General

The growing of witloof consist of 2 parts, growing the roots and
subsequent forcing of the roots, in fact growing the chicons. The
forcing result depends strongly on the quality of the root. Many
witloof growers therefore grow the foots themselves, or on the same
property or on leased land. However there are some growers who let the
roots be grown on contract. The forcing of witloof mainly occurs {in
Holland in enclosed areas. The most modern method is the hydroponics

method which §s forcing in stacked boxes with running water.
Family

Witloof belongs to the family of Compositea (Astaracea) and is closely
related to greenloof, redloof, chicory and endive escarole.

Witloof: cichorium intybus L.var.folfosum. Hegt

Greenloof: cichorfum intybus L.var.foliosum

Redloof: cichorium intybus L.var.foliosum

Chicory: cichorium fntybus L.var.foliosum

Escarole: cichorfum intybus L.var.sativus

It is thought that Cichorium intybus L.var.silvester is the forerunner
of witloof and chicory. It has a thin root and grows in nearly the
whole of Europe, in Siberfa, North Africa and the Middle East. Even

greenloof and redloof are probably derived from the wild form.



Botanfical characteristics

Witloof forms succulent roots which contains a white milky fluid 1in
which bitter tasting elements are present: lactucine. In earlier days
medicinal properties were assfgngd to these bitter elements in respect
to stomach, gal, liver and spleen complaints,

Figure 1 shows the difference between witloof and chicory.

cichorei

Figure 1, difference between chicory and witloof (after W.Geldof)

The witloof root 1s coarser (more hafr roots) than chicory. The leaves
run along the main stem towards the root. When the leaves are held
Just above the root they feel firm, with chicory the leaves (loof) are
loose and grow with bare stems and these are seperately attached to the
root. Witloof 1s a bi-annual crop. During the first year roots and
leaves are formed. After a cold period plants will flower and produce
seed. Early sowing in spring can cause bolting because plants can get
too much cold. Low temperatures during ripehing of the seed can also

cause boelting.
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Witloof is a long day plant, which means that plants will flower by a
day length of 14 hours or more. The flower colour 1s blue and
sometimes white.
Witloof is 1n the main a crossfertiiisation plant. Pollen is earlier
ripe than the stamen (potandry). Selfpollination is possible but does
not produce much seed in the main. During plant-breeding research,
repeated self pollination gave a bigger uniformity of seed without
inbreeding characteristics (symptoms).
Witloof roots for forcing re-grow again and produce in dark
surroundings chicons (heads) consisting of several white leaves. The
nutrition value of these chicons §s small, 100 gr witloof (71 k)
contains:
- water : approx 94 gr
- Joules nutritional elements: 1 g protein, 0,1 g fats, 30 gr
carbohydrates
- vitamines: 0.4 mg thiamin (Bl), 0.03 mg riboflovine (B2), 0.3
mg nicotine acid piridoxine 0.05 mg (raw) or 0.025 mg (cooked)
B6 and ascobifne acid (C) 5 mg (raw) or 1 mg ({cooked).

- Mfnerals: 20 mg Ca, 20 mg P, 0.5 mg NA, 200 mg K.

Area and contract growing

Before 1977 the area grown in witloof roots ranged between 2000 and
2500 ha in the Netherlands. After 1977 a clear increase took p1aée in
area which by 1985 had reached 5200 ha. There has been a growing
interest in growing witloof roots on agricultural land with or without
contract growing. Contract growing sometimes gives difficulties
especifally if a price/per weight has been agreed upon. These

difficulties mainly arise from the forcing quality of the root,
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The buyer requires a slowly grown not too heavy root. The rootgrower
however aims to produce the highest possible yield, whereby {f
necessary, use has been made of artificial fertilizer. Contract
growing can give more .security if the roots are grown in partnership.
The grower of the roots has than got a stake in the monetary return in
the end=-product. Another form is the formulation of a contract in
which price is laid down per piece of grading, or in which the grower

fs given an agreed price per ha beforehand.

European area

Although in o0ld herbbooks (e.g. Dodonaeus 1554) was written about white
(blanched) chicory leaves, which were covered with ofl1 and vinegar and
eaten, the origin of witloof forcing dates from approx 1850. The home
of this crop is Belgium, with the triangle Liege - Brussels - Mechslen
as oldest centre. From here the crop was extended to the west of
Belgium, the north of France and the Netherlands. Also it {s now grown
in Italy and East Germany, Spain and to a lesser sextend in West Germany

and Switzerland.
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Table 1 gives the area and production in European countries {in 1985,

(Eurostat, PGF).

country area/ha production t/ha
France 17.000 180.000
Italy 18.000 170,000
Belgium ‘ 8.800 100,000
Holland 5.400 55.000
Spafn : 400 3.000
DDR - 1.120 3.000
FDR 12 100
Switzerland 150 1,500

The first witloof of the new harvest can be expected at the end of
August. Supply however is still rather small. Top production is in
January; after April production declines rapidiy. Recent innovations
in witloof research have now made 1t possible to produce witloof in
summer, This summer-production has increased from 36 tonnes {in 1978 to
1300 tonnes in 1985 (over the month June, July and August). The value

of the Dutch witioof crop has now risen to over 100 million guilders.

Growfng the roots

Sofl: To grow witloof roots a preference is given to a deep penetrable
not too heavy soil with good moisture holding capacity and good
structure - A ph -~ KC1 of 6.5-7 and a CaCoj content of 2% or higher are

recommended.



Composftion

The rule, that for witloof growing silt and 1ight clay soils are the
most suitable, 1s not always correct. This is one of the conclusions
reached from the results carried out by STIBOKA and PAGV between 1973
and 1977 on some 70 trial areas on 16 soiltypes. Observations and
yleld data have been obtained on root growing, forcing, rootstorage and
forcing after storage. The average production over 5 years of research
was estimated to be well over 34 tonnes/ha, from which the average
ylelds on the various solltypes only varfed 1ightly (3 tonnes up or
down), Notfcable are the large differences within a number of sofl
types. The yfelds on heavy silt, light si1t and sea sand for instance
varied from 25 and 45, 21 and 46, 19 and 52 tonnes/ha respectivély. On
sandy soils which show a relative much higher uniformity within the
soiltype the yfelds were much closer, namely 26 to 37 tonnes for
podsoils., The large differences in rootproduction are not so much
caused by differences in soiltypes as such but more because of a number
of factors within the soifltype 11ke soijlprofile, structure and moisture
supply. Everytime it appeared that the highest production was reached
on areas with a good homogene penetrable profile, so without hard
layers (pans) but with a good structure and good moisture supply
throughout the whole growing season. In this, clay or sand do not play
a role. Roots have to be able to penetrate to at least 60 cm to
produée a root with a reasonable form. For a well formed root 100 cm
1s necessary. The groundwater level has to be so high, that the
capillary water reaches the underside of the rootzone to guarantee a
good moisture supply. In case roots are grown {in areas where
groundwater level {s fnsufficfent the roots have to be able to

penetrate deeper to utfilize hanging water.
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In profiles which are sufficiently open, eg. to have a mechanical
penetration resistance at field capacity of less than a maximum of 3
MPa/cm2, roots have been found 2 metres below surface level.
From a technical point of view a few constraints have to be laid down.
As well, several requirements have to be fulfilled. For instance the
mechani{sation of growing on heavier soils will be less than {deal
namely too conical roots, so that the root weight will stay relatively
Tow, This results often In a lighter crop. Also muck soils, because
of difficuities with germination and the large number of forked roots,
will have to be avoided. 1In respect to storage, again no definite
preference for soiltype can be given. Few as well as a lot of root
losses did occur already on 16 soiltypes. Of great importance was the
croprotation and nitrogen level when the losses were not primarely
caused by parasites, losses nearly always were caused by a high
nitrogen level. When forcing without stofage in November December, a
high nitrogen level did not produce a detrimental influence on witloof
production. When forcing started in March however, apart from large
root losses also the quality of the witloof was influenced by nitrogen
rich soils. In conclusfon it can be said that areas where witloof can
grow evenly are preferred. Especially the nitrogen level should not
excees 80 kg N/ha in the layer 0-90 cm when roots have to be stored.
Soils with a high organic matter content produce too much N during the
season due to mineralisatfon. Ploughed grassliand therefore is
unsuitable for a number of years for witloof growing. To produce a

well formed root an undisturbed depth of 1 metre {is necessary.



Moisture supply

For an optimal production a good moi{sture supply Is necessary but also
a good run~off of excess water, It will be clear that a high
groundwater level is not wanted. The allowable depth will be strongly
depended on the granulafr composition since this detemines the height
of the filled capillaire zone above the ground water level. And since
also in this layer no root formation {s possiblie the upperside should
be minimal 60 cm below groundlevel. In a sea sand soil the upperside
may therefore be 70-80 cm below groundlevel, on silt or claysoiis and
loams minimal 120-150 ¢m below groundievel. In areas where groundwater
level does not contribute to the moisture supply of crops which does
happen in the east and south of the country, frrigation may offer a

solution when hanging 1s fnsufficient.
Irrigation .

Although exact figures 1n respect to water use are not known, research
in East~Germany and practical experience in the Netherlands have
indicated that a good moisture supply 1s very important during
germinatfon. Because sowing mainly occurs in May, fleld situations may
make 1t necessary to frrigate due to dry weather conditions.
Especially by using coated seed, Irrigation 1{s sometimes necessary.
Often 10 to 15 mm once would be sufficient. On muck sofls it is
advisable to use nozzles with small openings (3.5-4 mm max. dia.}. It
has‘to be pointed out that when growing on ridges, especially after
insufficient compaction, drying out of the seedbed does occur faster

than normal growing.
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Yield depressions already occur if in the top layer 30% of avaflable
moisture has been removed during the season, This 1s equivalent to a
pressure hefght of=-250 cm (pF 2.4) or 24.5 kPa (2.5 m water column).
Soi1ls with a hanging water profile have to be frrigated to keep up the
water content. When the roots reach to the capillairy zone however as
it should be l1ike on sofls with a groundwater profile, irrfgation will
not be necessary because the deeper growing roots will look after the

moisture uptake.
Soi{l cultivation

Witloof reacts strongly to the soil structure and demands a good
penetrable soil. A deep sotl cultivation (30 cm) is recommended.
breaking up the ploughsole or other poorly penetrable layers. Heavy
soils (clay, heavy silts) have to be ploughed or dug before winter.
Digging has preference. Light.soils can be worked in spring. After
deep cultivation the seedbed {is prepared. The top layer has to be
fine, but not too loose. The seed must be placed on a moist
underground. For sowing on a sandy soil harrows with short teeth can
be used or a rota-tiller. On 1ight clay and silt the seedbed can be
prepared with a chain-harrow or rotatiller with depth control.

