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INTRODUCTION

The drought which has affected the Sudano-3ahelian area is unique from
other droughts which have ooourred before, in that on this occasion it is mcre
widespread. The oountries affected include Upper Volta, Mali, Msuritania, Niger,
Senegal, Chad, Sudan and Ethiopia. These areas, in latitude 11° to 12° North,
haditually have dry season periods exceeding six months of the year. Sinoe the
reain seascn is short, the possibilities of development of the vegetation and of
pastures is restricted. Whilst the lccal population has been used to dealing
with and surviving in these oonditions, it was in 1972 that the shortage’ became
oritical and the situation reached devastating proportions, with cropping limited
and livestook depleted,famine oonditions arose.

Moreover, the extent of the drought produced shortage even in the African
tropical sone which has a mean annual rainfall of 500-1200 ma. Additionally,
similar olimatic conditions have oocurred in both the Nerth East of Brazil and
in India.

I. FUTURE WEATHER PATTERN

In such a situation it is important to know if this climatio pattern is
part cf a weather oycle or the beginning of a permanent weather change. In an
attempt to £ind an answer to these questions, Roche (1) of the Office of Scien-
tific Research and Techniques for Overseas (ORSTON) in France has oarried out am
objeotive examination of the ourrent Sahelian drought situation in relation to
the climatic and hydrological aspects. Whilst there were other periods of severe
drought recorded during 1910-1915 and during 1940-1948, the conolusion wes that
the existence of a drought oycle (of 30 years or other period) still remained
to be demonstrated and this would require a still longer period of observation,
at least 60 years more. It was also stated that there was a continugus olimatic
variation at every point of the globe but the rate of this change was too slow
for it to h objectively demonstrated by reference to the limited time series
at present available.
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II.  OJAGADOUGOU PROGRAMME

In September 1973, a meeting of Ministers of State, representing Upper Volta,
Mali, Mauritania, Niger, Sencgal, Chad and Gambia, was held in Ouagadougou and
8greed a plan of action known as the "“Ouagadougou programme". Thig programme gets
out the policies whioh are to be initiated and the short, medium and long term
objectives that are congidered necessary in an attempt to prevent an occurrence of

the famine problems; and to get the future decvelopment of the countries concerned
on an economic path of prograas.

Among the subjects covercd by this plan in which plastics applications may
be uped .ape

- hydraulics - for both human and vegetation naeds;
~ 8storage and transport.

III. BACKGROUND INFORMATION

Mesnil (2) in a survey of the currunt situation noted that the present crisis
wWas the result of two interacting and independent factors:

1) A phasc of low rainfall, as has occurred in other periods in the lest
100 years, but is now morc widespread and marked.

2) Human factors, resulting from old causes and cumulativc in offect. Degra-
dation of the soil and pasturcs and loss of fertility with no reguneration. A

slowness of diffusion of technical progress coupled with a slow build up of the
infrastructure.

He suggested that the following steps werc necessary if the famine problem
was to be successfully overcome:

(a) irrigation was the only method to ensurc future crops. There was a
potentialof rivar water for the irrigation of one million hectares.
Dams which had been proposed will takc 10 to 20 years to build. In the

Meantime, pumping would provide an intermediate Bolution as in India and
Brazi};

(b) the dry agricultural techniques required to be modernized; Mechanisation
of certain of the cultural techniques needed to be implemented;

(o) the formation of a group of Sahelian local experts. The cx1sting group of
experts needed to be augmented to study now techniques ]ike irrigation.
They should also design new tochniques of agriculture in the light of the
expericnce gained during development. 7o assist this work, it was pProposed
that an Ingtitute of Sahelian Agriculture should bc created. It would
perform a training and development function;

(d) the provision of potable wator supplics for the
Priority. The general hcalth of the Population was the basis on which all
future developmant would rost. There would be a

. . _ need to mobilige both their
energies and oreatve capacity so that collective ¥ the villages would be
able to take Progressive charge of their own future.




These points supplement and reinforce part of the total Ouagadougou programme,
and provide & useful background agcinst whioh plastics applications in agrioulture
will need to be developed.

IV. POT™ITIAL APPLICATIONS FOR PLASTICS
I AGRICULTUR®:

Taking "hydrsulics' for first consideration there are & number of obvious arcas
of potential appliocations for plastics in egrioulturc. "Watcr conservation" covers
the broad general description of these ospplioations of which the following are of
specific interest in arid and semi-arid desert conditions:

1) Rainfall harvesting and cvaporation control

2) Reservoirs

3) Irrigation canal linings

4) Piper and tubes

5) Triokle irrigation

6) Orowing under controlled cnvironment conditions

7) Growing under environment protected conditions

8) Mulching

Storage and transport gpe of second oonsideration, and 'crop conservation"
covers the broad gencral description of the potential plastics applioations.

9j-B4orage and containers.

