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INTRODUC 2 ION

In recent vears there 1:ve been a2 number of changes in
the rel:ative immortance of some sugar producine comtries.
A nunber of industries hrve experienced declinins wro-
duection, while otaers, esvecielly Brazil ané Thailand,
have exvanded nroduction rapidly. These changes reflect
to some extent tae relative success with which technologies
in these countries have adanted to changes in the econonic
and social conditions prevailing in their domestic economies.

The Australisn sugar industry has adapted relatively
successfully to changes in its overating environment. Major
technical changes have been made. This paper examines the -
broxd implications of some of these major changes. The
Austrelian industry is now based on independently opersted
family canefarms. The change from a plantation basis of
production has a nunver of important ramifications, these
are outlined in this vaper. In order to meet the combined
effects of declining real prices of sugar, increasing wace
levels, and increasing scarcity of seasonal labour it has
been necessary to expand the scale of industry operations

and to rely on mechanization. The implications of this chenge
arealso examined.

Finally the paper surveys in greater detail the
implications of some of the specific aspects of technology
used in Australia. Problems related to the introduction

of cane burning and to the mechanical harvesting of cane
are discussed.
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I THE CANEFARMING BASIS OF PRODUCTION

The initial technical development of sugar production *
in Australia was influenced by techniques used in the West
Indies. Production was in small mills with cane supplied
mainly from factory owned plantations. The conversion to
canefarming as a basis of cane supply was a deliberate
policy to foster settlement in areas which were undeveloped
and where other cropping opportunities were limited. The
establishment of an independent canefarmer basis of pro-
duction required specific measures of encouragement. The
measures adopted included

. protection of the domestic market

« domestic sugar price determination on the
basis of farm cost of production.

. establishment of research and extension services

and . legislation to protect the interests of cane-
farmers and to provide for the necessary
integration of the agricultural process and
the industrial process of sugar milling.

Settlement was also encouraged by the establishment
of government owned sugar mills. These mills were later
converted to grower co-operatives. The farms first
established were small, usually with between 4 and 8
heotares under cane. Labour intensive methods of field
cultivation and harvesting were used.

The decision to encourage canefarming has had the
desired impact on regional development. Most ofthe settle-
ment of north eastern coastal Australia is the result of
canefarning and sugar manufacturing activities. This area
is now one of the most decentralized areas of the oontinent.

It is interesting to note that the development of towns '
providing servies to the sugar industry has deen most
successful where more than one sugar mill has been established ’

in an area. Those isolated canegrowing areSswhere the
establishment of only one mill has occurred have not pro-
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vided a sufficient basis for the establishment of a town Of
more than a few hundred persons. The experience has been
thet, for the development of regional industry based on the
requirement of sugar producers, a canegrowing area of at
least 20,000 to 30,000 hectares is required.

Canefarming has advantages in providing settlement and
promoting equality in the distribution of land. As an
alternative to factory owned estates however, this method
of production may suffer major drawbacks. Pirstly, it is
potentially a higher cost operation if land utilization or
Yields of cane are lower than those achieved under estate
conditions. Secondly it may be Aifficult to achieve the
degree of integration between canefarming and sugar manu-
facture which is required if a low-cost structure is to be
maintained. Because of the limitations to storage and to
the long distance transport of cane, factory viability and
performance may be impaired if independent farms do not pro-
vide a consistent supply of millable quality cane. The
factory also effects the profitability of farming as its
opsration may determine the price paid for cane, the method
of harvesting cane and the length of the milling season.

Under Australian conditions it has been possible to
maintain cane farm yields by providing for the licencing of
canegrowing land and by establishing production incentives.
There are also well developed district extension services
to provide assistance to farmers. Canegrowing has been
maintained as a profitable agricultural persuit by controls
over marketing and by limiting the entry of persons to the
industry. Comparisons betwsen the yields on the few estates
now operated® and osnefarmer yields would indicate thst
canefarmer yields are now equivalent to those achieved under

*Estate production now constitutes less than 5% of
Australian cane production.
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large scale estate conditions.

Solution of the second problem of providing integration

in an industry based on farms recuires 2 high degree of con- .
trol to be -exerciced over the activities of farmers. This
control may be vested in the factory. It is the Austreslian ’

exverience however, that the controls required to vprovide a
consistent supply of high quality cone to mills are best
exercised by an independent authority on which the views
of canefarmers &nd mill owners zre represented. It is be-
lieved that the principnles used in oroviding this control
are essentiel for the successful establishment of cane-
farming, The principles zre also important in determining
the technology of nroduction.

