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0f the meny problans ~fflicting nonkind, ~uc £ the i oet difficult has to do

with the constontl, increasing dennnd for fresh voter, duc Loth to the expanding

populaticn and the develcpnent of o ogreet any huner octivities which require water
e8 a prinary ncccssity.
The coencern of the student of this preble: cannot be 1i.4ited, therefore, acrely

tc o search for nci sources of supply, but nust cxtend 1. the question of hoew the

systems for managing the wnter now rvedileble emn be iapreved ond nnce MOTe official

by reducing waete sc thot thic precicus rescurce onnl b wore carefully husbanded.

14 is clear thot the cceneniuing of wetor must net bo nerely the concern of scicn-

tists, but a matter of vitel inportonce to cvaryenc vho uscs 1t.
In the arce of cgriculturc, wad cspecinlly hortic lture, one necthod of econo=

nizing watcr ty limiting ite usc t. strictly nceossnry ~n-unts ie through the use

of mulching ccuplcd vith the ¥ nd of irrigation which rnobler the water suprly to

be adjustcd to the plents? nceds rnd thus aveids wnstogo.

A plant Crowe the waler it nccde to sustnin 1ite olacet ontircly from the soil.

The watcr must thercforc be ovailablc in the scil, &Hd nerticularly in the aren in

which the roovts Cevclop, in quantitice wptioal for the plort, and oust not re-

cecape intc the ~uosphere cxcept by tron gpirati.n through itc lenves, This mcans

that, ns far cos possible, losscn cous o¢ by evaporotiom ond scepage intc th- deopest
layers cf the greunc wust be aveided.

Water, it will be recalled, cen be feund in the ground iu threc diffcrent foruss

(1) m__scopic water - up to the linit sct by tho hygrosecpic cocfficient,
11e of the €oilve diffcrent cciponents and

os an intcgral part of the co
thus rvailcoble to plant lifc.

(2) Capillcory W weter - beyond t.c hygroscopic coofficicnt up T nexinum
capillory soturction.

Ovor o ccrtun rmgc, up to the vilting pereant o<, capillnry wucter is
-of the plante,

tled 4, the scil sad not avr leble to i®et the roruiscnts
which ir thet cecc will show signs Af deelin .. Duyend the wiltaing Ee.rccnt%

.gpd yp togk moaxdniun caglllqm_soturﬂtun the wotor is ~vailoble to plint 1ife

——— A o~ & - s . . e
and is not mrject t. scopage, but will cvopaTso te. & S

(3) Grc.v1t“t10nel wober - fros I it capillary © ~durction up to the
£0 utc woter Ci"cl‘t H it 3o owailoble to it 111\., but ic

mabject to ceepngle

The dividing linc brtween uvnc £ 1 of voter rod roactier ¢hifte nce rding to

the neture of the soil ond, uepecicllyy its clry cortent. In Protolongn's diagrom
(fig. 1) the distribution o the differcut forie o F witer i the gcil is shwm

cecording tu the clay levelsr, maswoing, ne ie uruslly dove, oo rnat-nt silt content

af about 10 per ccnt,

I
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The optinal soil hunidity, ensuring tic best plont perfomaonce, is found ncar

the point of tctezl capillery soturction.

The water ot this stogc is oll: t. ciroulate in the s.il, carrying with it the
nutrient clements, while at the scie tine leaving sufficient space for good acration,
which is an cssertinl condition if the nlent is to proporly aboorb the nutrient

soluticn.

This then ig the balance in thich the seil's water content st be maintained,
gince, as alrcody notced, at this point the problen of losses thr.ugh scopage doce

not yet arise.

If losses do occur, thoy arc precisely of the kind that ean be c¢lininated, or
et least reduccd, by iwlching.
MULCHING
The following arc the factors ucst affected by plostic ulching:
(1) The tomperoturc, hwaidity ond cpeeific structure of the soily

(2) The suil's nitrgen and carbin-dioxide content, ond the resultant
chemical, biochemicnl mnd .iicrobiclogical activity;

(3) The developaent of roote ond their lecation in the seily
(4) Weed control,

Ihe affcct of nulching on auil teapercture

Tdeally, the effect of nulching on soil tcuperaturc should be to reducc sub—

stantially the vorictions in heat - thot is, the purpesc of mulching i to reise the
temporaturc of the scil during pcri.de and in pedi clinctic enviromaents whioh arc

cold, end to reducc it when prolonged cxpesure to the sun raiscs the heat of the

g0il to levels harnful to the normcl development of plant 1ifej  ir cther words, in

Yoth cascs t¢ rcduce the tenpercturce rongc.

1t 418 obvioue, of ecurec, thrt ue onc -type.of-plagtic naterial can produce nll
these effeots. It becom:s nescssary, thorefore, tc sclect the best suited plastic

film to the speciflc conditions in cach individual onse.

Acoordlngly, let us exaurine the bchnv1 AT vf thc difrc crcnt typos cf filn most

comaonly used for aulching in relotion o tenperaturc:

(1) Black polycthylenc (PE) film;

(2) Transporcut PE film;

(3) Transparent polyvinyl chloridc (PVC) filuyg
(4) White filn;

(5) Suoked grey film.
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Megrrally, if culching is to Love o neticeable offect n soil temperature,
the rulched arer uuct bu lorge croughe  1dc ~11ly, thc cntire scil surface should bc

qulched; oo o cirdnuws, the #trip Lulched should be ot leost one meire in width.