V. IMPLEMENTA'TION OF PLASTICS IN AGRICULTURT
APPLICATIONS IN THE JUDANO-JANELIAN ZONE

While the foregoing are only some of the potential applications of plastics in
agrioulture théy do represent areas of more immediate concern for use in desert agri-
oultural oonditions. Past experience indioates that, when applying any plastios in
lcrioult‘ure system in a new looation, it is often neocegsary to make some adaptations
to ensure that the system funotions successfully in the new environment. In basio
terms, the various systems of the agricultural applioations of plastios have been
developed uiihin a specifio situation so as to provide an economic and viable solution
to a partioular agricultural problem. Cstablished applications in other ocuntries
should, therefore, be taken only as a guideline of what can be achieved with plastiocs
to resolve a particular problem in a given set of oiroumstanoecs. Bahaa el Dine and
Persson (3) cover this point particularly well in their summary of a paper on "The
Usc of Plastios in the Vegetabl - Production in the U.A.R. with Speoial Imphasis on
Growing Psppers in the Winter Time". They state that in the adaptation of plastios
in agriculture applications there is reason to siress that a great number of problems

i




should be carefully gtudied: problems rclated to the rlastics material itself, the
temparature situation in remote areas, the biological rcaction of various crops,
the economical 88pects and so on. To acquire this bagic understanding is a pre-
requisito of itg (application of plastics in agriculture) introduction.

Development_Programme

From the foregoing, it will be underatood therefore, that the introduction
of any of the various anplications of plastics which have becn suggested for usc

As far ag a time scale ig concerncd, past cxperienco suggests that something
of the following ordep may be needed. One year is required for the initiation of
the application utilizing experts iy both plastics and agriculture, and extension-
work personnel who use this period for their training. During this first year the
work is open to farmers/growers and other interested parties to vigit and inspect.
Informal discussiong are usually arranged, illustrated by films .or slides, to in-
dicate what ig being attempted in any particular schome.

In the mecond or third year ag the case may be, certain more forward thinking
farmers /growers arc invitud to try the application on theip farms under the gui-
dance of both trained extension personnel and experts. During this period, further
Visits of both local ang more distant farmers/growers are encouraged to attend the
farms where the applications are in pProgress, and to freely discuss their reactions
to the development. Local knowledge ang eéxperience have proved to be of immense
value in advancing development of this tyoc,

However, duc to the fact that much of the agriculture in the Sudano-Sahelian
Zone is at ;ubci!tence or survival level, it mugt bo expected that the resistance
o

to ohange/ faming methods will be that much greater since no farmmer or grower is

very great act of faith. In order to encourage farmers ang growers to advance and
modernize theipr groving techniques, it would geenm necessary tharefore, to introe
duse some scheme of incentimg  whicp weuld at least guarantee their fooq supplies
against any posgible risk of fajlure.

In the third year more 8rowers over a wider area are encouraged to adopt the
&pplioation, following itn Successful use in the Previoug year, with continued guie-
dence from the extension service. Progreueively, in this way, the &pplicationgof
Pleastios in agricultuve have been developed in many oountries.




Domonstration and oxperimental stations

In order to achieve this type of development programme, it would scem that the
establishment of two or threc'demonstration and experimental"stations is a prime
'requisite. They should ideally be disperscd over the oountries concerned so that
they cover the various climatic and agricultural problems of the zone. If there are
in existence som¢ suitable research or extension service stations in the appropriate
locations, then thesc might woll be able to offer the necessary facilities such as
q office accommodation, lecture rooms, workshop and agricultural land, etc.

Co-operation with othor organizations

For the development of plastics in agricul tuml applications to be of real
benefit to the Sudano-Sahelian zone it is quite clearly necessary that there should
be close co-ordination between UNIDO and FAO. This co-ordination and co-operation

will ensure that the developments will supplament the priority objectives of the
agricultural programme, and thus maximige the benefits of valuable resources.

Co-operation with local agricultural institutions and universities should
be encouraged sinoe this will ensurc a wider circle of effective communication and
understanding. Co-operation and discussions with local plastics manufacturers
(fabrioctou) or potential entreprenecurs should also be encouraged, since in the

vanguard of these application developments will arise a local domand for the correot
type and quality of plastics products.

ﬂ!li * ;Mtg deve;oment

The development of a looal plastios industry ocan arise from the agrioultural
applioations, as well as from the domestic needs of the population. The production
of blown PB film by the oxtrusion process will be high on the list of processes to
be installed as well as extrusion of rigid PVC pipes in order to provide the plag-
tios products necessary for the applications which have been itemised. It is for
these reasons that entrepreneurs should be encouraged to visit and see the develop=-
ment of plastics in agriculture at the otperimentalﬂ.:omtution stations. The
development of & looal processing and fabrioation plastios industry should be en-
ooureged and regarded as part of the total development operation thus making additi-
onal oontribution to the industrialisation prooess, apart from any foreign-exchange
savings that may also be gained.

i
e



VI. IMPLEIMENTATION BY UNIDO

The first stage towards the implomentation of the suggested development pro-
gramme must be a fact~finding mission to the countries concerned. It will be neces-
sary tos

1) Dilouu'with looal officials and FAO representatives to determine what

are the speoific prioritics and problems in each country, and to asscss
what group of countries have conmon feetures in thig arca;

2) Determine what facilitics exist that may be suitable for a demonstration
and experimental station and if the parties concerned arc willing to
8ccommcdate such & wnit. If there are 1o faocilities then where could such
& unit be established and how would this fit in with any other proposed
FAQ development plans? It would also be important to discuss the neceasary
funding for establishing such a unit; |

