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Introduction

It is increasingly difficult for UK growers to make a profiom their apple crop.
Many factors contribute to this situation. It is clear thatftitare of the UK apple
industry is dependent on the production of fruit with the quality chkexiatcs

demanded by the consumer. Moreover, in the future, the industmyeeitl to respond
to inevitable changes in consumer requirements. The infamptovided in this part
of the Guide would help growers to provide UK consumers with fruihefhighest
possible quality over the longest period possible.

This part of the Guide is divided in to 15 sections each conceritiech\key area in
the attainment of quality fruit to the consumer. The orddghefsections reflects the
biology of the apple through its phases of development from eadi@h through to
maturity on the tree and finally to ripening and senescence chérajetake place
during and after storage. The factors that effect storage @tanti eating quality are
indicated for each phase of development. At any point, failure to desptpractice
can compromise the quality of fruit from store.

Sections 1-4 are concerned with the management of orchardsmangmer that
achieves high yields of large fruit without compromising eatindityuar storage

potential. It is particularly important to achieve the correrteral balance in the fruit
especially in Cox and Bramley and an accurate prediction of stquedi¢y that helps
implement a storage and marketing strategy. Picking atdfrect stage of maturity
for the intended market is probably the single most criticabfaaffecting quality to

the consumer.

Sections 5-7 are concerned with the physical harvesting of &ndstheir handling
prior to placement in the cold stores. Fruit quality can betthostigh bad picking and
handling practice and the wastage in stored fruit may be unaceepthble post-
harvest chemical treatments are not applied correctly.

Sections 7 and 8 deal with the critical requirement to maintarage conditions that
are most appropriate for each cultivar and for the duration cigaaequired. Stores
must be capable of achieving the holding temperature and controttexsEhere
conditions within the limits prescribed.

Strategies for improving quality of stored apples by reducindezibyproduction and
improving flavour are outlined in Sections 9 and 10.

Careful monitoring of the quality of each consignment of fruit in edcte needs to
be carried out regularly. This will ensure that fruit is o&ed from store before it
declines to the minimum quality required and before any developmeigartiers or
diseases reaches a commercially significant level. Mangaof fruit condition and
identification of the major storage disorders affecting UK appelee described in
sections 11 and 12 respectively.



The final sections (13-15) of this part of the Guide cover posage grading,
packing and distribution of fruit to the wholesaler or retailer.

Storage facilities and operation

The engineering aspects of storage are not covered in this Giidedetision to
exclude engineering was based mainly on the variability in stmstruction and in
ancillary and control equipment that exists in the UK. It wouldirbpossible to
suggest best practice for the maintenance and operation ofts@irgary so much in
age, construction, refrigeration plant, coolers, scrubbersuments and atmosphere
control systems. Moreover modern storage and ancillary equipragiitelcome more
complicated and generally requires appropriately trained seengineers to carry
out maintenance and rectify problems. For the purposes of this Gusglassumed
that the stores being used meet the requirements to cogdrivuiptly (see section 7)
and to maintain temperature and CA conditions accurately ésgors 8). Where
these requirements cannot be fulfilled the duration of storagst ime adjusted
accordingly or the storage facilities must be improved. In redognitf the range in
capabilities within the UK industry, particularly as redgmthe level of gas-tightness
of stores for CA, a range of possible CA conditions are providedewtepossible
(section 8).

Those stores in the UK that are used for the storage of eguge in capability from
very poor to good. Taken as a whole, for the national stociybé stores, the
average age is high and the average condition is medfwmtdé@ionally, the operation
of many of the stores is less than ideal, particularly aroceeming time, with the

result that fruit quality is compromised. In many instancendhrough lack of
appropriate training, the operators and often their managematdgppreciate the
significance to ultimate fruit quality of such mattesspae-cooling of stores, slow
loading, slow cooling, or deviation from the recommended storagetworsdior the
specific cultivars. Also, many of the rooms are used fdistorage when they are not
sufficiently gas-tight.

To compound further the difficulties of efficient store operattbe,cost of energy
was increased from 1 April 2001, by the introduction of the &#nChange Levy,
specifically designed to promote moves towards more enéfigiget practices and
equipment and thus offset the impact of global warming. In rognues this can be
expected to increase the energy bill for most commercialrahuirial businesses by
about 15%, with some sectors, including certain aspects of hortalytaduction

not finalised at the time of writing, being granted a reduate of levy for perhaps
five years. It has been estimated that for mosigefation installations of more than
a few years old - which will include most apple stores -tetgty consumption is
significantly higher than is strictly necessary. Oftedluctions in energy costs of
five to ten percent may be achieved with little or no capitdlay, rising to perhaps
20% or more for only modest investment. Professional advicetislyr essential to
determine how best to achieve these savings for eachytariiestallation; it should
be expected that the electricity savings resulting from mggetkie changes that are
suggested will very quickly recoup the cost of the professeeraices as well as any
capital expenditure.



In order that the best practice contained in the following 15 asectis put to
maximum effect in providing consistently high quality fruit frotare the stores must
operate efficiently. Growers must record diligently the perfoiweaof the store as
regards temperature pull-down, temperature variation withenstiore, control of
carbon dioxide and oxygen concentrations and weight (water) loss fruth Where
a store under-performs this should be discussed with an appropciatécs expert
to resolve the problem. This should be done as soon as the problenisdrshays
are recognised and remedial action taken prior to the next seakewise at this
time preventative maintenance schedules must be in plasepdtticularly important
that the question of gas-tightness of CA stores is not overloGesvers often have
maintenance contracts for their refrigeration plant, argill equipment and
instruments but may overlook the vital need to check gas-tightihéssmportant to
test stores scheduled for CA operation for gas-tightnesg sgason.

It is particularly important that operators of fruit storeseive adequate training in
the following aspects:

e Store construction

* Monitoring and controlling store conditions
* Refrigeration

» Scrubbing systems and gas generators

» Pre-season checking and maintenance

» Store loading and routine operation

It is also helpful for fruit store operators to have some knibgdeof fruit behaviour
so that they can associate store performance with theygoidiuit.
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Section 1. Optimising the pre-harvest management of orcharde maximise the
storage and eating quality of fruits.

As a priority orchard management practice should be geared tomardsium yields
of class 1 fruit. The influences of such practices on storagétyqueed to be
considered in order that appropriate marketing strategiesecpuatbnto place. Where
such practices adversely effect storage or eating quatitgdial measures need to be
taken where these are available.

The influence of pre-harvest factors on storage quality operateandy through
effects on yield, fruit size and vegetative growth.

Large fruit from lightly cropping trees do not generally stordl \dae to mineral
imbalance in the fruit and to a low calcium concentratioramigular.

Overcropping trees produce small fruit that lack red colour and ihauficient dry
matter for adequate texture although the fruit is unlikely to ldpvphysiological
disorders associated with low calcium.

Vigorous growth competes with the developing fruit for availahl&ients and water
and can often exacerbate problems due to low calcium.

Judgement of the correct level of cropping to achieve suffigiehd, fruit size and
visual quality without unduly compromising storage potential is pauam in
achieving profitable production and commercial success.

Hand thinning Cox trees to one fruit per cluster at 35-40 days faftdsloom has
improved the texture and eating quality of CA-stored fruit.

Chemical thinninggee Part 1 of the Guijlat the appropriate stage followed by hand
thinning as necessary is the best practice to achieve tieddiesel of crop.

Adequate thinning will help to ensure that harvest isn't delayechdeye optimum
period for storage in an attempt to improve size and rexlicol

The lighter the crop the greater the requirement for supplemgecdilcium nutrition
of the fruit by the use of calcium sprays (see section 2), awsest calcium
treatments (see section 7) and of pre-harvest mineral @natygredict storage
potential (see section 3).

Avoid hard pruning in the winter and use 'Cultar' as a means ofotmgrshoot
growth in the spring and summer months. Effects of 'Cultatherstorage quality of
Cox and Bramley apples have generally been positive.

Late summer pruning reduces susceptibility of stored fruit t@rbfitt and other
calcium deficiency disorders and improves red colour and theaeyfiof calcium
spraying in the orchard.

Herbicide-based soil management may reduce phosphorus uptake irds &al/
fruits and increase susceptibility of fruit to low temperatloreakdown during



storage. Apply phosphorus sprays (see section 2) in Cox and Bramihayds where
phosphorus levels in the fruit are consistently low.

Ensure sufficient weed-free areas in Bramley orchardsedoce the competitive
effects of grass on nitrogen uptake. Intense competition vdiiae yield and fruit
size and will promote red colour and reduce the intensity of gregnneshe
background colour. Reductions in fruit phosphorus and calcium due to incerased
of bare soil and nitrogen application should be countered by the use afdosphays
containing phosphorus and calcium respectively.

Growth regulators applied to reduce shoot growth (‘Cultar’) or impskive finish
('Regulex’) do not appear to cause adverse effects on storagg. qnahany cases
single or multiple applications of 'Cultar' have improved tleasfe quality of Cox
and Bramley apples.

Thinning sprays may indirectly increase susceptibility of apiaeslcium deficiency
disorders such as bitter pit and senescent breakdown by incréagirgize and the
leaf to fruit ratio. The priority should be the achievementhefdorrect level of crop
for profitable production but awareness of the effects of thinning omitheral status
of the fruit is essential for planning storage and marketinggseton 3). Safeguard
storage potential by routine application of calcium sprays angcatonarvest date.
Fruit on lightly cropping trees tend to be ready to harvest edHlen those on
carrying heavier crops.

Currently no growth regulators are available in the UK taiigally improve storage
quality of apples. This situation may change in the future wighue of products
such as 'ReTafthat is applied as an orchard spray to retard fruit matuitiend
picking period for storage and delay the rate of ripening and senescefrwit in
store. Early results on Cox apples have been particulaciyueaging.



Section 2. Modifying tree nutrition for optimal storage qualty.

Lime and fertilizer recommendations for apples are intended nsure that
availability and uptake of mineral nutrients do not limit growth emgbping. Soil and
leaf analyses are used to determine general fertilizerrezgeints and to identify
mineral deficiencies. However, it cannot be assumed thatreemusupply that is
satisfactory for tree growth and cropping necessarily producésiithia satisfactory
storage potential and eating quality. In many cases the algilabspecific minerals
needs to be restricted or supplemented in order to improve storagatargquality.
Growers are advised to analyse soils, leaves and fruitsreguéar basis in order to
understand the full effect of their use of lime and fedizin specific orchards.
These different types of analyses are necessary, as loéteni$ a lack of association
between fertilizer application and nutrient uptake or a poor cooeldietween
nutrient levels in leaves and fruits. There are many faadther than fertilizer
application that affects the levels of nutrients in the Isare fruits. Soil type, water
availability, rootstock, pruning and cropping are some of the nmopertant factors
that influence uptake and partitioning of mineral nutrients withe tree.

Practices that combine adequate cropping with good storage plotentia

* In Cox orchards apply sufficient nitrogen fertiliser to achiemeaaimumnitrogen
concentration of 2.6% (dry weight) in leaves and 70 mg 1q@gsh weight) in
fruit at harvest.

* In Bramley orchards apply sufficient nitrogen fertiliser thiave a_minimum
nitrogen concentration of 2.6% (dry weight) in leaves and a mawimtrogen
concentration 60 mg 100gfresh weight) in fruit at harvest.

 [Economise on the use of nitrogen fertilizer by minimising grasseéd
competition for water and nitrogen.

* Supplement phosphorus nutrition in orchards where there is a histotgsbf f
breakdown in stored fruit and where low phosphorus is implicated in thesprobl
Proprietary products are available for this purpose. These intSetgphos' that
has proved particularly effective in raising phosphorus levels esiacing low
temperature breakdown in Cox and Bramley apples.

* In Cox orchards achieve a minimum phosphorus concentration of 0.24% (dry
weight) in leaves and raise leaf phosphorus concentrations in Bramlthe
higher end of the suggested range (0.18-0.23%).

* Apply phosphorus sprays in mid-June to mid-July to reduce suscepiibifityits
to breakdown in store. This is particularly important for Bram¥gre a third of
orchards achieve fruit phosphorus levels below the recommendebdaidres 9
mg 100g" (fresh weight).

* Potassium supply in orchards should be sufficient for adequate growith a
cropping but major adverse effects occur during storage in frtfit eicessive
potassium.



Potassium deficiency may be corrected by applying 3 sprays aisgiom
sulphate at 14-day intervals from petal fall. In Gala and Jiddag may be
appropriate to apply potassium nitrate if nitrogen levels are low

The application of calcium sprays should be regarded as routine oBoxey,
Egremont Russet and Spartan. The effectiveness of the programould be
judged against mineral composition standards for good storageyqualit

Calcium chloride is the preferred salt for most cultiiarsghe control of bitter pit
and related disorders. A minimum programme would apply 72 kg héctdre
78% flaked grade calcium chloride per season.

In Egremont Russet 110 kg hectaref calcium nitrate prills (79% calcium
nitrate) is preferred in order to avoid leaf scorch assatmaith the use of the
chloride form.

In Cox the nitrate form of calcium is preferred as fruit firsgés likely to be
retained more effectively than with the use of the chloride f@are is required
in its application to avoid any lenticel injury to the fruit.

To derive maximum effect from calcium sprays apply thedoibunt of material

per season regardless of water voliand apply from June to as near harvest as is
practicable. Minimise leaf scorch from calcium chloride by Wp@ in cool
temperatures (<2C) or by reduced spray concentration. Where spray rates are
reduced increase the frequency of spraying. It may not be aegdssbe as
cautious about spraying in high temperatures when applying calciunidehior
water volumes of 100 litres per hectare or less.