<
1. Black PE fil.: ?
TPhis filr: rocorbe all the dight cac heet roys .f the cun, transmitting (vy
conducticn rnc ¢ nveetion) only - snell pertion of the latter to the scil layer in
dircet contoct vith it. Thic layer 1o heoted to o grocter or lesscr degree, do-
pending @i its structurc and hunidity. During the night-tine hours the heot loss i‘}
from scil vulcacd vith black film is slower than in tle cose of walching with ‘
tronsparert PE fils or bere £oil. Thue, when black £ila is uscd, the avercge day-
tinc tampersture is 1 wer than with traasparait £iln (PE .r, still nore 80, PVC),
but highcr than in the cesc of barc s0il, elthough o louer tcuperature then for ?

barc soil alcnc con be cupected during the hourse of tright.st sunshinc. This last

fact is prcbebly duc to the grecter o flection f sunlight by the dlack film.

During thc ni ht, thc tcuperstur. ic higher than ia tle cose of transparent
PE fili, but crucl to or lower then with tronsparent PVC (depending on the colour

and hunidity of the scil, sincc o dnrker ~and canper coil absorbs more heot ).

Thus, block fil.. glves n (VOTTEL teaperature which is lcwer than with the
ther filis, but higher thon with wicavered s0il. There is olso loss fluctuation
in tomperature then vith the sther varictics, anc thic is generally n advantagoous

foctor for plont 1ife ond productivity.

On the bosia of these charccteristice ~nd thedr c¢ffect on soil tonperature,
bleck polycthyl.nc fil: would Lo preferable in very hot loce ~ticne exp: seld to strong
sunlight, if it di¢ nct have other dr whacke linkoC specifically to its black colour,
It aust be rosembered thot if it gets too hot the £il way burn the vegetation in
dipcct comtmct tath the rit, of the hcle mad that exccssive irradiation is hamful
4o #acll, yourg plants.  Lcerrdingly, thie f£il: shoul! be used only with cortain
precaut ionary mcosures (for cxaaple, surrounding thc snell plonts with tiny pellete ;
.f cxpended pfvlystyrcnc ) when tronsplonting during periods of heat and sirong

gunlight.

When plonts are transplantcd during worc tceinperate pericds anc when it can Ye
expeected that by the tinc the weather growe wor.cr ther will alrcady have anough
leaves to give the fila edequatc skado, tha danger of turning and everheating

can be svoided.
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2. Irﬂggarent PE £ilnm

This filn passes the short infrared rays, which arc then atscrbed by the soil.
] Even the infrered radiation enitted by the soil itsclf pezsses through filn of this
N type, although to a lessur degree eincc it is partizlly rcflected by the nmany tiny
droplets of water which gencrelly oover the insidc surfecc of the film. The result

ipc o pronounced hesting of the soil during sunny hcurs and o very rapid cooling off
during the night or on sunless days. Thus thc temperature range is fairly wide,
" Jhich may bo haruful to productivity, despite the fact 4hat the larger quantity of
heat stored genorally produces earlicr crops than the tlack fila and, to an cven

R

R e

greater degrec, wmoovered soil. In any case, this is o type of nulching whioh,
provided weed control is possible, con bo uscd to sdventage with almost all crops
in regions without too much sun when the vegetation is not thick enough to provide
shade for the plostic cowing into contoct with the plant.

Since film of thise kind absorbs only & minor portion of the heat, there is no
risk thet the asericl pext of the plant will be burned by contact with the film or
overheated by radiation.

3. Jzgnspgront FVC filp

This film behaves in more or less the sane way as transporent PE film with
respect to the tronsuission of the short infrared part of the solar spectrum. It
differs, however, with respeot to the losm of hcat during surlcss hours beceuse
polyvinyl chloride retains a higher percentage of thc long-wave infrared rodiation.
The temperaturc range is thus sneller than for transparent polycthylenc film while
the aversge tempcraturc 1is distinctly higher.

In practicel terms, earlier crops oan be achieved than with transparent poly-
ethylene, still more sO black polycthylene, at the sac tine that, beoouse of its
more limited tomperasture range, which io comparable to that of black polyethylene,
there is no drop in productivity provided this filn is not used in particularly

‘ h_ot“or suny reglons.

N ‘ . . B . Vel -4 ‘ ) . ]
As in the case of transparent pelyethylene, therc is no risk of damage beoausc
of buming or overheating of tho nerinl parts of the plants.

4. Mnide filo

White film tronsmits ond absorbs cnly a pmall fraction of the sun's rays,
whether in the light or heat portion of the syectrun, tut refleots some 80 per cent
of this redistion. P » ¢his reason, the s0il beneath the filn becomes less hest ed
than with any other film - and still 1ces than in the casc of bare socil - which
delays the orop. Nevertheless, its reflectivity increasco photosymthetio activity
{in the leaves ncarest to the soil, whether in the grecnhousc cr in the open field.
Consequantly, this film is 40 be recoomnended whencver lack of light is a limiting
fastor.

L




p/we, 182/
Pog . ¢

Se Sickcu grey filii

Acerrding 1o the porcantage of corben Llack cdded to the notural pelycthylcene,
thie filii nay be closcr to black or to tremsparcnt f£ili, It ought to be frec of the
drovbacke of botl typcuo while reteining thoir cdvest ages. In reality, however, this

is not 2lwayr so becousce of the difficulty of weed conmtrel, ond for this rcason it

would appecar advinoble to usce black or tromsparent £1l: os the situaticn requirces,

Effcct of o

A muber of uritors rerce thot the quantity of wotor wnder o plastic mulch is
alaost always grooter than in bere seil, oreept inmccdistcly after rainfall,.

What is ccrtain is that, for any type of filr, & possiblc causc of watcr loss
is scepage following cxccssive irrigoetion cr abundaont roinfell, Since cevaporction
is eluost totally ruled out (therc being only nincr losscs through the openings made
in the films to pcmit ‘trmsplan‘tmg), the water in the ceil rauoine available to
the plant for the supply of nutricnts ond transpiraticn. As in the casc of tempera~
turc, soil huiidity is affcetod only if o sufficiently large arce around the plant
is mulched,

When the entire soil surfacc is .aulched - a good practice for virtually all
norticulturnl crops - evaporation is rcduced to a minimun since even the free Bpace

between the plenting rows is now clininated.

