasingly stringent MRLs in domestic and overseas 
markets. 

  



 

Research need 

Examine the effectiveness of surface coatings and waxes at retaining postharvest quality, 
reducing chilling sensitivity and improving customer satisfaction with avocados from 
different regions of Australia. 

Justification 

Recent work overseas has reported excellent results with surface coatings and waxes. 
Waxes modify the atmosphere inside fruit, increasing CO2 and reducing moisture loss. 
Waxes may have anti-fungal GRAS agents added; thyme oil has been proposed as one 
such product. Waxes have been reported to enhance resistance to chilling, reduce 
disease, limit weight loss and result in more even ripening. 

Coatings need to be formulated to suit the respiration of the product; too thick a coating 
can limit gas exchange and result in off flavours, while too thin a coating may have no 
effect. Models of this have been developed for NZ fruit. Skin properties are likely to vary 
by cultivar, region and maturity.  
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1. Mission Produce Background

• Global growing, sourcing (US, Mexico, Peru, Chile, New Zealand) and 
marketing company (8 ripening facilities in US/Canada, Amsterdam 
and Shanghai). Markets approx. 22% of global avocado production

• Goals: 

Harvest to packed fruit: 24 hours

Harvest all countries to retail shelf all markets: 30 days

• Focus:

Temperature management

Soft drops in pack houses

Minimal handling

Fruit age
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2. Supply Chain Practices

• Harvest

Minimum Dry Matter standard: 23% (industry standard 21.5%)

Harvest to pack house same day

Keep bins in shade and cover with hessian
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2. Supply Chain Practices

• Receival

Hydro-cool for 40 minutes. Exit temperature 7 to 10 
(forced-air cooling is more common in industry)

Product transferred to holding cool room at 5 to 7
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2. Supply Chain Practices

• Control Centre

Heart of the pack house

IT-skilled personnel essential



Copyright © AHR

2. Supply Chain Practices

• Grading and packing

Facility is refrigerated at approx. 7

“Soft drop” bin tippers used, fruit washed and “blade dryer” used to 
thoroughly dry fruit, to ensure stickers adhere

Optical sorter grades and sizes each fruit (20 images per fruit)

Fruit directed to lanes for different packaging, sizes etc

Only time fruit is touched is when sorted into cartons or pre-packs put in 
cartons
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2. Supply Chain Practices

• Grading and packing
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2. Supply Chain Practices

• Storage

Short term storage at 5 to 7
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2. Supply Chain Practices

• Transport

Trucks pre-chilled and loading dock 
pre-sealed

Transport temperatures: 
Export containers: 5

Domestic road transport: 6

Product normally shipped to Mission 
ripening facilities, although some direct to 
customers, on request
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2. Supply Chain Practices

• Ripening

Avocado-specific forced-air ripening facilities; brings product quickly up to 
temp - depending on fruit condition 15+

Air pushed, rather than pulled through cartons

Temperature quickly reduced at conclusion of ripening treatment
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2. Supply Chain Practices

• Retail/Food Service

Stages 2, 3, 4, and 5 offered to customers. 
Stage 5 normally foodservice only

New customers: pre-supply audit 
undertaken by Mission to bring facilities and 
practices up to requirements

Retail best practice and training: customise 
resources developed by California Avocado 
Commission (Good relationship between 
Commission, shippers and retailers)
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2. Supply Chain Practices

• Balancing Supply and Demand

Even with sophisticated planning information, still a challenge to balance 
supply and demand

Suppliers work well in advance with retailers to plan programs, especially 
high demand events, such as 4th July and Superbowl

When there are shortages, communication with customers is critical

Crop forecasting also a challenge – company Field representatives play a 
key role
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Product can deteriorate as much in 1 hour at 25°C 
as in 1 week at 1°C
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Sample at least 20 fruit for dry matter  
testing from >4 trees/block and  
opposite sides of thecanopy

If Hass fruit are harvested wet then  
clip stems instead of snapping, apply  
fungicide ASAP.

Train pickers to empty bags carefully

either 
OR

specially if fruit have been
picked wet
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Our project

• Up to 25% of avocados can have a defect at retail 

– Bruising

– Rots

– Vascular browning

– Internal discolouration

• Poor handling by retail staff and 
squeezing by consumers contribute 
to bruising

• BUT internal issues, rots and discolouration are also major issues.. 
and relate to the whole supply chain…



Our project

• Avocado supply chain quality improvement (AV15010)

– Reviewed postharvest research

– Packhouse studies to identify and understand issues

– Refresh existing resources



How harvest practices can reduce quality



Fruit maturity

• Fruit should not be harvested until it meets minimum dry matter 

– Hass >23%

– Shepard, Reed, Fuerte >21%

Sample at least 
10 fruit/block from
5 randomly selected trees
Midway up and
On opposite sides



Determining dry matter

• Careful sampling is essential

• Measure moisture content by;

– Oven drying

– Microwave (low power)

– Dehydrator

– Moisture determination balance

– Videos on the Avocados Australia BPR

The more samples you take, the more reliable 
your estimate of DM will be

Core samplesCorer

Quarters



Determining dry matter

• NIR for field measurements?

