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POLYVINYL CHLORIDE FILM STRUCTURES 0D CROP PRCTECTION
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As long a0 as 1G5, Professor Favilli in ais excellenti paper 10 the
Secord National Congzress on *he Use of Plastics in Agriculiture at Lazin
remarked *hat "wi:reas there 1as deen consideratle progress in the areaz of
piastics Jor ise in greennouses, progress das cteen negiigible in the area
of zhe supperting structures. Yery often these structures are not appropriate
<o <he paysical and agricultural requirements of the greennouse, and _ikewise
io nct permit -he cptimal use of the covering material, whose serviceadilizy

ané Jdurability are consaguently limited.”

In nis Wcrk at the Montediscn Azriculiural TechnologZy Centre,
Servizi Agricol‘ura S.p.A., *the autnor or the Dresent paper aas always cesn
particulariy interested in research intc structures, specifically with
.resDect to the use of plastic films, including polyvinyl chloride (PVC) {ilm,
wnich is the mecst difficult to work with.

A}l experimenters in this fieid (whose mest important works are listed
in the zidliogrzphy) nave consistently recognized %he supericrity of PVC
over other »lastic film materizl with respect o <hermal efficiency and zhe
greenncuse 27ect due o PYC's 2izh -adiation-resention capacizy (i.a., the
atility to acid bvack she sun's medium- and long-wave inzra-rei amissisn) and

izs potensially greater durability.
The Soilowing acvantages flow froem PVC's pesitiTe characieristics:

Te Mcre 27factive crop vrotection against zthe colds
2. The greoemction oF sarlisr crcp aaturity;

3.  Hizher yields;

4. Improved prcduct quality:
S The possibility of sterilizing the soil <hrouzh heat

“reatment, with the gZreennouse xept hermetically sealzad
during the summer.
ALl of these advantages can perhaps be summed up under the single
notion of increased yields. Despite this, however, the use of PVC film as
a greenhouse covering is generally very limited, save in Japan wunere scme
50 per cent of all film used for covering tunnels and greennouses is PVC.
3y way ol cocmparison, in Italy PVC does not yet account for even 10 per cent
c? the consumpticn ¢f all *he plastic Jilm materials used for these purposes.
The reascns for this limited use are to be found in certain negative

orogertics o PVC film, which can, nevertheless, te vdartiaily corrected durinz

the fcrmulaticr of %the compcund:
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- Tne Silm's greater zlasticiiy makes it more 1ifficult to ackbisve

srifcrm apé constant %emsicr, the resul® Jeing icower wWind resistance.
This defect, in ccmbination with the lower zear resistance whick is
+yoical of PYC fiim, of‘ten la2ads %o the tctal destruction of zhe

covering, causing sericus sccnomic loss not limizted <o mereiry the

reclacement of *he covering. This is decause, since it is nct
always pcssivie to replace the film immediately, the crecps them-
selves may te severely damaged. Iis shcricoming cancels Sut tae
film's potentially greater durability. Added %o this is zhe fact
“hat, wnen it is not %autl 2nough, the film's great 2lasticity tencs
to zive rise to large pockets of rain water, which, in the Sresence

of sven the slizntest oustacie, impede the “un—~t° of the water
alcong the sicoe line of she cover,

2. Being nizhly electrcstatic, *he film atiracis and traps smoZ and
+mospneri: dust, wnich causes a substantial reduciion in its
+ransparency and clearmess. In areas with particularly aigzn
pollution levels, this shcricoming may make it necessary to re-
place the film after ome or two years at the most, even when it

3till intact.

is

1. Tre film's cost per xilogram, cn the dasis of one year's use, is
currently about 12 per cent higner in I*taly than <he cost cof

"four seasous" polyatnylene (PT)., In addiiicn, the specifiz weizal
of PYC Silm is zbout 2C Der cont greater nan zze specilic welznt
of PE film., ALl this is reflected in an approximasely I3-ver-cent

aigher cost per sguare meItre. Ihis is tpe sizuaticn un <as Zasis

¢ current prices; a Jaw mortas ago the difference was even Tore
marked and <he ccst gfer scuare metre of PV was neariy twice shal
cf polyetiylene.

4. The greater difficuliy in %“he axtrasion-producstion o PUYC fila in
wicdths sufficient o permit itne covering of & *ge sneite
“ne oresent iime, Italian prcducers, -ising spec Sormul
are manufacturing films C.l12 mm thick and etCeE”’“g even 5 m in
width, whick are in mosi cases larze encugn for use as structural
covers. Altheugh it 13 gossidle ¢ preduce stﬂfl larger widzhs,
*he 3.4-metre size is commerciallr the mecs® commen, so that where
larger coverings ars recuired, individual films must be weldsd
tcZether.