When irrigetion ie by ncons of sucll perforatced tubes below the mulch, the
discdvantages sonctines ancountcercd in furrcw or sprinkling irrigation systoms arc
eliuinatcd, With otlicr types of irrigostion the buried portion of the filia hinders
the passage of the wotery the pathways gt tredden down and compacted, partiocularly
in thc casc of soil, with a lct of cloy in theas, which blocks imbibition; the nmulch
provents sprinkled wewber frenm getiing threveh, st~

The bencficial cffect of imulching on the hydrclogical condition of the soil is
not acrely the result of the greoter quentity of water tropped under the cover, but
c.lso of its distribution throughout the soil. What h"npcns is thut ca.pillary attrao-
‘tion causes the water to risc and ccocuwwlate partioularly in the uppemoa‘t leyers '
where the soil is richest in nutrionts and the roots con develop hettor without

h ving to T «ch -1m in suvrch )f o d A1per cnviron < n‘t.

By aprlying thc irrigntion water in the right anmocunts and toking the best
possiblc advontouge of the way the aulch affcets soil humidity, it is pessible to
neintain a virtually constart and ncor optinal water regine - that is, cne which will
be close tc naxinw) copillary scturation - so as to cnsurc geod circulation of the
nutrient solution ot all tinmes and corplitely ngainst the risk of root drowning what
is prcsont in other irrigation systume bascd on scil inbibition up to the poinmt of

naximan water caproity.
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being made to avoid as far as possihle the kind of clumps of hard earth which
present a serious obstacle even to the capillary movement of the water as it rises
towards the mulch during the warmer hours and redescends, albeit in smaller quan-

tities, during the cooler period of the day.

It is precisely this movement of the water which can somewhat improve the soil

structure,

In any event, provided the mulched soil is not trodden down too much, it
iemains porous enough to permit more extensive root development, better oxygen
circulation, greater produstion of carbon dioxide and more vigorous movement of
the gas to the planting holes, through which it can rise into the air around the
leaves and thus play its role in the life of the plant.

Effect of mulching on ihe soil's nitrogen and carbon dioxide content
and on chemical, biochemical and microbiological activity

The problem of the nitrification of ammonija nitrogen and its use in mulched
as opposed to bare soil has produced the greatest discrepancies in the findinge of
differont writers, Over against the very favourable results cited by some of these
authors one finds the negative, or at least doubtful, results of others, Thanks to
the findings of Professors Malquori and Cecconi, as communicated to the Third
National Conference on the Use of Plastics in Agriculture held at Palermo, this

problem has now been clearly resolved,

Apart from the physical and chemical composition of the soil itself, its
temperature and humidity and their interrelation, by influencing the activity of
the microbial flcra and the chemical and biochemical reactions in the soil, have a

decided effect, for better or worse, on nitrification.

Since the temperature can be influenced by the celection of the mulching film,
and since the humidity can be easily manipulated and maintained almost constantly
at optimal levels by installing a permanent irrigation aystem, the soil can be

better conditioned for good nitrification.

With respect to temperature, it seems that the max1mum value, at wh1ch nitri-
fication stopa, lies batween 45 and 52 L, and that thw 1deal Varyxng according to .
the Bsoil ~ from the most sandy o the most argillaceous - is between 25 and 4% ‘.
Moreover, while bare soil requirel a high level of water sﬁturation (between €0

I A . o -- S

and 80 per 6;hf) to produce th@ hent n1tr1fication, a lower lovel of saturation
(between 50 and %0 per cent) is sufficient for mulched coil.

In any event, the nitrate nitrogen supplied by fertilizers or produced by
nitrification remeins largely available to the plant since, through the use of
mulching and by controlling the f'ow or irriga‘ion water (which is poseible
by placing pipes undarneath the mulch), podzolization, which causes severe nitrate
losses, is reduced to a minimum,
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The soil's microflora activity is dcternined by its physical condition, humidity
and temperaturce LS we have seen, zll these factors arc favoursbly affected by
rmulching. It ngy be casily rcasconcd, therefore, that .iulching also promotes mioro-
floro activity. .Jcoording to Pr.fcsscrs Favilli and Denvenuti, "Nulching has a
positive effcet not only on the rize of the wicrobe cornuaunity and cf cach of its
constituent biclogical grcups, but alsce on the distribution of these groups in depth

and their particular zctivitices.”

It hos been reperted by Ferrctti (1931), working with soil mulched by roofing
Telt, that at o depth of 5 e four tinc: morc nicro-organisns were present in
mulshed soil then in unmulched. A o result, the mulched soil had & higher capacity

for ammniation, nitrification and nitrogen fixing.

Microbe activity, particulerly durineg the transfor.ction of organioc matter,
promotes the production of carbun diizide t. such a degrec that, as cstablished by
Shcldrake (1943), the anount present under polyethylene filus is four times groster

than in uncovcred soil. T'ids is the sanc retio fosud by Forrctti for micro-organisms.

Escaping through the planting aolcs ond filtering (although only very slightly)
through the filu itself, the carben dioxide bathes the plats and provides them with
a genuine carbon fortilization, ultiiatcly resulting in higher productivity and
better quality.

Effect of rulching on the development of roots
and their distribution in thc soil

A8 a result of the total cffcot of nulching on the teuperature, huwnidity and

structur: ¢f the soil, far larger ro:t systuis tond to develop thon in uncovered
soil.