Proprietary products such as 'wuxal type 2' and 'calcium metlldsate given
improved results over standard flake calcium chloride when apgiieduivalent
rates of calcium per hectare. Other proprietary calcium ptedmay provide
similar improvements in efficacy but evidence should be providedisoetfect
before these are used in preference to calcium chloride @umahitrate) and
particularly where lower rates of calcium per hectaeeaalvised.

Supplement magnesium nutrition where leaf analysis indicates smabjgvels
or where there are visible symptoms of deficiency. Low magnesi fruits may
induce flesh breakdown in stored fruit whilst excessive levels asere
susceptibility to bitter pit and related disorders.

Two to five applications of magnesium sulphate (20 kg 100€il) applied at 14
day intervals provides a more rapid control of magnesium dedigi¢han soil

applied forms of magnesium. It is important to offset anyeiased bitter pit
potential from the magnesium sprays by subsequently applying a failirna
spray programme. Other proprietary products are availablectifyrdeficiencies

of magnesium. Growers should consider the most appropriate madedal
method of application for their particular orchards in consultatiothn wheir

advisers and spray representatives.



Although boron deficiency can cause serious corking problems in appeis thi
rare in the UK. There are adverse effects on storagetyjtiadit result from an
over supply of boron. Analysis of soils, leaves and fruits should bedaut
when boron deficiency is suspected.

Boron deficiency can be rectified by soil application of matesalsh as borax
(20 kg h&') or Solubor (10 kg h8 in the spring or by 3 sprays of Solubor (2 kg
1000 I* ha'), with an appropriate wetter, starting at petal fall aqebaged at 2-3
week intervals. Other proprietary products are availablediifyeleficiencies of
boron. Growers should consider the most appropriate material armbdnet
application for their particular orchards in consultation withrtlaelvisers and
spray representatives.



Section 3. Predicting storage potential of apples using fiumineral analysis.

* Make an assessment of the storage potential of Cox and Brappéss from all
orchards intended for storage by the use of mineral analysis.

» Sample fruit from Cox and Bramley orchards at harvest or up tceRsyearior to
harvest and compare results with recommended standards fdes Tand 2).

« Samples taken at random in the orchard from at least 20 tneadfy/usy following
a zig-zag path and taking one apple at random from alterna@® siduccessive
trees. Place the 20 apples in a clean polythene bag and leasy ¢b indicate
cultivar, orchard, farm and sampling date. If areas of tlwhasd have been
managed differently, for example as regards soil or treeageament or there are
areas differing in terms of growth and cropping then these shouldrbplex
separately. It may be necessary to segregate sectidres afchard at picking time
and to allocate the fruit to different stores based ointtieated storage potential.

» Samples (20-fruit per orchard) at harvest can be taken gifemth the bins prior
to loading into store. The sampling method should be similar to thextiokss for
taking samples for monitoring quality during the storage periea ¢ection 11).

« Additionally samples of fruit should be taken early in the seasgnearly-mid
July to predict the likely achievement of the desired minemhposition at
harvest and the need for the application of nutrient spraysdease the
concentration of important elements such as phosphorus and calcium.

* ltis also possible to make a preliminary prediction of stothgerders based on
fruitlet analysis and on the fruit size that is predicted atds. Further sampling
for analysis is required at or just prior to harvest to cheak $ize (mean fruit
weight) and any categorisation of storage potential madesearlithe season.
Advice is normally available from those providing the analyti®arvice for
fruitlets. It is not possible to draw up definitive analysiandards for fruitlets
similar to those provided for fruit sampled at or just prior tavésir (Tables 1 and
2).

Table 1. Harvest mineral composition standards for Cox's OrRig@n apples
grown in the UK.

N | P | K | Ca | Mg | K/Ca
mg per 100 g fresh weight
50-70 | 11min | 130-160 | 55,45 | 5 | 30! 35 max

& - maximum of 150 mg per 100 g for storage in 1-1.2% oxygentlarJanuary

b _ minimum for storage in 2% oxygen (<1% carbon dioxide)

¢ - minimum for storage in air until the middle of October antlZ8% oxygen later
than January

4 ©_ maximum for storage in air and CA respectively. Comraéiycisignificant
losses from bitter pit and late storage corking are likelgrger K/Ca ratios



Table 2. Harvest mineral composition standards for Bram&seslling apples grown
in the UK.

N | P | K | Ca | Mg
mg per 100 g fresh weight
60 max | 9min | 105-115 | 5458 | 5

& - minimum for storage in ventilated CA conditions of 8-10% ,CQalcium

requirement is likely to be lower for fruit stored in scrubbed doygen conditions of
6% CQ + 2%Q, and particularly in 5% CO+ 1%G0, although no definitive level
has been set. In the interim a minimum level of 4 mg ofiwal per 100 g is
suggested.

b _ minimum for storage in air until November.



Section 4. Predicting and choosing optimal harvesting dates forfresh
consumption, short and long term storage of commercial appleuttivars and
their clones

Correct harvest date is crucial in ensuring that the qualitgpples reaching the
consumers is optimal and that consignments meet the qualgyiaiihat are set by
multiple retailers and the wholesale market. For each cultivartime of fruit

maturation on the tree varies from orchard to orchard and frosorsda season.
Consequently decisions on harvesting cannot be made based on an arbiénadar

date.

Growers need to equip themselves with a penetrometer tiéefitmness of the fruit
and a quantity of a solution containing 1% iodine and 4% potassium iodidder to
perform starch tests (see below for advice on preparationjnddet firmness and
presence of starch in the weeks prior to the expected hataésstis essential in
allowing the grower to draw up a harvesting schedule and makes&bf harvesting
'‘window'. This will help to ensure that the fruit from eachhard is at the correct
stage of maturity to enable the grower to implement his omiagketing plans.

Growers will need to be aware of information received fromQbality Fruit Group

maturity programme and of long-range predictions issued eanli¢he growing

season. But, the final decision on when to harvest must be lmesedaturity

measurements made on fruit from each orchard prior to pickirginipiortant that all
quality characteristics of the fruit in each orchard are censtlin order to achieve
maximum profitability. The fruit must be sufficiently largend well coloured to
satisfy market demands. However the consequences of delayezbsthmnachieve
higher grade-out of class 1 fruit must be realised fully and rie stored for an

appropriate period under suitable storage conditions (see section 8).

Picking date criteria

Cox's Orange Pippin and clones for medium (December/January) to long-term
(February/March) storage

» Picking dates of Cox for storage should be guided mainly by firmnetbe dfuit
at the point of harvest. To achieve 6 kg firmness in fruitestan CA (1.2% @
(<1% CQ) at 3.8C until January or March the minimum firmness at harvest
should be 8.2 and 8.7 respectively.

» Growers should not rely entirely on fruit firmness especiallyears when the
change in firmness is too gradual to provide a clear indicafievhen to pick. In
this situation the change in starch pattern should also be usedodong-term
storage should be picked when the percentage of the cut sstdiamed blue/black
is between 80-90% and no lower than 70%.

* When starch levels remain high then firmness can be uséédcide when to
harvest. However, where firmness remains high but starcindedo 90-80%
then picking should commence and be completed by the time that dealates
to 70%.



Cox's Orange Pippin and clones for immediate sale or short-term
(October/November) storage

» Cox apples with an average starch iodine staining pattern ahkess0% (black)
have a higher potential eating quality but are only suitableHort $0 medium
term CA storage (Table 3). They should remain in an acceptabtétion for up
to 3 months in CA (1.2% 0<1% CQ) storage at 3.

* In many cases particular producer or marketing groups have developedwhre
maturity 'standards’ in order to supply their retail customtsfruit of a higher
sensory quality for a limited period.

Table 3. Harvest maturity parameters issued by the Qualiity &roup for Cox
apples intended for immediate sale and for CA storage foreliff@eriods. (N.B. Air
storage of Cox apples should be terminated by mid-Octobergcgernss)).

Marketing periods Minimum values at harvest

Firmness (kg) Starch
Penetrometer fitted with an (% cut surface stained black)
11 mm probe

Feb/March 8.6 75
Jan/Feb 8.2 70
December 8.0 60
Mid November 7.7 60
Mid October 7.5 50
Immediate 6.5 <50

Bramley's Seedling for long-term storage
* No harvest maturity standards are available.

» Earlier harvesting of Bramley is encouraged to avoid fruit b&wgroo large if
left on the tree. However, there is an increased risk ofl stad the development
of bitter pit will be increased in low-calcium fruit. Lapgcking increases fruit
softening and yellowing and the development of greasiness and fle&ildwea
in stored fruit. Bruise susceptibility increases as pickirdglayed.

* From general experience fruits picked after the middle ofcfdmr are less
likely to provide premium quality after prolonged CA storage.

Gala and clones for air and CA storage

e Fruit should be picked when the starch coverage is 50-90% (%) béancl
firmness is in excess of 7 kg

« Termination dates for storage in air and different CA conditionsidt@uadhered
to strictly



Meridian for CA storage

» Preliminary advice is to harvest fruit for storage when ttmerfess of the fruit is
7.1-7.6 kg

Details on the Starch-lodine staining test

A solution comprising 1% iodine and 4% potassium iodide is requiredallL
chemist's shops should be able to prepare this. Alternatix@lyegs can prepare their
own solution by weighing out 1g of iodine and 4g of potassium iodide and adding to
litre of water. For smaller or larger quantities of solutidjust the proportions of the
chemicals and water proportionately. The potassium iodide should be tadttes
water first followed by the iodine (iodine is insoluble in waten)l the mixture should
be agitated thoroughly before use. Precautions are necessaryham@ing these
chemicals. lodine is harmful by inhalation and in contact with skid potassium
iodide may cause sensitization by inhalation and skin contact amdasng to eyes
and skin and may cause harm to the unborn child. It is advisableao suitable
protective clothing, gloves and eye/face protection. In theafeee accident or if you
feel unwell, seek medical advice immediately and in the ohs®ntact with eyes,
rinse immediately with plenty of water and seek medical adVibe solution should
be applied to a freshly cut surface. Although the pattern of stam&ygbe apparent
soon after application it is preferable to leave the stainettbas for up to an hour in
order to obtain a more reliable assessment.



Section 5. Optimising the harvesting and handling of fruitsn the orchard

Only select and place in the bin Class 1 fruits, pickeslich a way as to avoid
damage. “Apples bruise more easily than eggs break”

Specification requirement.

In order to maximise the financial return it is importastt thickers pick fruit that has
the potential to meet the final pack specification. Ev&i®0% of the fruit selected by
the picker meets this specification, the handling of the firmin tree to final packed
unit can reduce that percentage dramatically. Thereftg&vital that selection by the
picker equals as near as possible the customer specificadgjoinement

To meet this objective it is important to:

(1) Identify the potential customer, be it multiple retailer, whaleisor processor.

(2) Identify the criteria within each customer specification.

(3) Assess the potential grade-out of the crop within an orchaidsiglanned
customer specification.

(4) Evaluate the potential financial return, taking into considarahe handling,
storage, packing and marketing costs.

(5) Decide which customer the fruit is targeted at.

Fruit that has no chance of achieving a positive financial tarn should be
removed in advance of harvest. To achieve the optimum qualignd volume
performance from each picker, the picker should only havewo decisions to
make i.e. (A) Is it the correct size (B) Has it got # right colour.

Planning.

Identify factors that will enable efficient harvesting andhandling to take place.

(1) Estimate the yield within the orchard.

(2) Calculate the number of bins required

(3) Ensure all bins have been checked and are fit for purpose.

(4) Ensure there is as near as possible a smooth surfacef fretholes and ruts for
pickers bulk bins and tractors.

(5) Ensure all equipment such as tractors, pallet loadersysraidasporters have
been serviced prior to harvest.

(6) Check picking buckets are in good order and free of dust, diroangth surfaces.

(7) Estimate the potential of each picker and ensure enough resbaxeekeen
allocated for the job.



Training of Pickers and Supervisors.

Ensure pickers and supervisors have been trained. Wherepsible this should be
done in advance of the first day of picking.

(1) Organise training courses for supervisors with a qualifisttuctor. The greatest
influence on reduction of bruising will be gained by effezupervision.

(2) Organise where possible training courses for pickers in advétice day of
picking. Ideally gather the pickers together for a 2-hour mgisession. It is
important that pickers understand where the apples theyckiag will end up
and a simple process flow example of the passage ofrouit the orchard to the
supermarket shelf will help to indicate the importance of thations.

Key factors in the training course are:

Health and safety.

Hygiene.

Proper use of the picking bucket.

What to pick.

Simple instruction on size evaluation.

Correct methods of picking - how to handle fruit without bruising it.

Correct approach to picking branches and trees.

Correct procedure for emptying the bucket into the bin withauging damage to
the fruit.

Correct use of ladders or steps (where necessary).

NGO A~LONE
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Bin Placement.

During harvesting bins should be placed in a way that enses that their
subsequent movement is minimised and allows them to becked up by the
tractor/pallet loader without damage to the bin or fruit, while allowing the
pickers easy access, without unnecessary walking with alfpicking bucket.
FAST surveys have linked the extent of bruising to the nuber of bin
movements. The following points should be considered:

(1) Use the knowledge gained from crop estimates to ensure tleetcoumber of
bins is available.

(2) When placing the bins in the orchard ensure the position of eachdptimised,
in particular that the runners do not drop into any ruts makimgyval by pallet
transporter difficult.

(3) Where growers have large enough orchards with intensive singleystems, it
can be more cost and quality efficient to use bins mounted osdewially
designed trailers, drawn between the rows by mini tractatswéth small groups
of pickers picking directly into the bins.