Mature fruit – ready to harvest

Immature fruit – nearly ready to harvest



Harvesting

• Previous recommendation was that hard green fruit could be 
dropped up to 30cm without damage

• More recent research suggests this is too high…
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What is a bruise?

PPO enzyme

vacuole

cytoplasm

cell wall

PPO enzyme

phenolic 
compound

c

melanin

o-quinone



What is a bruise?

• Reaction is not instant, but occurs over time
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Minimise fruit drops

Mandemaker et al, 2006.

Drops (>15cm) can also increase disease, even if no bruising is visible
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• Significant impacts can occur during picking
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Harvesting

• Fruit can be hotter than the surrounding air

– Gradients of up to 15oC reported
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Harvesting

• Avoid harvesting fruit when hot (>30oC)

– Covering or shading bins is essential

• Avoid harvesting fruit when wet

– Delay harvest for 48 hours after rain

– Delay harvest for 24 hours after light drizzle

• If avocados ARE picked wet then…

– Clip rather than pluck Hass

– Apply a postharvest fungicide ASAP 



Getting the best from fungicides and sanitisers



Fungicides

• Disease resistance is due to anti-fungal dienes

– Disappear over time (~25 days)

– If fruit are warm they disappear quicker!

• Regular application of fungicides from early fruit set 
to harvest is critical

• Hygiene and pest management 
limit disease spread

– Disinfect cutting tools
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Fungicides

• Fungicide in the field;

– Start the season with a copper based fungicide

(Note that red copper oxide sticks better than copper oxychloride or copper 
hydroxide in rainy weather)

– Alternate applications of strobilurins with copper or Thiram®

– Maximum 3 strobilurin applications / season

• Strobilurins are partially mobile in the plant

– Control disease after infection has occurred



Fungicides

• Fungicide at the shed

– Postharvest fungicides can reduce disease by 5 – 50% 

Response is highly variable…

– Timing likely to be critical for infections at harvest; Stem end rots

– Can reduce spore numbers 
on skin

– Ineffective against 
pre-harvest infections
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Sanitisers

• Water dumps minimise damage during bin tipping and help to clean 
fruit BUT they must contain an effective sanitiser

– Warm avocados can suck…

Warm avocado with 
internal air spaces

Air spaces contract as 
the fruit cools

Water sucked in 
through the 

stem scar



Sanitisers

• Chlorine works great but

– Best at 50-100ppm

– Handle with care

– De-activated quickly if the 
water is dirty

– Ineffective at pH>7.5
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To pre-cool or not to pre-cool



Pre-cooling

• Avocados don’t ripen on the tree because of the “tree factor”

– Degradation of the tree factor depends on temperature + time

• Once ripening starts it is unstoppable

24–72 
hours



Pre-cooling

• The effect of delays are a factor of TIME + TEMPERATURE

– Holding fruit at 20oC for 24 hours resulted in higher rates of decay and faster 
ripening than fruit held at 16oC or 7oC (Yearsley et al, 2002)

– Holding fruit for 3 days at ~20oC before transfer to 5oC increased stem end 
rots, with fruit ripening immediately on removal (Lallu et al, 2003)

– ..

0

10

20

30

40

50

60

0 20 40 60 80

Fr
ui

t a
ff

ec
te

d 
(%

)

Delay between harvest and cooling (hours)

Stem end rot

Brown patches

Dixon et al, 2005



Pre-cooling

• Fruit that stay warm after harvest can start to ripen..

• Always aim to pack and cool within 24 hours of harvest

– Particularly if fruit is destined for export or may not be marketed for >2 weeks

But what if I can’t
pick, pack and 
cool within 24 

hours?

Immediate actions depend on fruit temperature



Pre-cooling

• Check fruit temperature

– If pulp temperature is <20oC THEN 

keep cool, pack within 48 hours

– If pulp temperature is 20–30oC THEN either

Pack within 24 hours or

Cool to <16oC, pack within 3 days

– If pulp temperature is >30oC THEN

Cool to <16oC within 6 hours using a forced air system

Pack within 3 days



If room cooling…

Don’t overload the room!



Pre-cooling

• Forced air systems can 
remove heat up to 10x faster 
than room cooling

– Avoids condensation

– More efficient use of coolroom 
space
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Avoiding damage on packing lines



Damage on packing lines

• Fruit may need to be cleaned, but over-brushing can cause skin 
damage

0

2

4

6

8

10

12

14

16

18

20

Direct from
bin

Bin tip Fungicide Brushing Drying Packing

D
am

ag
ed

 le
nt

ic
el

s 
/ 

10
cm

2



Damage and packing lines

• To reduce damage

– Keep lines short and flat

– Use soft brushes

– Make sure drops/direction changes have 
baffles and padding

– Don’t run the line too fast

– Avoid fruit-to-fruit bumping

– Don’t overcrowd fruit

• Measure impacts
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Reject bin analysis

A reject bin analysis can help 
identify if there are issues and 

where they are occurring

Insect damage

Physical damage

Sunburn

Misshapen

Wind rub

Video on the Avocados Australia BPR website



Postharvest cooling



Cooling

The three most important things postharvest are...