Control over canefarming and the imvlications of the
controls 28 they exist in Austrelis are considered here
under the sub-heacings

. lMethods to ensure a regular cene supply
. Methods to determine the price of cane

. VMethods to ensure the suitability of the
cane supply for milling.

Methods to Ensure the Cane Supvly

Depending on the method of sugar manufacture used,
normelly between 40 and 60y of factory overating costs
(excluding the cost of cane purchases) are attributable
to overhead expenses. These costs can be minimized by
ensuring that there is a consistent seasonal and daily
supply of cane. This consistency is provided in Queens-
land, where most Australian sugar is produced, by providing

- for penalties on farmers who fail to fill delivery auotas

or who fail to grow cane on their licenced ares. These

penalties include. the reduction of the farm quota or

reduction of the licenced cane area on the farm. By Py
exercising institutional control over both the area of
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land used to grow cane and the farm production quota it is
possible to influence the intensity of cane cultivation.
Factors including the yield of cene, length of retooning
practiced and crop rotation are influenced in this way.

The Queensland experience would indicste that it is desirable
to control also

. the entry of absentee land owners.

+ the sub-division of farms to ensure that
they remain of sufficient size to maintain
a farily.

« the lend used for canegrowing and the use
of designated canegrowing land for other
purposes.

end . the sale of cane to mills by other than
licenced canegrowers.

Methods to Determine the Price of Cane

A major influence on the technology of cane production
and milling is the price of cene. The determination of
cane price for farmers cannot normaelly be left to market
forces because of the monopoly power of mills. The equipment
which is economic to use in mills will be determined by the
reletive price of cane compared to the value of sugar pro-
duced. The level of sugar recovery, which is determined
mainly by the capital intensity of milling, will be highest
where the cost of cane relative to the price of sugar is
highest.

There are a wide variety of methods used throughout the
world to determine the price of cane, the simplest method
being to pay a fixed proportion of the sugar manufactured
or a fixed price per tonne to growers with all &rowers re-
ceiving the same price. The system used to pay for cane in
Queensland provides that the long term average price of cane
is sufficient to cover cane production costs (defined to
include an imputed wage for the farmer) and is sufficient
to provide the same percentage return on farm assets
as are earned on mill assets. Parm




assets include land used for canegrowing. This method of
establishing average price does have the drewback that it
is necessary to periodically conduct sample surveys to
establish production costs of the industry but it has the
advantage of equitably distributing sugar proceeds. The
basis of payment ensures that the benefits of technical
progreses or of higher suger prices are shared.

A supplementary and equally important aspect of price
is that payment to individual growers is made on the sugar
content, assessed by simple methods, of the grower's delivery.
The cane payment scale provides an incentive to the grower to
improve the sugar content of his delivery. The scale also
incorporates an incentive for the mill to increase the level
of sugar recovery from the cane. These incentives explain
why the cane : sugar ratio for the whole of Australia is
normally between 7.5 : 1 and 7 ¢+ 1. The emphasis given to
the sugar content influences

« varieties used -~ upright canes, less prone to
lodge are preferred

« fertilizer applications - nitrogen applications
are limited to about 160 kg./hectare

« Pre crushing cane preparation - fine preparation
is a standard milling practics.

+ the length of the crushing season - this is
normally about 23 weeks.

By providing s basis for cane payment which provides
an incentive on recovery of sugar from cane, losses of
sugar in moclasses, bagssse and mud are minimized by
Australian factories. Sugar losses for the above reasons

seldom exceed 7% of the sugar delivered in the cans.

Nethods to Ensure the Suitability of the Cane
Supply for milling.

The use of canefarming also necessitates control of
other quality aspects of the cane supply. Restrictions are



nlaced on Queensland growers which limit

« the selection of cane veriety.

- the minimum sugar content of cane sold for
milline,

- the extraneous matter content of deliveries.
and . the staleness of the cane cunpplied.

These controls are imvortant to ensure profitable
millinge overstions.

