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• I C a particularly useful means of recognition at meetings, exhibitions, agri
cultural shows and other events at which Members are likely to congregate.

The tie is of a pleasing design displaying
I|UeT|T|JT|^|^ in silver the Presidential Badge of Office on
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wine, according to individual taste. The ties
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T| C available strictly to Members only and cost 18/- each; any number mayIE be obtained in any of the three colours mentioned. Remittances should be

made payable to '"The Institution of Agricidtural Engineers '̂' and crossed.



JOURNAL AND PROCEEDINGS

OF THE INSTITUTION OF

AGRICULTURAL ENGINEERS

m THIS ISSUE
Page

INSTITUTION NOTES 103

OBITUARY DOUGLAS RAYMOND BOMFORD 104

NEWSDESK .. 107

FRESH VEGETABLES FOR PREPACKING .. ..
by J. Love

109

RAW MATERIAL REQUIREMENTS OF THE VEGETABLE PROCESSOR ..
by V. D. Arthey

III

GROWING VEGETABLE CROPS FOR MECHANIZATION
by J. K. A. Bleasdale ..

115

CROP ESTABLISHMENT
by G. L. Maughan

124

CROP HARVESTING AND HANDLING ..
by W. Boa

137

ANNUAL CONFERENCE 1969—DISCUSSION 142

ELECTIONS AND TRANSFERS 150

NATIONAL DIPLOMA IN AGRICULTURAL ENGINEERING EXAMINATION
RESULTS 1969 152

The views and opinions expressed in Papers and individual contributions
are not necessarily those ofthe Institution. AllPapers in this Journal are

the copyright ofthe Institution

Published Quarterly
by die Insdtudon of

Agricultural Engineers,
Penn Place,

Rickmansworth,
Herts., WDs iRE

Telephone:
Rickmansworth 76328

VOLUME 24 NUMBER 3 AUTUMN 1969

Price:

Ten Shillings and Sixpence



•••; ..;

PATTERNED FOR PROFIT

-V

TM
I

ANOTHER SUPERB TYRE BY

nUNEsOP

A 3-rib pattern that puts yoa in full steering control. Strong
sidewalls to withstand furrow-wear, snagging and cutting.
That's what the Dunlop TF9 really means to you. And
there's only one perfect partner for this super-steering tyre
—Dunlop RT40-the finest rear tractor tyre on the market.
Together, they form the ideal combination that stands for
profit, performance and reliability. That's why when you go
on TF 9 you know you're really getting somewhere ... fast!
Remember to specify DUNLOP when ordering your new tractor.



INSTITUTION NOTES

Winter Solace

Ergonomics
Anyone?

Togetherness

Talk
Talk
Talk

After the long, hot summer, thoughts turn once more tothe long, cold evenings! Colour television
may not fill Aem all, especially those on which the Institution be holding its lecture meetings,
technical visits, social occasions and the many other events that form the myriad pattern ofI Agr E
activities all over the country.

All members should by now have received their Winter Session Booklet giving details ofseasonal
fixtures right through to May 1970. The booklet has been designed to fold into the back ofthe
McmbersWp Diary, so that dates ofspecial interest can be easily and quickly reserved.

It is not always realized that a member is entitled to attend miy. rafceting listed, and notjust tliose
in his own Branch. Thus, if a member on the move finds liimself onenightin a townwhere an
Institution meeting is taking place, his attendance will benot only legal butalso very welcome.

Alotofwork has gone into the country-wide programme. The organizers make nothing out of
it except the satisfaction ofseeing ameeting well attended and its mission accomplished. It is only
the membership at large who can make that happen. Every member should make the effort to
support his own Branch activities, not forgetting the opportunity to bring along his professional,
non-member fi^iends and colleagues. Some of these guests may well end upwondering why they
arenot members of the Institution and feel encouraged to do something about it.

A specialized subject, admittedly, but one whidi got the Institution's national season off to a
lively enough start on 4 September. Under the general tide of'Ergonomics inAgriculture* four
papers and a discussion forum comprised the programme of the Institution's Autumn National
Meeting atLoughborough University. Content ranged over workload assessment inagricultural
tasks, some studies ofcombine-harvester operation in Holland, worker-training and the develop
ment ofoperational skills, and quality inspection ofhorticultural produce.

Thecomment has been heard that this meeting went a long way to clarify existing knowledge
ofthis diflScult topic. This is a tribute to the Convener, John Matthews, ofNIAE, who accepted
the formidable task ofputting the programme together and nursing it to fruition. It ishoped to
publish most of the proceedings in the Spring 1970 issue of theJournal.

It helps tohave firiends. Especially when it comes to the hefty business ofrunning fiill-scale con
ferences.

There are two big occasions coming up in 1970, where the Institution is happy to be injoint
harness with other organizations. The first wiU be our Spring National Meeting on25 February
which is being run inassociation with the Electricity Council, itself an Affihated Organization of
the Institution. EC will be gathering most ofthe material for the programme imder the general
tide 'Automation in Farming'. It should have a direct appeal toawiddly-based audience firom the
Institution and elsewhere. More details can befound onpage io<S ofthisJournal and in the current
Winter SessionBooklet. Further annoimcements will follow.

The second joint occasion in1970 will be inOctober when I Mech Eand I Agr Eare tohold a
two-day symposium in London on light tractor development. It's too early yet to give precise
details butit is known that the Working Party, under the chairmanship ofDave Manby ofNIAE,
are well advanced with arrangements for anambitious, mammoth programme oftruly internation
al flavour and appeal.

Talking ofI Mech E, it is worth noting that our Institution will again be using their premises for
the Annual Conference ('Cultivations'), the Presidential Address and the AGM, all on 12 May.
The Aimual Dinner will take place that evening at StErmin's Hotel, London.

Like President Nixon, the Institution has a large, silent majority. Your opinion iswanted.

In 1969, the Journal has introduced several new features such as 'Newsdesk' and 'Branch Notes'.
In 1970, it will appear completely re-styled, with scope for even further editorial treatment and
diversity ofcontent. What would members like tosee more oforless of? Write tothe Hon. Editor,
c/o the Institution. One of the new features in the Journal, incidentally, will be a Viewpoint
section, which will publish correspondence firom members, where the views oropinions expressed
couldwellbe of interest to the membership at large.
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IIOUtiLAS RAYMOiMI ROMFORD
Past President and Honorary Fellow of the Institution ofAgricultural Engineers

Douglas Bomford, of Bevington Hall, Evesham, died on the 23rd September, 1969 in the
London Hospital, at the age of75. Educated at Mill Hill School and Wycliffe College, Glos.,
he was studying medicine at Edinburgh University when at the outbreak of World War I
he was commissioned in the 2/8th Battalion, the Worcestershire Regiment which, after a
period of defence duties on the East Coast, went to France in May 1916. He was twice
wounded, thus acquiring a permanent disability which he bore with the indomitable courage
which he exemplified throughout his life. After the War he renounced his medical studies to
follow the family tradition of farming coupled with agricultural contracting.

His grandfather, Benjamin Bomford of Pitchill, near
Evesham, was a 19th century pioneer of steam ploughing
and large scale farming, and later his sons Raymond
(Douglas Bomford's father) and Benjamin firmly estab
lished the family business of R. & B. Bomford, which
Douglas joined in 1918. In addition, in conjunction with
Harry Evershed, they had earlier founded the well-known
company, Bomford and Evershed Ltd., famed for steam
rolling and dredging, which has since become an im
portant manufacturer of agricultural implements—the
result of Douglas Bomford's engineering skill and fore
sight over many years. He retired from business in 1967
having merged his own company, Bomford Bros. Ltd.,
with the Bomford and Evershed enterprise.

An unassuming man of great personal charm, yet
endowed with iron integrity, determination and extra
ordinary vision, Douglas Bomford's influence pro
foundly affected the course of the agricultural industry
in this country. In August 1927, when the financial
situation of farmers was critical and corn growing un
profitable, he wrote and published a boolc entitled 'Corn
in England' which explains in clear and simple terms the
causes of and remedy for the unprecedented situation
which existed at that time. His conclusion that the
problem of rising costs and diminishing returns could be
met only by increased output, improved productivity and
the correct and eflicient application of mechanization is
as valid today as it was 42 years ago. In 1930, realizing
that the days of the horse and steam tackle were number
ed and that they would be superseded by the tractor, he
began to devote his inventive brain to the design of
implements to make the fullest use of the new motive
power, and it is perhaps in this sphere that he made his
greatest contribution.

He may well be best known for his work on the multi-
furrow reversible plough—he made a scientific study of
mould-board and skim design, and was convinced that
good farming started with good ploughing. He worked
closely with the late Colonel Philip Johnson of Roadless
Traction on the perfection of the half-track tractor as a
cheaper and no less efficient version of the crawler
tractor, and in conjunction with F. W. McConnel he
invented the 'harvest thresher' which removed the grain
from standing corn leaving unbroken headed straw in
superb condition for thatching and other uses. It was an
ingenious low-cost machine designed to meet the needs

i m

' V

of the small farmer. One of these machines has pride of
place at the National College at Silsoe.

Typical of his advanced thinking was the Bomford
Midget Tractor, based on the Morris Cowley engine and
chassis, which was introduced about 1930. It featured
fully mounted implements and retracting strakes, both
of which could be controlled from the driver's seat with
the tractor in motion. He invented many other aids to
agriculture and horticulture—these included hedge and
grass verge cutters, transplanters, irrigation systems and

Please turn to page 151



The New

Electro-Agricultural
Centre at Stoneleigh

This Centre is nowa permanent featureof the National
AgriculturalCentre at Stoneleigh. It affords a display
of fundamentaltechniquesin the use of electricity in
agriculture, as well as providingconfercnce and training
facilities. In addition, there is a technicaland product
informationlibraryalsoadequateprovision for demon
strating new equipment. This new Centre has been
established by the ElectricityCouncilto help farmers
keep up to date with the latest electrical developments
in agriculture. It operates in conjunctionwith the
Demonstration Areas ofthe N.A.C. where electrical

methodsare widely demonstratedas part of the many
new farming techniques.

Issued by the Electricity Coundh Enelaiid & Wales

Adviceand informationabout electricfarming
methods is freely available from thefull-time specialist
staff in attendance. Intensive trainingcoursesand
conference facilities are also available for use by
recognised agricultural organisations. The new Centre
is designed to meetthe needs ofallsections of the
agricultural industryand to assist farmers in their
effortsto increaseproductivityand cut costs.
Forfurther information^ contact Mr.R.G. Scott at the
Electro-Agricultural Centre, National Agricultural
Centre, Kenilworth, Warwickshire, CV8 2LS.
Tel: Coventry 27338.

Your Electricity Board can also help

Better things are electric



You are invited to the

AUTOMATION IN FARMING
CONFERENCE

23th February 19J0

This Conference is being organised by the Electricity Council, in conjunction
withthe InstitutionofAgricultural Engineers. It will be held at the Institution
of Electrical Engineers in London.

The objective of the Conference wiQ be to disseminate the latest information
on automation techniques and to discuss ways and means offurther developing
automation in agriculture to improve productivity. Preliminary details ofthe
programme are as follows:

MORNING— Sessions on electricity supply andfarm installations.
The application and control of electric motors,

MllXtHWiiH^Automation—^A solution to the driftfrom the land,''
General discussion.

The Conference is intended for advisers,
contractors and manufacturers, as well as

farmers and all others directly concerned in
modem farm engineering. Admission will
be by ticket only. Tickets are available

free of charge and coifee and tea will be

provided. A Conference luncheon will also

be available at 22s.6d. per head. Further

detailswill be given early in January, 1970.
In the meantime, if you wish to participate
please complete and return the coupon
without delay, as accommodation at
the Conference is limited.

The Electricity Council^ England and Wales.

AUTOMATION IN FARMING-CONFERENCE
To: Mr. R. E. Halliwell, The Electricity Council,
Trafalgar Buildings, 1 Charing Cross, London SW1.

I shallattend the Conference as a rffflpgaTf*

NAME

ORGANISATION

ADDRESS

I shall!Ishallnot require luncheon at £l.2.6d. per head.

PLEASE DELETE AS NECESSARY
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NEWSDESK

New Horizons for the Engineering Profession?

Rationalization of Qualifications and Titl^ for Engineers

The Council of Engineering Institutions (CEI) convened
a special meeting of its Board on 4 September 1969 to
discuss the establishment of a registration organization
for qualificationsand titles at all levels in the engineering
community.

At this meeting the following resolution was passed
unanimously;—

"The Council of Engineering Institutions will, in
collaboration with other interested parties and sub
ject to the agreement of the Privy Council, initiate
the formation of an organization to create and
administer a composite register covering the prin
cipal sections of the engineering community,
currently Chartered Engineers, Technician Engineers
and Engineering Technicians"

It was further agreed that a Working Party, consisting
of one representative from each of the fourteen Insti
tutions within CEI, and under the Chairmanship of Sir
Arnold Lindley, would be set up forthwith to implement
the resolution, and its first meeting would be held at an
early date.

The first duty of this Working Party will be to prepare
a submission to the Privy Council to get agreement to
such modifications to the CEI Charter and By-laws as
may be necessary and then to determine which other
interested parties should be invited to collaborate.

Sir Arnold Lindley is Immediate Past President of The
Institution of Mechanical Engineers and Chairman of the
CEI Membership Committee. Sir Arnold became Chair
man of the Engineering Industry Training Board when
he retired as Chairman and Managing Director of GEC
in 1964.

Commenting on the above proposals, Mr R. Gresham
Cooke, CBE, MP, Chairman of the Standing Conference
for National Qualification and Title (SCNQT) compris
ing 41 organizations said: 'I am sure the Standing
Conference for National Qualification and Title which
over the past 20 months has been working towards the
establishment of nationally accepted titles for Technician
Engineers and Technicians, will be pleased that the CEI
agrees with what the Standing Conference has been
advocating—namely the setting up of a separate organ
ization to create and administer a system of qualification
and title. The Conference will be pleased to collaborate

with CEI in the terms of the Resolution passed by the
Board of CEI as a follow-up to the talks which have al
ready been held between the two bodies.

Another important result of the work of SCNQT and
its specialist conunittees (a notable feature of which has
been the ample opportunity given for consultation
betweenmember organizations' representativesand their
Councils) is the general acceptance of the Higher
National Certificate and the City and Guilds of London
Institute's Full TechnologicalCertificate,as the technical
awardsappropriatefor a qualified Technician Engineer—
a titleadopted not onlyby SCNQTbut by CEI, Mintech,
Industrial Training Boards and many more. Added to
these technical educational requirements are firm
stipulations on training and superior experience. Appro
priately lower levels will need to be established for
Technicians.

All this can be regarded as a major achievement for
SCNQT. The exercise spanned a widely diversified field
of engineering interests—^from agriculture to quarrying,
building and lighting, automobiles to welding—^with all
manner of titles, qualifications and standards for entry
and grading of members.

There is plentyof evidence that the 95,000 Technician
Engineers that SCNQT represents, will welcome a
national title. Now everybody must work together
towards a common goal which, when reached, should
prove of inestimable benefit, not only to engineering but
to the country as a whole.'
I Agr E has been a member ofSCNQT since itsinception,
and has been represented throughout by the Institution
Secretary, Jon Bennett. He has also served on the
Qualifications Sub-Committee of SCNQT, which had the
task of drafting criteria for nationally acceptable stand
ards of academic attainment, training, experience and
responsibility thatmight beexpected to apply to engineer
ing technicians throughout industry.

The Institution is well-placed on behalf of the agri
cultural engineering sector to take full advantage of
whatever common title and qualification is agreed. The
revised Member grade (MI Agr E), with its emphasis on
diploma-level attainment and ability is ideally tailored
to the proposed national arrangements and paves the
way for the Institution to become the registering and
sponsoring authority for the agricultural engineering
community.

Much remains to be done and further announcements
can beexpected soon.A full report will appearin further
'Newsdesk' features.



Advertising in the
i Agr EJournal

is as good as
a World Tour

When you consider that the Quarterly Journal, with its controlled and guaranteed
circulation, reaches centres of high purchasing influence and quality in the following
countries:

Angola Holland Philippines
Argentina Hong Kong Poland
Australia Hungary Portuguese E. Africa
Belgium India Puerto Rico
Botswana Indonesia Rhodesia
Bulgaria Iran Roumania
Burma Israel Salvador
Cameroons Italy St. Kitts
Canada Jamaica Sierra Leone
Ceylon Japan Soudan
China Jordan South Africa
Colombia Kenya Spain
Czechosiavakia Lebanon Sweden
Denmark Liberia Switzerland

Egypt Libya Syria
Eire Malawi Tanzania
Ethiopia Malaysia Trinidad
Fiji Malta Tunisia
France Mauritius Uganda
Gambia New Hebrides U.S.A.
Germany New Zealand U.S.S.R.
Ghana Nigeria Venezuela
Greece Norway Yugoslavia
Guyana Pakistan Zambia
Haute-Volta Peru

you'll find it works out at less than Eleven Shillings per country for a full page
advertisement. For full information write or phone the Liaison Officer, H. N. Weavers,
at:—

The Institution of Agricultural Engineers,
Penn Place, Rickmansworth, Herts., WD3 IRE (Rickmansworth 76328/9)
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MECHANIZATION OF SPACED ROWCROPS

FRESH VEGETABLES FOR PREPACKIJ^G

by

John Love bsc*

Presented at the Annual Conference of the Institution in London on 15 May 1969

SUMMARY

The self service system of retailing fresh vegetables in
supermarkets, involving prepacking, has led to a better
knowledge of the consumers' preferences. This know
ledge can now be used to give guidance to the grower on
what to grow, how to grow it, when to grow it and to
some extent on how much to grow.

The requirements of prepacked vegetables are that
they should be fresh, of good quality, clean and attractive
appearance, free from diseases, rots, mechanical damage,
and with a minimum of waste. Rootcrops are generally
of smaller root size than normally accepted on the
wholesale market and this has meant new sowing and
harvesting techniques aimed at high plant densities to
give adequate yields, and mechanical harvesting to
overcome the shortage and expense of hand labour.
Hand harvesting of other vegetables, also, is becoming
more difficult and expensive but the introduction of
mechanical harvesting will require more uniform crops,
and a high degree of growing skill. Examples of how
individual crops are being grown and managed to meet
the housewife's requirements are given.

Two major problems emerge from mechanization,
namely the increased amount of damage resulting in the
crop leading to higher wastage, and the vastly greater
harvesting capacity requiring the short-term chilled
storage of the harvested crop.

CHANGES IN MARKET REQUIREMENT

The self service system of retailing of fresh vegetables
involving prepacking into units of retail sale has led to a
better knowledge of what the customer prefers. She is
able to choose the size and type of vegetable according
to her needs or tastes. This knowledge can then be passed
down to the grower almost direct, and guidance can be
given on what to grow, how to grow it, and to some
extent at least, on how much to grow and when to grow
it. This information can also be passed on to the plant
breeder and seedsman so that new varieties can be
developed to meet these needs.

What then are these requirements, as we see them, in
the light of our experience in our shops? The produce
must be of the right quality and size range, there must be
a good and adequate supply with continuity and the
price must be fair, to both consumer and producer.

* Horticulturist, J. Sainsbury Ltd.

Quality is hard to define but might be summed up as
having freshness, and a good clean attractive appearance,
being free from pests, diseases, rots, taints and mechanic
al damage, and last but not least, having good, or at
least acceptable, flavour, an important criterion if future
sales are to be maintained. The size range of root crops
are generally smaller than for the wholesale market,
firstly because of consumer preference and secondly
because of the requirements of prepacking in smaller
units of 1 lb and 1.5 lb weight.

An evenly graded pack adds to sales appeal; there is
the suggestion that cylindrical carrots packed in line
may sell quicker than jumble packs of stump rooted
carrots. Small size can be taken too far, however, for the
housewife soon objects to scraping or peeling very small
roots. On leafy crops large cabbage, of over 4 lb and
Brusselssprouts greater than 2 in. diameter are slowsellers
but good medium to large cauliflowers are in demand.
Nevertheless, although the aim should be to grow the
crop with a high proportion of the popular size, we know
and you know that it is impossible to get all the crop
that size so we have purposely made our specifications
to cover a reasonable range of sizes and weights in order
to take as much of the crop as possible, at the same time
offering the consumer a choice according to her needs.

Continuity of supply is important in that we require
to keep our displays filled and from the long-term sales
point of view, when the housewife fails to find the fresh
produce she wants she will go to the frozen food or
canned alternatives or even do without.

The town housewife is even further alienated from the
country than her mother and she is not particularly
concerned if frost, snow, flood or drought has made your
job even more difficult and costly in providing the supply
and quality of fresh vegetables. She is not even aware in
many cases of the crop seasons in that she can buy
celery for nearly twelve months of the year, and there
are many other crops which we can sell over a far longer
period than traditionally. Continuity of supply can be
obtained by cultural techniques such as successive
drillings and the use of varieties of differing maturity or
by storage, involving strawing over of crops in the field,
clamp or barn storage of harvested crops or the use of
chilled stores for short term buffer stocks or long term
storage to extend the season. Another aspect of this
continuity is that packing sheds are kept operating over
a longer period, overheads are reduced and labour more
easily retained.
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CONSIDERATION OF PARTICULAR CROPS

Beetroot: Small sized roots, 1.25-2.25 in. in diameter are
ideal. A high plant density is required to obtain this
size range and an economic yield. Herbicides used as
band sprays have made this possible, but 14in. rows are
still needed for mechanical harvesting. For prepacking
this crop is sold as a cooked, peeled and dipped table-
ready product.

Carrots: While stump rooted types such as Chantenay
are still important the cylindrical types such as Amster
dam, Nantes or Berlicum are gaining in popularity. The
Amsterdam or finger type is a specialized crop which
requires the right soil type and a high plant density to
obtain root sizes of 20 to 30 to the lb compared with the
4 to 6 roots per lb of large Ware type carrots. Harvesting
of such small roots is difficult, but is now almost fully
mechanized in Holland using rows 2-3 in. broad or double
or treble rows grouped together.