Agulhon, in 1§7%C, cbscrved a 50 per cont increase in the weight of mulched
vineroots over uniwulched. Appreciable increasss had already heen reperted ty !'aggrner,
Miller and Dc Roo (1960) for tobacco, Zocca (1963) for atrowberries, Gaibogi and
Verona (1966) for hmad beans, Benvenuti (1969) for French beane and meise, and by

Milcllc and Deidde (1970) for nursery-grown citrus trccs,

. 411 thesec writcrs ongd others, such ns Scaranuzzi, Poygn, Fortney, Clarkson and. .. .
Chisci, havc noted that under iulohing the root syetc:s, whether of trees or plants,
dcvelop more extansively ncer the surfoec, with a considerable increase in the nun-
ber and activity of {hc root hairs. is ancther of thesc writers hos peinted out,
this takcs place without prejudiocing tho developrent of the roots in depthe Fetue
relly, more vigorous root octivity can only result in improved productivity.

Effect of mulching on soil structure

Mulching keeps the structure of the soil in the same condition as at the time

the plastic was applied. Only in certain specific cases are improvements roted.
Por this reason, the soil should be prepared with great care before mulching, efforts
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Effcet of mulching on weeds

The ~ost noteworthy cffcct of nulching with black plastic fila is the virtuzlly
co.iplete eliminaticn .f wecds.e The fact is that there arc only a Tew varietics of
Cyperus {c.g., Cyperus Rotundus L.), occurring naturclly in Contral and Sowthern
Italy, vhich with the silicious ond sharp tip of their brocts ~re able to piercc

thrcugh the black filo sc¢ that the catire plent ciurges in » normcl developaent.

The herbiczidal effcet of blosk Tils (dve nainly o ite imperncability to light,
which blccks the principal physi.legion] nctivitics of neede) is execllent cven
ag2inet those wecde which arc mesgt difficult to combat through the use of rconven—
tional scloctive herbicidee, such as Sorbws Halcpensce Pers., Cynodon Dactylon Pers,,
Digitaria Senguinslis Sc Pey Setarine goi., Agrotis gon., Cireiun gctiey, Phularis
gcn., and others., Morcover, in weed control fila mulching ie frec <f the drawbacks
frequently associsted with the usc of convent icnel herbioides ubich shew up in the
fon. of accwiulation ¢ffcets when » cuccesgion of crops rro treatod aad in the mere
luxurious growth of tiosc weceds which orc not vulnerable to the particular herbi-

cides enployecd.

Wihen transparent filu is uscd, weods develop mers or loss abundantly, depending
on the species; often, oce has the lopreseion that they are ieing force—~grown, sc
thick o carpet do thoy present. This happens whencver thore is the possibility of
air entering through the plonting helus, oi ~rownd the cdges of (1lm which has been
pcorly anchored in the ground, sincc such air lowers the Figch tenpereture attained
under thc filn during the hours of sun. It order to prevert thic -nd combat wecds
even when using transperent f£ilo, as sown ~e the nursling rloat iz sct out, the
planting hole should Le senlcd with o spadeful of carth - r st other heavy usterinl
to ancher the filii well to the grounc. ~nd prevent even the sligcltest circulation of
air. In thie way, [beccanse ¢f) the high tomperature ond hauidity, the weeds which
lo geminate [perish] in their cerlicet stages before thcy prov sufficicrtly to
reise the film ae they scck the air they requircl « In rny cvent, tronsparent filn
- will proauce ite bencficial effects on 861l and creps for rere offectively if the
potential density of thc weeds is lowcr at the tine of iulching,

Smoked grey fil. should be made cark ?nough_j:(;-.chr,-ck the cevelopuent of weods
decieively. ' If thic conmot be donc rr if ir order 4o oontr 1 the weeds the sanc
ueesures have t: be teken as with tronsvarenmt € ilm, it is ~dviseblc to usc oither
that filn or the black.

L/QW: This scntance is ircosplete in the original and the
bracketod wo ropres only zn ottempt te reconstruct its probable meaning.
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4 sclvtion vhich ecouly () iivinat. the shortcoriings of beth the Vlack and the
transparent filn, vhile inproving their perforuence, night be offorded by a reddishe
brown PVC photosclcotive filx, vhich, vhen uscd ~s » ilch, tlhough permitting the
passage of thic shert infrarcd heet roye and coupletcly blocking the long oncs, wuld

be inpenetrable to rovicticn in the visinlc pertion of the spectrun.

Thig would rcsult in on incrcose in tle aver-ge toperature, which is g
charactcristic of the transporent film, clong with the vecd-oontrol propertics and
reduced teuparature rangoe typiecal of the black film.

This photosclceotive filiy, vhich vos tested and deseribed by Benvenut i and
Glatti as carly as 1069, with 1ater reports by Benvenuti in 1870 and 1971 fgllowed
by other writcrs thoreofter, hes not yet rcached the stege of oo aercial marketing,
although onc would vwicl that it night soon be made avoilable to growers beoause of

its very promising possibilitios,

FELTI LIZ_II;IE Ei’gIGATIQIT

If water is tu be supplicd with sufficient accuracy not to opusc seepage losses
while censtontly nzinteining the eoil ot optinal hygrcnctric conditions for the
plants, the soil’s physical and cheanicrl structurc nust be precisely known and
these datn nust then be natched ageinet 0]l the atiospherice characteristics (air
tenperature and hwiidity, light intensity, wind, ete.) capable of affecting the
plamt's transpiraiion,

If this is difficult to cchieve cven at o rescarch institute, given the
difficulty of sclect ing from among tic various proccdures proposed by the difforent
authoriticc writing on the subject, it is quate imposeidle for the average farmer,
who has no altermctive in the natter ut to rcly on his knowledge of the #oil, the
vegetative devclopnent of his crops ond, ab ve all, his coogion ssnse in order to

provide the aiounts of water hoe considers rroper,

By using & uulch to clirinzte aliwst co. ‘pletely ucter wastage duc to evapora~
tion, scepage lesces oan be reduced by ncans of g fired irrigotion systan under-
neath the uulch censisting of perforoted plastic tubes. Such a perianent systom
provides an taby meons of irrigating the plants for brief periods with the roequired
frequency, in order to restore to the soil the veter wvhioh it io constantly losing
through plant troanspiration.