In cummary then the Austrelian exnerience is that
c-nefarming cen vrovide = =~ctisfactory alternative to
plantetion cane nroduction. It does provide benefits in
nromotine regional develonient. Provided th:t n entie-
fretor;y “erree of inepoadent control can be exercised over
cnnefarmers the nrobleme of integrating farming ~ad snear
milling caa be overcome.
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IT TRCREASING OPFRATING 3CATT AT MUOTAMTAAPTT

Yost sugar industries, both thoze cotori 12 for domestice
requirements =nd those with exnrort mcrkets, hove exverienced
g2 long term decline in the nrice of suz~r relative to
domeclic costs. There pressurc: 1 v~ hoeca experienced by
the Austr-lian indusiry ond have been met by iacrezsing the
secale of operctions and by decreasing tlie 1-bour veed -er
unit of out-ut. The incresce in +-¢ size of the dlomectic
market 11 Australia has been limited to 2 rete of srovia
of 2bout ” ~ercent =nnuolly. Tue to the slow douncstic
growth it h-s been nececezsary to Inere~niagly rely on exvort
nerzeting of production. Some 01l incresses in se 1e 1, ve
also been nchieved by reducing the number of mills nnd growers
in the incustry, but this alterastive defeats the settlement
benefits nrovided by sugar production.

The decision to export, combined with the requirement
to handle bulk sugar, and the need to secure consistent
orices under long term arrangements does limit the techno-
logical choice available to the industry. 1In particular the
quality, and consistency of quality, of sugar produced influence
the techniques of milling and to some extent techniques of
field production and@ harvesting are effected.

The expansion of the scale of production has been
achieved without increasing the amount of labour enployed.
In fact, the introduction of mechanization in harvesting
has reduced seasonal labour requirements of the industry.
The mechanization develoved has enabled output ver person
engaged in sugar production”to increase from about 15 tonnes
of sugar in 1930 to the present production of about 150 tonnes
of sugar per man.

* including farmers, harvesting and transport operators
and nill employees.
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The process of mechanization has enabled the wage rate
far workers and the returns to fermers to increase =zt arproxi-
mately the scme rate as living standards have improved in the
rest of the community. In this way verity has been main-
tained between the sugar industry and other industrizl sectors
of the economy.

Changes in sociel conditions led to the contraction of
the suoply of seasonally available labour. Mechanized
harvesting has overcome this vroblem =2nd hes led to the
stabilization of the populztion of the sur~r districts.
throurhout the —rear. The intrsducticn of mechonization has
contrituted to the decline of the vermonent nopulation of
some of the smcller townshine in supnr districts. The larser
centrec "~ve been ~dventaged oad hove develoved cmcl
caginezering, umnufacturing and repair industries to cater for
mechine operatisn. “Tome of thece firms now supply other
locr)l inductiries 2ad export mertets. A

Large seole milliag is eeseatirlly = cclf-contained
process without the linkages which canegrowing: provides for
loc2l iadustrial development. The canegrowing communities
have benefited however frox the lubour troining functions
which the mill provides. Many of the skilled men in smoll
busilesses in canesrowing districts served their mechanics,

boiler mckers, fitters or carpenters anprenticeships with
the locnl sugor mill.

The basic lesson learned duriag the process of field
mechanization has been that it is virtually impossidle to
introduce some cane impliments from overseas sugar industries.
With the exception of land prenaration equipment all imple-
ments used in Australia cane production have been developed
to meet locel conditions. A numder of machines have been
imported from overseas but these have usually reduired
substantial modification or have been unsuitable for use.
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This hus nlso been the exnerience with nost h-rvectings
equipnent imported. The need tn develon cauinment suit~ble
for local conditions hes oloved n laree part in sunnortin:
local engineerin~ firws. T ost of the eoulvirent develonment
h~s been by canefarmers workins either in their form vor'zithon
or in associrstion with o "ocal eagineerins firm.

It is immortant tn note that the introduction of
mechanization has been a nrocess of sradual evolut.on where
mechanization of one vart of the nroduction vorocess has
either required or facilitated mechanization of another
aspect. The process has been relatively slow, with machinery
changing as conditions have chansed. For examnle the
evolution of the currently used trash czne vlanters, which
enable 3 men to treat setis, plant and fertilize up to 19
hectares a day, has taken a veriod of 25 years. Initially
planters, which provide the basic design of the present
machine, required a larger labour force and had a planting
capacity of less than one-third of the latest machine.