• Delays in cooling allow fruit to start ripening.

– Increased chilling sensitivity

– Increased rots

– Variable ripeness at retail 

• Warm fruit loses moisture. 

• Room cooling is very slow; 0.5oC per hour

Temperature

Temperature

Temperature

and



Why room cooling is so slow..

Energy transfer (cooling) from the object (avocado) to the cooling medium 
(air) is through the contact surface



Forced air systems

• Forced air cooling is FAST and efficient

– Vents or cutouts need to line up and cover at least 5% of surface area

• Adjust the air-flow

– May be diminishing returns at speeds >24 L/kg-1/min-1

– Tarpaulins need to fit TIGHTLY to force air through packed trays and cartons



Keeping fruit cold

• Monitor pulp temperature

– Turn fan off once fruit are within 2-3oC of the target

• Hydrocooling is faster than forced air, but 

– Uses more energy

– Definitely done before packing not after!

• Cool fruit thoroughly before transport

– Hass should be 5oC and green skin varieties 7oC



Are you getting the cold you paid for?



In an ideal world…

• Temperatures would be well controlled



Cool chain studies

• So how close are we?

– Logged temperatures from harvest 
to retail

– Examined outturn quality



A tale of two supply chains

0

5

10

15

20

0 1 2 3 4

Te
m

pe
ra

tu
re

 (o C
)

Days after packing

Air Pulp

0

5

10

15

20

0 1 2 3

Days after packing

transport

transport

• Two WA pack-houses sending fruit to the east coast

Target temperature



Poor temperature control is common
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Effect on quality

Packhouse A Packhouse B

Fruit with internal damage at 
packing 5% 1%

Average temperature during 
transport 9.2°C 14.5°C

Temperatures during ripening
17–18°C

Average 17.9°C

12–20°C

Average 16.9°C

Fruit with internal damage at 
dispatch from ripener

5% 25%

Fruit with internal damage at 
retail 0% 30%



What the wholesaler did next…
Ripening



What the ripener needs to know

• Dry Matter content is critical to ripening time

• High temperatures increase the rate of ripening but reduce quality

– Early season fruit at 18-20oC

– Late season fruit at 16–18oC

• If fruit has started to ripen during transport it CANNOT be cold 
stored but must be ripened immediately

• Stored fruit should be ripened based on
fruit age and condition NOT when it 

was delivered



Ripening

• Fruit age is critical

– Anti fungal dienes disappear after ~25 days

– Old / overmature fruit ripen quickly but rots develop

• Avoid storing for more than 2 weeks before ripening

– Longer storage times increase disease and internal defects

• If temperature management has been sub-optimal, fruit should be 
ripened sooner

Avocados can commonly be in the supply chain for 3 weeks 
and still not ripe



Ripening
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• Choose a ripener who…

– Has forced air systems to increase, stabilise, and decrease temperature

– Can monitor ethylene properly (inside and outside the ripening room!)



Stages of ripeness
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Avocado supply chainquality  
improvement (AV15010)
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Less variablequality  
at retail





Derived from Mandemaker et al,2006.
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How warm are avocados in the centre of bins?
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Woolf,1997



Sk
in

 a
re

a 
w

ith
 s

po
tt

in
g

(%
)

Hofman,2005



In-line sorting could reduce variableripening





Product can deteriorate as much in 1 hour at 25°C 
as in 1 week at 1°C
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Removing ethylene 

Controlled atmospheres 

Fruit should not be more than 30 days old whenripe







Fruit quality after 7 days at2 C







AAL website and BPR currently beingrevised
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Practice change



Establish working relationships .

Audit and GAP analysis 

Review supplying grower practices 

Work with retailers 

Build on AAL/QDAF 

improvement plan: 



Task 7: 

QDAF AAL 

4 Produce an agreed BPR 

5 Deliver 







Task 2. 
Task 3. 
Task4.

Task 5

Task6.

Task7.

Task 8. 
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Review Refreshresources

Packhousestudies

Implementchange  
program

Initial industry  
consultation

































Guides to be printed, and made available on the AAL onlineBPR







Harvest

Harvest fruit when mature

Sample at least 20 fruit for dry matter  
testing from >4 trees/block and  
opposite sides of thecanopy

Pluck Clip 

Pick fruit when dry 
If Hass fruit are harvested wet then  
clip stems instead of snapping, apply  
fungicide ASAP.

Pick exposed fruit first 

Minimise fruitdrops
Train pickers to empty bags carefully

Manage bins

Receival

Aim to pack within 24 hours of  
harvest.