(4) Very large orchards with bed systems can be more effigipicked using a self-
propelled picking truck with transfer belts positioned withimsel reach of each
picker.



Equipment.

Choose suitable equipment that matches the scale of tbperation.

(1) Picking buckets should be selected and adjusted to meet thslicapa pickers.

(2) Tractors should be able to access the rows without causinggddmthe trees or
fruit.

(3) Pallet forks should be of the type that allows easy accesemayal from
beneath the bulk bin.

Superyvision of pickers.

Supervision of pickers is critical if damage to fruit duting picking is to be
minimised.

(1) Pickers should be organised into groups of 10 to ensure pickepsogerly
supervised. It is important that pickers should not be left withopérvision for
long periods.

(2) Supervisors should be capable of controlling the pickers with atythiout should
be accessible and able to give advice while maintainsyect from the pickers.

(3) Supervisors should brief their group at the start of each dag, won as
practicable to remind them of any key points found during the que\day’s
picking.

(4) To control pickers efficiently supervisors should have acceggdtlity control
(QC) assessments carried out at the packhouse / storageaertich pickers
fruit.

Safety, health and hygiene.

Before starting work all pickers should as part of their irduction, be made fully
aware of safety, health and hygiene requirements necessdaoymeet HSE and
Food Safety Regulations.

(1) Any features of the site operation that could affect thkegwior any other person
present should be made known to the picker as part of theimmuct

(2) The location of toilets and hand washing facilities must earty indicated to the
picker.

(3) The location and name of the first aid person must be glaaalilable to the
picker.

(4) A hygiene notice embodying all the key legal health, hygaerksafety
requirements must be handed to each picker, this should beinedstood
(translation provided where required) signed by the picker ancheetdo the
management and filed against a register of pickers names.

(5) Signs indicating the site safety, health and hygiene regeints should be clearly
displayed where pickers will be aware of the requirdmen



Quality control in the Orchard.

A systematic approach to quality control (QC) in the orchard bould be
exercised, monitoring the performance of each picker agaihthe required
standard.

(1) Periodic assessment of fruit picked by each picker shoutdptialce during the
working day. Samples should be taken directly from the binkhi®purpose.

(2) An independent QC check on each picker's fruit should be made Itheirgl
morning when any bruising not evident on the day of picking will betiiible.
Some bruises may not appear until 12 hours after picking. If(&siiis likely)
leaves the site for a central storage site, supenssangld remove a minimum of
50 apples from each picker's bins and carry out an assestménitowing
morning.

(3) Information from the next day QC check should be recorded asgkgd back to
the orchard supervisor, where an independent QC carries this out.

Bin labelling for traceability.

Traceability is critical, and it starts in the orchard. Clear identification of critical
information must be secured to the bin before it leaves horchard.

(1) Critical identification information, which must be trackafsom when the bin
leaves the orchard, ggower, orchard, cultivar, pick date, and picker.
(2) There are various systems used by growers to identify bins:

* A label containing the above information. This is ideally @8 pystem,
allowing one part to be affixed to the bin, one part to eléd to the picker
(which acts as a receipt to guarantee payment) and the thiro pe handed
to the office for accounting and payment purposes.

* An identity label with a unique lot reference number thatifgorted by a
reference document containing the essential information.

» The FAST 'Applause’ system that generates a label amberfor the bin
and holds all critical information in a hand-held PC.

* A bar code system holding the critical information, e.g.Rinekwise' system
that allows the details to be read at any time duringttrage and packing
process.

The future will almost certainly involve tag systems that wi not only hold the
critical information, but will allow easy access to this iformation when lorries,
or fork trucks transfer bins within the transport and storage process.



6. Transport of fruit from the orchard to the pack-house/ storage complex

Once harvested place fruit in the shade as soon as possitnle tsansporting to the
storage complex in a manner that avoids deterioration or dam#ge fruit and is
cost effective.

Planning

Identify the key factors that will influence the effiagent movement of bins from
orchard to the storage complex.

* Assess the potential number of bins that will be picked ih eaxcking day.

» ldentify the distance from orchard to storage complex.

* Itis important that fruit is moved from the orchard without gétaavoid
detrimental effect on storage/shelf life.

» Identify equipment that is available to make this proces®refficient.

Distances and location

Identify the distances from each orchard to the storage comgx.

» Categorise the orchards into distance groups.
* Up to % mile (400 metres)

* Between % mile and % mile ( 400-800 metres)
» Greater than %2 mile ( 800 metres )

Roads and access

Assess the suitability of roads and access to orchards.

« Can hard roadways, either concrete or tarmac be uftlised

* What is the surface of internal pathways around orchards on Whithill be
transported?

» |s there suitable access for bin transporters or lorries?

» Is there hard standing for a collection point for loading loPries

* Lorries need an area of at least 48 feet x 60 feet (1BOm)

Equipment

Identify the right equipment for your situation. It will differ from farm to farm.

« If all the orchards (or over 80%) on the farm are within Y& mflthe pack-house /
storage complex, the suggested system is a tractor-mowateend forklift
capable of carrying two bins of fruit (approx. 1500 Ibs or 680 kg).

* Where at least half the orchards are between % and £400e800 metres) from
the pack-house / storage complex, a front end carrier and enckéorkilift fitted
to the tractor may be used. This would enable three binaibfdrbe carried (2 at
the rear and 1 in the front with a load of approx. 2250 Ibs ok§y3However,
this system can create excessive wear on axles andggresry few growers use



it. An alternative is to use a system that involvesetdar-mounted forklift and a
trailer capable of carrying up to eight bins.

* Where the system described above is used, the fruit wildlreed to the headland
by a tractor with pallet / bin carrier and placed in liregractor with forklift
attachment then stacks the bins into two’s or three’s readgddirig onto trailers
or lorries.

» If all the orchards are greater than % mile (800 mefres) the pack-house /
storage complex transport systems become more complex. Iniatioss, it is
more convenient to transport the fruit on purpose built bin / gadlesporters or
lorries.

Increase in fruit temperature once picked

It is important to avoid the build up of temperature in the bins once fruit has
been picked.

» Ensure fruit does not stay in the orchard for longer than abSoh#cessary.
» Covering bins with insulated and / or reflective white binezewvill give
measurable benefits on early varieties, particularly Disgov

Shaded area for holding fruit once picked.

Placing bins in a shaded area will alleviate temperature bld up.

» Placing bins in the shade will help to reduce temperatutd-bpiin the bins.

» Temperatures can rise by several degrees in the cenbre loint

* The adverse effects of the temperature increase on stifeagen be significant.

Fruit transferred to store within two hours of picking

The affect on storage life is dramatic if field heat is notemoved quickly.

» Temperature build up will effect storage duration.

» Effects of temperature on quality changes in apples areiloledin section 15 of
the Guide.

Loading tractor / lorry

Safety measures must be observed during loading to avoid risks operators.

* When transporting fruit by tractor-mounted carriers, forkliftsilers or
transporters safe working rules and practices must be observed.

» Ignoring these rules could lead to injury or death to theabpeor other people
working nearby.

* Always make sure that tractors and other equipment is inngafeng order
before use (forks, chains, hydraulic hoses and couplings etc.).

» Operators should fully understand what each control is for.

» Controls should be clearly marked to avoid misunderstanding oremisus



« All safety equipment required for legal compliance should ligace and fit for
purpose e.g. guards etc.

* Maximum carrying capacity should not be exceeded.

» Always drive carefully, bearing in mind the load beingrieal, ground conditions
and the state of any roads.

* Do not stop or start suddenly or corner at speed.

» When carrying bins or pallets of boxes ensure vision is not reghai

* When reversing with loaded trailers or transporters, ensere #re no obstacles
or people in the way before moving off.

» Take extra care in orchards where fruit is being picked.

« Slow down when leaving orchards or when joining roadways, your visanbe
restricted.

* Look out for overhead obstructions.

* When the tractor is travelling unloaded, ensure forks ateeisdfe “transport”
position or kept at 8 inches (20cms) above the ground.

» Carry bins/pallets as near to the ground as possible on tcact@rs. Forks
should be tilted slightly so that bins or boxes are carriethsige lift frame. Do
not move a load that is higher than the backrest of the forklift.

» Do not carry extra people on tractors or trailers.

Shared transport to storage facility

Considerable benefits, in quality and cost efficiency canebgained from
cooperation with others in transportation to a central storage faility.

* Sharing transport with a neighbour may enable fruit to be moveklguic
reducing unnecessary delays in the transfer from orchatdre s
e Savings in cost as well as quality benefits can be gained

Correct lorries with air cushion suspension

To avoid unnecessary bruising in transit lorries with aircushion suspension
should be used wherever possible.

* When fruit is transferred by any system, it is at riskrfroruise/damage.

» Transferring fruit on a lorry can contribute towards unnecgssaising if best
practice is not observed.

* Whenever possible use lorries with air cushion suspensiom;arly for longer
distances. Generally today most haulage firms will opdoaties with air cushion
suspension. But some smaller operators may still havedawnith conventional
spring suspension. This may be perfectly satisfactory for distances, if driven
carefully, but should not be used for longer journeys.

Production areas and dedicated storage facilities

The location of storage facilities in relation to the prodution area can have a
significant influence on long-term potential.



The optimum location for a store would be close enough to the dectmallow
all fruit to be inside within 2 hours of being harvested.

In most cases this may not be practical, and in ordeiligeutigh specification
storage longer distances may be required to access optimugestora

In order to ensure fruit has sufficient shelf life whengtwge is opened, it will be
necessary to balance the factors involved.

If high specification storage is available, with rapid pemature pull down
capabilities, and the facility to achieve CA conditions Miitlshing, but 4 hours
distant, it will still be better than storage close atchaith poor pull down and
slow establishment of CA conditions.

Transport to central storage facility

A co-ordinated approach to transport arrangements to central staage facilities
is vital if the benefits in fruit quality from the correct growing and harvesting of
fruits are to be maintained.

Where fruit is destined for a central storage complex, doyation of transport is
vital.

Transport arrangements should be part of central site planningirgngickups
are planned and at regular intervals to avoid unnecessamy-bettks occurring.
The optimum should be to remove fruit from the orchard and debwviie storage
complex within 2 hours i.e. three pick-ups a day.



Section 7. Post-harvest chemical treatment and cooling of agd

Only treat fruit post harvest with a chemical where aigant risk of fruit losses has
been identified. Place in a store where the fabric, incguthe floor has been cooled
down to below the final holding temperature. The following advicrikl be adhered
in order to restrict the use of chemicals where possitdd@ensure the most
efficacious treatment of consignments of fruit where thigentkd to be necessary.

Avoid the unnecessary application of post harvest chemicaineas by
estimating the risk of diseases or disorders developing imuhealfiring storage.
This is particularly important where application of fungicidebeing
contemplated.

Assess risk of storage rotse¢ Guide Band decide on the most appropriate
treatment. When drenching or dipping Cox apples in carbendaziimalishe
label rate.

To prevent scald development in Bramley apples apply fulgtine(2000 ppm)
diphenylamine (DPA) where fruit is to be stored in ventila conditions (8-

10% CQ) beyond November. Fruit stored in scrubbed, low-oxygen stores at 5%
CO; + 1%Q (5/1) need not be treated where fruit is to be marketedebgnd of
March. Fruit stored in 5/1 for longer periods should be treattdhalf strength

DPA solution. For untreated fruit stored in 5/1 it is impott® establish CA
conditions slowly to avoid COnjury (see section 8).

Assess the requirement for post harvest calcium applicatitaking samples of
fruit for mineral analysis 2 weeks prior to harvest (setige 3). Where calcium
levels are lower than those recommended calcium treatsadvisable. Do not
exceed the suggested dose for any calcium product as danthgeskin may
result. Only treat cultivars that are listed on the prochlm|b.

Growers should be aware of the legal requirements regaopergtives involved
in the drenching or dipping of fruit with chemicals.

All contractors or staff who were born after 31.12.1964 who applycppkss must
have attended and passed a National Proficiency Test CONRJIC) recognised
course in The Safe Use and Handling of Pesticides PA1, tgeith courses for
the relevant piece of machinery, PA10 for drenchers.

Those who are operating under the so-called ‘grandfather righits'egd to
produce a certificate of attendance at a recognised i’TECNiaining course both
in the Safe Use of Pesticides and The Post-Harvest ajimticd pesticides.

The following procedures should be adopted for calibration:

Measure volume of tank.
For square tanks calculate volume = height x length x width
For round tanks calculate volume = radius x radius x height x 3.142



* For measurements in metres multiply volume (cubic metre$pPb9 to provide
volume in litres

» For measurements in feet multiply volume (cubic feet) by @&3sovide volume
in gallons

» Measuring jugs and scales should be specific for the job d@ndsed for any
other purpose

The following procedures should be adopted for operation:

* Mark the tank to show the operating level (full).

* Add clean water until the tank is approximately three-quartdrs ful

* Use a clear area to weigh or dispense chemicals

» List chemicals and quantities used in each tank mix

» Dilute the concentrate in the ratio of 1 part chemic# parts water. Always
cream wettable powders in water before adding to the tank

* Add to the tank and fill to the mark. Mix for at least 1(huates

» Label tank clearly with contents

» Treat fruit for 60 seconds maximum

«  Fruit should not be treated abové@Dr below 18C (optimum 16C)

* Top up using solution diluted to the correct concentration

» Change solution every 2 or 3 days or when excessively dirty

» Record clearly details of any post harvest treatments.shiigld clearly identify
each consignment of fruit, the date it was treated, théyst and rate used and
the justification for treatment and the first permissible gate.

