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4 Review of the

(uality and Shelf Life

QUALITY VEGETABLES

Factors Affecting the

f Uk field

Vegetabies for the Fresh Market

The intention of this review is to bring together
the practical knowiedge. experience and 10 4
certain extent the opinions of a wide range of
individuais invoived with the growing.
marketing. breeding and selection of a range of
field vegetables. Some rererence is made to
research work but this s not a comprehensive
survev. it is hoped that the review will shed some
light on the guaiity and shelf Tife problems. their
probable causes and possible solutions, if any.
Evervone tnvolved in the chain of events from
piant breeding through to retailing should gan 2
better understanding of the situanon in the quest
for better quality and extended shelf life for the
benefit of not onlv the consumer but everyone
involved in the industry.

For the purpose of this review the definition of
quality is that given in the introduction te BS
5750, 1.e. quality 1s the requirement necessary
to meet the customer s needs. One of the major
problems encountered is that of specifying what
are the customer s needs and. if known, how well
are thev understood and how consistent are they”
Several aspects are discussed for each crop
studied but in general terms there are factors
common to all crops or products.

The physical and visual aspects

Most of these are laid down in the EC Quality
Standards and extended in the supermarkel
specifications.  Where no supermarkel
specification exists the relevant EC Class 1s
generally adopted and must in all circumstances
be complied with. The physical criteriz e.g. size.
weight and shape of product are dependent on
plant density. varietal choice and cuitural
rechnigues (e.g. trrigation and fertiliser rate).

i

these are generally well understood by growers.
The emergence of the demand for smalier or mini
vegetabies can be met by choice of variety,
increased plant population or harvesting the crop
at an immaiure stage with consequent effects on
its flavour and shelf tife. The alternative of
selecting out the small portion of a normal crop
dereats the image of mini vegetabies being
voung. fresh and tender. if in fact this is the
marketing objective. Special dispensations from
the EC quality standards are given for some baby/
mini vegetables by the Ministry of Agricuiture
but agreement on such dispensations must be
obtained from the Horticultural Marketing
Inspectorate. Currently cauliflower and leeks are
included in the agreement provided they meet
Class [ and are in packs not exceeding Skg.

The visual factors of colour. shape. degree of
blemish are again well understood and
documented although concern has been
expressed regarding the degree of blemish which
may be acceptable to the average Customer, if in
fact such a person exists. This concern applies
mainly to some supermarket specifications which
demand a degree of visual excelience achievable
a1 a cost not always reflected in the price
eceived. In general the EC Quality Standards
are reasonabie and practical on this aspect with
the possible exception of onions where the
question of skin finish and cleanliness is subject
to debate. To overcome these difficulties many
supermarkers sell the product as Class 11.

in considering blemish a clear distinction must
be made between defects which are progressive
and those that are non progressive e.g. slight mis-
shapes. surface scarring or acceptabie healed
damage which is easily removed on preparation,




Srogressive derocts are tose such as rots, diseass
anu pnysiotogical breakdown. The EC Guabiny
Standards and their interpresation by horticuitural
markelng mspectoraies on this aspect of biemish
15 again generallv accentable although the nii
toterance tn Class ! ror bolung or flowering in
cetery, and to & cernam exwent in leeks. 15 no
nractical and s thereiore not adhered 1o on
occasions

in almost every discussion the probiem or pes:
and disease conirol iinked with reduction In
pesticide usage was raised. 1t is particuiariy
serious in Brassica crops. especially Brussels
sprouts. where the icreased acreage of cilseed
rape nas led to a build up of {eaf diseases. The
probiem of violet root rot in carrols was
nighlighted as needing more altention.

Quality Issues imporiant
to the Consumer

The mausiry. and supermarkets i particular, are
paving much attention 1o the issues of pesticide
usage and residue testung. The NFU and a number
of leading retaiiers have got together to prepars
joint protocois on Integrated Crop Managemen:
(ICM). Two of these. for caulifiower and carrots.
pave aiready been issued and others are in
preparation. Supermarkets are particulariy
vuinerable to adverse publicity and legal action
pecause of the Food Safety Act 1990. This has
been interpreted as paving more serious
consequences for them by removing the warranty
derence and replacing 1t with a requirement (o
show due diligence. It has perhiaps not been
suffictently appreciated that the due diligencs
requirements apply to all food products and not
just to those suppiied (0 supermarkets.

A maior concem expressed by producers is the
mcreasing himitations on the range of pesticides
approved for use on horticultural crops. The
activities of HDC in acuvely supporting the
necessary work to register new pesticides and
obtain off-label approval for existing pesticides
on horticuitural crops should be recognised.
There is also concern about the use of post

farvest cnemicas and it was nIsresung [ note
the complete ban on the use of ese i Hojano
on stored wiite cabbage. and onjons. The Ui
industry should thererors pe preparmng uself for

simitlar restrictions,

The flavour and texture of itesh produce was e
Cause of mucn discussion. Fravour s very
difficult to ceterrmne ana agree unon. One 15 et
WIE he conciusion tat neiween tne apsoiutely
tasteless and the positivelv repulsive produc:
there 1s ¢ wide range o1 acceptable fiavours.
Bitterness in sprouts ratsed the subject 1o the
roreiront and 1 was encouraging 1o note the
activities of HDC and NIAB and some leading
growers wno. in conjunction with CFDRA
(Chippine Camaen;, have reguiar rasing
sessions with their own panels 10 assess their
crops. Many supermarkets already run reguiar
tasting sessions and the Dutch plant breeders and
State Organisauons such as the Central Bureat
ot Auctions and TNO Food Research institute
are putting considerabie effort into flavour
assessment. This contrasts with the rather casual
approach of some piant breeders and growers.
very few of whom carry out regular or organised
LASHINE SESSI10Ns.

Texture came up in discussions on celery, beans.
cabbage greens and broccoli particulariy where
stringiness or high proportions of inedibility
occurred. Apart rrom varietal considerations.
which are discussed for each crop. important
factors are the maturity of the product at narves?
and the effect of stress on the crop e.g. poor
arowing conditions, lack of moisturz. and
extremes of lemperature,

Nutritionat value of the product was never
considered particularly important although most
supermarkets include this data on their
packaging, One major Dutch breeder however
15 very active in this area and lists varieties of
Brusseis sprouts with high vitamin C content.
The carotene levels in carrots was another areg
ot interest 1o plant breeders and several
comments are covered in the crop section. The
dangers of irresponsible misinterpretation of the
chemical anaivsts especially with respect 1o




naturaliy ceeurring compounds which ¢ould ne
roxic at nigh levels must be carcfuliv addressed.

Shelf Life

There 15 a lack of concern among some breeders
and growers with regards o shell Iifs. Thic
nowever has been challenged by the
supermarkets not onlv because of the financia
implications 1o them but also with resnect 10
CUSIOMET SASTAcTion.

The tirst requirement in discussing shelf Hife is
1o agree a defmiton of what is mean:. t
supermarket it normally means the length of rime
that the product is considered to be of 4 saleabie
standard under the condutions of handiing ang
dispiay. This will take mto account the ranspor
and holding of the product under refrigeration
0-10"C with subsequent display. normaiiv a:
ambient. and customer holding. generaliv ar
ambient. although more domestic refrigerators
are now being provided with special storage areas
ror produce. This definiton of shelf life assumes
the product is prepared and packed on the dav of
delivery to depot. Sheif fives guoted here are
expressed as two iigures e.g. 2+2 days. indicarng
2 days at retail level (the display until figure).
pius two days customer usage. Shelf life as
mdicated by a “dispiay unti!” date on pre-packs
mdicates freshness to the consumer and serves
48 4 management ool in ensuring product
rotation on the shelf. Tt does not however teli the
customer how much ionger the product wilj
remain inoan acceptable condition as this will
depend on how the product is kept (e.g.
temperature). The supermarket will assume o
customer life of 1-3 davs. dependent on the
product display at retaiting. If there is complete
cool chain from depot 1o retail display the period
of display can be exiended by 2-3 davs. again
aependent on product. However few fieid
vegelabies can justify the expense of refrigerated
display which is normaliv, but not aiways,
restricied o salad itnes.

While fresh fruit and vegetables are not iegally
required to be iabelled with an indication of their
“shelf Tife™ or durability most supermarkets will
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cenerally does not carry any mdications of 1t
“sheli iife”. The situaton 1s made worse wner
DCOr management and madeauate raming aliows
staft 1o “top up” displays by putling fresh proauct
on op ot old. Brussels sprouts and carrots were
auoted as the worst examples of this. The shelt
iize of loose produce is adverselv affected by
customer nandling ana selection thus nNcreasing
the proportions of old. pruised. broken.
renvdrated and discotoured proauct on a dispiay.
Tnere mayv pe very little that can be cone by plant
breeders, growers and packers o overcome
deficiencies n the wholesaling and rewaiiing of
fresh proauce but this is no excuse for not
providing the customer, whether 1t pe retailer or
consumer, with good acceptabie product 1o pegin
with. The aevetopment of siow rinening. long
iife varieues of omatoes although not directly
applicabie to vegetables. is an indication of how
preeding can affect shelf life.

Prepared. readv to eat. produce such as salac
packs must ne clearty labelied with an mdication
of 115 total safe life by the-use of wording such
as "use by together with instructions on 1ts
refrigeration. it must be distributed and displaved
under refrigeration at tlemperatures not exceeding
8°C.

Most of the work on shelf life in the UK has
inciuded the removal of fieid heat from the
product as quickly as possibie after harvest. This
ensures & cool chamn. simulating distribution and
holding conditions. Trials run at NIAB during
1090-1992 held the product in a temperature
conirolled room at 20°C with a relatrve humidity
£ 30% to simulare supermarker conditions. The
effect of light on dispiayed product has not been
studied but conditions were simulated using
tivorescent “day iight” tubes (1,200 iux for 12
hours withi 12 hours darkness). It has been
difficuit 10 reproduce the effect of customer
handiing or the environment of buik dispiays put
4 reasonable esumate of the time for a produc:
{0 become unsaleabie has been obtained. Simiiar
shelf life rooms are used at HRI Kirton,
Stockbridge House and Efford. Packers
supplving the mujor supermarkets have




designated shelf Jife rooins in which they retain
samples of their production for a period
equivalent to an average customer purchase. This
1s often a condition imposed by the supermarket.

The estmation of when a product is no longer
acceptable for the market 15 somewhat more
difficult. Only workers at FRI (Norwich? use an
objective assessment for shelf fife, This is based
on the percentage water i0ss in the product before
it becomes unsaieable. This ranges from 4% for
sprouting broccoli, 5% for runner beans, 7% for
leeks, parsnip. cauliftower and cabbage. 8% for
carrots and 10% for celerv. Post harvest product
life at the retail level is not considered by Dutch
workers or plant breeders.

A literature review of the factors affecting the
sheif life of cauliflower. calabrese. Brussels
sprouts and ieeks has been undertaken by HDC
m project FV 137 and this has been extended into
further work at HRI Kirton on these crops. Some
of the observations and results from this project
are aliuded to in this review,

Very little work appears to have been done on
the changes in flavour and nutritionai value of
stored products. especially after shelf life testing.
The effect of storage on the flavour of carrots is
however well documented and is referred to in
the crop section.

CARROTS

For the UK to be the largest producer of carrots
in Europe says much for the expertise and energy
of the industry which also produces the bes
quahitv carrots over the longest period. Nature
has lent a hand in providing some good sandy
soils. adequate rainfall and relatively mild
winters. Carrot production is concentrated in the
Fens. Norfolk. Suffolk. Lancashire. Lincolnshire
and Scotiand. However this still jeaves
unexpioited areas of fertile sand lands especialiv

in the South and South Wesi. The opening up of

export markets underpins this current production
position and maintains {he qualitv standards
achieved {o date.

Specifications

Much of tne current carrot specifications have
geveloped from the supermarket and muitipie
buver's need for an easy to pack, auractive
product. This means cylindrical tvpeg IO 5-13em
(4-6") in iength and 2-2.5cm (% -1") diameter
capabie of being handied without preaking and
suitable for uniform in-iine packs. A guide to
root size ror various pack weights and marketing

requirements 1s as follows:

MARKETING ROOT ROOT
UNIT LENGTH  DIAMETER
Small pre-pack 10G-150mm  10-20mm
450g (11b) {(4-6") (0.4-0.8")
Medium pre- 100-130mm 20-30mm
pack 500g (1.11b} (4-67) {0.8-1.2™M
Large pre-pack 1530-175mm 25-35m
Ikg (2.21b) (6-7") (1-1.4"
Loose H5-200mm 25-40mm
(4.5-8") (1-1.6")

These size ranges fall within the EC Class |
grades where maximum root diameter or weight
of the carrot without foliage is taken as the
criteria

Min. Max. Min.  Max.

diam.  diam.  wt wi.
Barly carrots 10mm  40mm  8g 150¢
& small (G247 {Le" (ozy  (So0z)

rooted varetes
Mamncrop  20mm none
& larger (0.8";
rooted varieties

none 50
(1.80z)

No maximum diameter or root weight is laid
down for maimn crop or farge rooted varieties in
Class T although thev are stipulated for Exira
Class. The maximum here is 43mm (17" and
maximum weignt of 200g (7oz). It is thereTore
feasible ror all supermarket carrots to come
within the Extra Crass for size, A comment mads
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by one supermarket representative was that there
had been too much emphasis on cosmetnc
appearance and that standards of the best UK
supermarket carrots already attained Extra Class!
A relaxation of standards wouid not be
universally welcomed however.

The quiet revolution in carrot varieties with the
introduction of F1 hybrids based mainty on
Nantes types has met the customers needs in
appearance, shape and size. The work on seed
rates and plant population emanating from
Wellesbourne in particular, has improved the
vield of marketable sizes. A glance at the NIAB
Descriptive List for iresh market carrots shows
now well modern varieties fall within the
preferred size ranges and the high scores for flesh
and core colour. skin smoothness and uniformity
of shape show how well the modern varieties
meet the specifications.

Defects

Defects still lead to 20-30% of a crop being
unmarketable as recorded in the NIAB
over-wintering trial for 1992/93. Some growers
have quoted much higher figures mainly as a
resuit of roots being over and under the stipulated
size range for their market, twisted, split or
broken roots. Splitting and breakage of roots
either during growth or as a result of handling,
washing and packing is now the subject of HDC
research at HRI Weilesbourne (Project No
46.46a). Much has already been written on the
subject and varietal. culturai and climatic factors
all combine to complicate the picture. The
relationship between the mechanical strength of
the root and 1ts flavour and texture should not be
forgotten in these studies. More than one
comment was made of varieties which had good
tield and handling characteristics but fell down
on texture, colour and taste. The UK preference
for cylindrical carrots derived from Nantes and
Berlicium types which are susceptible to
breakage and splitting has not heiped European
breeders. Their USA counterparts have been
overheard to comment that such varieties would
not survive the American methods of harvesting
and handling. HDC project FV46 lcoks at

pre-harvest treatments to reduce damage during
handling. From the retailing point of view much
of the crop’s problems are left in the field or pack-
house although hair line spiitting often occurs
after packing and even when being placed on
the supermarket sheif. Here turgidity of the roots
linked with mechanical pressure in rough
handiing has been quoted as being the main
cause. Discoloration of the skin especially at the
root tip, occurs with early harvested, immarure
carrots. This is more widely seen on imported
product especially if there is inadequate post
harvest cooling. The fact that almost alt carrots
are washed. even for the wholesaie market, has
not made life any easier for growers. It is doubtful
whether a return to unwashed product, as ofien
seen in Dutch greengrocers would benefit sales
in the UK.