Light soils should not be prepared too fine due to a chance of crust

formatfion.
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Growing on ridges.

Many witloof roots, especfally those on clay and s11t soils, are grown
on ridges although in respect to soil use 1s not recommended.

There are 2 reasons why growing on ridges {s used, namely:

- when the soil 1s 1n fact unsuitable due to a too small penetrable

depth.,

This way it can be increased 12-15 cm.

- when a level ground digger is not available.

It‘has to be pointed out however that fewer roots/ha can be grown of
reasonable grade, due to the wider row distance. The difference 1s
rather large. If on an area of ridges 200.000 roots/ha is optimal than
at a row distance of 37.5 cm, 240-250.000 roots can be grown on level
ground. When ridges are used they have to be built up well ahsad of
sowing and have to be pressed down. The ridges have to be sufffently
high and be 20 cm wide. It is also possible to make the ridges already
in autumn. They should not be rolled down before winter. Building the
ridges can be carried out several ways. The most common is to use

rotary~-hoes and attached moulboards.

Crop rotattion

Although on some areas witloof roots can bhe grown year'after year
succesfully it 1s better to have a crop rotatfon once every 3 or 4
years. Witloof 1s sown in preference on poor sofls., This is
particulary the case for the late and very late forcing period, where
rootﬁ have to be stored for a long time. Witloof rogts grown after
e.g. seedpotatoes, are generally used for early forcing. Potatoes dug
late for consumption are known as a poor preceeding crop. On arable
farms fof instance grain is known as a good preceeding crop, as long as
no green-manure was used. This crop releases too much Nitrogen the

following year. Potatoes and beet are generally heavily fertilised.
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These crops can better be grown after witloof. The following crop
rotation is than obtained namely: beet or potato, grain, witloof, etc.
In the North of our country also grain after witloof 1s grown. This is
because of a better control of witloof regrowth. In other cases it ts
advisable to plough deep before winter so that root-fragments are
brought to the surface.
An other aspect is the greater chance of diseases because of the wrong
type of preceeding crop. When the preceeding crop (potatec, beet,
endive) was infected by Sclerotinfa rot or violet root rot (potato,
beet, cabbage, carrot) than {t {s better not to grow any witloof
afterwards.
This 1s also true for "Fire" in endive and lettuce. Witloof after
carrot or winter carrot is not advisable.
In general witloof leaves behind clean land suitable for varfous crops.
In practise good results have been cobtained with onions after witloof.
Witloof is rather sensitive to growth-regulators.
When grain and grass as undergrowth are situated beside witloof, care

has to be taken.

Fertilization

When growing witloof one rule has to be observed; no organic manuring,
no animal-dung and care with nitrogen. Phosphate use is 1imited, and
because of a good uptake of Potassium care has to be taken with this
fertilizer not to give to much. In the hydroponic forcing application
of N in the form of CaNO3 to the water has a positive effect in respect

to y‘!e]dd
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Nitrogen

Too much available nitrogen produces too many leaves, an uneven Crop,
relative small roots with a wide root crown and a bigger chance of
loose chicons during forcing. Mostly no basal manuring with nitrogen
is carried out. It 1s only necessairy on sofls with a high loss and
which do not deliver nitrogen by nature eg. sfltly sea~-sand soils 11ke
those of the Wieringermeerpolder and the North-East polder.

Sofls having a high storage of nitrogen (after potatoes, sugarbeet on
arable solls and on most horticultural so0fl1s) should not be used by
preference to grow witloof roots for the midseason and late forcing
period whereby root storage is necessary. N mineral research 1is
therefore important. On clay and s{lt soils with less than 30-40 kg N
100-150 kg CaNO3 can be given. On sandy sofls with 20 kg Napprox. 175
kg/ha can be given. It has to be pointed out that the quantity mineral
nitrogen on wet soils is very low and that the level can increase
strongly under influence of 1ife in the sofl. When investigating the N

mineral, notice has toc be taken of this.

Phosphate

Phosphate fertilfzation is strongly depended on the sofl ferftflifty. A
study carrfed out by the chicory commission has found that too 1ittle
phosphate can delay germination. It i1s therefore necessary to find out

which influence a low phosphate manuring has on germination.
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Potassium

Witloof takes up potassfum easily and is not sensitive to chlorine.
The quantity s depended on sofl type and the quantity of potassium
present in the soil. For river clay 1t is not easy to give a hard and
fast rule. The content §s depended on percentage fine particles and
the CaCO03 content. For 13ss and sand sofls a K figure of 30-39 1is
good. Fertilizer 1s than 150-200 kg K20/ha. On sea clay soils a K
figure of 20-29 1s regarded as good. On sea clay 200 kg K20/ha 1s

normal,
Magnesium

Magnesium fertilizer on peat and sand sofls are depended on a humus
content and Mg0 content of the soil. On clay soils the fine particle
content plays an {important role. A too low Mg level can be increased

by spreading 200-250 kg kieserite/ha
Calcium

On sofls with a low pH (sandy soils to pH KLC & and heavier soils to
6.5) 1ime is sometimes given. When the pH is too high the crop is more
sensitive to disease. Normally a standard basel dressing of l1ime will

be given.
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Cultivars

Forcing in hydroponics

For the increasing importance of hydropnic culture more and more new

cultivars are being selected. This will also be done 1in the future.

For new data it i1s bestto refer to the latest cultivar l1ists. Table 2.

* Table 2
Cultivars for witloof forcing by hydroponic method
with recommendation (+) to forcing season

Cultivar origin very early early midseason late
Zoom INRA + + - -
Flash INRA - + + - -
Bea INRA + + - -
Terosa Royal Slufis - - + -
Yidena ENZA - - + -
Liber MO Pannevis - - + +
Liber LO Pannevis - - - +
Tardivo Nun Hem - - - +
Yiproda ENZA - - - +
Mariot ENZA + + - -
Toner INRA - - - +
Arnova Nun Hem + + - -
Spectra Nickerson - + + -
Wivro RijJk Zwaan - - + -

The suftabflity may vary Iin other countries than the Netherlands.
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Sowing and planting

Witloof {s generally sown and is incidentally planted.

Seed

The "seed" {s {In reality a long 4-5 sided huysk fruit.

It is 2-3 mm long 1-2 mm diameter and brown or black in colour.
Determination of germination {s done on the Copenhagen table on
filterpaper by changing temperatures of 20°C (for 16 hours) and 30°C
(for 8 hours). After 4-5 days germination is determined and after 10~
14 days the vitality. 1In the outdoors the period from scwing to
germinaton is 4-12 days, depended on weather conditions and condition
of the sofil., Minimum germination temperature is 5.3°C

The seed 1s 3-4 years useable as long as it stays dry and cool.
Several types of witloof seed are avafilable,

Normal seed: this 1s seed which has not had anything done to 1t. Seed
will have to be up to EEC standards. The 1000 seed wefght varies
between

1.2-1.3 gr with an average of 1.7 gr. Normal seed {s sold by weight.
Precision seed: this seed can be used for precision seeder. The
minimum germination percentage is relative high (higher than the EEC
standards).

The precision seed is fractionated to 0.25 mm. The most used fraction
is 1,25-1.50 mm, coarse seed 1ots sometimes 1.50-1.75 mm. Precision
seed is sold by number.

Graduated seed: is simalarly treated as precisfon seed but is sold by
weight.

The most common fraction 1s 1.25-1.50 mm. This fraction contains

approx 550 seeds per gram.
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Coated seed after extra treatment fractfonated seed 1s coated. For
this purpose mainly the coarse sievefraction is used. The "pil1ls"™ have

a diameter of 3-3.5 mm and are sold by number.
Seed quantity and sowing method

Normal sowing.

For sowing normal seed all types of sowing machines can be used as long
as they have a fine adjustment. The seed quantity 1s approx 1.5 kg/ha.
After a good germination thinning §s necessary. Normal seed f{s
relative cheaper, but needs more labour for thinning than when a

precisfon seeder is used.
Precision sowing

In witloof generally precision seediﬁg 1s carried out. Inftially
coated seed was used which went through a belt 1fke on the Stanhay and
Holaras seeders. To get sufficient plant numbers 350.000-450.000
pills/ha have to be sown depended on seedbed conditions. Although
coated seed gives an accurate plantspacing, general use is 1imited
because of the higher price.

In recent years graduated and precision seed has fncreased strongly.
Mainly used 1s the Mini-air pneumatic precision seeder. This machine
is specially suited for precision seeding of fine seeds which are not
coated.

Seed will have to be dust-free and free of other impurities. With this
machine narrow row distances can be sown. On ridges 2 rows per ridge
are possible. When buying graduated seed, it 1s important to know

which sfeve-fraction the seed is.
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A fine fraction of graduated seed is more economical than precision
seed which Is sold per seed. At a coarse sieve fraction, the opposite
1s the case. The tendency is to go for less seed.

Sometimes even a quantity of 500 gr/ha 1s mentioned. Such a quantity
is asking for trouble.

