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EXECUTIVE SUMMARY

Each of these areas, discussed either individually or collectively, has the potential to
increase marketable yield and minimise waste through the supply chain directly or
indirectly. The solution to reducing fruit waste and gaining efficiencies “lies in a
combination of planning, investing, controlling, and partnering across the supply
chain.” (Harz-Pitre 2013) The pipfruit industry needs to collaborate, create better
transparency and technology transfer if it is to be successful in further minimising

waste.

Growing pipfruit is complex; it is a dynamic biological system with many layers.
Waste occurs throughout the growing cycle and the supply chain from the
paddock to market. Waste fruit (apples) can account for 15 — 30% of the
harvestable export crop and can be as high as 35%. The key stages of waste are: in
the field, grading, and packing, storage and at retail and beyond. It is important to
understand that gaining efficiencies is necessary to minimise waste. There are many
mechanisms for waste minimisation and all have varying degrees of complexity.
Waste is a component of all practices, processes, and procedures. One of the key
drivers to reducing waste in the orchard system is the development and adoption of
simple architecture. Simple architecture allows better crop load management,
which is crifical in reducing waste downstream in the production cycle. The impact
of achieving the correct crop load can be as much as $15,000 to $29,000 per
hectare. “There are 3 management practices that have a large effect on crop
load: 1) pruning, 2) chemical thinning and 3) hand thinning” (Robinson et al., 2013).
Using quantitative rather than qualitative pruning strategies can reduce the inputs

required for the remaining two-management practices.

Chemical thinning, which relies on timing, rates and weather windows, is often
variable and unpredictable. However, precision thinning which bundles new
emerging technologies, such as carbohydrate modelling and new chemistries, is
providing greater control. A good chemical thinning strategy can significantly
reduce hand thinning to $1000 - $2000 per hectare, which could otherwise cost as

much as $8,000/ha. The ability to optimise crop load is a critical component to
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minimising waste because significant amounts of waste are generated by getting it
wrong. Crop load has a direct influence on yield recovery, and more specifically on

marketable yield.

A key mechanism for increasing recoverable yield and reducing waste is good free
architecture, which allows for simpler management, and a reduction of inputs.
Traditional systems or larger, denser canopies do not lend themselves to high yield
recovery and high quality fruit, due to their complexity. The shift from more
traditional canopies will be the catalyst for the move to greater mechanisation,
because free architecture that is Simple, Narrow, Accessible, and Productive,
(SNAP) is more fruitful, less demanding, and allows for more mechanised forms of
pruning, thinning and harvesting. Through their simplicity, they are creating
synergies that will help speed the adoption of mechanised technology and
precision farming. Growers that are on the path to full emergence in SNAP canopies
currently are benefiting from the options of being able to implement partial
mechanisation through harvest-assist machinery and platforms which increase
productivity, are less physically demanding, attract staff, and broaden the labour
pool. They require less supervision and can help increase yield recovery. Using
platforms, compared to ladders, can reduce pruning and fruit thinning costs by
$1,400 per hectare. SNAP canopies allow for greater light interception and increase
fruit quality, spray deposition, and colour. As mechanisation advances and the
technology for harvesting systems advances, a greater proportion of grading will
occur in the field. Thus, reducing transport, grading, cold storage costs, and the
resources required to carry out these procedures. The ability to send higher quality

fruit through the orchard gate will significantly reduce waste along the supply chain.

Colouration is also linked to free architecture, crop load, and climatic conditfions,
which all affect colour development. Fruit foreground colour is becoming more
important as New Zealand growers focus on Asian markets where high-grade
coloured fruit receives premiums. The ability to manipulate colour has significant
economic benefits and increases recovery of marketable yield. The use of reflective
cloth can increase the amount of fruit harvested by as much as 25%. However, the
capital investment can cost up to $16,000 per hectare. The plant growth regulator,
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Ethephon, could be a more cost-effective alternative to help improve fruit
colouration. Research has that use of Ethephon resulted in a greater volume of fruit,
harvested earlier and overall, with less fruit left on trees post-harvest. The use of
Ethephon, it is estimated, could increase a gross margin by $10,000 per hectare. The
use of Ethephon in combination with SNAP canopies has the potential to

significantly reduce waste by increasing marketable yield.

Dry matter concentration (DMC), a new quality metric for apples, has greatly
increased the ability to measure quantitatively a fruit's quality attributes. Since the
infroduction of DMC, "many producers have seen a marked reduction in product
rejection from overseas supermarkets related to quality” (Plant and Food, 2011)
DMC is also showing promise as a predictor of internal disorders such as browning.
The cost of internal browning to the supply chain is $200 per bin before it enters the
market! The ability to determine lines of fruit that have greater risk of internal
disorders will greatly reduce waste and reduce economic loss of stored fruit.
Perhaps the most significant tool in the post-harvest sector that has reduced waste is
I-methylcyclopropene (SmartFresh™), a compound that inhibits ethylene allowing
better control of fruit maturation. This fechnology has allowed fruit to maintain better
flesh firmness (crunch), a key retailer and consumer specification, reducing the
amount of fruit that is rejected in market. SmartFresh™ has enabled fruit to be stored
for longer while maintaining good condition, significantly reducing waste. New
markefts in less developed countries are also benefiting as SmartFresh™ technology

is bridging the gap where cool chain is not developed or consistent.