The rate of growth of the size of machines has recently
been faster than increases in farm size. This change has
been largely met by increasing the amount of contracting
with machinery that is undertaken either by canefarmers or
by other local residents. While machinery sharing and
co-operative ownership of the larger scale machinery is
practiced 40 a limited extentithe use of contracting is a
more popular means of utilizing machinery where purchase
of the machine by an individual farmer is not justified.
Contraot cane planting, fertilizing and harvesting is now
common in most districts. The system works well and reduces
potential disputes between joint owners of maohines as to
their operating rights.

While mechanisation has provided economic benefits in
the high cost labour eavironment, the introduotion of
lnqhunilltion in some districts has reduced the amount of

[}]
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land available for canegrowing. A number of farms on steep
slopes and on stony ground have been retired from production
since mechanized techninues have replaced manual methods.

In some areas the economic viability of the mill has been
placed in jeopardy for this reason. The requirement for
long rows of cane and for wide, safe headlands has also
dictated the need for higher capitsl investment in earth-
moving and drainage on many cane farme.

Finally in coneidering the impact of field mechanizztion
it would be difficult to arpue thot mechanized techninques
per se have resulted in higher yields of cane or increased
suger output. There have been rcome minor benefits by oro-
viding more timely cultivation, however if a large wvell
organized labour force is available many over-tions using
mechinery could he nerformed with eoual oroficiency vy
lebour intensive methods. "'he technicoues usged in Austrelia
have been develoved nainly to enmble an increrse in the rcale
of oner:tion without en inerence in the labour foree.
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IIY SOIT 3TRCIFIC ASFRCTS OF THR TROITTOIOGY +ILPLOYED

Pre-Harvest Burriazr of C=ne

This ‘'oractice is probably the simolest of any technieal
change th-t con be ~do~ted in 2 sugnr industry. The nractice "
substantinslly increrses outrut of cone cutters ~nd of har-
vesting mochines but it hes 2 number of romific-tions ~hich
were not ~pnreci-ted vhen burnine become ~ ot-nd-rd oractice
in the ‘uctr-lirn iv¢uztry.

The nrnctice of »re harvest burning of e~ne was intro-
duced iito the inductry to reduce itlhie riz's of tie diseace
leptosnirosis contrmected by cutters froa the rrdent nonulation R
ia wahumnt ¢ 'ne. The introduction of burning vroioved the
diresse ricz ~nd 2lrn iacirerzed cuiter outorut by 2t lenst
52 vercent. Workins for G to 7 hours catters c- 1 aornnlly
cat Detveen 12 and 79 tonies of burnt eone denendiner of
course 21 cron cowitioas. Turains Moo iacrennes the cutting
rite possible with rchines, it improves the elenaliness of
the eane cupoly, reduces the nower reauirement of the hervesting T
machine ~nd reduces the risk of accident where ground-men are
working in associstion with harvesting machinery. The practice
2lso reduces the 7oocul~tion of funsi thot effect cene and may
denress yielc s,

The nejor drawback to burning wes fouad to be that the
quality of cane was reduced, cane began to deteriorcte from
the time of burning and subsequent to heorvesting the rate of
deterioration was siznificantly higher than the loss of sugar
which occurred whea cane was cut sreen. To alleviate these
losses it h:=s been necess-ry to limit the time between burning

_and crushing, and penalties are imposed if cane is delivered

more than two days after burning. The pracrtice of burning
increased the requirement for closer supervision of harvest- ¢
ing operations by mill staff.
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A further nroblem has nrisen since the introduction of
large sczle mechanicrl harvesting. These mechines sre unsble
to overcste under wet conditions 2nd vhere rein hos folloved
burning substontinl losses of cone heve occurred. In the 1973
season for examnle over 729,79 tovner of turnt ecne o dec-
troved because it could not be harvested befecre Ceterior-tion
rencdered the c-ne »-f£it for millins~. Attemmt: to overcore
thic -robler hive included the ‘itment of full or helf tr-o'c
to hervesting mechinery -nd the exmeriment-l oner-tion of
green cane horvecters. Mo sulisfactory esolutica o ot Teea
found although promising recualte hove been obtained. The
najor rroblem is the need tn incre-~re the capitnl-cost of
harvesting mcchinery which e¢o aaly be juctificd in thoge
circumstances where harvesting is normolly verforncd -ander
very wet concitionc.