<20oC, 

20–30oC either 
OR

>30oC 

Keep fruit shaded

Apply fungicide
specially if fruit have been

picked wet

Control fruit during bin tipping
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Dr Jenny Ekman

Applied Horticultural Research

Netting for fruit fly management and yield + quality

Cool Chain Best Practice Adoption 
(AV15010)

PRG Meeting – 14 March 2018
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Objectives and Approach

Review
• Postharvest research
• Best practice resources

Refresh resources
• Best practice guide
• Problem solver
• Checklists

Packhouse studies
• Identify issues
• Best practice

recommendations

Rollout
• Regional workshops
• Revisit packhouses

Initial industry 
consultation

1. Increase adoption of best practice

2. Reduce the incidence of quality defects

3. Increase awareness of factors that predispose fruit to quality defects

CCopyright t ©© AHHRR
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Reviews 

Review of pre- and postharvest management Review of current resources

CCopyright t ©© AHHRR
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Resources – Best Practice Guide

CCopyright t ©© AHHRRHRRRRRRRRRRRR

• Includes:

– Pre-harvest

– Harvesting

– Packhouse

– Transport

– Ripener/Wholesaler

– Distribution Centre

• Detailed, for office use

4
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Resources – Problem Solver

• Details:

– What is it?

– What causes it?

– How can it be minimised or
prevented?

• Includes:

– Internal defects

– External defects

– Ripening and storage

• Day-to-day use

CCopyright t ©© AHHRR
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Resources – Checklists

• Outlines key actions needed to 
maintain postharvest quality

– Content from Best Practice Guide 
and Joyce et al. 

• Includes

– Good management practices

– Useful records

– Priority (fill-in)

– Status (fill-in)

• Day-to-day use by relevant staff

CCopyright t ©© AHHRR
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Resources – plenty of input

• Other project teams– AV15011 (Retail), AV15009 (Bruising)

• QDAF – Lindy Coates, Peter Hoffman, Simon Newett

• PRG members

• Costa’s technical team 

• Hort Innovation 

CCopyright t ©© AHHRR
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Resources – next steps

• Will be added to AAL online BPR 

• Printed and distributed 

• Launch:

– Roadshow

– Talking Avocados

– Media release

– Hort Innovation Comms

– Hort Connections

CCopyright t ©© AHHRR
8



Copyright © AHR

Packhouse and supply chain studies

Region Number of 
packhouses Date (2017)

North Qld 3 May

Central Qld 3 July to August

NSW North
coast

2 September

Riverland SA 1 October

Southwest WA 3 November

Measured
• Temperature from harvest through the supply chain
• Impacts and skin damage on packing-lines
• Quality after ripening and retail

CCopyright t ©© AHHRR
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Confidential reports for each packhouse

• Identified:

– Issues

– Improvements 

• Range of issues:

– Poor temp management after 
harvest, especially transport 

– Harvest impacts with mechanical 
work platforms

– Skin damage on packing lines

– Impacts on packing line

CCopyright t ©© AHHRR
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Extension roll out

• Follow up initial work with major packhouses to implement the 
new best practices resources:

– Build on issues identified in packhouse studies 

– Showcase the new resources and train staff

– Conduct grower and adviser workshops in each region

– Conduct a webinar and record for those unable to attend 

CCopyright t ©© AHHRR
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Workshop dates

• Manjimup – 17 April 

• Crows Nest and Sunshine Coast – 1 & 2 May

• Waikerie or Renmark – 21 May

• Atherton Tablelands – 31 May

• Stuarts Point – 5 June

• Childers – 7 June 

Alongside

• AAL update

• HARPS (TBC)

• PASE Export project (TBC)

CCopyright t ©© AHHRR
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For discussion 

• Extension roll out 

– What results do you think growers/packers/transporters will be most 
interested in?

– Can we make this interactive? E.g. fill in checklist 

• Keeping best practice materials within Australian Industry?

• Where to from here?

CCopyright t ©© AHHRR
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Project objectives

Objectives



Key supply chain issues

Rots, bruises and other internal issues



Pre-and postharvestreview



Pre-cooling

tree factor

Variable temperature variable ripeness at retail
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Delay between harvest and cooling (hours)

Stem endrot



Cooling andstorage

Warm fruit loses moisture. Fast cooling after packing isessential

Delays in cooling allow fruit to startripening.

Product can deteriorate as much in 1 hour at 25°C 
as in 1 week at 1°C



Cooling andtransport

Breaks in the cold chain can have a major impact onquality



Fruit age

Fruit should not be more than30 daysold whenripe (ina good cool chain)





and

Avocado supply chainquality  
improvement (AV15010)



Review Refreshresources

Packhousestudies

Implement change

Initial industry  
consultation



Harvest

Harvest fruit whenmature

Sample at least 20 fruit for dry matter  
testing from >4 trees/block and  
opposite sides of thecanopy

Pluck Clip 

Pick fruit when dry
If Hass fruit are harvestedwet thenclip  
stems instead of snapping, apply  
fungicideASAP.