Perhaps the largest area of waste yet to be fully realised, is the retailer and
consumer. Waste in this area is less conftrolled by the actions of growers and more by
the perceptions of the market place. The demand of consumers has placed high
product specifications on growers, ultimately causing large amounts of waste. British
“supermarkets reject between 20 and 40% of farmers' produce, often on purely
aesthetic grounds.” (EuroMonitor, 2012) “Tesco has also revealed that 40% of apples

were wasted and a quarter of this is in the home”. (Smithers 2013)

The question remains: how we can influence consumers to minimise waste?
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DISCLAIMER

The information contained in this report by AgFirst is based upon the best information available to AgFirst at the time
it was drawn up and all due care was exercised in its preparation. Because it is not possible to foresee all possible
uses of this information or to predict all future developments, trends and because it is based upon information
available to its maker at the point in time the report was drawn up, any subsequent action in reliance on the
accuracy of the information contained in it is the sole commercial decision of the user of the information and is
tfaken at his or her own risk. Accordingly, AgFirst disclaims any liability whatsoever in respect of any losses or
damages arising out of the use of this information or in respect of any actions taken in reliance upon the validity of
the information contained herein.
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INDUSTRY OVERVIEW

In 2001, due to the changing environment, the New Zealand pipfruit industry
became deregulated, shifting from a single desk (the New Zealand Apple and Pear
Marketing Board and then ENZA Ltd) to a free market model. Rightly or wrongly, this
set the pipfruit industry into a period of significant change. The industry is still going
through a period of consolidation and since *2000 the number of growers has
decreased from 1,488 to 391 in 2012 (35.6%). Packhouse facilities have accordingly
shrunk from 130 to 70 (46%) however the frend is towards fewer but larger facilities.
Conversely, the number of exporters has grown from 24 to 90 (73%) exporters.”
(Pipfruit Nz, 2013).

Currently, the New Zealand proportion of global apple exports in 2012 was 5.0% or
288,917 tonnes of fruit from a global total of 5,707 million tonnes. This makes us a
niche player from a global perspective. Regional production in 2012 (‘000 tonnes)
shows Hawkes Bay producing 180, Tasman/Nelson 85, Otago 11, and the other
producing areas Waikato, Gisborne etc. 11. New Zealand’s apple crop is exported
to approximately 65 countries. “Europe is still the main export destination for New
Zealand pipfruit, accounting for 43% of the total export although it is decreasing as
this is the first fime we have reported less than 50% of our export apple crop going to
Europe. The Asian market has increased from 29% in 2011 to 35% in 2012 reflecting

changes in market access and lower shipping costs” (Pipfruit NZ, 2013).

In 2012, only 20 exporters handled 88% of all export fruit and 70 exporters exported
the remaining 12%. There are approximately four growers to every one exporter.
Planted area hectares (ha) over the past six years from 2008 to 2013, have remained
relatively static at between 8,700 and 9,061ha. In 2013, the producing area is about
8,800 ha, producing an estimated 305,471 tonnes or close to 17 million cartons of
apples. These figures show a significant shift has occurred in the industry in the 12
years since deregulation. Many industry participants have struggled to maintain
profitable returns over this period due to price erosion, caused by fluctuating foreign
exchange, and over-supply in fraditional markets caused by competition from other
southern and northern hemisphere suppliers.
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Market competition between New Zealand growers, and multiple exporters
competing in the same space has created a price-taker vacuum. However, the
sector, and its participants, has showed remarkable resilience and has been able to
maintain its current size for a number of years under some very adverse economic
conditions. The industry is committed to making future progress. “The Asian and
Middle East markets are taking a higher and higher proportion of NZ's total export
crop (40% in 2012 up from 13% in 2004) and are prepared to pay good premiums for
NZ's safe, highly differentiated, high quality product”. (Wilson, 2013). This is a clear
signal that the industry is embracing change with a growing shared vision. The
sector still faces many challenges, some of which are outside of its control such as
competitor production, variety mix, and exchange rate. The industry could
proactively capitalise on variety mix, selecting varieties that our growing and new
markets demand, branding and growing the story of New Zealand apples around
provenance and perception of what NZ has to offer consumers globally. Given our
position as a niche global player, we need to position ourselves carefully and
increase our consistency of the quality we provide to our consumers. New Zealand
growers need to be perceived as providing the best quality fruit in the world tailored
to each individual market’'s needs. Fundamentally, to achieve the sector’s strategic
vision, the industry must address this vision first at grower/orchard level to be
successful. Without the grower, there is no pathway to improvement and change.

We need to focus on areas in which positive impacts can be made.

The New Zealand pipfruit sector has a great story: it has been successful with
Integrated Fruit Production, 100% pure apples, and Apple Futures (residue free).
These have been largely pre-emptive and market access driven strategies; the New
Zealand pipfruit industry has led the way and the world has followed. These have
been critical and the outcomes have been fantastic but the industry has failed to
secure a sustainable dollar return per carton and, in some situations, compliance
has become rigorous. The industry is seeking to add alternative and synergistic
strategies info the mix that are grower-return focused. There are manifold strategies
focused on improving returns, some of which show future promise, but have far-off

goal posts and are focused at a strategic level.
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PROJECT INTRODUCTION

Waste has many meanings to people and at different steps along a supply chain. In
general, the pipfruit industry has many different supply chain structures. Following
deregulation, some are now incredibly complex with a lack of tfransparency; others
are shorter and vertically infegrated. Each step along the supply (value) chain has

significant potential for waste to occur.

Key stages where waste occurs are:

1) Field losses usually associated with disease, climate, poor supply chain
management, growing and harvesting techniques. For example, In the United States

12% of the apple crop is lost at the farm level (Jones, 2002).

2) Grading and packing: these losses can be significant and occur because the
product “does not meet customer’s specifications (size, shape, colour, quality)”
(Jones, 2002). Alternative markets, processing or animal food are the result of failure

to meet the grade and this often results in the largest economic losses.

3) Storage generally involves regulating temperature and controlling ethylene. The
risk of loss generally increases with duration stored. Apples are prone to losing
weight with each month that passes, and developing physiological disorders. Poor
cool chain techniques can have disastrous consequences, exacerbating

physiological disorders and quality.

4) Retail waste, in most cases, is destined for the landfills. “The UK retailer Tesco found
that 40% of apples are wasted and just over a quarter of that waste is occurring in
the home”. (Smithers, 2013)

Waste is an area that has significant cost associated with it and can affect
profitability throughout the value chain. The challenges and opportunities are
numerous. It is important to understand that gaining efficiencies is necessary to
minimise waste. Efficiency is: “producing effectively with minimum waste, expense,
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and unnecessary effort” (The Free Dictionary, 2013) and a focus on efficiency will
highlight practices, processes and procedures that can help pipfruit industry
participants to be more profitable. Each of the stages and focus areas begins to
elucidate the enormity and complexity of waste in the value chain. There are
significant areas in each of the stages where resources are consumed by inefficient
or non-essential activity. Given the complexity, my focus in this report is on several
examples of practices and innovations that can help reduce waste in the New
Zealand pipfruit sector. These include: crop load, mechanical harvesting and
platforms verses traditional ladder picking in the field, and innovations that aid in
increasing colour (a major limiting factor for grading and packing). Finally, | will
discuss the impact which new technologies such as 1-MCP and dry matter as a
quality metric can have on storage. It is important that each of these is not treated
as mutually exclusive as each identifies methods or means (mechanisms) that can
improve marketable yield, yield recovery, and increase quality, resulting in waste

minimisation.