» Dispose of the used (dilute) solution on an area of land aséfubior the purpose
by the Environment Agency, via a licensed waste disposal congpdnyythe use
of equipment designed specifically to treat waste pestcid

» After chemical treatment allow the fruit to drain befai@cking into a store that
has been cooled thoroughly prior to loading. Stores with insulatesfshould be
pre-cooled for 5 days and those with un-insulated floors for 10 &agsire that
the refrigeration plant is switched off during loading. Useepavailable stores
for pre-cooling fruit prior to loading. Ensure that fruit reactmesfinal holding
temperature within 5 days of the start of loading.



Section 8. Optimal storage conditions

Ensure that the most appropriate conditions are used for tioel pérstorage that is
anticipated. Termination dates that are recommended should baéeaogly since the
quality of consignments in store is likely to vary from orchareérchard and from
season to season. Optimal quality can only be achieved by enairogpnsignments
have adequate storage potential with respect to mineral coropositd maturity at
harvest (see sections 3 and 4). Careful monitoring of fruit condti@ughout the
storage period is required to ensure that quality retentionlise with expectations
(see section 11). Those responsible for the storage of fruit shofultheware of the
notes that are included in the recommendations issued by HRI tiase may be
vital in achieving a successful outcome.

It is difficult to set precise termination dates for therage of any cultivar, as there
are so many variables involved. Provided the fruit has adestoaigge potential, the
termination dates that are advised should result in qualityuct. It is essential that:

» Stores are loaded in 2-3 days and the operating temperatarashieved within 5
days of the start of loading

* The delay between picking and the start of cooling does notedeleours

» Final CA conditions are achieved within 14 days of the sfddading unless
indicated otherwise

» Independent checks of store €40d Q levels should be made regularly using
portable analyseend drawing atmosphere sample direct from the store

Table 4. Cox's Orange Pippin and clones

Controlled atmosphere (CA)

No scrubber Using a scrubber
Temperature % | Terminate % CQ | % O, | Terminate Notes
COo,
°C °F
3.5-4.0| 38-39 5 Early Ded 5 3 |LateJan |*°

<1 2 |LateFeb |3
<1 1.2 | Late March | #>57
<1 1 | Early April |>& 78910

Air storage of Cox at 3-3°& (37-38F) should be terminated by the middle of
October

Notes:

1. Ensure that the recommended £€vel is not exceeded by more than 0.5%

2. There is a risk of core flush in 5% @@egimes, particularly after cool growing
seasons

3. Ensure that @level does not fall below 1.7% when controlling manually at 2%
O, aim to keep a mean of 2%

4. For operation at 1.2% fuse automatic equipment to contral Within the range
1.1-1.3%

5. Operate store at 2%,@or at least one week before lowering to 1.2%00below



6. Restrict storage in 1-1.2%,@ Cox of good storage potential (see section 3). In
particular store only those fruit with calcium levels above § H00g' and
potassium levels below 150 mg 100d\void late picking (see section 4).

7. After cool summers maintain minimum fruit temperature % 439F) to reduce
risk of low temperature breakdown

8. For operation at 1% £use automatic equipment to contrgl Within the range
0.9-1.1%

9. Use 1% Qfor Cox stored beyond March in years when texture is suspect

10. Make regular weekly checks for traces of alcohol for first 4kgeand thereafter
at monthly intervals

Table 5. Bramley’s Seedling

Controlled atmosphere (CA)

No scrubber Using a scrubber

Temperature % CO| Terminate| % CO® | % O, | Terminate | Notes

OC OF

40-45| 39-40] 810 June 6 | 2 |June L2335
5 1 | July 2467

Air storage of Bramley at 3-36 (37-38F) should be terminated by November
Notes:

1. Use post-harvest chemical treatment to control superficatl. Where fruit is to
be stored short-term without DPA treatment then establishofi€@ conditions
should be delayed (see 7 below) in order to avoid possibjeni@y

2. Slight risk of low temperature breakdown in fruit stored beyond, Magecially if
late-picked or fruit phosphorus is below 9 mg 160see section 3)

3. Use scrubbed storage for Bramley to improve control of bitter pi

4. Ensure that the recommended Q€vel is not exceeded by more than 0.5%

5. Ensure that @level does not fall below 1.7% when controlling manually at 2%
O, aim to keep a mean of 2%

6. Use diphenylamine (DPA) post-harvest to prevent possible anjsieffects of this
CA regime. Alternatively, for fruit not treated with DP@elay the sealing of the
store by 10 days from the completion of loading. Where nitrogeshifig is used
to achieve low oxygen conditions extend the delay to 15 days.e/ftris to be
stored beyond March use half the recommended rate (1000 pprR)AotcD
control superficial scald

7. For operation at 1% £use automatic equipment to contrgl Within the range
0.9-1.1%



Table 6. Gala and clones

Controlled atmosphere (CA)

No scrubber

Using a scrubber

Temperature % CO| Terminate| % C® | % O, | Terminate Notes
OC OF
1.5-2.0| 35-36 8 Early No <1 2 EarlyJan |°
<1 1 | Mid Feb 2
5 1 | Early April |22

Air storage of Gala at 0-0’6 (32-33F) should be terminated by the middle of

December

Notes:

1. Ensure that @level does not fall below 1.7% when controlling manually at 2%
O, aim to keep a mean of 2%
2. For operation at 1% £use automatic equipment to contrgl Within the range

0.9-1.1%

3. Ensure that the recommended Q€vel is not exceeded by more than 0.5%

Table 12. Jonagold and clones

Controlled atmosphere (CA)

No scrubber

Using a scrubber

Temperature % CO| Terminate| % C®| % O, | Terminate| Notes
OC OF
1.5-2.0| 35-36 8 April 4 1.2 | July he

Air storage of Jonagold at 0-6G (32-33F) should be terminated by January

Notes:

1. Ensure that the recommended £€vel is not exceeded by more than 0.5%
2. For operation at 1.2% fuse automatic equipment to contrgl @Within the range

1.1-1.3%



Table 7. Red Pippin

Controlled atmosphere (CA)

No scrubber

Using a scrubber

Temperature % CO| Terminate % CQ| %O, | Terminate Notes
OC OF
3.5-4.0| 38-39 - - 3 2 | March LS
<1 1.2 | April 345

Air storage of Red Pippin at 1-2G (34-35F) should be terminated by January. - No
recommendations for storage in elevated QM-scrubbed) only.

Notes:

1. Ensure that the recommended Qé€yel is not exceeded by more than 0.5%

2. Ensure that @level does not fall below 1.7% when controlling manually at 2%
O,, aim to keep a mean of 2%

3. To achieve the green background ex-store required for Red Pippin aweid |
picking

4. For operation at 1.2% fuse automatic equipment to contral Within the range
1.1-1.3%

5. There is a risk of scald during marketing

Table 8. Egremont Russet

Controlled atmosphere (CA)

No scrubber

Using a scrubber

Temperature % CO| Terminate| % CQ@ | % O, | Terminate Notes
OC OF
3-35 | 37-38] 6-8 January 5 3 | Early March | ~¢
5 1.2 | April* 123

Air storage of Egremont Russet at 3°85(37-38F) should be terminated by
December. *The authors are grateful to World Wide Fruits for rgpeiséy agreeing to
the release of results of trials with the 5%,3Q.2% Q regime conducted by Home
Grown Fruits.

Notes:

1. Risk of shrivel; reduce by loosely covering the top layer ot frueach bin with
polythene liners

2. Fruit may soften rapidly after storage and prompt marketingvised. Use cool
temperatures during holding and distribution of graded fruit§eegon 15)

3. Where fruit in store is sufficiently firm raise the @vel to 2-3% a month before
opening the store in order to improve flavour (see section 10)



Table 9. Meridian (interim recommendations)

Controlled atmosphere (CA)

No scrubber Using a scrubber

Temperature % CO| Terminate % CQ| %O, | Terminate Notes

OC OF

3.5-4 | 38-39 - <1 1.2| March Lz

Air storage of Meridian at °® (37°F) should be terminated by October. - No
recommendations for storage in elevated QM-scrubbed) only.

Notes:

1. For operation at 1.2% fuse automatic equipment to contral @ithin the range
1.1-1.3%

2. Avoid late harvesting. Pick when fruit firmness is betweeéh57kg and monitor
the condition of fruit in store at regular intervals (sextisa 11)

Table 10. Braeburn and clones (Belgian recommendations)

N.B. There have been no storage trials done on Braeburn ibKh€Commercial
experience indicates that @@oncentrations above ambient can cause injury to the
fruit.

Controlled atmosphere (CA)

No scrubber Using a scrubber

Temperature % CO| Terminate % CQ| % O, | Terminate Notes

OC OF

1 34 - - 1 2-3 | March he

A temperature of °C (34F) is suggested for air storage. Termination dates for air
storage have not been set. - No recommendations for storagevatedl CQ (un-
scrubbed) only.

Notes:

1. Risk of scald and bitter pit

2. It is advised (Washington State, USA) to delay the sealingfofstOres for 3
weeks from the completion of loading to avoid Braeburn browning disorder
(BBD). A CO, concentration of <1% may also be beneficial in reducing risk of
BBD.



Table 11. Cameo (Experience in Washington State, USA)

NB There have been no storage trials on Cameo conductes bkt

Controlled atmosphere (CA)

No scrubber Using a scrubber

Temperature % CO| Terminate % CQ| %O, | Terminate Notes

OC OF

0.5-1 | 33-34 - - 1-3 1 June .

A temperature of 0.5°C (33-34F) is suggested for air storage. Termination dates for
air storage have not been set. - No recommendations forestoratevated CO(un-
scrubbed) only.

Notes:

1. For operation at 1% fuse automatic equipment to contrgl Within the range
0.9-1.1%



Section 9. Strategies for reducing ethylene in stored fits

Ethylene gas is produced by apples during the process of ripeningogitties tree or
during storage. Ethylene, the 'ripening' hormone, triggers and caslimany of the
ripening changes that occur in stored apples such as softening amh ar
development. Storage under refrigeration and in controlled atmosplkeeeses the
rate at which these ripening changes take place. More ieéfemintrol of ripening
and a consequent improvement in fruit quality may be expectedutipef
suppression of ethylene production by the fruit.

Bramley's Seedling

« The removal of ethylene from the storage atmosphere using heatalyst
scrubbers is a proven alternative to the use of diphenylamine)(foPAelaying
scald development

» Growers can achieve control of scald for 6 months by attaching aterethy
scrubber to storage chambers where the carbon dioxide levelntaimed at 8-
10% by ventilation with outside air

* Longer storage without scald development is possible whereeathgtrubbing is
combined with low oxygen storage (5% £0%0,)

* In commercial trials no scald was evident in fruit stored inG% + 1%Q with
continuous removal of ethylene when the trials were concludedldf months
 DPA treatment is substantially more cost effective in adinig scald than

ethylene removal

» |If the use of DPA comes under threat in the future then ethylmeval is a
viable alternative strategy for scald control

Despite the effectiveness of ethylene scrubbing in controllind fuial method is not
currently justified due to the higher capital and running costs.

Cox's Orange Pippin

« Although there are major quality benefits that can be achievé&bx apples by
removing the ethylene for CA stores the effects are indemsifom year to year
and between consignments.

» Ethylene production in Cox apples is higher than in Bramleys due fadh#hat
they are harvested closer to the point of ripening (initiatiomapfd ethylene
production) on the tree.

 For Cox stores the size of scrubber that is required and consequemtly t
investment and running costs are increased by a factor of aboutdcangared
to Bramley stores.

« Additional ‘conditioning' techniques are required to reduce ethylene piauirc
order to make ethylene removal effective which adds to the eoutplof
managing the crop during the early period of storage.

* Some 'conditioning’ treatments such as pre-treatment with higlks lef carbon
dioxide may have deleterious effects on the fruit late irstbeage period.

Future developments may improve the efficacy or cost-efeess of ethylene
removal for Cox but at the present time this is not viable comatigr




Section 10. Strategies of maintaining flavour in stored fruits

Controlled atmosphere (CA) storage delays ripening and senesckanges in
apples and preserves many important quality attributes suchmaesis, acidity and
soluble solids (sugar) concentration. However one negative carsexjaf the use of

CA storage for prolonged periods is the reduced production of compounds that
contribute to aroma and flavour.

In order to increase the flavour of Cox apples:

» Harvesting should not be earlier than is necessary to achieperilod of storage
that is required (see section 4). Delay in harvesting maxnfiaeour potential,
but harvesting too late reduces storage life and has adfégsts on fruit texture

» Reserve the use of ultra-low oxygen or ULO (1-1.2% f©r medium or long-
term storage (see section 8) provided that the firmnessibtfored short-term is
adequate for the requirements of the market

* Raise the oxygen concentration in ULO stores to 29046 weeks prior to
opening the store provided that firmness is adequate for theaewuits of the
market

» Practices to maximise flavour in stored Cox apples should only plermented
when there is unlikely to be any detrimental effects on othdityjy@rameters.
Full knowledge of the condition of the fruit in store is essentighe decision
making process which can be achieved by regular store monitoregéston
11)

» The advice provided above is likely to be appropriate to all dessdévars stored
in ULO conditions



Section 11. Monitoring the condition of fruit in store.

At least once a month assess the eating quality and internaliocoraiitsamples of
fruit that represent the major orchards within a store eGnstore is opened continue
monitoring samples of fruit from all the major orchards redyland check fruit
quality remains above the customer’s specification.