Se Greater difficuliies in gzreenhouse management Secause of PTC's

nizgher thermal efficiency. The fact is that because excessively
high temperatures can cneck growth and cause production losses,

in greenhouses with PVC film covering there must %e zreatsr _»ovision
for ventilation irn order that the higher “emperatures may ove xept
within reasonable limiis.

ot

Jntil now, horticulfurists using slastic films nave preferred o side-
ep thesz 4ifficulties by employing PE film, wnich in fact offars greater
mechanical resistance, i3 lower priced, and is easier %o use, al<hough in 30
doing they have sacrificed the acdvantages “o be nad from PVYC's hizher thermal

efficiency and greater Zreenhouse effect. For these reasons, over a period of
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abLut sen years we of the Montediscn Agriculiural Technology Centre,
Servizi Agriccltura S.p.d., have siudied and graduaily perfected a iype of
stuctire wnoch makes if possible to reduce the risizs asscciated wita ine
shortcomings of PYC {ilm, while at *he same time 2xploiting o the fullest
extent possible %his material's positive characterisiics,

The structure in question is a multiple-arch tunnel mamufactured Ircm

> -y

Zalvanized steel 4o the {ocllowing dimensions:

- Aidzh at the dase: 2.00 n
- Heizat <o the zutter: about l.50 =
- Heizht to the ridge: about .20 m
- Decer: Z2,0C m
- BEvolution of the arch: apout 7. i}

-~ Tolume, zubic metre/running metre: about 2,40 m

W

The arches, which are slightly ogival in form and faskioned of squar
T ; i Smir =ahine —a A | srng Ag 3 wi  =hi e} i A
galvarized Sendzimnir suding, are of varying dimensions ané thickness (size -
25-15 mm; thicimess - 1.5-2.35 mm), depending on whetaer <he lccalisy inm which
the Yunnel is *o %e Huili is or is not sarticilariy wWindy. In areas wWhere
considerabls snowfall car be expectied, the base widin 1s snortened o 5 m and

the zurvature of the arch is made more oroncunced.

These arches are seated in the cuter arms of cach pair of Y-skhaped uprizazs,
which have their cwn anchoring system and are sunk o a depth of apcut 30 z=m
in tre ground., YNaturally, <he sec*ion ard “hickness of these uaprigats,
which have deen galvanized in a melied z.inc dath 21 SCC C, are greater tuan
those of ithe arches 30 as %o permif easy inser<tion and adequate resistance

to weignt and pressure,

The ajr within “he tunnel is renewed through openings in the vaull zhal
are protected by paired louvres, which can bYe opened c¢r clnsed in series on
either side, depending on the direction of the wind, simultanecusiy along the
entire length of the tunnel. Through the action of these openings, mown as
"butterfly-wings" bvecause of their stricture, a «dnd of flue effect can be
created, providing optimum ventilation and 2ven elimirating the pockets of
nignly numid air wnich tend %o form heneath “he ga*ters cf the tunnel

In late 3pring or summer, the coverings can de raised up along the eizes

2f the zut<er, thereby increasing aeration to produce 2 more tolerable climate.

- -
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The edge of the film is attached at this point, oy means of shaped
sections of 1izht sneet metal cr rigid PVC, %o a square tube measuring 20 mm
per side and 1aving 2 thickness of 1.5 mm and length equal o *hat of *he
cunrel (the maximum advisavie length is avout 30 mm). This tube runs *hrcugh

&5

a series of open rings, one Der arch. so fasnioned as %o allow the film %o

pass througn andé the tube itself to rotate when the film is rollied up on it.

Once the film nhas been drawn taut, the *udbe is locked intc place at the
deyired heizht oy means of a branch consisting of a small sieel zcavle. This
catiz is connected 1o another, thicker, cabie, equal in length to %he ftunnel,
mrning through a series of rings attached %o the Y-shaped uprignts at the

point at which they are joined together.

In this way, the ‘unnel can te hermetically sealed oy securing *he cover
<0 the zutter, or else the cover can be left more or less loosely detached
Trom the zutier to0 permit 2 degree cf ventilation beyond that provided oy
oper.nZ the louvres in the “uznel ceiling,

Ir one version cr :his system, the zxtier is Jashicned {zcm the Zila
itsels, whick, before 1%t is rclled om %0 the square tute, i5 wrapped arournd

ancther, rcurd, tute lccated lower down.

