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Horticultural Education Association.

This series of texts has been designed for students on courses in horti-
culture at the Higher Diploma or National Diploma level, but care has
been taken to ensure that they are not too specialised for lower-level
courses, nor too superficial for university work.
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PREFACE

| have often felt that ‘horticultural engineering’ lies uneasily between
the horticultural sciences and pure engineering. The horticulturist or
plant scientist often finds engineering principles difficult to grasp, while
the pure engineer usually lacks the practical knowledge of plant be-
haviour or requirements.

The modern horticulturist is heavily reliant on engineering by way
of mechanisation at all stages from establishment to marketing. A
working knowledge of engineering will help in three ways: awareness
of what is available, ability to specify requirements in broad terms and
improved efficiency of operating equipment.

In writing this book | have tried to establish the basic engineering
principles of which the modern horticulturist must be aware, and to
describe the equipment that is likely to be encountered. It is also hoped
that students or practitioners of engineering will be able to grasp the
basic applications requirements of the horticultural industry.

Obviously, as the book has to cover such a wide range of engineering
sciences, some cannot be explored in great depth, and consequently
the reader will have to continue by way of the books cited in the biblio-
graphy. Attention is also drawn to the companion volume: Horticultural
Engineering Technology — Field Machinery. In line with the majority
of the engineering industry, the two books are written entirely in Sl
(Systeme International) metric units; conversions to Imperial and other
common units will be found in appendix A.

Houghton Conquest R. C. BALLS
Bedford
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1 PACKHOUSE DESIGN AND
OPERATION

The design of packhouse equipment, and its layout, is often specific
not only to the product, but also for the intended market. However,
many operations in the various processes are widespread, and can be
discussed under the following general groups of activity: reception;
intake; cleaning; quality grading; size grading; preparation for market;
weighing and packing.

1.1 RECEPTION

The produce will often arrive in containers which can be as diverse as
600 mm x 450 mm x 300 mm crates for celery, water-filled buckets
for flowers, and 22 tonne bulk lorries for potatoes or onions.

These products will often need space for storage, as the packhouse
usually cannot deal with a delivery immediately it arrives. There will be
a minimum requirement for space to stand trailers, pallets and bins.
This must be away from the areas of other activity, and often must
allow for temporary storage of varying discrete lots, with access to each
as might be required.

1.1.1 Weighing

In large packhouse operations the incoming produce will need to be
weighed. This is normally done on a weighbridge of sufficient size to
take the entire vehicle; modern lorries require a bridge deck at least
12 m x 2.7 m, with a weight capacity of 40 tonnes. The modern weigh-
bridge uses an electronic rather than a mechanical system. This has
several advantages, such as reduction in site work requirements, auto-
matic taring and computer interfacing.

(@) Automatic taring enables a vehicle to be weighed when full, then
empty, and the load weight automatically calculated, with all
details being printed on a ticket. Some units have a ‘memory’
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function, which holds details of several vehicles, and can recall the
appropriate full weight when a vehicle returns after discharging its
load.

(b) Computer interfacing enables all the weight data to be incorporated
into the stock control system.

(c) Modern electronic weighbridges do not require to be sited over a
deep pit to house all the levers; many electronic loadcells project
less than 50 mm below the deck, so the whole weighbridge can be
sited above ground level, with low access ramps each end.

Weighbridge siting must allow for access to vehicles entering and
leaving the site, without generating blockages caused by vehicles waiting
in the reception or dispatch area. Often when they are carrying produce
from more than one grower, it is necessary to allow for incoming pro-
duce vehicles to return for reweighing, so that each lot can be weighed
off separately.

1.1.2 Weather protection

Many products need to be protected from rain or the extremes of sun
and cold. Where produce is left on trailers, tarpaulin sheeting can pro-
vide rain protection but will not be proof against frost unless both trailer
body and sheet are thermally insulated. Tightly drawn sheeting can lead
to high humidity and condensation spoilage in the crops beneath.

1.1.3 Conditioning during holding

Some produce, like onions, benefits from ventilation while in the hold-
ing area, to dry wounds caused during loading. Bulk trailers can be
fitted with a fan and ducting; bulk bins can be stacked on to a force
ventilation duct system.

1.1.4 Cold chain reception

Some produce quality requirements dictate that the produce is cooled
as soon as possible after harvesting. In many instances the best oppor-
tunity for cooling is in a specialist cold store (see section 7.3) sited at
reception. The cooling in most units will take a matter of hours, and it
is normal to load the cooler one afternoon for packing the next morn-
ing. The cooler siting must allow access for both filling and emptying
without conflict with other movements in the intake area.
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1.1.5 Emptied container storage

Many bins occupy the same space when empty as they do when full.
There must be provision for movement and storage of these while
awaiting collection, and access to discrete lots for reloading on to
transport.

1.2 INTAKE

The bulk of produce that arrives has to be broken down into a steady,
even feed for the succeeding operations. The produce will often travel
through the packhouse by conveyor, so the main intake operation will
involve feeding this by one of the following methods.

1.2.1 Hand feed

Produce is transferred manually from the crate, bucket or bin to the
intake conveyor. In operations where the first task involves mechanical
processing, for example leek and celery trimming, the produce has to
be laid out in correct alignment. The ease with which material can be
handled depends on the state in which it arrives. A jumbled mass of
celery sticks in a bin requires much sorting. If these have been placed
systematically in a crate during lifting, they can be tipped on to the
intake already aligned, and so need little further correction. The intake
operators will often carry out primary grading, rejecting obvious rubbish
or pre-sizing where a twin size intake is involved.

The material flow path must ensure that full and empty containers
move freely within the intake. Roller conveyors can be used for small
containers, with a separate one for full and empty ones. Large oper-
ations often employ one operator to take full crates from the pallet
or trailer and restack the empty ones. Bins can be moved in by forklift
or pallet truck, and manually pushed aside when empty.

1.2.2 Bulk bin emptying
Two methods are used to empty bins on to the line.

(a) The bin contents are tipped into a feeder hopper, which is a smaller
version of that described in section 1.2.3, by either a forklift-
mounted tippler, or a static tipping cage. Some static cages do not
need separate power for tipping, the forklift tines being used to
lift the rear edge.

To minimise damage when tipping any crop, the cage should tip
the bin around its front edge (figure 1.1(a)).
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