Silvering of the skin of washed carrots also
detracts from the appearance, especially on loose
dispiay. Abrasion of the root surface caused by
lifting on coarse sandy soils or washing m water
with suspended sand particles too long a washing
period, have been suggested as causes. Washing
shows up any imperfections on the skin.
Corrugated roots with prominent secondary root
initials are unattractive and have been linked with
irregular water supply and heavy soils.

Cavity spot. carrot fly and cut worm damage
are normally easily recognised after washing and
removed from the packing line. The increased
incidence of violet root rot, a soil borne fungus,
is raising concern in many quarters. A policy of
wider rotation and moving production to
uninfected soil in new areas has been suggested
as a better alternative to the use of fungicidal
treatments. Some defects have almost been
eliminated with the new hybrid varieties.

Greening of the crown and internal greening
down the core are not now serious problems.
Yellow. woody cores are also a thing of the past.
and a return to the old varieties such as St Valery
and James Intermediate. as encouraged by
several supermarkeis a year or so ago, showed
how poor they were compared with today’s
product. Even Chanienay. once the best flavoured
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carrot on the market, has falien out of use though
new breeding work might well give it a new
future for the fresh market.

Flavour

CFDRA has carried out extensive flavour
assessments on varieties from different soil types.
November harvested carrots from organic Fen
soils were deeper orange coloured and stronger
flavoured than those from mineral soils. Could
this be due to lower sugars normally found in
root crops grown on the high nitrogen and
moisture holding Fen peat? The range of flavours
ts described as sweet, harsh. bitter. soapy. buttery
and tangy. Some varieties were fairly consistent
but others were variable in their flavour
characteristics. Some seed houses have claimed
particular characteristics such as sweetness and
high carotene for their varieties. The principal
flavour constituents are sugars. with a range of
3-8% terpenoids, in some cases this may give a
turpentmne taste. Phenolic compounds which give
bitterness are not found in fresh roots. The effect
of long term storage on the levels of these flavour
constituents is to reduce the sugar ievels and
increase the unfavourable terpenoids and
phenolics. There comes a stage in the storage
life when overall flavour of carrots becomes
unacceptabie and this in turn will place a limit
on the length of storage pertod. Supermarkets
are becoming more aware of the deterioration
in flavour and from mid-March onwards the
flavour of the home grown crop can deteriorate
guickly. The only alternative is to move into more
expensive new season crop from Spain. Whether
consumers are aware of the flavour differences
between end of season home grown carrots,
which can be harsh tasting or even flavourless,
and sweet, well flavoured new season imports.
is difficult to determine. The fact that the major
buyers are now taking this into consideration
should not be lost on the industry and the efforts
to extend the storage of carrots beyond the end
of March should be viewed with caution. Most
UK crops are over-wintered in the soil under
straw so the relevance of this information is
difficult to evaluate. Some improvements in
storage techmiques are needed but so far the fullv

successful storage of lifted carrots has not been
achieved. The Dutch get over the problem by
storing their crop as lifted and consumers do not
appear to be too worried about poor skin finish.

Texture

Texture differences between varietal groups have
been commented on with the generally held view
that the Amsterdam/Nantes group have a softer
texture than late. winter hardy Autumn King
types and require less cooking. The relationship
between dry matter, flavour and texture could
be worthy of more attention. High dry matter of
12-14% 1s important for the processing industry
but not so for the fresh market where Amsterdam
types have 8-9% dry matter and Nantes [0-11%
dry matter.

Nutrition

From the nutritional viewpoint carrots have
achieved fame for their rich supply of vitamin
A derived largely from the carotene which
accounts for the mterest in high carotene carrots.
A good deep orange colour in the root is not
necessarily an indication of high carotene
content.

Pesticide use 15 always an area of consumer
concern. The development of varieties with
carrot root fly resistance is good news, but cavity
spot. mildew and violet root rot stifl remamn
probiems.

Cavity spot in particular has had considerabie
attention and a comprehensive investigation has
been funded by HDC in Project FV5a. This has
resulted in the introduction of the Cavity Spot
Diagnostic Prediction Service launched by HDC
in January 1994, Soil samples taken prior to
sowing can give an assessment of the level of
the causative agent. Pyrhium violae, and a
decision can be made as to what culturai controls,
if any, need to be applied. This work wili form
an important part of an Integrated Crop
Management System as laid out in the NFU/
Retailers Joint Protocol for carrots. Some minor
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disorders are becoming of economic importance
such as nematodes, powdery miidew and
Alternaria. Die back and crown rotting may be
linked to these and HDC Project FV 136 has been
intiiated to investigate these problems. Storage
of lifted carrots for the fresh market has not been
completely successful from the retailer’s
viewpoint due to poor skin finish of the stored
product. Even with very high humidity of 99-
100% and low temperatures of 0-2°C problems
have arisen. Field storage under straw despite
its cost and difficulties is still the main method
of overwintering the crop.

Shelf life

Apart from the problems of drying our and
silvering on loose carrot disptays there are few
problems with shelf life. Any progressive rots
resulting from soft rot bacterial infection of
darnaged tissue can show up after several days
in pre-packs. Work was carried out on carrot
Hydro-cooling and the effect of chlorination
of the water in HDC project FV133. A
combination of hydro-cooling and chiorination
gave best shelf life results. For pre-packs a shelf
life of 343 days would normaily be expected.
and longer if the customer holds the product in
refrigeration. Loose carrots can also be expected
to have a similar life. Unwashed carrots can have
double the shelif life of the washed product.

Further Developments

Pesticide residues and the need to reduce
pesticide usage are important consumer COncems
and the Joint NFU Retaiier Integrated Crop
Management Protocol for the crop is an
important step in the right direction. Criticism
has been levelled at some producers in the past
for inadequate crop rotation with resultant “soil
sickness”. A rotation of one umbelliferous crop
in five years as suggested in the Protocol is to be
encouraged. The feasibility of this must be
determined by the industry. However since soil
types are so important in determining the final
guality of the crop a survey of suitable areas
would be useful in the long-term planning for
the industry.

Widening the customer choice has been
accomplished by the introduction of baby and
bunched carrots and new varieties such as the
round Parisienne types. UK growers must be
ready and abie to meet these needs. Ready
prepared carrots, either as batons, diced or
shredded are in demand not only from the
vegetarian and health conscious sector but also
for catering and home use. Flavour and texture
are increasingly important for these products and
this 1s one crop in which organic growers have
established a toe-hold.

Key Issues

Need to ook at further areas of production,
partly to extend the season but also to avoid the
buiid up of pests and diseases in existing areas.
Successful iong term storage of lifted product
has not been accomplished.

PARSNIPS

The flavour of parsnips 1s unigue and some may
say that it is an acquired taste. Production and
breeding are limited to England, New England
{USA) and Australia. Improvements have been
seen in recent years and the parsnip is regaining
popularity.

Specifications

Because of the iimited geographical market the
EC has not included it in their Quality Standard.
1t has been left to the supermarkets and muitipies
to determine the specification. The first
requirement was for smaiier sized roots to
facilitate prepacking. The traditional market roots
weighing up to 0.45kg (1ib) were replaced by
individual roots of 70-225g (2.5-80z) to give
packs of 2-6 trimmed pieces per 0.45kg (11b)
pack. With baby parsnips the size iseven smaller
with 10-12 per 11b pack.

Length was determined at 10-16.5cm (4-6.5")
of edible root with the lfong whip-like tail
removed at (.5¢cm (0.257) diameter or more.
These size constraints encouraged the




development of broad wedge shaped roots rather
than the wide shouldered butbous or long narrow
tapering (“bayonet’™) roots. In effect the shape
of roots can be affected by soil type. plant
population and stress factors such as water
shortage. The NIAB 1993 Descriptive list uses
the term “wedge” in the description of all 14
varieties listed but other shapes also occur within
individual varieties, even F1 hybrids. The NIAB
trials define marketable roots as being between
10 and 30em (10-12") tong and 3-13cm (1.2-5")
wide, but supermarket requirements tend to
favour smail to medium size roots from this size
range. The NIAB Descriptive iist recognises this
requirement in its recommendations of varieties
for either market or pre-pack use.

Appearance

Colour and skin finish are particulariy
important. Brilliant white roots look attractive.
are not always easily obtainabie nor do they
always retain their whiteness after washing.
Whilst colour is largely attributable to variety.
other factors such as soil type and post harves:
handling are important. Some varieties will go
dull and brown and one theory is that exudate
from damaged root cells oxidises on exposure
to air after washing and drying. Prepacking of
wet roots is considered by some to reduce the
browning process. A new HDC funded project
(FV146) at HRI Wellesbourne is addressing this
1ssue. Skin finish should be smooth. Again this
is both varietal and cultural, Good, light, stone
free soiis are essential for obtaining uniform
well-shaped roots but moisture shortage and soil
pans. especially in dry seasons. can adversely
affect the appearance and shape of roots. The
depth of the crown or shoulder of the parsnip is
important as far as washing and bruising is
concerned and shallow crowned varieties are
preferred.

Defects

Shoulderbruising and mechanical damage are
two main non-progressive defects. Varietal and
cuiturai aspects are mentioned as major factors

although fittle seems to be known as to what
controls the susceptibility of roots ¢ damage.

Canker is listed as the major progressive defect.
Differences in varietal susceptibility and good
crop rotation are the major methods of countering
this defect. Breeding for canker resistance has
been continuing for some considerable time with
reasonable but not totai success. Early work
showed that canker was more prevalent on older
roots espectally 1f held in wet soil over the
autumn and winter period. The old practice of
early sowing in Spring was found to increase the
incidence of canker. Carrot fly can also be
troublesome although present control methods
would appear to be adequate.

Flavour

Preserving the unique flavour of parsnips in new
varieties does not seem to be a problem. The old
adage that parsnips shouid not be eaten until they
nave had a good frost has also been {aid 10 rest.
It is not unreasonable to assume that an ali year
round market exists for the product, frost or no
frost.

The relationship between size of core to that of
cortex or fleshy outer part may also play a part
in flavour and texture. Certainly the moves
towards marketing smaller younger roots means
that the old woody cored parsnip is almost a thing
of the past. Flesh firmness, especially with regard
to bruising. is not fully understood.

Shelf life

Most parsnip varieties are frost hardy so hifting
and storing is not normally practised and would
be unwise where good skin colour is required.
Shelf life for pre-packs is normally 3+3 days but
loose parsnips can discolour and shrivel after
2-3 days. Good controi of product rotation 1s
needed on retail displavs. NIAB shelf life triais
of PVC wrapped roots lists weight loss, tip
discoloration. fiecking of the skin. greening of
the roots and disease as the main aspects
determining acceptability. Of nine varieties on
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testonly one was significantly better overall, the
others fell down on one or more of the
characteristics mentioned.

Future developments

As with carrots the control of soil borne diseases
and subsequent pesticide use musi be
continuously addressed. Extension of the
growing season by using poiythene crop covers
is already practised. Moves to grow early crops
further south or on the Continent are a further
iogical development.

Baby parsnips have found a niche but one
wonders whether using the small out grades from
the commercial crop is really the correct way to
consolidate and expand this niche market. The
development of suitable varieties sown to give
higher plant densities is now being undertaken.

Prepared parsnips are not so easy to handle
because of browning but one cookery writer
extois the virtues of parsnip chips as being an
improvement on French Fries. Perhaps they
could be called English Fries!

Key Issues

More opportunities may be possible for the use
of parsnips in processing.

The problem of browning and suscepiibility 1o
bruising needs to be understood.

ONIONS
Specifications

There seems to be littie problem in achieving
the Class | requirements for size. However
interpretation of the standard as far asskin finish
is concerned has led most supermarkets to iabel
their product as Class II. This in turn does not
appear to have influenced the customers
perception of quality. Class I product s available
as a special selection at a premium price in cerain
outlets but as far as differences are concerned
they are mostly cosmetic and eating guality is
no better. The British Onion Producers

Association (BOPA) have issued their own
(uality Manual which is available to their
members.

The problem of skin guality arises from the
variability of the English climate. Onion
production is more suited to the hot dry
conditions of Southern Europe. Soil type can aiso
affect skin finish and it is generally conceded
that the organic peaty soils of the Fens give a
less attractive product than the Highter sandy soils.

Size is generally not a major problem and with
more accurate control of plant population in the
field a fairly good control of size can be obtained.
The size ranges used by NIAB are:

Picklers o 15-40mm
Medium  : 40-60mm
Large : 60mm and over

Most supermarkets work within these size ranges
for pre-packs and foose produce. However there
15 evidence of a tendency towards larger bulbs,
especially fortoose sales. with a top diameter of
80mm. Growers are conscious of the need for
flexibility in supermarket specifications from
season to season to accommodate the variation
in bulb size which can occur due to climatic
factors (e.g. hot dry and cool moist seasons). The
pickler size 1s generally available during the
August to November period.

Appearance

Colour of the outer skin and its ability to stay in
place around the buib are considered important
from the consumer point of view. Whilst a deep
copper colour 1s considered to be the ideal any
variations of this through to a pale straw colour
is accepted (see Plate 1). Paler skin. except in
the case of white skin varieties grown for the
purpose, 1s not liked. Greening, suggests
immaturity and is not acceptabie. Exposure of
the white flesh due to the removal of the outer
skin gives a poor visual impression of the
product.

Globe shaped bulbs with moderate variation
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towards a flattened or ovai shape are acceptabie
but compietely oval or very flat bulbs are not
(see Plate 2). This raises some problems with
the crops produced from onion sets which tend
to give a flattish buib compared with varieties
grown from seed. It is reported that at least one
supermarket has refused to accept product grown
from sets, Plant spacing can affect bulb shape.
close spacing tends to produce a more elongated
bulb than wider spacings. Uniformity of shape
is important within a variety.

Defects

Thick bulb necks and badly trimmed necks give
a poor appearance. The 4cm neck length allowed
under EC Quality Standards might be considered
too long for most supermarkets. Thickness of
neck. aithough a varietal characteristic, can also
e influenced by high nitrogen and seasonal
factors.
Bolters are not accepted. This probiem seldom
occurs with drilled crops except for some over-
wintered varieties but has been a probiem in
crops grown from sets or plants.

Neck rot was at one time a serious defect but
seed treatment and good production techniques
have targely overcome the probiem. Sprouting
or shoot growth is not allowed in Class I but early
signs of this are aliowed in Class II. Some
supermarkets are more specific on this point
because they realise that onions cold stored from
September/October through to March/April will
atmost certainly start regrowth on coming into
ambient temperatures, especially if no sprout
suppressant treatment has been appiied. No
outwardly visible shoot regrowth is acceptable
and subsequent sprouting should be sufficiently
retarded to allow at feast 10 days for marketing
and consumer use. Varietal susceptibility to
sprouting is an imporiant part of NIAB
assessment and is also under investigation in the
HDC Project FV81 where the fong term storage
of naturally good storing varieties is under
investigation.

Mechanical damage occurring during

harvesting and handiing in storage can be 2
reason for rejection and down grading. Pressure
bruising in store may not show up untif the bultb
has regained ambient temperature. More recent
problems have been bacteriat watery scale and
the deveiopment of storage rots. These are being
investigated currently in HDC project FVI11.

Texture

Bulbs must be firm and a pilot study of bulb
softness was carried out in 1992 in HDC project
FV112. Contrary to previous studies it was found
that high nitrate leveis were linked to harder
bulbs. High dry matter is linked with improved
firmness. Late irrigation or heavy rain close to
harvest gives softer bulbs. Varnetal differences.
which are noted in NIAB triais, the marurity of
the bulb at harvest and the timing of field
applications of maleic hydrazide as a sprout
suppressant, also affect the buib softness.