Total yield and marketable yield are different and both impact on efficiency and
waste flows in the orchard — market system. Total yield is made up of several
components: export, domestic, process and cull fruit. “Export yields are the average
pack outs achieved in packhouses. A significant proportion of non-export fruit is
sorted or in the field or harvested directly for local market or process” (Pipfruit NZ,
2012). Grower management practices and decisions can have a significant impact
on marketable yield. Waste in the fresh produce industry is significant, from the
orchard to the consumer. Waste fruit or fruit that is not fit for export retail sale and

consumption is a significant issue.

Depending on the variety, waste or lower value fruit accounts for 15 - 30% of the
harvested export crop. This does not include fruit left on trees due to poor colour
development or factors such as over-cropping or delayed harvest. With the inclusion
of this fruit, the percentage of waste could be as high as 35% in New Zealand. Fruit
redirected before reaching the packhouse or storage could equate to

approximately $118 per bin in savings.
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The Pipfruit Industry Statistics Annual 2012 gives an overall summary of Export

recovery in table 1.

Table 1: National IFP Export Packout (percentage) 2010 - 2012

Variety 2010 2011 2012
Braeburn 71 75 77
Cox 69 69 66
Cripps Pink 66 74 78
Fuji 65 74 74
Granny Smith 64 63 68
Jazz 82 84 83
Pacific Beauty 65 69 75
Pacific Queen 67 74 80
Pacific Rose 64 64 70
Royal Gala 80 81 83
Average 69 73 75

(Source: Pipfruit Industry Statistical Annual 2012 (modified))

Table 1 shows the percentage of fruit that meets export quality standards for
international export markets. The ability to shift the marketable yield can have a
profound effect on a growers return. The three year average is 72%, meaning that
28% of fruit is waste, in a broad sense, with it being relegated to the domestic

market and around 5% of the remainder being juiced.
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ORCHARD SYSTEMS

A key factor in minimising waste is o manage crop load effectively and efficiently.
There is a large amount of fruit grown but not harvested, which makes up crop load.
This un-harvested fruit impacts on fruit size and what can actually be harvested for
export, therefore it is important to identify this proportion and eliminate it to lift an
orchard’s performance. Regulating crop load is absolutely central to minimising a
large proportion of waste within the pipfruit industry. Crop load is said to be “The
most important factor under the fruit grower’s direct control to influence orchard
performance, sustainability and profitability” (Wilton, 2008). Recent literature by
Robinson (2013) from the United States estimates that achieving the correct crop
load each year can have an “economic impact of USD $5,000 — $10,000 per acre”.
In New Zealand, this franslates to approximately $15,000 - $29,000 per hectare.
Regularity of flowering and cropping has a major economic impact on the orchard
business. Achieving optimal flowering and fruit set will return financial benefits by
improving yield, fruit quality and size, and ultimately returns. Horticulture, by its very
nature, is dynamic, and can throw up many challenging circumstances influencing
the production system. A large part of the orchard system revolves around
managing crop load. “There are 3 management practices that have a large effect
on crop load: 1) pruning, 2) chemical thinning and 3) hand thinning” (Robinson,
2013, p. 3).

Getting the wrong number of fruit set on trees can have a significant impact and
biennial bearing can occur. This means that one year there is an abundance of fruit
and the next there is very little. Biennial bearing is not a good situation to be in, as
consistent yields are needed for good financial returns and to help manage tree
vigour. Low crop load situations can lead to oversized fruit, poor quality and
increased tree vigour, which in turn lead to higher costs such as more pruning and
then lower financial returns. Excessively high crop loads can significantly reduce
return flower bloom in the following season, and result in small fruit, limiting market
options or fruit with poor or low mineral content causing deficiencies and resulting

fruit disorders.
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Maintaining consistent crop loads begins with precision pruning to leave on the tree
a pre-determined bud load. Bud numbers are managed and light interception is
increased; older, less fruitful branches are replaced to make way for younger, more
productive 2 — 4 year old wood. Correct pruning and setting the correct number of
buds per cm?2of frunk cross sectional area are the first step in reducing waste further
along the growing process. Many growers still use qualitative rather than
quantitative means to prune which has a negative flow-on effect resulting in too
many fruit buds, requiring additional strategies later in the growth cycle. In recent
years there has been a shift towards recording actual number of buds per free and
pruning to a required amount to help set the optimal crop. Advancements in this
area include online recording and Smartphone applications that help staff gather
data from year to year and run models that will give forecasted yield scenarios

allowing informed decisions and specific market strategies for individual blocks.

The ability for growers to understand the value of monitoring and collecting actual
numbers alongside experience has its advantages, especially now as precision
agricultural concepts become reality with advancing technologies. However,
pruning is only the first step in managing crop load to minimise the production of

unwanted excess fruit.

Following pruning at the time of flower bloom, growers utilise chemical thinning,
which is the use of chemistry such as bloom desiccants or blossom burners,
Naphthalene acetic acid, Ethephon and ammonium thiosulphate. These are called
primary thinners, which work on flowers over the bloom period. Plant growth
regulators Benzyladenine or Carbaryl are then used remove fruit under about 20mm
in diameter, which is often referred to as secondary thinning. Getting the timing,
rates and weather windows (particularly temperature) correct is paramount. Hand
thinning labour costs can be as much as $8,000/ha. However, with the inclusion of a
good chemical thinning programme the cost is reduced to as little as “$1,000 to
$2,000 per hectare” (Hortwatch, 2013). Removing fruit early also has other benefits
such as larger, firmer fruit with higher carbohydrate reserves as sink competition for
carbohydrates is reduced. However the results from chemical thinning are often
inconsistent due to previously mentioned factors such as temperature and timing.
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The future of some chemistries remains uncertain, and the pipfruit industry, not just in
New Zealand, but globally is looking for better alternatives that are more efficient

and reliable, but these remain elusive.