By rolling the film on *o she square tube as described above, With ihe
2iéd of 2 f2w reducing gears at =2ither erd cf <he turnel, the film can ze
drawn taut in such a way as to eliminate any flapping 2rd, thus, the pessizilizy
that i% may tear or tkhat water scckets may forﬁ. Aithin a Tew iays, scme slack
in the 7ilm may be ovserved, particularly if it was installed uuring 2 cold
tericd followed by warming femperatures., In this case, it will be necessary
45 draw the film taut again, repeating this operation several times, iI need

se, until the film is stabilized and retainsg its essential tension.

When using PVC {ilm one must make certain that it is Iree of =ven the
smallest hole or snag, since such defects may give rise to far more extensive
tearing, which needless tv say diminishes the effectiveness of the over-all

stricture,

Wizh “his in mind, the cover is fitted <o measure to the tunnel. After
imparting an initial and fairly moderate tension tc the film, it is laid out
over the arches, or e2lse it is secured to PVC 3ectiouns reinforced wita irorn

shapes and a “nin wire tigzhtened oy means of a lever,




.- ~ /’\
ID/%G.327/2

Page S

Over tne butterfly-wing louvres, the film is secured, defore cutiing,
t0 *he same sections that will later keep it statle. In *urm, these seciicnms
are 1eld firmly in place by meams of pressure screws. I acles or tears
occur, they are ‘o be repaired as sooa 25 possible using patches obtained

Trom *he Silim itself.

The doors at either end of the tunnel are shieid-like in form. Matched
tc the contour of the tunnel, they turn on ainges attached to a iransverse
var some %0 cm from the vault. The crescent-shaped section thus {formed at
the top of the vault can be cpened and may ve used %0th to aerate the tunnel
vault so as *o prevent condensation droplets from forming, ard to permit the
entry and extt of bees, even when the door is closed. The very contour of

the door iiself has been designed *o permit the unimpeded circulaticn of dees.

When irstalled in this way, PVC film can be explcited to the maximum
of its potential “irability. particulariy if directly above the points on

Wnich i% rests on the arches i% is painted white to reflect heat radiation.

Infortunately, because ‘hLe material is sc ziznly electrostatic, i<
attracts and iraps smcg anc 2tmospheric dust to the degree tpat its irans-
varency fzlls off shnarnly from zbout the secord year. As a result, it may
nappen that in cextair -egions - *he Po Valley is one - where the intensity of
the lizat is naturally somewnat low, even :2lm that still appears inta~? nmust

e replaced.

In order to deal with this problem, we nave devised a precautionary
measure which nas been found to be very useiul: instead of installing film
with a thickness of 0,20 mm (0.15 mm in less windy regions), we have used
PVC film with a thl.ckness of 0.15 mm, or even 0.12 mm, accompanied dy an
external second film, this one of polyetnylene, measuring 0.08-0.10 mm thick,
wnich remains stable for at least oue year, After cre year's service, this
outer PE film (and with it all the accumulated dust) is removed, ustally in
the auvumi, and replaced. In this way, the structure always remains nighly
transparent and there is an improvement in resistance to wind and hail, all
that 1s necessary being the yearly replacement »f the very thin and less
expensive PE film,

This twWwo-ply design results in = space, however small, detdeen the twc
films, which makes for bvetter neat insulation and shields the PJC {ilm from

that part of the ultraviolet radiation which is absorbed oy *the polyethylene.
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The result is a considerable extension of its useful life, which may ove
as much as S-8 years. Accordingly, the costs for the covering, over a
siz-year period, are lower than they would e using PE of the same
thickness,

Por example, assuming a dattery of ten tumnels, each measurinz
50 m long ana 5 m wide for a surface of 3,200 mz, the costs - in current

(June 1980) -rices - would be as follows:

. . - . 1 e . . i
Covering using "four seasons' PS quratlon one year, cost 1,550 lzre/gg): :

T™wo ccvers, 60 x 9 m each (for the extermal tunneis);

thickness 0,20 mm; 210 kg 346,300 lire

Eigni covers, each 50 x 7 a (for the internal tumnels);

thickness 0.20 mm; 6350 kx 1,072,500 lire

Labour Zor installation: 125 hours at 5,000 lire/h $30,000 lire

Labour for dismantling the remmants:

50 hovrs at 5,000 lire 25G,000 lire
2

,259,300 lire

Thes2 costs are repeatad 2very year, so that in six years -hey

total 13,794,000 lire,

Covering using "long-l1ife" PE (duration twolgé.rsL cost 2,050 lire/xz):