Flavour

Flavour is generally linked with pungency and
sweetness. Pungency has been the subject of
considerable research bui so far it does not seem
possible o produce sweet British onions of low
pungency to compare with the Spanish product.
Work at CFDRA over the 1984-1988 period
showed that there was some difference between
varieties in pungency although seasonal
variations due to weather conditions can occur.
An Interesting commens is made that Spanish
onions are not always mild! New imports of
American sweet onions may have an impact on
the market.

The internal problems of sprouting and the use
of maleic hydrazide as a sprout suppressant has
caused concern even though the chemical 1s
applied 1o the crop pre-harvest. A move towards
the physical control of sprouting by controlled
atmosphere storage would be welcomed by the
consumer lobby. One effect of storage is a
sweetening of the onion but whether this is
significant was not confirmed.




Sheif life

Shelf life is seldom a probiem except when bulbs
after long storage sprout within a few days at
ambient. A normal shelf tife of 7+7 days or longer
can be expected. The prepacking of onions into
nets has been criticised as causing much of the
problem in de-skinning. Loose displays also
suffer from this problem and the hot dry
atmospheres of supermarkets are often biamed.
Little can be done to overcome the probiem
though it can be alleviated by allowing bulbs
from cold store 10 reach ambient lemperatures
over several days before packing. This should
prevent sweating of the bulbs due to moist warm
air condensing on cold buibs.

Future Developments

Despite two hot dry summers in 1990 and 1991
when it looked as if the whole of East Anglia
would become a drought area, it has to be
admitted that the areas most suited for quality
bulb production are in the South Eastern Guarter
of the country. Production in Lincolnshire is
moving more towards the production from sets
m order to shorten the growing season. The threat
of increased imports from Eastern Europe at the
same period of production and availability as the
UK. poses another problem for the industry. The
considerable amount of research and investment
which has gone into the storage of the crop will
give the industry considerabie advantages. There
appears to be little prospect of increased demand
for ready pecled or sliced onions although a small
market niche has been established in some outiets
for these,

Red skinned onions are gaining in popularity.

Key Issues

Select optimum areas of production to improve
quality and yield.

Storage without chremicals requires continuing
effort.

LEEKS

Awell known TV cook writes that she takes leeks
for granted as they are cheap and plentiful. She
then goes on to complain about the earth and
grit nestling between the leaves. Obviously she
has never grown leeks or talked to a commercial
grower of leeks. She would have found that the
high labour costs in harvesting. cleaning and
trimming do not justify the cheap price paid.
Despite the problems leeks are an important crop
in Northern Europe with production spreading
mto Southern Europe for summer supplies.

Specifications

The EC Quality Standard for leeks encompasses
a fairly wide and not always clearly defined range
of product. The Dutch, for instance. sell their
product with full leaf, although the Dutch
housewife. like the majority of her UK
counterparts only uses the shank or stem portion,
but still has to pay for the leaf that is trimmed
off. The short leaf left on most English leeks is
probably a result once again of prepacking and
the difficulty of putting a long spreading bunch
of leaves into a bag. The shelf space that would
be taken up by two feet or more of a leafy product
15 unnopular with supermarkets. The Welsh and
Scottish appear to prefer more of the foliage left
on and at ieast one supermarket has a dual
specification to met the requirement.

An advantage of leaving more leaf, apart from
the greater weight of product, is that boliting and
re-growth is fess noticeable. The disadvantages.
apart from the space and packing difficulties. are
that thrip damage and rust disease can be
unsightiy.

Settling on a uniform specification for the
proportion of leaf to shank is not easy although
as a rule of thumb a maximum of one third total
length as teaf is acceptable. Thus a leek of 30
cm (127) mayv have 10cm (4") of leaf to 21cm
(8") of shank. This is generally suitable for mid
season product over the November to January
period but early season leeks tend to be longer
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in the stem and produce the “candlestick™ rype
of product. Late season leeks can be much
shorter. To cut these to 30cm (12") would give
more than [0cm (4") of flag. Until plant breeders
come up with varieties with the same length of
shank. ideally 21-25cm (8-10"), to cover the
whole season, 1t would be useful if some
flexibility was provided in the specifications
especially for prepacking.

EC Class I states that the white part must
represent at least one third of the total length of
the product, or half the sheathed part. For direct
drilled leeks where there may be only 5-8cm (2-
3") of pure white this may be difficult to achieve.
Depth of planting or earthing-up can increase the
blanched portion but with the added risk of
excessive amounts of soil getting berween the
teaves.

The minimum diameters for Class [ are 8mm
(0.3") for early leeks and 10mm (0.4") for late
leeks. which are well below the normal
supermarket requirement of 25 to 40mm (1-
1.56") but will accommodate baby leeks.
Bulbous fecks are not Itked and NIAB use a 1 to
9 scale for this characteristic in their variety
assessments. Apart from varietal differences the
factors affecting bulbing are suggested to be plant
stress and over-firm soil, especially if there is a
shallow soif pan. Varietal differences in the size
of the root base can cause difficulties in the ease
of trimming the roots. A small root base is
preferred.

Other factors affecting the quaiity are the leaf
characteristics. Dark green is preferred to pale
foliage and an erect flag preferred to wide angle
as this makes trimming and packing difficult (see
Plate 3). Ease of stripping the outer leaves to
give a clean shank needs to be given
consideration by plant breeders as varietal
difterences are commented on by growers. The
abitity of the plant to stand in the field without
rotting is especially important for post Christmas
narvest. Bolting can also be a problem on over
wintered crops especially.

The EC Quality Standard states in the minimum
requirements for all leeks that “running to seed”

is not acceptabie. Class II toterates “a tender
flowering stem, provided that it is enciosed
within the sheath part”. Most supermarkets
recognise the problem with over-wintered
product and will modify their Class I requirement
to accept teeks which are bolting provided the
eating value of the product is not seriously
impaired. NIAB assess susceptibility to bolting
as an important varietal characieristic.

Defects

Oddly enough the EC Quality Standards say
nothing about the straightness of the leeks.
Supermarket Quality Controliers have however
been known to reject product with only slight
curvature. This can be particuiarly serious when
teeks are packed in a closed pre-pack and do not
have enough room to expand as they grow and
so curl up within the pack (see Plate 4).

Other defects commonly encountered are
excessive soil between the leaves within the
shank and bad trimming of the roots where either
a tuft of stubble is left or the knife cut goes into
the base of the leek.

Regrowth of the central leaves is common after
three or four days at ambient temperatures on
trimmed leeks and can also occur with trimmed
leeks held in cold store. Cutting the flag in an
inverted V shape may help to disguise the
problem but will not prevent it. Delamination
is when the cut leaves split and bend over giving
a very ragged appearance. No firm solution to
this problem has been suggested and it may be
associated with thickness of the leaf or its
turgidity at trimming. The use of extra sharp
knives does not appear to prevent the problem.
Deilamination is worse after periods of cold
weather.

Foliar diseases such as Rust (Puccinia porri}
and ieaf blotch (Cladosporium allii) detract from
the appearance of the product. These diseases or
close relatives also affect cereals so the extension
of approval for cereal fungicides to leeks is a
logical path to pursue.




PLATE i+
ONIONS: Skin colour,

PLATE 2:
ONIONS: Bulb shape.

PLATE 3

LEEKS: Erect versus spreading flag.

PLATE 4;
BABY LEEKS Bendine due 1o revrowth
DI Pre-pucks.




PLATE 5:
LEEKS: Damage due ro handiing and
prolonged displav at retail level.

PLATE 6:
BRUSSELS SPROUTS: Variable quality
Jfrom a loose display due to topping up.
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PLATE 7:
CAULIFLOWER: Three examples of head
Irimming.

PLATE §:
CAULIFLOWER: Browning
of wrapped produce.




Thrips can bz more of a problem and two HDO
Projects have reporied on this pest. Earlv waork
showed ontv slight differences in varietal
susceptibility and this should be an important
aspect of future breeding. HDC Project V15
reports that the control of thrips 1s possible with
insecticidat sprays and that the thrip problem is
increasing. Dutch growers put straw down
between their leeks. reputedly to deter thrips. but
it may also give winter protection to the crop.,

Flavour

Flavour does not seem to come high in the quality
assessment of varieties. One source commented
that the strength of the feek smeli on trimming
gave an indication of the strength of flavour in
the leek. CFDRA carried out flavour testing in
1984/85 season and found that the pale green
portion of the shank has a weaker natural flavour
than the white portion. The pale green portion
was also noted to be more stringy late i the
season. Little difference was found between
varieties but some were noted to being more
bitter or having less sweetness in the green part.
Little 1s known of the effect of low temperatures
on flavour although work carried out at
Luddington EHS. before it was closed. suggests
that there is little difference in the eating quality
of leeks stored in conventional cold store and
those in controiled atmosphere stores. A
comment was made that leeks lose flavour after
a hard frost.

Shelf life

The Luddington work. reported in HDC Project
FV2 showed that feeks stored at 0-1°C and 95%
relative humidity deteriorated significantly after
6 or 7 weeks. Those leeks held in controlied
atmosphere stores (9% CO, 3% O.) had an
additional 2 weeks storage life as well as better
shelf fife and higher marketable yield from store.
The normal supermarket shelf life is 3+2 davs
but unless refrigerated displays are used pre-
packed teeks can quickly deteriorate (e.g.
vellowing of the feaves. regrowth. curving if laid
flat. and rots). Normally ali leeks are marketed

after some degree of washing. It remains to be
seen whether increased levels of chiorination
could reduce the development of rots and
shimmess in pre-packed product. Leeks sold
loose sufier from moisture foss and become limp
and, if held on deep displays, can vellow (see
Plate 5). NIAB shelf life trials indicated some
varietal differences in shelf life.

Future Developments

While there may be confusion as to what
describes the perfect leek in the consumers eyes.
it 1s more likely that commercial factors will
control the specification as to the final product
on offer. The concept of a leek based on the
dibbed garden vegetable with 15-21cm (6-8"} of
pure white shank and dark green leaf. is not
always feasible if low price and good availability
are to be required.

Better availability over a longer season with
more uniform product is desirable. This could
be achieved at both ends of the UK season as
shown by the now completed Luddington work
already referred to. Uniformity of product can
be improved. especially from the plant breeding
aspect. Leek seed 1s very variable in its vigour,
especially in direct sown crops. Assistance to
overcome this problem might well come from
the development of the F1 hybrid.

Key Issues

Storage. bridging the gap between iate March
and the early crop.

Shelf life. controtled atmosphere packaging and
growing on.

BRUSSELS SPROUTS
Specifications

The majority of supermarkets have written
specifications which are on the whole practical
and attainablie from the growing and packing

viewpoint. In general the quality standards atmed
at is EC Class T with refinements for size. visual




appearance and flavour.

For the fresh market sprout size for prepacking
lays between 25-35mm diameter although
buttons of 15-20mm are acceptable at certain
periods of the year. Larger sprouts, up to 40 mm,
are acceptabie as loose product, these are aiso
favoured by Dutch and Scottish consumers. Split
grading of the prepack size into 25-30mm and
30-35mm is required by at least one customer.
There are indications of a trend towards larger
sprouts in the 35-40mm range especially for
loose saies.

Sprout size is reasonably well controlled by
choice of variety and plant spacing, which in
turn s influenced by soil type and availability
of irrigation.

The standard NIAB spacing for fresh market
trials is 27,000 plants/Ha (1100 plants/acre) at a
spacing of 60x60cm for hand picking and 3600
plants/Ha (1400 plants/acre) at a spacing of
50x55cm for mechanical harvesting, especially
for freezing.

The size grades used are:

Small 20-30mm
Medium  30-40mm
Large over 40mm

Plant breeders are well aware of the size
requirements and because of the greater
importance of mechanical stripping in Holland
the uniformity of maturity and size of sprouts
over the whole length of the stem is aimed at.

Appearance

Medium to dark green button colour is preferred
as pale sprouts tend to indicate over-trimming
or agemng. Red coloration, externally. due to
anthocvanins is not generally liked and is often
worse in crops grown under stress such as cold
weather or water shortage. Red coloration
internally, has been confused with internal
browning and varieties showing this defect may
be rejected.
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The relationship between the presence of
anthocyanins in a variety and its increased frost
hardiness is mentioned in discussions.

There s no colour chart for reference in general
use. The effect of nitrogen on increasing the
depth of colour of sprouts is only significant
when applied at levels below those necessary for
optimum growth and yield.

The effect of darker colour on sheif life is often
remarked on and is an important consideration
in the choice of variety for loose display. The
use of dark green netting for pre-packs overcame
some of the problems of acceptability of paler
coloured varieties.

Round sprouts are preferred and there 1s a general
dislike of elongated buttons partly because of
the length of the stem usually present in these
and the subsequent loss of product on trimming.
Spacing of the button on the stem and to some
extent plant spacing could affect sprout shape
and breeders are generally conscious of this
aspect.

Defects

Close spacing of sprouts on the stem can result
in the development of rots and slime, especially
during moist wanm weather.

Looseness of sprouts is not generally a problem
and most varieties now on the market are
considered to be sufficiently firm. Trials at
CFDRA in 1982/83 indicated that high nitrogen
levels could lead to softer sprouts. There is a
suggestion that very solid sprouts, especially
with a tighter outer leaf, give consumers some
problems in preparation. However the presence
of a loosely held clasp leaf, while often giving
the impression of better colour, aiso gives a
poorer appearance, especially when the clasp leaf
becomes detached or is pushed out to form a
wing. There is also a problem in prepacking when
loose clasp leaves are caught in the netung.

The size of butt with relation 1o the sprout s1ze
and the need for a clean removai of the button




from the stem are tnpOriant faciors i the visug!
assessment ol pickea product. No suggestion:
are made of an acceptable ratio of buit size
sprout diameter. Sprouts harvested from plants
grown under stress or during frosty weather may
detach with 2 tail of the parent stem attached.
One of the major varieues used m Holland for
post-Christmas mechanical harvesting is
considered unsutiable for the UK market because
of 1ts large butt, difficuity of hand picking and
loose clasp leat. The varietv has good standing
ability in the field but does not meet the quaiiny
criteria for the UK supermarkets.

The discoloration of the butt 1o give a duli dirty
areyv colour has been an occasional probiem.
especially when it occurs within the normal shelf
ltie of the variety. It s a particutar problem in
prepacked prepared sprouts. No reliabie record
of varietal susceptibility to this defect is available
and one magor grower mdicated that the problem
is worst durimg a period of warm moist condiuons
at harvest,

tnternal browning which was particulariy
troublesome in the late 19707 is now rareiv
encountered. This may be due to the firmer F1
hvbrids now used. the lower nitrogen
applications. or more probably. the combination
ol these factors with a series of refanively mitd
winters. Few of the existing new hvbrid varieties
nave been tested under exrreme winter
conditions. Leaf diseases spreading onto sprouts
espectaily from oil seed rape are now a major
tuctor m the rejection of the product especialiy
since effective control can be difficult and could
mean the late application of fungicides. The main
diseuses are Alrernaria leat spot. sprout powdery
mildew (Ervsiphe cruciferanm), light ieaf spot
(Pvrenopeziza brassicae) and white blister
(Albuga candida). Breeders are well aware of
these problems and are attempting to introduce
some tolerance or resistance. Ring spot
(Mycosphacrella brassicicola). once only a
problem 1n the wetter South Western area. can
be troublesome in wet seasons in the main
production areas. Varietal susceptibiiity to these
diseases 15 recorded 1 NTAB Trials.