3) Determine in whioh countries the three proposed demonstration and expe-
rimental stations should be establishod. This will mean assessing the
relative degree of co-operation that exists between different couniries

One of the plastics applications is valig only in countries with a coagt-
line since availability »f sea water i3 a necessary requirement for the

development. This will additionally involve examining the requirements of
these particular countries with relation to this particular type of deve-

lopment - & power-water-food 8ystem, disoussed in detaj] later in thig
review;

4) Determine the extent, nature and capacity of any cxisting plastios
Processing/fabrication factories in each of the countries so as to asscas
what renge of plastios products could be produced for the proposed
&pplication. To assesa the technologioal level of such factory minlc«neatl
80 &8 to determine if tochnica)l assistance may be required to achieve the
ocorrect quality of product for the agrioultural applications. If there are
no such faotories then to oxamine the potential possibilities of either

Government or local entrepreneurs being able to get up such factory pro-
duotion facilities.

Onoe such & mission had réported, it would thon be possible to get out a spe-
cific project for the development of the demonstration and experimental stations;
and if required, projects for technical aseistance to the pPlastios industry.




UNIDO-Romanian Mobile Team

A completely mobile plastics production and demonstration opcration is to
be fielded by the UNIDO-Romania Centre. This will consist of en extruder and an
injection moulding machine, together with suitable personnel who will operate thc
machines and demonstratc how plastics can be produced and applied in agriculture.
The whole assembly of plant and personnel will be totally mobile and will be vi-
siting both Upper Volta and Mali for this purpose. This operation, it is hoped,
will arouse local interest in both plastios production and in the application of

rlastios in egriculture. This demonstration visit will be for a three month period.

It is hoped that a report from a team member will be available for presen-
tation at this 6th International Colloquium on Plastics in Agriculture in as-
sociation with the UNIDO Symposium on Plastics in Latin Amerioa. This should
provide some useful first-hand information.

Other suggestions

If, as expected, it is ascertained that there is 1little or no plastios
processing operations being undertaken in the various countries then it mey be
possible to implement a different approach to producing plastics.

For example, it has Lecn suggested thet for tho produotion of rigid PVC
pipes it might be better to have a mobile extruder. This could be moved to dif-
ferent ocentres where thc pipe is required rather than to transport the pipe over
large arcas from a fixed factory. Although the transport of the raw materials
would be a lower volume factor, would the coste of this type of operation be viable?
The alternativc proposition would be to install the extruder and suxiliary
equipment in a norma) manner in a fixe.. site factory and (o transport the pipe to
vhere it mey be required.

In a similar manner, it may be possible to set up a mobile unit for the
produotion of blown PT film, though it is doubtful if this oould be used for
wide-width film. For wide-width film it may be more economic to set up a fixed-site,
multi-purpose production unit of throe extruders, which independently oan produce
normal width lay-flat, but which can separately be brought together to feed one
large die for the production of wide-width 6 meter lay-flat film (12 meters opened
out to single film). The alternative is to usc a large oapacity oxtruder for this
production and which, in the ciroumstances, might be idle for a considerable period
of timec since there will be no immediatc large-socale domand for the capacity which
such a unit oould produce.

Those are some ideas for the plastios production processing operations which
could be installed in the ares.
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Call for comments and criticisms
UNIDO weloomes the views and criticisms of all conference delogates and par-

ticipants to tho ideas which . are put forward in this paper. From those with
experience in the production of plastics, their views on the practioal nature of
the possible production process suggestions, or othorwise, are most welcome.

From those who are oxperienced in plastios in agricul ture applications,
UNIDO welcomes their views on the application ideas which are proposed and the
possible methods of implementation, as well as their alternative idcas.

Within this conference, there will be concentrated a great degree of expertise,
knowledge and brain-power on the subject of plastics in agriculturc and to an in-
ternational organisation such as UNIDO, it is vitally important to obtain both in-
dividual and oorporate opinions on the suggestions covered in this paper.

Te Internaticnal Committee for Plastiocs in Agriculture (C.I.P.A.) has
already published a call for intornational assistance for the Sudano-Sahelian
countries and UNIDO welcomes this co=operation.

The suocessful use of plastics in sgricul ture as one step in the programme
1o overcome the famine probleme of the Sudano-Sahelian gonc, undcubtedly lies in
the effective direotion and work of/ pro'pooed demonstration and cxperimental
stations. To this end UNIDO will necd a team of experts,in plastics in agriculture,

to set up and cstablish these stations. ‘Tesec experts, in bringing to bear their
individusl experiences in developing the applications of plastios in agriculture,
can ensure not only the rapid dovelopment of the applications required for tho
area, but will also ensurec the success of the demonstration and experimental
stations.

Por this purpcse, UNIDO would welcome an international offort by experts whe
are prepared to form part of such a toam either on & full-time basis for periods
up to three years, or for shorter-term appointments.