Sampling

All apples destined for marketing after the middle of Oetahould be stored under
CA conditions (see section 8). It is essential to examine dktuiegular intervals to
check quality and internal condition. Representative samples nebd taken at
harvest and placed in a bin under the store hatch. As fruit fomachard is loaded
into the store one sample should be taken for every proposed month gé siftex
October. It is important to ensure that samples are repatisenpbf the whole
orchard and that there are sufficient samples to provide mamiiytoring of every
orchard. Twenty apples are required per orchard per month. To tiasamples for
monitoring one apple should be taken from every tenth bin from thagaroras it is
being loaded into the store. If less than 200 bins from an orcheugbing into the
store then fruit should be taken more frequently e.g. samplg birefrom a 20-bin
consignment. The 20 fruits should be placed in a string net arltbthbéth orchard
name, picking date and store number. This procedure should be defora¢ach
proposed month of storage after October, by taking apples frosathe bins. The
samples should be placed in a bin under the hatch and covered ay#r aflfruit. If
a second orchard is to be loaded into the store, or that drishtr be included in a
second store, then another set of samples should be taken.

Fruit Assessment

Each month from October a sample of each store/orchard combiiatiaken out
and assessedtt. should be remembered that the atmosphere is lethal, ahunder
no_circumstances should anybody enter the store. The safety the operator
must be stressed. At no time should the operator plaany part of his or her
body in the store. People should always work in pairs, andgse a ‘boat hook’ or
similar extended hook to remove the netted samples.

Each apple in the sample should be carefully examined extefoalbny signs of
blemish or storage disorder developing (see section 12). Suclletsanclude
lenticel blotch pit, carbon dioxide injury, superficial scald or dgendue to calcium
sprays or the use of a post harvest drenching solution. Colowrysdifficult to
quantify without the aid of sophisticated instruments. The skin apate is variable
with patches of different shades of green and bleached arfeai® leaves have
shaded fruit. With dessert apples the stripes of red ceWhin the background
colour makes it very difficult to assess. A subjectivehoéthas been adopted in
which the 20 fruits are laid out and the overall background colour Hedcais dark
green, green, light green, light yellow or yellow. The petage of the surface area
of the fruit coloured red is estimated for each fruit and expdess a range. To
ensure consistency the light condition used should be good and the sasaeor
assessment.

Ten fruits from the sample are taken for firmness measurentéetfive largest and
five smallest apples having been excluded. Average vdales from month to




month can be used to provide general guidance on the softening sabeeof apples

and pears. The most widely used instrument for measuring fismaie¢lse hand-held
Effigi penetrometer. For more consistent results this shoulchdnented in a drill
stand and supported on a firm base. An 11mm diameter probe should berused f
apples and an 8 mm probe for pears. The instrument should be edliagatinst an
accurate balance at least once a year. Fruit juice i a@rosive and thus the
instrument should be washed, dried and coated in a thin moileafter use.

The following procedure should be adopted when carrying out the test:

Remove a thin slice of peel from opposite sides of each appl@s
Lower plunger into the flesh at a steady rate

Take 2 seconds to travel 8 mm into the fruit

Record value and reset

Repeat on the opposite side of the fruit

agrwpdE

Where this procedure has been adopted little difference has beenridhedeadings
obtained by different operators. However, to guard against anybl@o&sperator
error’ the same person should carry out the test whenever possilileis
recommended that individuals using penetrometers should comparerdhbelts
occasionally to safeguard against any operating errors.

The ten apples used for measurement of firmness are themexiimtiernally for the
presence of disorders (see section 12). A transverse catlis ciose to the calyx end
of the apple and the presence or absence of bitter pit or browciniglee. A second
cut is made across the equator of the fruit through the coreamdethe cut surface
assessed for core flush, low temperature breakdown and senessdown. The
extent of the disorder is quantified by assessing the area olittsirface affected.
Slight is up to one third, moderate is between one and two thirds esie sbove
two thirds. During the examination fruits are tasted for eajinaity and the presence
of any taints or ‘off-flavours’ are noted. The remaining ten apple placed in a
room at 18C and the external and internal condition assessed after daysn

The mean fruit firmness together with the percentage df \iritin various disorders
should be calculated and recorded on a purpose designed form. By usingofar for
each store/orchard combination the change in fruit quality or ¢velapment of
storage disorders with time can be followed clearly.

Monitoring of Storage Conditions

Successful storage is a combination of the right fruit stored uhderght conditions.
If the temperature or oxygen is too high fruit will mature qeicknd, if too low there
is a risk of damaging the flesh or fruit developing alcoholic gaitft the carbon
dioxide is too high there is a risk of damaging the fruit if me the rate of decline in
background colour from green to yellow will increase. It isef@e very important
not only to check the fruit condition regularly but also the storage tomsli
Computer based systems provide automatic control of storage icoad#ind are
essential where low oxygen levels are being used (see sectldov@ver the printed
output generated from such systems is often difficult to interfrist.important that
store operators maintain a manual record of store conditionsast bnce a day the
temperature, CoOand Q levels should be entered in a logbook using a separate page
for each store. This provides evidence that the storage conditiorach store has
been checked each day and makes it easy to see overall chastpeaga conditions



during each month. During the monthly inspection of fruit samplesttre logbook
should be examined.

Fruit Quality Standards

All fruit in store should remain above the minimum quality stadslaequired by the
customer and have sufficient quality to allow for a seven dayf $ifeel WWF-
Qualytech minimum standards are given in Table 12.

Table 12. WWF-Qualytech minimum fruit quality standards. Ress is defined in
terms of an average for 10 apples and the minimum recoodeahy of the individual
apples within a 10-fruit sample.

Cultivar Pool Background Colour Firmness (kg) Soluble Solids (%)
Card 1, green - 4, yellow  Penetrometer Refractometer
Cox A Green — Light Green (1-2) Mean 6.5 >12
Min. 5.8
Cox B Green — Light Yellow (1-3) Mean 5.8 >10
Min 4.8
Jonagold A Green — Light Green (1-2) Mean 6.5 >12
Min. 6.0
Jonagold B Green — Light Green (1-2) Mean 5.5 >10
Min. 4.8
Bramley A Green — Light Green (1-2) Mean 6.5 >12
Min. 5.5
Bramley B Light Green — Light YellowMean 5.5 >10
(2-3) Min. 4.8

During the establishment of storage conditions Cox fruits may lo&s® A..0 kg in

firmness. The rate of softening in store depends on the oxygds, lthe lower the

level below 3% the slower the rate. Generally the followsigs of softening have
been found for Cox:

5%G3 3%0: 0.3 — 0.4 kg a month.
<1%GGO 2%0: 0.2 — 0.3 kg a month.
<1%GGO 1.2%Q: 0.1 — 0.2 kg a month.

Post-Storage Manhagement

All CA stores should be opened before the fruit quality falls békmwecommended
standards and has sufficient reserve quality to ensureodligtrreaches the consumer
in prime condition. Provided there is not a seasonal high risk of éowpdrature
breakdown, the temperature of fruit in Cox stores should be lowerd{Ct once
opened. The rate fruit softens is significantly reduced asetingerature is lowered
(see section 15).

Historically fruit store monitoring has been confined to nettedpses placed under
the hatch. However, once the store is opened the full extent diimiy bin variation
can be determined by sampling directly from a number of bins &aahm orchard.
The samples should be assessed as previously described and teecoaspared to
the last netted samples. Samples should be taken from the begukr intervals
until all the fruits from that store have been graded andetelivto the customer.



Section 12. The identification of storage disorders, causes danvarietal
susceptibility (including illustrations)

Apples supplied to the market need to be free from internatterral disorders and
should have limited potential to develop disorders during the periodritaiting to
consumption. Growers need to recognise early symptoms of disordéng thue
monitoring of their stores (see section 11) and to determinekiig progression by
examining after a simulated marketing period. Proper diagndsidisorders is
important in order to take remedial action in the future therel®vemting a
recurrence of the problem.

Classification of disorders.

Symptom expression varies according to variety and storage conditibris most
cases it is possible to make an accurate diagnosis on the basés mhotographs
provided. The disorders have been grouped arbitrarily into thageate visible
externally and those that are visible on cutting the fruits laécepted that some
disorders could be placed in either category e.g. waterdemaops internally but in
some cases, particularly in Bramley apples, the disordasitse externally. Within
each of the two main categories three further categoriesofddirs are recognised.
Firstly those that occur as a normal consequence of storage. Settws# induced
by the storage conditions and usually due to incorrect concentraifonarbon
dioxide or oxygen. Thirdly, disorders associated with the applicafigrost-harvest
chemical treatments (external disorders only) or by mineratidaties in the fruit at
harvest (internal only). It is recognised that some disordersl dmuplaced in more
than one category e.g. bitter pit and related disorders ocaunatytduring storage
but are induced by mineral deficiencies in the fruit at harsspite this the
classification below should be helpful to growers to recognisediberders and
determine the likely cause. The list is not fully comprehenddisorders that do not
generally affect the more important commercial cultivarsthe UK have been
omitted.

A. Disorders of the skin.

Occurring naturally during storage:

Superficial scald

Patches of skin turn bronze or brown and become slightly sunken. Inrhstages
of development undegraded green skin is interspersed with affekied The
incidence and severity of the disorder increases with duratiotoige and may
develop rapidly when fruit is brought to ambient temperatures. ©apiple cultivars
currently grown in the UK Bramley's Seedling is the mostdsealceptible. Post-
harvest application of chemical antioxidants such as diphemga(®PA) provides
effective control of superficial scald (see Section 7).erslative methods of control
include scrubbed low oxygen or low ethylene storage (see sections &® and
respectively). Where scald is detected during store monitotivg affected
consignments should be marketed immediately. Scald susceptibilityfluenced
markedly by climatic conditions during fruit development and is agdeavby early
harvesting (see section 4).



Senescent scald

As the name implies there are certain cultivars of appledévelop a browning of the
skin when the fruit is over-stored. Generally this type of sshiduld not be a
problem where storage recommendations are adhered to (see $)ctiGala is
susceptible to senescent scald late in the storage periogrditiem is aggravated by
late harvesting, poor control of storage conditions, over-storagke delayed
marketing. DPA is unlikely to provide control of the problem. Spsbke cultivars
(Fiesta (Red Pippin), Gala and Jonagold) required for long steremgad be stored in
CA conditions with a relatively high carbon dioxide content (segose8).

Lenticel blotch pit

Lenticel blotch pit is a disorder that is related closelgiter pit. Brown lesions form
in each 'pit' beginning at a lenticel (fig.). Bramley's &uk apples are particularly
prone to the disorder. The disorder occurs in fruit with abnormally lésls of
calcium. Consignments of Cox apples containing more than 3.8 mg' ¥e€gh
weight of calcium are unlikely to develop lenticel blotch piuiFanalysis should be
used to determine risk (see section 3). Control measuresharsatne as those
described for bitter pit (see section 2).

Skin necrosis in Gala apples

A skin disorder has been observed on Gala apples stored underrcaaho@nditions
in the UK. The problem occurs rarely and has only been observedibthéat has
been harvested very late and kept in air storage. The prdtalemot been apparent
on CA-stored fruit or in air-stored fruit picked at the corrgetge of maturity (see
section 4) and held at the recommended storage temperature foesbebad period
(see section 8). Mineral composition of affected and non-affexgiples was similar.
Provided growers adhere to guidelines provided on harvest datesstarage
recommendations this disorder should not be a problem in commerciajrooests
of Gala.

Induced by CA conditions:

External carbon dioxide injury

This form of damage never occurs in air-stored apples and isononhon in apples
stored under CA conditions in the UK (Wilkinson and Fidler, 1973). adpearbon
dioxide injury occurs where fruit is kept in atmospheres contairanigon dioxide at
higher than recommended concentrations. In the early stagesebbpiment damage
symptoms may be confused with those of superficial scald. Howlegons caused
by excessive carbon dioxide are more sharply defined than thoséeédor scald.
Moreover, external carbon dioxide injury occurs within the first feseks of storage
and does not progress thereafter. In contrast, superficial ssablly develops after
several months and becomes progressively worse with timdora. Bramley's
Seedling apples are susceptible to external carbon dioxide injury reudenmended
CA conditions. Fortunately DPA applied for scald control also preveatbon
dioxide injury (Johnson, et al., 1998). Where DPA treatment is enitis important



that the establishment of CA conditions is delayed in orderewept injury to the
fruit (see section 8).

Low oxygen injury.

Injuries to the skin of apples due to low-oxygen storage are gsneoalrecognised
on apples grown in the UK. In other growing regions low-oxygen inpisxpressed
in the form of darkening of the red and green regions of the Ritbon scald may
also be induced in some varieties by low-oxygen atmospheres. Mcisitshsidered
the most sensitive to this type of injury (Lidster, et H890). The risk of low-oxygen
injury is minimised by picking at the correct stage of matueistablishing storage
conditions promptly and maintaining CA conditions within prescribedtdirtsee

section 8).

Induced by chemicals:

Post-harvest DPA application

In the UK diphenylamine (DPA) applied as a dip or drench treatisensed to
control superficial scald on Bramley's Seedling apples. In ofipe growing regions
of the world DPA is used widely on a number of dessert cultitarsscald
prevention. Damaging concentrations of DPA occur where liquid is edlow
accumulate or where there are slow drying conditions in bulk cordaigmptoms
may appear as small black spots or as a grey / black $tée skin. In the most
severe cases of injury extensive areas of the skin bec@utieebked and sunken. The
latter symptoms are likely to occur on fruit at the baseezft&d bins that remain in
contact with the solution. DPA can cause injury to the cora erdBramley apples
that have an open calyx tube. In wet harvests internal daceged by DPA may
provide a site for infection by fungal pathogens such as Mucor (Johnsah, e
1986b). In such years it is particularly important to maintain dmnjgi conditions by
changing the solution in accordance with manufactures instructiorsspiidtice also
ensures the most efficacious treatment for scald control.