Parsnip: Precision drilling of pelleted seed looks
promising as a technique to obtain good, uniform roots
to give 4-6 to the lb; this is much smaller than the
traditional market requirement. Careful lifting and
handling is required for this crop as it bruises easily.

Radish: This is only a small crop but with some
potential as a salad ingredient. We will not reach the
scale of production seen in the U.S.A. but even so, a
crop like this well exemplifies continuity of production
by successive sowings and the possibilities of mechanical
harvesting, topping, grading and packing.

Leeks: The necessity to offer the housewife an article
with as little waste as possible is well shown in this crop.
The bulky, inedible foliage is trimmed off and varieties
capable of giving 8-10 in. stems when direct drilled are
now being used.

Mechanical harvesting has taken much of the back-
breaking work out of lifting, but we are still faced with
high labour costs in cleaning and trimming. This high
cost of preparation also applies to salad onions, for
which there is an unsatisfied demand. Ideally 4 to 6 leeks
per 1 lb pack are required.

Celery: Good quality, 16 oz sticks; clean and trimmed
of roots and extraneous foliage and outer petioles, are
required. Direct drilling is being practised with variable
success, and field celery can now be mechanically
harvested. But, once again, there is a high cost of
preparation which machinery will only partly overcome.
A 12month demand is probably present, although at the
moment good home supplies only exist for about 6
months in succession.

Cabbage and Cauliflower: Basically the problems of
these two crops are similar, with cauliflower being the
moye difficult. Continuity of supply and uniformity of
crop are two vital aspects. Direct drilling and the use of
Fi hybrids, although the seed is expensive, will probably
be normal cultural techniques to give uniform crops
which can be mechanically harvested and handled into
bulk bins, using the Universal type harvester. Standards
of husbandry will require to be high to givecontinuity of
cabbage with heads weighing 1.5 to 2 lb and cauliflower
of 4-6 in. curd diameter. The very high rate of mechanical

harvesting will also require some form of refrigerated
short-term storage, which is made doubly necessary by
the uneven weekly pattern of demand because of the
peak 'end of week' shopping habits.

Before leaving cabbage, however, mention must be
made of the white storage cabbage, invaluable for the
winter and spring trade, and cabbage greens, now no
longer 'spring greens' to us because of their virtually
12 month consumer demand. But in both cases quality
must be good.

Brussels Sprouts: Mechanical harvesting is with us and
the closer plant spacing of 21 in. and 24 in. square are
supplying the 1-1.5 in. graded sprout without too much of
0.75.1 in. baby sprout, or the 1.5-2 in. larger sprout. This
large sprout is still in demand and is in fact smaller than
many of the traditional Bedfordshire market sprouts. Fi
hybrids, direct drilled and mechanically harvested, are
promising, but one great problem remains in that such
methods only give us good regular supplies from
September to the end of January at the latest. More work
is needed to obtain varieties or techniques which will
giveus mechanically harvestablesprouts, without undue
waste in the form of loose, blown and slimy sprouts.

THE PROBLEMS OF MECHANIZATION

1. Mechanical damage is often too high, especially in
roots and potatoes.

2. The once-over harvest technique is often contrary to
our requirements in that all the crop, good, bad or
indifferent, is harvested and requires further grading
and trimming. This aspect of mechanization appears
to be neglected.

3. Mechanical harvesting will require the crop to be
cut at its optimum time, which will not necessarily
be the time of highest consumer demand, so short-
term storage will be required.

4. Cultural techniques will require to be of a very high
standard and crops will have to be restricted to those
soil types or areas for which they are most suited.
There will need to be greater specialization of
production.

Lack of labour has meant the virtual disappearance
from the market of good quality green peas in pods and
fresh dwarf french beans as the processor can offer a
mechanically harvestedalternative.Otherfreshvegetables
could go the same way unless a continuity of supply of
good quality can be provided.

ABSTRACT OF PAPER

*Fresh Vegetables for Prepacking'

Prepackinginto units of retail sale for self service shops
and supermarkets has brought with it greater knowledge
of consumer tastes. To meet these preferences growers
and packers will require to supply the right size and
quality of produce with continuity. What is required and
how it is being achieved at the moment is described for
a range of row crops vegetables. The problems of
mechanical harvesting and the need for adequate grading
and storage is stressed.
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MECHANIZATION OF SPACED ROW CROPS

RAW MATERIAL REQUmiMENTS

OF THE VEGETARLE PROCESSOR

by

V. D. Arthey, m sc, ph d»

Presented at the Annual Conference ofthe Institution in London on \5May 1969

The raw material requirementsof the vegetableprocessor
would not be a difficult subject to deal with if it were
simply necessary to state the characteristics required in
such material by canners and quick freezers. But inevit
ably theword quality must creep intosuch a topic andas
soonas this occurs the wholesubjectbecomes a debatable
one because the term quality is interpreted differently by
as many processors as there are available to discuss it. It
is for this reason that the subject is not as easy as it
sounds. Nevertheless quality of raw material as a basic
requirement oftheprocessor isvitally important since the
canner and quick freezer relies on excellence in his raw
material to ensure a high quality final product. However
good theprocess andhandling inthefactory might be, no
processor can produce an article of high quality from
inferior raw material.

Levels of Quality

The Oxford dictionary describes quality as indicating a
'degree of excellence' but this is only one aspect of its
interpretation since the term is also relative. Many pro
cessors will consider that their products are superior to
those of their competitors and such products are des
cribed asbeing ofbetter quality. This leads usto consider
the various aspects of quality by which products can be
compared with each other incertain measurable respects.
Quality assumes a different meaning according to the
point at which it is applied in the succession from seed
purchase through sowing, crop management, harvest,
transport, factory operations andprocessing to inspection
of product quality, and the attributes looked for in the
raw material will differ from those assessed in the final
product even though they are all closely related.

Thegrower is interested in ease of management in the
field, production of high yield within the specifications
provided by the processor, and suitability to mechanical
harvesting. The processor ontheother hand, isinterested
in those attributes which make his pack attractive and
acceptable to the consumer; for example, attractive

♦ Agricultural Adviser, FruitandVegetable Preservation Research
Association.

appearance, pleasant flavour, agreeable texture, and an
absence of defects.

Whilst the processor might not consciously accept the
fact, herecognises three broad levels ofquality in theraw
material. The first can be called maximum quality—
isthe quality oftheraw material which will give the pro
cessor the opportunity to produce the very best possible
product without regard to raw material production costs,
other conditions such as those of processing also being
maximum. It is of course, totally uneconomic for any
commercial processing to becarried outalong these lines
buttheideal may serve toassist theprocessor inindicating
the heights of quality which his products might achieve
under constantly improving methods of production. It
also enables him to process from time to time those
products ofexceptional quality which he needs on special
occasions. Certainly some products imported into this
country may approach these standards but usually this is
only because the Government of the originating country
sees fit to heavily subsidize such exports, no doubt for
political reasons.

Optimum quality is a much more realistic level to
achieve and by this is meant the production of the best
quality product from raw material which has been pro
duced with some economic advantage to the grower.
Optimum quality is the best practical answer for both
grower and processor. Itprevents vegetables from becom
ing too tough tobeacceptable for processing and prevents
the processor from persuading the grower to harvest
before any yield advantage, and thus financial return,
becomes apparent. It is not, however, an easy state to
define since themany advantages, such asquantity, to the
grower are not similarly related to the quality advantages
to the processor. In vegetables the two most important
attributes that are employed to determine optimum
quality are nearly always maturity with yield versus
product texture. In most ofthe quality work carried out
at Chipping Campden, it has been found that texture of
the final product is one of the most rapidly changing
qualities when related torate ofmaturity ofthe crop in the
field. As vegetables mature so they toughen and at very
immature stages they may produce high quality processed
foods, but it is not a viable proposition for the grower to
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produce and harvest them at this stage. Thus, some loss
of product quality has to be sustained to allow the
maturity (and consequently the yield) to develop to
favourable economic proportions. This stage can be
pre-determined and in many crops can be measured on
the raw material. Thus with peas, canners require their
rawmaterialat a tenderometer reading of 120 (freezers at
100) which corresponds to a yield of 87% of maximum
andproduces a productwitha texture value which isonly
80% of that which could have been obtained had the
crop been harvested at maximum maturity for canning.
A similar procedure is now being developed for broad
beans nowthat this crop can be harvested mechanically.

Although optimum quality is theaimofallgrowers and
processors, it is not achieved regularly in practice.
Certainly thisis trueofconditions in theUnitedKingdom
where extremes of weather are often such that when a
crop has reached optimum maturity it cannot be harvested
because of inclement weather. Similarly favourable wea
ther conditions may cause many crops to ripen simul
taneously and the processor is unable to cope with an
over-abundance of raw material. Thus the majority of
cannedand quickfrozen products are processed at stages
which are not optimal for each particular fruit or
vegetable.

The third broad level, therefore, can be described as
acceptable quality and this may be defined as a measure
of the limits by whichthe raw material may deviate from
optimum quality without sufficient impairment ofproduct
quality to render it sub-standard or unacceptable. These
limits will vary fromprocessor to processor and depend
very largely on season. Thus processors with high
standards of quality will insist that their raw material
deviates only slightly in certain attributes from the
optimum whereas those following a more liberal policy
of quality control will allow a greater deviation from the
optimum. Theeffect of season canbe very marked; years
in which the supply of certain raw materials is scarce will
necessitate greater limits of acceptability to allow the
factory to meet its production target and in such years
there is always a danger that to achieve full production
the limits of acceptability may be so widened that the
selling power of the product is minimal.

Acceptability of Material

The limits ofacceptability for any factory should always
be carefully fixed for each vegetable according to the
factory's capacity to handle material of inferior quality.
Themoretherawmaterial deviates fromtheoptimum the
^eater the attention required in the factory and the
situation rapidly arises where material of such quality
becomes uneconomic to handle. Sometimes for special
reasons, this does not stop the factory from accepting
such material but the decision to continue handling an
uneconomic sample of raw material is a policy one and .
taken at high level.

The limits of acceptability should be defined in the
contract relating to all crops coming under this method
of negotiation between grower and processor. This
enables thegrower to determine theprocessor's intentions

and assures the processor that thegrower is encouraged
to meet the specifications as nearly as possible. For ex
ample, in the case of peas grown under contract, the
highest prices are paidfor those peaswhich areharvested
nearest to the stage of optimum maturity and progres
sively lowerprices are paid for peas which deviate more
and more from the optimum. Conditions other than
maturity will alsoapply, ofcourse, especially where vined
peas are delivered to the factory from the grower or
growers co-operative.

Not all crops are grown under contract however, and
here the limits of acceptability are defined in the specifi
cations for eachcrop by the processing companies con
cerned; specifications for carrots, for example, will lay
down the percentage of roots affected with certain
physiological disorders which are permitted in any one
consignment. If the percentage of affected roots is greater
than the specification permits thenthe acceptance of the
load becomes a matter for negotiation.

To summarize at this point, maximum quality is an
ideal which, although attainable under perfect conditions,
is not acceptable for economic reasons and is rarely
achieved in practice. Optimum quality is to be sought
since this can be achieved with economic success in the
United Kingdom and gives results which satisfy both
processorand grower. Acceptable quality is a measure of
thelimits towhich each processor isprepared togobefore
he rejects a sample as unsuitable or sub-standard.

Thetermquality canequally apply to the performance
ofthecrop in the field and again is relative since in any
one crop, varieties, areas and methods of production will
cause variations in raw material. It is not the purpose of
this paper to deal specifically with this aspect of quality
although it should be clearly understood that allproces
sorsarewell aware of the fact that the rawmaterials they
use should possess advantages in the field such as high
yield and ease of production and that there are in fact
items which render a variety suitable or unsuitable for
processing.

It isnow necessary to pass from the broad discussion of
quality andto examine in more detail what the vegetable
processor is seeking in his raw material. The items of
quality which each processor will look for will vary
considerably from company to company and vegetable
tovegetable butcanbecollected together under five major
headings: colour, flavour, texture, absence of defects and
size grading.

The major vegetables packed by processors in the
United Kingdom are processed peas, garden peas and
carrots and these will be considered in the second half of
this paper in relation to the five broad attributes of
quality indicated above.

Texture

It has already been intimated that texture is one of the
most important quality items of any vegetable for pro
cessing and is the one which willbe paid most attention
by the processor in relation to his final product. Veget
ables are tender when immature and toughen the longer
theyareallowed to remaininthe field, thus timeofharvest



is a very important consideration in relation to this item.
In many vegetables, the correct stage at which the crop
should be harvested is not clearly defined but in others,
the determination of effect of maturity on quality has
received much attention by research workers. The crop
to which most attention has been paid is the garden pea,
for which the tenderometer is used to determine when the
crop has reached the correct stage for either canning or
freezing. Whilst tenderometer readings of 120 and 100
indicate optimum maturity for these two processes
respectively, acceptable maturity varies considerably from
these twopointson the tenderometer scale due to erratic
weather conditions and the need to maintain production
in the factory at what is one of the busiest times of the
year. Thuspeasmaybe accepted for canning from90up
to as high as 150;samples from the higher readings often
being used for second grade packs.

The tenderometer is also used to determine the texture
of broad beans for canning. Recent work at Chipping
Campden has indicated that optunum maturity for this
crop occurs at a tenderometer reading of 140 but it is
recognized that some manufacturers prefer to can more
tender beans at readings of 120-130 and others, claiming
that the consumerprefers tough beans, uses samples with
a tenderometer reading of about 160or more. The useof
a tenderometer for the broad bean crop has become
important since the advent of mechanical harvesting
which has meant that, instead of a range of several days
being necessary to hand pick the crop, a mechanical
harvester can handle several acres per day thus requiring
a more accurate determination of time of harvesting.

The broad bean and the garden pea are vegetables
which are shelled from pods and their texture can be
assessed adequately by the tenderometer. Othervegetables
toughen in other ways and the toughening effect of
maturity is not readily detected by such an instrument.
The method used for broad beans and garden peas cannot
be used for dwarf beans and here, pne of the best esti
mates of the rate at which the crop matures is the linear
growth of the seedwithinthe pod. This methodcan give
a fairly accurate determination of pod quality providing
that sampling of the crop is carefully carried out. Opti
mum maturity for canning and freezing occurs when the
seed length, taken from the most mature seeds from the
most mature pods, reaches approximately 8 mm and 10
mm for freezing and canning respectively depending on
variety. Needless to say, beans are often harvested at
more mature or more immature stages than this but
nevertheless still yield pods which are within the accept
able range of maturity.

Texture of immature potatoes for canning is measured
practically by yet another parameter—that of specific
gravity.This method is designedto ensure that tubers do
not crack or disintegrate on canning. It only requires a
single potato to suffer from breakdown or complete
disintegration to cause a serious deterioration in product
quality. Many varieties of potatoes become unsuitable
for canning as they mature due largely to the increase in
dry matter content of their tubers. The specific gravity
above which potatoes may not be acceptable to the
canners is 1.075. This is contrary to the requirements of
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the frozen chip manufacturers where the specific gravity
should be above 1.075. A high dry matter content (high
specific gravity) is also required for production of
dehydrated potatoes and crisps.

Texture of carrots in commercial packs is not a very
variable factor although season and variety can have
their effects. The best carrots are canned before Christmas
and in the New Year some samples tend to become
spongy and soft. Unsuitable stocks of carrot seed may
lead to excessively firm textures.

Colour

This aspect might be described as the most important
initialeffect of quality on the consumer since it is by the
appearance of the packof vegetables that manyproducts
are sold. This applies particularly to frozen products in
transparent packages but also has an effect in canned
food where the housewife on opening a container will
accept what she sees or throwthe productaway andnot
buy that brand or vegetable again.

As with texture the requirements of each processing
method differ. One of the most obvious cases is the garden
peawhere pale-seeded varieties are preferred for canning
and dark-seeded ones for freezing. This is very much a
varietal characteristic and where possible canners will
contract for pale-seeded peas such as Surprise, Dart,
Canners Perfection etc. The canner, however, wishes to
process peas continuously for the whole of the short
concentrated season and will not alwaysbe able to obtain
pale-seeded varieties for the six week period. Hethenhas
to choose the most suitable intermediate or dark-seeded
varieties and thus.Sprite, Lincoln and even Dark Skinned
Perfection are canned. In fact it appears that more dark-
seeded peas than light ones are processed in the United
Kingdom at the present time.

The freezer can only use dark-seeded peas for his pack
since, unlikecanning, no artificial colouris added and the
attractiveness of the product relies entirely on the natural
colour of the peas.

The broad bean is another vegetable where the selection
of the correct variety is important especially in canned
foods. Most varieties contain a chemical which causes
beans to turn brown on canning and, of course, such
varieties must be avoided for this purpose. It is for this
reason that the variety Triple White is the most widely
used broad bean for canning because it does not contain
the offending chemical; a few other varieties are also
suitable. The problem is not so acute for freezing and
sometimes varieties ofbroad beans unsuitable for canning
are used because of their better flavour.

Thesame problem arises in dwarfbeans, but to a lesser
extent. In general, only those beans with white seeds are
used for canning or freezing. The coloured seeds of some
bean varietiesnot only cause the product to appear a little
patchy but the presence of the chemical may turn the
brine cloudy. This applies in particular to runner beans,
where scarlet runners should never be used for canning.
For freezing of dwarf beans, the problem is not so great
because the beans are harvested before the seeds have
coloured, and there is no brine to become cloudy.
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The colour of the carrot is one of the reasons for its
great popularity in the United Kingdom being a most
useful second vegetable and particularly attractive to
children. The colour of the carrot should be fully deve
loped—immature carrots are sometimes too pale for
canning. A deep bright orange is required after canning
and the ability of a sample to produce a good coloured
product depends very much on the selection of the right
seed stock from a reputable seed-house.Carrots grown on
sandy soils are said to be better coloured than those
grown on peats.

As with the foregoing vegetables, the colour of im
mature potatoes depends on variety. Some potatoes yield
tubers which have a white flesh and are consequently
unsuitable for canning. A bright cream colour is associ
ated with home cooked new potatoes and new potatoes
for canning should resemble these in colour. Suitable
varieties are Maris Peer and Royal Kidney. For dehydra
tion white fleshed varieties are used and the colour of
frozen potato chips and potato crispsisdirectlyrelated to
the reducing sugar content, which, if too high, will cause
both products to become too dark.

Flavour

This is the most personal and subjective aspect of quality
and is the most difficult to judge. All products should
possess a full natural flavour but in peas the best quality
products are said to be sweet rather than mealy. The
flavour of peas is automatically determined with texture
since the tenderometer readings at which peas should be
harvested ensures that flavours are acceptable. The
flavour of garden peas is very different to that for proces
sed peas because the latter are harvested at full maturity.
They are regarded as two different vegetables by proces
sors. Mint flavouring is often added to pea products of all
types.

Mint essence is also added to enhance the 'new' flavour
of canned potatoes and this may sometimes mask the
true potato flavour. Nevertheless the raw material should
possess a good natural new potato flavour.

Size

The relative sizes of the pieces within a can or frozen
package are measured as a separate item of quality for
several vegetables. It is considered that the best packs
show little or no variation between the size of their
individual pieces. In the method of quality assessment
employed at Chipping Campden and by many processors,
mature potatoes, processed peas and spinach are not size
graded but all other vegetables are assessed for this item
of quality.

Garden peas are canned by most processors as 'from
the pod', that is, ungraded, and the general size of pea is
then determined by maturity and variety. Processors are
constantly seeking smaller peas and products containing
such peas are advertised to the public as being of superior
quality. Sometimes peas are processed as petit pois and

for this pack thesmall peas (uptoandincluding 11/32 in.)
are graded out. On the continent of Europe petit pois
packs are produced from very small round seeded varie
ties but these are not in use in thiscountry at the present
time.

Broad beans are not size graded before canning but
variations in size of seed occur from variety to variety.
For example the variety Minerva produces seeds which
are considered to be too largefor canning.

Carrots for canning have been the subject of much
investigation by the PlantPhysiology Department of the
National Vegetable Research Station at Wellesboume. It
has been shown that crops with a high percentage of
carrots within the size range required by the canner can
be produced by giving careful consideration to planting
time, seed source and density. The mostpopularpackon
the market is canned whole carrots which should be 0.75
in. to 1.25 in. at the shoulder and not more than 3.5 in.
long. For the less popular packs of sliced and diced
carrots, the shoulder diameters should be not more than
1.25and 2 inches respectively.

Shape in carrots is also important and the canner
requiresconical roots for whole carrot packs. Varietiesin
the Chantenay stock are almost exclusively grown for
canning although there is a growing demand for Amster
dam types for 'baby' carrot packs.

Immature potatoes are also influenced in size by plant
density and crops for canning are planted muchcloser
than those grown for the waremarket. So far no special
varieties have been produced for the canning trade but
some may appear in the future which yield most of their
tubers in the size range of 0.75-1.5 inches.

In a similar fashion Brussels sprouts can be grown at
close spacings to yield sproutswithinthe size requiredby
the freezers, that is, 0.75-1.25 inches.

Absence of defects

Defects may be many and varied but crops for processing
should be as free as possible from such problems. This
subject requires a paper to itself and it may be easier to
list the major problems for each vegetable.

Carrots: Cavity spot, claybum, five o'clock shadow,
various forms of cracking, bruising, carrot
fly, green crowns, over and undersized roots.

Potatoes: Mechanical damage, deep eyes, unusual
shapes, oversized tubers.

Peas: Loose skins and cotyledons, presence of
extraneous matter such as pieces of pods,
tendrils, stones etc.

Broad Badly broken beans, rogues, stained seeds,
beans: extraneous matter such as pods, soil, stones.

Dwarf Broken beans and those infected with moulds,
beans: bruising etc.

The defects which may appear in canned and packaged
products can originate at any point along the line from
seed source to can filling in the factory and, therefore.