There are, however, other external tools that are becoming better understood that
might not change the chemistry but will help the chemistry to be used more
effectively. An example of this is super spreaders and wetter’'s which help maximise
the performance of the chemical by increasing uptake and spreading products
across a greater leaf area. Further developments in the future that will help in
reducing waste through more efficient thinning is a high priority. A recent model
(Malusim model) developed by Drs Alan Lasko and Terrance Robinson of Cornell
University which measures carbon balance, is being developed further to predict
carbon deficit. This is achieved by using weather forecasts to predict the tree’s
carbohydrate status. Essentially, if trees are low in carbon, fruit is easier to thin,
likewise if there is a surplus of carbohydrates, fruit will be very hard to thin. For
growers, knowing what the carbohydrate status is will allow them to target the best
timings to optimise the thinning strategy. Models like this have the potential to give
much more certainty and reduce the risk of variable fruit thinning results. This is
becoming more commonly known as “precision chemical thinning.” This type of
technology, once systemised and developed into a user-friendly commercial

application, will have significant benefits in reducing waste in the orchard system.

Hand thinning is the next management process after chemical thinning and, as
mentioned, this can be a very costly exercise. Hand thinning is often a student
summer-employment staple and involves physically removing fruit by hand to
numbers that will maximise the size required for market programmes. Fruit is often
thinned down from bunches with 1 - 3 fruit depending on variety. This requires
consistency, and staff need training to thin the correct fruit. This sounds simple, but
variability between workers can be significant and, due to large amounts of ladder
work, can be physically demanding, dangerous and slow with a high staff turnover.
Employee standards often drop as the day draws on. In some extreme scenarios,
employees on contract rates will use deceptive methods, as supervising staff are
often ground-based and cannot check the tops of all frees to gauge whether a
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good thinning job has been done. Supervisors can be responsible for gangs in

excess of 10— 15 people.

Managing a crew and checking every tree for consistency is nearly impossible,
resulting in increases in waste fruit at harvest e.g. fruit not thinned adequately
creating small fruit or fruit left in shaded areas creating poor fruit colouration, which
is crifical in terms of fruit recovery. Hand thinners are often required to target and
thin fruit that has defects on the tree, for example, russet caused by weather and
pest and disease programmes. Failure to do this can result in a decrease in fruit
pack outs and higher costs. It should be and is a priority for orchardists to keep hand
thinning to a minimum, as labour costs are significant. Not much has changed for
some orchards in 70 - 100 years with the ladder remaining the method of choice for
thinning, harvesting and many other orchard operations, generating considerable

areas of waste especially in labour and fruit quality.

In recent years, there has been greater interest in mechanisation on the orchard.
This has been brought about by necessity due to globally increasing labour costs
and the need to increase quality and production. The greatest change to allow
increased mechanisation has been a change in tree architecture, making canopies
less complicated, shifting from large multi-tiered trees at wide spacing to smaller,
more compact trees on dwarfing rootstocks planted at closer spacing. This has
been successful over the last 10 — 15 years in New Zealand. There is yet another
significant change occurring not only in physicality but also in mindset and that is to
refine tree architecture to what is called SNAP - Simple Narrow Accessible

Productive systemes.

These systems allow greater scope for automation and mechanisation. SNAP
canopies in general are more productive and attract workers as they can be less
demanding as they are closer together and allow for more mechanised forms of
pruning, thinning and harvesting. SNAP canopies allow good light interception for
fruit quality, spray penetration and coverage and increased spatial design for
functionality of orchard procedures. They also lend themselves to current and
future technological advancements through simplicity and are now creating
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synergies that will in future help speed adoption, further minimising waste through
increased precision on the orchard. Traditional three-dimensional canopies should

and are giving way to SNAP 2 dimensional (2D) orchard plantings.

Photo 1: 2D Canopy Photo 2: 2D with reflective cloth Photo 3: 2D Canopy
Fr——— TR R

A

W
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Two-dimensional canopies lend themselves to labour efficiencies and toward
greater mechanisation. This type of structure allows for platforms, over-row sprayers
and better chemical coverage. They are simple, narrow, accessible production

systems.

Photos 4 to 6: Traditional Canopies planted at wide spacings and on vigorous rootstocks
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The traditional canopies shown in photos 4 to é are large and dense and require
complicated rules for pruning and thinning. They are too complicated for

mechanisation and create waste through insufficient yield recovery.

SNAP plantings are more conducive to mechanisation and a better match to our
current and future technology development; they also lend themselves to simple
rules so managers can develop an easy set of rules for employees to understand for
pruning, thinning etc. The closer planting spacing has lent itself to better efficiencies
and integration with machinery. SNAP canopies, sometimes referred to as fruiting
walls, lend themselves to multi-row sprayers, platforms, and harvest-assist machinery,
currently the most significant of which is the implementation of platforms and
harvest assist platforms intfo the NZ orchard system. The goal obviously is to increase
the number of bins picked per person as harvesting is one of the largest labour costs
of production. The capital investment required for “very basic models with limited
features cost $NZ 16,000 while the most advanced models new to the market can
cost anything upward of $NZ 85,000" (Kerer, 2013). Platforms are powered diesel or
an electric motor. Electric platforms require frequent re-charging, however they are
used for a large proportion of time during the summer months and in Nelson, which
has some of the highest sunshine hours in the country, some orchardists have
adapted their platforms to include solar panels on the roof to capture solar energy

to charge battery packs, gaining even more efficiencies.
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Photo7: Traditional Ladder Photo 8: Harvest Assist (combo) Photo 9: Platform

In the machines shown in photos 8 and 9, essentially you look down or straight onto
your work area while slowly moving across it, whereas with a ladder which is

stationary and often unstable people tend to reach and do a poorer job.