Post-harvest calcium application

The concentration of calcium in apple fruits can be incredsedoost-harvest
application of calcium chloride and proprietary formulations comgioalcium. Such
treatment reduces susceptibility of apples to calcium-depertismtders such as
bitter pit and senescent breakdown. Higher application ratel iregreater uptake of
calcium but there is a corresponding increase in the risk ofyirtp the fruit. The
injury is usually centred on lenticels although in severe cag@e areas of skin may
be affected. The areas around the lenticels become brown &rdrdanay become
sunken. There may be localised greening of the skin related koctiised uptake of
calcium. There is marked varietal variation in susceptbitit calcium injury. It is
important therefore to treat only those cultivars advised byrdweufacturers and to
apply materials in strict accordance with label instructioRee-harvest sprays
containing calcium may also cause lenticel injury to thet.fibamage symptoms
from calcium sprays are generally similar to those desdrifor post-harvest
treatments although early sprays can result in distortion offrthe of sensitive
cultivars.



B. Disorders of the flesh of the fruit

Occurring naturally during storage:

Senescent breakdown

This disorder is usually associated with over-maturity or st@age and is
accentuated by mineral imbalance in the fruit at hareest particularly with
inadequate calcium. Compliance with suggested mineral stanf(lessection 3),
harvesting at the correct stage of maturity (see sectiomdintaining the correct
storage conditions for the periods advised (see section 8) and praristimg of
fruit after storage should avoid the problem. It is particuldifficult to distinguish
different forms of breakdown on the basis of visual symptomsappearance varies
between cultivars and storage conditions have a major influemoexpression of
symptoms. Typically in air-stored Cox and Bramley applesl @metimes in CA-
stored fruit) senescent breakdown appears on the outside asdarttelhing of the
skin that progresses inwards. However, in CA-stored fruit theag be a gradual
discoloration of the flesh that can be confused with low temperdttgakdown. In
Gala apples senescent breakdown generally effects the aygssue immediately
below the skin and spreads around the fruit before progressinglswar

Low temperature breakdown

As with senescent breakdown the symptoms of low temperature bveakd TB)
vary according to storage conditions and it is often difficult tecdnain about the
type of breakdown where the apple flesh is affected by a @ebeywning. In air-
stored Cox and Bramley apples areas of the cortical tidéesteal by LTB appear
similar to senescent breakdown. However, in LTB affected appkre is normally a
zone of healthy tissue immediately below the skin and the cut suofaaffected
tissue is usually moist when compared with senescent breakdownnairBally
develops before fruits become overripe. Fruit kept in CA are mmeeptible LTB
than those kept in air storage. Recommended storage temperafiges this fact
(see section 8). LTB symptoms in CA-stored fruit are diffeterthose in air-stored
fruit and take the form of a general browning of the corticalidsnd often there is a
wedge-shaped pattern in the apple cortex. This is apparenufaatyién Bramley but
less so in Cox. LTB is a product of two factors namely tentperaand time of
exposure. Short periods of exposure to low temperatures will not tdiBseThe
disorder can occur at recommended storage temperatures. G@oigseasons and
late picking increase the susceptibility of Cox and Bramley apple.TB (Sharples,
1975). Prediction of LTB risk is possible based on climatic conditthming the
growing season and mineral composition of the fruit at hardesngon, et al., 1989;
Johnson and Ridout, 1998). The disorder is progressive in store and ogagspr
significantly in apples removed to ambient conditions. Immediateketing is
recommended when LTB is present in samples removed during starnmg (see
section 11).

Water core breakdown



As the name implies water core breakdown is a flesh breakdowdetelops in fruit
affected by water core at harvest. The disorder is not comimapple cultivars
grown in the UK since water core is not usually problematie (gater core below).

Diffuse browning disorder

Referred to colloquially as 'boggy bank disorder' after therisbrted occurrence in
a Cox orchard of that name. In appearance the disorder reseanplassiological
disorder that affected stored Cox in the 1972/73 storage season (JA8¥s)n Prior
to 2000 there were few cases of diffuse browning disorder causymificant
problems in commercial fruit. However, the disorder caused sgweblems in some
consignments of Cox apples from the 2000 crop. The disorder first rappsaa
localised browning of the flesh predominantly towards the calyx etloediruit. The
disorder progresses around the fruit and may progress to the artext. @he cause
of the disorder is unknown but does not seem to be attributable to poor Iminera
composition of the fruit and has been found in fruit harvested atatiiect stage of
maturity and stored under the most appropriate conditions. After theeaktof a
similar problem in 1972 there were no reported cases in the folloygag It is
therefore possible that unusual weather conditions in 1972 and 2000 vealydeam a
causal factor in the development of these unusual disorders.

Induced by CA conditions:

Internal carbon dioxide injury (‘brownheart’)

As the name implies internal carbon dioxide injury is normallgoeisted with
abnormally high concentrations of carbon dioxide in the storage atmosphere
Adherence to storage recommendations that are provided for diffaritvars of
apple should avoid the problem. However, in the absence of DRAmMeat,
Bramley's Seedling apples stored in 5%,301L% Q are susceptible to brownheart
and it is necessary to delay establishment of CA conditionslintihys after loading
is complete (Johnson, 1998a). Similarly it is important to endatecarbon dioxide
concentrations are 1% or less when low oxygen conditions (1.2pc® first
established in Cox stores. It is important to operate Cox sai@% Q for at least a
week prior to lowering to 1 or 1.2%,@ orderto reduce respiration rate (and £0
concentration inside the fruit). Carbon dioxide injury often beginshénvascular
tissue and then extends to include large areas of the coigged. Injured areas have
a moist, rubbery texture at first but eventually the injurssug dries out and 'cork-
like' cavities appear.

Core flush

Core flush is a pink or brown discoloration of the core of applexdurs late in the
storage period and is aggravated by increased carbon dioxide in thgestora
atmosphere and by lower storage temperatures. Cultivarsnvemgir susceptibility to

the disorder. In the UK Cox's Orange Pippin and Bramley's Seeattngegarded as
highly susceptible although application of best practice as degtre use of
appropriate storage conditions, avoidance of over-storage and praaritimg of
fruit after storage generally ensure that core flush is nobramercial problem.



Storage of Cox apples in the virtual absence of carbon dioxmdejnalow oxygen
conditions provides good control of the disorder. Generally core flusbgsavated
by early harvesting, unduly high water loss in store and cool sunemgreratures
(Wilkinson and Fidler, 1973; Sharples, 1975).

Induced by mineral deficiencies pre-harvest

Bitter pit

Bitter pit is probably the disorder that is most familiamfiple growers, both in the
UK and abroad, and is of major economic importance. Symptoms aggpeaucdly
spherical brown lesions in the flesh of the fruit. The 'pits'dry in appearance and
occur mostly just below the skin but in severe cases mayt dffecentire cortex.
Bitter pit susceptibility is linked with critical levels @flcium in the tissue and the
more frequent occurrence at the calyx end of the fruit refatd® low calcium status
of this region. Although symptoms of bitter pit may be seen on ¢eegenerally the
disorder develops progressively in store. Consignments of fruit imedequate
calcium as evidenced by fruit analysis should be sold immediatedtored for short
periods (see section 3). Orchards should be managed in a waypshetseadequate
calcium uptake and retention by the developing fruit. It is impbt@avoid irregular
and excessive vegetative growth. Heavy use of potassium awdemit fertilizer
should be avoided and a comprehensive programme of calcium sprays is
recommended for susceptible cultivars (see section 2). Under caiditions
Bramley's Seedling, Cox's Orange Pippin and Egremont Russepaatieularly
susceptible to bitter pit. Meridian and Red Pippin are alsoeptibte whereas the
disorder is rarely seen in Jonagold and has not been reported irABadagh bitter
pit is essentially an orchard condition the development of syngpadtar harvest is
influenced markedly by the conditions under which the fruit is storetit cooling,
lower storage temperatures and more stringent CA conditionsd rettter pit
development and may be partly curative. These effects lkga tato account when
setting mineral analysis standards (see section 3).

Late storage corking

This disorder of Cox apples is usually apparent only after 6 mstohsge in 1-2%
oxygen (Johnson, 1990). The lesions are 'corky' in appearance and hadastisisni
with bitter pit. However late storage corking is more extenaivé unlike bitter pit,
occurs predominantly in the region between the stem-end and thereofuidite fruit.
The disorder is progressive in storage and may increase icagily during
distribution and marketing particularly at ambient temperatukgaphasis for
prevention of the disorder is placed on pre-harvest factors. Arlandgaof potassium
to calcium in the fruit at harvest has proved to be of major irapoet Consequently,
fruit for long-term storage in 1.2 % oxygen should contain more than $00g" of
calcium and less than 150 mg 10@g potassium (Johnson, 1989).

Water core



Water core occurs in fruit on the tree and therefore is rotlgta storage disorder. It
usually becomes less severe during storage and symptoms may aisapely.
However, water core symptoms may be present in fruit remoweed $tore at which
time water core breakdown may also be present (see abater aere breakdown).
Water core is described as a 'glassy' appearance a@piile flesh caused by the
presence of sap in the intercellular spaces. Analysis oésiglected by water core
showed that concentrations of calcium were very low (< 4mg™)0@qd therefore
incidences of these disorders in the orchard indicate thet eglcium-dependent
disorders, such as bitter pit and senescent breakdown, are tbkdigvelop during
storage (Perring, 1984a). Control measures for watercore manidarsito those
described for bitter pit (see above).

Internal corking

Internal corking disorders of apple may have some similarititks hitter pit but are
associated with boron deficiency. However internal cork alwHgsta the core area.
In seriously affected fruit part or most of the flesh will liiected. When the flesh is
affected brown, corky, diffuse streaks or wedge-like areaandxirom the core into
the flesh. Although it has been stated that boron deficispieyptoms are unknown in
apples grown in the UK (Wilkinson and Fidler, 1973) it is probably racmirate to
state that problems associated with boron deficiency aeeursdter UK conditions.
The internal corking symptoms shown were found in a 'Malling' Kenteappih a
low boron concentration (<0.1 mg 10bfyesh weight) (Perring et al., 1985).



Section 13. Post storage grading of fruits

Once a store is opened fruit should be assessed against@uspatification
requirement and graded to deliver optimum return to the grower.

Planning.

» Before a store is opened, all available information shoeldssessed.

» Pre-storage assessment and store monitoring data (sectioill b¥) wital in
determining the potential marketing outlet.

« Only fruit with the potential for a good grade-out will be wartttking for a
multiple (supermarket) outlet.

» Poor raw material may end up producing a negative returrowedl to enter the
higher cost operation required for multiple use.

Customer specification

» Depending on which outlet the fruit is intended for i.e. multipleolesale, or
processing, assessment will need to reflect customefispéon.

» All standards will involve visual, textural, internal and amgleptic
characteristics.

» Multiple standards will be the highest for all quality clzteastics, but processing
will still require fruit of good shape and freedom from intrproblems including
underskin bruising.

* The minimum standard for any product sold into the wholesalautiipte sector
must meet EC (MAFF) standards.

» Visual standards cover shape, colour, and the amount of bruisingesmnigHol
freedom from pests, diseases and foreign matter.

» Textural standards recognize that good textured fruit are gentenal
Penetrometer measurements are a standard requirementfoittadle customers.
Good textural quality will also be associated with frigstie in which cells break
under pressure from the teeth thus releasing juice and flawocwntrast in fruits
that are described as 'mealy’ or 'floury’ the cellsseiflarate under pressure from
teeth and will fail to liberate juice. Currently theseno instrument that is
equivalent to the penetrometer that can be used to indicaecaptable texture in
soft fruit.

» Internal standards require freedom from disorders such asghittew
temperature and senescent breakdown, carbon-dioxide injury, ege @re
described in section 12.

» Organoleptic standards are concerned with freedom from any &aidtlevels of
sugar {Brix) and acidity. Overall acceptance by taste panelsbeipart of some
customer specifications.

» All consignments of fruit supplied to multiple retailers mustrbeeable. They
should be from an approved source and an Assured Produce number elrequir
where the red tractor logo is used.

Pre-grading assessment




As soon as the store is opened an assessment of each ohchdddake place. In
practical terms this may have to be an ongoing process duegssao fruit from
particular orchards.

Ideally 100 apples taken from a minimum of 20 bins from each atcenuld be
assessed.

Assessment should be made against the intended customeicapenif
Assessment will take into account all the visual, textunédrnal and organoleptic
criteria indicated above.

Once an assessment report has been made, and customeroafigmed, levels
of staff on the inspection tables can be decided and aimydtiens given
regarding particular defects.

Ongoing assessment of raw material from each orchard shontidwe to take
place on a daily basis to confirm the status of the fruit piaograding. This
would be at a reduced level with a minimum of 15-20 fruitesssd. The results
should be recorded and entered in to a raw material assesspert.

Temperature of fruit during packing

Ideally pack-houses should be air-conditioned with a working teatyreraround
10°C.

The temperature of fruit at packing may influence the let/grader damage as
fruit passes along the line.

Some varieties such as Discovery are more susceptiliethars to grader
damage.

Time between harvest and packing

An interval between picking and packing will be required to redmader
damage and will be influenced by variety and weatheicking time. Heavy rain
prior to harvest will result in turgid fruit, which will brigseasily if graded too
quickly.