Please turn to page 149
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MECHANIZATION OF SPACED ROWCROPS

GROWING VEGETABLE CROI^ FOR MECHANIZATION

by

J. K. A. Bleasdale, ph d*

Presented at the Annual Conference of the Institution in London on 15 May 1969

INTRODUCTION

Today, turnips are not considered an important vege
table crop, yet it is to this crop 250 years ago that we
owe the origins of the mechanization of arable crops in
this country. It was, of course, Jethro Tull (1731) who
showed how the drill he had invented could be used to
grow turnips on which sheep were folded during the
winter. This crop, managed in the way Tull proposed,
took the place of the traditional fallow and the second
Viscount Townsend integrated it into farming practice
in his famous Norfolk four-course rotation. The idea of
a seed drill had been put forward by Worlidge in about
1650 but it needed Tull, who had that blind enthusiasm
which is almost the prerogative of the mistaken, to show
how it could be used to allow a new horse-hoeing
husbandry. Tull was mistaken because he believed that
by putting the crop into rows and cultivating between
the rows with the horse-hoe, he divided the soil into fine
particles that could be digested by the roots. He achieved
success because he obtained good weed control and thus
increased yield.

Robert Billing grew carrots using essentially the same
system that Tull had proposed for turnips. He has
described his growing system and the yields he obtained,
the latter being given in cartloads per acre. He always
allowed himself a percentage increase on his actual
yields to allow for those roots "taken bythepoor ofthe
parish". We must again realize that even carrots were
regarded rather as food for cattle than for humans. In
times of famine when peasants had to resort to eating
roots, therootsthey atewere turnip andcarrots normally
intended for cattle. The present popularity and almost
exclusive use of these crops as human food may seem to
some to be a sad reflection on our supposedly affluent
society.

In the mid-18th century vegetables for human con
sumption were grown in market gardens near to the
centres of population. The cartswhich took the produce
to town returned loaded with night soil or manure from
the town stables where cows as well as horses were kept.

♦NationalVegetable Research Station, Wellesboume

The system of cropping used in the market gardens
employed only hand-labour: there was no concession to
mechanization. The land was divided into 'beds the
width of which was governed by the reach of a person
working from the narrow paths which divided them. The
crop within each bed was as uniformly distributed as
possible, this being usually achieved bybroadcast sowing
and subsequent thinning. Weeding was done by hand
and often by children. This was vegetable growing as
described by Abercrombie (Mawe and Abercrombie,
1779) in the latter half of the 18th century. It must be
assumed to have been evolved over the centuries as a
system capable ofgiving high yields per unit area because
in the circumstances of these times, when labour was
cheap but good land in close proximity to towns was
scarce, business pressures would exert a Darwinian
influence in this direction. Our own experimental work
has confirmed that, in weed-free conditions, such a
system of growing crops uniformly distributed in beds
produces higher yields per unit area than conventional
row cropping.

I have argued elsewhere that ourpresent and increasing
ability to control weeds by herbicides removes our
dependence on inter-row cultivation for weed control
and makes it desirable to re-appraise our present pre
occupation with row-cropping. The aspect of this
argument that I wish to enlarge and emphazise in this
paper is that the adoption ofrow cropping for vegetable
production was not a conscious decision taken in the
light ofscientific evidence but rather the result ofdrifting
on a sea of human inertia at the mercy of the winds of
economics.

Industrialization, starting in the early to mid-18th
century, led to the development of expanding urban
communities, who were supplied with vegetables trans
ported by horsedrawn carts travelling up to 15 miles to
markets. The radial spread of towns took the land
formerly used for market gardens which thus had to
move to other land and brought the 'gardeners' into
contact with neighbours who were farmers practising
row-cropping techniques. At the same time the cheap and
abundant labour, characteristic of peasant communities,
was drained away to the factories and weed control
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therefore became a problem. Further, farmers sold for
human consumption the root crops intended for cattle
because there was an insatiable demand for food as the
result oftheexplosive increase inpopulation. Thecoming
ofthesteam railways made it possible to bring vegetables
from further afield. The return journey still carried the
manure but former farming areas now came within the
compass of the demand forvegetables. Thus,a generation
of farmers who had experienced nothing other than
Tull's row cropping techniques began to apply them to
vegetable production. Thus the loss of cheap labour
formerly used for weed control and the spread of vege
table production to areas where row cropping was
established for arable cropsbegan to exertan irresistible
force resulting in the changing of established systems.
Further impetus for this change continued into the
present century; for example, the depression of the cereal
markets in the 1930's made farmers look for other cash
crops and some turned to vegetable growing.

The nature of the vegetable growing industry is still
changing (Anon. 1967) and during this period ofchange,
from about 1750 to the present day, we have had the
advent and growth of what is normally referred to as
scientific farming. Therewere the improvers of livestock
likeBakewell and the Collings brothers, the introduction
of chemical fertilizers and the setting up of the Board of
Agriculture and Fisheries. Perhaps the most striking
change in the rural scene arose from the introduction of
sources of power other than man and beast. Steam
driven traction engines pulled the plough and pumps
developed for mines delivered irrigation water. Early in
this century the internal combustion engine began to
replace the horse, not only on the land but also in the
towns. This change increased the power available but
removed the traditional source of soil fertility. Fortu
nately, our knowledge of how to replace horse manure
with chemicals has at least kept pace with our need to
do so.

T^e increased power from internal combustion
engines did not, Jiowever, affect the basic system of
arable cropping. TuH's widely spaced rows were not
changed when it no longer became necessary for them
to allow for the passage of a horse. There was, however,
a gradual realization that rows as widely spaced as Tull
suggested were giving lower yields than were attainable
with closer rows. Thus his suggestion of rows six feet
apart for small grains had been modified to rows 12 in.
apart by the late 19th century. More recently this
realization has become backed by experimental evidence
(Holliday, 1963) which indicates that even closer row
spacings than the long-current seven inches should be
used.

ASSESSING IMPROVEMENTS

The evolution of the mechanization of arable crops
suggests to me that, whilst Tull was concerned to create
a better environment for the plants, expediency has been
the force behind most isubsequent mechanization. This
may seemunjust because developments in mechanization
have increased yields as compared with—what? Usually

these comparisons are made with those obtained by
adopting current commercialmethods—but what if these
methods are poor? My historical introduction is intended
to suggest that current practice in vegetable production
deteriorated with the slow spread of mechanization. To
improve what is, or was, so patently poor and at odds
with the high-yielding and traditional mid-18th century
market garden techniques is not difficult. Indeed, it can
be argued that it was too easy, because almost any
modification ofcurrent practice resulted in improvement
and hence numerous innovations were, and perhaps still
are, constantly vying for adoption. This seems to me to
be the present position in potato production where
numerous improved and mechanized systems of culture
are blossoming. If I am to suggest that weshouldnot use
current practice as our standard I must suggest an
alternative. It seems to me that the only meaningful
standard of lasting value is that which may be termed
maximum attainable yield per unit area. Such a standard
does not exclude proper appraisal of economic factors.
Indeed I would claim that it is the only criterion which
enables a proper economic assessment to be made
because, for example, loss in yield can be set against
savings in harvest costs. The objective of mechanization
can,withinthis scheme of thinking, be defined in different
ways. To me the definition of most interest is that
mechanization should have as its objective the cheapen
ing of the cost of producing the maximum attainable
yield. An objective which allowed for less than attainable
yield is likely to be of decreasing value as this century
advances, for let us never forget the prediction that the
world population will double in the next thirty years.
Thus, if we are even to maintain the present miserable
status quo, with two thirds of the world population
under-nourished, we must double food production before
the year 2000 A.D.

Mydefinition of yield throws a considerable responsi
bility on the scientist working oneconomic crops, for he
must quantify maximum attainable yield and explore
alternative methods of obtaining this yield, for some
methods will be more amenable to mechanization than
others. Further, the philosophy of engineers will have to
undergo a change ofemphasis. They must beprepared to
recognize the full implication of working with living
material and to play an important role in creating the
environment likely to give the attainable yield. Your
willingness to adopt this philosophy will depend upon
your appreciation of the biological problems and the
co-operation offered to you by crop scientists. Useful
co-operation can only begin when these scientists have
acquired some knowledge of the systems likely to give
potentid yield and the rest of this paper will be devoted
to outlining some of the knowledge we have and some
problems pertinent to mechanization.

DEFINITION OF POTENTIAL YIELD

With some vegetable crops various definitions of
maximum attainable yield are possible. Whilst most
people would accept thatwe can, forourpresent purpose,
ignore yield other than that of the edible parts of our



vegetable crops, not everyone would agree on whatpart
of this yield should be classed as being of the desired
quality and one must also accept that different qualities
are required for different purposes. The most un
ambiguous definitions of quality that exist are for crops
intended for processing and within this group of crops
the one with the most objectively defined quality is peas.

THE PEA CROP

About a quarter ofthe total of400,000 acres ofvegetable
in the United Kingdom is devoted to this crop. Of this
100,000 acres, about half, go for freezing, a third for
canning and the remainder are sold in the pod. Twenty
years ago two thirds ofthe crop was sold in the pod but
the convenience of the frozen, dehydrated, or canned
pea has changed the pattern and brought with it a
precise definition of quality which depends upon the use
of a tenderometer (Martin, 1937). Because this instrument
is so widely used to control quality, other criteria, such
as the size of the peas,havebecome increasingly import
ant as giving one brand of packaged pea an edge over
rival brands.

My own work with this crop has been concerned with
the effect of plant population and pattern of plant
arrangement on yield. Briefly the results obtained have
shown that, over the range tested, yield increased as the
distance between rows decreased but that the relationship
between plant density and yield was erratic. Sometimes
yield increased as plant population increased over the
range of 3 to about 10 plants per ft^, at other times it
decreased and occasionally there appeared to be an
optimum density within this range; often increasing
density had little effect on yield. At present we do not
know the reasons for these discrepancies and one must
thereforeexamine the resultsand suggest a plant popula
tion likely to give a satisfactory yield in the majority of
circumstances. Our results with the variety Dark Skinned
Perfection indicate that 8 plants per ft^ is such a
population. Other workers (King, 1966) have concluded
that 11 plants per ft^ should be used. Faced with
establishing a pre-determined population in rows about
7 in.apart, a grower has a number of factors to consider
which become even more pertinent with the smaller
seeded vegetable crops. I will, therefore, defer considera
tionofthisaspect untillaterandpass on to thehusbandry
of the established crop and in particular its irrigation.

My colleague, Dr P. J. Salter, has shown that the
yield of peas at given tenderometer value can be greatly
increased by irrigation at the early flowering stage and
again at the time of pod swelling (Salter, 1963). Water
applied before the earlier of these stages served only to
increase the weightof stem and leaf and did not increase
yield. Further, even when there had been rain or irriga
tionjustpriorto these stages ofgrowth andthedeficiency
during them would have been minimal even without
additional irrigation, a response was obtained to irriga
tion that was almost equivalent in magnitude to that
obtained with crops held in much drier soil until this
time. The apparent reason for this dramatic response to
irrigation is that during the flowering and pod swelling
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stages of development, root .growth virtually ceases
(Salter and Drew, 1965). the roots become dependent
on water flow to their absorbing surfaces and cannot
grow into regions ofmoist soil. Irrigation (or rain) atthis
time keeps the water inthe soil moving to the surfaces of
the non-growing roots and enables water absorption to
continue at these vital growth stages.

The average crop of peas can be expected to give a
gross return ofabout £100 per acre, which isnothigh in
relation to some other vegetable crops, but, because the
correct timing of irrigation can give such a marked
increase in yield, increasing the gross return to about
£150 per acre, there is no doubt that irrigation would,
by and large, pay. Growers, however, do not generally
irrigate the pea crop, the reason being that moving
conventional irrigation lines through the crop would
cause damage that could reduce yield. Further, even
though it may pay for the labour required, it is not
usually feasible to have sufficient labour available. This
non-availability of labour is, of course, often the basic
problem which mechanization is called upon to solve,
and it would be easy for the crop scientist to say that
solving this particular problem of making the irrigation
ofpeas practicable isanengineering problem. This isnot
my view. Before we turn to the engineer we should
explore the biological solution, namely, the breeding of
peas which donotshow such a marked reduction in root
growth at the onset of flowering and pod-swelling. If
this solution fails theremaybe other biological methods
of modifying the growth of the pea plant or otherwise
minimizing the likelihood of physiological drought
limiting yield. Only if all conceivable biological possi
bilities have been explored are we entitled to claim that
such problems must become the province oftheengineer.
My main reason for saying that first priority should be
given to the biological solution is that it is likely that
such -asolution can be sold in the seed packet and hence
be cheaper and more readily accepted.

CROP ESTABLISHMENT

The seed is, of course, the foundation on which a good
crop depends. It must contain the correct genetic
potential and be provided with an environment which
will enable it to achieve the desired expression of this
potential. Whilst it iscustomary to quote thesowing rate
for vegetables inpounds per acre I am pleased to say that
many growers are now aware thatwhat really matters is
the number of plants they manage to establish. This is
because the number of plants per unit area is a potent
factor in determining total yield and, often more im
portant, the size of the individuals thatcomprise a given
total yield. Thus, growers have been encouraged to
calculate the seeding rate required to establish a desired
population by taking into account the number of seeds
per unit weight and the viability of this seed. There is
still an element of guesswork in this procedure because
not all the viable seed, as measured by standard labora
tory germination tests, will emerge to give plants. The
proportion of the viable seed that will emerge depends
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upon conditions in the seed bed—^which are often not all
that could be desired.

Unfortunately thecrop scientist cannot define precisely
ideal seed bed conditions but it is possible that certain
features of our present techniques of sowing could be
improved. I will for the moment take it for granted that
the seed can be delivered in a reasonably metered
manner and concern myself with the soil environment.
Most of our vegetable seed is small and traditionally
sown by a technique which involves parting the surface
soil and making a groove in the underlying wetter soil.
The standard coulter often produces a smeared base to
thisgroove or furrow especially if conditions are adverse
and onto this smooth surface the seed is dropped. Dry
soil is then dragged on top of the seed and, almost as
though to heap indignity upon it, the whole is rolled.

In biological terms theobject ofsowing can bedefined
as placing the seed in moist soil in such a manner as to
give it good contact with the available water but at the
same time preserving adequate aeration and ease of
penetrability for the emerging root and shoot. With
small seed good contact with thesoil water implies a fine
tilth and the mechanical preparation of a fine tilth seems
to demand drying soil conditions. Further, the success
ful passage of most of our seed drills requires a dry
surface so that at least some of the water that should
preferably be available for germination seems to haveto
be lost before we can mechanize soil preparation and
seed sowing. If in inserting the seed in the soil we bring
moremoist soil to the surface and drag dry soil on top
of the seed we are further reducing the likelihood of
successful growth. The mechanization of the seeding of
a crop should be seen as not only requiring the accurate
metering of the seed but as involving the creation of a
suitable environment for the establishment of a plant
from thatseed—even to the extent ofthe seeding machine
creating a locally suitable environment. Perhaps the
seeder should prepare a cell ofsoil bringing it to the tilth
required and then deliver the seed together with the
water required for germination. Alternatively the soil
could be replaced by material delivered by the seeder if
plants are to be fairly widely spaced. It does seem odd
that we persist in making a seed-bed in the whole of the
ground to be cropped whereas if we were growing
summer cabbage we could prepare 4 in.^ for each
plant which at a spacing of 18in. x 18in. meansweneed
only prepare 60 yd.^ in each acre.

With such widely spaced crops transplanting is the
traditional method of fieldestablishment but there is now
an increasing tendency to direct drill these crops. The
reasons for this are varied but one major factor is that
modern herbicides enable us to reduce theweed problem
that was formerly avoided by transplanting. Although it
is possible to sow a continuous and thin line of seeds and
chop out or otherwise kill the unwanted plants some
growers prefer to string sow—that is to sow a few seeds
fairly close together at each station where a plant is
required. One reason for this is that it produces a more
regular spacing thanthin-line sowing whilst reducing the
amount of seed requh-ed. Regular spacing is, of course,
more desirable in vegetable crops thanin, say, sugar beet

because it gives each plant a similar opportunity and
hence a crop which is more uniformly ofthe size required
for market. It is a simple matter to calculate how many
sites will have at least one plant if the percentage field
emergence of the seed is known and it is assumed that
the distribution of non-viable seed is random. The
figures given in Table I were obtained by making such
calculations.

TABLE 1

Seeds sown
per site

% of sites with at least oneplant for the
given leveloffield emergence

1
2
3

50% 60% 70^ 80% 90%
50 60 70 80 90
75 84 91 96 99
87.5 93.6 97.3 99.2 99.9

If we consider what happens with 80 per cent field
emergence, a number of relevant points emerge. Firstly,
and somewhat obviously, one seed oneach site will give an
80 percent stand with nosubsequent thinning. If we sow
two seeds then 96 per cent of the sites will have at least
one plant and it follows that 64per cent of the sites will
have two plants. Thus, to achieve this extra 16 percent
of sites with a plant we have had to double our seed bill
and carry out a thinningoperation at about two-thirds of
the sites. It seems reasonable to ask the crop scientist
what percentage of the sites need to be filledand what he
can dotoprovide seed with a high enough field emergence
to eliminate any requirement for thinning. American
work (Pauli and Harriot, 1968) has shown that when
the crop scientist and engineer combine forces toproduce
on the one hand seed with the maximum potential for
establishing a plant, and on the other hand the best
practicable environment for thatseed, then lettuce crops
with a 95 per cent stand can be grown without any
thinning. For practicable purposes I feel that this level of
stand is acceptable as we must expect that the law of
diminishing returns will apply and that theeffort needed
tofill the remaining 5percent ofsites would beprohibit
ively large and indeed is seldom achieved even when
thinning is employed. Surveys of Winter Cauliflower
crops in Cornwall have revealed that, even with this
transplanted crop, growers sometimes have populations
20 percent lower than those they intended (Cavell, 1967).

HARVESTING

So farI have dealt with two examples where, in vegetable
crops, there is at least a partial or potential biological
solution to whatat first sight might appearto have been
a straightforward mechanization problem solely within
the province of the engineer. The need for this combined
approach is, in my view, even more apparent when we
consider the harvesting of many different kinds of
vegetables. The simplest type of harvesting operation to
mechanize is one in which the crop can bedestructively
gathered and all the plants are non-selectively harvested
on oneoccasion. Unfortunately mostvegetable crops are
traditionally considered to be crops which need to be
harvested on more than one occasion. In some crops
individual plants are gathered as they reach peak



condition for market whilst others, which are not yet
ready, are left for some future occasion. Amongst crops
of this kind are lettuce, cauliflowers and cabbage and we
can term this harvesting as whole-plantserialharvesting.
With other cropseachplant produces parts whichmature
and are gathered leaving immature parts, on these same
plants, to grow until they too are ready. I have already
referred to peas which were traditionally this kind of
crop although we nowharvest them destructively on one
occasion. Other examples of this kind of crop are beans,
both dwarf and runner, and Brussels sprouts. This cut-
and-come-again harvesting is often termed as picking-
over or non-destructive harvesting but it would seem
less ambiguous to refer to it as part-plant serial
harvesting.

Both whole- and part-plant serial harvesting were
regarded in the past as desirable in commercial horti
culture because continuity of supply to markets was
readily achieved. Thesuccessive harvests of a single crop
spread thesupply of thatcrop over a period and even if
other crops had to be used to maintain supplies over a
season, the spread of each crop tended to minimize the
precision needed to ensure at least some continuity of
supply. Thus breeding by selection was often directed
towards maintaining a spread of maturity and cultural
techniques which tended to spread maturity were not
disadvantageous. The need to mechanize the harvesting
of these traditionally serially harvested crops presents
problems. If theengineer alone were asked to solve them
he would have to develop a machine which, say for
lettuce, could detect when a plant was adequately
hearted for market and then cut that plant for niarket.
Such a machine has been invented, so it is possible to
mechanize this type of harvesting although the develop
ment of reliable and non-damaging detectors of market
maturity must be difficult and it is unlikely that any one
detector would be useful on more than one kind of
vegetable.

Withpart-plantserial harvesting the problems are even
greater although for some crops, notably cucurbits, the
engineer has shown that he can successftilly exploit the
diflFerences in size and in the adhesion to the parent plant
which exist between mature and immature plant parts.
It is, however, evident that the mechanization of harvest
ing would be simpler, and hence cheaper, if serial
harvesting could bedispensed with andreplaced bysingle
pass destructive harvesting.

The crop scientist concerned with vegetables has been
working to this end for a number of years and in some
crops I can report considerable success. I have already
referred to the now well-established destructive harvest
ing of peas and dwarf beans. Both these crops come in
the traditional class of being of the part-plant serially
harvested type and you will recall that the solution to
the problem lay in increasing the plant density. Even
with those crops of this type where the seed or fruit is
not the part required, increasing the plant density has
proved to be a potent method of synchronising maturity.
For example, with Brussels sprouts which are intended
for picking-over the evidence (Haigh, 1964) is that
spacing of less than 30 in.x 30 in. is unlikely to increase
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yield per acre. However, when a single destructive
harvest isplanned closer spacing does increase yield and
a spacing of 21 in.x21 in. is now commonly adopted.

This close spacing, which has made single destructive
harvesting a possibility, has created new problenas and
aggravated others. For example, theeflFective application
of both translocated and contact insecticides is niuch
more difficult in a closely spaced crop and modifications
to conventional sprayers have had to be made (Coaker,
1967). Further, whilst the mechanization of harvesting
remains at itspresent imperfect level, it isoften desirable
to manually deleaf the plants before they are gathered.
Increasing thepopulation increases thenumber of plants
that have to be de-leafed and limits access for this
operation. This increase in plant number and poor
access are alsodisadvantages whenthe crop is "stopped"
about six weeks prior to harvest. This stopping consists
of manually removing the apical tuft of young leaves
together with the main growing point. Its effect is to
divert growth into the upper sprouts on the stem and
produce a higher yield of more uniform sprouts (see
Figs. I and 2). Dr Thomas at Wellesbourne is seeking
to replace this manual stopping with a hormone spray
and is meeting with encouraging results. He is also
hopeful that de-leafing may be achieved by suitable
sprays (Fig. 3). Thus, we again have the apparent need
for a machine being possibly met by a biological tech
nique.