Table 2: Platform Efficiency (increase in comparison to ladders)

Activity Efficiency gain platform

over ladders

Pruning + 25-40%
Tree Training + 40-60%
Bloom Thinning + 20-35%
Fruit Thinning + 20 -25%
Pheromone Placement +75%

String Tying + 65-116%

Source: K Lewis WSU: Labour Management in Modern Orchards 2012
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Table 2 shows the increase in efficiency in a study conducted in the United States. It
shows that platforms can improve labour efficiency in multiple tasks across an

orchard.

A number of studies from Holland to the USA have shown the use of platforms can
increase labour efficiency. The economic benefits are significant if the platform is
implemented correctly. If comparisons are calculated using the efficiency gains
from two and translated to $NZ for the orchard used in the study, pruning without a
platform would cost approximately $2,200/ha, whereas with a platform this could be
reduced to $1,300. Likewise, fruit thinning without a platform costs around $2,100
using a ladder, but it is reduced to $1,600 with a platform. The average orchard size
according to Ministry of Primary Industries is 22 ha so in those two tasks alone
$30,000/ha could be saved. The breakdown in ferms of labour is: pruning and
thinning requiring around 32%, and harvesting requiring 45%, while the remainder is

proportioned to other orchard tasks.

“An economic analysis of investment in a platform showed that the use of a
motorised platform could save $102/acre ($251/ha), $104/acre (259/ha), and 45%
/acre ($111/ha) for dormant pruning, hand thinning and trellis installation
respectively.” (Sazo, 2010) In another comparison Sazo showed that *hand thinning
of four workers on a platform measured a saving of $150/acre ($370/ha) when the

same workers hand thinned trees with ladders” (Sazo, 2010, p.16).
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Table 3: Reasons for and against using a platform

REASONS FOR USING
PLATFORMS

Reason rated “very
important”

Increased worker
productivity

Improved worker safety

Ease of operation

Purchase cost is
recoverable

Improved quality of
work

Frequency

33

22

18

19

24!

REASONS FOR NOT
USING PLATFORM

Reason rated “very
important”

Purchase price too high

Maintenance and repair
costs too high

Limited availability

Orchard architecture not
suitable

No improvement in
productivity

Steep slopes

Source: K Lewis WSU: Labour Management in Modern Orchards 2012

Frequency

110

28

152

62

82

Washington State University (WSU) extension regional tree fruit specialist Karen Lewis

showed in table 3 some of the key reasons for and against the use of platforms.

Note that one of the highest reasons for not using platforms was that orchard tree

architecture was not suitable. If the New Zealand pipfruit industry is going to

become more efficient in future and remain competitive, it needs to invest in tree

architecture that is low input, high yielding and lends itself to mechanisation through

its simplicity. Purchase price is the next reason, however this is less of an obstacle

than architecture as, over time, technology becomes cheaper.

Matthew Hoddy of Vailima Orchard in the Nelson/Tasman region has been

proactive in this space and has been operating platforms and harvest-assist

machines for several years. He says that using platforms creates a team

environment with everyone working together as a unit and creates better

supervision. During pruning and thinning there can be 4 - 6 staff on a platform at

three different levels, all tending to a specific area of canopy.
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The platforms are self-drive and steer so the supervisor sets the speed to maximise
staff efficiency. Standing atop a platform makes work at the top of the free much

eaqsier.

Vailima currently have four Italian-made Mechanical Zucal Harvesting systems and
have acquisitioned another two. The harvesting machine can transform into a self-
propelled platform, which can reach a height of up to 2.5 metres and can be used
for tree tying, manual hand thinning, and opening and closing hail net if required.
The platform also has a compressor onboard so pneumatic pruners can be used, all
without the use of a tractor. Some models have self-levelling for use on the hills of
steeper country. The Zucal during harvest uses é — 8 people working simultaneously
and has an output of approximately 50 bins in 8 hours. Depending on the variety,

harvested output maybe as high as seven or eight bins per hour.

Photo 10: Zucal Harvester (multi-purpose platform and harvester)

(Photo: Craig Hormblow)
In photo 10 recognised seasonal exchange (RSE) workers harvest fruit using the
cross-purpose Zucal. They no longer need to carry heavy picking bags up and down
ladders. The bin stack can be seen at the rear and at the front six conveyors to carry
the fruit are visible.
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The harvester has minimal fuel consumption, travels at 0.4km/hour, has self-aligning
steering, and an automated bin filler attached at the rear to minimise bruising. Once
a binis full, it is placed on the ground in the row for later tfransportation. The
harvester also has a bin trailer and carries a stack of empty bins. “Using the harvest
assist machines saves capital investment in tfractors and fuel and gives them (Staff)
greater flexibility” (M. Hoddy, personal communication, 2013). “Usually there is one
staff member performing quality control (QC) for every 12 pickers now that we have
the harvest platforms we have one QC for 24 staff. The labour cost overall has
remained the same but productivity has increased. We run an incentive programme
and instead of rewarding individuals, we reward the team, based on quality and
volume harvested. This is great because everyone looks out for one another and

ensures a good job"”. (M. Hoddy, personal communication, 2013)

Vailima have been able to increase fruit recovery. Their packed percentage for
export has been increasing as they have become more familiar with operating
procedures. They are also minimising the amount of waste fruit. Traditionally fruit that
had wind rub or a cosmetic defect was dropped onto the ground. However having
a machine harvester has allowed them to attach buckets on the front in which fruit
is placed for later juicing. Once the buckets are full, they are emptied into a bin in
the headland as the harvester turns into the next row. They are now recovering
about 12 cents/Kg of juice fruit that otherwise would be waste. Vailima have found
that using 2 — 3 machines in a block has some good synergies and cuts down the
number of tractor drivers required and the amount of bin shifting; the fewer
movements made, the more efficient the harvesting has become. Auvil Fruit
Company in the United States, who also use harvest assist machinery, have two staff
dedicated to sorting with the *objective to avoid delivering cull fruit to the
warehouse.” (Warner, 2010, p. 45) If cull fruit gets into the supply chain it “incurs
charges for hauling, storage and post harvest treatments which is about $25/Bin, for
the whole orchard it would be a net gain of US$ 250,000.” (Warner, 2010).