Pick exposedfruit first

Minimise fruit drops
Train pickers to empty bags carefully

Manage bins

Receival

Aimto pack within 24hours of  
harvest.

<20oC, 

20–30oC either 
OR 

>30oC 

Keep fruitshaded

Apply fungicide 
speciallyif fruit have been  

picked wet

Controlfruit duringbin tipping



Packhouse and supply chainstudies

Region Number of  
packhous
es

Date

North Qld

CentralQld

NSW North  
coast

Riverland SA

SouthwestWA
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What do Mission Produce do? (22% global production!)



issues identified in packhousestudies

Showcase the new resources 

workshops in eachregion

Use a multi-faceted extension approach



R&D gaps andideas

Grower/adviser focused extension program to drive practicechange
(Similar to Soil Wealth/ICP in the vegetableindustry)

Cooling methods anddelays

Supply chain monitoring withGPS



R&D gaps andideas

In-field NIR for harvestefficiency

Postharvest diseasemanagement

Ground truthing inWA







From Hofman et al,2002





Centrilab,Holland



From Pak et al,2003  
Everett et al, 2008





From Mandemaker et al,2006.





Increased risk ofbruising











Derived from Everett,2012
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From Woolf et al., 2005



Product can deteriorate as much in 1 hour at 25°C 
as in 1 week at 1°C



Derived from Hofman et al,2010
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Avocado supply chain improvement projects 
are well underway
By Adam Goldwater, Applied Horticultural Research and 
Produce Marketing Australia

It is estimated that 20% of avocados – a whole 1 in 5 of 
carefully harvested, packed, transported and ripened fruit – 
is already damaged by the time it gets into the consumers 
shopping basket. 

Reducing this damage would mean more happy customers, and 
more avocados purchased. Progress is now well underway to 
finding ways to reduce the level of damaged avocado fruit at 
retail, with the aim to limit bruising, rots and other postharvest 
injuries to no more than 10% within three years. 

Two projects on supply chain quality improvement are being 
undertaken by Applied Horticultural Research (AHR) and Produce 
Marketing Australia (PMA). 

Retail improvements
One of the immediate issues the team has examined is how 
consumers choose avocados, and how many they purchase. 
Consumer research was undertaken across 32 supermarkets 
and independents across Sydney, where shopper behaviour 
was examined when selecting avocados. The number of fruit 
squeezed and purchased by each shopper was recorded. This 
was compared in stores with good quality displays that were 
sorted by ripeness and contained ripe fruit, or stores with 
unsorted displays, and those with hard fruit only.   

One of the immediate issues the team has examined is how 
consumers choose avocados, and how many they purchase. 

The first thing a consumer does when they reach the avocado 

Figure 2. TOP: this avocado display is difficult for consumers 
to select fruit from, resulting in more fruit squeezed, and less 

purchased. BOTTOM: by sorting fruit by ripeness, consumers can 
select fruit more easily, reducing squeezing and increasing sales. 

Figure 1. Consumers squeeze fewer avocados and purchase more when displays with mixed ripeness fruit are 
sorted by firmness, are well organised, and ripe fruit is available. Well organised means that displays had fruit 

neatly arranged to a maximum of 2 layers, as opposed to fruit randomly scattered or piled up.

display is to pick up a fruit and squeeze it. Work conducted 
by DAF Queensland has shown that squeezing fruit results in 
bruises. They have also shown that these bruises are not visible 
immediately but develop over several days – right when the 
fruit is eaten.

Consumers can end up squeezing many fruit before they decide 
to buy. We saw one customer squeeze 27 avocados before 
making a purchase decision. Many squeezed at least 10, and a 
few squeezed up to 20 and then walked away empty handed. 

The factors that most increased squeezing were displaying all 
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Sorted and well organised 3 squeezes and buy 1.5 fruit
Not sorted or poorly organised 6 squeezes and buy 1 fruit
Hard fruit 6 squeezes, buy 1 
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Figure 3. Growing practices and temperature control from 
orchard through to retail are the focus of the cool chain best 

practice adoption project. 

hard fruit, and not sorting the display. Both of these factors 
meant that consumers squeezed an average of six fruit. They 
then purchased either one hard fruit, or one to two fruit when 
displays of mixed ripeness were available (Figure 1).

Nearly 40% of consumers didn’t buy any avocados at all when 
the only option was hard fruit. 

In contrast, if the display had a mix of hard and ripe fruit, or 
all ripe fruit, then 75–80% of consumers bought avocados. 
Consumers nearly always bought two avocados from mixed ripe 
displays if the fruit was arranged to make this easy. However, if 
the display was unsorted, they only bought two avocados about 
half the time.

It seems clear that sorting displays into ripe and unripe fruit 
helps consumers choose avocados, increasing purchases and 
reducing damage from squeezing. 