The experience of Austr-lia wonld indicate thot the
nractice of buraing msy be difficult ts introiuce in thore
circumstances vhere t'iere nre long delays between hurvesting
and milling of cane or where caneforuerst harvesting is not
well organized. Wit vreseat harvesting machinery onerating
under uncertoin clim-tic conditions tie »ractice may result
in large losses of cane.

Aspects of lMNechanical Harvesting of Cane

Australian designed cane harvesters heve been developed
to cut mechanically cultivated cene. A major emphasis of the
design of these machines is to vrovide for the delivery of
clean cane to the factory. No cane cleaning 18 practiced in
the Australien industry subsequent to the harvesting oper=tion.
The requirement for clean deliveries has prohibited the use of
bulldoger type cutters emplyed in other industries.

The process of development of caneharvesters suitable
to Australian operating conditions was a long one. Various
devices were used to inorease the output of manual cutters




includins: topning mrehines ~nd lo- ding machines. Initi=lly
whole ctick harventers, both tracter -wunted ~n¢ indevencdently
nnvered modeles,were widely used to re»l-ce mrnu:l cutters.
These ncchined catting ernreity wea in the vieinits of 3N-4N
tonnes mer hour hut thedr roire of oner ting conditiong wee
limdited to ctending umnri-ht ¢ ne.  freve cone v~ hrdlw
lod~ed their rerformrmce - =~nn1r., ™ole ~tic'™ "rrvesters

do hove © »umnher of ~Avrnaiccec. It dic nocsitl o 44 are 4he
crre cne hiulose ~ecr o oigh ve 2 heyvected emne, ol
vhere ~ro% loodiag ic ~roeticed, the dirt eantent »f the

crne ouppty iz redueced below thatencoistorzd licre froii-end
loaders ~re vsed to stocelr and lood maauclly cat ¢ ac.
Trebpsbly thelir srectest cdvminge is 410t they e~ oner-te ~
ceonrately to the crac trornenary srogen. The riojor Aravbrek

with the acchiines uced in Ausirslic woo $hr b cuttia: asd

louding ~ere Sue coortie odrocessen, eonit~l ro~nirements

vere hisher ~ad She e ne ~uvoly oo Aauble? hnadled.  Secondly,

asher thon cultiag the tomn froa the erne, 10 ~dfitioan? cine

cle -main: rech nicne ~»e ineorsorcted in the Cezis of there

m-.chines. | -

Chommed e~ne hrrvesting hoe become the ~1moct universal
aractice in the Austrolizn industry. ‘Yhile chonmed eane q
harvesting does climincte the need for lozding mochines it
does incrense the capital cost of eo~ne tronsport enuipnent.
The mesh conteincrs used do hovever reduce the iacidence of
1lose of cane in transvort. Problems of loose eh.ine and
dronped loads arc overcome and the width of the c=2ne load
is more eesily countrolled. Short, drought effected blocks of
cane, can be harvested and transported where this method is
practiced. The mejor reason for the adoption of chooped cene
Jharvesting in the Australian industry has been the ability
of these machines to perform under a wide renge of cane
conditions. ¢

Both tractor mounted and independently driven machines
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ore now used within the Australian industry. Althoush the
side mounted tractor drawn machines nprobdbably have greater
stablility on hillsides,the recent trend is towards the
larger indevendently powercd machines which give the ability
to cut into & block of cane. The machines currently used
have an outnut while operating of sboul 60 tonnes per
hour in erect stralight cane under dry field conditions. The
output of the machines is varticularly affected by ground
conditions of operation, anc by the transport system used.
Although the throughput of 60 tonnes per hour is easily
echieved by most of the machines currently merketed their
daily capacity under most onerating conditions is limited to
between 300 and 400 tonnes. -

This limitation is mainly due to the practical difficulty
of maintaining a constant supply of receptacles for the
delivery of chopped billets from the harvesting machine. Even
ander ideal transport conditions some 30% of harvesting time
is lost waiting for the return of infield transport equip-
ment. The loss of time increases as the distance of cane
haulage increases. If cane haulage is more than two or three
kilometers, transloading of cane from infield haulout equip-
ment is normally necessary.