The stripping of the sprouts from the stem, however,
appears to be a problem where the crop scientist can
make a rather more limited contribution. Varieties differ
in their spacing of sprouts on the stem and the form of
their attachment to the stem. These differencesmean that
it would be possible to breed or find varieties which
could be stripped satisfactorily by a given machine
whilst othervarieties might befar less effectively stripped.
Close co-operation between the engineer and the crop
scientist is again seen to be very desirable.

I have endeavoured to tabulate the various stages in
the Brussels sprout crop indicating what I believe to be
the possible engineering and biological solutions to the
mechanization problems that arise. For some stages
these two solutions are mutually exclusive whereas for
other stages the biological solution would, in fact, not
solve the problem but would make mechanization less
difficult. I have already dealt with many of the items in
this table and you will by now have gathered that I
believe that at least some of the problems are best tackled
by the crop scientist. This means that I ambeing some
what perverse in my definition of mechanization in
suggesting that in the context of vegetable production it
means the elimination or reduction of hand labour rather
than causing a machine to perform a function formerly
done by hand. At the bottom of the.Table I have
introduced two aspects of the production which I have
not so far discussed; these are grading and succession.

GRADING

There are, perhaps, few mechanisms more primitive than
the average grader used onvegetables. Grading isusually
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Fig. 1 shows theeffect of "stopping"and plant density on Brussels sprouts var. Avoncross.
From left to right—Four plants spaced at 18"x 18" and four at 27"x27''. Stopping treatments at both spacings were from left to

right, I7th August, 31sl August, 27th September and untreated.
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Fig. 2 shows the effectof chemicals with growth-regulatoryaction on Brusselssprouts var. Avoncross.

Left to right—Mahic Hydrazide, Alar, Untreated control, CIPC (low dosage) and CIPC (high dosage). Note thesimilarity between
the sprouts on plant receiving a low dose of CIPC and stopped plants in Fig. 1.
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Fig 3shows the effect of 2-chIoroethanephosphonic acid (ethrel) as aBrussels sprout defoliant, and the way its effect can be
counteracted by the use of a senescence-delaying chemical (kinin).

Left to untreated, ethrel treated, ethrel+kinin treated.

done by shaking the produce through a series of riddles
of a range of dimensions. In recent years other mechan
isms, such as diverging belts and rollers have been
introduced but the basis of grading remains the same—
namely one or at the most two dimensional. If a grower
is grading carrots for prepacking he can, with these
conventional graders, separate the crop into diameter
classes but the essential sorting of these diameter classes
into lots where all the carrots are of a similar length has
to be done by hand. Sales of prepacks through chains of
super-markets demand not only a high degree of
uniformity within each pack but also a high uniformity
between packs. This is because the vendors are anxious
that the housewife should not rummage through a pile
of packs to find one to suit her needs. Their uniformity
will usually make her accept the one at the top of the
pile. This requirement is imposing new standards which
the pounding stone-graders of yester-year do not enable
us to meet. Further, there is the additional requirement
of a uniform weight in each pack. It seems to me that,
at least for some crops, automatic weight grading
(Anon., 1969) isbecoming increasingly attractive. Weight
grading might even be of some value in sorting carrots
into length grades for if diameter grading were followed
by weight grading it seems likely that the longer carrots
would have the greater weight.

GROWING FOR A REQUIRED SIZE

The damage for crops which fall within narrow size
limits has led to the development of special methods of
growing. My own work on carrots has made it possible
to obtain, amongst other things, high yields of the size
of carrots required for canning, namely, 0.75-1.25 in.
diameter. These carrots, which are all of the Chantenay
type, are often produced on contract for a cannery, the
grower having no outlet for oversized roots. Some are
able to use these oversized carrots as cattle food but
considerable tonnages are dumped each year. We feel
that more research may enable us to reduce this wastage
and a programme of experiments is now in hand in
co-operation with some ofthe Experimental Horticulture
Stations of the National Agricultural Advisory Service.
I would, however, like to explain to you some of the
difficulties that are pertinent to certain aspects of
mechanization. High yields of small roots can only be
obtained by using high plant densities. If these high
populations are sown at wide row spacings the gross
overcrowding within the rows reduces total yield and
gives a high proportion of distorted roots with green
crown. This undesirable greening occurs because the
carrots are forced up out of the ground by the over-
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crowding. We have shown that the difficulty can be
overcome by spreading out the plants more evenly. This
gives considerable increases in yield even at low plant
densities but is essential if a quality product is to be
produced at high density. The bed system of growing
(Bleasdale, 1963) was evolved to enable growers to
spread the plants out. In essence, the system consists of
growing the crop in beds that can be straddled by a
tractor and within each bed there are usually 12 rows
with an inter-row spacing of 3.5 in. Although dividing
the field intobeds confers several advantages of a minor
nature the main reason it isdone isto make it possible to
harvest the crop by using modified two-row potato
harvesters or sunilar machines specially designed forthe
purpose. However, in a bedthe rows next to thewheeling
encounter less competition than rows within thebody of
the bed. This reduced competition enables the carrots in
theouterrows to grow faster so that at anygiven harvest
date they are larger than those in the more central rows.
This increases thevariation in size as compared with that
which would be expected if it were possible to crop the
whole field with close rows. Because harvesting beds of
this size with elevator-diggers presents difficulties many
growers have modified the system to produce units that
can either be harvested with modified single-row potato
harvesters or, less commonly with a top-lifter. These
various modified systems I generically term mini-beds.
They all sufier from the considerable disadvantage that
they increase theproportion of the total crop that occurs
at the edge of a bed and hence tend to give even more
unevencrops than conventionalbeds. Indeed, whereeach
mini-bed consists of three closely spaced rows it is
possible to get almost complete suppression of the
growth of the centre row.

Because plant density is such a potent factor controll
ing size it seems reasonable to try and reduce the size of
the carrots in the outer rows ofbeds bysowing relatively
more seed in these rows. However, it seems equally
likely that this will increase the competitive influence of
the outer rows and so tend to reduce the size of carrots
in the inner rows of a bed with little net improvement
inthe uniformity ofthe crop. Perhaps a more promising
approach would be to somehow put the outer rows of a
bed at a disadvantage as compared with the inner rows.
One way of doing this might be to use a smaller seed
size to sow the outer rows, because smaller seed gives
smaller seedlings. These and other possibilities are being
investigated as part of the programme of work to which
I have alreadyreferred. It is, however, evident that if we
could crop the whole field with rows about 3 to 4 in.
apart we would eliminate edges and hence the variability
associated with them. Further, it is likely that we would
increase yield. The factor preventing us from advocating
this solution is the non-availability of a suitable side-
mounted harvester.

I have dealt with this example at some length partially
because I hope to interest some of you in helping us to
solve the problem. The more general point to be madeis
that the modern requirement for uniformity can make it
necessary to envisage quite radical changes in our
mechanization of vegetable crop production.

CONTINUITY OF SUPPLY

The winter supply ofcarrots islargely met bycontinu
ing to lift from the field roots that have been protected
from frost damage either byearthing over when the rows
are far enough apart or by strawing over if close rows
are used. If this system of storage is to continue to be
used, and this seems likely as it is cheap and effective,
then harvesters must work on crops when the tops have
died, and in very wet soil conditions. Acontinuous supply
during the growing season is, ofcourse, maintained by
producing crops from successive sowings made at suitable
plant densities for the planned date of harvest. Com
mercial growers are accustomed to doing this and we
hope that experiments in progress will help them to do
it more effectively in the future. However, with other
crops, as I have already mentioned, a continuous supply
in the season of availability is traditionally maintained
by successive harvests ofsingle crops with relatively few
sovdngs being made in order to achieve succession. The
desire to mechanize harvesting has led us to seek
rnethods of reducing the spread of maturity within a
single crop to sucha level that one destructive harvest is
practicable. I have already referred to the techniques
that have made this possible in the Brussels sprout and
Dr Salter has carried out work at Wellesboume directed
towards enablingsingle destructive harvest of that most
variably maturingcrop—cauliflower. Withboth Brussels
sprouts and cauliflowers there is the problem of estab
lishing a programme of sowing dates and varieties
likely to give a suitably continuous supply. Further,
because manyof the existing varieties have been bred to
give a spread of harvest maturity, plant breeders must
breed and select new varieties. To this end we are
carrying out controlled environment studies to determine
the environmental factors that determine curd initiation
in cauliflower so that we can more rigorously select
strains with the desired properties. Dr Salter's work
(1969) has shown that even with existing varieties which
under commercial conditions are harvested over 6-8
weeks, it is possible by suitable management alone to
reduce this time to about 2 weeks and with the more
suitable varieties about 80 per cent of the crop can be
harvested in a marketable condition at one destructive
harvest. The unpredictable nature of our climate can,
however, upset the best laid schemes and storage in
times ofplenty to meet the demands in times ofscarcity
therefore has a vital role to play. The engineer, of
course, has an importantrole in designing stores but this
falls outside evenmy definition of mechanization. How
ever, thisneed to store vegetables does have implications
for mechanization.

Minimizing damage during harvesting and grading can
considerably prolong storage life. A more important
aspect ofstorage is, however, itspotential for enablingus
to carry out mechanized harvesting when conditions are
favourable. For example, if the carrot crop could be .
stored cheaply then harvesting could be completed in
conditions more favourable than those normally en
countered in December and January. If we extend this
reasoning we can argue thatcrops should only begrown



at those times of the year when maximum yield can be
obtained, and should then be stored tomeet feature needs.

However, even the canning industry seems to expect
the vegetable growing industry to produce vegetables
over long seasonsand this is not unreasonable when the
high value of the processing plant is considered. Thus,
there are economic reasons, even in that area of the
industry where quality is most clearly defined, why time
of yearcan affect the economic value of a given yieldper
unit area. Similar considerations apply to supplies sent
to market and serve to complicate the concept of maxi
mum attainable yield as the standard for assessing the
value of a particular mechanized system of growing.
Perhaps it is so complex that we will never achieve this
ideal of objective assessment. In striving we must,
however, appreciate that the efficient mechanization of
vegetable growing depends upon realizing that the grow
ing of a crop is a complex operation and a similar end
result may be achieved in several different ways. Close
co-operation between the crop scientist and the engineer
is essential. Both must learn to understand each other's
point of view and appreciate the limitations of each
other's capabilities. I hope that this paper will further
such understanding.

MECHANIZATION OF BRUSSELS SPROUTS CROP

Phase of Task or Possible Solution
Crop Operation Engineer Biologist

Plant
establishment

Transplant
ing from
seed bed

Direct seeding

Satisfactory
planters are
available

Create en
vironment for
seed

Space seed
Thin out un

wanted plants

Wellbeing of
transplants of
good potential

Eliminate
thinning by
use of 'super'
seed

Growth Pest and Devise suitable Breed resistant
disease sprayers and varieties
control granular

applicators

Stopping Evolve a Find spray to
machine to achieve same
replace man- effect
ual operation

Harvesting De-leafing

Stripping of
sprouts from
stem

Grading

Succession

Evolve machine
to replace
manual
operation

Making effect
ive non-
damaging
stripper

Sort into sizes
and eliminate
unmarketable
sprouts

Create suitable
storage
conditions

Find spray to
achieve same
effect

Breed vai-ieties
which strip
easily

Grow crops
with no un
marketable
sprouts

Find varieties
and cultural
methods to
achieve a
continuous
supply
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SUMMARY

The paper commences by reviewing some of the agro
nomic aspects which influence the manner in which by
tradition various rowcrops are grown. After discussing
designsof precision drill the paper examinessome of the
factors affecting their performance and in particular the
relationship between seed/cell size. Transplanters are
considered to be very limitedin their range of crops and
output. The paper discusses some of the experiments
carried out with mechanical thinners and concludes that
with the modem trend towards wider seed spacings of
monogerm seed such machines may return to favour with
growers of sugar beet. The current interest in selective
mechanical and selective chemical thinners is likely to
expand if such machinescan be produced at an acceptable
price.

INTRODUCTION

For the purposes of this paper Crop Establishment is
taken to mean the production of a crop in the field to a
required pattern or distribution. Each crop has its own
particular spatial arrangement, although work by
Bleasdale et al^^^ ^ has often shown that the traditional
arrangements, which may have been dictated by some
consideration now forgotten, are not necessarily the
highest jdelding. In practice, the spatial arrangement
finally adopted is a compromise between that which is
likely to produce the maximum yield and that which can
be fitted in most conveniently with existing implements
or practices.

Spaced rowcrops fall into two broad categories
depending on the dictates of the outlet through which
the final crop is utilized and the manner of harvesting.
Thus on the one hand there are crops such as lettuce and
various forms of cabbage, in which there is a trend
towards once-over harvesting and which are marketed
with very little further grading. It is desirable to produce
entire crops with as little variation between individual
plants as possible, in fact it is essential to obtain a high
degree of uniformity between individual plants. In the
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Other category of crop, uniformity in size and shape is
not considered so important and the prime object is to
obtain the required nxmiber of plants per unit area.
Crops such as carrots, potatoes and sugar beet fall into
this category and are all subjected to some form of
comparatively sophisticated grading or processingbefore
being passed on to the consumer.

The establishment of a crop is influenced by factors
some of which are principally of an agronomic nature
while others involve adapting or designing machines for
a particular purpose and are considered problems of
mechanization. A precise diflerentiation is not possible
because so many of the factors must be a combination
of both.

On the agricultural or biological side may be listed;
(fl) the condition of the seed-bed
{b) the quality and type of seed
(c) the weather immediately before and also after the

sowing or planting of the crop
{d) the availability of a successful and reliable method of

weed-control.

Factors which are primarily aspects of mechanization
include:

(e) the design of the seed drill in relation to the seed
(/) whether the crop has to be transplanted
(g) the manner of reducing the line of seedlings to

discrete individual plants
{h) the effects, if any, of plant spacing on the method

and standard of harvesting.

AGRONOMIC ASPECTS

{a) Seed-bed condition
The actual preparation of the seed-bed lies outside the
scope of this paper. Nevertheless it is important to
appreciate that the majority of the subsequentoperations
in the growing of the crop are concerned with the
removal of surplus plants and that there are few, if any,
occasions when plants can be added to the crop. It is
therefore particularly important that the conditions
should be such that the greatest nimiber of seeds are able
to emerge simultaneously. The fact that, when sold, each
lot of seed complies with certain statutory minimum



germination requirements unfortunately does notguaran
tee a predictable field emergence. In practice field
emergence varies over quite wide ranges^ see Table 1.

TABLE I—FIELD EMERGENCE

% Number of seeds emerging

Year 1 1 Year 2

Centre x Centre y 1 Centre x Centre y

Sugar beet A
Sugar beet B
Maize A
Maize B

47
48
66
72

34
45
20
34 1

56
62
75
71

74
84
49
34

When carrying outexperiments to study themechaniz
ing of the swede crop Roebuck' recorded the spacing
between plants before singling for a number of intended
spacings from which it canbededuced thattheemergence
of the swede crop ranged from 30% oneyear to 83% in
the following year.

It is the range between maximum andminimum which
gives rise to the subject ofthis paper for, were it possible
at the time of sowing to predict with any degree of
certainty the percentage of seedlings that are to emerge,
it would in theory be a comparatively easy matter to
adjust the seed rate to produce the required population.
It isnecessary to add the qualification 'in theory' becaup
there is often an appreciable range in emergence within
any field so that a suitable seed rate at one end of the
field may be inadequate at the other. It follows that the
grower must exercise every care to ensure that he does
not create avoidable differences within the seed-bed and
in this respect there is growing appreciation of the
importance of(a) using reversible ploughs to avoid deep
open furrows or high ridges, (b) producing a compara
tively level and flat soil surface that will not contain
furrow crests which have been weathered with compara
tively deep un-weathered valleys between them, (c) care
in the useof curved tinecultivating implements that tend
to bring up to the surface the cold wet soil lying four
inches or more down and (d) working the soil in success
ive stages downwards sothatthedepth oftheimplements
increases with each operation rather than the reverse.

The type or condition of the field has to bematched to
the seeds or plants thatit is to receive and here the skill
and knowledge of the grower plays an important part
in the successful establishment of a crop. The most
common practices are either to sow the seed in situ or
to transplant after raising the plants in carefully con
trolled conditions within a nursery bed.

Wayman® has summarized factors affecting crops which
(a) are usually drilled direct in the position inwhich they
are to mature and (b) are usually transplanted—see
Table II for abbreviated details. In this same analysis the
author has also attempted to rate the difficulties in the
mechanization problems encountered at different stages
of the crop. The crop acreages are listed in 'Agricultural
Statistics' Great Britain (M.A.F.F. 1964/65) and various
data have been added such as row width, plant spacing
etc., but since wide variations occur throughout the
country these must be taken as guides rather thanfact.
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(b) Quality and type of seed
The variation in size and shape of the seeds has an
important bearing on the regularity of spacing between
seedlings. Uniformity in size and regularity ofshape can
materially affect the 'drillability' of seed and while the
cruciferae family possess these characteristics to a Mgh
degree, those of the umbelliferae (carrots, parsnips),
compositae (lettuce etc.) chenopodiacae (red beet, sugar
beet, etc.) are the exact opposite.

A considerable amount of work has been reported m
numerous journals, and in a recent publication,
Mohsenin® attempts to place under one cover the most
significant research reports on physical characteristics
and properties ofplant material. Numerous methods of
assessing the following criteria for describing anirregular
object such as a seed are listed: shape, roundness and
sphericity.

In 1961 the Seed Trade Association of the United
Kingdom introduced a range of seed sizes in which
twenty-four sizes each of 0.25 mm range are specified
and identified by the letters ofthe alphabet. These limits
define the screen size through which and over which a
particular grade of seed must pass, and they have gone
a long way towards limiting the variation within any
batch of seed. In effect the upper screen defines the
major axis ofthe seed which is to be retained whilst the
lower screen determines the major axis of the unaccept
able seed. There is no doubtthat with themore spherical
type of seed such gradings are adequate, but a seed
shape inwhich the major axis is appreciably greater than
the other two causes difficulties as does a comparatively
rough or irregular seed shape. Afurther difficulty arises
with the larger seeds which it is impractical to grade
more closely than one millimetre. For example sugar
beet seed is often graded "M-T" (7/64 in.-ll/64 in.)
(2.75 nmi-4.50 mm) so that there is more chance of
variation in the composition of size fractions within the
grade. In this respect the Institut International de
Recherches Betteravieres has drawn up a specification in
which theratio or proportion ofthe size fractions within
any one size grade conforms to a Gaussian distribution-
Work by Vanstallen^" with a vertical cell wheel drill has
shown however, that a Gauss curve distribution of seed
sizes does not guarantee an optimal drill performance.
For sugar beet seed in the grade 3.25 mm-4.25 mm
(8-10^/64 in.) he obtained the most precise sowing in
terms of cell fill when the apex of the distributioncurve
of fractions within the grade lay between 3.75 mm-4.00
mm.

A further difficulty in producing a line of seedlings,
each isolated from its neighbour by a discrete distance,
arises in those crops in which the so-called seed is in
fact a multilocular (multi-germ) fruit or in crops in
which the seed, although monogerm in the majority of
cases can produce twins. Sugar beet is a crop which
provides examples of these phenomena and until com
paratively recently a considerable amount of effort was
put into ways and means of reducing, by mechanical
means, the multi-germ fruits to more or less single germ
units. The principal difficulty lay in the fact that the
greatest singleness generally followed the most severe
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Details of some rowcrops

Crop

Thous.
Acre in
Great

Britain
June 1964

Av.
row

width
(in.)

Av.
spacing
along

the row

(/«.)

Seed
size

Seed
shape Drilled

Difficulties in cultural
operation

(5—t'. ^fficult)

Drill!
plant

Weed
control

Singl
ing etc.

Harv'-
ing

Swedes 353.0 20
Trad

8-12
itional agi

2
iciiltiiral c

1
Tops

D I 3 3 1

Kale and cabbage 250.0 24 12 2 1 DorT 1 3 3 3

Field beans
Peas

66.7 24 random 7-6 4-3 D 2 5 — 2

Mangolds
Sugar beet

71.9
442.9

24
20

15
10

4
4

5
5

D
D

4
4

3
3

5
5

3
4

Brussels sprouts
Cabbages
Spring Brocolli

45.7

37.8

36
20
30

36
15
20

Vegetabi
2
2
2

!e crops

1
1

T
DorT

T

3
3
3

1
2
2

3
3
3
4

Cauliflower
Carrots
Parsnips

21.8
27.0

4.5

30
20
20

20
6
8

2
2
3

1
7

10

T
D
D

3
5
5

2
4
4

5
5

4
3
4

Turnips
Beetroot
Onions
Broad beans
Runner beans

6.1
8.2
5.5

12.0
19.0

20
20
20
20
30

10
8
6
3

12

2
3
2
9
8

1
4
2
3
3

D
D
D
D

DorT

1
4
3
3
3

2
5
3
3
3

3
5
4
1
1

3

4
4

Peas—
pods
canning
dry

20.4
86.6
32.0

20
20
20

random
random
random

6
6
6

2
2
2

D
D
D

2
2
2

5
5

— 3
3
1

Lettuce
Celery
Leeks

8.7
5.3

18
36
20

9
10

8

2
2
2

7
5
2

DorT
T
T

5
5
5

4
3
3

5 4
4
3

Tomatoes
Asparagus
Rhubarb

0.1
1.4
6.2

30
30
48

15
20
36

3
3
3

7
2

10

T
DorT

T

5
5
5

3
5
5

5
5
5

Seed size: 1 = small
10 = large

Seed shape: 1 = smooth, spherical
10 = rough, irregular

Drilled: Direct (D)
Transplanted (T)

treatment but this in turn produced the lowest recovery
rate, so that in practice a balance had to be struck
between a high degree of single 'seeds' and an economic
return. Thefirst acceptable commercial variety of genetic
monogerm seed was introduced into Britain in 1965. This
seed was the result of intensive efforts on the part of the
seed breeders to incorporate the single germ character
istics which had been discovered in U.S.A. shortly after
the war, into varieties that were suitable for growing in
Britain. This year (1969) there are no less than 4 mono
germ varieties on the recommended seeds list and it is
expected that nearly 40% of the British crop willbe sown
with this type of seed. Unfortunately the monogerm
seeds are more plate-shaped than their predecessors and
as a consequence sometimes prove more difficult to drill.