Other furms of holp and assistanco either by individuals or by institutions

or companies for the Sudano-Sahelian countries will also be much appreciated and
weloomed both by UWIDO and the countries oonoerned.
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VII. DETAILS OF THE PROPOSFD PLASTICS
IN AGRICULTURE APPLICATIONS

To assist in a fuller understanding of the potential advantages which can be
brought to agrioulture by the use of plastics a review has been made of the poten-
tial applioation systems. Speoial attention has been paid to published work whioh
refers to arid, semi-arid and desert oonditions as these have specific relevance to
the Sudano-3ahelian gzone.

A. WATER CONSIRVATION

Rainfa ti d evaporation control

The harvesting of rainfall has been practioced over many years in arid aress,
and anoient desert agrioulture in the Negev desert area of Israel was dased on the
exploitation of surface water run-off from treated oatohments in areas having an
average annual rainfall of 100 mm.

The reason for the limited use of water harvesting is due to the fact that the
struotures are too oostly. However, various American workers have oarried out deve-
lopments in this ares whioh begin to look attiractive. In some early work (4) carried
out in the USA in 1960 there was & successful development of oonstructing a rain-trap
utilising butyl rubber lining. This provided an effeotive means of developing a
water supply and appeared to be eoonomic in areas where ample water supplies were
not available. It consisted of making & watorprocf catchment area for colleoting
rainfall, and a closed reservoir for storing the water colleoted, both of which
involved the use of butyl rubber sheeting.

Nyers (5) oarried out most of his we.ter harvesting research in desert regions
of the USA with 175-200 mm average annual rainfall. In those areas it appeared that
there is little, if smy, rein run-off from tho scils exoept during high intemsity
storms, and little of this run-off evor reached the water storage structure. The
technique which was sucoessfully developed involved stabilising the soil eurface with
asphaltio materials and then oovering this surface with a black PE*film, 0.05 mm
thiok.  Purther experiments with other types of plastics film were envisaged. It wes
reported that costs can be materially reduced by this new technique.

One problem noted was that while plastios bags for storing this water offer
possibilities against seepage and evaporation losses - unfortunately water storage
bags of non-reinforoed plastiv arc suhjeets 4o dmmege by & variety of environmental
factors inoluding thirety animals.

% - Polyethylens; polythens.
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More reocntly Brent Cluff (6) carried the idea of plastics covering for rain
harvesting a stage further. He utilized a gravel overlay to cover the top of a
plastios film covering which hed been laid on the soil. This was to protect the
film from wind and climatic radiation damage. The installation costs were held to a
minimum by the use of a mechanical plastic-laying, gravel spreader, whioh was de-
veloped for covering arcas larger than one hectare Where gravcl had to be oarried
long distanoces it was proposed to use a gravel-extracting, soil-sifter whish would
extract naturally-ocourring grevel from the soil profile, lay the plastic film and
cover this with the extracted gravel, all in one operation. The biggest cost factor
in this water harvesting process was gtorage of the collected precipitation {rain
water). Whilst seepage losscs could be controlled by utilizing covered plastics
liners, evaporation losses wcre more difficult to control. Of three systems evalua~
ted, the author favoured a rock (gravel) filled tank (reservoir) suitable for vo-
lumes of less than 225,000 litre nect capacity. Although the gravel rcduced the
effective storag. capacityby 50 per cent comparative water losses by evaporation,
over a six month period, were only 0.25 mcters in the tank compared with 1.25 metors
from an open water arca.

Floating polystyrenc foam rafts, and suspended butyl or polypropylene covers
were the two other systems tested to control evaporation losses. Brown and Ford (7)
in more recent work have cxamined the feasibility of a floating plastics mcsh (net)
in oonjunction with cetyl alcohol as a mecens of controlling evaporation. Whilst the
experiments were successful, full scale trials remain to be determined.

The estimated life of the Brent-Cluff catchment wag statud to be at least 20
years and the cost of installation quoted at § 0.25 por squarc meter. Since the
efficiency was claimed to be 70 per cent, a ccst of water produced in a 300 mm
rainfell ares would be between US § 0.135 and US & 0.066 per 1,000 litres, and these

costs would drop in areas of higher rainfall. At today's raw material prices these
figures should be inoreaged 507.

Roservoiry

The use of plastics in various arcas of water conservation and usage including
pond (reservoir) liners, ditch linirgs, mulching, drainage tubes, luvees and borders
was summarised by Fdminstor and Staff (8). Although this papor dates back to 1960
it oontains some usoful goneral background information.

Today, the use of PP film (the word "sheeting" in this oontext is synonymous)
as & waterproof membrane for lining large agricultural reservoirs has becomec a
standard prectice. Reservoirs of 100 million litres (22 million gsllons) cepacity
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ave been oonstructed by this tochnique in the South-Tast area of Spain and in

hther places.
e

The basic technique consists of cxravating the ground to a predetermined depth,

th walls not stoeper than 3.5 to 1. This "hole=in-the-ground”" is then lined with
Jarge sheets of black P7 film 0.25 mm thick, 8 meters wide and noreally 30 meters
long. Jointing between shuets is achicved by mcans of a specially formulated mastic,

d a PE self-adhesive tape acts as a sccond line of scourity. The outer peripheral
odges of the film are svourcly anchored by burial in a trench around the reservoir.

e whole PL membrane is then covered to a minimum depth of 100 mm and not less

han 200 mm for the sidos. The nature of the back-fill used for this covering ope-
ation is unimportant and the exoavated ssterial can normally bc used. However, if
the material is coarse or contains sharp stones, then a layer of sand or soil

should first be spread to act as a cushion. The reservoir is then ready for filling
with water.