Two covers, 60 z $ m each, thickness 0.20 mm, 210 %z 430,000 lire
Eight covers, 60 x 7 m each, thickness 0.20 mm, %5C kz 1,332,500 lire
Labour for installation: 125 hours at 5,000 lire/h £36,00C lire

Labour for dismantling the remmants:
50 aours at 5,000 lire 250,000 lire

2,643,000 lire

These costs ar: repceated every *two years, 3o *that ouver six ;2ars
they w#ill amount to 7,525,000 lire, representing a saving of 5,365,000 lire

over the previous opticn.
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Covering usiag PVC (duration sixz years) olus PR "four seasons”
(duration osne vear):

1st year: (UG "Plypac?, 1,550 lire/kgz; PE "four seascns", 1,530 lire/z)

™40 covers, 60 x ¢ m eaca (Jor the 2xtermal *urnels),
PYC "Plypac', thickness 0,12 mm

170 kg at 1,550 1ire/¥Z o o o ¢ o o 2 o 0 s s o o s o 331,500 lire
™o covers. 50 x @ m each, PE "fcur seasons"
thickness 0.10 mm

120 %5 8% 1,650 1ire/XZ o o o o o o s o o o o o o o o 131,500 lire
Bizht covers (Sor intermal tuanels), 50 x 7 a =ach,
P7C "Plypac", thickness 0,12 mm

510 %2 3% 1,950 1ire/Xg o o o o o o s ¢ o o 0 o 0 0 e 994,500 iire

Zignt covers, 60 x 7 m each, PE "four seasoms”,
~hickness 0.08 mm
260 k2 at 1,850 1iT€/XZ ¢ o o o o o s o o o s o o o o 429,000 lire

Labour for the installation (voth Films are installed at
<he same time), 126 nours at 3,000 lire/R « ¢ ¢ o o o o & £30,C00 lire

-

Total for *he SirSt J2AT o o« o o o o o o o s o ¢ o o 2,566,35CC lire
P ——

Over the Zallowing years i% will De nececsary ic replace zhe poly-
athylene film five times, so %rhat she cost will increazse each time 3y
310,300 lire (fur the purchase of the maierial), making 2 total of

C
3,052,3C0 lire, To -hese costs must %e added, again live <imes, ihre

cost of labour (250,000 for <he dismantling of the remmantis plus 520,0C0 lire

Jor zhe installation of the new film) plus the'cost for the final dis-
man=lirz of the film, making » to*al of 4,450,000 lire. All tcld, the
costs of the covering over six years will amount ©0 10,269;000 lire,
representing a saving of 3,525,000 iire (or 25.5 per cent)

covering using "four season' dolyethylene alone.

Covering using PVC plus long-life PE (PUYC "Plvmac" at 1,950 l*re/kg and
"long-life" PE at 2,050 lire/kz):

Two .overs (for the extermal tunnels), 60 x 9 m each,

PVC "Plypac’, thickness 0.12 mm, 170 xz at 1,950 lire/ig 32.,500 lir
Two covers (for the external iunnels), 60 x 9 m each,

"long-life" 2%, thickness 0.10 mm, 110 kg at 2,050 lire/kg 225,500 lire
o.zht covers (for the intermal 4umnels, 20 = 7 m each,

PTC "Plyypac', *hickness 0,12 mm, 510 kg at 1,950 lire/kg 994,500 lire




Yy, 20 = 7 = each,

Tight covers (for the intermal “unne
xz at 2,050 lire/xz  3533,3CC

"long-1if2" PE, thickness C.08 mm, 2

. 4
jooe
L3}
(]

O w

-
i
2

AR

Labour for the installation, 126 acurs 2t 3,000 lire/a . .
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Total fCI‘ th f:.:‘s'b ‘Tea-:‘ ¢ @ o @ @ e ¢ o & s o e o o 2,71&,500 lire
= — ]

In subsequent years it will be necessary to replace <he polyetiylene
<wize at an additionmal cost of 758,0C0 lire sach *ime for a foltal of
1,517,000 lire plus 780,000 each %ime Ior labour apd 250,000 lire for
tne dismantling of the film a* the end of the six-year period at a fofal
cost of 3,327,000 lire. Thus, the %total cocst of <he covering over six
years will be 5,041,500 lire, represeniing a saving of 23.8 per cent over
<he [previous] coverinz optiom.

These examples show *hat it is possidle 3¢ zzin The =acornomic
advantages flowing from ithe earlisr maturity and veiler gquallly of crops
togethe: wi*h a lower risk of frost damage by =Xplciting the higner

a

thermal 2fficiency and hetzer greentouse ff2ct of polyvinyl chicrile |
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