(c) Climatic conditions
Climatic conditions, over which there is no control, can
play a major part in determining thefield emergence that
is achieved. Interactions with soil types, seed-bed

conditions, the soil working parts of the drill and
chemical herbicides are all likely to occur and it is a
matter of skill on the part of the grower that he is able
to offset any minor differences causedby the weather.

{d) Weed-control
The development of selective chemical herbicides which
prevent the growth of weeds without seriously harming
the crop has been remarkably rapid and there is now a
large number ofmaterials available for some crops. The
latest edition of the Weed Control Handbook lists the
following as 'the main objects of controlling weeds in
cereals

(i) to eliminate competition which may reduce crop
yields

(ii) to ease harvesting
(iii) to avoid contamination of the crop with unaccept

able vegetation
(iv) to prevent the increase of weeds.



The choice of herbicide most appropriate to a given
weed situation is a technical problem. Economic con
siderations also help to determine the ultimate choice of
a herbicide. There is no means of indicating what is the
minimum degree of weed suppression to achieve the
above objects.'

Similar comments can be applied to rowcrops where
in many cases an additional object is to ease thework of
thinning.

Traditionally, hand labour has been used in the early
weeksof most if not all rowcrops for two jobs—^weeding
and singling, which have usually been carried out
simultaneously; although it has often been necessary to
repeat the weeding later in the crop's life. When the
weeds can be controlled by chemical or other means
in a manner that is both reliable and economic the entire
elimination of hand labour then depends upon the
successful development of alternative methods of crop
establishment. It will be appreciated therefore that
successful weed-control is a necessary pre-requisite to
total mechanization.

At the present time there are two broad lines of
attack available to the grower (a) he can endeavour to
plant the crop in a weed-free environment hopingthat it
will remain so until the crop covers the ground or (b) he
can applya material that is toxic to the weed but not the
crop. Unfortunately both techniques have practical
difficulties which cause a certain amount of doubt as to
their acceptability. The former is frequently attempted
by what is known as the stale-seed-bed technique and
involves working the land into a seed-bed and thereby
stimulating the weed seeds to germinate. The seedlings
are killed either by mechanical means or by the applica
tion of a non-persistent contact herbicide. If time
permits, two or more flushes of weed-seedlings are
stimulated and killed in this way before the crop is sown.
The manner of killing the weed seedlings is usually
dictated by cost, timeliness, soil type and the weather.
Harrowing the weeds is slow and can be less effective in
wet weather and can cause an additional crop of weeds
but does not involve the purchase of chemicals, the price
of which may range from £1.5-£3 per acre.

On the other hand selective weed-control by the use of
chemicals has not reached the stage of perfection in
rowcrops that is commonly expected and achieved in
cereals. A number of factors can combine together to
produce disappointing results. Some of these materials
have to be applied before the crop emerges and if for
some reason they fail to control the weeds, then by the
time the emerging weeds show themselves it is too late
to apply a second treatment. Some are ineffective on
particular typesof soil. Others have to be appliedbefore
the weed seedlings reach a particular stageof growth and
if this happens to coincide with the vulnerable stage in
the crop growth or the weather conditions are such as to
prevent the operation being carried out, only partial
success can be expected. Nevertheless remarkable results
have been achieved in particular crops and with the
money and effort that is being put into this work it is
reasonable to expect that sooner or later there will be
a material or combination of materials available that will
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be selective to each crop irrespective of the type of soil
and weed flora in which it is being grown. Nevertheless,
it is likely that a multiplicity of techniques will be
required to meet a wide range ofconditions under which
crops are grownboth in U.K. and overseas.

MECHANIZATION ASPECTS

(e) Seed-drUldesign
The basic function of a seed-drill is to provide a vehicle
for transferring the seeds from the container in which
they are supplied, to the soil in a pattern and depth that
is compatible with subsequent growth of the crop. As
such there are two principal parts to the drill (a) the seed
metering components and (b) the soil working parts. It
is, however, unwise to study one or other of theseparts
without due consideration of the other, e.g. it would be
of little use to produce a seed metering mechanism that
was able to segregate single seeds regularly from the
mass, irrespective of size and shape, if having done so it
then allowed the seeds to fall haphazardly into the soil
so that theywere buried too deeply or were inadequately
covered with dry soil. Conversely the best combination
of furrow opener or coulter and covering unit capable
of working in all types and conditions of soil is of little
advantage if its design does not allow the seed metering
mechanism to be placedin the correctattitude in relation
to the soil.

Existing see^l metering mechanisms fall into three
basic types:

(i) horizontal plate or cell wheel
(ii) substantially vertical cellwheel (Figure 3)
(iii) perforated belt (Figure 2)

Type (i) is commonly used in U.S.A. and Canada
where the double disc type of furrow opener is favoured
because of its ability to cut through crop residues. It is
very versatile and it is a cheap and easy matterto change
the seed plate to match different seed sizes. Type (ii) is
very common in Europewhere it is favoured on account
of its comparative simplicity and the fact the seeds are
ejected close (1.75 in.) to the ground. The seed wheels
have to be machined to close tolerances. Type (iii) is also
common in Europe and is favoured on account of the
fact that the seed is ejected close to the ground (1 in.)
and that the seed selecting belts are relatively cheap.

It will be appreciated that because of the manner of
seed selection, all the above types of drill metering or
selection mechanism rely on the accurate matching of
the seed to the cell size so that not only must the seed
be closely graded within the prescribed size limits but it
must also be more or less spherical or uniform in thick
ness if two seeds are to be prevented from entering the
samecell.Using a perforatedbelt type of drill Bradford"
has studied the relationship between the size of rubbed
and graded sugar beet seed and cell or hole size. In this
work the sample of seed although nominally graded
8/64 in.-10/64 in. contained 70% in the size 8-9/64 in.
The distribution from the drill was studied both in the
laboratory and in the field and a numerical assessment
of thepatternwas made. Onboth occasions the drillunit
was run at 2 mile/h (see Table III).
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TABLE m

The relationship between seed and cell size

Cell Size Singles | Doubles 1 Multiples \ Blanks

Laboratory results—%
13 57.7 — 2.4 39.9

14 76.3 — 2.9 20.8

14.5 85.5 — 4.6 9.9

15 83.6 — 12.3 4.1

Field emergence per 100 seed hills
13 30.3 14.7 0.2 54.8

14 34.0 22.5 1.5 42.0

14.5 39.3 21.8 1.4 37.5

15 38.8 23.7 2.5 35.0

The field emergence well illustrates the problems with
multi-germ sugar beet seed. In the laboratory it would
be almost impossible to identify which 'seeds' would
produce two seedlings.

As mentioned earlier some types of seed are naturally
flat and these togetherwith small seeds of high value are
sometimes coated with an inert substance to form
spherical pellets, which greatly improves the regularity
of distribution from the drill (see Figure 4).

Averages of the results which were published after the
l9th National Sugar Beet Demonstration in 1968 show
the improvement achieved when monogerm sugar beet
seed was pelleted (see Figure 5).

An alternative to pelleting that has frequently been
suggested is the use of some form of suction device
whereby individual seeds are picked from the hopperby
means of tubes to which suction is applied. Such a device
is less likely to damage the seed than any form of
mechanical selection although in preliminary work on
clover seed Sweetman (1957)^^ showed that two or more
seeds weresometimes pickedup by onetube,and that this
was influenced by (a) the steadiness of the vacuum, (b)
size and weight of seed and (c) the speed of the tube
through the seed reservoir, coupled with anytendency of
the seedto pack in the hopper. It was found to be essen
tial to preventblockages of the tubes by eliminating any
foreign matter in the seed or air-borne grit. Later work,
by Copp (1960)^^ described the development of this
technique for sowing early generations of wheat crosses.
Kemp and Kalbfleisch (1962) '̂* reported tests on this
equipment on a range of seeds that included cereals,
clover, radish, flax and alfalfa. It was found that, with
theparticular equipment used, twenty rev/min was about
themaximum speed at which theneedles would effectively
pick-up seeds, which with the tractor travelling at 1
mile/h gives a theoretical seed spacing of 8.8inches when
using six tubes per rotor. Seeds which are smooth or
near spherical in shape were more accurately dispersed
than rougher hulled or non-spherical seeds and that the
efficiency of dispensing single seeds was subsequently
improved by using seed of uniform size.

A partfromefficiency of seed selection the performance
of a precision drillcan be influenced by the speed of the
seed selection mechanism through the seed hopper, the
trajectory of the seeds at the moment of ejection, the
height of fall to the furrow, the furrow shape, the
tendency of the seeds to bounce or roll along the furrow
and the manner of covering-in the seed.
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Unfortunately little is known about the effect of
accuracy in seed spacing from the biological point of
view and the engineer is faced with the dilemma of how
far he should pursue accuracy. Providing some form of
plant sensing isincorporated in thesubsequent operation
of thinning or removal of the surplus seedlings then,
within limits, the accuracy of seed spacing becomes of
lesser importance. Similarly if the crop is being drilled
to a stand, variations of the order of ±10% from the
nominal seedling spacing are unlikely to have an
appreciable effect on yield or subsequent operations.
Fromthe crop establishment aspect the prime feature is
that the seedlings should emerge.

Present day precision drills are generally adversely
affected by increasing the forward speed and in practice
it has been found preferable not to exceed 2.5-3 mile/h
for although some machines are able to maintain the
desired seed-rate,most, if not all suffera loss of accuracy
of spacing when this speed is exceeded. Greater output
must therefore be sought by fitting a greater number of
units and thereby increasing the width of the whole
machine. It is not uncommon to see 10 or 12 row units
on a machine.

Spacing the seeds along a tapeis often suggested (Rae,
1968)^5 as offering the possibility of faster sowing in the
field, for the slow precise work of spacing the seeds can
be carried out under controlled conditions within a
factory; however there are a number of practical diffi
culties to be overcome before such a technique can be
applied ona field scale. There are approximately 5 miles
of row per acre when sowing in 20-inch rows, the
sandwiching ofthe seed within the tapematerial increases
its thickness and therefore reduces the effective capacity
ofa spool. A spool measuring 7.25 in.diameter x 7 in.
high is estimated to hold 18,000 ft of cabbage seed at
8 in. spacing compared with about 8-9,000 ft of sugar
beet seed at 5 in. spacing. It is desirable to be able to
select the seed spacing after examining the seed-bed and
the tape must be buried in such a way that it neither
influences the germination of the seed nor interferes with
any subsequent operations.

(/) Transplanters
On a commercial scale the act of transplanting can
seldom be carried out without severing the main tap
root, so that it is of necessity confined to those crops
which are grown for theirvegetative partsas opposed to
those which are truly root crops. In practice this means
that most cabbages, Brussels sprouts etc., together wth
leeks and lettuceare transplanted,while carrots, parsnips
and beet are seldom transplanted.

The reasons for transplanting are;

(i) the plants can be raised in a nursery bedwhere it is
possible to give them greater attention and pro
tection

(ii) thecrop occupies thefield for a shorter period
(iii) it offers an opportunity for selection which implies

rejection of any unsuitable plants
(iv) it ensures an optimum plant population.
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The maindisadvantages of transplanting are:
(i) it requires a high labour force

(ii) the crop may suffer a check due to climatic con
ditions at the time.

Most transplanters are manually fedmachines in which
there is one operator to each row. He places the plants
into a holding device that carries them down into the
soil behind thecoulter. The plant is then released by the
holding device and secured in the soil by some form of
press wheel. The rate of travel is restricted to that at
which the operators are able to feed the plants and this
in turn is dictated by the space between the plants. In
practice^® it has been found that 1 mile/h or about 2,500
plants per hour are the maxima that can be achieved.
Turning, refilling trays etc. reduces this by 25%. The
commonest arrangement is to have two or four units
mounted side by side across a toolbar. The minimum row
width isgoverned by the space required by the operators
when sitting in a comfortable working attitude and is
about 24-26 inches. For closer rows the units have to be
staggered. In addition to one operator feeding each
planter-unit a tractor driver is required. Furthermore,
some labour is engaged in the nursery bed pulling and
boxing the plants if the planting team is to work
continuously.

For these reasons interest is being shown in the feasi
bility of sowing the seeds at the approximate spacing
required in the established crop. This technique which is
known as 'drilling-to-stand' overcomes the disadvant
ages of transplanting but requires a certain amount of
adaptation before it can incorporate some of its
advantages. Theprincipaladaptation concernsthe number
ofseeds that aresown at each plant position. A plurality
of seeds reduces the likelihood of a missing plant,
provides the opportunity of selecting the preferred plant
but creates the problem of singling or thinning. With
crops in which the desired final plant distance is 18
inches or more, the distance between seeds within a
group can be as much as 3 inches and yet still maintain
an acceptable plant distribution. Theoretically the inter-
plant spaces will range from 12-24 inches if only one in
every three seeds emerges. The thinning problem is not
then very great whether it be done manually or by
some form of selective thinner, for there is a minimum
distance of 3 in. between adjacent plants. Where,
however, the final plant distance is less than 18 inches a
range of spacing between 12 and 24 inches is not
acceptable and as a consequence the distance between
the seeds within the group has to be reduced to 2.5 or
possibly 2 inches sothat thethinner or gapperispresented
with the more difficult task of detecting and isolating
plants within 6.11 seconds when travelling at 1mile/h.

(g) Thinners and gappers
The difference between these two types of machine lies
in the size of the cut territory in relation to the final
plant distance. It isgenerally accepted that thinners make
three or more small cuts whereas gappers make a single
cut for every plant station. Sometimes machines making
two cuts per plant station are referredto as semi-gappers.

Gappers and semi-gappers provide a pre-determined
minimum distance between plant stations which can be
beneficial in subsequent operations e.g. harvesting of
sugar beet. Where the braird is irregular or varies in
different parts of the field the operator is often forced to
compromise between a setting that is likely to leave too
many plants in those areas where the germination has
been good and barely sufficient where it has been poor.
A thinner, when properly adjusted, is more likely to
leave the required number of seedlings over the area as
a whole although their distribution is likely to be more
irregular.

Both types of machine may incorporate someform of
electronic control sothat, onmaking contact with a plant
the cutting apparatus is actuated. Machines without such
a control unit aresometimes known as 'blind'. Following
preliminary work in U.S.A. blind mechanical thinners
were introduced into Europe by N.I.A.E. in 1951 and
have since been the subject ofmany field trials. Although
mainly carried out in the sugarbeetcrop these trials have
provided much experience that can be applied to other
crops. Apart from the extreme vulnerability of lettuce
seedlings to loose soil the sugar beet crop combines
most, and in some cases many more of the problems
found in other crops. In most of the field trials the effcct
of using the thinner in various forms and combinations
has been compared with manual singling of the crop.
During the period significant changes have occurred in
the characteristics of the sugar beet seed, for instance,
the first year trials (1952) included so-called natural seed
i.e. the natural fruit containing a multiplicity of seeds
which produced a number of closely entwined seedlings
making it impossible to leave discrete singles without
recourse to hand labour. Since that time natural seed
has been superseded by rubbed and graded seed which
produces a braird containing a higher percentage of
singles. In I960 the first trials using monogerm seed in
conjuction with a blind mechanical thinner were carried
out. Within the last threeyears pelleted monogerm seed
has been used. In 1952 and 1953 cup-feed drills were
used whereas in all subsequent trials precision drills of
one type or another have been used.

Apart from the obvious aspect of reducing the hand
labour required to single the crops an important con
sideration in these trials has been the effect on yield and
also the effect on the efficiency of existing harvesters.
Both these aspects areindirectly related to theuniformity
ofplant spacing, and although slightly lower yields have
been recorded as a result of mechanical thinning it has
often been suggested that part if not all of this difference
is attributable to the high standard of hand work. In
contrast with normal commercial practice the hand
singled plots have always recorded final plant popula
tions very close to the generally accepted optimum of
30,000 per acre. Nevertheless the fact must be accepted
that plant populations with irregular spacing are more
difficult to harvest mechanically and are liable to result
in higher top tare and higher losses due to small roots
falling through the machine.

'Blind' machines which are considerably cheaper than
controlled or selective machines, can have rotary.



pendulum or reciprocating actions (see Figure 6). These
three types of action were the subject of experiments
carried out by Chittey (1962)" who showed that when
used in comparatively full and thick brairds of 36
seedling-in./lOO in. resulting from sowing rubbed and
graded multigerm seed at 1.5 in. spacing, a double
treatment with the rotary thinner produced acceptable
reductions in terms of seedling-in. in both treatments
that were within 10% of the predicted figures. The first
treatment with the pendulum thinner, although con
sistent was about 30% below the predicted figure whereas
the second treatment produced reductions that were
very close to the predicted figures. With the reciprocating
thinner the first treatment was within 10% of the pre
dicted figure while the second treatment was well below
the calculated figure.

The differences between machines at thinning time did
not produce any great effect on the final yields although
no data were obtained on the pattern of distribution of
the seedlings so that it is not possible to compare the
harvestability of the different plant stands. Operational
factors such as depth control, forward speeds, ease of
adjustment and versatility influence the functioning of
these machines and can therefore vary the severity of the
treatment achieved with any particular combination of
blades and gear ratios.

Arising from this and other work has been the tendency
towards a technique which involves only one passage
through the crop. A large scale trial carried out between
1964-1966 by Hanbury^® involved 31 sites and examined
the feasibility of using mechanical thinning in con
junction with low seed rates of 3-6 in. spacing of sugar
beet and with chemical weed-control. Where chemical
weed-control was effective in machine thinned crops the
results showed that in some instances no hand labour
was required for crop establishment, although there were
mean reductions in yield of 1.3 tons per acre (7%)
compared with similar crops that were hand singled.
When hand singling was used a saving of nearly 5 man-
hours per acre (5%) was achieved as a result of increasing
the seed spacing from 1.5 to 3 in., but no further economy
of labour was recorded when the seed spacing was
increased to 4 in. The results for one year of using
monogerm seed in place of the processed multi-germ seed
showed a further saving in hand labour of 5 man-hours
per acre. It should, however, be noted that at only seven
of the thirty-one centres was the chemical weed-control
so effective that no hand weeding was necessary, and in
these instances between 7-12 man-hours per acre was
required in comparison with hand singling times of
23-30 man-hours per acre.

With the arrival of herbicides that allow a crop to be
grown free of weeds, it is possible to detect each plant
seedling and to use it to actuate some form of cutting
mechanism and by programming the action of the cutting
mechanism a degree of regularity can be introduced into
the resulting crop.

Selective mechanical thinners have been undergoing
development in Europe for many years. One design,
which was demonstrated in 1947 as a one-row machine

and, recently has been marketed as a multi-row machine.
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has eight small (1 in.) blades carried radially on a
rotating high speed head (see Figure 7). When a plant
completes the circuit from the feeler to earth the control
box activates a solenoid within the rotating head and
thereby causes the blades to retract and leave the plant.
Controls allow the operator to adjust (a) the length of
the cut zone and so determine the minimum distance
between plants and (b) the length of the uncut block to
suit the size of the seedlings and the distance between
seedlings in the original braird. The use of transistors and
printed circuits in place of thermionic valves has
greatly improved the reliability of the control equipment
of selective thinners. Following work in sugar beet in
1965 Strooker^' reported that the selective thinner
worked equally well during the 2-leaf and 4-leaf stages
of crop development and that the distribution of seedlings
resembled handwork in general outline. However, in
contrast to handwork the thinner did not decrease the
number of doubles and it left more plants within 6 in.
of each other and also created more gaps exceeding 24
in. in length. Strooker also reported that the working
speed was less than 1 mile/h and that the working season
was likely to be less than that of handwork because the
start had to be delayed until the seedlings were big
enough to be detectable.

Selective chemical thinners using an interruptable spray
of a slightly viscous solution of contact herbicide have
more recently been developed and are now appearing on
the market in pre-production models. Their principle is
very similar to that used in the selective mechanical
thinners described above. The sensing unit precedes the
plant-removing equipment which remains in action until
commanded otherwise. The main advantages claimed
for chemical thinners are that (a) they do not disturb the
soil within the row so that they augment rather than
remove any residual herbicide that may have been
applied at the time of drilling, (b) by not disturbing the
soil they will not cause the remaining seedlings to receive
a check, (c) they will probably be able to work at higher
forward speeds.

The alternative arrangement in which the relative
positions of the sensor and the plant removing blades
are reversed has the following advantages:

(i) the blades are held clear of the row until commanded
to cut, thus having a fail-safe characteristic

(ii) the blades are not brought into action until they
have passed the selected seedling

(iii) the minimum distance between seedlings can be
related directly to the effective blade length

(iv) the length of the block is simply adjusted by chang
ing the distance between sensor and the trailing
edge of the cut zone.

Disadvantages of this arrangement lie in the fact that
most designs incorporate some form ofservo mechanism,
either pneumatic or hydraulic, to actuate the cutting
blades. This in turn means that the appropriate form of
power and reservoir have to be provided. Such assisted
cutting produces a very clean cut in the soil and is more
akin to gapping in both action and appearance.

Please turn to page 136
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Fig. 6 (1) Rotary head thinner

Fig. 6 (2) Pendulum thinner

Fig. 6 (3) Horizontally oscillating thinner
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continued from page 131

CONCLUSION

In practice blindthinners have not found wide acceptance
mainly on account of the untidy appearance of the crop,
coupled with the extremes of irregularity in plant spacing
which were particularly noticeable in the case of multi-
germ sugar beet seed. Newer techniques of seed-bed
preparation in conjunction with precise spacing of
single seeds have opened up the prospect of using seed
rates which in themselves are capable of providing a line
of seedlings discretely isolated from one another. How
ever the unpredictable variations in field emergence are
such that, at the present time, it is not generally possible
to produce all crops by the drilling-to-stand technique
so that variations on this theme are likely to prevail for
some time. Amongst such variations are different
patterns of drilling with and without some form of
thinning, probably controlled if such machines can be
produced at priceswhich will be attractive to the growers.
The final choice of technique must of course lie with each
grower, who will be influenced to a large extent by the
market requirements for the crop that he is growing.
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MECHANIZATION OF SPACED ROWCROPS

CROP HARVESTING AND HANDLING

by

W. Boa, BSC (agr), nda, mi agre»

Presented at the Annual Conference of the Institution in London on 15 May 1969

SUMMARY

Systems for the harvesting, handling and market
preparation of a variety of rowcrops are analysed and
examples are given of N.I.A.E. development projects.