Both drawings and photographs illustrating the various stages involwved in the
installation are imcluded in a technical bulletin on water storage (9).

A P" film lined reservoir is known to have been oonstructed in Sudan (10) a
fow years ago by a UK oompany using new techniques to protect against termite attack.
It would seem feasible therefore, that such resorvoirs could also be constructed
in the Sahelian area when there is a specific requirement. The main advantage of

the technique lies in its low cost compared to moroc traditional methods of resor—
voir constructi-n.

Senel linings

The usv of P¥ film as a waterpronf membrane for the lining of canals, 30 a8
to make irrigation systoms practiocable at low cost, has boon undertaken in many
parts of the world, including Iraq, Pakistan, South Amerioa, Australia, Canada emd
Romania. The purpose of the lining is to prevent scepage and oontrol weed growth.
In Canada (9) more than 160 Jm of canals have boen lined with PE film.

In the Rio Negro province of Argeatina (11) a large irrigation canal, more
than 30 meters wide, has been successfully lined with plastic film to eliminate
water losses. The cost was more ecomomic oompared to traditional methods of lining.
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Pipes and tubes

When a water source has beon ostablished it becomes ncceseary to be able to
transport the water to the place of usc. Buri<d pipclines arc a conventional method
of water transport. MNains-water sunply pipcs can be of stecl, cast-iron, ooment
types or plastics. The advantag: of plastics pipes lies in the fact that they are
resistant to corrosion and can therefore be safuly used in all types of soil oondi-
tions. Joints can be vasily made cither by solvunt-sealing, or patented press-fit
Joints.

Plastios pipes ocan be produced in cither rigid PVC%r PI'. PF pipes, being
more flexible than thc PVC, can be whund up into reel form. In general PT pipes
ars produwced in diameters of 12 mm to 50 mm, whilst thc rigid PVC pipes are produced
in diemeters of 50 mm to 200 mm. Since both typus of plastics pipes arc signifioantly
lighter than stcel, longer longths can be casily carricd and less joints are there-
fore required. Pipe fittings, such as T-joints, etc., can be produced by injection
moulding and a standard range of fittings is available.

Por the Sudano-Sahelian zone perhaps a further advantage lies in the fact
that plastios pipc oould be produced in the rogion. Both types of plastios pipc are
produced ty the cxtrusion process, though scparate units would be nacaessary for
each type. Capital cost indications for a complcte PVC pipe plant process, of
1,000 to 2,000 tons per annum capacity, would be of thc srder of US $ 500,000.

Since irrigation water in the Sahelian arca is now being pumped from surface
or underground sources, it would bo a natural development to move to piped supplies.
This would in any casc be neccssary if trickle irrigation schomos are to be deve-
loped.

Trigkle_irrigation

The principle of trickle irrigation is to delivur to the plant roots only
sufficient water for tho plant's nced, thus achieving a more efficient management
of limited water resources, he advantages of triokle irrigation have been detailed
by Buclon (12), Chapin and Chapin (13) and Kirkpatriok (14).

They include:

1) Water evconomy (30-50%) compared to furrow irrigation, thus larger arvas
oan be watered for a given watcr resource;

2) Improved quality and size of produce;

3) Inoreased yields of 20-407 compared with furrow irrigation and of 10-20¢
over spray irrigation;

# PVC = polyvinyl chloride.
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4) The possibility of using water with a higher mineral cuntent
(saline) since the salt lemchcs to the periphery of the wetted
root zone, pcrmitting root formation within the zonc but away
from thc salt concentration itself;

5) Space between the beds is dry and this assists spraying and harvesting

operations whilst undesirable weod growth is grecatly reduced.

Various tricklc irrigation systums have boen designed which arc of two basic
types. The first tync is based on plastics pipes, mostly in LD PT® t5 which are
fitted adjustable drip nszzles or othur devices which cnsurce a drip outlet. The
flsccond type is bescd on a lay-flat tubing >r shcath in which the flow rate of the
water is controlled by using wator friction to roduce the prussure. This tubing is
| normally of sufficicnt flexibility that it can be rolled up and is thus much more
suitable for laying by mechanical mvans. An example of this latter type is a twin-
walled, drip-irrigation sheath developed by Chapin and Chapin (13). The inner PE
@ tube contains one orifice outlet for every four outlets in the outer PR tube.

This not only onsures a relatively slow discharge of water, but also that the flow
pattern along an 80 mcter length of tubing is relatively uniform. A more recent
development was reported by Buclon (12) of a tricklc irrigation systom, known as
Viaflo, in whioh a flat shcath was produced from fibrous porous PT such that the
water wets tho whole surface.