This can be explafned as follows;

Graduated seed contains approx 550 seed/gr of which a maximum of 440
plants can be expected (80% germination). A seed quantity of 500 gr
means 220.000 pl/ha, corresponding to the population required. At 500
gr,» sowing in fact is done at final plant distance whereby nothing is
aliowed to go wrong.

Because of the difficulties in practise 700 to 800 gr are given here as
advise, which means approx 400.000 seeds. Costs per ha for seed will

be as given in the table.

Tabel 3 Seed costs witloof in guilders per ha.{price 1981/82 excl.

YAT)
Witlooftype Seedtype normal graduated precision
coated
quantity 1500 (gr) 800 (gr) 400.000 40.000
(seeds)  (seeds)
cv»s hydroponics fncl. Zoom F1l 765 816 840 1.300
Hybrids, Hydroponics 975 1040 1,100 1,600

When sowing witloof, preference Is given to using graduated or
precision seed. W{ith coarse seeded cultivars and hybrids, precision

seed will most 1ikely be cheaper.
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It 1s preferred therefore to inquire 1nto the germination %, sieve
fractfon and 1000 seed wetight before buying. Precision sowing with
normal seed 15 also possible. The finest grade seed can be sfeved out
by the grower.

A prerequisite 1s, that ft has to be clean and has a high germination.
Sowing time* and population density.

The witloof seed {s mainly sown between May 1 and 20. For very early
forcing (root harvest in August and September) sowing 1s carrifed out in
the second half of April and the seedbed 1s covered by thin plastic
film.

For a better germination soi1l temperatures have to be minimal 12°C (av
dafly temperature).

Low temperatures promote bélting of the plants. By seed production low
temperatures during ripening can cause bolting later.

On a suitable witloof soi1l, a plantpopulation (after thinning) of 225~
250.000/ha fs maintained., At a row distance of 37.5 cm thinning has to
be carried out to a distance of 12-14 cm in the row. At a row distance
of 50 cm, distance in the row is 8-9 cnm.

With ridge growing 200.000 plants/ha is a common population. Distance
between ridges is 75 cm. Per ridge often 2 rows are sown close
together.

For the very early forcing method, a lower plantpopulation of approx
180.000/ha has preference. This 1s due to the faster ripening of the
roots.

Under favourable weather conditions and a good seedbed conditfon, a
field germination of 70 % can be obtained., By plant counts and cv

evaluation trfals often not more than 55% are observed.
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Sowing depth {s 1-1.5 cm under dry conditions 2 cm maximum.
A frregular germination gives mainly disappointing forcing yfelds later
on.
Thinning can be carried out 4-6 weeks after sowing in the 3rd - 5th

leaf stage.

* sowing time 1s different in Southern Hemisphere

plate 1 Minfair preciston seeder

Level ground and ridges

Both level ground and ridge cropping are carrfed out. With level
gfound cropping, a row distance of 30, 37.5 or 50 cm {s used. With
ridge cropping, mainly 66 or 75 cm 1s used. Both single or double rows
can be sown (row distance 8 cm) but mainly 2 rows are sown for better

plant distribution on top of the ridges,.
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Plant distributfon fs better on level ground generally. due to more
uniform roots and a higher plant population.
For forcing, the optimal root diameter s{ze (near the crown) ranges
between 4-6 cm. A disadvantage of level ground cropping is that on
heavy soils root harvesting by machine is more difficult espectally
under wet conditfons, compared to ridge cropping. Half the area is
grown on ridges.
Often ridge cropping is carried out from the point of mechanisation: it
1s possible to use an adapted potato-digger. Spraying s only done on
the ridge meaning that only a third ha. s sprayed. Even in level

ground cropping row spraying can be applied.
Planting out

To be able to have sufficient "forcable™ roots in August, use 1is
sometfimes made of "planted" witloof. These are loose plants grown
under glass from seed or module plants. (so1il S]ocks)

To get loose plants, sowing 1s carried out at the end of Feb. -
beginning of March under glass. During the first week air and soil
temperature have to be kept at 18°C. Afterwards soil temperature can
decrease to 11-12°C and afir temperature to 16-17°C during the day and
10°C at night.

The seed quantity is approx 1.0 gr/m (550-600 seeds). At a good
germfnation thinning i1s carried out to +400 plants/m. These plants
can be planted at the end of April or beginning of May by machine,
Plant difstance fs for example 36x15 cm, which §s 185.000 plants/ha.
After planting out, the crop comes to a stand-stfll for about 3 weeks.
Module plants in 4 cm soil blocks can also be used. Then sowing is

directly into blocks 1In early April.
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At a growing-on temperature of 18°C, the plants can be planted out 3-4
weeks later. Apart from the high costs of this type of cropping, {t
must also be pointed ocut that the roots of these plants stay short and

are strongly branched.

plate 2 In level ground cropping a higher plantnumber

can be realised than in ridge cropping
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Plastic thin film covering

To 1increase earlyness of the roots for the very early forcing period
sowing Is carried out in the second half of April and the ground is
covered with 5% perforated thin plastic fiim. By 1increasing the sofl
temperature 1-2°C a faster and more even germination 1s obtained and
bolting s avoided.

Drying out of the seedbed {s also avoided. In ridge cropping l.7 m
wide plastic (0.03 mm) {s machine laid (2 ridges under 1 strip
plastic).

In level ground cropping often 10 m wide plastic (0.05 mm) is used and
lafd by hand. The plastic is laid directly after chemical weed control
has been carrfed out.

With soil covering no compounds with condensation problems should be
applied. In the main the plastic film §s removed in June when the
plants have 6-8 leaves. The film should be removed under dark and/or
showery weather and not with sunshine and/or windy weather.

A disadvantage of soil covering 1s that rather late in crop
development, thinning can be carried out.

Sowing at a final population {s therefore important. To improve field
germination use can be made of narrow plastic film.

This f{1m having a width of 20 cm {s not perforated and is applied at
the same time when sowing with special laying machines.

The nett width of the covered strip is approx 12 ¢m. This narrow film
increases soil temperature and avoilds dryfng out and possibly also
dessipation, resulting 1n a faster and uniform germination.

The thin film 1s removed soon after germination due to "burning" out of

the crop.



plate 3

a. roots of direct sown witloof

b. roots of loose plants

c. roots of soil-block plants
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Weed control

General

Weads can be controlled efther mechanically or chemically. Mechanical
weed control consists of hoeing on level ground and moulding up in
ridge cropping. After the {introduction of chemical control, as much as
possible use was made of herbicides, capable of controlling nearly all
veed types. At present the aim {s to use a more integrated control,
not only to make weed control cheaper but also to control the difficult
{(problem) weeds better. The integrated control method consists of row
spraying 1n combination with hoeing and moulding up.

This means that only a limited quantity of chemical {s needed. Often
only a third or a half of the normal quantity 1s used; also the chance
of damage to following crops or replacement crops Is lessened.

For weed control in witloof the following possibilities are avatlable.

Strafght sowing

In witloof cropping 1t 1s usual that the ridges are made ready several
veeks before sowing so that the witloof can be sown on settled ridges.
No more cultivation takes place before sowing, so that the weeds get
all chance to germfnate before the witloof is up. This method of early
field preparation ts also done on level ground, especfally on humus-
rich or very 11ght so1ls, where herbicides work less well.

When the seedbed is prepared early the weeds must be sprayed before the
witloof has germinated or before sowing, with Paraquat (Gramoxone)

31/ha.
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Sometimes a combination of 21 Paraquat and 21 Diquat/ha gives an
exellent effect. Chlor-profam (Chlor-IPC) 400g/1, rate of 4-61/ha can
be sprayed before or after the witloof has emerged.
On light sofls no more than 21/ha should be appljed. With a lot of
rain this compound can sink=-1in and cause damage., Application after
germination has to be seen as an emergency solution, in case earlfer
spraying (before germination) can not be carried out in time.
The 3-leaf stage {s the best time. The rate 1s than mostly 3-51/ha.
The effect of Chior-Profam §s strongly depended on weather conditions.
Spraying on weed free, moist soil or by some rain after sowing 1s
ideal., A lot of rain afterwvards can cause thinning of the witloof
plants.
Spraying at high temperature should not be attempted. By warm weather
and dry soil the compound evaporates fast, so that the working can be
disappointing. Other damage can be temporary growth reduction.
thickened rcoot-tips and a siight yellowness.
Composite weeds 1i1ke MATRACARIA spp etc. cannot be controlled. Others
are very sensitive to Chlor-profam e.g. BOLYGONIUM spp. nettles etc.

WARNING; Chlor-profam must not be sprayed in the vicinity of to be
harvested crops. Prevent drift to other sensitive crops like grain,
grass-seed and flax., cucumber, tomatoes, melons and gherkins.

To avoid damage, under no circumstances must be sprayed on witloof

crops closer than 200m of these crops. Not only drift, but also damp-

working of Chlor-profam can cause damage.

Propyzamide (Kerb) 50%, rate of 3 kg/ha can be applied from sowing ti1l1

after the witloof has germinated as long as no weeds are present.
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For efficient results a moist soil 1s necessary. Also some moisture
after spraying can improve the result.
When weeds are aiready present at the moment of spraying, a contact
compound 1ike Paraquat can be included. However this only before crop
emergence.
The working time of Propyzamide is long and sufficient to keep the
field weed=-free untill crop-closure.
Propyzamide 1s safer for the crop than Chlor-profam.
Composite weeds are not controlled by this compound however.
From the table can be seen, iﬁich veeds are controlled good, average

or not.