In the coming phase of the project, sorted displays marked with 
header cards with “Eat now”, “Eat later” will be implemented 
in a number of retailers. Staff training will be provided on 
managing the displays, with independent assessment of how 
well they manage the different ripeness categories. The research 
team will also examine how this changes consumer behaviour 
in terms of both squeezing and purchase size. Both major and 

independent retailers have been strongly supportive of these 
retail merchandising concepts. After all, a happy customer is 
going to come back for more avocados!

Cool chain improvements
Naturally, quality at retail is also affected by what happens 
while fruit is growing, and how it is managed during and 
after harvest. Poor orchard practices, rough handling, and poor 
temperature management, inevitably increase postharvest rots 
and internal quality issues (Figure 3). 

AHR has undertaken a comprehensive review of research on 
factors that affect retail quality. This details how everything from 
soil preparation to drops during harvest affect the end product. 
Copies of the complete review are available on request for 
interested growers and packers (please email: sandra.marques@
ahr.com.au). 

Best practices identified through the review, as well as by 
working with growers and packers, will be detailed in a new cool 
chain best practice document. In brief, recommendations include: 

Preharvest: reduce risk of postharvest rots through an effective 
fungicide program and maintain healthy trees;

Harvest: avoid dropping fruit, avoid picking when fruit are wet, 
clip rather than snap pick if disease pressure is high;

Packhouse: avoid delays in cooling between harvest and 
packing, use postharvest fungicide immediately after harvest, 
pick and pack within 24hrs, immediately forced-air cool fruit to 
5-7ºC;

Transport: minimise breaks in the cool chain, maintain 5-7ºC, 
use temperature loggers to verify the system is working;

Wholesaler: minimise fruit age (days from harvest);

Ripener: ripen between 16-20ºC, using the lower end of the 
range for mature fruit at risk of rots, store sprung fruit at 5ºC, 
and minimise holding time;

Retail: store ripe fruit at 5ºC and minimise storage time.

The coming phase of the project involves working with packhouses 
around Australia to discuss these best practice recommendations, 
and identify feasible improvements that can be made, particularly 
around cooling practices. To request a visit from the project team, 
please contact Adam Goldwater (details below). 

Acknowledgement: 
Projects AV15010 Cool Chain Best Practice Adoption and 
AV15011 Retailer Point of Purchase Improvements are funded by 
Horticulture Innovation Australia Ltd using the Avocado industry 
levy and funds from the Australian government.

For more information contact:  Adam Goldwater from Applied 
Horticultural Research at adam.goldwater@ahr.com.au or phone  
+ 61 2 8627 1040; or John Baker from Produce Marketing 
Australia, john@producemarketing.com.au or phone +61 2 9642 
1555  











Page 1 of 10 AV15010  MERI Management Plan 
 

 

 

 

AV15010 Avocado supply chain improvement project 

MERI Management Plan 

Revision 1.1: 26th November 2016  Last edited: GSR

Contents 
1 MERI Plan ........................................................................................................................... 1 

1.1 Impact ........................................................................................................................ 1 

1.2 Effectiveness .............................................................................................................. 3 

1.3 Effectiveness, Appropriateness & Legacy .................................................................. 5 

1.4 Testing Assumptions .................................................................................................. 7 

 

1 MERI Plan 
The Monitoring, Evaluation, Reporting and Improvement process is imbedded in the project 
as part of the continuous improvement cycle undertaken by the governance and 
management groups.  

The Project Advisory Group is primarily concerned with monitoring and evaluation how the 
project is contributing to the higher level impacts of the two goals. The composition and 
terms of reference for this committee is manage by Hort Innovation. 

The AHR Management Team meets monthly and reviews the effectiveness and 
appropriateness of the activities. The Management Team are responsible for the detailed 
planning and improvement of the project. 

Below the key evaluation questions are detailed together with how these will be monitored 
over the life of the project. 

1.1 Impact 
The table below outlines the specific evaluation questions to determine the impact of the 
project. The results will be evaluated by the Project Reference Group who will work with the 
AHR Management Team in considering any alteration to the project plan.  
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Evaluation Questions 
What aspects of the project will 

be measured and tested? 
How will these be monitored and 

how often? 

Impact - What has changed or is different as a result of this project? This could include the extent of 
change to natural resource condition, management practices or institutions.  Impact could be 
positive or negative. 

Project Specific Evaluation Question/s 

Increase adoption of cool 
chain best practice to 
reduce the level of 
damaged avocado fruit at 
retail from the current 
25% (industry estimate) 
to no more than 10% 
within five years.  

The quality of fruit will be 
measured at retail and involves 
detailed assessment of 10 fruit 
per store, measuring % damage, 
rots, bruising, fruit display 
characteristics, variety, origin, 
grower/packer where possible.  

Fruit quality will be measured in 
two ways. First the impact of 
specific changes in practice and 
then secondly at 2-monthly 
intervals in the implementation 
phase. Aim for 8 stores x 10 fruit 
each per assessment.  