The systems all involve the distribution of water at low pressure of 1-2 kg/onz

(14-28 1be/sq.in.) which is further reduced at thc plants to a few hundred of
gl:'ms/mn2 so that the water emerges drop by drop (wickle), or as a last resort in &
very fine stream. Sophistication of the process involves the introduction of metered
nutrient solutions into the irrigation systcm for meore econosical utilisation of

rosources.

Initial usage of tricklc irrigation was in high-intensity cropping in green-
houses whorc the system could be automated, and thus lead to a reduction of labour.
However, from 1960 onwards various trials have been conducted on open orops, and
the system modified to produce satisfactory results under these conditions. The
work received an impetus from countries,like Isracl and Australia, wherc theroc aroe
water resource limitations whioch hastened this development. From 1970 sorious ox-
ploitation of this systum of irrigation was to be seen not only in Isreel and
Austra ia but also in Argentine, Germany, India, Italy, Mexico and the USA.

* LD PR = Low density polyethylene
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Buclon (12) reported that at lcast 15,000 hcctarcs werc now irrigated in the
USA by this technique. An indicative cost of the pipc system fitted with drip

nozzles was 500-700 US5 per hectarc and this particular type of systcm was used for
more widely-spaced crops such as srchards.

Flat shcathcd systoma were prindpally used for closc=grown crops such as
vogetables in open ficlds, and fosd crovs and flower crope in greenhousce, and
here tho costs werc 600-1.200 U3 nor hectarc of which 507 or worc was made up
by thc mains and sccondary pipcs which arc uscd for distribution of the water to
the sheaths.

That tricklc irrigation »r now morc commonly called "drip-irrigation" in the
USA, has aroused international intervst which can be judged by the fact that a
Second International Congress on this subjcct is being held in San Diegn, USA on
7=14 July 1974 when some 83 papurs arc to be presented by representatives from 8
countries.

Hall (15) carried out some controllcd comparison trials in 1970/71 of drip
and furrow irrigation of tomatncs in California. It was concluded that drip irrige~

tion used lemss watcr, and thc tomato yiclds werc between 34-45 per cent higher than
with furrow irrigation.

In 1971 Oebker and Kuykenall (16) cvaluated various mcthods of trickle
irrigation in thc Arizona desert for growing pecans and lcttuce. The water saved
by the usc of trickle irrigation was significant. Lcttuce was produced with only
257/ of the water normally required; and three ycars »ld p.cans grew with only 204
of the water used in furrow-irrigated plantings. Salt accumulation was less in

trickle irrigatcd plots, and further studies were to be undcrtaken to find an
optimum situation for crop growth.

Growing under oontrollcd environment conditions - for coastal descrt arcas
Fxporiments at the University of Somoro (17) at Puerto Penaso, Mexico, and in
co-operation with the University of Arizona, havc bucn concerned with the develop-

ment of integrated systcms that can provide power, watcr and food on desert sea
coasts. With this approach, wastec heat from the cngine-driven, clectric-gencrator
scts is used to do-salt sea water. Tho fresh water. in turn, is piped to vegetables
within controlled convironment greenhousus of air-inflated plastics. After successful
trials at Puorto Penaso a large soale unit hes now beon erccted in Abu Dhabi.




This wvery intcresting systom for growing crope in a controlled environment
startcd as a result of a development for the desalting »f sca water. Kassander,
Hodges, Thompson and Johnson (18) devel-ped an oxperimental desalting plant utili-
zing solar cnergy and & simplc inflatcd plastice structure of low cost. Indepen-
dently they had also becn working on a closoed grecnhouse system for special ap-
plication in arces with water deficiencics. Coupling the two systems together

offcred some considerable cconomy.

Hodges, Groh and Johnson (19) reported on the further dcvelopment of the
system to onc nf packaged power-watcr-food systcm. It involved the production of

power, watcr and food for coastel dosert arcas.

The heart of the systom is the power gencrator, in this casc a diesel-electric
sot. The heat from the enginc is fed to a sea watcr strocam, which is the hot salt
water source to a distillation type do-salting plant. Some 107 of the water is
evaporated and recondensed as pure water. The remaining 907 of the mea water which
hae boen cooled by the process can be fed to the closud environmental chambers for

cooling or heating, depending on thc time of the ycar.

The system permits plants tn bec grown in a totally c¢nclosed space by means
»f an inflated plastice structurc; and by controlling the humidity level within
this groenhouse, the plants utilize only 5-10¢" of their normal water requiroment.
Since the carbon-dioxidc in the closed oirucit is quickly utilized by the photo-
synthesis process of the plants, this is rcnewed from the carbon dioxide gasecs
emitted by the diesecl engine aftcr suitable filtering and cleaning. PU film 12 me-
ters wide, 35 meters long and 0.25 mm thick was used for the inflated stiructure.
As a result of thesec trials futurec units will utilize 10 meter wide film of 0.35 mm
thiokness.