The systcn consimts of wultadbly perforated polyethyleno or pelyvinyl-ehloride
instolled clong the future rows before mulching (in the case of total or manual

mulohing) or at the smme tise (in the oasc of mcchanival mulching using a spreader),
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: To sarry the water from the puip to the irrigation arca, pipes 80 to 120 nm
] in diamcter are uscd, nade of stccl, rigid plastic or, hest of 211, flexible PVC.
3 Depending on the surface to be irrigated, “hey are equipped vith stecl or plastic
branch connexions of a diamectcr suitallce for sttoachment to the irrigation tubes.

hon flexible polyvinyl chloride iz vsoed, the walla will bo 1 to 1.2 mn thick.

The irrigation tubce, hich arc 30 t- 401w in diametcr and are perforated

! every 30-40 cua with oppocing holes 1 to 1.5 10 in dicneter, uay be made fron poly-
etliylene or polyvinyl chloride, of (ifferent thickncss doepending on the working

§ preesure required. Usually, thc PE tubcs arc fairly thin, for usc during only a
single planting; for this reason, they have o linited pressurc tolerance and can
be used only for rather short irrigntion lince.

FVC tubes arc thicker. They arc reccvered at the end of the growing scason
g to be used again. Since they arc able te withstand grector pressurces, they can be

; enployed for longer lines, providcd they ensurc o sufficicnt flow rote.
Our preferonce is for a syste: of the following type.

l. PVC feced pipes, 1 ma thick ond 12C mn in diameter, wvith two opposing
branches of rigid PVC cvery 1.30 .1, t.. vhich the irrigation tubes are
fitted. Unusod oppesing brenohes should be elcsed off or, better still,
interconnected by o by-pass of unpcerforatcd tubc.

The fecd pipes are laid along the centre-linc of the plot to be
irrigatod sc that the watering tubes are of approxinately the sane length.

2. PE irrigation tubes, 25 to 30 im in dlavcter, for usc during e single
planting. Ve prefer to use non-roooverablc tubes becouse cxperience
hoas shown thot, following a crop, cven with tic thickest - and thorefcre
least flexible ~ PVC tubcs, the holcs boouiie €l.gged moro casily,
especially if the watcr is hard.

The tubes way be as lcng as %0 to 60 m, Mut n~t more; this length
iw well suited to our ficlds, whioh arc usuclly just about 100 m long.
Yor longer plots it will be neocssary to inestall a feced pipe with the
appropriatc irrigation +ubes cvery 100 m or ot fractions of that distanoce.

3. Wo prefor opposing holes 1.5 =1 in diauctor beonuse they arc less likely
%0 beoome oclogged than thosc of 1 mn, although the lotter nake possidle
longor branch lines. The wpacing botween thic pairs of holes is then
about 3C cu,

4. The oolour sclocted for the irrigation tubcs should be as cpaque as
possible to the reyn ...-"y algre vwhich could block the holes, Por this
reason, block is reccincnded over any cther eolour.

Ixmeliorts potes Samtenoe gartled in the originel.
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5. The irrigotion tubes zre lcid along cach rov of plants, unless the space
between twe acjoeent reue is lese than 50-60 @a, in which case a single

tube miduny between thar iz envugh to irrigotc both rows.

6. The tubc is knotted ot tho ond to prevent the weter fron running out.

With o systos of this kind o punp can be eonnccted and irrigation started
very quickly. It is safc to vay thot o vater soving of approximmgtely OC per ceat
san be realiteC uver troditional irrigotion actheds. This is beeause the duration
of irrigetion ie¢ reduccd to ab ut 1°1., . itk aporoxiuatcly twice the frequency.
1n other words: if irrigetics by traditicnal etheds wueuld reauire o poricd of
twe hours onec o veck, vith this systen one wsold irrigete for ton minutes tuice a

week, and thet tould be aough to wnsurc sufficicnt watcr for the creps.

By cttcching o nixing=batching deviec for fertilizing irrigation to the pump,
it ie a very simple matter to supply soluble fertilizer to the plents when thoy
nced it.

This nixing device consists of o hopper (capacitys 200 litres) oomnected, by
means of two flexible pipes, beferc ond oftcr the punp. Onc pipe, which oarries
the watcr to the hopper, runs fron the conpression stage of the irrigetion systen.
When the pressurized woter inlet valve is opened, a whirlpool effcot is orcated ia
the hopper, dissclving the seluble fortilizer with which it hes been loaded in tho
anount required to fertilize the irrigaticn aree. The cccond flexible pipe running
from the hopper ie attached te the pump inmtcke tube which draws the water from a
ditch, pool or srtesiain well. When the fertilizer has tcer thoroughly dissolvod in
the hopper, the outlet velve for the pwip intoke conncxion is opencd, causing an
agitation of the fertilizing sclution, vhich then rune into the irrigetion systoem,
gotting diluted oo it goes. Irrigation ccntinucs for five or six minutes after the
hopper has bocn e ptied t¢ ensurc that ull the fertilizing sclution has been uscd.
The systcn is then shut down.

This technicuc cffors o mcans of oircunventing onc of the drewbacks of
mulching - the difficulty, becausc of the obstoclc oreated by the plastic film, of
applying supplenantory fortilisation to covered crops.