HDC tunded work (Project No FV33a/b/e i«
underway to develop a forecasting system (01
range of leaf diseases so that minimal use is made
of fungicides on the crop.

Flavour

Probably more work on flavour assessment has
been carried out on sprouts over the past twelve
vears than on any other field vegetable. The
problem of bitterness in sprouts was not atways
recognised as such. bitterness and strong fiavour
being considered by some as the same thing.
Work 1o establish the cause of bitterness was
carried out in the early 1980°s by the FRI
(Norwich), FDRA (Chipping Camden). and
NIAB. The sttuation became so serious that in
the late 1980's cenawn supermarkets issued a iist
of varreties which would be unacceprable to them
because of bitterness. Most. but not ali. of these
varieties originated from one Dutch seed house
and. 10 115 credit. it commenced a thorough
research prograrnme into the problem. They are
now confident by using bio-technology tests on
their breeding material that no bitter tasting
variety will be bred or released by them.

The genetic make up of varieties to a large extent
determines the degree of bittemess. This in turn
ts associated with the fevel of naturally occurring
glucosinolates m the sprout. Glucosinolates are
present in all Brassicas and therefore could
become a problem in any variety of cabbage.
caulifiower. or broccoli. where the leaf 1s
consumed. Factors affecting the levels of
giucosinoiates have been investigated and the
major cuitural factors appear to be plant stress
(e.g. fack of water), poor growing or adverse
ciimatic conditions. Soil type has been shown
o have some mnfluence, plants grown in light
sandy soiis are more likely to increase
glucosinolate tevets although this may be linked

1o the stress {actor,

The traditional beltef that a period of frost
improves the flavour of sprouts was shaken by
the experience of a taste panel at CFDRA in
December 1991, Sprouts picked after severe {rost




of up 1o four days were tound to have a totalix
unacceptable tlavour. However after several day -
of thawing most of the obnoxious flavour was
not apparent but indications are that irozen
sprouts, 1.e, those frozen on the plant. should not

e harvested and that sprouts must he aliowed
1o thaw out alter a period of hard freezing.
However (¢ allow continuity of suppiy it is
possible to cut sprouts on the stalk and thaw them
out siowiy at 6-8"C.

Shelf Life

The normal shelf life of freshiy picked sprouts
is estimated at 3+2 days but extending 1o 542
davs if held under cool chain and rerrigerated
display.

The main factors aftecting shelf fife are
superticial leat diseases. harvesting of frozen
product and non removal of field heat. especialiy
during mild and humid periods. By removing the
field heat as quickly as possible and 10 as low
temperature as 2'C. the product fife 15 extended.
Very few supermarkets continue their cool chain
through 1o retail display tevel except for prepared

product. The major problem with displays of

ioose sprouts at ambient supermarket conditions
i$ tnadeguate rotation of the display especiaily
when fresh product is placed over product which
may have been on display overnight (see Plate
6). Dehvdration. veliowing and even breakdown
has been observed in such dispiavs at retail level.

The damagimng eftect of plastic netting and the
moisture loss mcurred in netted packs nas aisoe
peen a cause of reduced shelf life at rewail level,
The use of polypropvienc pius (P+) {iims.
togetner with complete cool chain 1o retail level
is necessary 1or prepared produci.

Future Developments

The UK consumption of sprouts has not
increased over recent vears and several reasons
have been suggested. The most likelv reason i
the vastly increased range of competitive produc

now available to the consumer over the winter
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period. Poor {lavour and partculariv the
bitterncss factor may also have contributed o
the falt in demand. Plant breeders and
enlightencd growers are now very conscious of
the earing quality and one breeder 1s now listing
varieties bred for their sweetness and high
vitamin O content. Sprouts aiso have & poor
image. especialiy when overcooked and at ieas:
one grower group nas 1ssued customer leaflets
with recipes to show the versatility of the
vegetable. Preparation time and the difficulty ot
handiing small sprouts has been cited as causes
tor the unpopularity of the vegetable. One major
retatler considers that only “pot ready” product
packed 1n speciaily selected film and held al
temperatures no higher than 8°C will mamtain
and increase sales. Finally a suggestion was made
that the unpleasant smeli during cooking caused
by sulphurous compounds can be overcome by
breeding vaneties with low suiphur content.

Brussels sprouts are one of the few horticulturat
crops where the usage of pesticides has increasec
over the last ten vears. Much of this pesticige 1=
in the form of fungicides and the breeding of
varieties with tolerance or, if possible. resistance
o superficially detracting diseases is & priority.
It 15 unlikety thar consumers will Jower their
expectations regarding the visual acceptabiiity
of the product.

The increase in mechanisation of crop
narvesting will lead 1o increased biemish and
damage compared with hand harvesting. The
evenness of matunty and size of sprouts aiong
the length of the plant will be as important a
the ability for sprouts 1o hold on the stem.
Mechanical harvesting could result In production
peaks. and methods of storage tor up 10 2 weeks
(for example with controlied atmospheres) migh:
be worth pursuing although this suggestion has
met jitle enthusiasm from the supermarkets.

’\mu\ sting of the fully prepared product is no:

ervone s ideal solution. although 1t wili
mcrease. espectaliv for baby sprouts. Altermanve
methods of marketing such as selling whois
statks with sprouts attached have only beer
partiatly successtul and the main problem has
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peen the high properton of wasle material e,
ihe stalk. which has 1o be handled. is there «
solution: to that problem somewhere in the
breeder’s material”

Key Points

improving flavour could revitaiise the dechning
market.

Quality deterioration in ambient displavs at retai]
level is a major problem.

Rehance on pesticides particularly fungicides is
bemg addressed (NFU/Retailers Protoco! in
preparation to reduce pesticide usage).

CABBAGE: HEARTED

Hearted cabbage has a poor nmage pased on the
overcooked result of bulk institutional catering
and school meats. However it siill accounts for
about 25% of the sales of Brassica vegetables
the UK. This might be cxplained by the wide
range of varieties now available. its ready
availabiiny and the natura) advantages of the
British climate for its production. From a
retailing point of view it has few problems and
with some enlightened culinary advice irs noor
image can and is being slowlv discarded,

Specifications

sSupermarkels learnt very carly that the concept
of "big is best” suited neither the majority of their
customers nor their own profitabiliny. With
smaller family size. it became apparent that 4
cabbuge of between 0.7-1.0kg (1.5 and 21b) was
more hikely to sel) than one of Jkg (4.51b; and
SrOwWers were encouraged (0 produce heads 1o
meet the consumer demand. This has been
achieved by an effort from both growers and
plant breeders as demonstrated by the nead
weight of varieties iisted in the NIADR 1992
Descripnve Hist below.

Range of Mean Head Weights
Early Summer

cabbuge 0.4 -0.77kg (1doz-ilb Toz

Summer

cabbage 1.65-0.93kg (11b 60z-21h)
Autumn

cabbage 0.87-1.05kg (11b 140z-2ib 50z}

Winter White
cabbage 1.0-1.3kg (21b 30z-2ib 140z,
fan King/Savov
hybrids 0.95-1.37kg (11b loz-31b;

Added 1o this is the high proportion of the crop
which is marketabie. (i.e. well over 90%) largety
due to the uniformity of FI hybrids. EC quality
standards give little cause for complaint and there
15 seldom a need to use Class 1. The minimum
unit weight of 350¢ (12.302) allows the lighter
weight early summer cabbage into Class |
category. However there is criticism from some
grawers that supermarkets can be unrealistic in
notreducing tieir minimum weight requirements
at the start of the early summer cabbage CTop.
Cut cabbage e.¢. as in white cabbage haives. does
not come within the EC quality standards.

There has been a recent resurgence of interest in
the pointed early summer hearted cabbage
described as “chou pointu™ in supermarkets.
These are covered m the EC guality standards
however spring greens, which do not come under
the EC scheme. but which have developed into
hearted spring cabbage. fali into a grev area.

Appearance

The wide range of varietal types offers a choice
of colours and shapes. For green hearted
cabbage there is httle problem with colour.
except for paleness of over mature heads or
varieties with dull biue green colour. Normally
all hearted cabbage. with the exception of white
cabbage. 15 sold trimmed back to one complete
ring of outside leaves clasping the head. Very
flat "pancake™ headed cabbage and rugby bali
oval shaped heads have not been popular
although some efongation in head shape of white
abbage 15 accepiad. The effect of plant spacing
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on head shape can be guile strong. producing
more elongated and longer stemmed heads &
close spacing. Heads should be compact and
firm. with short internai stem and no gaps
berween the icaves. especially at the base. The
presence of flower initials and their developmen:
as “belters” 1s not acceptabie. Normalty this is
only a problem with glasshouse raised eariy
summer cabbage. which have sufiered cold or ¢
check to growth after planting out. Crops which
have over-wintered i the field may also be
subject to bolung in the spring and varetal
differences do occur.

Red or purpie coloration in winter cabbage. such
as January King types 15 an important sefling
point. particulariy in the eves of elder customers
who prefer this type to the winter hardy. all green
Savov. It s in the Savoy that we have seen the
most advances in recent years. The loose rosette
headed and verv variabic varieties of ten w
fifteen vears ago have been replaced by a range
of hybrids and interspecific crosses ot uniform
size and shape with maturities ranging from late
summer through te early spring. The
improvement in this type 1s at the expense of the
January King and is no doubt due to the greater
popuiarity of the continental Savoy tvpe 1n
Holiand where the bulk of cabbage breeding
work takes piace. The dull green of some
Christmas Drumbead types 1s not very popuiar.
Whiteness i white cabbage 1s obtwined normally
by stripping off outer leaves but colour
differences from pale green (o creamy white do
occur between varreties. White cabbage will
develop u natural green coloration o cxposure
to light. This gives a gooed colour indicator as 1o
the fength of time heads have been left on
supermarket shetves. and varietal differences
have been noled 1n the rate of greening.

Defects

The major defects in hearted cabbage arise from

pest and diseases aifecting the appearance of

the trimmed head. or frost damage. Mosi
varieties are selected now for their ability to hoid

in the field without splitting and for fow
temperature tolerance. Leaf diseases ax
described in the HDC project FV77 also affect
cabbage. White cabbage m particuiar also suffers
from two visuallv detracting disorders, pepper
spot and Oedema. Work has been done to
determine the cause of these disorders. Oederma
has been the subject of HDC report FV 128 and
thrip damage 15 suggested as the possible cause

of the unsightlyv caliuses.

Fepper spot is now fess commen and this may

¢ duc 1o the selecrion of varieties [ess prone 10
the disorder. More recentiy Turmn:p Mosaic Virus
and subsequent internal necrosis has caused
problems 1n stored white cabbage. NIAB assess
varietal susceptibitity 1o this disease (HDC
Project No FV160). One of the magor problems
with these disorders 1s that there may be littie or
no external evidence and it s not until the head
is cur for preparation that the defects are seen.
The move by supermarkets towards whole white
cabbage rather than cut pieces has made 1t evern
more necessary to ensure the products are free
from these defects.

Flavour

Following on from the bitterness in sprouts. plant
Precders are aiwavs aware of the possibility of
any Brassica leal vegetable tuming up with the
same probiem. There s littte evidence to sugges!
that bitterness ix a problem 1n the cabbage
varieties now being grown put there 18 an interes:
m breeding sweeter, nutiter flavoured varieties.

Most flavour assessment work has been done
with white cabbage. probably because of its use
in colesiaw and salad production. CFDRA
carried out taste triais in 1983 and varietal
differences were recorded. The variety Polintus
was picked out as having o “hot peppery’
Mavour. Dark green leal und red coloration are
aiso imked with stronger flavour and the Januan
King group of cabbage is thought by some to be
superior in taste to the Savoy or white cabbage
hvbrids of the seme maturity period.



Sheif life

Shelf life for hearted cabbage depznds on yp

but is normaliy 3+3 days. The susceptibifity (,;

white cabbage 1o £0 green or yetlow after x[omz
and exposure fo light can reduce shelf life 1o

242 days. Cut cabbage aiso has a reduced shelf

fife compared with whole heads where
discoloration of the cut surface and regrowti

from the growing point occurs. The NIAB shelf
life trial of winter hybrid cabbage reports varietal
differences in yellowing and wrgidity which in
turn is linked to weight logs, Only siight

difterences were seen in the lwenty varieties of

Savoy cabbage on test. In Summer Ltzbmc_

thickness of leaf 15 an imporiant faclor i

determining varietal differences i welght joss
and wrgidity. Thin leafed varieties lost more
weight. and are less turgid than thick ieared
cabbages,

Pesticide residues are 2 cause for concern where
post harvest chemicals are used on white stored
cabbuge in the UK. Work is in hand 1o IMProve
the storage environment so as to avoid the use
ol post ;mz\cx{ treatments. Some growers are
using modified or controiled atmaosphere stores
o attam this end,

Future Developments

The improvement in the range. umiormity and
guality of hearted cabbage over the jast ten Ve
would appear to give iitlle scope for dramatic
deveiopments apart irom pest and disease
resistance and beter siorage potential without
the use of chemicals. Red cabbage has beneiied
from the breeding work and hus emerged as &
more accepted product with its own flavour and
culinary status. Producit g sweeter, nuiter
flavoured varieties which need a bare minimum
of cooRing time. or can be eaten raw as in
prepared salads. s one possibie avenue 10 foliow .

Mini cabbage and prepared ready 10 cook packs
have estabiished a small niche for themselves,
Nutritional vaiue of cabbage is not used as o
marketing ool and any moves 1o publicise the

vaiue of this vegetable in a healthy diet shouid
not be lost.

Key Issues

In 1992 the UK imported 29 300 ionnes of
cabbage, this reflects the annual imported
tonnage for the past five vears. improved
storage methods could reduce imports.

CABBAGE GREENS
Specifications

There are no EC Qualitv Standards for cabbage
areens so specifications for this product depend
lurgeiv on the requirements of the individua!
markel. Al one time. Spring greens were an
excuse for growers. especiaily in the milder
areas. o cut oversized leafy cabbage plants and
stuff them into nets for sale during the shor
supply period of February to May. Varieties were
chosen for their winter hardiness, quick growth
and above all. vield.

The product offered. especiallv on the wholesaie
market. varied from the large tough leafed
“elephants ears” to plants with very little edible
portion due to an excessively farge stem. The
arrival of supermarket specifications in the gariv
FO6("s suw the demise of the iarge leafed product
as it could not be packed in a small polvbagged
retail unit of around 0.68kg (1.51b:. Another
develonment was the upgrading of the vegetabis
to acnieve a much higher proportion of edibie
product with more compact piant habir and
timost semi-hearted piant tvpes. The term spring
greens was dropped when supermarke(s saw an
opporiunily to offer the improved product for
twelve months of the vear as cabbage greens.
£} nybrids offered more compact heads but had
the disadvantages of a short harvest period and
the tendency to heart quickiv in summer. Hearted
spring cabbage was normailv over-wintered,
hearting readily in April through to May. Suffice
10 say that there has been a trend away from the
open leafy varietics of greens to the more
compact., aimost semi-hearted varieties.




Supermarkeis vary e reguirenents or
cabbage greens and muividuai supermarkats can
also alter thetr spectiication rom season (o
season. A summary of the current requirements
denotes a range of 2-6 pieces per 500¢ pack with
the trend being towards a reduced number of
pieces between [70-280g (6-1002) rather than
the 110-225g (4-8oz) previousty stipulated. This
favours the use of the smalier. more compact Fi
hybrias such as Duncan although the higher seed
costespecially for direct dritled crops makes the
cheaper open poliinated varieties more
economic.

