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Washing root crops 
Influence of the soil on loosening and cleaning factors
Effort required in washing root ve-
getables and potatoes relates to the
adhesive qualities of the soil par-
ticles between one another and bet-
ween soil and vegetable surface.
Investigations were carried out on
the dissolution characteristics of
soil pellets in a water bath and 
under the action of water sprays to
identify relationships between 
washing effort required and soil
composition. The time required for
complete dissolution of the pellets
(dissolving period) was influenced
by the spectrum of soil particle 
size, the soil moisture content 
during formation of the pellets, the
moisture content of the pellets be-
fore washing, water pressure and
the volume of water used.
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Root vegetables are mainly marketed as
washed. To achieve a gentle, quick and

thorough cleaning with the help of washing
machines, the machine parameters must be
matched to the degree of dirtiness. For this,
the interaction between machine, dissolving
agent water and adhering dirt must be 
known.

The cohesion between soil particles and
the adhesion between these and the vegeta-
ble material to be cleaned both have influen-
ce on the efficacy of the cleaning process.
Cohesion and adhesion depend on the type
of soil and its condition [1]. 

Investigations on the washing of salad
crops in the field underlined the relationship
of nozzle design, water pressure, distance
between nozzle and product and the kinetic
energy of the water droplets [2, 3]. With in-
creasing kinetic energy the cleaning effect
improved. After passing a product-related
kinetic energy threshold value, a product
would be damaged [2, 3].

Because the interactions involved are ex-
traordinarily diverse, experimental investi-
gations were carried out on the dissolving by
water action of soil probes from different
origins.

Trial methods

For the experimental investigations, soil pel-
lets (Ø 28.5 mm; length 6.5 mm) from soil
with different granule structures and with
varying moisture contents were produced.
The soil pellets were dissolved in still water
at differing temperatures (water bath) or un-
der a water jet (Fig. 1) at constant tempera-
ture and with various nozzles. The time up to
complete dissolution of the pellets was mea-
sured. The dissolution took place
• directly after production, moistened with

appropriate water addition
• dried and stored dry (residual moisture aro-

und 0.4%)
• dried and re-moistened through immersion

(60 s) and different treatment times (2 to
120 min, 20 h) in steam-saturated air

• dried and re-moistened through sprinkling
of water (3.7 to 16 weight %) and 24 hour
storage at a relative air moisture content of
nearly 100%.

Dissolving of pellets in still water

The time until complete disintegration of
soil pellets (dissolution period) depended
decisively on soil type. The higher the pro-
portion of sand, the faster the pellet disinte-
gration (Fig. 2). The given wetness repre-
sents threshold values at which soil pellets
are just able to be formed. A higher water
content in the production of the pellets, and
also higher water temperatures, lead to re-
duced dissolution periods [4].

The investigations into the dissolving of
moist pellets of silty-loam sand showed that
freshly produced and still elastic pellets, as
well as those that had been re-moistened af-
ter initial drying, generally required consi-
derably less dissolution times compared with
dry pellets (Fig. 3). This meant that re-
moistening represented a focal point of trials
in the continued investigations into dissolv-
ing dirt under wash nozzles. 

Dissolving under a water jet

Investigations with the conical nozzles TG-
0.7, TG-2 and TG-35 demonstrated that in-
tensification of water action through jetting
can considerably reduce the required wash-
ing time. The nozzle with the highest water
throughput, TG-3.5 ( throughflow 3 l/min at
5 bar) led, as expected, to the shortest dis-
solution period.
Fig. 1: Test equipment for
dissolving soil pellets by

spraying nozzles
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Dried soil pellets from silty-loam sand
which had been re-moistened 24 h before the
dissolving trials were particularly difficult to
dissolve when they had a moisture content of
between 12 and 14% (Fig. 4). The result ag-
reed with the findings regarding water bath
dissolution. The dissolution period decrea-
ses in-line with increasing water pressure
(Fig. 4).