 The temperature of fruit will be 
monitored through the supply 
chain as part of the 
implementation phase. We 
expect to work closely with 10 
major packhouses as part a 
strategy to drive practice 
change. Fruit quality which has 
passed through these 
packhouses will be assessed at 
retail.  

Ten packhouses to be monitored 
for fruit temperature through the 
supply chain and focussed around 
proactive change innovations. . 

 Record of growers, packers and 
other supply chain members 
who attend training activities 

Link to training events . 

 Longer term impact. Fruit 
quality at retail, as per point one 
above should be measured 
beyond the time frame of the 
current project. It may take 5 
years for the full impact of 
improvements to become 
apparent.  

This would require a separate 
project. Suggest measure 8-10 
retail stores every two months for 5 
years.  
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Evaluation Questions 
What aspects of the project will 

be measured and tested? 
How will these be monitored and 

how often? 

Revamp the industry best 
practice support materials 
to a standard that meets 
industry requirements. 

The suitability and effectiveness 
of the revised best practice 
materials with key industry 
stakeholders. 

Consult with each industry group: 
Orchard, Packhouse, Transport, 
Wholesale, Ripening and Retail. 
Undertake assessment and before 
and after each intervention. 

 The success of the change 
program across the supply chain 
for uptake of best practice by all 
sectors from orchard to retail.  

Ask the stakeholders what they 
think of the revised best practice 
materials.  Undertake assessment 
and before and after each 
intervention. 

 

1.2 Effectiveness 
The table below outlines how the project effectiveness will be monitored. The results will be 
evaluated by the AHR Management Team in considering any alteration to the project plan.  
The dates for the delivery of outputs will be taken from the Annual Work plan. 

Evaluation Questions 
What aspects of the project will 
be measured and tested? 

How will these be monitored and 
how often? 

Effectiveness - To what extent were the planned activities and measures achieved?  What, if any, 
lessons have been learned that could improve the success of future projects? 

To what extent did the project achieve the desired result within budget and timeframes? 

Project Specific Evaluation Question/s 

Have the best practice 
materials and research 
been reviewed?  

 

Has the review of best 
postharvest innovations been 
completed and documented 
(Task 2)? 

Final Internal report completed. 

Have the Australian and 
international best practice 
materials been reviewed and 
documented (Task 3)? 

Final Internal report completed. 

Have the factors responsible for 
causing internal been reviewed 
and documented (Task 4)? 

Final Internal report completed. 
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Evaluation Questions 
What aspects of the project will 
be measured and tested? 

How will these be monitored and 
how often? 

Have disease management 
options for avocadoes been 
reviewed and documented (Task 
5)? 

Final Internal report completed. 

Have the barriers to 
adoption been identified?   

 

Has the audit of avocado supply 
chain members been 
conducted, and analysed, 
identifying the main to adoption 
of the current best practice 
materials?  (Task 6). 

Consultation complete and 
documented. Data analysed and 
main adoption barriers identified 
for each industry group, and 
reviewed by the PRG. 

Has the change program 
been developed?  

 

Change program across the 
supply chain developed to drive 
uptake of best practice by all 
sectors from orchard to retail 
(Task 8.1).  

Change program developed and 
reviewed by the PRG.  

Have the delivery options 
been determined and 
communication strategy 
planned?  

Best delivery options for each 
industry sector to address 
barriers determined, 
communicated with industry 
and integrated into the AAL 
communications strategy (e.g. 
website and other industry 
comms activities). 

Delivery plan developed, reviewed 
and accepted by the PRG, and AAL.   

Have best practice 
materials revised? 

Refresh best practice resources 
for all sectors of the supply 
chain have been revised.  

Materials produced and reviewed 
by the PRG. Compatible with the 
revised AAL delivery platform.  

Has the change process 
been implemented? 

Change program has been 
Implemented across the supply 
chain.  

Has the production of new material 
commenced, and associated 
training and evaluation activities.  
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Evaluation Questions 
What aspects of the project will 
be measured and tested? 

How will these be monitored and 
how often? 

Has the project had any 
impact on the quality of 
fruit at retail?  

Measure the impact of specific 
activities on fruit quality at 
retail. For example, monitoring 
temperatures of fruit in the 
supply chain and relate fruit 
quality at retail to temperature 
management.  

The second approach is to 
measure the quality of fruit 
generally – this is a broader task 
and may require a longer-term 
evaluation project.  

Measure 6-8 sets of 10 fruit per 
activity.  

 

 

 

To be demined.  

 

1.3 Effectiveness, Appropriateness & Legacy 
 

The table below outlines how the project efficiency and appropriateness will be monitored. 
The results will be evaluated by the AHR Management Team in considering any alteration to 
the project plan.  

Evaluation Questions 
What aspects of the project will 

be measured and tested? 
How will these be monitored and 

how often? 

Appropriateness - To what extent has the innovation being tested contributed useful information 
to address the goals?    