A wide range of bin simes are currently in use in
Australian mill areas, the smallest have a capacity of about
3.5 tonnes of chopped cane, the largest have a capacity of
over 20 tonnes. The limit to bin size for in-field operations
appears to be about 12 tonnes. Where larger equipment is used,
specialized smaller tipping bins of about 4 tonnes capacity
are used to cart cane from the harvester to the roadside
where billets are tipped to the larger bins. This syésm can
provide the benefit of using large scale road transport equip-
ment while eliminating the damage to ratoons and to this
equipnent which occurs when it is operated in the canefield.
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Mechanical reliability of harvesting mschines hss
increased markedly in recent years, partly the result of
better design and partly the result of the replacement of
ohain and other mechanical drives by hydraulic motors.
Lost time under normal operating conditions due to
mechanical failures is about 10% of total operating time.
The machines currently marketed would appear to have a
oommercial operating throughput of about 162,000 to 200,000
tonnes of cane over their working life. Under normal Queens-
land conditions in a 25 week operating season 3 men working
with a harvester and 2 haulout tractors can cut, load and
oart (up to say 3 kilometers) about 25,000 tonnes of cane
by working about 6 hours a day.

Currently most machines are operated under daylight
oonditions only,although some harvesting with field lighting
is practiced. The experience of night harvesting has been
that some difficulty is enoountered in maintaining the clean-
liness of the delivery and in turning machines. Although
there is the problem of disturbance to others due to noise
there would appear to be some cost advantages in the praestice
of three shift harvesting. The advantages to cane quality
by further reducing the cut to orush time from the present
norm of 12 to 14 hours may lead to further development of
this praotios in the futuro.(l)

A number of major problems have been encountered with
the introduction of chopper cane harvesters. Pirstly al-
though experimental work is ¢ontinuing, it would appear
that possibly as much as 10% of cane is lost through using
this method of harvesting.

The extent of losses of yield due to harvesting is
determined by

+ operating conditions
+ the standard o: machine maintenance
and . operator skill
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Cane is being lost due to incorrect topping which is difficult
to control in uneven crops of oane and through actual
dropping of sticks or billets of cane from the feeding
meohanisms on the harvester. These losses cane be partly
overoome by using ground-men to work with machines topping
some cane and returning the sticks of cane missed to the
bin. It is more Aifficult to overcome the losses of cane
and of cane juice which occurs in the machines. Regular
sharpening of chopper blades will reduce the expression of
juice which occurs when the cane is cut into billets and
some reduction of losses of cane can be achieved by reducing
the power to cane cleaning devices that tend to shatter some
billets. This latter action will reduce the effectiveness
of the machine in cleaning cane.

The major difficulty with the introduction of chopped

oane harvesting has been those problems associated with the
deterioration of cane. Increased deterioration occurring
because of the increase in the number of points of possible
entry for bacteria into the cane stalk. Deterioration results
in the reduction of the recoverable sugar in the cane and
causes difficulty in the boiling process of the factory. The
quality of the suger produced is also reduced where large
quantities of deteriorated cane enter the factory process.

The deterioration rate of chopped cane is primarily
determined by the prevailing weather oonditions, hot humid
conditions favouring faster oano'dotorioration.(2)Doteriora-
tion in ohopped up ocane can be reduced by increasing the length
of the billet of oane cut. However, most effective use of
transport equipment is made with shorter billet lengths as
the bulk density of the load oan bde inoreased. To reduce

" the deteriorstion adjustment of machines to cut billets of

from 350 mm to 400 mm in length has deen neocessary. Load
weights have been reduced by these longer bdbillets. In
addition it has deen necessary to reduce the stock of oane on
which the factory operates. 8Stook piling the equivalent

40 more than one days supply has not been practioed in
Australia due to sugar losees which occur even in

wholestick cane, and dus o incressed capital and oper-
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ating costs where the cane su ~ly is double handled. The
introduction of chopped cane supplies has necessitated
further reductions in the normal factory operating stock.
Close attention to the scheduling of cane transport is
necessary particularly where, as is the case in some
districts, haulage distances exceed 30 miles.

Large scale mechanical harvesting has reduced pro-
duction costs in the Australian environment where costs
of manually cutting cane are in excess of £1.50 (STG)
per tonne. The process of mechanical harvesting has also
reduced the problem of the seasonality of the labour

requirement of the industry. As has been shown the intro-
duction of mechanical harvesting poses a number of problems

which have not yet been satisfactorily resolved.
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