The occasional practice of softening the
dirt shortly before washing was simulated in
that the soil pellets were dipped for 60 s in
water and subsequently stored for a time. Af-
ter storage times of up to two hours pellet co-
res were still dry and the dissolution period
only very slightly less than with completely
dry pellets. Storage times of 20 h in almost
saturated air led to soaked-through pellets
and notably higher dissolution speeds. The
average moisture content of the soaked pel-
lets was 9.3 ± 1.1%.

Conclusion

Root vegetables grown on sandy soil are re-
latively easy to wash. With an increasing
content of fine particles in soil, the difficul-
ties increase. For this reason it is important
for the manufacturers of washing machines
to know the properties of the regional root
crop growing soils. Soil pellets can serve in
the investigation of cleaning efficiency whe-
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re, according to a still-to-standardise system,
they are dissolved either only in a water bath
or under a nozzle on a simple test station.
The choice of washing machine and equip-
ment should be made according to what is
most suitable for the most difficult soil con-
ditions to be met.

For soil that is difficult to wash-off, wash-
ing machines should be used that treat the
product with water jets for at least a part of
the operation [5]. The water jet that makes
contact with the product surface must have
enough energy to loosen the dirt, must not,
however, damage the product.

The short-time softening led to no notable
reduction in cleaning time. When, however,
there is time and room for longer periods of
soaking (> 60 s) and softening available, so
that final wetness exceeds the critical point,
such softening can shorten washing time in
the machine. The time required for soaking
and softening depends on the thickness of
the dirt layer and its moisture content.

Washing with warm water considerably
reduced the washing time. On energy 
grounds, this method is only practical when
the warm water is available as a by-product
from other technological processes [5].

The investigations up until now have prod-
uced important directives towards achiev-
ing a potentially efficient cleaning operation
with the help of washing nozzles. The results
are not enough, however, to give concrete
guidance for particular cases regarding the
choice and positioning of suitable nozzles
inside the machine. Continuing investigati-
ons should have as centrepoint the con-
nections between the contact pressure of the
water jet on the surface of the product and
the dissolution period with tactile foil
sensors for measurement [6]. Conclusions
should include statements about cleaning 
efficiency in relation to water jet contact
pressure and specific amount of water used,
independent of nozzles utilised.

Literature
Books are signified with •
1] • Hellebrand, H.-J., M. Geyer und B. Oberbarnscheidt:

Grundlagen der Abtrennung von Erde auf
Oberflächen. KTBL-Arbeitspapier 257, Reinigung
von Gemüse und Kartoffeln, KTBL-Schriften-
Vertrieb im Landwirtschaftsverlag GmbH,
Münster-Hiltrup, 1998

[2] • Rose, G: Blattschäden durch Wasserstrahlen
von Frischmarktgemüse. KTBL-Arbeitspapier
257, (see [1])

[3] • Rose, G: Untersuchungen zur Reinigung bei der
Feldverpackung von Frischgemüse. Verlag Ulrich
E. Grauer, Stuttgart, 1997

[4] • Oberbarnscheidt, B., und M. Geyer: Das Auflösen
von Boden in Wasser – Voraussetzung für das
Waschen von Gemüse und Kartoffeln. KTBL-
Arbeitspapier 257, (see [1])

[5] Geyer, M., B. Oberbarnscheidt und S. Geyer: Scho-
nendes Waschen von Wurzelgemüse und
Kartoffeln. Agrartechnische Forschung 4 (1998),
H. 1, S. 70 – 80

[6] Herold, B. und M. Geyer: Kontaktbelastung bei
empfindlichen Produkten. Landtechnik 53 (1998),
H. 3, S. 130 – 131
Fig. 2: Dissolving time of
dried soil pellets in silent
water (t = 15 °C)
Fig. 3: Dissolving time of silty-loam sand pellets in silent water depending
on moisture content
Fig. 4: Dissolving time of soil pellets under a water jet depending on
moisture content and water pressure (nozzle TG-3,5)
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