To what extent did the activities and the way they were undertaken align with stakeholder needs 
and expectations?   

Which innovation practices or technology employed did not contribute to / deliver on outcomes? 
And why? 

Project Specific Evaluation Question/s 

Did the reviews provide 
the necessary evidence 
for the design of other 
project components? 

The design of delivery and 
research components of the 
project based on the evidence 
and recommendations provided 
in the reports 

Recommendations reviewed by the 
management team. 
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Evaluation Questions 
What aspects of the project will 

be measured and tested? 
How will these be monitored and 

how often? 

Training and extension 
activity has increased the 
skills and knowledge of 
growers and advisors.  

Self assessment of skills and 
knowledge. 

An assessment of participants at 
each training and extension activity 
to be undertaken and reported to 
the project Management Team 

Does the demonstration 
of impact on an 
intervention on fruit 
handling or crop 
management motivate 
supply chain members to 
improve practices? 

Interview supply chain members 
and assess fruit quality at retail.    

Target fruit that relates to the 
intervention. 

Is working with the top 10 
packhouses and effective 
strategy to bring about 
practice change and 
adoption of improved 
practices?  

Assess the impact of fruit quality 
at retail following an 
intervention.  

Relate to the intervention.  

Have the new best 
practice resources been 
effective ? 

Measure impact and acceptance 
of the revised materials  

Metrics included in milestone 
reports 

Have the new resources 
been incorporated into 
supply chain activities? 

Measure uptake and use of new 
materials  

Record number of copies 
requested (hard copy) or accessed 
(soft copies) and use of electronic 
resources using standard metrics.  
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1.4 Testing Assumptions 
 The Program Logic identifies six key Assumptions underpinning the project. This section outlines how these assumptions will be measured and 
monitored over the course of the project.  

Evaluation Questions 
How will the assumption be 

measured and tested? 
How will these be monitored 

and how often? 

How will the results be 
evaluated? 

Who by? 

Assumption 1: 

Good strategic and tactical plans 
reviewed by industry will ensure 
the project team deliver on the 
project goals  

Approval of strategic and yearly 
tactical plans with outputs 
reported in milestone reports 
will ensure outputs are delivered 
over the life of the project.  

How well the project outputs are 
delivering on the project goals 
will be progressively assessed at 
the PRG meetings. 

Final project assessment will be 
undertaken to quantify how the 
project delivered on the 2 goals. 

Assumption 2:  

The quality and presentation 
style of the current best practice 
materials is a significant factor in 
variable fruit quality at retail.  

 

Improving materials and 
measuring impact on quality at 
retail.  
 

Assess fruit quality at key points 
and after project end. 

Fruit quality assessment at retail, 
and the level of use of revised 
best practice materials.   
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Evaluation Questions 
How will the assumption be 

measured and tested? 
How will these be monitored 

and how often? 

How will the results be 
evaluated? 

Who by? 

Assumption 3: 

Avocado supply chain members 
have the capacity and motivation 
to improving management 
disease, production and cool 
chain using the project tools, 
training and information. 

Growers motivated and 
interesting to attend training and 
extension activities and make 
use of resources produced by the 
project. 

Training activity attendances 
recorded. 
Downloads of documents and 
engagement with electronic 
communications. 
 

Metrics reported in 6 monthly 
milestone reports. 
 

Assumption 4: 

The extension tools will create 
momentum among the Avocado 
industry so that a wider group of 
growers will improve growing, 
packing, cool chain and through 
using resources developed by the 
project. 

Growers beyond those directly 
involved in the project change 
their practices. 

End of year 2, follow up survey of 
a sub-sample of growers to 
determine practice change. 

PRG  will evaluate the results of 
the survey and other information 
on the adoption of improved 
management practices in the 
final year. 

Practice change will be assessed 
by measuring uptake with a 
focus on collaborating 
packhouses. This will be used to 
estimate the value to the 
Avocado industry of improved 
management of the Avocado 
supply chain. 

Use a case study approach to 
measure impact.  

Results will be presented to the 
PRG. 
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Evaluation Questions 
How will the assumption be 

measured and tested? 
How will these be monitored 

and how often? 

How will the results be 
evaluated? 

Who by? 

Assumption 5: 

There are new approaches to 
managing fruit diseases which 
need to be refined and tested in 
Avocado crops before growers 
and advisors will consider their 
use. 

The development of new fruit 
disease management practices 
and their incorporation in project 
delivery outputs. 

New practices will be 
documented along with their 
efficacy in each milestone report 

Yearly by the PRG.  

Assumption 6: 

If supply chain members, 
including retailers, clearly 
understand the financial benefits 
that would follow if they do their 
part to reduce the amount of 
damaged fruit on retail displays, 
this would motivate them to 
make the changes required. 

Case studies/success stories 
which include economic data will 
be based on this idea.  

Feedback from industry surveys 
and community of practice.  

At the end of the project by the 
project team and the PRG.  

 