-28-
TABLE 4 Control of a number of Herbicides on a large number of weed-
types (*)

WEED HERBICIDE ALLOX- CARBETA- CHLOR-IPC DIQUAT PARAQUAT KERB
- IDIN - MIDE

A D A AN TE D D R GG D UL R GR TR ED S T R D EE D D AR D T D D D S P TR T S e R P D AR D A D D D Gk D S G S D D A EE S S S SR G e Em W WP AR B WD W

Yicla tricolor spp - + ++ - +
Mercuriales spp - ++

Urtica spp - + + ++ + +
Lamium spp - - ++ ++ ++
Alopecurus spp ++ ++ ++ - ++ ++
Yeronica spp - + + + ++
Chrysanthenum spp - - - + ++ -
Chenopodfum spp - + + ++ +
Echinochloa spp ++ + - ++ +4
Galeopsis - - ++ ++ ++

Capsella bursa past. - - ++ ++ ++ +
Sinopsis arvensis L = - - ++ ++ -
Matracaria spp - - - + + -
Galium aporine L - + - + - ++
Galinsoga parviflora - - - ++ ++ -
Thlaspi arvense L - - ++ ++ ++
Euphorbfa helfoscopfa- ++ ++

Senficio vulgoris - - - + ++ -
Atriplex spp - + + + ++ +
Stellaria spp - + ++ ++ ++ ++
Polygonum persic, L - ++ ++ + + ++
Spergala arvensio - + ++ + ++

Poa annua - ++ ++ - ++ ++
Polygonum aviculare = + ++ + + ++
Myosotis spp - -

Apera spica-venti{ PB ++ ++ ++ - ++ ++
Polygonum convolvulus- ++ ++ + + ++
Solanum nigrum - + + ++ ++ +

Amount of sensitivity: ++ = good-very good
+ = average-good
- = none-1ittle
open = unknhown
* In other countries due to different soi1ls, climayes, weeds etc.other
chemicals and/or rates may have to be used.
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It dces occur after treatment with Propyzamide, that the weeds come up
normally.
Later they will die, unless the weather conditions deterfate after
sprayfng. On humus-rich soils, Propyzamide does not work as well as

Chlor-profam.,

WARNING: When using Propyzamide care has to be taken not to use too
much compound, due the risk of damage to follow-up crops. It f{s not
possible to grow spinach after early harvested witloof, because of

damage.

Carbotamide (Legurame) 300g/1 at a rate of 71/ha {s mainly a grass-
killer, but does control some dicotyl weeds (see Table 4).
At low temperatures Carbetamide works very slowly and only after

several weeks effects on weeds can be seen,

Alloxidim=Na (Fervin) 75% rate 0.5-1.5 kg/ha.

This compound only controls grass-weeds 1ike Alopecurus, Apera and
seedling=-grains and raygrasses.

Spraying with Alloxidim-natrium is not allowed to be done in
combination with other compound within several days after another
compound, due to severe damage.

It is advisable to use in all cases a combination of Schering 11 E o1}
31/ha, since it improves the working under dry conditfons. Alloxidim-

natrium 1s a contact compound and can, depended on weed development, be

used in each stage of the witloof crop.



Cropping under thin plastic film.

When using perforated plastic film during cropping the application of
Chlorprofam and Carbetamfde 1s possible. When normal thin plastic film
is used application of Chlorprofan only or in combination with
Carbetamide must not be used. Through the higher temperatures damage
can be caused because of damping. Under favourable circumstances a low
dose can have a good effect. Important {s the spraying on moist soil,
a light frrigation after application not to many weeds and the use of
sufficient water (1000 1/ha). Some missed weeds should be hoed after

removal of the plastic.
Loose plants and plantmodules.

For the very early crop use 1s made of 10053.p1ants or plantmodules.
For this Chlorprofam has to be used at a rate of 4-6 1/ha shortly
before or after planting of the witloof. |

By loose plants spraying 1s usually done after planting by plantmodules
before. The plants are younger and less hardened then loose plants, so

that damage can be greater.
Diseases and {nsect control.

Leaf-aphids (Aphididea)

In the field. From June onwards during warm weather large numbers of
aphids can be found in the field on the underside of the leaves and in
the heart of the plant. Sucking damage can be seen in the curled
leaves, as soon as damage Is visible, spraying with 0.5kg pirimicarb

(Pirimor)/ha should be carried out.
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During forcing: In hydroponic forcing leaf-aphids could become a
problem. The green-aphids come mainly between the chicon leaves.
Quality-loss is the result, During a severe attack the chicons do not
grow well,
Control 1s by spraying 5gr pirimicarb (Pirimor) in 10 1itres of water
per 100m or an enclosure treatment with Pirimor smoke-developer.
When during stacking the roots "Dimethoate™ against witloofminer is

used, all leaf-aphids present are alsoc killed.

Plate 4. Phytophtera on the root
Fire-blight (Pseudomonas marginalis)

The symptoms of this bactery~-disease are brown-black coloured, drying
edges along the leaves. The bactery fnfects the leaf by way of water-
splash., It than enters the leaf via the stomata.

In savere cases the growing tip can become black and dies.
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The disease mainly occurs locally. In a wet period and/or by a dense
plantstand, large parts of the area can completely rot away.
During a machine-harvest sorting infected roots out in the fleld is
practically out of the question. Often dried-up leaf edges are an
entry~point for secundary other organism, which than can cause "wet-
rot" of the root.
Dhring forcing 11ttle trouble 1s caused by the disease, exept in cases
where the growing tip has disappeared. These roots produce a chicon
¥ith only outside leaves, but which are hollow inside.
A direct control is not known., Important points to prevent Pseudomonas
are; good crop-rotation, a leaner witloof growth, harvesting in time

and removing infected roots.

Botrytis cinerea

The roots have light-brown spots on the surface, covered first by a
white, later by a grey fungus mould; containing flat black sclerotia.
When the root is cut length-wise a 1i1ght brown watery discolouration
can be seen, undar the infected spot. Damage during forcing 1s not
large. Infected roots can produce wet-rot because of bacterfal
{nfection. The fungus nearly always enters the root via wounds.

The control of Sclerotinfa has as a side-effect the prevention of

damage by Botrytis cinerea.
Bhoma exicua

On the root dark-brown, rimpled spots appear, matnly on the root crown.
Length-wise cutting of the root shows a brown=-black to black
discolouration under the infected spot with a sharp boundary between

healthy and diseased tissue.
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During root storage the disease can spread without changing into wet-
rot.
Damaged parts form an entry-point for this fungus. Chicon formation {s
often delayed or does not occur when the root 1s infected near the
crown., DOuring hydroponic forcing Phoma spots are an entry-point for
bacterfia and fung! causing wet-rot.
A direct control 1s not known, but 1ndirectly it consists of damage
prevention.
Damaged roots should also be healed before storage.
According to French researchers this can be done by leaving the roots
24 hours at a temperature of 12-15°C. 1In practice such a "heat" method

will encounter problems.

Phytophthora erythroseptica

The symptoms consist of "browning" mainly starting from the root tip
and moving upwards.

Chicon formation does not start. Not only via root-tip but also via
other wounds can the fungus enter the root.

The infection arises from active moving spores in water, so that the
presence of water dces play an important role. Often a Phytophthera
infection is followed by secondary wet-rot bacterea e.g. Erwinfa
caratovora causing a stinking wet-rot. Phytophthera can also be
present in potato where it can cause "red-rot".

In both witloof and potato the fungus is likely to be present on wet
parcels of land. It {s therefore possible to bring the disease via
witloof roots into the forcing room. In hydroponic forcing the disease

spread 1s very rapid due to moving oéspores.
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Control in the forcing room can be done by steam~cleaning to k111 the
rest-spores. Also good drainage in the soil as wvell as a good soil-
structure are important. A preceeding crop l1ike potatoes should be

avotided.

Rhfzoctonia solani

The roots contain browny, slfightly sunken spots. Length-wise cutting
of the root shows fairly shallow brown discolouration in the tissue
under the infected area. On the outside leaves of the chicon several
oval browny shallow spots are found.

This disease is mainly found fn the headlands. so structure may play a
role. The direct damage is neglifable. Control is unknown but

Sclerotinia control has a good side effect.

Rust (Puccinia cichorii)

This fungus disease causes dark red-brown spots on the leaf. It can

appear in both field and forcing room. Control is not necessary.

sclerotinia sclerotiorum

The symptoms in the field consist of grey-brown rot in which first
white, later black sclerotfa are presant.

Infected plants can die completely. Secondary infection can cause wet-
rot. Infected roots can completely rot away in the forcing room and
infect surrounding roots. A direct field control s not possible.

Crop rotation {is important taking into account that beetroot. carrot,
sellery, beans, parsnip can also get the disease. It is more fmportant

however, to avoid damage during crop handling.
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During the start of forcing it {s possible to spray with 8gr {prodion
{ROYRAL) or 2gr vinchlozolin (RONILAN) per litre water over the top of

the roots. Per mZ forcing area 0.5 litre 1iquid has to be used.

Yertici{llium dahlfiae

The leaf edges become dry and brown, dying -of carries on between the
veins, The ocutside leaves wilt first. In cross-section, the root
tissue shows brown vessels. The disease is mainly present on 1ight
sandy solls.

Control 1s unknown, Good soil structure 1is 1mportant;

Violet rootrot (Helicobasidium purpureum)

The root 1s nearly completely covered with a dark purple fungus and
after secondary infection goes rotten. It is mainly found on wet
solls.

There is no direct control. Good drainage and crop rotatfon are
important.

Twitch/couch-grass may be the host p!ant;

Witloof miner fly (Napomyza cichori{}

The fly ts 3-3.6mm 10ng; has a lemon-yellow coloured head with large
dark brown eyes, a dark grey breast-plate and a lemon-yellow hind
quarters with dark grey cross-stripes.

The first flight takes place in May and June, in July follows a second.
The third flight occurs during the first half of September and ends 1in

October.
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The flies don't spread over large distances in general. During sunny
weather they are not very active.

By over-cast weather and l1{ttle wind they fly from plant to plant.

The eggs are approx 0.3mm long, partly milky white, partly clear. They
are laid in the matn vein of the leaf directly under the upper skin,
near the leaf base.

The maggots are white and can be up to 5.3mm Tong. They drill holes 1n
the leaf stem and root. The infection of witloof plants 1n the field
fncreases during September and October.