Greens should have a hugh proportion of edibte
ieat and iough old outer feaves should not be
packed. Purpie coloration normally indicates
nurogen shortage or stress and 1s not acceptable.
Individuai preces should be compact with a short
matn stem. One specification stipulates the
proportion of stem should not exceed 40% of
the tolal weight of a piece. Plant spacing, as weli
ws variety, influences the contormation of the
pmm with very close spacmg tending to induce
ieagy planis with a large stem.

NIAB tnais use a spacing of 38x13cm (15x57)
ror greens but a shightly wider spacing of
3gxZocm (15x 1)) for hearted spring cabbage.
The crop is verv responsive (0 nitrogenous
fertiiisers. top dressing and nitrogen status of
the soil wiil affect vield and 1o some extent the
texture of the product.

Defects

Apart from Brassica leal diseases cabbage
greens are susceptible to frost damage which
normaliy shows as marginal feat scorching.
internal sliminess. especially in semi-hearted
plants can occur during mild warm conditi(}m
These conditions will also reduce the shelf lif
of the product uniess guick and efficient removal
of field hear and continuous cool chain is
achieved. Reduced shelf life is normally shown
by yelowing and heating of the product in the
pelythene bag. while unwrapped product will
tend 1o wilt rapidly in hot dry condiions. Bolting

or fiowe rlﬂ” can oCCur esped ‘dl‘\ O over
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wintered or early spring crops and varretal
susceptibiiity is well documented in NTARB nais.

Flavour

Apart {from a general acceptance that the older
outer dark green jcaves will be stronger
flavoured. or possiblv more bitter. than the Inner
vounger [eaves. liitie work on flavour assessment
has been undertaken.

sSeveral supermarkets were concerned about the
fevel of nitrates in their product but acceptable
levels have not been publicised. The ievels of
lead and other industriai pollutants have been
investigated especialiy on some over-winiered
Crops grown near major roads and industrial
areas.

Shelf life

Shelf Tife ot the product is very dependent on
the efficiency of the cool chain and seasonai

factors. Fast growing, soft summer and dutumrx
product iends to have a shorter shelf tife of
duvs compared with winter and spring produci
which can be grven 342 davs. While the
periorated polvtnene bag may not be the 1deal
packaging they are cheap and prevent moisture
foss. NIAB shelf life trials carried out on
summer/autumn varieties packed in 0.9kg (21h:
polvbag holding 2-2 heads showed varietal
differences in weight loss (turgidity). Blue/green
ieafed types hold their colour while paler types
tended 10 veliow.

Storage of greens 1s sefdom practised aithough

one source nad stored product successiuliy for

10 davs at 2°C and 98% relative humidity. Rots

are the main problem. Greens have been one of

the first vegetabies 10 be recommended for

hvdm-cooiino when it was first commercially
eloped in the UK m the 1950/607.

Future Developments

The image of the product as a “cheap” gap fille
i changing to that of a tender tasty fresh green




avaliable throughout the vear. The introduction
of smaller more u)rn;;ac:i and semi-hearted
varieties is also tmproving the product. Prepared
shiced greens have uppeared but whether the
more expensive “polypropviene plus™ packaging
and cool chain up 1o the point of refrigerated
retatl dispiav will make it economic remains te
e seen, Some form of packaging is considered
to be necessary for supermarket handling as
experience shows that icose product on dispiay
is rapidly siripped of its outer jeaves by
customers who then only purchase the tender
inner portion ieaving a compost heap of loose
feaves for the produce manager to clear up.

Key Issues

Improved quality and presentation needed 1o
mainiain this crop.

CAULIFLOWER
Specifications

Normally Class 1 caulifiowers are demanded.
although at certain periods of the season when
this is not feasibie some supermarkets will accep:
Class H for minor colour or head defects thus
CHsSUTIng continuity of suppiv.

Curd diameter is not an aceurate estimation of

the economie vaiue of the head i that 2 shaliow
curd has fess edibie weight than a deep
hemispherical curd of the same diameter. A few
supermarkets have recognised this and combinge
aminmmum head weight with curd diameter, The
minimum curd diameter for Class Lis 1lem (4.3
and normal supermarker z‘cuulrt,mcms are for a
curd size of 1i-13cm (4.3-6") diameter. Exira
large heads of up to 18cm (7" are twken at certain
pertods of the vear.

Curd size may aiso be measured by “taking the
arc of the jurgest dimension of the pper part o
the infiorescence”. 10 quate the EC Leguiation.
which gives an indication of curd depth but is
Lo cumbersome 10 applv cspecially when
grading by cve on a field rig. Baby or min;
cautifiower are exempt from the minimiem size

Hmit provided they are packed 1 a consumer
pack.

Head size is controlled largely by piant spacing,
varietal and nutritional factors. Very large
heads i.e. more than {8cm (7") diameter, are
difficult to handfe and uneconomic o pack and
lranspaort. ?\w*ma% counts for supermarkets using
Hx6lcn: (151257 trays vary between 6 and ¢
as smgle faver face-packs. although orders will
oniy cover one or wo Counts on anv one
consignment. This therefore puts pressure on
growers to adjust their technigues to obtain a high
proportion of their production in the acceptabic
slze ranges,

The use of FI hybrids should. in theorv, improve
the uniformity of head size aithough because of
the higher cost of seed and poor economic returns
many producers are resorting (o using good open
pollinated varicties for summer and autumn
maturity. The swing towards Fi hybrids is said
to be more pronounced in Holland than in the
UK. The more concentrated harvest period of F |
nybrids i< stated by some growers 1o be &
drsadvantage. A maturity prediction service i«
now available and could be of help in crop
management. Deep curds with a compact stem
are required for fresh market and prepackimg bus
may not be totally suitable for floretting where
more foosely structured heads are preferred. This
s largelv o varietal characteristic although
spacing can be a factor. The depth of the shallow

supermarket travs are about 18 cm (7). this
turtner fimits the size of head for packing withou:

damage.

Appearance

Cotour of the curd is generally considered the
mostimportant feature and this means the whie:
the betier. Unforwmatelv whiteness of curd i
wrmally reduced by exposure 1o tight. especialiv
suniight. In e past brecders have concentrated
on prolecting the curd from light with a javer of
wrapper ieaves, Consumers on the other hand
Wish Lo see the curd, and supermarkets therefore
specity that these inner wrapper ieaves be ou




away, Tais feads o curd blemish due o knnt
damage especially on ield nas. Plate 7 ifiusraie-
three standard trommings. Curd damage o
consequence leads to down gradime anc
reduction of shelf hite. One solution would be 1
breed varietes which would not discolour on
exposure 1o fight and some piant breeders
constder this 1o be leasiblie,

Defects

Mechanical damage to the curd done by trimmers
and the bruising incurred by handling. aliows the
entry of bacterial or fungal seents. This was
highitghted on the shelt Hife trials carried out a
Luddingron under HDC project V21 and more
ecent work at Kirton, HDC project FVIQH

rae
which states ™11 was apparent during the shelf

life work that physical damage 1o the produce
mcurred when handiing and cutting had o greater

effect on shelf fife than any of the cooling
rreatments’.

NTARB states that “the accent is on guality not
vield” and puts considerable etfort muo recording
dgefects it head guality, Plant breeders are well
aware of the importance of the visual guality
aspects such as bracts. loose curds. pinking.
vellowmg, niemess, and grear strides rorward
have taken place inimproving the visual quality,
However there are stifl varieties being arown

which do not periorm well in 4 comparison of

the best and worst varieties on a Class | head
quality criterion. as taken from the NIAB 1992
Descriptive List,

S of heads m Class |
Best Worst  Mean

Eariv Summer K& 45 70.5
Late Summer 79 63 70
Early Autumn 84 69 75
Late Autumn 85 6Y 76.3
Wintet/Spring

Heading 73 23 50

There 1s room for improvement in the spring
neading group although thiy 1s probabiy the
maost difficuit crop o achieve consistent resuits
aue to the variabie weather and soii condiions
early in the vear.

inaddition 1o the problems of curd defects there
can also be difficulties with Jeat scorch.
especially of the central wrapper leaves round
the curd. holiow stems and Brassica leaf diseases.
One particuiar problem 15 the vellowing of the
wrapper teaves after two davs at ambient, This
15 paruculariy troublesome in winter caulifiower
and in heads which have been cotd stored.

Fests such as caterpillars and aphids are seldons
recorded as sertous guality defects although in
hot dry weather laie Infestations of aphids can
be troublesome, With the increased acreage of
cilsecd rape, pollen peetle has become a serious
nrobiem 1n receni years. HDC funding has
resulted in the development of & svsiem of
forecasting attacks which 1s available 10
arowers from HRI Kirton (Project No FV 1271,

The tight over-wrapping of cauliflower heads
with unperforated PVC film has been shown to
be very conducive to curd breakdown especially
at the points of contact and now most
supermarkets prefer open bags or perforated
polypropviene films for prepacking (see Plate
8i. An interesung observation trom Luddington
shell Jife mials was that curd breakdown was
nighest in curds harvested carly in the day.
immediately prepacked then cooled. Leas:
breakaown occurred on those heads harvesied
late m the day. cooled o 3'C overnight and
packed the next dav. Surface drving of the curd
possibly explams the reduction in bacterial and
tungul breakdown. The retailing of unpacked
heads from self service dispiays. especialiv
during promotions. can cause problems. Heads
are removed from the protection of the crate and
piled on top of each other while customer
nandiing and their tendency to strip even more
lcaves off the head makes management of such
displays an arduous task. Plant breeders must
take into consideration not only curd




characteristics but aiso the whole leaf
conformation around the head to give a
protective compact unit. Supermarkets on the
other hand should reconsider whether over-
trimming is consistent with maintenance of
quality.

Flavour

There is no general view as to what the taste of a
cauliflower should be. A fairly bland product
which could be enhanced by a cheese sauce is
accepted. Texture is perhaps more important,
although this was largely dependent on the
cooking time. Very littte work appears to have
been carried out on the culinary and organoleptic
aspects of cauliflower varieties and certainly no
one seems to be very concerned, apart from the
processors, who would definitely not want a
variety which turned into a soft greyish white
mush on cooking. Work carried out at CFDRA
in 1983 on 17 varieties indicated there was little
difference in flavour between them although
differences in texture did occur. Sour or stale
flavours were noted in some varieties on some
sites. The over-wrapping of heads with certain
films, especially non perforated PVC films has
been thought to cause off flavours. The maturity
of the heads may also affect flavour and texture.

Shelf life

Curd yellowing and the incidence of bruising and
disease vartes between varieties and affects shelf
life. There is very little indication thar plant
breeders and seedsmen carry out any detailed
shelf life work. This is perhaps indicated by the
rapid demise from the market several years ago
of a widely grown late summer variety which
broke down within 24 hours of receipt at the
supermarket. The months of July and August,
especially when there is a combination of high
temperature and high humidity, can give the
greatest incidence of shelf life problems although
the efficient application of cool chain helps. Any
relaxatton of the current coot chain procedures
{product temperature at least 6°C. handling/
ransport teniperature at least 8YC) would be
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likely 1o result in a loss of product life. Currentiy
most cauiiflower heads are displayed at ambtent
in supermarkets level and this is so throughout
the wholesale operation. An expected shelf life
of 2+2 days is normally laid down by
supermarkets but this could be extended to 3+3
in refrigerated displays.

Future Developments

Cauliflower is now a basic vegetable in the
supermarket portfolio for 52 weeks of the year.
‘The quality of the product is based on visual
assessment although the obsession with pure
white and blemish free heads has to be modified
at certain periods of the year when such an item
is unobtainable or too expensive.

The alternative forms such as florets and mini
cauliflower extend the range of availability,
although there are indications that florets, which
are sometimes refrigerated throughout the
distribution and retail chain, are less popular (see
Plate 9). The production of mini cauliflower is
a specialist operation and the original concept
of this being a fully mechanised field system,
including harvesting, has still to be achieved.

Of recent years other coloured variants, purple,
green and red, have appeared and estabiished for
themselves a niche position on the market. The
attractive cone shaped florets of the Romanesco
type (see Plate 10) have the disadvantage of
being very susceptible to damage unless handled
carefully.

Obtaining a 52 week availability from UK
sources alone might not be economically viabie.
There is scope for investigating some of the
milder winter microclimates as has been done
in Cormnwall, deveioping higher quality and more
reliable varieties for these regions. The storage
of the high quality late summer and autumn heads
using contrelled atmosphere stores needs more
atiention, although once again several
supermarket buyers were reluctant to encourage
such development because they feel shelf life and
quality would deterioraie.
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Key Issues

Visual appearance. particularly retention of the
whiteness of the curd.

Controlled atmosphere storage to fill the gaps
in production.

Pollen beetie forecasting now in place.

BROCCOLI (CALABRESE)

The term “broccoli™ is used here to apply to the
greenish blue heads and shoots of the muititude
of varieties and F1 hybrids originating from the
Italian vegetabie. calabrese. Sprouting broceoli.
on the other hand. is the winter hardy purple and
white sprouting English vegetable. It is suggested
that the traditional use of the rerm broccoli for
the winter hardy Cornish and Roscoff type
cauliflower be dropped to avoid confusion.
Broccoli first gained popularity in the UK with
the introduction of the frozen broccoli spears in
the 1960, Its development as a fresh product
followed on targely due to the interest of major
retatters who had quick and efficient distribution
systems which were able 1o handie the tender
and highiy perishable new product. The
introduction of cool chain extended the
marketing opportunities and a complete 52 week
availability was made possible by growing the
crop in Spain over the October to June peried.

Specifications

Early specifications were based on varieties and
culture for small to medium primary heads which
were cut to grve a first crop. This was followed
by the growth of secondary shoots harvested over
two or three cuts to give the broccoli spears. The
smalt heads and spears were then put together in
a posy pack and over-wrapped into nominaily
fixed weight packs. The development of larger
headed more compact varieties opened up the
possibility of selling individual heads either
over-wrapped as for cauliflower or loose (see
Plate 11). Over-wrapped heads are normatly sold
ata unitprice calling for a head weight of around
400g. When produce is sold by weight as from

0

loose displays. the range of head size can be
wider and nonmally ranges from 250-600g. The
Dutch Central Bureau of Auctions carried out a
consumer survey which indicated Dutch
customer preference is for heads of 400-500g.

The specification for the posy pack is less clear
and each major supermarket has individuai
requirements, which can cause probiems in pack-
houses serving more than one customer. In
essence the pack is over-wrapped and sold at a
unit price. The main pack sizes are 275g. 400g
and 300g. Individual pieces of 275g are
sometimes allowed as a single piece pack but
normally the weights are made up to the nominal
figure by putting together anvthing from 2-15
pieces with a mintmum weight per piece of 35g.
The development of varieties with long stemmed
multi-branched heads, which when cut at the
base would fall apart to give several individual
shoots, has attracted the processors and might
well form the basis of 2 new type posy pack (see
Plates 9 and 12,

Stems are cut to give an overall length of about
15.5¢em (6%) because thev are normally stood
upright in the supermarket trav. There is aiready
a 18cm (7") limit decreed by the depth of some
trays. i itself s not a bad thing as excessive
stem length, often cut off by the consumer, gives
poor value especially when sold by weight. Some
grading specitications lay down a relationship
between head size and the amount of siem.

NIAB has in the past used the criteria of head
diameter and buri diameter on spears cut o
13.2cm (67) length as follows:

Head Diameter Butt Diameter
fess than 73mm (3"} less than 30mm (1.2

T3-125mm (3" - 3" 30mm (1.2") and above

One retailer has gone even further with a
specification for single heads stipulating that the
ratio of the total length to head diameter should
notexceed 1251, For a spear length of 15, Sem
{6") therefore the head would need to be at least
F3em (4.8") diameter. Others require that the
overall length should not exceed the diameter of
the head.