One of the key drivers to reducing waste in the orchard system is the development
and adoption of simple architecture. That allows low inputs of resources, such as
chemicals fertiliser, labour; fuel etc. Farming the sun is a key requirement to growing
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fruit.  SNAP canopies allow for greater light interception and increase fruit quality,
spray deposition, and colour. The future is greater mechanisation and SNAP
architecture will help advance its adoption and efficiency and reduce cost.
Traditional system or larger denser canopies do not lend themselves to high yield
recovery and high quality fruit. As mechanisation advances and the technology for
harvesting systems advances, a greater proportion of grading will occur in the field.
Thus reducing transport, grading, cold storage costs, and the resources required to
carry out these procedures. The ability to send higher quality fruit past the orchard

gate will significantly reduce waste along the supply chain.

COLOURATION AND COLOUR DEVELOPMENT

Colouration and colour development, or rather lack of it, is another area that
generates considerable waste within the industry. Colouration is influenced by
environmental factors such as temperature, and apples generally require “between
20 and 25 °C. Cool night temperatures (< 18 °C) a few weeks before harvest
enhance colour development” (Gurnsey &. Lawes 1999). More often than nof, if
optimal temperatures are not adequate fruit is left longer on the tree to enhance
colour and the trade-off is a decline in fruit quality. Light levels, or light interception,
and good canopy management are also important and a balance must be struck
between number of branches removed and the yield. This is further complicated, as
previously mentioned, by crop load. For example, if crop load is too large fruit size
and colour will be affected. “High fruit to leaf ratio may mean that the leaves
cannot produce enough carbohydrates to colour or size all of the fruit to their full
potential” (Gurnsey &. Lawes 1999). Colouration is increasingly becoming more
important as New Zealand growers are focusing on the Asian markets due to the
premium prices for high-grade coloured fruit. Many marketers impose very high
standards that make it increasingly onerous for growers to achieve the desired levels
without affecting their recoverable yield. Therefore, it is a high priority to produce
apples with a high percentage and intensity of colour to maximise profits. Achieving
good foreground colour on apple varieties and cultivars can improve market
options and premiums are often paid for fruit with the most desirable colour. The
impact of getting the balance wrong is costly. Therefore, growers are looking for

techniques to enhance pack out and price through increasing fruit colour. These
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techniques obviously include the introduction of SNAP canopies, however this is a
longer-term solution and intermediary solutions need to be utilised. In recent times,
the use of reflective mulch/cloth, for example Extenday™, has become more

common.

Reflective cloth is a management tool that helps to improve light interception and
distribution within the canopy. The reflective ground cover is laid between rows
either every row or alternate rows and is laid down approximately 3 — 4 weeks prior
to harvest depending on the desired outcome. The cloth is shifted between
cultivars, or sometimes crops, to increase its return on investment and is used
predominately in varieties that provide high returns. Quad bikes and spooling
systems lay the cloth, and it is held in place by bungee cords. The benefits from
using cloth are well documented. The Australian Fruit Grower Magazine (2013)
reported that the use of cloth improved fruit colour and produced up to 80% class 1
fruit compared to the control (grass) 60%. In a Spanish trial reflective cloths resulted
ina 17 - 26% increase of fruit harvested that meet European Union grade standards.
(Fresh Plaza, 2009)

There is, however, still a significant investment involved in purchasing reflective cloth.
Prices can range from $8,000 - $16,000 per hectare and the life of the cloth is about

five years (Wilson, 2002).

Table 4: Profit per hectare Royal Gala with and without cloth

Profit per hectare | year Control Reflective Cloth | Increase above control
Royal Gala 1 $20,530 $ 32,189 $11,659
Royal Gala 2 $24,499 $43,390 $ 18,891

(Source: Wilson, 2002, modified G. McKay 2013)

Table 5: Return on investment Royal Gala with and without cloth

Variety Capital Cost | Yr1 Yr2 Yr3 Yrd Yr5 IRR

Royal Gala | -$ 15,030 $1.659 | $18.891 [ $ 11,659 $11,695 | $11,695 | 86%

(Source: Wilson, 2002, modified G. McKay 2013)
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The internal rate of return of 86% on the investment is greater than the minimum
required rate of return or cost of capital in this scenario, so the investment over 5
years is worthwhile, however availability of capital has been scarce in recent years
with poor returns and currently a high degree of risk is associated with making
capital investments. The key message is that reflective mulch can increase fruit

recovery but requires significant investment.

Recently, research by Agfirst on behalf of Pipfruit New Zealand Incorporated has
shown the use of chlorethephon (Ethephon) used on its own or in combination with
Aminoethoxyvinylglycine (AVG) can increase fruit foreground colour and therefore
marketable yield. This lower cost tool has the ability to increase fruit colour without
adversely influencing fruit quality. Research in Western Australia also showed that
“AVG treatment alone delayed colour development and ripening of ‘Cripps’s Pink’,
while AVG application 5 weeks before harvest, followed by an Ethephon

application 2 weeks later enhanced red colour at commercial harvest” (1).

Results from NZ have shown full rates of AVG and Ethephon (Ethin™) recovered 27%
more fruit than the control in the first pick. This trial has shown that an application
on Sciearly (New Zealand Beauty) resulted in earlier and larger volumes of fruit being
recovered. This innovation can improve market options for high coloured fruit with
an estimated potential increased gross margin of up to 15 - 25% or approximately
$10,000 per hectare. Once commercial harvest had ceased un-harvested (waste)
fruit was counted. The control after commercial harvest had 14% of fruit of its original
total crop load. The combination of AVG and Ethephon had as little as 7% or half of
the control. The benefits to growers to reduce the amount of waste fruit or un-
harvested yield is greatly increased by using either Ethephon in isolation or in
combination with AVG. The spinoff is that larger volumes of fruit are harvested earlier
which adds downstream benefits related to storability and quality attributes.
However, there is potential for negative impacts from using chlorethephon as a tool
to minimise fruit waste by increasing colour, especially if not used responsibly orin an

informed manner. These include high residue levels, immature fruit, and the

! Reference: Fruit quality in ‘Cripp's Pink’ apple, especially colour, as affected by pre-harvest sprays of
aminoethoxyvinylglycine and Ethephon S.K. Whaleg, Zora Singhe -, M.H. Behboudian!, J. Janese and S.S. Dhaliwale
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possibility of advanced maturity in storage. The risk of pre-harvest drop is also greatly
increased and the results of application are not always consistent. However, this
mechanism for fruit waste management is a tool that may grow in popularity, as the

economic benefits are realised (McKay & Hornblow, 2013).