Control s as follows: In tho'fie1d. from August 15 the crop 1s
sprayed 3x with 1.5 kg or 1.5 1itre Dimethoate 20% or 0.75 litre
Dimethoate 40% per ha. Spraying should be 2 weeks apart. The last one
should not be later than 3 weeks before harvesting the roots.

A treatment in the forcing room is not necessary.

Dimethoate also controls Aphid.

Root-knot nematode (Meloidogyne hapla)

The plant-growth is reduced in places. During warm, sunny weather
outside leaves wilt. Many small knots are found on the roots.

A severe infection can cause plant-losses. The nematode is mainly
found on 11ght soils. Control is as follows:

Crop rotation; potato, beet, carrot and papilionacae have to be avoided
as preceeding crop. Grain and grass are good preceeding crops.

Soi1l steri{lizatfon with Dichlorpropene (150-250 1 per ha depended on
the active ingredient and content) or with Metamnatrium (300-400 1 per
ha depended on a.i.)

Application 1s only allowed between March 16 - November 15.



Root-11ce (Pamphiguys bursarius)

The woolly lettuce root-11ce can aiso effect endive and witloof.
Especially by a poor sofl structure growth can stagnate. When growth
conditions are favourable however, witloof will not be bothered too
much. The poplar is the favourite primary host plant.

At the end of June the 1ice move to lettuce and other secudary host
plants. The largest numbers are found approx July. The migratifon
period 1s approx 5 weeks, Damage forms through removal of plant
Juices. In a dry period damage ?an be so great that the whole crop
goes flat, In the main damage {is local. Good {rrigation {is probably
sufficient to stop the spread. By a severe infection the soil has to
be treated with 3.5 11tre Diazfinon or 2 11tre Endosulfan 355'tn

sufficient water.
Fysiologfcal diseases

Redloof. Red discolouration arises when the milk-sap oxydises., The
milk=-sap is present in so-called milk-sapvessels found in the main
plant vessels. Red discolouration is therefore mainly found along the
leaf veins. Redloof has poor keeping qualfty. A simtlar appearance
can occur when the chicon is broken off or when damaged by trimming.
The milk=-sap discolours red by sap-oxydation of the broken surface {in a
short time. Most problems occur at the start of the season and at the
end of forcing, when the growing speed it at its fastest. Growth is
caused by water uptake by plant cells. If this happens too quick
ruptures will appear in the tissue causing the milksap vessels to
break. The oxygen present in the {ntercellular spaces can oxydise the

milk sap giving rise to red discolouration.
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Lowering the forcing temperature at the end of the forcing period can
alliviate the problem somewhat. Also the relative humidfty should not

rise above 90%.

For very early forcing a cuitivar has to be chosen which {is less
sensftive. From recent research it has become known that roots

containing a higher P and K content are less sensitive. Possible Ca

also plays a role.
“Burst loof

Bursting of the chicons 1s caused by frregular growth, a Jarge
temperature varfation and excessive water after a perfod of water

shortage.
Glassiness and/or "rand",

Because of a too high relative humidity (above 95%) and not enough air
movement glassiness can appear. The chicons show a pale glassy colour
due to prevention of svaporation. By strong changes in the relative

humidity "rand" can appear. The leaf edges become brown due to drying

out especially after a perfod of a too high relative humidity.
"Roosjes", (Rosettes)

The chicon stays open during forcing. The core or pit has a tendency
to rise fast. Rosette formation occurs mainly during late forcing with
"overripe" roots. The water and 2ir temperature should be lowered

several degrees.
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Rosette formation can also occur in places where cold air moves across
the chicons (draught). Also a high ethylene concentration of the air
can Sa a cause as §s the case with "tfle shape" positioning of the

chicon leaves. Concentrations above 0.2-0.3ppm can cause damage.

Such concentrations do occur quickly when a LPG fork=11ft truck is

being used often.

Freeze damage.

In the field roots can withstand frost to -5°C. Harvesting has to be
delayed t111 rcots and leaves are completely defrosted otherwise the
growing tip may be damaged too much. During root storage in the cell,
the temperature must not be lower than -2°C. Freezing damage can be
recognised when cutting the roots lengthwise. The growing tip s gone

brown and the root 1s glassy.

Growth-regulation damage.

Witloof §s very sensitive to growth regulators. Damage is caused
during the control of dicotyl weeds in surrounding fields with grain,
where the weedkiller M.C.P.A. is used. Usually the growth regulators
are used after the grajin harvest to control the weeds. This spraying
1s carrfed out mainly {n the first half of September. Drift or non-
attention can mean that the witloof crop is affected and damaged, which

will show up during forcing. The roots do not produce a chicon or form.

small ones,
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"Blue” ldof

Recently it has become known that blue discolouration can be caused by
too much Fe during forcing.

The tannins {n the chicon produce together with the Fe a blue colour.
Soils high in Fe with a pH of 6 or below and a Tov Ca content, contain
during oxygen-low circumstances a high content of avajlable Fe. In
hydroponics 1t can arise when using water with a high Fe content and

with a pH of below 6 and poor oxygen supply.
Root harvest
Machine harvest

Machine harvesting must be done in such a way that roots of uniform
length are obtained and even leaf collar. Undamaged roots which are
free of dirt should be aimed for. Root length ﬁas to be approx 18 cm.
The length of the leaf collar should be 2-3 c¢m for very early forcing
and 3-4 cm for late forcing.

When buying roots, proper rules have to be agreed on in respect to
manuring, cultivars, plant population, root diameter, tarra
determination and disease infection. These rules are als§ given in the

Model contract put out by the Minfistry of Agriculture.
Level ground
Several witloof diggers/harvesters are avaflable e.g. of Belgium

manufacture. They are 1 or 2 row machines (d'Hooghe, Yerstraete, and

Aerts).
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Contracters use machines having a much higher capactity e.g. Krakef or
Riecam. The smallest types put the roots cross-ways in swads on the
field. The larger machines harvest the roots onto wagons or into bulk-
bins or containers.

Removing the leaves takes place at the same time as harvesting. Use is
made of horizontal drum-mowers, rotary-slashers or forage-harvesters,
These last ones have preference, since drooping leaves will be sucked
up and cut as well. After de-leaving., the roots are dug with l1{fters
or chisel shears which cut the roots at the right depth and deliver
them onto sieve-belts. In some machines depth control is electro-
hydrolic.

Cleaning tn most machines {s by way of sfeve belts, mainly two above
each other running at different speed, followed by a roller sieve or
square-mesh sfeve, With the last type, rounded clods of dirt can be
removed from the roots. Care has to be taken during wet conditions

that the machine does not clog up.-

Ridges

For optimum harvesting 1n ridge cropping, 1t 1s advisable to mould up
fn August so that the root tops are level with the soil.

On sandy soils §t 1s better to mould up in July (second half) due to
heavy leaf development. By moulding up it is possible to cut the
leaves so accurate that any further trimming is unnecessary.

Adapted potato-diggers can do good work as long as the soil is not too
fihe.

On heavier sofls and under bad weather conditions specific witloof
harvesters are better. On sandy sofls potato~diggers are also used on

level ground cropping (37.5 cm),
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The adaption of potato-diggers can be carried out by replacing the
specific potato chisel shears by 2 disc shears and 1 or 2 long chisel
shears. Only 15-25 cm of scil with roots fs put on the steve this way.
Both 1 and 2 row diggers can be used. Contracters mainly work with
self propelled machines which also remove the leaves at the same time

(e.g. Amac, Krakei or Grimme).
Tarra removal

The tarra content can be up to 15-20% consisting of pleces of roots,
too fine roots, blind roots. leaves and sofl. Tarra can be removed by
means of vibrating sieves. Specfal witloof cleaners also exist e.g.
Schouten. This machine consists of a bulk-bfn, elevator and 5ieve
belt.

The cleaned roots can be put directly into forcing trays, bulk=-bins or
be put onto conveyor belt,.

Tarra removal is especfally {important for roots which havé to be stored
a long time to aveid heating up or any regrowth., On top eof that
savings are made in energy and storage space. It {s difffcult to clean
the roots when they are wet. Cleanfing capacity has to be sufficiently
high since large quantities of roots are arriving sometimes

simultaneously.
Harvest pericd., ripeness and pre-cooling

To obtain a good forcing result the root has to have a certain
"ripeness". This ripeness can be expressed 1n age or growing perfod of
the roots. For very early forcing roots have to be 20 weeks old to

produce a reasonable forcing efficiency.
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If roots have to be forced in August 20 week old roots are not
avaflable., Witloof yleld and quality are in that perfod much lower
therefore, compared to later in the season. It 1is po§sible to improve
the forcibility of the foots early in the season, by earlier sowing and
covering with plastic or by usiﬁg plant witloof, a lower plant
population and using early maturity cultivars. The forcibility also
depends on the weather conditions during the growing season. In dry
warm summers roots will ripen faster, as long as the crop-growth has
not suffered. The forcibility {is than improved because the rootweight
will be heavier.
For the mid=-season and late forcing 24 weekﬁ are taken as being the
right length of time (sowing first half of May: harveét end of
October/beginning November).
The rfpeness can also be judged according to fhe size of the internal
hollow in the crown neck.
When the roots are unripe no hollow is visible, but as ripeness
approaches the hollow 1ncréases in s{ze.
At several Institutes chemical methods to determine ripeness have been
deve]oped but unfortunately no practical solution has been found to
date which 1is relfable.
Someti{mes roots for Qery early forcing and mid-season forcing are dug
and left for 5 days to ripen {n the field, before lesaves are removed.
But recently mainly machine harvesting 1s done. A disadvantage is the
disappearance of the ripening-off period between digging and removing
the leaves. It has become clear that the natural ripening in the fileld
can be substituted by cooling the roots directly at 3-4°C and a

relative high humidity (pre-cooling).
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Root yleld

In witloof forcing it 1s not so much the root yteld but rather the
forcing quality. The right plant population {s of great importance.
The kg yield is mainly depended on harvest-date and to a lesser extent
to the plant-stand due to the competition effect (less plants~heavier
roots).