PLATE 9:
SR Prepared cauliflower and broceoli florets.
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PLATE 10:
Standard cauliflower, Romanesco
and Cape varieties.
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PLATE ]11:
CALABRESE: Branching stems.

PILATE 12:

CALABRESE: Yellowing of
wrapped produce due to
profonged display.




PLATE 13:
Topped and tailed imported sugar snap peas,
fine beans and mange-tout,
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PLATE 14:
ENGLISH RUNNER BEANS : Variabie size
and shapes from a loose display.

PLATE 15:
CELERY: Comparison of shelf life of a slteeved
green variety versus a self-blanching rvpe.

PLATE I6:

ICEBERG LETTUCE: Browning of the
butt and damage from handling.




A review of six supermarker specifications for
this one crop gave 17 different permutations of
weights and counts. There are no EC erading
standards and considering that most of the
variations between the supermarket
specifications are fairly minor it might be useful
if the industry could draw up a uniform standard.
This would also be usefu! to the plant breeders
in their work.

Fortunately the range of varieties now becoming
available should give littie problem as far as
meeting varted size and weight requirements, but
the estimate that 90% of the UK acreage was in
only twe varieties. Marathon and Shogun, would
suggest that the triafling and introduction of new
varieties was essential.

Plant spacing as well as a choice of vartety can
influence the size of head and its structure. A
plant population of 35,000 to 45,000/acre is
standard for the production of small to medium
size heads. For larger single heads the population
is reduced to around 20,000 plants/acre and even
lower,

Appearance

An attractive blue green colour is asked for and
any discoloration such as bronzing is
unacceptable. Where whole heads are segmented
there is often a paieness of the head at the edge
of the segments where they are less developed
and protected from the light. Although this does
not affect the eating quality it is considered by
some buyers to detract from the overail
appearance. and more uniform coloration would
be desirable.

The size of head or individual fiower bud alsc
affects the appearance. One breeder has laid
down an ideal bud diameter at harvest of 1.5mm
and in NIAB trials bud size is estimated on a
scaie of -9 with Marathon and Shogun coming
Into 3 or 4 categories where 1 is small and 9 15
large.

The ability for the head to remain compact and
in bud during warm weather is aiso required of
varieties. The buds should also develop
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uriformiy over the head and not give an uneven
appedrance. There does not seem 1o be any strong
views regarding the presence or absence of
leafiets round the head although some comment
was received on the poor appearance of stems
stripped of their leaves.

Defects

Crown rot or bacieriai spear rot and holiow
stem are the major quality defects and often
whole crops have to be discarded because of
these disorders. Weather conditions, particularly
the incidence of warm moist conditions after 4
hot dry speli as the CTOp matures, is frequently
quoted as being the most likely environmental
factor. Crown rot has been mvestigated in HDC
Project FV8 and the importance of water soakin g
of the buds in the deveiopment of bacterial rottin g
Is indicated. Water soaking could be due to toss
of wax from the tissue surface or some other
method of infiltration of water into the tissue so
that varietal differences can be expected. In this
work Shogun was among the least susceptible
variety to crown rot. High nitrogen fertiliser
rates promoted both downy mildew and spear
rot. '

From both the retailer and consumer point of
view the rapid development of crown rot at
ambient, especially on over-wrapped heads, can
be unpleasant and costly. The main problem with
hollow stem, apart from it being unsightly, is the
subsequent rotting and discoloration which can
penctrate into the edible portion of the stem.

Pests such as aphids and caterpiliar are
occasionally mentioned as a rejectable
occurrence, but the judicious use of pesticide has
given the consumer a clean and safe product.

Flavour

There is some difference of opinion as to where
the flavour rests in broccoli. Some maintain it is
in the fleshy stem. a fairly high proportion of
which is cut awav either in the pack-house or
kitchen, Others feel that the immature buds in




the head have a distinct, but different flavour
from the stem. Apart ‘rom one producer who
considered Marathon 10 be poorly flavoured there
were no great preferences expressed regarding
flavour differences between varteties. Work at
CFDRA reported in 1986 indicated no great
varietal differences in frozen broccoli spears
although differences in texture were apparent and
there was a suggestion of slight bitterness in one
variety.

Shelf Life

NIAB shelf life work reported in 1990 that there
are distinct vartetal differences in vellowing (see
plate 12) and weight loss. with Shogun coming
out particularly well. More work needs to be done
in this area and all varieties should go through
standardised shelf life tests before release. Again
this is an area in which most plant breeders and
seedsmen need to put in greater effort.

The expected shelf life of 2+2 days at ambient
was iikely to be extended 1o 3+2 with complete
refrigeration up to point of sale. Work on the
removal of field heat and a comparison of
holding temperatures of 6° and 10°C is reported
in HDC Project FVI37 but, contrary to the
conclusions of that report, most supermarkets
and their suppliers would be unwilling to accept
the higher temperature suggested for this crop.

Future Developments

If. as was stated by a major grower, only five
varieties are used to cover the whole season and
of these. only two make up 90% of the UK
acreage, there is a pressing need to obtain and
test new material,

Anew systemn of predicting maturity of crops
using a simple to use computer model has been
developed with HDC funding and is now
available to growers from HDC in Petersfield.
Varietal differences in shelf life, susceptibility
to breakdown and possibie flavour and texture
needs further study. It would also be useful to

have a clearer indication and rationalisation of

the consumer specification although present
trends would suggest the whoie head wiil largely
replace the mulii-spear posy pack. The
emergence of the floretted ready prepared pack
was not seen by most contributors as being a
major factor in expanding the product sales.

Currently it would appear that the UK crop has
now reached its production level to meet home
market demands and extending the growing
season into unfavourable ciimatic periodse.g.
by over-wintering or late autumn cropping,
especially in the traditional growing areas of
Scotland and Lincoinshire, would not be
beneficial to product quality. That is not to say
that milder areas in the South and West of the
country could not be utilised more.

The tong term storage of the product is not
favoured even though imported product may
spend five or six days in transit and a storage
life of 10 to 14 days at 0°C and 95% reiative
humidity has been obtained. The product is very
susceptible to ethylene and should not be stored
or transported with fruit unless for only shon
periods. The Californian practice of using
crushed ice met little enthusiasm from those
supermarket representatives who were consulted.

Key Issues

Heavy dependence on too few varieties.
Direction of change in which specification of
product needs to be ascertained.

Maturity prediction schedule is available.

SPROUTING BROCCOLI

This vegetable fills in a useful gap between mid-
February and late May. The main reason for its
tow production has been the lack of suitable
varieties, Both purpie and white selections are
avaitable and its description as “poor man'’s
asparagus” gives an indication of its flavour
potential. Purple heads tend to be stronger
flavoured than the white but they are also earlier
and hardier. The introduction of two new
varieties, Red Arrow and Red Spear from the




Wellesbourne breeding programme. has
improved not onty the winter hardiness but also
the productivity of the crop. It is now
economically feasible to obtain -2.5cm (/-1
diameter crowns, |3cm (6") tong tender shoots
with small edible leaves. Improvements of the
white varieties is however slow and the greatest
need is to improve frost hardiness and head
colour.

CAPE BROCCOLI

Cape broccoli is another of the old home grown
vegetables which fills the tate winter and early
spring gap. Although this product gap is now
fargely filled with tmported calabrese and
cauliflower there is potential for the distinctive
flavoured purple heads of this vegetabie.

Improved varieties are needed and production
would be better suited to mitder areas such as
the South and South West of the country. This is
supported by the crop failure at Kirton in
Lincolnshire over the retatively mild winter of
1991/92 and reported in HDC project FV97.
Several supermarket buyers are interested in the
product and have been supplied by UK growers
in mild areas.

CURLY KALE (BORECOLE)

Until recently, curly kale has been a neglected
form of Brassica greens but is now enjoying a
new lease of life. Improved varieties are compact,
more productive. suitable for prepacking and
may be cropped from late summer through to

Spring.

The hardiness of cutly kale has ensured almost
continuous supply through the winter and a trial
examining continuity of production over the
1992/93 season is described in HDC project
FVa6.

The popularity of the product on the continent
probably accounis for the new range of F1
hybrids now availabie. It is a vegetable well
suited to the UK winter production and has good
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shelf life when handled in cooi chain. Too often
the good holding ability of this vegetable is
abused when packed in polybags and displayed
at ambient over several days, encouraging
velfowing and rotting. While varietal differences
in winter hardiness and shelf life do occur there
1s little documented work in the UK o provide
clear guidance on these aspects.

BROAD BEANS

Broad beans have declined in popularity over the
last twenty years yet they are grown on nearly
every aliotment. The relatively large pod weight
for such a small yield of beans does not help
their image especiaily among younger
housewives. Most fresh market varicties have a
shell out of 25-28% which means that three
quarters of a purchase is thrown away. The
processed product has hardly enhanced its
popuiarity. It can deveiop a tough leathery skin
around the seed which some people loathe, even
though it adds good roughage to the diet. How
then can broad beans make a comeback? The
removal of the drudgery in the kitchen by
providing chilled shelled beans is an avenue
followed by -one leading retailer. The
development of varieties with a higher yield of
beans per pod and more uniform production is
already taking place. A warning is given to
breeders however not to develop the white
flowered processing varieties for fresh use. The
relationship between flower colour and flavour
is often commented upon and purple flowered
varieties are reputed by some to have the stron ger
flavour.

Taking a leaf out of the pea book there is the
possibiiity of mange-tout beans: young pods
picked 8-10cm (3-4") long, dependent on variety,
and cooked whole. Cookery books often mention
the culinary delights of this vegetable but seldom
is it seen or available, There are now several
smail podded varieties which might fit the bill.
Picking pods in 2 much younger state such as
this would also overcome the problem of
biemished pods due to Chocolate Spot and other
disorders.




Chimatic factors affecting flowering and pod ser

are said to account for the short season of

availability which does not encourage
supermarkets to aliocate shelf space to the
product. The declining popularity of the broad
bean is also due to the lack of varieties giving a
long season of high yielding beans of good eating
quality.

Key Issues

Further develop the market of mange-tout and
shelled beans.

Extend the season by use of range of varieties
and geographical areas.

DWARF/FRENCH BEANS

Nomenclature of this group has always been
confusing but it is generally accepted that,
following the developments in processing
varieties, dwarf beans are round podded (see
Plate 13). They can range from the fine podded
Kenvan imports referred to as “fine or needie
beans”, through to the more mature. farge round
pods, known as “bobby beans’”. Recent trends
in the fresh market have been towards the finer
type of bean. The oid flat podded and stringy
dwarf bean such as The Prince and Masterpiece
are now hardly grown commercially.

Specifications

Special criteria are laid down for fine beans
(needle beans) in the EC Quality Standards.
These specify three size ranges based on the
maximum diameter of the pod:

Very fine:  width of pod not exceeding 6mm
Fine: width of pod 6-9mm

Average: width of pod exceeding 9mm
imported fine beans are hand picked in a fairly
immature state over successive harvests, This
would be uneconomic in the UK. even if it could
be done mechanically. No length criteria is laid
down.

The size reguirement tor UK produced dwarf
beans s -

Diameter: 8-10mm (0.3-0.4")

Length: [10-15mm (4-6")

Appearance

Stringiness and parchment has been almost
completely bred out of present day varieties
espectally if they are harvested at the correct
stage of maturity. To obtain whole, undamaged
pods free from soiling is not easy with
mechanical harvesting, especially in a wet
season. Breeders are well aware of the need to
have erect plants with beans held clear of the
soil. While better quality could be obtained by
hand picking the pressures towards low prices
cannot justify the higher costs. The maturity of
fresh beans tends to be greater than for the
processed product. CFDRA has reported on the
optimum maturity criteria for both the fresh
and processed market, this is based on seed
length. Medium to dark green colour is preferred
to pale or speckied pods. Yellow podded beans
have not proved popular with the British
consumer. A bright. almost glossy green is
preferred by some to a dull grey green.

Defects

Deftects are of two kinds, the non progressive
scarring of pods due to wind rubbing and the
progressive breakdown caused by fungal or
bacterial agents. Borrvtis can be particularly bad
in wet seasons. this and other rots can guickly
develop through damaged tissue especially afier
mechanical harvesting. To reduce the problem
in hand picking the beans should be picked with
a smali piece of stem and not broken off at the
neck.

Flavour

It 15 generallv assumed that the downfall of the

processed dwarf bean can be laid at the door of

the American round podded varieties bred for

mechanical harvesting, bulk processing and
%4
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cheapness rather than for flavour and texiure.
Fortunately European bred varieties have re-
mtroduced these quality characteristics and it
could be argued, that unlike peas. the fresh
product, properiy handled. has more to offer the
consumer than the processed. CFDRA has
carried out work on flavour assessment of
varieties both for the fresh market and
processing.

Shelf life

Picking too early can reduce shelf life due to the
shrivelling and limpness of the bean as a result
of moisture {0ss. Normal shelf life for pre-packs
would be 3+3 days but for loose display this
should be reduced to 2+2 days. Varietal
differences in shelf life are reported in CFDRA
work.,

Future Developments

There is a wide range of pod colours and
varieties which have not been exploited
commercially. The arrival of topped and tailed
prepacked product from Kenya and Zimbabwe
does not seem to have aroused competition from
UK suppliers. Although we are on the climatic
margin for dwarf beans there are indications that
even the processing crop is moving southwards
and onto the Continent. There are areas,
especially in the South of England where a
reliable and fairly fong season of production of
good quality produce could be obtained. The
demise of the mechanically harvested crop might
in fact provide an opening for a higher quatity
hand picked product. provided this advantage
s not thrown away in poor grading and selection.
Unlike the other bean crops mentioned there is a
good reservoir of varieties for the fresh bean
grower to choose from. One major grower now
achieves a four month production of good quality
beans using a range of varieties. sowing dates
and crop covers.

Key Issues

Varieties to suit climatic conditions or move
production into more favourable areas,

New markets being taken over by imported fine
beans and semi prepared beans.

RUNNER BEANS

Runner beans are one of the most traditional of
English crops. It is depressing however to see
the amount of poor gquality product which reaches
the supermarket shelves and market stands (see
Plate 14).

Specifications

The 1deal runner bean for prepacking would be
15-25mm (0.6-1") wide and 250-305mm (10-
12"} long. The introduction of loose produce has
allowed a greater latitude in length although one
supermarket spokesman said he likes to see loose
beans laid in a line across the width of a 355mm
(14") plastic tray. Runner beans are covered by
the EC Quality Standards but no length
restrictions are laid down. Choice of variety will
strongly influence the fength of bean. Streamline.,
Achievement and Prizewinner have given way
to newer, shorter varieties.

The problem of producing stringiess runner
beans is compounded by the requirement for
straight beans. Stringless varieties are listed and
when prevented from becoming over mature they
meet the stringless criterion. The problem of
parchment within the pod wall has largely been
overcome in new varieties but it remains
important to pick the bean at the correct stage of
maturity.

The rapid development of seed within the pod
can be a problem especially late in the season
when temperatures drop.

Coiour and appearance of pods is covered in
most specifications with a preference for smooth.
medium green rather than dark, rough skinned
pods. Reddening of the pods and russeting is




found in crops grown under adverse conditions
and is disliked. There 15 a conflict of opinton
concerning the advantages and disadvantages of
red flowered varieties. Red varicties are reputed
to be more tolerant to poor growing conditions,
with a better flavour than white flowered
varieties. Most retailers do not specify flower
colour although one ilarge multipie only selis
White Emergo, mainly because it is stringless at
the required stage of maturity.