Depending on the grading equipment, it may require up to a feeékiit to
reach a condition allowing satisfactory handling, without drasticeducing
grade-out.

If uncertainty about a batch exists, it would be good praatiedther grade a
small batch, or simulate if possible fruit grader movememetvaluate the
probability of damage occurring.

Equipment

Selection of equipment equal to the task should be part cissgssment before
committing apples to a packing line.

The scale of operation will influence the equipment decision.

Large packing operations depend on large volume throughput for dosreff
operation.

Small / medium sites will generally grade and pack asgbame operation.
Large operations will generally carry out the grading and padkitwyo parts.



Raw material should be off-loaded by water flotation im&ter flumes, passing
onto the “grader” where size, colour and defects are sottegt @ith human
selection or by high specification camera.

Fruit is then returned to designated water flumes befotkection and return to
bins.

Bins are then returned to cold store, before returning tpabking line. (See
section 14)

The intended customer outlet ie multiple, wholesaler or Procasspalso
influence the decision on grading.

Lower value outlets may not justify the use of expensive lghnology
operations.

Dry tip or water flotation

Dry tip operations will only be justified in a small opévat Where dry tipping is
used the tipper should always be of the type unloading fronoghef the inverted
bin, reducing movement of fruits within the bin. Other typesppier where fruit
is down loaded from the bottom cause fruit to be bruised, bheahisr punctured
by stalks. In addition, any rots within the bin will breako#using rot residue to
infiltrate the packed product.

Dry tipping should make use of a water cleansing system (bprayfitted in line
using potable water) to remove where possible any undesirabignfonatter (rot
residue, dust etc.)

Ideally water flotation systems will start with autoebin down loading,
allowing fork truck loading of the equipment and automatic sele¢tisually
from stacks of three, on a roller feed entry systemjasiif bins into the water
flotation system, reducing unnecessary labour input. Empty bihseacollected
and removed in the same manner.

Modern systems will carry bins through a pre-wash of chloringisalto reduce
any damaging pathogens on the fruit.

Once empty, bins will go through a second chlorine wash, aitied\wang the
bins clean and free of any unwanted foreign matter and pathageiok, could
affect the next crop.

Fruit once down-loaded will travel in water flumes to thedgr.

Optical sizing and colour selection

Sizing has moved on from historic rising bar systems anghivgraders that can
be difficult to calibrate accurately when fruit density ahde varies. Both
historic systems fail to deliver size grading whichaswaate enough for today’s
customer requirements.

Even sizing within a container is vital.

Optical sizing by camera is the current best practice.

In many pack-houses colour selection is carried out subjectiyetyaff on the
grading line. However cameras are being used increasmgbidct apples for
colour. The latest technology will allow colour streaming whicalbdes a more
uniform colour presentation within the final pack. This in tuloves efficient
pack-houses the opportunity to deliver to the retail customer guiajty pack,
and the grower the maximum possible colour grade-out within theefispgon.



Quality selection by camera technology

* Quality selection in most packing operations is currentllyasthieved by human
selection.

» This operation depends on the physical removal of fruit by grasdaifjon the
packing line onto a moving belt. The use of electronic wandsedgores human
selection, but allows automatic transfer of below spetifindruit out of the line
into a designated area.

* Quality selection cameras allow computer aided recognificefects, reducing
the need for large numbers of personnel on the grading tables.

* Currently this technology works well on the continent with thaivaties, but has
limited use in the UK.

* There are systems operating and these will continue toj®ved.

* Current systems working in the UK have reduced the need farpesison the
grading line to a minimum. At times human involvement is reguior the
removal of rots but generally any human quality selectiorbeagconfined to the
final packing stage, where any minor defects which have p#ss@@mera can be
removed.

Non-destructive (infra-red) texture selection

* One of the most difficult problems to deal with in any raaterial is the
uncertainty of variable textured fruit. This often can resultuit being assessed
as unsuitable for multiple use due to that uncertainty.

* Non-destructive texture selection is currently only at the dpweéntal stage for
apples but inevitably will play a part in the future, makiatgstion from variable
raw material possible.

* Recognition of underskin bruising and internal disorders may alpodsgble in
the near future.

Gentle and efficient movement of fruit through the grading anl packing system

* The Loughborough University study for ADAS (1986) demonstrated thatrmpc
line grading damage could reduce marketable fruit by 38% - 49%.

* Most packing lines have improved considerably since the 1986 $tudgyen on
the smoothest system damage can occur if people and equipmeitigmdle
fruit with care.

» Packers should carry out regular 'step testing' to ensunenegi is calibrated to
give the best possible performance.

» To step test, a sample should be gathered and assesseddefblemish and
introduced to the grading line. A proportion of fruit is removeédaath step and
left for 24 hours before being assessed. Results are compigiigtose from the
original sample. This should identify where poor performance aésison the
grading line.

» There is an electronic apple now available which can betadddntify 'hot spots'
in a more scientific albeit more costly way.

Relationship between size and weight




Depending on the density of the apple, and this will vary wijths well as
between varieties, size / weight relationships can vamngiderably.

This can cause considerable problems with accurate size gatethweights in
final packs.

There are always 'difficult sizes' within any range nési For example where the
standard size has been 65-70mm in Cox, a reduction in sizetca68e668mm
will often make achieving the target weight impractivakre fruit density varies
on a regional basis.

The lower density of Discovery will dictate lower packrtfat weights” than, for
example Cox.

This will impact on increased haulage charges per Ib/kgiibf

Delivering accurate size and consistent pack weightsleflend on optimising
performance where a weight grader is used.

Optical cameras for sizing will improve sizing accuraayt, fruit density will still
influence pack weights particularly where packs are by ‘cbuh#t minimum
pack weight is still required.

Calibration of equipment

Delivering accurate size and consistent pack weightsleglend on regular
calibration of any grader, but particularly where a wegyater, is used.
Fruit should be monitored regularly to assess accuracy, agddtier re-
calibrated where necessary.

Accurate grading/assessment

Delivering accurate grading performance is vital for ankgaause intending to
stay competitive.

Under grading will put customer service levels at risk regylh possible de-
listing.

Over-grading will result in reduced financial returns toghmver and loss of
potential business for the packer.

It is therefore vital that quality controllers assesspidormance of the grading
line on a regular basis. This should be done at each stepmbthégction line.

It is vital that all product is assessed i.e. classabsc? and any out-grade fruit.
This is particularly important, as it is very easy toreggde when attempting to
satisfy a demanding retail customer.

All pack-houses must recognise the customer base is growegtaildr together
if they are to succeed.

Best practice should deliver accurate grading acceptabite grower and retail
customer.

Staff training

Staff training is a critical part of pack-house performance.
Training should always be targeted at the level requiredexample all staff
must have induction training to take account of site healtisafedy issues.



* General training should be given to ensure each worker hée/teof skill
required for his or her tasks. For example grading staff teeled fully conversant
with customer specification requirements. This may be achievé@ibyng in the
aspects of the specification which are key to the taskvadol

* All pack-house staff should be aware of grading standards and sieoptépared
to remove defective fruit at any stage of grading ratherdélgrron others to do
So.

» Supervisors will need to be conversant with all aspects uhéercontrol.

Motivation

* Motivation is an important factor.

» Personnel will respond to various motivation factors.

« Performance pay may be considered to aid motivation.

« An understanding of the product and its destination is also a &y fa
improving performance.

* Involving personnel at all levels, keeping them informed of al/performance
and critically sharing any success with them will vastiprove the overall
performance.

« Communication is the key factor involved in any performance nmaiiva

On-line process controls

* These are dealt with in detail in the next section (14).



Section 14. Post storage packing and distribution of fruit

Once graded place fruit in a suitable container to avoid damdlgeoduct should be
“cool chained” up to and including the point of sale.

Planning

» |dentify the intended customer.

« Plan packing against a known customer programme.

» Ensure all personnel involved in the packing operation are fullyersamt with
the customer specification requirements, including all aspégackaging.

* Most multiple customers require dedicated crates, custompéssaging and
labelling.

» Ensure sufficient stock of correct packaging is availébi®eet the programme.

» Ensure all operatives have had induction training on site headtbadety issues.

« Ensure all on-line operatives have been trained for thegifgptasks.

» Ensure all equipment is in good working order, fit for purpose and atdibr
where applicable.

» Calibration records should be kept, with clear referenceetttified equipment.
This is particularly relevant to scales for weighing produnctine and for QC
equipment.

» ltis alegal requirement that all product sold by minimungivemust be weighed
on scales that have been DTI stamped (approved by the Depaf Trade and
Industry). Any calibration by a certified engineer must have loeeried out with
weights traceable to national standards and identified &sosuany calibration
certificate.

» A certified engineer should calibrate equipment at least ogearaand more
frequently on a busy site.

» Calibration checks on scales should take place at least alagetefore starting a
production run and ideally at the end of the batch. Calibrateghts should take
account of the intended range in weights i.e. check using \sdiugit represent
the bottom and top end of the range.

* Penetrometers, refractometers, thermometers, QC singgand all scales
should be calibrated regularly.

» Identify labelling requirements and ensure equipment and assosadtedre will
produce labels compliant with customer specification.

» ldentify and install QC procedures required to meet custoaggirements.

Customer programme

» Fruit should always be sold as part of an agreed cusimmogramme, if optimum
returns are to be realised.

» Programmes will allow controlled marketing, this will urnt allow packers to
pack and distribute fruit in the optimum condition, with suffitistock to be
flexible on a day to day basis, but without unnecessary buitthdpleterioration
of stock.

* In practice the pack-house will receive a weekly programvitle,order
confirmation on a daily basis received from the saleseoffic



The packer should ideally pack sufficient stock for the ordetisipated for the
next day. On this basis fruit would not have been packed mor&élhours
before despatch. There will be exceptions to this rule, for pbeathe build-up
prior to Christmas. However, this must be an exception rétherthe rule.

Packaging materials

Packaging materials should be appropriate for the customanadiest, and mode
of transport.

Best practice for multiple outlets will utilise plasti©R's (retail display trays) as
the outer packaging unit. RDT’s also come in cardboard as¢baedé&voured
option.

Wholesale markets often prefer a 30 Ib or 40 Ib sealedratirer than RDT's.
RDT'’s can be placed directly on to the retail shelf #nsiding the unnecessary
decanting of fruit. Decanting will inevitably increase thek of in-store damage
to the product and cost to the producer.

Plastic crates offer the best protection for fruit in titaausd are more cost
efficient than cardboard equivalents. Generally the turnaroosidcomparison
indicates plastic as half the cost of cardboard. In additignjagons for the
disposal of waste materials increase the hidden costsrttivazad.

Internal packaging i.e. fibre-moulded trays offer the best giiotefor loose
product and allow maximum presentation of loose product at the lextaiil

If product is well presented, it will reduce the level of aoner selection and
handling in the store that so often spoils otherwise accepiaii. This spoiling
of product and eye appeal detracts from sales.

Pre-packed fruit in the form of polybags or overwraps offer distinct
advantages. Polybag fruit allows easy selection by the consurdeéntroduction
of promotions of smaller sizes (25% extra for example). Howéner must be of
consistent quality within the pack or loss of consumer confidefiteesult in
fewer repeat purchases. Overwrapping i.e. 4 or 6 apptasuided trays sealed
with pre-formed tops, offers the opportunity to add value to Witit enhanced
attributes. For example for ready-to-eat (pre-ripened) fruit.

MAP (modified atmosphere packing) which is commonplace in qtiastuct
areas, usually by positive MAP (injected gasses indlse of meat) will soon be
standard in the apple supply chain as well (Section 15). Tdhadogy has been
tried in the past, but now improved permeable films offeowortunity for MAP
to become a standard procedure. This type of MAP will rely product-
generated atmosphere using permeable films to establistoatrd! the
atmosphere inside the pack. Product will be packed into polyrabpunnets.
The benefit of this technology is a greatly enhanced sheltigfievering enhanced
texture to the consumer. The same technology will become comageriplstone
fruit and soft fruit as well.

Packing product into the final container (RDT or Pre-Pack urit)
Assuming that grading has been carried out as describedtiars13 fruit will

arrive at the final packing point for selection and packimig the RDT either as
loose or pre-packed product.



Before fruit is accepted onto the line, it should be assesssditable for the
intended customer. This should be done by reference to QC repoitsl ©ut at
the grading point and from a further assessment to confirosdtatore use.
This assessment must involve confirmation of penetromeaelings (firmness),
Brix levels (sugar) and taste acceptance (free of anistatc.) as well as general
quality criteria.

Information on raw material quality on to the grading lind allow supervisors
to ensure correct placement of packing line operatives anddprawy relevant
instructions. For example a higher than normal proportion of agpésite
marginal for shape or russetting requires extra vigilancénen-I

Correct packaging and any associated labels should be confirmdesigned off
by management in advance of the packing operation.

All aspects of handling should be taken with extreme careppfleaan bruise as
easily as an egg can break. All packing operatives sheuhdae aware of the
care needed.

All staff should be clean and tidy, with short fingernailglbves are worn they
must be of a suitable material and non-allergenic.

Hygiene training has been dealt with in section 5. Additionallya minimum,
pack-house supervisors should have a certificate for Basic Foodrtgyg
Training.

Induction training on health and safety issues should be a standard

An experienced trainer who, ideally, will have qualificas for training should
give training in quality requirements.