Starting from a plant population of 180-225.000/ha the average yield is
by: ‘
-digging mid August-mid Sept : 18-23 t/ha.

-~digging mid Sept -~-mid Oct : 23-28 t/ha.

-digging mid Oct °~ -mld Nov at latest: 28-33 t/ha.

The yield is also depended on yearly fluctuations and sofl condition.
Yields of 35-40 t are common,

Apart from root yfeld grading 1s important for the forcing result.
The optimum size 1s 3,5-5 cm dfameter near the crown. To harvest

heavier chicons, roots of 5~-6 cm diameter have to be used.
Root storage

Storage conditions
To store roots ti11 after the end of January a temperature of 0°C {s
advised. Temperature will have to be as constant as possible.

Relative humfdity has to be a minimal 95-97%.
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Even than 1t {s st1l11 necessary to reguiarly‘moisten the roots, either
by hand or by mofsterizers. Regular control of roots is necessary
because a moisture-loss of S% or higher will lead to a decrease {n
productian,
Although the level of damage 1s not precisely known, 1t 1s assumed that
the C02 content of the afr inside the cell 1s not allowed to be higher
than 1%, In afr-tight cells possibilities for air circulation wilil have
to be installed to make certain that the cell-air volume can be
replaced 6-8x a day.
The ethylene content needs to be as low as possible. This gass {is for
fnstance produced by ripening fruit.
Storage of roots near products producing a lot of ethylene has to be
avoided. Recent research results have shown that roots can be stored
at a temperature of ~1°C untill the summer perfod. With roots stored
this way, a year-round production of witloof can be realized.
Reducing the moisture-loss will demand the necessary attentfon. In
year-round production a climate-controlled forcing cell 1s therefore 2

necessity.
Storage methods
Although in the past roots were stored cutside or tn air-cooled storage

rooms, modern production techniques have made it necessary to store

roots in mechanically cooled cells to obtain optimum forcing results.



Mechanical cell cooling

For the forcing period end of January-May 15 roots need to be stored at
0°*C. If longer storage {s required e.g. to produce year-round witloof,
roots will have to be stored at -1°C. Only in the mechanically cooled
cell these temperatures are feasible. The cooling~area needs to be
built as universal

as possible so that by switching over to other temperatures, storage of
other products may also be possible.

Roots can be stored loose or {n bulk=-bins. For both methods of storage
the following prerequisites are needed:

-Sufficient 1nsulation, expressed as K-value (W/m K). For {fnsulation
mainly polystyrene of various density §s used (e.g. Pl5 weighs 15kg/m)
-For walls and doors, X=max 0,35;12-16 cm polystyrene Pl5.

-For the cefling, K=max 0,23;16-20 c¢m polystyrene P15,

-For the floor, K=max 0.58;min 6 cm polystyrene P25.

On the outside of the insulation a dampproof layer has to be applied.

(In the door on both sfdes).

-In connection with the use of fork=11ft truck or bulk=bin carrfer, a
wide opening of the cell {is necessary. The minimum sfze should be
2.5m wide and 3.10m high.

~-The to be installed cooling capacity 1s approx 315-335 kJ/m product
per hour at a temperature difference of maximum 5°C between evapofator
and cell air. The right capacity has to be calculated for each
separate case.

-The evaporator has to be suppltfed with an electronic defrosting
mechanism,

The ventilators have to be switched on a delay relay after defrosting
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-The atr movement in loose storage has to be 50 m3 of afr per m3
product per hour as a resistance pressure of 150-200 Pa.
Storage in bulk-bins needs an air speed of 0.2m/s between the bins,
-To keep moisture loss to a minimum, the ventilators have to turn as
less as possible when the cooling machine is switched off.
-For a successful longterm storage at -1°C drying prevention s a
"must”, In principle 1t 1s possible to do this by a high relative
humidity and a small cfrculation parameter.

On top of that regular moistening of the roots is necessary.

It 1s st11) not known 1f storage in bulk=-bins 1ined with perforated
thin plastic f{im can reduce drying out. Before procesding with the
forcing of -1°C stored roots it {s necessary to defrost them for 3~4
days at a temperature of approx 3°C., W{th loose stored roots the
vhole cell has to be brought to 0°C before forcing 1s possible.
Sufficient and relfable measuring and regulating equipment has to be
fnstalled to check and regulate temperature and relative humidity in
the cell. Electronic recording of temperature by means of more

"fealers" at several places inside the cell 1s preferred.

Storage in bulk=bins

Compared to loose storage, bulk bins have several advantages. Only a
dense level floor 1s needed and the cell walls don't have to be
pressure resistant.

Against 1t 1s the need for a forklift-truck and pallet boxes (bulk-
bins)., Furthermore 40% more cooling space is needed compared to loose
storage. The extra space can be obtained by raising the ceiling height

tO 5-505“‘.
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The pallet-boxes have to have splits in the sides, to obtain good
cooling In the heart of the pallet-boxes. The maximum sizes should be
1.2 x 1 x 1m (outside pallet Inclusive). When using larger boxes
airchannels have to be buiflt in. When extra moisture {i{s not appltied it
s suggested to cover the top pallet-boxes with perforated thin plastic
fi{lm after they have been cooled. To make a good afrcirculation
possible 10 ¢m space between the row of boxes is to be left in the
direction of the air outflow and 5 cm at right angles to it. Along
side the side walls 15 cm space has to be left while 25 c¢cm 1s needed
for the front and back wall to improve afrcirculation. Apart from
cooling with free aircirculation, cooling can also be carried out by
means of forced cooling. Special equipment is needed then but an

advantage would be a better temperature spread inside the boxes.

Plate 5 Storage of witloof roots 1n pallet boxes (bulk-bins) at -1 C
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8 ___Root forcing

General

During the sixties and seventies important changes took place {n
production technique.

In the early sixties dr. J.A. Huyskes of the IYT in Wageningen
developed cultivars, which were suitable for forcing without sotl-
covering.

The advantage of this system compared to the older sofl-covering system
was a labour saving of 10-15%,

The latest development 1s the hydroponic forcing method in stacked
boxes.

This method was already put forward in 1951 by the Belgian ressarchers
Stenuft and P1ot and was put to practise for the first time in the
early seventies. At present hydroponic forcing is increasing in
importance.

The most Important advantage of this forcing sy?tem is, apart from a
further labour-saving, a strong improvement of labour conditions.

In 1981 30% of the witloof forced was by means of the hydroponic
method, by 1986 this had increased to 60% and it is expected that 1t
will be around 80-90% by 1990,

Because of this fact, only the hydroponic method will be discussed

here.
Hydroponic forcing

In this method roots are forced in boxes of approx lm. The boxes are

stacked and placed in a forcing area or room.



Water flows downwards through the stacked boxes and depending on the
systeem and hefght of the stack, {s supplied per box, per stack or per

part of stack. The removal of water 1s done in such a way, that 4-5cm

of water §s left in the boxes.

It returns to a basin, where it will be re-supplied with oxygen and {is
re~heated when necessary.

Aftervards 1t s recirculated through the boxes by means of pumps.

The air inside the room must always be in circulation. The air
temperature needs to be lower than that of the water. For that reason

a ventilated system has to be present.

Building and layout of forcing room

The forcing room must be insulated in such a way that the K value of
the walls and ceiling 1s 0.35 max. This 1s equal to 10 c¢cm polystyrene
(of suffictent density) as well as a half stone wall.

Fibre-glass or Rockwool can also be used for insulation.

In preference a damp-proof course has to be applied on both sides 1n
the form of plastic foll or alluminfum foll.

If forcing is started early or is year=-round a 15 cm polystyrene
insulation layer fs necessary with a dampcourse on both sides.

The floor of the cell or room has to be level without doorsteps to be
able to drive a fork-11ft or stacker in or out. The floor may also be
insulated. The forcing room must be air-tight however.

Forcing of witloof requires a lot of transport so that the unit has to
be set-up as efficiently as possible 1n respect to distances.

Figure 2 shows a 2 men unit, set-up as efficlently as possible. The
unit conststs of a forcing room, a work room/area and a store room.
The 1it-up work room §s separated from the forcing room by means of a

heavy black plastic curtain (safil=-cloth).
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The forcing room 1s divided into 4 cells by means of black plastic
curtains (0.5mm thick) or other dearer types e.g. brick.
This way a weekly cycle of setting up and harvesting 1s possible,
without disturbance of forcing in the other cells. When forcing is
done for the greater part of the season, than a 1ight insulation of the
walls may be advised. Per cell 2 rows of forcing boxes are placed with
a space between the rows of 70-80cm. The forcing boxes can be stacked
up to 8 high. Between the box and the wall or curtafn a space of 20cm
1s left, The size of the cell depends on the quantity of roots needed
to be forced at the same time.
The working room area has in this s{tuation been insulated as heavily
as the forcing, and must be rather large because transport does occur
here too and part of the storage takes place here (depending on the
circumstances 100-170 m2),
If the unit needs to be expanded than only the top ends have to be
removed to extend the storage cells and the forcing cells. A
disadvantage of this type where the boxes are standing in rows and are
being harvested per week or half a week, is that it is impossible to
harvest all the witloof at the optimal time. To be able to do that,

the Tayout has to be in such a way that work can be done per day.

Figure 3 gives an example of this.

In the forcing cell 24 units are present. One unit has to be harvested
and refi1lled 1n 1 day. In such a layout the pathway on which the fork-
11ft has to work is situated in the forcing cell.

The forcing cell is separated from the working room area by means of a
fixed wall. This wall and the door have to be insulated {f the working
room is insulated lighter than that of the forcing room.