Runner beans are very sensitive to poor growing
conditions. requiring shelter and adequate
moisture to produce well. Production and quality
can be variable especialty during hot dry periods
in late July and August. More effective
pollination is achieved by the introduction of hive
bees into the crop. Very little if any research is
being carried out on these aspects of production
and quality.

Shelf life

Shelf Tife of prepacked beans is normally 3+2
days but can be extended with refrigerated
display at retail level in line with cool chain
practice. Loose beans on display tend to golimp.,
especially if picked immature, 2+2 days shelf
life 1s normally allowed for.

Efficient and quick removal of field heat after
picking is necessary, especiaily during hot dry
spelis. Pod defects such as Borrvtis rots can be
troublesome in wet weather.

Future Developments

Improvements in piant breeding have given a
good range of medium length “stringiess”
varieties. The cultural and climatic factors
governing quality and vield are not weli
understood. The introduction of self-fertite. flat
podded. ciimbing beans of the Helda/Kwintus
group erodes some of the market for traditional
runner beans. They are stringless, fleshy. slow
to form parchment and, with glasshouse
production as well as outdoor, could give a longer
availability from UK sources. The ground bean.
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(e.g. Kelvedon Marvel) grown without support.
appear to have tost out so far as guality and yield
are concermned.

Extending the season of availability is possible
using polythene covers for the early crop in areas
{ree from late frosts.

Key Points

Varieties more suited to our climnate are needed
to obtain more uniform pod setting.

Wind rubbing blemish and twisting of pods are
major problems - stringless varieties are more
iiable to twisting.

PEAS

One major retailer described peas in a pod as a
disaster and would not stock them. Others
struggle on half-heartedly with fluctuating
quantities of variable quality for three to four
weeks of the year. while high quahity mange-tout
and sugar snaps are on their sheives year round.

Fresh peas must be one of the most difficult
crops 1o handle especially in the unpredictable
British climate. Peas are one of the few
vegetables where the frozen product, in general,
1s superior to the fresh. This is due to the speed
and disciplines which the processors impose to
maintain the quality of the product. Growers of
fresh peas need to follow their example if they
wish to succeed. Discipiine and control over
sowing date, picking. cooling and product
setection are imposed for a reasonable chance
of success. One large grower achieved an
availability over 11 weeks in the summer of 1993
but even then lost 209 of his potentiai crop due
to over-maturing in hot weather or pods being
diseased in wet conditions.

Specifications

There is an EC Qualitv Standard for sheiling peas
which describes Class T and Class 1l products.
No pod size himits are laid down but for hand
picking. which is still the only successful




method. large podded varicties would reduce the
picking costs. They would also be more likely
to contain the minimum of five seeds in a well
filled pod required for Class 1.

Once over picking wili still require good field
selection by pickers to remove flar immature
pods or wrinkled siivery grey over-mature pods.
A minimum of handling and the use of crates or
boxes rather than bags or nets reduces
mechanical damage. Very often this damage will
not show up until 24 hours later when the product
18 on retail display. Rapid removal of the picked
peas mto a cooling area is essential. Efficient
cooling facilities to bring down the product
temperature to around 4°C within 2 hours of
picking is the aim. Continuous cool chain
thereafter, even on retail display, would extend
shelf life from 2+2 days to 3+3 days if the product
18 also held in refrigeration by the consumer.

One could argue that the peas are enclosed in
their own pack. the pod, nets are difficult to fill.
cause damage and aliow dehydration. Polvthene
bags tend to sweat and can accelerate the
maturing of the peas which have a high
respiration rate if not kept cool.

Shelled peas in “polypropylene plus™ or similar
films under continuous refrigeration have been
on sale mn at least two major outlets. Whether
this 1s the only way forward for fresh peas
remains to be seen.

Maturity criteria. apart from the obvious visual
flat pods or wrinkled pods, are measured on the
basis of sugars as a “Brix reading” or with a
tenderometer as used by the processor. A Brix
reading of 13% is the minimum stipulated by
one custorner. The sheli-out percentage shouid
be not less than 34% but claims for some new
varieties achieving 50% have to be substantiated.

Defects

Pod disease due 1o both fungal and bacterial
agenis are major problems during wel weather.
Late crops are particularly susceptibie and can
be devastated by mildew attacks. PGRO has been

carrying out HDC funded trials on varietal
susceptibility with some clear indications of
signiticant varietal differences. This has shown
some varieties with sufficient resistance to
mildew to enable an extension to the season.

Pea moth is now weli controlled by the use of
forecasting in conjunction with sprays although
in serious attacks it is possible that as much as
20% infestation of pods can oceur. Aphids and
thrips can also affect pea pod quality, the former
because of the transmission of virus to young
plants which produce malformed pods.

Flavour

Taste evaluation for processing varieties is
carried out at CFDRA and 1o a lesser extent
PGRO. but little work has been reported on fresh
peas. The ability of peas to hold their
carbohydrates as sugars and only stowly convert
them to starch as they mature would be an
important attribute for fresh peas. It is for this
reason that some supermarkets will not accept
round seeded varieties such as the earty maturing
Feltham First because of its starchy, poor flavour.

Future Developments

There is an urgent need 1o develop better
varieties more suited for the fresh market. Short
erect hauim. large pods (6-10 peas per pod), 40%
plus shell out, easily shelled and good holding
ability on the plant, could change the future of
this crop. These factors together with more pest
and disease resistance could extend the season
of availability.

Key Issues

Unless new improved varieties become
available peas in pod will remain a minor crop.
Oniy growers accustomed to good disciplines
m handiing and cooling wili succeed.

Areas more suited to production e.g. low rainfall
but adequate moisture should be selected.

Hbe
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MANGE-TOUT/SUGAR PEAS

Mange-tout peas. in the literal sense would cover
both the flat podded vareties as well as those
with small round and well filled pods. both of
which are eaten whole. Present convention
within the UK retail scene would tend to confine
the term mange-tout to the fiat podded “Oregon™
types and use the term “Sugar pod” for the
podded varieties. Seed catalogues do not
necessarily agree with this definition so care must
be taken to ensure that the variety description
agrees with the retailers, definition of the type.
To add to the confusion the terms “Sugar snap™
and “Snow pea’ are also used to describe both
types (see Plate 13).

The appearance of these “novelty” legumes on
the market has now been accepted as an
gstablished product with all year round
availability. The fact that they come almost
exclusively from areas of the world blessed with
a warmer and more equable climate than the UK
can partiy explain why they are almost wholiy
imported. Cheap labour costs are counter
balanced 10 a certain extent by high freight costs
nevertheless they have established a place for
themselves on retailers’ shelves and on many
custormners’ shopping lists.

Attemnpts have been made to grow them in the
UK but s¢ far not with conspicuous success. The
variabtlity of our chimate, the vigorous growth
of most of the varieties currently availablie and
high picking costs. have made them unpopuiar
from a grower s point of view. limported product
is picked at an immature stage in order to reduce
stringiness. This would reduce the yietd for UK
growers unless more mature product was
accepted. In the event of dwarfer varieties more
suited to UK growing conditions becoming
available. this crop could enter the British
grower’s portfolio especialty in drier, warmer
South Eastern areas.

Future Developments

From the comments made on peas and beans the
conclusion might be drawn that although
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climartically the UK is marginal for many of
these crops there are areas and varieties which
couid and are being used to produce good quality
and economically successful crops.

Much of the research and knowledge of these
crops has been transiated from the work done
on the processing crop and very little effort is
being put into the fresh product. There 1s a vast
reservoir of information from organisations such
as PGRO. with whom HDC is aiready
coilaborating, and CFDRA. New work at
CFDRA is being carried out under private
funding and growers would need to subscribe
separately to this.

The dramatic increase in consumer mterest in
the leguminous crops need not be passed over
by UK growers because of the difficulties they
pose. Looking at the opportunities they offer
would be a more positive attitude.

Key Issues

Almost ali UK sales are imported.
High labour costs limir UK possibilities.

CELERY

The old systemn of carthing-up wide rows has
become uneconomic in the face of Spanish and
Israeil imports. This has also meant the virtual
demise of bianched celery, newer varieties of
seif-bianching and green celerv having taken
over. Field production in the main UK production
areas of the Fens and Lancashire becomes a
gamble after mid-November because
temperatures below -4°C cause severe loss of
quality.

The eariy season cool glasshouse crop
developed on the former Land Settiement Estates
still survives. This fills a useful slot during May
and June when temperatures are too high in the
Mediterranean and before the UK field crop is
ready. Floating muiches have helped bring
forward the field crop but late frosts in May. and
even early June. can be a problem. A review of




glassnouse celery quality has bzen published h
HDC under project PCS4.

Specifications

While the MAFF/EC Common Quality
Standards classify celery as a vegetabie on the
premise that it should be cooked, many
consumers would consider it a salad to be eaten
raw. The use of the term “ribbed celerv™ in the
EC Quality Standards 1s puzzling especially as
many of the new varieties have guite smooth
petioles. The standard does not apply to ceiery
hearts or baby celery if prepacked and labelled
accordingly.

The size ranges of rimmed heads laid down in
the EC Quatity Standards are:

Stze Large Medium  Smalt
over 800g  500-800g 50 - 500¢

Range  200¢ 150

iis]

100g

These size ranges are in conflict with most UK
supermarket specifications which cover a head
weight of 450-600¢ and so.cross over into both
medium and small size grades. Some
supermarkets will attemnpt to offer two distinet
sizes of head covering 350-450g for smail size
and a distinctly larger head of 550-650g where
availability and price allows. The wholesale
market tends to take larger average head sizes of
500g upwards but seldom above the 800g of the
targe EC Grade. These EC grading and
uniformity requirements are only compuisory for
Class T product though in effect even Class 11
product 1s graded into uniform sized heads and
counts.

Mini or baby celervy falls beiow the minimum

EC small grade of 150g and must be labelied as
such.

Appearance

The consumer acceptability of the greenness o

celery has fong been a moot point ever since dark.
oreen ssraeh and USA imports came onto the
scene. The claim that they only sold because
there was no aliernative paler, self-blanching
procuct avatiabie has not been proven. A move
towards a medium green. or apple green. coiour
1s becoming the norm amongst supermarke!
buyers. This could aiso be a reaction to the poor
gualny. stringy. pithy sticks of over mature. self-
blanching Lathom variety. the mainstav of the
industry for so tong. which is now being
superseded. Many of the newer self-blanching
varieties are greener, smoother and straighter
than Lathom and as such. are easier 1o pre-pack
in sieeves and do not show up damage quite as
much as paler varieties. There is evidence of
consumer resistance to very dark green varieties
put assessment of colour. especially under
supermarket dispiay lighting can be misieading.

The shape and smoothness of the petiole are
also taken into account on assessing the visual
acceptability of a variety, although consumer
reaction is less well investigated. Straight,
narrow petioles and compact head formation
make prepacking easier and as a high proportion
of the crop is sold as pre-packs. even on the
wholesaie market. this is an important economic
factor. The smooth rounded petiotes of some of
the greener American varieties are thought to be
more attractive than the ribbed. broad petioles
of the Lathom self-bianching types and the
catering trade was reported to be more interested
in the former types. There may also be evidence
10 suggest that the narrow round petiole varieties
are less prone 1o damage in harvesting and
nandiing.

Lengtin of petiole from base 1o the first knuckle
was generally required to 25-30em {10-12"1, This
fits in well with the dimensions of the standard
40x6Ucm produce crate with the sticks laid
horizontaily across the crate. The mean patioie
iength of the 1§ varieties i the 1992 NIAB mrial
at @ myd-October harvest was 28cm came well
within the specification. Mormaliv the stick is
trrmmed 10 about 2.3cm (1) above the knuckle

1o leave some leafl,



Almost all celery i~ wasned ang
SUDErMarkeis require e Nnal ninse (@ oo
potabie water. This 15 parmiculary mporan: .
the product is caten as i sufad em as consumers
may ignore the supermarket insiruction 10 wash
the product before eating. A common agrect,
especially in importea product 1s the bius
residues of copper based fungicidal spravs.
Simiiariy excessive soit or peat logged between
the base of the petioies is unacceptabie

Defects

Mechanical damage and breakdown are e two
major quality defects. ft has alreadv been
mentioned that the greener erect varieues appear
to show less damage than pale spreading
varietes. Discoloration of the butt has often
peen taken as an indication of the post harves:
age of the stick. This is not always a retiabie
gutde and other factors such as water stress are
thought 1o inftuence the rate of discoioration.

The main disorders seen at retail jevel are
Seproria leaf spot and biackheart., Leai‘ SDOT i:
normally controiled in the field by fungicidai
applications however anv infection of the
harvested product. even if held in abevance by
normal coof chain temperatures. can guickly
develop at ambient temperatures and cause
vellowing of leaf tssue. and in severe cases
discoloration of the petiole. Some varietal
resistance is suggested but reliance on chemicul
contrel measures is normai practice.

Biackheart is a phvsiological disorder due to
reduced calcium uptake in piants under water

stress. The voung tender growih at the centre of

the plant deveiops dark necrotic areas which in
turn can be infected by soft rot bacteriz.

Occasionally petioles can show svmpioms of
poron deficiency or imbalance in the form of

brown cracks developing horizontaliy across the
petiole.

Pithiness and stringiness are linked to cultural.
varietal and maturity factors. Self-bianching
varieties tend (o become stringv because thev
mature more quickly than green tvpes. NIAR lisis
varieties with low stringiness. On the other hand
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ancming althougn again nere ars
variendd difterences. Bolting or the rormation o
Howering snoots can oceer in field crops woes:
voung niants have been subject to coo.
temperatures while suill in tne juveniie pnase o
growth. The use of suppiementary night hghung
QUIIRE NS DRass of growin. especialiv forea
Crops. nuis sargely overcoms the probiem put i
can appear. especialiy in earty outcoor anc
srassnouss crops. Although Class | of tne EC
Quality Standards specifically states mat tne
proguct snoufd pe free from fiower stalks. &
certamn amount of tolerance is practised. Provided
the fiower stalk is not piainly visibie withou
close examinauon of the head and dosgs nos
detract rrom tne eanng quality of the indiviaua:
stick tnen e product is acceptable, The cegres
ol botting snould be agreed upon with the
supsrmarket buver before suppiving an afrectec
proguct.

Fiavour

Flavour oy celery is a very contentious subject
and tne commonty held beilief that green celery
15 betier fiavoured than self-blanching has not
alwdys peen sustamed in comparative testing
both at CFDRA and NTAR. Fiavour can be
affected pv soit tvpe. especially on mineral sotls.
CTOp nuIriien. maturity and vartety. The principal
characteristics of flavour are described as paraffin
taste. scapy taste and pieasaniness. Stringmess
was aiso assessed. The variability in the results
Trom vear 1o veur and from site (o site makes 1
difficuit 1o reach firm conclusions. Some buvers
nave speciried certaim varieties as acceptabie anc
others as non acceptable. Celery flavour is very
infivenced by soil and cultural conditions and is
snown by the fact that imported product growr
on a highiv saline soil was so salty as o be
inedibte. This 15 aespie the fact that trends in
the US# showed that the application of salt
increased ne vield. reduced the excessively
strong Havour and made the stalks crisper and
less stningy. There would appear to be a gap in
our knowiedge of the flavour constituents in
ceiery and the tactors affecting flavour and
stringmes:,
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Snelf Tife of washed and sieaves sticks was
normally given as 3-= davs plus 2-3 davs for
consumer use. dependent on the efficiency of the
cool chain throughout marketing and cusiomer
nrandiing. Tne sleeving of sticks heips 1o preven

moisture [oss and gives o ceraim amoun: of
protection against superficial damage. in NIAE

snelf fife trials conducted at 20°C und 504
refative humidity. steeved celerv had a sheif iise
of four days from harvest. The main defects that
occurred during this period were vellowing. joss
of moisture and turgidity. The conciusion ix
made that green varieties have a better shelf life
than sel{-blanching (see Plate 15,

Celery benetits from holding at termperatures as
io\z\ as [-2°C but care must be taken not 10 {all

eiow O'C otherwise rreezing damage can occur,
Shightireezing aamage shows up as a bubbiing
of the epidermis on the outside petioies,

Severe ifreezing damage will lead to compiete
cell breakdown and subsequent bacterial
infection. Long-term storage up 1o four weeks
at 1-2"C and 95% relative humiditv has been
achieved. Severe losses have occurred however
on product stored tonger than four weeks. Britisi
celery 1s suscentible to Licorice rot caused by
sotl borne fungus Mycocentrospora tor
Cenrrosperal acerina. The use of dips or
drenches has been examined but with a genera
hardening of opinion against the use of Dosk-
narvest chemical treaiments this is not a hikelv
solution o siorage breakdown probicms.