Jensen and Temn (20) carricd out cultivation trials in the controlled envi-
ronment of this power-water-food unit with eightecn differcnt types of vegetables.
The vegetables were grown in beach sand that had bcen leachod with dossltod water.
Certain vegetables matured mars quickly,and yields of most crops were much higher
when compared to outdoor production. Some disesse problems ocourred but were held
in control with fungicides. It was also noted that some varietics produced abnormal
growth, while other varieties of the same kind of vegetable were normal in their
growth charecteristiocs.
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In the complex which has been erected at Abu Dhabi, Jensen and Fisa (21)
have reported on the results of two years work in thcse units. Daytime tempera-
tures of 3400 and high humidity restricted the amount of cooling that was possible

in the summer perind, but by shading the greenhouses in the summer, the incoming

rediation was effectively decreased.

Wara night temperature hee 1limitcd the fruit load on the plents, and varicties
are being sought for production at high temperature and high humidity. Nevertheless,
a wide range ~f vegetables has been succcssfully grown; and thc two hectares of
environmentally controlled grecnhouscs are now producing one tom  of vegetables
per day.
growing under environment protected conditions

As distinct from the totally controlled environment of the .ibu Dhabi operation,

there are also possibilities of growing under envirnnmental protected conditions.
Spice (22) has rcportcd on trials that have been undortaken in Kuwait utilizing both
low and walk-in type »f plastic covered tunnels. These lattcr types might be referred
to as "greenhouses'.

The climatic conditions of the arce were severe, with extremes of summcr
temperatures as high as 50°C and wintcr ground temper: ure &s low as -8°C. Severe
sand storma could also occur and last for several days with devastating effects
on the growth of plants. It was to protect against this type of environment that
plastics tunnels and greunhouscs have beon erected, as part of a UNDP-FAO vegetable
growving project to roeduce the dependancy of Kuwait on imported produce. Also
boing examincd were irrigation techniques and other cultural practices which may
improve yield quality and perind of availability.

A series of oight conventional, 5 metor wide, 3€ meter long tunnel greenhouses
were orected and oovered with 0,125 mm thick, ultra-violet s~reened,PC film. Two
have beon covered with a milk-white translucent PT film to effecf some degree of
shading.

. Two of the tunnels were air-conditioned, asing a 120 om diameter fan at .
the end of the tunnels, and pulling air in through horizontal, wet-pad units.
Cooling is effected by the temperaturcu loss achioved through the svaporation
of the wator from the wet-pad units. The water for this cooling operation can be

either sea water or brackish water.
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Low tunnels, covered with P% film, have becen constructed using a variety of
supporting hoops made from reinf reing-rod and conduit tubing. Fxpariments to
utilize tho mid-rib of datc palms werc being organized. Extension of the growing
geason is reportod, as well as considerablc protcction against frost, by the usc

of thesc tunncla.

Mulching
"Mulching" is the term used to describe a covering on the soil, around a plant,

primarily to prevent moisture loss. Traditionally, thie mulch could consist of
gtraw or even grass cuttings; however, with plasticulture, it is tho use of a
plastios film %o cover the 30il. This »rimarily prevents wetor loss by evaporation
but also carries with it other bencfits. If, for example, thc film used is black in
colour then woed growth is surpressed. Additionally, fruit from the plants is kept
cloan wnd the incidence of plant dcscase is lowor. Mulching can be carried out with
oither transparent, grey or black films of PT. The choice of film has been the
subjeot of much experimecntetion deponding on the climatic factors involved. Buclon
(23) in reporting on the results of 10 yoars research and applications of plastios
mulohing in Frence and in the world stated that when a PE film, 0.03 mm thiok, was
laid on the soil it modified important production factors such as temperature,
hunidity, soil structure, presencc or lack of weeds, degree of nitrogen, of carbon
digeide and the root systom. After reviewing the work carriad out on each of these
itoms he concluded that plastics mulching acted on a conaiderablc number of factorst

(a) ground temperature which it increased more or less according to its
colour (transparent »r black);

() soil humidity was regulariged, tho black film being perhaps slightly more
efficient than transparent film;

(c) maintained the ground physical structure, gascous oxchanges were thus
facilitated, as woll as laterel penetration of rain or irrigetion waterj

(4) maintained the nitrate fertilisers soluble in the ground at & lavel whioh
enablaed them to be used immediately;

(e) maintained a non-negligmblc quantity of nitrate after the orop (harvest);

() increased thc superfioial root system without any water vapour at the
level of the stomatosj

(g) increased the superficial root systes without any modification of the
deeper root systea.

He noted that these factors were often linked to each other and that there
was a synergetio action batween all these factors whioch finally would not only

increase earliness but increased yields es well.
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Buclon (23) slso reportcd that mclons, asparagus, strawberries, tomatoes,
cucumbers, lettucc, aubergines, pimento, gummcr squesh, bcans, potatces, maige,
tobacco, cotton, pinvapplc, vine, flsral oeultivations and arboricul ture (coffee,
tca) have all beon subject to growing under mulch conditions, and he sct out the
basis for selecting the mast suitable type (dogrec of transparency) of film for
mulching.

For tropical arid conditinns thcrc is little doubt that it is the moisture
retontion and prcvantion of cvaporation factors which arc most important. Spice (22)
reported that there was little difference in the results obtained in Kuwait,
botweon clear or black PT film mulch whurc squash gave five timee greater yields
than thc adjacont unmulched plants.