The cell has to be approx 20m long. The width of the cell depends on

the width of the pathway and the number of stacks per unit,.
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Plate 6. Forcing of witloof in bbxes with flowing water hydroponics

mechanical air cooled
cooled storage
storage
/
£l 3
workroom + storage 2
W
\ sl *
-3
cell | cell I cell it | cell IV

'n

Figure 2 Most efficient layout of 2 person

witloof unit.
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Forcing boxes

The forcing boxes can be made out of several types of materfal. Mainly
{mpregnated pine boxes are used in the sizes 120x30cm (+1m2) and a leg
hefght of 50cm (see figure 5). The boxes are 1ined on the inside with
heavy-duty black plastic (0.5mm thickness) and have an overflow - pipe.
Thinner plastic 1s easier to puncture and therefore 1s not used. The
plastic 1s fastened on top of the sides with lcm wood strips and nails.
The overflow height {(4-5cm) can easily be adjusted (see diagram).

At the end of forcing the water can be removed by lowering the pipe in
the box. The {internal diametér of the pipe {s 3¢cm minfmum to avoid
clogging up. The pipe is mounted several cm's from the middle of the
shorter side.

The wooden boxes have to be tanalised (vacuum-pressure impregnated)
because of the otherwise short life-span 1n the forcing cell.

Apart from wooden boxes, also plastic or polyester boxes in metalframes
are avaflable.

Also completely alluminium boxes are used. The disadvantage of these
are that they give off a lot of heat.

On top of that these type of boxes are not corrosion free so that

coating fis necessary;
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we'e

Figure 3 Layout witloof unit (Hydroponic)
with daily cycle of setting up

and harvesting

Water circuit

Water being pumped to the boxes, comes from basins with a content of
0.5-1 m2 (see figure 6). The basins are placed in the ground outside
the forcing rooms and have to be insulated. Groundwater 1s not allowed
to paenetrate the insulation. In large forcing units a minimum of 4
basins and 4 forcing cells are buf{lt in preference so that per cell a
separate afr and water temperature and nutrition regulation can take
place as well damage can be reduced when diseasses or other problems

appear.

As less as possible metal parts have to be part of the system because

of corrosion.
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The pump 1s therefore made of synthetic materfal, and often swimming
pool pumps are used., The pump has to maint?in a pressure of 100-150kPa
in the 1fne above the stacks. The capacity has to be 25% higher than
the maximum use. Flow 1s 5 l1itre/min. per connection point.

It is advisable not to connect more than 4 boxes per connection point,

due to temperature and oxygen drop.

flow=through coupling

i ) go :(410%')

L' [ = 40 mm
}' R =42 mm
= L=75mm

T =1
il i

° p——d

s \\\E>”’ parts
. tightening socket

. tightening rin
l [‘ flgw-:hrough(tgread with seat)
) 5 4 21

nut
Figure 4 Construction water flow through couplins for witloof boxes

pvc-washer
rubber-washer

L LY N RPN

Example

Is a cell suitable for 100 boxes in stacks of 4 than 25 connection
pocints are necessary. In this situation therefore 25x5 l1itre/min =
125 1/min.

The pump must be able to do 1,25x125 = 156.25 1/min. The 25% over
capacity goes via a by-pass back to the basin., This water f1s
replenished with oxygen. The valve {n the by-pass is to regulate the
systems pressure., Water is pumped through the pipes, which are
situated as high as possible above the stacks. From here water flows
through hoses into the top boxes. The quantity of 5 1itre/min can be
regulated by taps in the hoses.

When the boxes are stacked 8 high. 2 connections are necessary per

stack.
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Figure 5 Dimensions witloof box

The supply to each row of stacks has to be able to be closed. The
water level in the boxes 1s 4-5 cm. When the water has cascaded
through the boxes 1t has to be returned to the basin. The return pipes
are lafd under ground in preference. Before the water flows 1nto the
basfn 1t can pass through a "settling" pit to remove solids. Water 1in
the basin is topped up from the mains ball-cock valve. The basin has
to have an overflow to avoid flooding. Cleaning the basin after

forcing is advisable In prevention of diseases.
Heating

The easfest way to heat the water is by using a tubilene-hose spiral in

the basin.
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The thermostat regulates the water temperature. To give sufficient
heat, a certain length of hose Is necessary. For heating of the
proces-water a cv capacity of 210-290KJ per hour per m2 box surface
area, The high value goes for small "forcerfes (approx 100 boxes of
1m2) and the value of 210kJ for the large "forceries" (approx 500
boxes).

When properly insulated, the air in the forcing cell {is sufficiently
heated by the water fn the forcing boxes, so no extra heating is
necessary. For heating the working room, 210-420 kJ/hour is necessary

depending on the height and matter of insulation per mZ floor area.

s

+

Figure 6 Waterbasin and accessories

Ventilatfion and air circulation

Each forcing cell has to have a ventilator to give air-circulation and
air-replenishment. The ventilator has to have a capacity of 10 x the
cell content (volume) per hour, at 150 Pa resistance pressure. Between
thekvent11ator and outside wall 2 pipe 1s mounted {n which the valve -is
placed (figure 7) so that the ventilator can suck atr from the cell or
the outside air (or a mixture). The temperature and humidity inside

the cell can be controlled this way between September-March.
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1f an earlfer start of later forcing {s required, a cooling unit 1s

necessary. The humidity is measured with a hygrometer, the temperature

with a thermomster.
outside air

l

cell-air
rec! -
L rou

\ lation)

=3
— ey ——

Figure 7 Yentilation channel

Both have to constant within parameters.

For example, the humidity may lie between 95% an BS% but is not allowed
to fluctuate during forcing more than 5%, Temperature differences
larger than 0.5°C inside the forcing cell have to be avoided. Alr 1s
blown by the ventilator through collapsible plastic tubing which
contain holes on the underneath side. A directed air;flow across the
chicons 1s not necessary.

Afr speeds till 1 m/s across the crop at a high relative humidity are
not detrimental. Ventilation can be carrfed ocut automatically. It can
be rather small: 2m3 air per hour per m forcing area fis often
sufficient. Sometimes more often ventilation is necessary to remove
the produced heat and to maintain a larger difference between air and

water temperature.
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The ventiliator has to be supplied with a revolution regulator to adapt

airspeed to the requirements.

Transport

The advantage of the hydroponic forcing method 1s that all transport
can be mechanized. The supply of roots to the workroom, where the
roots are "set-up® can be done with a tip-wagon, a 4 wheel wagon,
transport-wagon belts or in bulk-dbins. The stacked boxes are placed 1n
or taken out of the cell with a fork-1ift. The forced roots are dumped
after harvest Intec a bulk-bin or on a wagon. The walking distance {s
therefore short. For transport of the boxes in and out of the cell, an
electric driven fork=-11ft is most handy since a stacker often suffer
from slipping. It 1s advisable also to buy a hand fork-1ift. These
are handy fn difficult to reach places. As an afd In harvesting and
"setting-up”, a 1ittle trolley 1s used on which 1 box can be placed at

working height.

"Setting-up" and harvesting

To be able to harvest and to set up roots, the forcing box 1is placed on
a moveable trolley. These can be made collapsable to store easily when
not in use. The fastest way of setting up the roots i{s to place the
roots with relative clean roots in the box and following this to place
the roots with both hands against each other at a siight angle. Longer
roots are placed more at an angle than short ones to be able to keep

the uppersides level.



Plate 13. Setting ~up of roots in forcing boxes from a beit

For f111ing the last part of the box, the roots are taken out of the
next box. Blind roots and roots too thin are removed and are dumped in
a pallet box. The root crowns have to have sufficient space (less
disease spread), Per box of lmZ 70 kg roots are set-up. Often the
work 1s done with 2 people cone person on either side each capable of
putting 3-5 roots in the box each time. The best way {s to start from

the overflow pipe.
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Plate 14 Chicons are broken off the root

Forcing techniques

In hydroponic forcing 1t 1s not necessary to use a pre-forcing perfod.
Without this perfod forcing time is 3-4 days shorter. The P.A.G.V.
research station has carried out a research programme {nto the required
climatic forcing conditions. Table 5 gives the climatic requirementes
of the various forcing perfods. These can slightly vary according to

cultivar used and "ripeness" of the roots.
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Table 5 Forcing temperatures of hydroponic forcing of witloof.

forcing period setting up period water temp °C air temp °*C
very early August-September 21-22 17-18
early October-November 15 19-20 15-16
mid season November 15-February 18-19 14-15
late 1 fFebruary=-March 16=-17 12-13
late 2 April=-May 15-16 11-12
summer June=-September 14-15 10-11

Nutrition, oxygen supply and pH of process water

Research has shown that addition of nutrients to the water 1increases
yield.

The most important element {is Nitrogen {n the form of Nitrate.
Ammonfum {s disadvantageous. Other minerals play a lesser role so
nutrition can be carried out easily with a soluble fertilizer, mainly
Calcifum nitrate. |

The quantity added to the water depends on the EC value (electric
conductivity). The normal EC of tapwater depended on orfgin {is mainly
0.4-0,.9. Calcium nitrate is added, up to an EC of 2 and 1s kept to
that figure by regular control (2-3 days). This process can also be

automated,
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Nutrition does not always have to be beneficial. It can depend on

Plate 15 Research installation

Of P.A.G. v'

cultivar, forcing pericd and root origin. When several basins are
present, it is not necessary to add nutrients during the last week of
forcing.

Manuring shortens the forcing perfcd by several days. It is not
exactly known what effect 1t has on the keeping quality of the witloof.
The oxygen content of the water has to be kept at a sufficiently high
level.

Roots need oxygen for 1ife proéesses.

The minimum oxygen content of the water {n the basin is 50% of the
maximum soluable quantity (=5mg O, per 1itre water at 16°C)., The oxygen
content can be kept at a certain level by using aerators.

During the flow through the boxes oxygen content can decrease below the

50% level. If in doubt» the content should be checked.
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Foaming of the water, in the beginning of each forcing quite common, f{s
matnly caused by K~content of the soil still hanging onto the roots and
does not necessarily indicate an oxygen shortage.

Water pH may vary between 6 and 8. When using tapwater no problems
should occur. The pH increases slightly during forcing. A pH of 4.5
does not have to be a disadvantage, but 1s not recommended.