In faot, sinco mulohing dreows the root hairs up into the layer noarest the scil
surfaocc, the water oan carry cven the least nobile nutrient substances te them. In
this way, oven such nutrionts as phosphos pentoxide, potaosiun oxide and the nicro-
elcnents which otherwisc nust be added to the ncil before planting can be nade a;vail-
able to the plants ot the timec thcey most need them.

In addition, the cost of distributing the fertilizor is virtually elimingted
with thio nethod,
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MULCHING AND FERTILIZING IRRIGATION FOR MAJOR HORTICULTURAL
CROP3

Strawberries

This ie the crop for vhich mulching is most frequently used. In addition to
all the usual beneficial effects found with other crops, for strawberries mulching
and fertilizing irrigation bring the following extra advantages:

1. By isolating the fruit from the 3nil, mulching prevents the fruit from
beooming dirty. The result is a more attractive product vhich complies
with the sanitary standards governing the sale of goods.

2. Muloching, particularly vhen it covers the entire growing aree, hinders
the evaporation of water from the soil and keeps the fruit from ocoming
into oontact with the ground. Irrigatioin under a plastic film keeps tha
aerial portion of the plant dry; if the plant is shielded from the rain
by means of a protective covering well enough ventilated to prevent the
condensation of transpiration humidity, evon the risic of attacks of
Botrytis Cinerea caa be avoided. In any event, cven when used alone,

mulching greatly reduces the severity of this disease.

3. Uhile maintaining the structure of the so0il and the shape of the ridges
as they originally were, with rulching it is possible to plant 20-40 om
above the level of the pathways, thereby making picking easier and
increasing the hourly yield hx 10-15 ner cot.

4. FPertilizing irrigation permitse the appliceiion of the proper amount of
fertilizer at the right time to achieve excellent differentiation of the
buds, & good set and larger fruit even after the first crop.

Yor strawberries, most writers favour mulching by transparent film, provided
weeds can be controlled, If planting is preceded YLy fuhigation (a teohnique which
has other remarkable advantages, hut is very expensive) and the use of weed-kjliers
(whioch do not always yield results), transparent filnm is certainly to be preferred.

Potatoes

Mulching of patato crops offers the possibility of growing the plants on the
surface, between the 30il and the plastio, thereby oonsiderably reducing harvesting
costs in addition to saving on the digging and mounding vork involved in oonvention-
al ocultivation, In sddition above-ground cultivation under plastic results in
qualitative and quantitative improvements in praduction by increasing the sise of
the tubers and reducing waste. Black film obviously has to be used in the oase of
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potatoes to prevent them from turning green. To avoid burning of taec shocts because
of overheated film, the tubers must Ve clightly buried whenever planting is

carried out during periods of strong sunlight or if t.ere is reason to expect that
such periods will occur befor: the lcaves ore developed enough to shade the black

©ilm.

Combining mulching with protection by small perforated tunnels will yield

excellent recults, including earlier ripening.

Even in potato-growing it is very important that one should be able to apply
irrigation and fertilization as required. For this purpose, it is necessary to

install a tubing system under the mulci:.

o

Mclons

Transparent film is generally used. It must be well anchored to the ground
go that, by preventing the circulation of air tetween the film and the soil, weeds
can be controlled until the aerial part ol the plant itself has time to cover the

surface and prevent the weeds from developing.

Transparent film makes the fruit ripen considerably earlier than black film, g

which compensates for the lower productivity sometimes noted.

Good results have been obtained by combining the black film with the trans-
parent variety. By impeding the reflection of heat rays and the radiation of heat
from the black film, while ensuring a narrower temperature range than with
transparent film alone, thic method seems to provide an early riponing lead
equal to or greater than that which results from the use of transparent film, without
the productivity being any lower than with the black film alone.

Asparagus
Asparagus can be mulched by covering the cror with a transparent film, which
raises the soil temperature, sc that the turions ripen considerably earlier. To
make it poesible to otser ¢ the turions as they eme.ge, an amti-fog t ransparent
film is used which, by preventing condensation on the inside wurface, ensures
visibility. i
At the Experimental Centre for the Use of Plastics in Agriculture at Nantus, {
however, the preferred method is to grow asparagus above the soil (with the rootlets
planted in the uppermost liyer of the soil) using a transparemt foroing tunnel to get
green asparagus, or a dark red photc-selective tunnel for a white crope. In this
way, picking is easier and can begin some iwo weeks earlier than with muloching

alone.
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?‘anatoes

The many research workere who have studied tomato mulching have reached widely
conflicting cmnclusions. I'or those who ac’.ieved very favourable results, there are
others whose findings did not differ from those ovtained with control plots, either

with respect to early ripening or productivity.

The present writersy, wino employed total mulching, setting out the planis at a
relatively early date (gencrally during the first two weeks of larch) when their
firut met of buds wan lc-nAy visivinc, and ~wweafally ~entrelling ir-i ctien and
fertilization so that there was never ton much humicity under the mulch, consistently
achieved far grcater productivity (from 1% to 40 per cent higher) through the use

of black film.

With transparent mulching, still earlier crops (b;' one to two eelis depending on
the year) and a further rise in productivity were achieved in comparison to the
control pleot. However, v resuits wer - nol salizlactory whie:

well under control.

»ireede vere not kept
It would therefore appear, in our opinion, :lat good recu.*s with tomutocs are
only easy to achieve if the humidity under ihe mulch is checked carefully and if

additional fertilizing irrigation is supplied after the first harvests. We
consistently follow this practice.

Pimento and emlmt

The different writers have almost alwoys reported positive results. Productiv-
ity increases, over bare soil, of 40 to .0 per cent for rimento and as much as

200-300 per cent for eggplant have been notad.