FRUIT DMC AS A TOOL TO MINIMISE WASTE

Studies by Heartland Fruit, Agfirst and Plant and Food Research have shown that
consumers prefer apple fruit with high dry matter concentration (DMC) over that of
low. “Studies have shown that the crisp, juicy texture is the main determinant of
consumer acceptance - there is no market for soft apples. However, once a
minimum standard of texture has reached, customers respond to improved taste
and flavour” (Palmer, 2011). Fruit DMC is not however a maturity parameter and
maturity must be optimal at the harvest to get the greatest benefit. Current
estimates are that more than 55% of the industry has adopted dry matter as a
quality metric to help make better decisions. It allows fruit to be categorized at
block level, specifically targeting priority retailers, customers, and enabling banding
of fruit into logistical strategies for storage classifications such as controlled
atmosphere, air store etc., and has helped to build efficiencies strategically not only

at a quality level but at an operational level.

Since the introduction of DMC as a quality metric, “*many producers have seen a
marked reduction in product rejection from overseas supermarkets related to
quality” (Palmer, 2011). One of New Zealand'’s larger exporters, ENZA International
Ltd, who integrated DMC into their existing systems in 2010, has not had any quality
failures related to export markets. “In the 2011 season, every carton of ‘Royal Gala’
exported by ENZA achieved the £21 premium in the UK market, rather than the £17
wholesale price. This price premium resulted in a benefit of $492,000 as well as
enhancing the brand and reputation of New Zealand apples as being consistently
superior” (Palmer, 2011). Many United Kingdom markets/retailers enforce minimum
% Brix (soluble solids) criteria, and fruit falling below these criteria are rejected. Adfirst
developed a model to predict % Brix at outturn by developing a model based on

DMC. Previously there was no way of knowing what the final % Brix would be post-
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storage, which regularly saw fruit rejected once it reached market for not reaching

the minimum requirement.

DMC is positively related to flesh firmness and foreground colour; both of these
parameters are critical for maximising fruit quality and minimising waste. Markets all
over the world set minimum flesh firmness standards. For example, fruit is generally
harvested at between > 8.5 and >7.0 kg/f. Fruit that has good flesh firmness
(pressure) is selected for long-term storage or off shore markets. Degradation of
flesh firmness over time is linear. This means that if firm fruit is sent to market at 8.5kg/f
it will hopefully reach market after months on the water at a minimum of 6.8kg/f.
Any lower than this and retailers can reject the fruit. This leaves the fruit with no point
of sale and alternatives must be found often at a reduced price. This may mean
that fruit will need to be cool stored at its new destination while sales is negotiated,
adding cost. The problem is further compounded as flesh firmness continues to
decrease while an alternative buyer is sought, further eroding the quality and
adding a layer of cost for fruit that is yet unsold at a reduced price point. This
situation often results in a negative return per carton and the cheaper alternative is
to dump the fruit, minimising the risk of attracting these costs. This situation or
scenario could be alleviated by encouraging more growers to focus on producing
fruit with higher levels of dry matter concentration as increasing levels of DMC is
positively related to harvest flesh firmness. Fruit that is higher in DMC has a greater
amount of stored carbohydrate, which gives the fruit the ability to maintain quality
longer. An analogy to this is that an apple is comparable to a battery, the higher the
carbohydrate reserve the longer the battery lasts compared to one that is low in
DMC.

If DMC became a quality metric adopted by the entire industry as a standard it
could bring about greater co-operation, a significant increase in fruit quality, repeat
purchasing and could have a significant impact on minimising waste along the

value chain.

Internal fruit browing (IB), in broad terms, is the break down of soft tissue caused by
environmental factors, CO2 damage in controlled atmosphere, or by unsuitable
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cooling regimes and post harvest treatments such as the ethylene inhibitor 1-MCP.
The cost of browning to the supply chain is $200 per bin before it enters the market!
DMC may give a clearer picture of which fruit is suitable for differing storage
practices and give greater confidence in the use of 1-MCP on certain cultivars as
an alternative to controlled atmosphere store (CA) creating significant energy and
cost savings. Establishing the link between IB of fruit and DMC will add further value
to industry participants and will mitigate risk further. By doing so, cost and waste of
fruit from IB can be minimised for growers, packers,cold storage operators and
marketers. Recently, at the 2013 Nelson Grower and Consultant Technical Seminars,
research findings showed that the variety “Scilate (Envy™) had 50% more browning
in fruit samples with low DMC and that low dry matter fruit was more suceptable to
internal browning regardless of the type of storage tfreatment” (McKay, 2013).
However there was evidence presented that some blocks still have an inherant risk
of browning regardless of DMC, which is possibly due to other factors such as

environment and free health.

It was also found that fruit with lower DMC was more suscetable to IB when placed
into CA, which is thought to cause a higher degree of stress. Data also suggested
that longer stand down durations of fruit at specific temperatures might also reduce
the risk of internal browning expression. Therefore, DMC could be a very useful
metric for predicting which lines of fruits are more susceptible to browning.
Strengthening this hypothesis is that we know with certainty that fruit with higher
levels of %’DMC have a far greater propensity to store longer while maintaining
quality. By verifying that the hypothesis is true, lines of fruit could be better
managed to mitigate browning, significantly reducing incidences of unsalable fruit
arriving off shore, creating adverse reactions by the market towards New Zealand
fruit when browning is found. DMC as a tool is a significant recent discovery that has
many applications and benefits. Although relatively new in the apple industry, if
adoption can be further increased fruit waste and spoilage could be significantly
reduced. For example, if 80 — 100% of the industry adopted DMC, it would have a

significant flow-on effect in minimising waste within our value chain.