At the final packing stage operatives should be ensuringrthiahbt only meets
the customer specification but is also presented to maxiefi@ct. As the market
place becomes increasingly competitive it is essemhiglgresentation is
maximised. This also applies to labels, whether individpale labels, or labels
on pre-packed product. Both should be positioned consistently and itiaocep
with customer requirements.

Labels for pre-packed fruit must carry the information requinethw and
customer specification.

Placement of pre-pack and overwrap packs into the 'outer cahtaimeportant
on two counts. Firstly, to ensure that the product is packadnanner that
provides minimum risk from pressure marking (bruising against pieks or
against the crate etc.). Secondly, to comply with custoewgrirements for
presentation at the retail level. Most customer spetificga require a particular
arrangement of the packs within the crates and these shoidsté&e in-house.
Any detrimental effects on the fruit should be discussed thg customer via
marketing / technical personnel.

Where product is sold by minimum weight, all packed units toeisteighed on
DTI approved scales. Trading Standards Officers will chieege if they confirm
any reported 'underweights' at the retail display level.

The ability to demonstrate compliance with legal requirgsill be a due-
diligence defence if prosecution for underweights takes place.

Sufficient 'tare' for any packaging materials used rhasillowed for and added
into the final pack weight, where minimum weights apply.

The affect of moisture loss will result in reduction o€ked unit weight from
point of packing until its final acceptance point. This mustitugipated by
adding sufficient tare to compensate for moisture loss. Mogtroes



specifications indicate the required tare to accommodatdurmisss. This will
vary between 10-30 g per kg. This is sufficient for pre-pack$dolbose product
in a 12kg RDT (approximately 261b) a 100 g allowance may be refjuire

NOTE. UK Apples are generally sold by weight, using thaninimum weight
regulations'

Where automated polybagging machines are used that optimida awedyminimise
‘giveaway’ weight, it is a legal requirement for machihes are not DTI approved
(stamped) that packs are check weighed on a separatgppived scale before
release for sale to the consumer.

In pre-packs sale by count is becoming popular. For trading standapds@sia
consumer must be given a consistent offer. It is not pernessilffer 10 apples of
60-65 mm one week, and then offer on “promotion” (indicatintnareased value
offer) 10 x 55-60mm apples (less weight) at a lower pricaéixé week. The offer
must be comparable.

Average weight regulations are commonly used for productsasuftbur and sugar
(fine grained) where an average weight (label depicts araik) can be offered. For
example a nominal 1 kg pack can legally fluctuate bet¥@8&mg and 1015 g, but
must average 1000 g).

This is probably impractical for apples with average individugights of 100+ g and
would give no benefit to the grower / packer / supplier overmum weight
regulations.

Stacking fruit for optimum air flow and security.

* When stacking boxes on pallets always try to optimise tve dff air between the
boxes.

» In practice plastic crates, or any other RDT (cardboard)gubfuk a multiple
customer will not allow any deviation from the basic 3 x 2lager and will need
to be tight to each other for efficient transportation.

* Where an impact can be made is on early season fruitasubiscovery that is
targeted for the wholesale market. Fruit quality will Bgrieom spacers between
the boxes to allow air movement. Benefit would be gainedveltese fruit in
market boxes moves quickly from the orchard into a cold statdheen on to the
marketplace in the same boxes.

Optimum pallet loading (full pallets)

« Optimising pallet loading will benefit quality and cost effitcy.

* Where part loaded pallets travel long distances, transiaga will occur. On
occasions this can result in fruit arriving below the custapecification and will
result in rejection.

» Part pallets will often end up stacked on top of otheefslh transit. This
increases the risk of damage.

* The optimum loading per pallet will depend on various factors:



Height of the pallet in relation to lorry height space. Tdrgyer the journey the
greater the gain in quality and cost efficiency from nmmaxn pallet height.

Health and safety regulations. Acceptable pallet heights Ineudetermined by
risk assessment.

Multiple customers will often operate different height riestins. This is because
risk assessment will take into account the circumstances iatopgeareas, which
may be different. Receiving high load pallets may be possialeystem of de-
stacking can be employed without risk of injury to operati8esne companies
may err on the side of caution when setting height limits.

Securing fruit on pallets

Securing individual pallets will depend on the type of box used.

Whichever type of box is used, careful alignment is param&axies
overlapping the pallet, however slight this may be, or not tmbhe another, will
result in damage to the product and / or packaging at thealésti. Even an
untidy appearance will impact on the saleability of the product.

Cardboard RDT's require cornerboards and strapping. A minim@rstsaps
should be used at the top, middle and bottom of the pallet.

It is important to maintain this format. If the bottom stisjoo far up, it will
result in the bottom boxes bowing and compressing. This will beeexated by
damp air conditions.

Corner boards as a 'belt and braces' approach may secueRRES. Generally
they will be secured adequately by 2-3 plastic strapsd&td practice would be
for the top strap to be on the penultimate layer and ther Istrap on the @layer
from the bottom.

All plastic straps should be tight. This can only be achieviedtefely with a
strap tightener.

Where pallets with fruit exposed (cardboard RDT’s) are intefaledholesale
market best practice should include the use of pallet sovérs will reduce the
potential for soiling and in particular the risk of birds attag the exposed fruit.
Where fruit is intended for a multiple outlet and is conveyed thraughsed
system the use of pallet covers may not be necessagyinijlies that fruit is
loaded directly from the despatch store onto a lorry through ckystem
(docking bay) and unloaded again at a docking bay.

If pallets with fruit exposed are not transferred by clogstesn best practice
should include pallet covers. The cost of pallet coverppsox. 75p each.

Labelling boxes and pallets

Labels should be printed and utilised in the pack-house in a tigiilyolled
manner.

Before use, all new labels should be approved. This will inviblgeprinter
operator receiving a specification from the commercial meanaA specimen
label should be printed and passed back to the commerciagerdonachecking
and finally sending to the customer for approval.



On a daily basis, the printer will check labels againssgeification / specimen
and print only sufficient for the intended order with 2 extra fbelgrint records.
The print number should be recorded in the label print records.

Labels should be checked at the start of the print run ahé and of the run.
Where bar codes are an integral part of the label, thayld also be scanned with
a suitable approved scanner to ensure that the bar codesoafeleesnd are
carrying the correct information.

Printed labels will then be passed to the supervisor, wihaheck the labels and
sign for acceptance.

Any unused labels must be returned, destroyed, and recordée liptant
records.

The same procedures are applicable for box end and product (polyixg) la
Labels applied to RDT’s should be securely placed in thgietsd position. If
labels become dislodged, valuable information on traceabiiityp&lost, in
addition to the risk of rejection by the customer depot QC.

Some of the multiple sorting systems depend on label presed@ceuracy,
therefore label compliance will become ever more criticéhe future.

In addition to box end labelling, pallets should also have & ldegar destination
label placed in a prominent position.

Some multiples require a standard bar coded pallet labdlyusakur coded as
well. This will soon become the standard for all.

All pallets should be checked for correct labels as pdmalfinspection, before
despatch.

Traceability

As part of label information, full traceability must be ntained.

Each label must have the supplier identity, either by narbg accepted code or
both.

In addition the grower identity should be shown as a code dalibé

'Display until' information will normally be included.

All information aids traceability. Consumer complaints advisesuppliers will
always refer to 'display until' dates as well as suppties etc.

Traceability is important for all involved in the supply ch&ny guestion against
the safety of product will result in its withdrawal. Ieek traceability cannot be
confirmed, safe product may also be withdrawn i.e. guiltydspeaation.
Traceability back to the orchard may be difficult to relcon the box end label.
However it is critical that records are held to demonstrdtich orchards were
used against each batch despatched.

Cool chain effect on fruit firmness

The benefits of maintaining a cool chain are described tioset5 of the guide.
The maximum benefit will be gained where a cool chainastained up to and
including the retail display.

This benefit is recognised by the retailer but the cost ofersion means
implementation will take time in the larger retail openas.



» Cool chain at the retail level allows more ‘ready-tofeait to be displayed
without loss of quality.

« This in turn increases customer satisfaction and genenatesased sales of
higher value products.

Quality Control Operation

There are 4 distinct areas of QC within the grading aclipg operation namely raw
material assessment, on-line QC inspection, and final Q@dtiep and shelf life
assessment.

Raw material assessment.

e This is dealt with in section 13.

On-Line QC Inspection.

* This is designed to ensure packed product is within thefggagicn. It is the
responsibility of supervisors to maintain the required stanoiair®C’s should
monitor the situation by sampling fruit at various stages of pemifuction run.
Product should be inspected and the results recorded at the bggaturing and
at the end of the production run. Times of inspection should bedextor
Assessment should be made for visual quality, firmness, eylitélbel
compliance and pack weight conformance. As a guide 3% of productidieul
inspected on line. The QC should inform the supervisor of anityissues and
appropriate action must be taken. This may result in stopipaline,
withdrawing product and rectifying the problem. For example prodatigh
underweight will require re-weighing.

Final QC Inspection.

» Final QC Inspection should only be a confirmation of the staittise packed
fruit. If product at this stage of production is found to be bejoade, clearly
other QC inspections have failed. This is a serious issueaestigations should
take place to identify where systems have failed. Finalr3@fection should take
account of visual quality, fruit firmness, weights, label coamae including
traceable information, pallet stacking and security. Somgpi@s require final
inspection to be a positive release formally signed offstiagvn on a positive
release pallet label. This is taking the place of deppection and passing the
responsibility to the supplier to ensure product fully complieb witlstomer
specification.

Shelf Life Assessment.

» Shelf Life procedures allow the supplier to monitor a samptiespatched
product. This enables a pre-warning of any issues of producicdatieEm, which
may indicate a serious problem requiring withdrawal of product ssiply a
reduced 'display until' period. For example where a product itssesndition
before the 'display until' date, it will be beneficial te 8upplier, retailer and
consumer to reduce the period on display.

FOOTNOTE. BRC STANDARDS. The procedures of best practice indicated in
sections 13 and 14 deal with in house grading and packing asti\itowever, the
packing, environment and general procedures for all multiple cust@ndrmany
higher profile wholesale customers require compliance with thistBRetail
Consortium (BRC) standard. This code of practice covers alt&spkrecognised



best practice in product management systems. The BRC stdnadzaiitree levels of
certification:

1. Fit to Supply (the lowest).

2. Foundation Level.

3. Higher Level (the highest)

Accredited auditors carry out audits of suppliers seekingh®ae the BRC standard.
The supplier may choose the auditor from a list of accreditedors. The supplier
bears the cost of audit expenses and the audit resuttseeasapplier's property. The
supplier will authorise release of the audit reports to potenigibmers in support of
any business agreement.



Section 15. Maintaining quality during marketing

Early season apples intended for direct marketing begin tgledey immediately
after harvest. Likewise apples from CA storage lose quadityoon as the 'gas’ seal is
broken. In both cases without sufficient control of produce regpirghe quality of
product reaching the consumer may be inadequate to providectatisfahis can
have an immediate and long-term adverse reaction to treecfdli fruit.

Much can be done to ensure higher quality product in the markettpfacgh an
awareness of the benefits of temperature control afteesiafearly apples) or after
grading (storage cultivars). Following best practice wilphie ensure that all the
efforts to achieve high quality through application of good husbamihgtrage
practice are not wasted after fruit leaves the packingehous

Where cool temperatures cannot be maintained and the petiwdem packing and
consumption exceeds 10 days the use of modified atmospherep@dkaging
provides useful improvements in product quality. However, inirtant that
growers discuss the use of MA packaging with their marketignts and their
customers (retailers and wholesalers) to ensure theiptaooe in the market place. It
is particularly important that supply of product in retail MA gcs acceptable to
retailers that are accustomed to selling the bulk of greduct ‘free-flow'. In this
regard it may be that the bulk packs (18-kg cardboard cases lited suitable
polymeric film) that preserve quality to the retail shed the most appropriate
application of MA technology for UK retailers. It is alsopartant for producers to be
able to achieve higher prices for their higher quality proofuotder to meet the
additional costs of packaging.

Although the quality benefits of MA packaging are proven foumber of cultivars
these are achieved generally at ambient temperatures angeoioels in excess of 2
weeks. Where prompt distribution of product occurs at cool tempesathe use of
MA technigues may not be justified. Consequently, at the préssnthe use of MA
packaging is not included in best practice.

Early season apples:

» Keep fruit shaded after picking and during transport from the micha

» Ensure fast removal of field heat by loading fruit into storéltha been pre-
cooled to 6C. Load no more than 10% of the total capacity of the storee.g
maximum of 10 tonnes of fruit into a 100 tonne store.

» After pre-cooling grade and pack quickly, return packed frut poe-cooled
holding store

» Short journeys in non-insulated transport should be made during theatfiours
darkness

* Insulated or refrigerated transport should be used for long tindajpurneys

« All transfers on and off vehicles should be done rapidly

* Encourage the use of cool displays at the retail level

Storage cultivars:



« Terminate storage while there is sufficient quality to afloipacking and
distribution

« Keep packed fruit cool, ideally 36 but at below 1T at least

» Use chilled distribution where possible

* Encourage cool display in retail outlets

* Avoid ‘back-storage’

Growers can use Table 13 below to convince marketers andbatists of the need
for prompt delivery of their product to the retail shelf ahthe importance of
maintaining cool temperatures during distribution. These requily g0 Cox apples
removed from CA storage where the intention is to achieve Bkgdiss on the retail
shelf.

Table 13. Effect of temperature on firmness declinedr &pples.
Days to reach 6 kg firmness (projected)

Firmness ex- 1.5C 3.5C 10C 18C
store (kg)

6.6 30 20 12 9

6.4 20 13 8 6

6.2 10 7 4 3