Our own findings are in line with those for ‘omatoes (productivity increases
of 30-60 per cent for pimento and 40-70 per cent for eggrlant), proviced soil
humidity is precisely monitored. This kind of monitoring is Jdecisive in the case
of pimento, for whicih amounts of water even slightly above the soil's retention
capacity produce negative remults hy making the roote susceptible tc cryptogmaic

discases.
ttuce chic

Acoording to a mmbver of writers, evcellent results can be obtained by
combining mulching with fertilizing irrigatica,

Black film has always been used for the mulch. The resulis are as followss
Produoti i i~ 110roanes of 20 to 7C rou cents
Pawor loss>n Juo o botr-tis and ot!.i lsrases:

A moro unifarn ard attractiva final product.
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Pimpini, in tests with the Castelfranco variety of chicory, achieved
productivity increases of )1 per cent over the commercial product. In our own

tests with chicory of the Rosolina varicty the combination of mulching with

fertilizing irrigation resulted in a productivity increase of 62 per cent, due

moirly to th~ greater development of thc learts.

Controlled growing of chrysanthemums
Por three years now, at the Experimental Centre for the Use of Plastics in

“oriculture, chrysanthemums have been grown under controlled conditions, with

black film mulching and fertilizing irrigation.

E

The results have been truly encouraging. In addition to the totel elimination |
~? weeds, the following successes have been achieved: & ccnsidorable reduction in tho |
danger of attacks of Septoriae gen.; larger stems resulting in a more resistant
flcuer even after picking, during the packaging and transport stages; great ease
in fecding of the flowers once a week with the nutrients they require. Transpla.ling
Yoo been quite simple Jdespite the fact that the flowers were planted close together
(12 x 15 em): all that was necessary was to make a small opening, large enough
to introduce the rooted slip. Rooting has always teen satisfactory.

It would take too long to describe in detail the resulta achieved with
milching on different varieties of plants and trecs, as noted by a large number of
writers., Suffice it to say that there are reports on cucumber, watemelon, marrow,
celery, garlic, ounion, green beans, peas, etc., among the garden vegetables;
gladiolus, zinnia, dahlia, tulip, lilium gen., gardenia, camellia, etc., among
the flowers; vpineapple, grape, peach, pear and apple, among the fruit trees, as
well as nursery-grown ornamental and fruit-bearing plants, and extensive orops such

as raize, tobacco, cotton and others.

In every instance, provided the mulching was properly performed, the results
were favourable. The writers lay particular stress on the combination of mulching
with irrigation underneath the film in view of the possibility of fertilising
irrigation which this system offers.

In our view, whatever negative results have been reported, where they were not
caused by the wrong choice of film, were due to improper water management under the
muiche

These poor results could have been avoided if the right smounts of water had
been supplied at the right time, avoiding too much as well as too little.

o B g
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In our opinion, the combination of mulching and fertilizing irricsation
produces a synergistic action which beightons the beneficial ffect of the two
methods taken individually. PFor thic rea on it cannot but coniribute to beiter
growing.

In addition, the combination o" mul ching and fertilicing irrigetion results
in such » saving of wat.r that wsuccessful Frowiy io o itle even in -lages
where, because of the scarcity of watir, cultivation by traditional methods would

otherwise be impossible or at the mercy of dzy coclls.

SUITARY

L scarcity of water is often a limit ing factor in growing many vegectables and
flowers. On the other hand, the troeditional systems of cultivetion and irrigation
arc accompanied by scvere losses of wator cither because of evaporation -- an ever
present phenomenon - or lccause of secpage, which, tollowing cvery irrigation (whic_h,
with conventional systenis, iy irﬁévi‘tably ‘:;:cessive) drains off thie water into the

lowest layers of the soil beyond the riucih of the rools.

By means of mulching, i.c., covering the soil with a ylastic £film which
prevents evaporation, and ty a system of irrigation (using perforated tubes of
flexible plastic under the mulch)which permits contrcl of the water supply to avoid
any excess and prevent sccpage, it is possiblc to economize watcr by some 8¢ per
cent and thus grow horticultural crops in rcas wherc the shortage of wator was

previously a limiting factor.

With the same system, using the irrigation water as o. vuhicle, crops can be
simultaneously fertilized and irrigated at thc right time - that iz, when the
rlants require it.

Different types of mulches and their use with a munkter of hort icultural crops
arc analysed.
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polyétiyline. (Atts dol I° Congresso Internasionale
sulle Applicasioni delle materie Plastiche in agries]
tura - Avigaene).

MALQUORT A.,CECCONT C.A, -~ 1966 -~ Nistificasions in terremo oetteo muleh

RIORANELLES R,

RICHNELINT R,

plastios (11° Congresse Intemasionsle culle Applice-
sieni delle Naterie Plastiche in Agricelturs - Pisa).

1970 - Prove ¢i paseismature oul Pensdere (L'Inferue~
tere Agrarie 1),

1970 - la solture fersate dolla pateta (Infesmatere
¢1 Ortellevefrutsiooliuwrs 7).
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NILLA A, DEIDBA P, ~ 1970 - Osservasioni sulla paotiamstura ¢ eul di

seroe chinice in semensall di arencio amero (L'Infey
matore Agrario 37).

1967 - Risultati di prove di pecoismaturs con film di : .

Pelietilens nere su aloune varietd di gladiolo (Atti
del 111° Convegne Nasionals sulle epplicazioni delle
Materie Plastiche in Agricoliura - Palerme).

1969 - Prove bieanali i pesciametura su talee di piop
po (Ast4 dol_IV® Convegne Nasionale sulle applicasio-
ai delle Naterie Plastiche in Agricoliura - Nsateva).

1970 - Contzibution pour 1'édAude du paillage dans 1'sz
berioulturs fruitiare (IV® Celloque International des
Plastiques en Agrioulture - Parie).