In one example a tractor trailed single row sugar beet
harvester of tanker design employs hydraulic servo-
mechanisms to steer the share and control its depth of
working. The other example is a handling system for
bulky leaf vegetables. Framed canvas bags which hold
2.6 yd^ of crop and collapse for emptying and storage
are used for transporting mechanically harvested crops
from the field to fixed or mobile packing sheds.

1. INTRODUCTION

In the last twenty years the proportion of the British
sugar beet crop harvested mechanically has risen to over
95% and it is possible that rising labour costs may make
it necessary in the next decade for many other rowcrops
to reach the same stage of mechanization. Recent
advances in plant breeding, plant physiology and methods
of crop establishment now make it possible for machines
to be designed to harvest most of these crops, and
agricultural engineers in this country and abroad have
already produced harvesters for crops which only a few
years ago were considered to be impossible to mechanize.
However, when one considers that there are at least five
categories of sugar beet harvesters and that the sugar
beet crop is relatively simple to harvest in that it ripens
uniformly, requires little preparation for market and is
resistant to damage, it is clear that there is likely to be a
bewildering choice of systems for crops where harvesting
is a more complex operation.

A harvesting system may be defined as the process of
converting a growing crop into a marketable product
and includes machines for cutting or lifting the crop, for
handling it in the field and through various operations
to the farm gate and for market preparation. Before con
sidering how systemsmay be analysed for use in selected
situations, it is desirable to consider the characteristics
of their component parts.

2. HARVESTING MACHINES

2.1 Complete Harvesters

Complete harvesters may be defined as those which
produce a finished sample in the field and are the obvious

*NationaI Institute of Agricultural Engineering

choice for root crops and those where selection and pre-
market trimming and grading of individual plants is not
usually necessary. In all such crops there is a choice
between:

(a) Single and multi row
(b) Single and multiple stages
(c) Continuous side delivery and tanker machines
(d) Self-propelled and tractor towed machines

To a great extent the choice of machines is limited by
the scale of operation or by soil conditions. Thus, there
are many soils on which root harvesting is best completed
under favourable conditions, where heavy machines or
those which require several passes through the crop are
unsuitable. Similarly a grower with 10 acres can hardly
justify an outfit which harvests 12 acres a day. In many
cases, however, the grower will have to decide on the
relative merits of a number of different harvesting
machines. The sugar beet crop, for which there are
sufficient recorded data to enable both qualitative and
quantitative assessments to be made, may be used to
illustrate the basic principles and areas where future
development is indicated.

In Britain single row machines which top, lift, clean
and load the crop in one pass were favoured when
tractors were low-powered and not very plentiful. Now,
however, larger growers must choose between operating
several single row machines or a multi-row and perhaps
multi stage one, and agricultural engineershave to choose
between continued development of single or multiple
row machines.

The simplest outfit in terms of gang size is undoubtedly
the self-propelled tanker harvester where one man is
responsible for the entire harvesting operation and per
haps the carting. Such an outfit unloading on a heap at
the end of the field achieved an output of 0.37 acres/hour
at the 1968 sugar beet harvester demonstration^ but
calculation shows that the output would have been
reduced to 0.1 acres/hour if the haulage distance had
been 1,000 yards. It is therefore usually suggested that
the harvester should discharge into a stationary trailer if
the haulage distance exceeds 150yards—^although in fact
the output does not decrease until the distance of haul
reaches 800 yards^.

In contrast to the one man self-propelled tanker a
multi-row multi-stage machine requires three tractors
and drivers to operate the topper, lifter and loader as
well as a transport team capable of handling more than
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a ton of crop a minute. Such a machine with a team of
6 or 7 men and tractors could harvest 12.7 acres in an
eight hour day^: it had an output 4 times as great as the
one man self-propelled tanker and a capital cost between
2 and 3 times as much.

In 1964 the N.I.A.E. in consultation with the Sugar
Beet Research and Education Committee investigated
the idea of a one-man single row tractor-trailed tanker
harvester to work at a very high forward speed, on the
grounds that one-man operation with a trailed machine
has the advantages of the self-propelled tanker with
greater flexibility in that the tractor can be removed for
other work. It was also thought that a light-draught
single row machine might work, at a reduced forward
speed, in more adverse field conditions than a multi-row
machine. In trials it appeared that where the steersman
is replaced by automatic controls the standard of work
falls off less at higher speeds as operator fatigue is not
involved^.

In an experimental machine built in 1965'' a feeler
which formed an open horizontal V in contact with the
ground straddled the row of beet immediately ahead of
the lifting wheels (Fig. 1). The feelers regulated the
position of the wheels relative to the row and their depth
by means of hydraulic servo-mechanisms. Proving trials
over a range of field conditions included one in which
the efficiency of the harvester was measured at forward
speeds of up to 6 mile/h in comparison with the farmer's
machine of the same make. Surface losses from the self-
steered machine amounted to approximately 6 cwt/acre
and were remarkably constant at all of the forward
speeds. Approximately 3.5 cwt/acre of beet was left in
the ground at the lower forward speeds but at 4.6 and 6
mile/h, 6 cwt/acre was lost. These figures compared
favourably with those recorded at the 1959 and 1962
National Sugar Beet Harvester Demonstrations^, where
hand-steered harvesters equipped with lifting wheels lost
about 16 cwt/acre at a maximum overall rate of working
of 0.59 acres/hour. Topping efficiency at higher forward
speeds was low. Studies showed that increasing forward
speed with a conventional ground-driven topper nearly
alwaysresults in more over-topping,with a corresponding
but less marked, reduction in undertopping. Rather
surprisingly the trials showed that variations in the
braird had little effect, probably because the compara
tively heavy topper unit had insufficient time to position
itself and so tended to plunge into the crowns instead of
riding over them^.

In the early part of last season, trials of a lightweight
topper with a preloaded suspension showed promise of
success, but late in the season when the beet had become
tough, with a high population of dead leaves and on a
much wetter surface the results were discouraging'.

It would appear that improving topper efficiency at
high speeds requires a more complex solution than a
low inertia topper. This is not surprising when one
considers that about 10 beet have to be topped every
second at a forward speed of 6 mile/h, that the correct
topping height relative to ground level can vary by 5
in. between adjacent beet® and that overtopping by 0.25
in. is equivalent to a loss Of 13 cwt/acre.

The difficulties ot topping sugar beet accurately at high
forward speeds, however, do not invalidate the general
conclusion that single row work is advantageous. Even
if it is impossible to design a topper to work at 6 mile/h,
most of the advantages of the high speed lifter can be
retained by using a two-stage system of harvesting in
which a multi-row topper would be used. It is probably
also true that many of the other row crops that suit
complete harvesters will best be mechanized by using the
single row high forward speed approach.

2.2. Selective Harvesters

Although considerable efforts were made in the U.S.A.
in the early 1960's to provide mechanisms to select ripe
plants from immature ones no one in this country has
produced a fully automatic selective harvester. The only
experimental work on mechanized lettuce harvesting has
employed the once-over technique' and mechanized
harvesting of cauliflowers has been confined to the use
of harvesting aids or improved traditional hand methods.
Davis and Wheeler analysed the work content of three
such methods in 1964-67^°. They concluded that a
method in which the operator cut and trimmed the head
only was preferable to that in which grading was also
done by the same operator. Given suitably sized crop
containers it was better to grade and pack in a well
designed packing shed than on the headland or on a
harvesting aid moving along the rows of crop (Fig. 2).
The reason that the harvesting aid did not show up as
the most efficient method of using labour in spite of its
fewer elements of work and crop handling sequences was
the inability to maintain a properly balanced working
team. Although the five men who cut and trimmed the
crop wereable to help each other without slowing up the
overall rate of working, the rate of progress of the unit
along the row was in part determined by the rate at
which the cutters could inspect the crop. The graders and
packers were therefore under-employed in places where
there were few ripe heads and overwhelmed where the
yield was high.

In the trials the harvesting aid showeda labour saving
of 29 % over the traditional method and the better of the
two improved methods of hand harvesting had a labour
saving of 35%. Increases in productivity of between 30%
and 100% have been claimed for harvesting aids used
for vegetable crops in the U.S.A., but it is very doubtful
if a more elaborate aid for cauliflowers would have been
more productive than the one which was studied.

Experimental data from trials with cauliflowers, how
ever, cannot be applied to other crops that are harvested
selectively. In the cauliflower trials trimming added very
little to the time taken to select, cut and throw market
able heads: the diffierence in times that were recorded
was only 2.5%. Experimentalwork on manual harvesting
of lettuces in the U.S.A., however, showed that trimming
accounted for more time than selecting and cutting
marketableheads". It is therefore reasonable to suggest
that improvements in lettuce harvesting are likely to
result from re-organization of the work as well as from
improvements in handling techniques.



2.3, Simple and Complete Harvesters

Hawkins analysed the advantages and disadvantages of
complete and simple vegetable harvesters at this con
ference three years ago^^^ j^ost of his analysis is still
valid when applied to harvesters where the operations
rely onmechanical components. Harvesters like many of
the present day potato harvesters and the recently
announced American and Dutch combine harvesters for
Brussels sprouts rely on teams ofmen for operations that
are difficult to mechanize. The harvested products are
therefore similar to those from hand harvesting and may
be equally undamaged. Such machines, however, do not
exhibit the increases in productivity that are achieved by
fully mechanized harvesters, such as the one man self-
propelled beet harvester which gives 1200% of the
productivity ofhand topping and lifting with tractor and
trailerhaulage. Calculation shows that a potato harvester
with four pickers gives 300% oftheproductivity ofhand
digging and lifting. On the other hand, with a Brussels
sprout combine where stems are fed into the stripping
units by hand the calculation is complicated by other
operations, such as leaf stripping and inspecting the
final sample, for which there is only a limited amount of
work study data. One canonly estimate that a 3 stripper
Brussels sprout combine is likely to give between 140%
and 200% of the productivity of traditional hand
picking^^

Assessments of productivity increase from the use of
simple harvesters arelikely to be misleading. Thus a man
with a universal vegetable harvester' can cut and load
Brussels sprouts plants 10 to 12 times as quickly as with
a billhook. Cutting.and loading, however, is not a work
element in traditional hand picking and is only one of
about six operations inmechanized once-over he^esting.
Low productivity inany ofthese elements orthe inclusion
ofunnecessary elements can reduce the advantages ofthe
simple harvester. Simple harvesters therefore cannot be
compared quantitatively with complete ones except as
parts of systems that take account of all of the various
harvesting operations.

3. MATERIALS HANDLING

As partof the harvesting operation every crop has to be
loaded on to vehicles, transported out of the field, un
loaded to await further processing or sale and then
loaded again. None of these handling processes is
productive: they add nothing but cost to the final
product '̂̂ . Furthermore most rowcrops are of very
limited value compared to industrial materials. Thus for
example sugar beet before it is cleaned and loaded is
worth less than £6 per ton and Brussels sprouts on the
stalk are worth no more than £10 per ton. Short distance
transport with agricultural tractors or specialized
vehicles based on them is inexpensive^® and tipping
trailers which have been availablefor many years provide
a rapid method ofunloading where there isno objection
to placing the load directly on the ground. Trailers
where the body can be raised have the advantage of
allowing loads to bedischarged intohoppers anddesigns
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where the body can be freed quickly from the chassis
allow loads to be stored to await some other process.
Self unloading trailers have the virtue of giving a
controlled rate of unloading which may be desirable to
reduce damage or to provide a steady flow for market
preparation processes.

Efficient crop handling, however, depends on efficient
loading as well as on cheap transport andunloading. In
the sugar beet crop, a sound economic argument can be
advanced for running a tractor and trailer alongside a
single row harvester only where the acreage is toolow to
justify the additional cost of a tanker or where soil
conditions are too wet to allow one to be used.

The success of tanker machines results from their
unloading rates being very much higher than their
harvesting rate. A single row unit working at 3 mile/h
harvests a tank load of beet in 9 minutes and discharges
it in 3 minutes. Because 2 tanks are required to fill a
trailer loading time is therefore 12 minutes instead of 18
minutes. The saving in transport that results is apparent
when the 6 minutes that is saved is compared with the
14minutes that is needed for transporting beet 800 yards
to a clamp, tipping it and returning empty. A less easily
measured but probably more important saving is that
the tanker introduces a break point into the harvesting
system permitting easier balancing of harvesting and
transport.

The provision ofbreak points isparticularly important
in vegetable harvesting where market preparation is
likely to proceed at a very different rate from harvesting
and where short term storage may be desirable to allow
daily or weekly marketing in spite of adverse field
conditions. Unit loads are usually accepted as the best
solution to these problems and a vegetable harvester that
carries pallet boxes and discharges them as they are filled
could combine the advantages of the tanker harvester
with those of container handling '̂'. A tractor-mounted
machine of this type would probably also work satis
factorily when field conditions are too wet for trailer
transport.

As a general solution to the handling ofproduce from
the universal vegetable harvester pallet boxes were
abandoned on the grounds that in leafy crops very large
boxes are required'. These are too heavy to be man
handled when empty and are filled too quickly to allow
the driver to operate a conveyor which was lowered into
the boxes to reduce crop damage.

Thesuccess of this system therefore depends upon the
bulk density of the crop being handled. In carrots a
1.5 yd^ box holds about 10 cwt harvested from about
250 yd ofsingle row, but with Brussels sprouts a 2.5 yd^
box holds 400 stems weighing 800-1,000 lb harvested
from a 200 yd row. Thus with carrots it is relatively
simple to provide a magazine to hold a supply of empty
boxes that can be lifted on by 2 men whereas with
Brussels sprouts one can rarely find space for more than
one spare box which, weighing 300 lb when empty, has
to be lifted on to the harvester by mechanical means.

Recent trials at N.I.A.E. with sling bags (Fig. 3)
indicate one possible method of using unit loads with
vegetable harvesting machines. The sling bags are based
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on reinforced paper sling bags which have been used in
the U.S.A. and this country for handling materials such
as fertilizers in 0.4 or 1.3 yd^ unit loads.

They are simply large sacks of more or less cubical
shape in which the load is carried by means of a sling
the full width of the container. The sling extends above
the top of the container in the form of loops which pass
over the forks of a pallet carrier and not only support
the weight contained in the bin but also maintain its more
or less square cross sectional shape.

In the first N.I.A.E. design the slingbag was made of
jute cloth and fitted with a top frame made from steel
tubing withspring steel strips to hold the slings openand
at the correct distance apart. A lightweight wooden
framework at the base of the bagensuredthat it remained
fiat as the bag was filled and allowed the use of roller
track conveyors for moving full bags. A loop of cord
under the bag was shortened by a simplewindlass on the
lifting forks to furl the sides and reduce the height that
crop must be dropped into empty bins.

As yet these bags have only been tried with a front
loader and in a packing shed; they have not been fitted
on a harvester. The present design is 3 ft 6 in. deep, 5 ft
wide and 4 ft fromfront to back. Its weight of 80lb can
no doubt be reduced in future designs. The advantages
over standard wooden pallet boxes are:
(a) Empty weight is less than one quarter.
(b) Empty volume is such that two 2.6 yd^ bags occupy

a spaceof 5 ft square and 9 in. deep.
(c) Damage free filling requires minimum attention by

the machine operator.
In the trials it was observed that full bags were no

more difficult to pick up thanpallet boxes, and although
they could not be stacked they could be moved on a
roller track conveyor. Moreover (Fig. 4) they were
emptied without theaid ofa tippler byallowing thesides
to collapse asthecontents were removed andit appeared
that the extra time spent by the operators stooping to
reach the Brussels sprout stems was compensated by
their not having to operate a tippler and by the speed
with which they could push empty bags out of the way
and replace them with full ones.

The trials also showed how the design of the bags can
bemodified sothatempties can beplaced onlifting forks
automatically instead of by hand. More extensive trials
are planned for the coming autumn and winter.

4. MARKET PREPARATION

All mechanically harvested rowcrops require some
preparation before marketing. Cleaner loaders are an
integral part of sugar beet harvesting and at the last
demonstration 20 machines were shown to have an
average loss of 2.2 Ib/cwt '̂—approximately the sameas
that by roots left in theground and less than 1/5 of the
total losses^®. The most effective machine reduced the dirt
tareby 55%, theaverage of all machines bemg 40%.

Specialized machinery for use in packing sheds is also
available for the market preparation of carrots, onions.

leeks andsalad onions. There is, however, noup-to-date
comparative data of their performance. There is also a
considerable difference of opinion on where market
preparation of crops with a high proportion of waste
should take place. Celery, cabbages, Brussels sprouts,
cauliflowers and lettuces are examples of crops of this
type.

Machines of three distinct types are now available for
stripping Brussels sprouts: combine harvesters where the
crop is cut, stripped andto some extent cleaned (Fig. 5),
tractor-mounted or trailed unitswithor without cleaning
attachments where stripping takes place in thefield (Fig.
6) and electrically powered units for use in a packing
shed (Fig. 7). In all of these units, however, stems have
to befed one by one into stripping mechanisms. It may
be argued that the use of packing shed units is dis
advantageous in that extra transport is required for
carrying waste to and from the shed. However, with a
handling method that permits short-term storage of
stems the method has the advantage of allowing market
preparations to continue when adverse weather precludes
field operations.

A mobile packing shedafter the pattern of the Hosier
milking bail is a possible alternative to field or packing
shed strippers and trials with a unit at N.I.A.E. (Fig. 8)
have shown that rates of working are similar to those
attained in a fixed shed.

The shed which was subjected to field trial in the
winter of 1967-68 '̂ was based on a 4-wheeled trailer
havinga deck 14ft long and 6 ft 6 in. wide. Two cradles
each 7 ft long were suspended from one side of the
trailer to support box pallets of untrimmed vegetables.
The cradles each consisted of2 L-shaped frames connect
ed by struts and diagonal braces and were earned on
hinges 3 ft above the deck of the trailer.

Cable operated ramps on frames at the front and rear
of the trailers were attached to the lower corners of the
cradles and were operated by hand winches which tilted
them through 100° allowing operators standing on the
trailer deck to remove all the vegetables from the pallet
boxes.

The trailer deck formed the working area of the shed
and a 4 ft wide extension on the opposite side to the
cradles provided space for storing produce. This exten
sion and the roofabove it folded against the side of the
trailer for transport. Theworking areawas also covered
with rigid corrugated p.v.c. roofing and the ends were
similarly clad. Polyethylene curtaining around the
produce storage extension reduced draughts considerably
and, although the crop reception side was completely
open, working conditions were reasonable.

When the shed was used for Brussels sprouts two
stripping machines powered byanengine-driven genera
tor were mounted adjacent to the crop reception cradles
so that each operator had access to the whole length of
one box ^d also to the hand winch that controlled the
angle of tip. Chutes were provided to guide waste stems
over the edge of the deck into heaps under the cradles.
A simple roller cleaner precleaned the sprouts as they
were discharged from the strippers and a third operator
was responsible for stacking bushel boxes of produce.



moving the shed when the piles ot refuse became too
high and replacing empty pallet boxes with full ones.

The trials showed no major disadvantages of the basic
concept but crop handling in pallet boxes 7 ft wide, 3 ft
6 in. from front to back and 3 ft high was unsatisfactory.
The empty boxes, besides being heavy took too long to
exchange for full ones and their narrow front-to-back
dimension although suitable for hand unloading and
transport was unsuited to automatic filling from a
vegetable harvester. Their depth also was too great for
damage-free filling. A canvas hopper with a retractable
slide inside the box was necessary but added to the
already high unproductive weight that had to be trans
ported across the field.

Self-unloading trailers have been used as hoppers by
a Norfolk grower who has a mobile packing shed for
field pretrimming of mechanically harvested celery^® but
for N.I.A.E. trials this winter in Brussels sprouts sling
bags will be used with a very simple packing shed based
on a 2-wheeled trailer (Fig. 9).

5. COMPARISON OF HARVESTING SYSTEMS

It is possible to compare the economic merits of harvest
ing systems for particular farm situations by making
uniform assumptions based on data obtained from field
tests of machines. Such analyses with sugar beet harvest
ing systems show that merit depends not only on technical
efficiency but also on how well the system matches the
availability of labour and capital on the individual farm^.

At present, analysis of Brussels sprout harvesting
systems is impossible because there are insufficient
reliable data on the operation of all the various systems
that are either in use or under trial. It is, however,
possible to make qualitative assessments based on
external factors that limit the use of the various systems.
From a block diagram (Fig. 10) it can be seen that hand
harvesting in which the workers select the sprouts has
only three work elements and that mechanized harvesting
has 8, 9 or 10 elements. The increase in the number of
operations, however, gives a degree of flexibility which is
of value with a crop where the yield and price varies
throughout the season and where day to day fluctuations
follow a fairly distinct weekly pattern.

The magnitude of the seasonal variations are shown in
Table 1 where price data are based on average market
prices over the five year period ending in 1964^^ Yield
data of destructively harvested crops which are also
shown are based on only one tried, but are fairly
typical of the patterns that have been reported elsewhere.

TABLE 1

Sept. Oct. Nov. Dec. Jan. Feb.
Price—^5 year average

(s.d./cwt) 72/7 62/2 45/10 55/1 59/4 59/10
Yield—unreplicated

trial (tons/acre) 4.5 5.4 4.3 3.6 4.0 —

Reliance on hand harvesting means that crop will be
picked only on those days when the weather is suitable:
the grower has little control over the amount of crop
that he will send to market on days when prices are
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usually highest. Employing casual labour usually means
that harvesting must start early in the season and
continue throughout it. It is even possible that the
benefits of mechanizing crop establishment may have to
be foregone to retain the services of casual labour over a
period of years.