Mechanisms for Waste Minimisation Prepared by: Grant Alexander McKay 28
Prepared for: Kellogg Rural Leadership Programme 2013



September 2013

A GAME CHANGER: 1-METHYLCYCLOPROPENE (1-MCP)

“An innovation that has revolutionised the industry”

For many years, controlled atmosphere and regular air store (RA) were the best
options for storage. RA storage only affords relatively short periods before fruit quality
rapidly declines. CA storage was for many years a significant innovation and
allowed fruit to be stored for longer periods in relatively good condition. However,
once fruit is removed from CA, quality and maturation rapidly advances, leading to
a shortened marketing window. For New Zealand, being so far from many of its
markets, this is a significant issue, as oversupply and competition can create selling
delays, compromising fruit quality and resulting in waste. Accordingly, if fruit does
not meet the regulatory standards on landing set by retailers or the market, the
consignment can rejected, resulting in the destruction of the fruit. The shipping and
marketing costs are passed back to the grower. In 1997, trials were conducted on
apples using the compound 1-methylcyclopropene (1-MCP), trademarked as
SmartFresh™. This compound has revolutionised the apple industry. Its development
has provided a new tool for use by post-harvest storage operators to better manage
fruit quality. This new tool helps to control apple fruit maturation, which is triggered
by the production of ethylene. 1 — MCP has the ability to block ethylene sensitive
receptors within apples, delaying maturation of fruit. Once fruit is removed from cold
storage and is held at “ambient temperature, new ethylene receptors are
developed and ripening continues normally” (AgroFresh, 2013). This innovation has
led to fruit with increased quality attributes. 1-MCP has the ability to maintain flesh
firmness, which is a key consumer quality characteristic and attribute. Sensory
analysis has shown that consumers first rank apple quality on crispness and crunch,
thus measured as flesh firmness. The benefits are far greater in an industry context,
as 1-MCP has lengthened the ability to store fruit for longer periods whilst retaining
fruit quality. This has brought about new ways to manage fruit inventory and sales
programmes, which is a critical factor that can affect profitability. The ability to store
fruit longer has helped relieve the pressure by extending the marketing window,
minimising fruit spoilage and waste. A considerable proportion of apple producers
across the globe now use 1-MCP as a tool to increase packed yield, and more fruit
now meets market requirements due to better fruit flesh firmness at the time of
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packing reaches market in better condition. It has also aided in greater consistency
of year round supply of fruit. Domestic suppliers can now store fruit up to 2 months
with greater confidence that the fruit will be saleable. Studies have also shown that
a combination of 1-MCP and CA can reduce CO2 emissions by 55% due to lower
fruit respiration, and minimise CA storage operation costs. This is by reducing the
need to remove ethylene from CA rooms using electricity. It also allows fruit to be
stored at warmer temperatures. Fruit, which has 1-MCP applied, compared to fruit
without, can create “an average energy saving of up to 7500 kWh during 6 months
of storage (36% savings)” (Agrofresh, 2013). Not only has this new technology helped
increase quality and reduce the carbon footprint, it can also minimise the risk of
some storage disorders of fruit thus further minimising waste in the pipfruit industry. In
2013, at the Asia Fruit Logistic, it was reported that some of our new Asian markets
had accumulative post-harvest chain losses of 30% due to storage and supply chain
barriers; technologies such as 1-MCP will play a major role in bridging and creating

better storage technologies to decrease fruit waste.

RETAIL WASTE

Retail and consumer waste is not a key focus of this report

but is worthy of a mention. Retailers respond to the

demands of consumers for high quality food by imposing

standards or specifications that lead to much of the waste J |
created. Ugly fruit or fruit with odd shapes, sizes or

blemishes are rejected based solely on appearance.

Restrictions imposed by marketers are one of the biggest

sources of waste. There is a need to manage product specifications. “Tristram Stuart,
author of Waste — Uncovering the Global Food Scandal (2009), found in his research
that British supermarkets rejected between 20-40% of farmers' produce, often on
purely aesthetic grounds”. (Euromonitor, 2012). As previously mentioned, the retailer
Tesco found that 40% of apples were wasted. Tesco plans to become involved in
trials with apple growers and provide tips to consumers on how to store fruit after
finding that a quarter of this waste occurs in the home. Ironically, Tesco has some of
the most rigorous compliance programmes of all UK retailers. Figures published by
the Waste and Resources Action Programme in 2011 estimate that in the United
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Kingdom 15 million tonnes of food waste is generated each year. There must be a
large cost to households, but the cost and waste of resources used to produce the
fruit must be greater still. Farming practices overall are relatively efficient and have
good systems to minimise waste at the production level and are striving to gain
even more efficiencies.

How can we influence consumer trends and add value to minimise waste by

retailers and in the home?
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CONCLUSION

Increasing marketable yield is essential for the sustainability of the pipfruit industry
and for reducing fruit losses. A key process of this is fo reduce the amount of waste
that enters or passes through the product’s life cycle. Biological systems are
unpredictable, however there are mechanisms within a grower’s control to
influences efficiencies and minimise waste. There are numerous processes and
technologies available and this report has highlighted a few areas that could help
growers. Managing crop load is an area that can have substantial effect on
minimising waste. “Fruit thinning is one of the most important orchard husbandry
practices in apple production. It is a key determinant of orchard profitability”
(Wilton, 2008). Each step in the growing cycle is critical and directly or indirectly
influences processes and procedures downstream. SNAP canopies, with their simple
rules, increased light interception and compatibility with current and future
technologies, directly minimise waste, create efficiencies and allow for greater
mechanisation. The development of new tools to aid in fruit colouration not only
benefits older style plantings by enhancing colour but will also help optimise new
generations of planting styles, maximising fruit recovery in the field. Dry matter
concentration, the new quality metric, will help the industry to produce premium
fruit and make correct storage decisions resulting in less spoilage and a premium
repeatable eating experience. The ethylene blocking technology 1-MCP has been
one of the most significant advancements in storage technology; it has created
energy efficiencies, allowing fruit to be stored longer and last longer in the home
fruit bowl. The solution to minimising waste lies in “planning, investing, controlling and
partnering across the supply chain” (Harz-Pitre 2013). The pipfruit industry needs to
collaborate and create better transparency and technology transfer if it is to be

successful in minimising waste.
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