1971 = Lo paillage plastique dens 1'arbericvlture fruj
sare (P.N.K, 118),

1972 - L'application du plastique dame la culture éu
Senanier (VB Intermational Colleguiwm Plastice i
Agrienlture - Dudapest),

199) - Agreasmia Gemerals - 47-37 - Dlagricele Belegna.

PAPMITOOLAM €.D, ,CRISTOPONLOB 0. - 1972 - Repert en Lhe “mlti-valve”

drip irvigation experineat (VP Iaternationsl Cello-
quiwe Plasties in Agrioulture - Ddepest).

1972 - lapiege ¢1i file plastics ¢ iafluensa dells ooy
cionsions asetata ¢ fesfatica sulle sarattieristiohe
predutiive ¢ gualitative del redicohie "Yariegate di
Castelfrance” (Cicherius tmtylus L.).~ (Riviste di Agrg
aonls !)o

1973 - Inpiage 41 diversi fila plastiel per 1a paseig
-Cn,\ dolle sveshine Cusurdita pepe L. (Colture Prete
te 1),

1972 - Maléhing o8 & sethed of rescareh (Atti VM In-
ternationa] Colleguiwm Plasties in Agriculiure - Duig
n‘)o

1972 - Subsusfuce {suleeil) irrigatien with plestie
pipes (ML VB Iaternsiienal Oclleqguium Plasties in
Agriculture -~ Budepest).




PRATOLONGO U, 15,0 - Chimica vegetale od agraria ~ REDA Roas -

PRINCIPI P, 1953 = Goopedelegia - 181-208 - RIDA Remes. l
PUBETAL A, 1972 - Effeot of Nulching en soil and plant (Atss VA H
Internationa Colloquium Plastics in Agriculture = B

dapest),

QaaLIore: L. 196) - Esperiense biennale sull'ispiege deoi fegli di
Plastica in fumsione pacoiamante aella celiurs del 8g
dano (Atti del I° Cemvegno Nasiosale sulle Asslicesig
ai delle Materie Plastiohe in Aqricelturs - Belegne).

QUAOLIOP?I L. 1369 - Effetsi dolla pacoiamaturs oen foglie di plasty
oa sulla predusione del cetrielo (Atti del 1V* Comnve-
&0 Nasionale sulle Applicasieni delle Nasterie Plasty
ohe in Agriocelturs - Mentovs).

RAVELLI V. 1970 -~ Paceiamaiurs e eemifersalura della patata per
messo di film plastiol (At41 del IV® Cellequie Iateg
nasienale eulla Plastioa in Agrieelturs - Perie).

ROBINSON J,B.D, = 1961 = The influmce of muleh on netursl and fersili-
S0r levels of nitrste and ammenia in the tepeeil
(J-Mﬂmlﬂt- -’H9)o

SABOYA Y, 1946 ~ Nusais de peillage plastique sur tadec (Ats4
del 11° Congresso Internasionale sulle applicesient
dalle Naterie Plmtiche in Agricolture - Pisa).

SARNO R, 1966 = Beperiems di pacciamature eon materie plasty
ohe applicate o colture di piemo campe (AVt1 II° Ceg
gresse Internssionale sulle applicanioni delle Npterie
Plastiche in Agricoltura - Piss).

SN0 &, 1967 - Ricerche poliennali sulls pasciematura dsl ee-
tone (Att1 del I11° Convegne Nasiomale sulle speliece-
‘sioni delle Materie Plastiohe in Agricelture - Palerwe).

SORALES ?.D, 1963 = A study sems phieieal and bielegieal offests
of various sulohing materiale vhen used with seversl
vegetables (Commell Umiversity),

SRBERAE R. 47, 136} = Carbon ezide level in the misreslinste s

; cod by the permesbility of mulcher (Prec.Net.Agr. Pla-
stic Conf.4).
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15712 - rotual questi. s of ths dovelopg it of the
ourfase irrigation hese oquipment (atti vih Interng
tiemal Collequive Plastic in Agrieulturs - Dudapest ),

1970 « Risultats d1 una prova di peseissaturs cen film
Plastiet sul carciefo (Rivista di Orteilerefrutticelty

1970 = la peseismature integrale dol frageleto (L'In-
foreatere Agrarie 09). ‘

1966 ~ Bporibentasions ¢1 nuove modalith d1 subirrigy
siene det terreni (1° Conveagne Nesiemale doll'Asnceig
sione Italisne di Ingegneria Agraria - Pertiot),

1968 - Irrigesiene setterrancs oon tubt di plasties
(Conzresee Internesionale delle Materie Plaatioche od
Blastemeriche - Nilame).

1971 « Sperineatasions pleriennale ¢i uwa prosedimente
41 irrigesiene setterrance realissats a sssse @4 tudi
41 plastics (At11 del V* Nenvegne Nasienale sulle Ap-
Plicasieni delle Materie Plastiche in Agricelture -
Nentesatini Terme).

1966 - Blementi 41 Soienss del Nele = j1-72 = Megr]
oole Delegna,

TaNIL0 8., MARPE' X, - 1968 - Blementi di Botanicn - vol, 1° - parte 1I° -

Gaos Beitrice Anbrasiana Rilame).

VORI V., BRINGRARIT .5, - 1961 - Prising end polyetiylens ulching of oug

mer planted stravberry in Southern Osliforsia (Prec.am.
Sos. Nert. Sei1.78),

L] 'o.ognt‘. P.I..ﬂ nOO ¥.C. -~ 'm = Plastic ﬂl“‘". prinei~

0084 A,

ples and denefits (3ul1,00an.Agr1c. Bup.0te.634).
196) - Infagint sulle fregels - Bffetts dolla peneiang

ture oon polistilene nere oull'atiivith dol sistoms n
dicsle (Rivists di Orteflerelrutticelture 3).
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