Future Developments

A better understanding of the faclors affecting
flavour. stringiness and maturity are requtred.
New F1 hybrids are now appearing which might
provide some of the answers 10 these problems,
Crosses between seif-bianching and green types
are aiso available while the appearance of Polish
varieties in recent NIAB trials may introduce new
biood.

Consumer acceptantiiny, o esnecialiy win regard
IO COIOUr anc appearance is still g mamw i
acbate. At izas one supermarke! offers seli-
blanching ana green ceiery 1o customers from
the same counter. but it is doubtful whether
conciusive resuits were obtained. Most buvers
spoxen to were in favour of the mid green or
apple green petiole colour

Most UK ceiery 1s grown on organic peaty soiis
but early frosts can bring production 10 an enc
well betore Christmas. a peak period of demand.
There could be an opening foriate crops grown
on similar organic solls in the milder south
weslern areas.  Alternatively controlied
atmospnere storage of the late planted crop
harvested in earty Novembper could heip to fill
this gap.

The generai impression is that ceiery is losing
ity consumer toliowing. Even the widening of
customer cnoice by offering babv celery, celery
hearts or chopped ceiery is not likelv to expand
demand greativ. Alternative colours such as the
old pink varieties, have been iried but without
great success. With terms such as paraffin like.
urpentine ana soapy being used to describe
fiavour. is this the area whers greatest
improvement is needed?

Key Issues

Marxet 15 static if not declining for fresh whole
head sticks.

Better quality and better
needeq.

flavoured varieties

ICEBERG LETTUCE

The meteoric rise of iceberg lettuce on the UK
market overthe last ten to fifteen vears has meant
almost 2 1otal eclipse of the round or butternead
lettuce. Several factors could account for its rise
10 sUCh 4 pregominant position in the salads arex.
[t fits n better with the current trends in
marketing. It has better shelf life than the
butteriead lasung ror up to ten davs in the

~domesuc refrigerator and with once g week
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snoppng. the lceberg offers hetter avalabiliny
10 the consumer. There is very hitie waste or dirt
with the 1ceberg. The outer. older and dirtier
ieaves have alreadv been removed. It was a major
detect of outdoor grown round lettuce that after
heavy rain it was virtually impossibie to obtain
a ciean product to meet supermarket standards.
The iceberg 1s better value for money on the
basis of the edible weight. Kound lettuce had
diminished in size to between | 50-250g in order
10 ensure a tender, aimost non hearted. product,
whereas iceberg ts some four times this weight
but not generally four times the price. Finally
some would ciaim that the crisper and sweeter
iceberg has more to offer the consumer than the
tairty biand soft round lettuce. From a retailers’
point of view the iceberg. especially where full
cool chain 1s provided. s much easier to handle
and has a longer shelf life than the round lettuce.
Iceberg lettuce 1s normally available in Britain
52 weeks of the vear.

Specifications

The EC Common Quality Standard covers all
tvpes of lettuce except cutting letruces which are
the non hearted leafy variants now appearing or:
the market. Specific standards for Iceberg are
minimum weight of 300g for outdoor grown and
200¢ for Class I and 11 crops grown under
protection. The difference between the lightes:
and heaviest heads in each package must not
exceed:

t00g for lettuces weighing between 154 and
300g per untt

150g for tettuces weighing between 300 and
430¢

300g for lettuce weighing more than 450 per uni

This is a wider weight range than normally
aliowed by supermarkets for a product being sold
at the same price rather than by individual head
weight. Typical supermarket size grades are:

450-650g : count 12

35G-750¢g : count [

650-800g : count 8

(Count is dependent on size of tray and density
of head)

dd

Normally only two s1ze grades or counts will be
nandied at any one ume ana more frequentiv oniy
one. Size ranges wili vary with time of season
and growing conaitions with largest head size
normmaily avaiiable in the July/August period.
Growers commented that supermarket buvers
were often not fast enough to change thesr
specification especially when large heads of (e.g.
T00-800g) tormed a nigh proportion of the crop
and were too heavy 1o meet the maximum 650g
head weight frequently iaid down. There are
indications that supermarkets would prefer the
450-650g range and the wholesale markets
heavier heads of 600-800g¢. It was also suggested
that in the early part of the season the minimum
supermarket specification could be more readily
met it 1t was reduced to 350 or 400g. From the
NIAB 1993 Descriptive List of crisphead lettuce
the mean head weight of nine varieties ranged
from:

622-689g for June 1o mid July production
639-712¢ for Mid Julv to August production
60(2-680g tor September to October production

Control of head size by variabie spacing does
not appear 1o be verv applicable to the crop and
0o close a spacing can ead to poor head shape.

There has also been & suggestion that a mini-
tceberg of 150-250g and about the size of a
cricket ball would find a useful market and trials
to deveiop suitable varienies were undertaken in
1993,

Appearance

The conformarion and shape of the head shouid
be firm (but not solid) and round. Work carried
out at Wellesbourne over the 1988/89 seasons
showed that Saladin. the main cultivar used
commercialiy m the UK. was very sensiiive (o
environmental factors such as temperature and
soiar radration at specific stages of growth.
Denser heads were associated with ijow
temperatures cuning the pertod up to and around
hearting. Less dense heads were primarily
associated with higner temperatures in the period
oo hearting and migh levels of solar radiation




in periods well after hearting. Other work in the
USA suggests that high temperatures after
hearting induced soft puffy heads. The initial
dependence on North American varieties for
UK growing conditions is being overcome with
the introduction of Dutch bred varieties more
sutted to UK production and improvements
continue to be made. This is shown by the fact
that very few new varieties develop conical
heads, a frequent problem in eariy variety trials.
The shape of the head is also probabty affected
by environmental factors. Early flowering or
bolting can cause uneven growth and distort the
head shape and the presence of obvious flower
initials can be a cause for rejection of the product.

Defects

Tip burn. russet spotting and pink rib are
disorders which can develop after harvest and
cause sertous loss. Tip burn probably originates
from calcium deficiency due to moisture stress
in the growing crop. Pink rib and russet
spetting are considered to be post harvest storage
disorders caused by low oxygen (or high CO.)
tevels and ethylene damage respectively. Other
problems often seen at retail level are downy
mildew (Bremia lactucae) bacterial soft rot and
bottom rot (Rhizoctonia). Although mildew
mainly affects the discarded outer leaves it can
be a probiem at certain periods of the year
especially during the autumn when heavy dew
and cool nights provide ideal conditions for the
fungus to develop. Resistance to the various
strains of mildew is bred into most new
commercial varieties and is listed in the seed
catalogues. Bacterial soft rot is due to various
bacteria. these are normally soil borne and are
favoured by wet conditions and affect the base
of the lettuce. Trimming of the outer leaves can
remove slight infections and cocl chain can
reduce the development of the rots. Attempts 1o
grow the crop on soil covers such as bjack
polythene which also restricts weed growth have
been considered 100 expensive, Rotting due 1
bacteria and fungi such as Boirviis and
Sclerotinia can also develop on damaged tissue
especially if wet heads are over-w rapped or
vagged and temperatures rise above [0°C.
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Bruising and broken leaf ribs caused by poor
handiing are frequently noted as sites of
breakdown.

Botiom rot normally auributed to Rhizocronia
solani can develop quickly around the base of
the plant and may not always be trimmed off
adequately. Butt rot can also cause serious loss
when it proceeds up the stem into the centre of
the piant. A more recent development of butt rot
1s a green slimy breakdown of the butt which
has been associated with catcium deficiency.

Browning of the butt (see Plate 16) is normally
taken as an indication of the age of the cut
product but is not a reliable guide. The white
sap or milk is produced more copiousiy when
the plant is cut in the fully turgid state, for
exampte. first thing in the momning. It not only
browns readily. especially as temperatures rise,
but can disfigure other cut heads and the
packaging. For this reason some growers prefer
to leave harvesting of crops until later in the day
when the piants are less turgid but are obviously
warmer and so require good fast removal of field
heat if shelf life is to be preserved.

The most serious pests were leaf aphids or
greenfly. Light infestations normally only affect
the outer leaves and can be trimmed off. The fast
reproductive rate of these insects can cause
problems even after cutting and packing.
Customers unfortunately are not likely to tolerate
the odd greenfly. even if it can be washed off
casily, and do not appreciate that to maintain a
field crop free from this pest will aiso mean
spraying with chemnicals. Roet aphid is more of
a grower's problem and pesticides need to be
used for control. However there is genetical
resistance bred into several varieties for example
the old Welieshourne variety Avoncrisp.

Flavour

Flavour is high on the list of major buyers.
afthough no serious flavour defects have been
recorded. Flavour wes investigated at CFDRA
in 1988 when bitterness was stated to be due 1o
acomplex ternene alonhiol named Lactucopicrin,




The detection and assessment of bitter and sweet
taste in iceberg lettuce can be a difficult operation
and for this investigation the panel of tasters were
given standard solutions of sucrose at 4.0g and
8.0g per litre for sweetness and guinine
hydrochloride at 0.025g and 0.05g per litre for
bitterness. The findings of the investigation
showed that older, greener leaves were more
bitter and less sweet than younger inner leaves.
Other comments obtained were that products
from crops under stress, over mature, or grown
with high nitrogenous fertiliser applications were
more bitter than product from crops grown and
harvested under optimum conditions. Varietal
differences are less easy to confirm as soil, site,
season and maturity at sampling are not easily
controlled. Suffice to say that breeders should
be very conscious that any new variety with a
tendency to bitterness will be short lved. even
if it is difficult to determine the level of bitterness
which might be acceptable.

Shelf life

Shelf life has been investigated at CFDRA,
NIAB and Luddington EHS (up to the time it
was closed down). Choice of film was
particularly important and PVC fitms for over-
wrapping were not recommended by
Luddington. Most supermarkets now specify
perforated polypropyiene bags with differing
degrees of perforation to suit the seasonal
condition. Heat sealed film or taped polythene
bags give good results and are preferred by
certain retail customers who lay down their own
specific requirements. The aim is to cut down
moisture loss and at the same time allow
sufficient ventilation to avoid a build up of CO,
or ethylene within the bag. )

Fast removal of fieid heat and constant cool
chain are essential for optimum shelf life.
Storage and distribution temperatures as fow as
0-2°C can be used but care must be taken ai
temperatures around ('C as freezing damage
can occur if there are sub-zero spots in a store or
vehicle. It 1s for this reason that ice bank or
stmilar stores have become useful for iceberg

lettuce as temperatures do not fall below GC
and relative humidity s in excess of 95% can be
obtained. Storage under ideal conditions up to 2
weeks has been easily obtained without serious
loss of quality or subsequent sheif life. The use
of controlied atmosphere storage is reported to
extend product life by a further two or three
weeks depends on varieties but CO, and ethyiene
levels must be carefully controiled. No
comments have been obtained on any changes
in flavour as a result of storage although
Luddington work suggested there was a decrease
in bitterness after storage.

Shelf life is normally expected to be 3+3 days
under ambient and 4+5 days if product is held
under refrigeration at 8°C by both retailer and
consumer. The use of flaked ice as practised in
the USA was not weicomed by UK retailers
because of the excess moisture which occurs as
the ice melts.

Residues

So far, pesticide residues in iceberg lettuce have
not become a serious area of contention although
the use of fungicides and insecticides are
necessary to produce a satisfactory product. If
the healthy salad image is to be maintained every
possible step needs to be taken to reduce
pesticide usage. A protocol for integrated pest
management is under preparation similar to that
for carrots and cauliflower.

Germany. and eventually the EC, may lay down
maximum levels of nitrate in lettuce, however,
this is not likely to affect field grown iceberg.
One Dutch breeder claims to have developed
varieties with naturally lower nitrate levels,
without impairing the agronomic or consumer
attributes of the variety.

Future Developments

The wide variety of lettuce tvpes now available
offers the consumer a baffiing choice. Many of
the bitter. fealy rvpes will onlv be used to add
mterest 10 4 salad. the hasic wizredient of which
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is now the iceberg type. New vaneties of non
heading, sweet flavoured leafy ictiuce ure now
on the market, are greener and smaller leaved so

-tacking the large fleshy mid rib of iceberg.
Whether these will erode the position established
by iceberg remains to be seen. The development
of a mini or baby iceberg has been mentioned
and it 1s interesting to note that early attempts (¢
mntroduce some of these varieties are held up
hecause of bittemess.

A move towards smaller, greener heads was
indicated by two of the retailers interviewed and
with the provision of refrigerated dispiays all
buvers are offering prepared chopped or sliced
iceberg. This could be an expanding market. not
only for retail sale, but also for catering and
institutional markets where costs of preparation
are being cut. A major problem here. apart from
the necessity of the preparation being carried out
under food hygiene conditions, is the cosi of
packing in special “polypropylene plus™ or
similar {ilms and the need to keep strict cool
chain disciplines. A technical probiem has been
the browning of the cut edges of the product.
This has been reduced by the use of gas flushed
packs and other treatments. The development of
varieties which do not brown so readily would
be an advantage for the prepared salad industry.

Key Issues

Integrated Crop Management - reducing
pesticide usage and increasing biological
control. Measures now being addressed through
Link projects with HDC and MAFF funding.
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A Colour Atlas of Post Harvest Diseases
and Disorders of Fruits and Vegetables,
Yol 2

Snowdon: Anna, L.

[SBN 07234 16362

AFRC Institute of Food Research.
Norwich

British Onion Producers Association
(BOPA):
Quaiity Manual - members only

Camden Food and Drink Research
Association (CFDRA):
Various reports available to
members

Growers, Marketing Groups and
Co-operatives

Hortcuitural Marketing Inspectorate/
MAFF (HM1):
Fresh Vegetabies: EC Quality
Standards

Horticultural Deveiopment
Council (HDC)

Horticulture Research international
(HR:
Annual Reports - work covered at
Wellesboumne. Efford. Kirton &
Stockbridge House

instituut voor Agrotechnoiogish
Onderioek (ATO-DLO):
Dutch Vegetable Research Institute

National institute of Agricultural Botany
{NIAB¥:
Variety Trials and Vegetable
Associate Scheme

NFU-Retailer, Integrated Crop
Management Protocol

OECD (Paris):  International
Standardisation of Fruit &
Vegetables - Onions, Cabbage,
Cauliflower, Peas

Processors™ and Growers' Research
Organisation (PGRO)

TNO Nutrition & Food Research:
Dutch Sheif Hife and Nutritional
Work

Seed Companies

Supermarket/Multiple Retailers
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