Using water with a high fron content and a pH lower that 6 can cause a
blue discolouration,

Lower pH's can also reduce the growing speed of witloof.
Disease control

During forcing the usual diseases and pests can be present liké aphids,
witloof-miner and Sclerotinfa. These may or may not be controlled in a
preventitive way (see diseases and pests).

Phytophthora can spread rapidly through the water by means of moving
odspores, A direct control 1s not known, and no compounds are allowed
to be added to the water to control fungi! or bacteria.

If Phytophtera is present, all equipment will have to be cleaned after

forcing by bleach followed by rinsing out with clean water.

Plate 16. Excellent "rooting” during forcing



-§5=
Another problem which occurs 1s "sliming™ of the water. This can
happen when a lot of dead organic materfal {is present in the water
(rotting roots, bits of leaves).
On this dead material bacteria develop, which multiply fast and use up
a lot of oxygen. This will cause anaerobic conditions which favour
that type of bacterfa.
This will cause sliming: a stinking blue-mush which 1s the cause of
production decrease. The problem can form when a weak batch of roots
{s used contafning rotten and defected roots.
Also when the oxygen supply of water is fnsufficient and/or too much
sofl is stuck to the roots causing a poor flowrate, sliming can be
stimulated.
As with Phytophthora all equipment will have to be cleaned.
S1{ming can be avoided when clean healthy roots are used and sufficient
oxygen i{s present. Recently Fosethyl-alluminium (Aliette) has been
given clearance to use for the control of sliming.
The rate to be used is 300gr per im3 of wvaterproces at the start of

forcing.
Other witloof hydroponic systems

Several systems have been developed apart from the one described in

this book.

l. system Versailles

2. system Cuvillfer

3. system Beauvais

4. system Belgfan Farmers Union

No further details will be given here.
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Witloof Yield

The witloof yleld obtained per ha from forced roots is influenced by
many factors. Apart from the seasconal influences, the succes of root
growing plays a most fmportant role. Furthermore a good laid out
forcing room is very important to produce an optimal yfeld. To start
roots during a long time in good conditions a proper installed storage
cell i1s required. In the past research has been carrfed out in the
yield by 3 forcing systems namely:

- forcing with soil covering

- forcing without covering

= hydroponic forcing

In comparing the systems hardly any differences were observed on
average during the seasons. During the months of January-February
vitloof ylelds of more than 20 tonnes/ha were obtained. These research
yfelds cannot be transferred to yields in practise. It does indicate
however that room for improvement exist in commercial situatfons. From
statistical information {t appears that the average witloof production
per hectare over the last 5 years {s approx 10 tonnes. This figure

stays rather steady during the last decades also in Belgfum and France.
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Plate 17. Trimming and c¢leaning of chicons

The influence of improvements in cultivars, cropping and forcing
techniques apparently {s compensated by negative influences. This may
fnclude an increase in mechanisation in the field and during forcing.
Little is known about the number of miss-harvests which do occur due to
diseases. It may also be that a lot of trade 1s now taken place
outside the cental market system. Assuming a good root crop is

obtained the following witloof yields can be realised (Table 6).
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Table &§ Witloof ylelds in tonnes/ha during various harvest pertods.

harvest perfod witloof {(chicon) yield tonnes/ha
September~October 8.5 - 10.5

November 12,0 - 14,0

December 13.0 - 15.0
January-February 14,0 - 17.0

March 12,5 - 15.0

April-May 11.0 - 13.0

June-August ’ 9.0 - 11.0

Delivery

In the Netherlands witloof 1s generally traded and sold via the Central
Market System. Mainly plastic crates with 5kg content are used for
packagfng.

Class I witloof is only sold in 500gr polystyrene trays or cardboard
boxes of 5kg content. The quality, grading, packaging and indfcatfon
descriptions are normalised in the E.E.C. ~the most important points

are given here.
Qualfity control description

The minimum requirements for witloof are: fntact, healthy, not
diseased, without bruises and damage by rodents, diseases insects etc.
Fresh looking, clean, free of abnormal external moisture and free of

strange smell or taste.
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The chicons have to be clear, meaning a white to yellow colour and have
to be cleanly cut under the outside leaves., Another minimum
requirement {s that the product {s not allowed to contain
compoundsdamaging to the pubdblic health.
This does not only include leftovers of residues, but also a too high
content of an organic materfal which can form a problem to public

health.

Plate 18. Class I may be packed in cartons as well as 1n multiple use

plastic trays

Class Extra. The chicons must be firm and regulary formed with a
pointed and closed top. The witloof {s not allowed to be glassy or

greenish in colour and have to be free of pit.



Class I. The chicons must be sufficiently firm., and nearly closed at
the top. As maximal opening 1/5 of the diameter. By delivery the

leaves are not allowed to have a green colour. The pit length may be

maximal half of the chicon length.

Class II. The form may be slightly {rregular. Allowed are a 11ght
green colour at the end of the leaf also allowed 1s a slight opening of
the chicon (maximum 1/3 part of the largest diameter). The pitlength
may be maximal 2/3 of the chicon length.

Ciass III. Must be fit for human consumption. Especially mould, dirt,

pit and discolouration can be reascon for non-clearance.

Plate 19. Witloof packaged in cartons
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Grading requirements.,

The witloof 1s graded to size, meaning diameter and length. The

officfal E.E.C. grading requirements are shown as follows.

Table 7 Grading requirements of witloof 1n the E.E.C.

extra length of chicons in cm diameter of chicon 1in cm
minimum maximum at a crop length of
<ldcm 71l4cm max{mum
Class I 9 17 2 1/2 3 6
Class 1 9 20 2 1/2 3 8
Class II 9{1) 24 2 1/2 2 1/2 -
Class III (1) 24 2172 2 1/2 -

1. In classes II and III witloof of 6-12 cm length is allowed for
sale, as long as it is indicated on the packaging. The maximum f1n
length within a packaging unit may be 5, 8 and lOcm for classes Extra,
I, II and III respectively. The maximal diameter varfation within a
packaging unit may be 2 1/2, 4 and S5cm for classes Extra, II and IIl
respectively. For class III no maximum exist. Thé Central Bureau of
Markets has included more detailed requirements in the Dutch

regulations.



Grading requirements of witloof in the Netherlands

Class length of chicons 1n ¢m diameter of chicons 1n cm
minimum maximum minimum

Class I short g 15 2172 (1)

Class I long 14 20 3 (1)

Class 1II short 9 15 2 1/2

Class II long 14 24 2172

Class III 9 24 2 1/72

1. In case Class I witloof {n cardboard or polystyrene packaging is

offaerd for sales the diameter of the chicons has to be 3 1/2¢cnm.
Packaging requirements

The content of each packaging unit has to be uniform in quality and
grading. '

Packaging of witloof has to be put in horfzontal layers, each layer
carefully arranged.

Class I may be offered in once-only or multi use packaging.

Class II and III may only be offered In mult{ use packaging.

The mult! use packaging material consists mainly of plgstic trays
belonging to the Central Marketing hire pool. The content is 5kg.
Several markets made it compulsary for their members to package Class I
in only once usuable pakaging. Other markets do not have this
regulation, but do stimulate their members to supply witloof in

cardboard boxes {once-only use).
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Witloof of class I s delivered in 5kg cartons with a special colour
print for short and long witloof. The small packaged witloof 1s

delivered on polystyrene trays, content 500 gram wrapped with plastic

~foil (thin plastic film). The trays are packed in speciai S5kg boxes,

Presentation requirements

On the outside of each packaging unit the following descriptions have
to be given in clear readable and non removable/washable lettering:

class, grading and for export the production area/country as well as

the nett weight.

Organisation and economics of witloof forcing

The setting up and planning of witloof forcing are generally on
average, rather easy, compared to the daily running and regulation of

the process to obtain an optimal result.

For setting up the following points are of importance.

Forcing area: The size of forcing area depends on the number of
forcings.

The size of the floor area depends on the number of boxes in each stack
(1,4,6 or 8 high) and the quantity of free space required.

The layout of the forcing area depends on the process time (3,4 or &
weeks) and the number of work-units per week (1,2 or 5 times harvesting

and setting up again)}.
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Work room: The size depends on the number of people and level of
mechanization (machines and transport). Also of influence fs If
harvesting and setting up have to be done at the same time (minimal 8
persons) or 1f it occurs after each other.
The number of people depends on a centinual 40 h/week or discontinual

(several days/week) working.

Storage capacity: This depands on the area needed for forcing after
December 1.
Roots forced t111 February 1 can be stored in an air-cocoled cell.

Later forcing requires mechanical cooling.

Labour requiremeﬁts: This depends on skill and method of working.
Every movemaent made during cleaning the crop relates to 60-80 hours/ha
On larger units a 2 movement method 15 often chosen namely: breaking
the chicons off the roots +cleaning, trimming and grading +packaging
(using both hands)

This way the extra time 1s kept at 80-100 hours/ha.

In table 8 an outline fs given of the labour requirements in hours per

ha.
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Table 8 f{Labour requirements in hours per ha of forced roots in a

hydroponic system

harvest month nc of roots x 1000 setting up harvest total
September 145 142 | 282 424
October 150 166 330 496
November 155 170 380 550
December 160 7 172 432 604
January 155 170 420 590
February 155 170 420 590
March 155 17¢ 410 580
April 150 . 166 354 520
May 145 162 336 4&8

This type of forcing in running water {hydroponfcs) gives a labour
reduction of approx 10% compared to the older methods in the soll

without covering.

Gross margins., Since gross-margins depend on a lot of factors e.g.

wages etc. no further detafls will be given here.
Investments and annual costs.

Again it is difficult to give exact amounts here since this will depend
"on a Yot of factors and prices which are different for each country.
However when building a new witloof forcing unit at least.250.000
guflders are required as fnverstment with annual costs of 29.000

guilders in the Netherlands.
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