Probably the most important benefit that can result
from mechanical harvesting is flexibility: the ability to
harvest crop when price and yieldare at optimum values.
High rates of working and independence of weather are
therefore vitally important and may be quantified by
reference to meteorological data. Weather averages are
usually taken over 30 years but a shorter period shows
adequately the difficulties of harvesting Brussels sprouts.

State of ground observations at a meteorological
station in Bedfordshire in the 20-week periods from
mid-September to the end of January for the seasons
1965-68show that the code number representing soft and
muddy soil surface without pools of water occurred
frequently and for long perio^^^ It cannot, therefore,
be interpreted as the condition where mechanized
harvesting is impossible. Conditions unsuitable for
mechanized field work are, however, likely to occur when
more than 0.5 in. of rain falls within two days. Such
rainfall would cause bad ground conditions to persist
for a further 2 days even in the absence of further rain,
and rainfall exceeding 0.1 in. would extend the period.
In the season 1965-66 such conditions occurred 9 times.
The following year there were 4 bad periods and in
1966-67 there were two. Thus in the total of 60 harvesting
weeks there were 15 when mechanized field work could
not have taken place on a pre-selected day. These periods
of bad weather averaged about five days and only 3 of
them exceeded a week.

Brussels sprouts can be stored on the stalk without
serious deterioration for several days, but stripped
sprouts must be marketed without delay. It foUows
therefore that a system where cutting and stripping take
place simultaneously is less advantageous than one
where the processes are independent of each other. In
the three years that were examined use of the simulta
neous method of harvesting would have resulted in the
completeloss of 15% of the days available for marketing
and the loss of 25% of the most favourable marketing
days. Methodswhere strippingdoesnot take placein the
field would have ensured that produce would be marketed
every week although 15% of the best marketing days
might have been lost when the price is likely to be bet
ween 5 and 20% higher than those for the rest of the
week.^"*

Although at present it appears that multi-stage
harvesting of Brussels sprouts offers advantages there
can be littie doubt that the present number of operations
is highand someof them requiretoo muchlabour. Costs
would obviously be reduced if removing the leaves from
the plants was mechanized or if plant breeders produced
varieties where most of the leaves fell off when the crop
matured.

Sprout strippingmachines could also be improvedby
the incorporation of precleaning units which would
speed up qualitycontroland by the useof automaticfeed
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mechanisms, which analysis of filmed records has shown
to be capable of doubling the output without increasing
the labour requirement^'.

6. CONCLUSIONS

The diversity of rowcrops, each with its own damage
characteristics and marketing requirements, invalidates
most general conclusions: there is no ideal harvesting
system to suit all rowcrops. The range of conditions
under which individual crops are grown even makes it
impossible to specify any particular system for any
individual crop. Probably the only valid general con
clusions that can be drawn are:

(a) Systems in which harvesting and market preparation
are separated by mechanized material handling stages
allowing short term storage are more adaptable to
adverse conditions than those in which any operation
can dictate the speed of another previous operation.

(b) Complete harvesters for leaf vegetables which are
harvested in wet field conditions are unlikely to be as
successful as simple machines until methods of storing
prepared produce for short periods are perfected.

(c) Harvesting machines carrying teams of operators are
likely to give increases in productivity no greater than
those from improved crop handling techniques.
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Annual Conference 1909 — Discussion

Mr W. j. Whitsed (Root Harvesters Limited) comment
ed that he had found a great deal in Dr Bleasdale's paper
that was most admirable and forward-looking. He was
impressed with what the scientist could do in 'bending'
nature towards the use of machinery. He was, however,
disappointed that the paper did not reveal advances in
developing crop varieties particularly suitable for high
speed, low-cost machanical harvesting. The rapidity and
extent of the mechanization of the sugar beet crop owed
much to the work of Mr Oswalt Rose's team in their
endeavours to promote the most suitable plant varieties
and methods that would favour the requirements of
mechanization. Mr Whitsed said he greatly admired the
manner in which Mr Rose had ofliciated in the marriage
of nature and machinery. It was disturbing that there
was apparently no such progress at the research stations

with regard to other root crops. It appeared that no
suggestion had ever been made to potato plant breeders
that adaptability for mechanical harvesting and handling
should be an important feature in new varieties; this was
strange in a day and age when their opposite numbers in
other lands had been doing this for years.

Discussing the problems of carrot harvesting, Mr
Whitsed said that lifting carrots in 4 in. rows involved
lifting 1000 ton/ac of soil. The acreage of carrots grown
in this country was- less than 30,000 per annum and
harvesting extended over a period of seven months. Many
harvesters made by his firm worked well over 100 acres
per season and there were 250 in use. They had reduced
the cost of carrot harvesting from £50 per acre to £10
per acre.

But further development was unlikely unless processors



were prepared to finance the experimental work, as the
potential of the market for special machines would be
inadequate to attract the engineer. As the research
institutions had already proved their ability to adapt
crops to suit mechanization, this approach was the one
most likely to prove fruitful. Mr Whitsed said that he
could see Dr Bleasdale was doing this and hoped that
he would continue to do so.

Dr Bleasdale replied that this was a fair statement of
the conventional view, against which he had beenbattling
for some considerable time. Onlyby thinking in terms of
high-yielding systems and endeavouring to mechanize
them would urgently needed progress be made. It was
frightening to think that production had to be doubled
in the next 30 years in order to meet future food
requirements.

We could no longer afford to be frightened of mech
anical diflBculties such as moving a certain amount of
earth, but even if we were, the standard by which to
judge must be in terms of those high-yielding systems
which were possible. Other systems must be judged in
terms ofyield and quality against thebest. If one applied
this to carrotsa greatdealwas to be found wanting from
theproduction point of view, particularly as regards the
effect of conventional row-spacing on yield. The effect
of conventional row spacing on quality and the inability
to produce finger carrots in widely-spaced row, was well
known. A few years ago, every finger carrot had been
imported into this country and British growers could not
grow them, although they had tried. The mistake they
had made was in trying to grow them in normal wide
rows, thereby leading to such considerable distortion of
the rootsthat they could never geta good enough quality
pack. The Dutch, who had learned how to handle them
grew them in 7 in. rows. Quite a lot of the work was
done by hand and one might have to do this in the
interests of quality and yield, accepting that if it was
difl&cult it would just take longer. Dr Bleasdale said that
although one might hope for progress in the direction of
'bending' plants towards mechanization, one could not
expect to go all theway. He was certain that there was a
limit to how far one could go with wide spacingof rows.
It was almost an immutable law of nature that if one
expected to exploit the environment, one must have the
crop uniformly distributed. Parallels with sugar beet were
of no consequence. It was important to get away from
conservative thinkingand try to forgetexisting machinery
and its exploitation for small markets in this country.
One should think about world markets for carrot
harvesters. There were plenty of carrots in the worldand
we could export plenty of machinery; it was therefore
not necessary to argue that there were not enough
carrots in this country—there were a greatmanyaround
the world.

Mr Love said he wished to make a point about Dutch
methods of lifting finger carrots, under very light, sandy
soil conditions. In his tour of Holland the previous year,
he had seen no hand lifting of carrots. They were all
being lifted bymachines, in some cases very simple, self-
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propelled machines, which lifted, say, a swathe of3rows
about 12in. in width, each row being some4 in. apart or
less. In larger operations, similar types of machine were
lifting around 5rows ofsome 30 in. width, going through
the crop and elevating it up into boxes. The Dutch were
mechanizing this crop on very light sandy soils, almost
pure sand, and this was one aspect of mechanization
which we probablywould have to face.

Mr D. L. Maytom (National Research Development
Corporation) said his job was looking at inventions in
relevant situations to see whether they were good com
mercial investments. He agreed with Mr Whitsed in
saying that many ofthese situations involved the develop
ment of specialized machinery, which may have a high
user benefit but were not attractive to a Manufacturer.
As for world markets, experience had shown that if a
machine was not a commercial proposition in the home
market alone development would rarely be justified on
the basis that the additionalexportpotentialwouldmake
it worthwhile.

Mr Love said that during his travels abroad he had
beenamazed at how little penetration there had beenby
British machinery. In Cyprus, for example, tractorswere
running all over the Island being used more or less as
bicycles by the growers. Yet, there were only two seed
drills on the Island, both of which were operated by the
research station; these were American old-style Planet
drills. Surely there must be export opportunities. Mr
Whitsed interjected that carrots were still broadcast in
Cyprus, and Mr Love suggested that the harvester and
drillmanufacturers should collaborate in marketing their
machines.

Mr J. C. Hawkins (National Institute ofAgricultural
Engineering) reminded the audience that work had been
done by Dr Black at the NIAE Scottish Station on
breeding potatoes for mechanical harvesting.

Mr H.J. M.Messer (National Institute ofAgricultural
Engineering) asked if Mr Love would say more about
where he envisaged vegetables would bestored, whether
they would be stored on farm orinspecial buildings put
up by the large chain stores and also about the types of
storage building he had in mind.

Mr Love said that he envisaged storage as being on
the grower's or prepacker's farm. He would expect the
central grading and packing station to be set up purely
on economic grounds, as whole units embodying stores
and grading and packing facilities all within one area.
His own organization had facilities at their depot but
this was only for overnight storage. There were two
factors to consider—one was buffer storage which should
be on the farm or at the central packing point, and the
other factor was long-term storap which could be
actually nearer the pointof production.

Dr Arthey said he thought processors would gener
ally take the same view of this situation. Quite a larp
amount ofmaterial was stored by processors in the units
of cold storage companies in this country at the present
time and he thoughtit would continue to be so.

Mr Love made the point that storage, must be made
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relatively cheap and simple. Buffer storage, for example,
should be able to cope with two to three days supply of
carrots, or whatever might be needed to keep a packing
shed going for the week. It was often impossible to meet
the end-of-the-week demand—^the Thursday/Friday de
mand in packing—^by direct harvesting. One had to
harvest on Monday, Tuesday and Wednesday, and then
store in order to keep up with the demand on Thursday
and Friday. Storage had therefore to be not necessarily
large but fairly simple, cheap and efficient. Storetemper
ature should be quickly pulled down and held, and this
was why the ice bank theory looked very interesting.

Mr Maytom referred to a point in Mr Love's paper in
which the author had said that the lack of labour had
meant the virtual disappearance from the market of good
quality green peas in pods and fresh dwarf french beans.
He asked if there wouldbe a demand for fresh peas and
beans if a harvesting machine could be developed to
overcome this labour shortage problem, bearing in mind
the strong trend towards 'convenience foods'.

Mr Love said he had been looking at the question of
the green pea crop and dwarf french beans for three or
four years. In spite of discouragement from his Com
pany's produce buying department, there was no doubt
in his mind from the evidence so far available that there
was a good customer demand provided growers did the
job properly with successional sowings, using the right
varieties and picking at the optimum periods to produce
really good quality peas. The big problem was the cost
of hand labour and if this crop could be mechanically
harvested with the minimum of damage to the pods,
there would be a good demand for the product. He had
looked at dwarf french beans from the processors'
harvesters but the amount of damage, debris and grit
wascurrently far too highfor a fresh prepacked article.

Mr a. J. Walters (Varley F.M.C. Ltd.) said that his
Company's mobile pea viners were operating very
successfully in Scotland. He was convinced that quality
depended on rapid transit from field to store—not to
exceed 90 min.

Dr Bleasdale saidhe would like to return to the point
Mr Maytom had made about not beingable to afford to
develop machinery where it was mainly for export.
Whilst one could accept that a machinery manufacturer
must have a stronghome-based market for his products
as a whole, he did not think that this should preclude the
development or manufacture of something that was
largely for export. He recalled seeing at an NIAE Open
Day a sprayer unit which had its ownpetrol engine and
was intended for use with horses, to be used somewhere
in the back-of-beyond. Presumably, this had been the
result of expenditure of public money on a piece of
machinery that could only everbe exported.

Mr Maytom said that N.R.D.C. tried to exploit many
of these inventions, including ideas from N.I.A.E. such
as the animal-drawn toolbar for developing countries,
but if one studied the list of such products and the
amount of money it costs to develop these, very few
indeed were sound commercial propositions. The prob
lem of getting a company to invest in the manufacture

and marketing of these products was much bigger than
that of development.

Dr Bleasdale retorted that there must be people here
who were sufficiently interested in exports and who had
sufficient experience of it, havingbeen successful, to think
that they might dare develop things marginally basedon
overseas markets.

Captain E. N. Griffith (Rotary Hoes Limited) said
that in his view it was quite correct that more attention
should be given to developments for the export market.
Seen in proportion, the sale of agricultural machinery in
this country was onlyabout£38,000,000 plus£50,000,000
of tractors, whereas in Europe sales of agricultural
machinery wereof the order of £600,000,000, whilemachi
nery and tractors together totalled around £1,000,000,000.
Europe was a great market. In this country and also in
Europe, there was a dwindling labour force, with rising
wages and getting older in years; therefore the demand
m Europe was the thing the agricultural engineer should
me particular attention to. Naturally, the market had to
be carefully studied and one had to know the size of the
farm one must be concerned with. If one took West
Germany, 75 % of the farms were under9i acres andcon
sequently land values were enormously high. Sugar beet
was only grown on land the most suitable for sugar beet,
which was around Hanover where land was worth about
£1,000 per acre. Likewise, potatoes were only grown in
sandy soils, at less than halfthisvalue, thus avoiding the
problems ofmudandclods. There were different problems
to which a lot ofcare and thought should begiven, taking
advantage also of the experimental stations on the
Continent, which were excellent. One had to take the
trouble to go and find out but Europe was where great
prizes could be won and where great effort should be.
England was a nice cosy market, but we had to go out
out into the great world and there were over 150countries
in the world that used agricultural machinery.

Dr Bleasdale said that by and large, Britain, with its
advances in mechanization, was ahead of a greatdeal of
the world including America. He thought this country
should stay ahead and educate the rest of the world to
our way of thinking as far as possible. He saidhe firmly
believed there was a large part of the world which need
not endure the trouble this country had experienced as
the result of Jethro Tull. Present methods of growing
depended onbroadcasting andeven distribution ofcrops.
Although broadcasting was inefficient, the distribution
it produced was efficient and if the countries concerned
could be allowed to stick to that, we would be there in
duecourse. Hefelt it might take some time, in the light
of today's discussions, but he felt sure this was the
direction in which this country had the opportunity to
lead the world.

Mr C. de B. Codrington (Agricultural Development
Unit, Conrad Jameson Associates Ltd.) recalling what
MrLove andDr Arthey had said about therequirements
of the fresh and processed markets, expressed the view
thataseach market became more competitive, thequality
requirements were going to increase. Unless the farmer
could meet these requirements, his return would godown.



It had often been said that it was not the price the
farmer obtained for his first quality produce that was
significant, but that it was the return for his second
quality produce that gave him profit. Mr Codrington
thought there was a lot of truth in this. A great deal had
been heard of the demand for continuity of supplies by
both the retailer and the processor, and these could be
met only by production programmes. Referring to a
suggestion in Mr Boa's paper about a geographical
separation of production programmes, Mr Codrington
said he did not know if this was really feasible in view of
the fact that the main sources of supply in the future
would be from co-operatives i.e. groups of farmers
combining together in one integrated production unit.
This would be necessary in view of the acreages which
were going to be needed to meet the requirements of
these markets. Would not this change in concept of
marketing and expansion of production groups affect
our overall approach to mechanization? Whereas in the
past one had thought of the individual farm, now one
was thinking more of units of farms together. Probably
as a result of the financing arrangements by which co
operatives were themselves established, more money
might become available for machinery and one could
then look for more sophisticated machines. Mr Codring
ton said that he was not advocating the use of more
sophisticated machines as such but he believed that the
finance would be there if they could be developed. With
regard to the export potential, he believed that very
valuable markets had already been identified for vege
table and root harvesting machinery but what would sell
the machinery from this country would be not only the
performance of the machines themselves but the overall
production, harvesting, storage and marketing tech
nology which we could offer.

With regard to packhouse operations, it looked as
though these were going to be more sophisticated if Mr
Love's and other companies requirements were to be
met and as a result these would have to be carried out
indoors. This would give rise to the problem of central
ization as opposed to on-farm operations and high-lighted
the problem of getting perishable products into a central
packhouse at low cost and with no damage. One could
see an interaction between farm transport and road
transport on which, at the present time little research was
being carried out. In the packhouse itself, where one was
concerned with grading, selecting, preparing and packag
ing, there were also many research problems waiting to
be investigated. Mr Codrington said he investigated the
possibilities of weight grading some time ago and had
found certain very useful advantages, one being that with
potatoes the housewife saw the mass and not the size and
yet it was the practice to go on grading them by size.
Moreover, when selecting the smallest potatoes, or, in
this case, the lightest potatoes, they were not so severely
damaged and therefore one was getting some automatic
selection of quality. Perhaps electronics could help to
make weight-grading machines more accurate and com
pact. One might expect to see very shortly an electronic
quality selection machine in certain fields. Subsequently,
the development of automatic packing machinery to
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reduce the labour requirement within packhouses was
important where crops had short seasons.

Research and development in grading and packaging
did not appear to be coveredby any particular research
institute and this was an important gap in an area where
a great deal of money was being spent at the present
time.

Mr B. Burgess (Ben Burgess & Co.) said he had
been interested in Mr Maughan's paper and was interest
ed also in the delicate, complicated, expensive and
ingenious machinery which had been developed to over
come a problem which he understood to be the lack of
uniformity of germination of seed in soil. He would
suggest that if thiswas the problem, it should be attacked
from another angle, namely, that it was caused by the
farmer's lack of ability to produce a uniform seed bed
every year. This was partly the result of the farmer's
mis-application of the use of power on the farm; power
application started with ploughing. In recent weeks, he
had been on a number of fields that were to be prepared
for sugar beet.Some of these fields were on experimental
farms in East Anglia where the application of power
should have been thoroughly understood. The point of
particular interest wasthe 'contour' of the ploughed land
before it was touched. Mr Burgess said he had measured
the contour in a number of fields on one experimental
farm and had been horrified to find that it varied by
10in. withina 12in. depth in land that had been ploughed
well before Christmas, Recently he had visited a quite
normal farm where the^contour varied by 12 in. within
about 18 in. depth, and this went on all over the field.
The weathering process had affected the surface band
uniformly to the extent of 1^ in. When a primary culti
vation implement first went through this in the spring
time, it rubbed off the first inch and a half of this con
solidatedmud on the top of the heap and then draggedit
down underlying these and deposited the mixture in the
lower places. After this the farmer then started to
produce what he calleda tilth. This was not an easymatter
for him. Engineers made a lot of machinery to aid the
farmer to produce fields of ploughing which had the
contours he had described and a lot more machinery
whichallowed them to produce fields full ofconsolidated
mud, which, after an hour's drying, becamelovely fields
full of clods. Mr Burgess suggested that the correct
approach was to pay more attention to the preparation
of the seed bed, not merely at the time when the farmer
went on to the land in the springtime, but in the period
when he ploughed the land in the autumn. It could be
done and was being done; the problem was not as Mr
Maughan had put it. The answer was to avoid these
unfavourable circumstances by means of the proper
application of good tillage in the earlystages. The prob
lemin the springtime couldthenbe reduced by quite50%.

Mr Maughan said he entirely agreed with Mr Burgess
that many people were mis-making their seedbeds one
way or another, but nevertheless there were wide varia
tions in the seed emergence qualities. Some of these were
within the control of the grower and he would not dis
agree for one moment that seed bed preparation went
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right back to the initial ploughing in the autumn, or, in
some cases, mid-winter, as it was the mid-winter culti
vations that ironed out the gross irregularities to which
Mr Burgess had referred. It was better not to create the
conditions and he was sure there was a growing appre
ciation of this, especially amongst users of the reversible
or one-way plough, and of the necessity to avoid ridges
and open furrows. However, having done all this, and
achieved a nice frost mulch on the top and kept it there,
there were still differences in emergence across the field.

It was not often that the agricultural engineer rushed
to the defence of the seed breeder; on the contrary, the
seed breeder was usually blamed for all the faults that
had arisen in the field. There was still scope for improving
field emergence and if a means could be found of testing
field emergence it would help. There did not appear to
be much correlation between field emergence and
laboratory germination in many of these seeds. Basically,
the trouble was that there were variations within fields.
One could go a long way towards alleviating them, but
they could not be overcome altogether. Mr Maughan said
this brought him to a point which he had thought Mr
Burgess was going to advocate but had not gone quite so
far as doing, namely, drilling to a stand, which was
obviously the next step. It was a practice which had to
be watched with great care, but people were both talking
about this technique and using it. In the case of the beet
crop, it was interesting to look overseas at Belgium where
as much as 20% of the crop in 1967 was drilled to a
stand. In 1968, the figure was again 20%, the only
difference being that a number of people who tried the
technique in 1967 had not used it in 1968, the balance
being made up by newcomers. What the position would
be in 1969 it was too early to say. Nevertheless, it was
quite an appreciable proportion of the crop or the
number of growers, and it was indicative of the number
of people who had backed out.

Mr Burgess said that the point about the variation in
condition of tilth from one end of the field to another,
did not arise in practice until after the farmer had done
his initial spring cultivation. If, from the time that he
first went onto his field, the farmer could avoid scraping
the mud up to the top, it was only at a later stage in his
so-called seed bed preparation that the farmer produced
variations in the surface soil texture, which affected
germination by up to 50%, as Mr Maughan had shown.

Dr Bleasdale said he was in favour of drilling to a
stand, although predators could present a problem with
only a limited number of spaced plants to attack.

Mr T. Sherwen (Consultant) asked what percentage
variation in seed size was normally encountered in a
given batch and asked what it would cost to narrow the
size range. As any seed cell mechanism released the seed
at a variable point according to the size of the seed, this
must affect the precision of placement of the seed and
its consequent germination.