B. STORAGT AND CONTAINERS

Crop oonggrvation
Having successfully grown a crop the next stagc after harvesting is to ensure

its safe storage until it is required for consumption. Hall (24) in his survey of
storage and transportation of food commodities pointcd out that some 267 of dried
fish distributed in developing countries is lost as & result of spoilage during
storage. With cercals, oilsccds, vegetables  and their products, losscs in the
tropics can be as high as 307, a large part of this loss being due to the ravages
of mites, insects and rodente. This emphasized thorofore, the necd to pay special
attention to thc adontion of suitable storagc systems for agricultural produce in
tropiosl conditions.

Storage systems

In all the various types of storagc systems in use in the tropics the problems
of oomtrolling insect pcsts arc of highest priority, and thc method of control
ought to be gesrcd tc the type of farmer and the design a.d condition of the con-
tainer. For this purposc, plastios film has a useful part to play.

Sua drxing

The use of plastica shcets could have a wider future for controlled sun
drying of orops such ss ground-nuts or rice. The UK Tropical Stored Products
Ceatro (24) designcd such a plastios type sun-drier which could bc used also ae
a moisture-loss recorder, and a fumigation and storage container.
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Puss bin b
een

In India a "Puse" bin has/successfully congtructed (24). Tis is a square

shaped mud silo incorporating & plastics film as a sandwich lincr within the floor

and walls whioh provides a simple form of air-tight storage for the farmer.

Circular weld-mosh plastic lined silns J

Hall (24) reported that the usc of circular weld-mesh typc siles with plastios
liners for crop storeg: was obscrved in a few countries in the tropics. Development
work, in Turope, on grein storage in such silos has beon reported by Hyde (25) who
indicated that thc inorcasing use »f curesls in livestock rations had led to wide-
spread use of sealed silos to storc grain of uaigher moisture content than is
possible in open storage. Fxperiments with the plastics lincd silos gave satisfac-
tory storage of both barley and beans whore the grain was to bo used for animal
feod. The introduction of carbon dioxide into thc silo reduced the anacrobic fer-
mentation which developed after the oxygen had been eliminated. Further work in

this direction was reported by Riczko (26) who showed that maise with a 3¢ moisture

content could be successfully stored in a plastic lined silo made oxygen=free by
flushing with carbon dioxide.

G.R.PY silos

Dovelopments with ORP for the oconstruction of milos hold promise of large
soale silossuitable for grain storage usc in the tropics. In Hungary, Laszlo (27)
has reported the development <f filament-wound silos of 20 cubic ineter capacity
which were filled pneumatically and unloaded by mcans of a pulley. Other work by
Dessc (28) concernod the development of GRP silos of 800 cubie meter capacity which
have been used successfully for the storage of 600 tons of barlcy.

Portablc warehouscs

The development of plastics air-tonis as warchouses for temporary storage pur~
poses has been succcssfully used in tropic conditions (24). One such warchousc with
a oapacity of 5,000 tons of bagged produco has been used in the tropios, but needed
modifiocation to reduce condensatinon problems. This type of struoturc was supported
completely, and only by air continously blown in a relatively low pressure. The
fundemental deoign\faoton for this type of building are well covared in a paper by
Canham (29) on air supporied plastios siructures.

This air-warchousc has the added advantage that it can also be used as &
funigetion chamber, and can also be rapidly moved.

* 0.R.P. = gius?ibre reinforoed pclyestor

e
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Fumigation shoets

Central storage of produce usually provicd.s scope for thc vraction of bag
or bulk storage systems. The contres consist of GRP, or mctal, or concrete silo
installations, and of largc warchouses, and inviylve oroblums of both inscct and

rodent control. Wherc bags are stackud, produce can be disinfocted by covering

the stack with a plastics shecting and introducing a fumigant undur the sheeting.
The plastios sheet performs two functions, It maintains a concentration of gas
within the produce for & minimum timc, and it also prevents reinfostation while it
is left in situ (24). For these applications, both PE film and flexible, unsupported
PYC film have buen sucoessfully used.

Some indication that fumi-zation is alrcady in usc in the Sahclian gonec is
given in a French review(30) dcaling with French rescarch for thec arid tropical f
gone of Africa. Mention is made of fumigating stocks of grain packed in plastic l
bags with capsules of carbon tetrachloride. Unfortunately no other details are
sentioned.

Saoks_

Whilc jute sacks have beon used tor many years they arc gradually being
replaced by PP (polypropylene) woven sacks. In this respect, natural fibres with
& multiplicity of arcas in which micro-organisms can lodge, and capable of holding
moisture, provide an environment fawvoursble to the development of bacteria, fungi
and insects, with the resultant deterioration of contents. A PP sack has non-absor- !
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bent moisture properties and freedom from taint-imparting odours, it therefore,
provides a bidogically inort wrap for agricultural produce. Variations of this type
of sack can involve coeating one face of the PP woven cloth with a PR film so as

to produce & PT film=lined sack. Hall (24) mentioned a report by the Tanzania

Coffee Board to the effecct that coffue stored in P% lined bags reduced deterioration,
both of raw colour and overall quality in clean coffce. It would appear therefore,

that there may bo opportunitics to be cxplored in thc use of PP sacks in the
Sudano-8g1elian sone.
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