Mr Maughan replied that he could not give details of
costs nor of percentages in relation to any one particular
batch of seed. There was no doubt that seed producers
could grade within very close limits. It depended some

what on the shape and type of the seed, but certainly
spherical seeds could be graded within 0.25 millimetres
between maximum and minimum. The problem then
became that of determining what the grower wanted.
One could obtain a multiplicity of 0.25 millimetre grades
out of any one batch; there was then the question of
matching the seed-metering mechanism to the particular
batch of seeds required. One might get a batch of seed
that matched one's particular metering mechanism; on
the other hand, one might be unlucky and get a batch
of seed requiring a seed-metering unit of some other
particular size—an ideal situation for the engineering
industry sinceit would lead to more meteringmechanisms
being sold. However, it would create practical problems
on the farm inasmuch that a multiplicity of metering
mechanisms would be required to cater for a very wide
range of seed-batch sizes. It would also create problems
in the seed producing houses in the sensethat they would
have to get rid of the unwanted grades and where would
they go? Mr Maughan said that he believedthe practice
of beet seed producers was to grade off anything over
14/64ths in. as surplus to their requirements, and they
were attempting to grow seeds of smaller size. The alter
native would be to find a market for the over-sized seed,
but it was not likely to be very welcomeon British farms.

Mr Sherwen suggested that if, for example, grades A,
B and C were produced to give a batch, one would start
off with grade A. The fact that they were closely graded
would givea veryevenstand. Then by a small adjustment
to the seeding mechanism, the next batch could contain
grade B and at least there would be even spacing. Mr
Sherwen suggested that one would not be faced with the
problem of what to do with the grades which had been
graded out. If they were put into a series of grades and
then put into the seed box and sown in successive batches,
much more accurate placement would be obtained.

Dr Bleasdale said it would take an Act of Parliament
to bring this about. The trouble here was that whilst one
could do this with seed potatoes, it was not possiblewith
seed. Ordinary brassica seedwould normally be split into
three 0.25 millimetre classes; there might almost be
equal weights in these, so it might cost three times the
price if one only wanted to buy one grade. There would
probably be a charge for grading. The real difficulty was
that certainly the smallest seed and possibly the middle
grade seed would sometimes have less than the statutory
minimum germination. It was always the largest seed
that had the highest percentage laboratory germination.
It was no trade secret that a certain amount of blending
took place from time to time in order to meet the require
ments for the statutory minimum germination of the lot
as a whole. It would need an Act of Parliament to ensure
that seed was sold with declared germination.

Mr J. a. C. Gibb (University of Reading) asked Mr
Maughan if in fact the vacuum seeder principle, which
was one in which he was also interested, might not
provide a means of dealing with varying sizes of seed.

Mr Maughan said that although he did not think he
was competent to answer this, one thing that had im
pressed him about the work he had come across concern
ing vacuum seeders was that it was extremely difficult to



match the venturi hole size to the type of the seed. Even
with a very small venturi, no larger than a hypodermic
needle, it was still possible to pick up two or three seeds.
Another feature of some of the work that he had seen,
although he claimed to know nothing about later work,
was the extraordinary slow rate of working. He believed
that 1 mile/h at 9 in. spacings was about the maximum
that had been achieved with this type of equipment in
New Zealand.

Mr p. Richardson (National Institute of Agricultural
Engineering) said that he had been concerned with work
at NIAE with seeds not graded for size and results had
been obtained which, although not perfect, had been
quite encouraging. Picking up several seeds at once was
a problem to some extent but in their work with mono-
germ sugar beet seeds, for example, they had managed to
pick up about 95% single seeds and the remainder were
either missed or were doubles. With lettuce, 85 % were
singles. This was achieved by using a small vacuum
operatedpick-updevice whichhad beendeveloped purely
as an experimental tool to help with a number of other
problems of sowing, but it did appear to have a high
potential. As regarck speed of drilling, work at NIAE
had so far entailed peripheral pick-up speeds of up to
about 1mile/h. If one dropped the seedat zero horizontal
velocitythis meant a speed of 1mile/h, but many forward
drills did not do this; some allowed a ratio between
peripheral speed and forward speed, of up to 5, 6 or even
7 to 1.

Allowing a ratio of about 3 to 1 would provide a
drilling speed of 3 mile/h which for precisiondrilling was
probably acceptable; it was unlikely that one would wish
to do more than that. Mr Richardson thought that
realistic speeds could be attained with the vacuum
operated pick-up device but it was not yet known what
effect the diflFerential speed would make to the precision
of seed placement in the ground. This was part of the
work now being done.

Mr J. M. Chambers asked if the reasons for the non-
mergence of the plant from the seed were sufficiently
understood. If one started off with a very high rate of
germination of the seed, could it be assumed that failure
to emerge was the result of capping-over of the soil?
Could anything be done to assist the plant through the
soil? Mr Chambers said he had noticed that with some
crops, particularly cotton in some areas, if there was
heavy rain after the seeds had been planted, the ground
would cap-over and the young plant would be unable to
push its way through. He understood that in Texas
rolling was done to break the crust to allow the plant to
get through. Had any work been done on this problem
in relation to sugar beet and other plants ?

Dr Bleasdale said his knowledge of work in this field
concerned red beet which was very sensitive to capping;
he would expect sugar beet to be similarly affected. This
could be overcome either by some treatment that would
prevent capping, such as bitimien mulches or by wetting
the cap. The alternative was to crack the soil—actually
to break it up. An interesting feature was that thin seed
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ing increased the problem. If one was prepared to sow
and chop out en masse, as it were, the seedlings would
erupt and they would crack the soil right along the row.
With single seedlings, widely spaced, this could not
happen and one might lose very many more as a result.
It was a real problem and the answer seemed to lie in
irrigation at the time or some sort of light harrow
treatment.

Mr Maughan agreed that the capping problem was
extremelydifficult. There were great variations in types of
cap; different soils would cap in different ways. In the
U.S.A. he had seen the cap broken up by using con
verging discs between the plants and just squeezing the
soil sufficiently. But attempts to do it in this country
would pull out the roots or pull the entire plant up by
its roots and break everything asunder. The technique
appeared to work in particular cases where the cap was
a very thin one on the soil surface; most British soils,
and especially the silts seemedto get deeper, thicker caps
and of course the type of covering made by the drill
could play a large part in this. Dr Bleasdale pointed out
that only 60 ydVacwas required for a rowcrop seedbed.
Why bother to break up the surface cap over the whole
acre? It would be sufficient to apply the cap-preventative
material only where it was needed.

A member of the audience said that some years ago
one school of thought had suggested that the problems
of precision sowing could possibly be overcome by
placing the seeds out in pellets and these seeds could be
provided with the various nutrients and fertilizers neces
sary to promote growth at the correct rate.

Dr Bleasdale replied that he thought the question of
combination in pellets of protective devices was one of
the great opportunities that had perhaps been missed.
Answering a further question on seeds spaced out on
paper tape, he said that essentially, the seedin paper was
really only a substitute for seed metering and since, by
and large,pelleting had brought about seedmetering that
would satisfy anybody, grading was often enough; it
was doubtful nowadays whether there was any need to
pelletany seeds in order to obtain effective seedmetering.
He thought the opportunity had been missedof creating
a suitable environment in a big pill. One should be able
to say to each seed There you are in a little plant pot.
You really have your own environment there in a pack
age; get on with it'. One could give the seed a squirt of
nutrient as it was put in.

Mr R. V. Falkingham (NAAS, Somerset) took up a
point mentioned by Dr Bleasdale about there being no
longer any need to put plants in rows to meet weed
control requirements because of advances in chemical
weed control; consequently, a selection of row widths
need no longer be for weed control purposes but rather
for crop growth requirements and particularly for
harvesting. Mr Falkingham said he was not necessarily
recommending that carrots should be planted, for
example, in twelve rows with 3.5 in. row spacings, but he
wondered whether this was the trend that was likely to
develop. What row widths would Dr Bleasdale recom
mend for a harvesting system for carrots?
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Dr Bleasdale replied that he would not argue about
3.5, 4.5 or 5.5 in. spacing, but he stressed the need for
effective covering ofthe ground from a fairly early stage.
This was necessary in order to secure maximum yield per
acre. One could argue perfectly correctly that the object
ive should not be maximum yield per acre; one should
go for the cheapest costperton of produce and therefore
it became a valid point that the row space should be
convenient for harvesting. In order to know whether it
was an economic thing to do, one had to know what one
was missing—what the yield would have been if close
rows had been used. One then had to say 'If I use wide
rows, this represents a certain advantage in harvesting
and I am prepared to lose so much yield to achieve it'.
The loss inyield might be too great, particularly with the
carrot crop. Beetroot was an example of the type of crop
where row width was not socritical from the yield point
ofview and Dr Bleasdale thought that one might use row
spacings of around 10 in. With rows wider than 10 in.,
even with the present fairly persistent herbicides, their
effect would have worn off before thecrop was harvested.
In addition, the canopy would not be completely closed
over andweeds could come in. The use of tolerably close
rows ensured good crop cover and swamping of the
weeds, which would make harvesting easier. Freedom
from weeds was what people concerned withmechanized
harvesting had always wanted and now that it was
possible, they would say that you could not use the crop
to help control the weeds, but one would have to do this
if chemical residues in the crops were to be avoided. Dr
Bleasdale said that for brassicas and so forth, row
spacing was fairly wide and did not represent work
restriction, but an interesting point emerged. Work on
the spacing of Brussels sprouts had been conducted on
the basis of the square because this gave reasonable
reference for comparison. If, for the sake of argument,
one said that 21 in. x 21 in. was probably the commer
cially correct spacing to aim at, then everybody would
say 'We have a single-row harvester, so instead of 21 in.
X 21 in., what about 30 in. x 18 in. so that there will
be fewer rows per acre and less turn-round at the end?'
Dr Bleasdale said it was not known at the moment just
how far this reasoning could be taken with these once-
harvested Brussels sprouts, but certainly with the
picked-over crops, in cases where this sort of work had
been done, one started to lose yield in the same way as
with carrots. It was necessary to decide on the base from
which to judge these things and everybody would then
have to judge the matter on its merits.

Mr C. J. Moss (National Institute of Agricultural
Engineering) said that reference was frequently made to
thefact that for three-quarters of theworld's population
their main food was rice. How farwas there likely to be,
in the next twenty or thirty years, a marked increase in
vegetable production in the more backward countries of
the world ?

Dr Bleasdale said he did not regard himself as com
petent to answer that question other than to say that
where standards of living had been raised in under

developed countries, there had been an increase in the
consumption of European types of vegetables.

Mr J. K. Grundey (N.A.A.S., Norfolk) said it seemed
as though thecarrot acreage was increasing, notbyleaps
and bounds, but sufficiently for the farmer, looking to
the future, to ask himself whether he should be planting
more carrots or not. Had the carrot crop a future? Dr
Bleasdale's work might eventually result in considerably
increased production of carrots. Would this increased
production be absorbed in the next five years or so,
allowing any adverse effect on prices to level out again?

Dr Arthey said that from 1966 to 1967 there had been
a 60% increase in carrot production. Had this trend
been maintained in 1968, production of carrots would,
for the first time, have exceeded thatoffresh garden peas.
In fact, however, production of carrots had remained
about the same as in 1967. The processors were anxious
to obtain carrots for as many months of the year as
possible, and some would can this particular crop from
the end of the pea season until as far into the new year
as they could obtainsuitable raw material. There appear
ed to be an unsaturated market in which the processors
could still can more and sell more. It was also interesting
to note that diced and sliced carrots were becoming very
much more popular than they had been in the past and
an increase in this type of pack was also likely. The
British consumer appeared to be able to absorb tht.
increases in production quite readily.

Mr Love said that during a recent visit to Norfolk,
this same question had been put to him by a big carrot
grower. It was of concern also to growers of Brussels
sprouts. The frightening aspect was that of the specula
tive grower who was going in just to get another crop
for a year or two and had not arranged his market.
Consequently, his produce would land in any old state
and in any old market, thus depressing the price. The
reputable growers did not like this because they wanted
to be able to give a fair price to the regular suppliers,
but obviously one had to think twice when one's com
petitors were buying up these cheapcarrotsin themarket.
It created a very unhappy situation.

Mr Love said that a grower who was going into
carrots should ensure that they were aware o*^ the type
and quantity required and of what kind of price—or at
least a basic minimum price—they would be likely to get.
There was still room in this country for a little more
carrot production, but spread over a longer period. It
was sad to reflect that from the beginning of May until
mid-June, carrots would be selling in Britain that had
been imported from Israel, Ajnerica and Cyprus. These
were two months in the yeai when, if Englishproduction
could be stored or otherwise dealt with in a way that was
economic, the market would absorb quite an amount of
the acreage being grown.

Mr V. Austin (National College of Agricultural
Engineering) said there was one small point which he
would like to add to Dr Bleasdale's reference to the
consumption of vegetables in underdeveloped countries.
Statistics would show that the highest consumption per



head was in Mediterranean countries rather than

Western Europe although this was often a substitute of
vegetable protein for animal protein. He understood
that in Europe, Portugal had the highest consumption
per head.

Mr Austin said he had been interested in Mr Boa's

reference to the advantages of cutting stalks and storing
them so that one could put Brussels sprouts on the
market on the days of the highest price. If this was
correct, then obviously this was a tremendous advantage
to the system of cutting stalks and then stripping them
at the table. He wondered however whether the market
really liked Brussels sprouts that had been cut on the
stalk and stripped two or three days later and if there
was in fact any deterioration in quality. If there was such
deterioration it could mean that the engineer must still
think about complete combine harvesters that would
actually pick the sprouts in the field rather than cut the
stalks—a rather fundamental aspect of design.

Mr Boa replied that obviously if one cut a crop and
stored the stalks for some time without any special pre
cautions, there could be some deteiioration. However,
there were growers selling in the quality market who
maintained that, except at the beginning of the season
when the weather could be mild, Brussels sprouts could
be stored out of doors on the stalk for several days. The
idea of cutting the stalk and stripping it separately was
probably an interim stage. Sooner or later a combine
must be developed, but not until mechanisms had been
invented which had outputs about ten times greater than
those of present stripping mechanisms.

Mr Love said his organization had not done any
detailed work on this although it was an idea they had
had for several years, having regard especially to the
advent of sharp cold spells, severe frosts, and so forth.
They had considered cutting the stems and storing them
in a cool barn, to be stripped under cover. Not a great
d eal of work had been done on this, but they had been
reasonably satisfied by the quality obtained, provided
the storage conditions were reasonable. Obviously, one
would not expect to do it in September or October when
temperatures were high; the subsequent shelf-life would
be very short. Provided storage facilities were adequate,
and storage always seemed to be a dominant factor, the
system would probably have to include a buffer supply
of sprouts on the stalk.

Bringing the discussion to a close, the Session Chair

RAW MATERIAL REQUIREMENTS OF THE
VEGETABLE PROCESSOR
by V. D. Arthey

—from page 114

depends on effective quality control at many points.
With many of these defects a processor will stipulate in

his specification the percentage of each that he will
accept in material supplied to his factory. Thus a proces
sor may not willingly accept carrots of which more than
7 % are affected with shadow. In such cases the acceptance
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man, Mr C. J. Moss, said that the output of the crops
they had been talking about must amount to an annual
total in the U.K. alone of the order of £200,000,000.
This was an industry of quite gigantic size and he thought
perhaps the discussion had not fully emphasized what a
vast turnover was involved. In order to obtain this output
economically, with falling manpower, there was a tre
mendous need for a much closer collaboration between
the plant physiologists and the engineers, supported by
the Agricultural Research Council, advisers of the
Ministry of Agriculture, Fisheries and Food, manu
facturers and marketing organizations. If one thing had
come out of the day's proceedings it was the need to co
ordinate these efforts. Mr Moss said that at NIAE a very
strong effort had been made in recent years to bring
about this sort of collaboration and he had been en
couraged by the day's discussions.

Mr Moss said that he had been impressed by the
extent to which the first two speakers, Mr Love and Dr
Arthey, knew what their customers wanted to buy. They
had put forward the needs of the man or the woman in
the street very confidently. He had not realized that such
a weight of information on customer needs and on
specification of product was available. Somehow or
other, everybody concerned had to bend their joint efforts
to meeting this market need. Mr Moss said that he often
volunteered for work in the kitchen and he knew some
thing about quality in relation to mechanical damage and
other kinds of deterioration in vegetables! He believed
that in an industry with a turnover of £200,000,000 per
annum there was work to be done, not only in maintain
ing present quality, but in improving it. Housewives
were going to become even more discriminating in future
years. The industry had to do its job with diminishing
manpower and Mr Moss suggested that the industry
could do more to improve the working conditions of its
manpower, such as had been shown during the discussion
of packing sheds, with some protection being provided
for the worker. The smaller number of men on whom the
industry was going to depend in future would not be
willing to work in the fields under the conditions even of
the last ten years. Much remained to be done and a very
important point for all at this Conference to bear in
mind was that it might perhaps be the engineers who
could help to improve the conditions of the remaining
labour force in agriculture and horticulture.

of such lots will depend ,on negotiation. The frequency of
delivery ofmarginal samples to the factory will sometimes
depend on the relationship between grower and processor,
and the ability to obtain good quality material will always
be easier for the processor whose relationship with his
growers is good. It is important that the fallacy that
grower and processor exploit each other unfairly is
replaced by a more amiable and co-operative spirit of
understanding, which can only lead to improvements in
production of both raw material and final product.
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OBITUARY—RAYMOND DOUGLAS BOMFORD
—from page 104

earth moving equipment, all of which are in use today.
At the outbreak of World War 11 he was a persistently
strong advocate of the purchase of a large number of
American crawler tractors, which he saw as essential for
increasing home food production and they were event
ually purchased.

Douglas Bomford held many important appointments
over a long period. He was a member of the Agricultural
Machinery Development Board, the Tractor Users'
Association, the N.F.U. Machinery Committee, a
governor of Rycotewood College and later of the
National College of Agricultural Engineering, but he
prized most his membership of the Institution of Agri
cultural Engineers, of which he was President for two
successive years. Honorary Fellowship of the Institution
—its highest honour—^was recently conferred upon him
in recognition of his services to agriculture and the agri
cultural engineering industry.

Thus far is the record of Douglas Bomford's achieve
ments over a working life which extended to only a few
months before his death, aged 75. But no account could
be complete without a tribute to his manifold contri
butions to the activities of the Institution of Agricultural
Engineers, as a member of Council and various Com
mittees for many years and of the Agricultural Engineer
ing Examination Board and as President. In the face of
the size of this contribution to the Institution's work, the
amount of persuasion which it was necessary to exert

before he would agree to accept Honorary Fellowship
typified his modesty.

Above all, for those privilegedto know him personally,
was his kindness and the encouragement he gave to
younger agricultural engineers. In his own companies he
appointed a number of young men whom he judged to
be promising, giving them real responsibility at an early
age. Similarly, many of his friends who share his second
great love—small boat sailing—will remember with deep
appreciation Mr and Mrs Bomford's generosityin allow
ing them the unstinted use of their boat—the sloop
'Quest'—in the Fal estuary. Mrs Bomford, whom he
married in 1923, survives him. The Institution expresses
its deepest sympathy to her in her loss, which it is
privileged to share.
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FMM, BS

FME, FMM

MCAP, BS

FBM

MCAP, BS

MCAP, FMM, FBM

AEPAE

AEPAE, FE

MCAP

FMM

MCAP, FMM, FBM

FE

AEPAE, FMM, FE

FMM, FE

AEPAE, MCAP

MCAP, FMM

AEPAB

FE

AEPAB, MCAP, FMM, FE

FE

AEPAE

d u
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Key to Subject
Abbreviations

Subjects passed Subjects passed
with Distinction with Credit

Dowds, W. AEPAE, FMM

Foreman, L. S. ... AEPAE, MCAP

Graham, R. G.... FMM, FE

Hall, P. F. MCAP, FMM, FE

Hancox, W. MCAP, FMM, FE

Hilsdon, W. J. C. AEPAE, MCAP, FE

tHolme, H. J. ... FMM, FE

Jackson, R. G. B. AEPAE, MCAP, FMM, FE

Junker, H. D. ... AEPAE, FMM, FE

Kerbiriou, Y. F. FE

Lattin, J. D. MCAP

Lawrence, D. A. AEPAE, FE

*Luke, A. MCAP, FMM

McEwen, J. A. ... AEPAE, MCAP, FMM, FE

Marks, D. H. ... AEPAE, MCAP, FE

Peel-Yates, C. A.
Scammell, T. J.
Sims, B. A. FE AEPAE

Sterling, H. G. ... FE AEPAE, MCAP

Sunderland, R. F. J. FE AEPAE, MCAP, FMM

Swinstead, P. H. AEPAE, FMM, FE

Thacker, J. R. ... FE

Turyamureebba, S. AEPAE, MCAP

Vaudin, M. B. A. J. FE

Vellocott, W. J.
Wain, R. H. R. FE

Walker, C. C. B. AEPAE, MCAP, FMM, FE

Ward, K. C. ... AEPAE, MCAP, FMM, FE

White, R. G. ... AEPAE, MCAP, FE

Wyles, P. W. ... FE AEPAE, MCAP, FMM

t Holding Shell-Mex & BP Bursary Award

* External Candidate

The Application of Engineering Principles to Agricultural Equipment
Mechanization of Crop and Animal Production
Farm Mechanization Equipment
Engineering Science and Technology
Farm Mechanization and Management
Field Engineering
Farm Buildings and Mechanization
Business Studies

Abbreviation

AEPAE

MCAP

FME

EST

FMM

FE

FBM

BS



Now even better oils to get even better performance from your machines.

New
Reformulated
Shell orBP
Tractor Oil
Universal

T1UU:T0ROILUNIVERSAL THUTOR OIL UNIVERSAL

I'arm machines are changing.
And making greaicr demandson farm lubricants.
What was an ideal oil two or soyears ago, isn't so ideal today.

You need a new improved oil thai keeps aheadof the new
demands made on it.

That's why new reformulated BP Tractor Oil Universal j
and new reformulated Shell Tractor Oil Universal were
introduced: to protect your machines and to get the best ^
performance from them. The new oils keep engines f
cleaner. Protect transmissions. Keep hydraulic systems!
working smoothly, longer. Summerand Winter. 1

Make sure yourmachinery is given the protection
of new reformulated Shell or BP Tractor Oil Universal.

world's most athaadvanced Universal Tractor Oils

farm service
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