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FOREWORD

As land and water resources become increasingly conistrained for agriculture in
Amany parts of the world and in the urban areas in particular, there has been a
rapid upsurge in the production of high value crops under plastic and glass. The
removal of trade barriers, coupled with growing consumer demand for quality pro-
duce all year round, has further stimulated this move towards high value, intensive
forms of horticultural production. Importantly, protected cultivation, while requir-
ing farmers to have a more comprehensive knowledge of agronomic and crop mani-
agement principles than for traditional agriculture, is well adapted to both small
and large scale commercial operations.

The success of protected agriculture is very much dependent on the level
and quality of applied technology and on factors such as the local climate, the buy-
ing power of the consumer, transport organization, market intelligence and access
to local and international markets. An important aspect for succesful exports is the
time of the year that fresh vegetables and( flowers canl be made available to fit in a
niche in the overseas markets at a time when local production is not sufficient or
absent altogether. Producers in arid and cool climates in the Southern hemllisphere
and the Middle East have therefore an advantage in dealing witlh Northernl mar-
kets.

In response to the need to be better informed of the technical develop-
mnents in protected cultivation and their application through W' Norld Bank support-
ed projects, the Agriculture and Natural Resources Departmnent has prepared this
technical publication, primarily for use by World Bank staff and those responsible
for implementing such projects. The paper draws together globally applied tech-
nologies, best practices and international markets experience as reflected in the
special annex to this paper.

Alexander F. McCalla

Director Agriculture and
Natural Resources Department
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ABSTRACT

T1his Paper, "Protected Agriculture, A Global Review", gives a broad overview of
the three main protective methods of plant coverage and related technologies

for cliimate control and production techlniques, includinig drip irrigation in vegeta-
bles and floriculture. The three protective methods are by using mulches, row cov-
ers and green houses. The Paper also addresses some relevant economlic and pol-
icy aspects in protected agriculture. Because of the overriding importance of the
sector, a special ANNEX on modern marketing has been included to highlight
world wide marketing issues and trends from centers in Europe, North America,
the Middle East, to Latin America. The Paper is generously illustrated and written
specifically for WNorld Bank's operational staff and national counterparts in devel-
oping countries.

The Paper is organized in four PARTS and a special ANNEX on Marketing.
PART I gives the Background in Chapters 1 and 2, PART II deals with the
Protective Materials and Structures in Chapters 3 and 4, PART III discusses the
main Production Aspects in Chapters 5 to 10, while PART IV highlights the
Economic Considerations in the remaining Chapters 11 to 14. The ANNEX on
Marketing has been written by a different author and can be read seperately from
Chapter 12 on Marketing and Distribution in PART IV of the document. However
because of the complementarity of the contents, it is highly recommended to read
both the ANNEX and Chapter 12.
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INTRODUCTION

Protected atriculture is tihe modification of thie nattiu-al cinvi- farmling tech ni(qtles, which incorporate Idevelop)ments in irrigai-
ronment to achievc optimum plant growxth. Nodifications caii tion, fertilizers, pestici(les, herbicides and genetics have aLlrea(dy
be made to othl thle aerial an(l root environments to increase increased prodiuction. Nlore disease-resistant crop culltivars
crop yields, extend( the gro\ing season and( permit plant (Trowth have been bLredl wvhich are responsive to suc h i farm inpits as fer-
c(luring perio(ds of the year not commonly iised to grow open tilizer and plant density. The well-known Green Revolution is
fielcd crops. 'rotectecd agricilttire maV' also inclicate compre- an) example of' how minodlerin teclnolog l has sil)stantially
hlensive systems of contiolledl environmental agrict titure (CEA) increased yielis in somce developing cot intries with severe
in which all aspects oftthe natiral environment are moldified fotr food/popilation prolblens. For mich of' the world, climatic
maximum plant growth anld econlomi1ic return. Control may be conditions have prohibited year-arouid farming with crop pro-
imlposedl on air and root temperatures. light, water, humidit,v dtiction ofteni limnitedl to onlys one season. Protected agricuiltulre
carbon dioxicle and plant iitritioll, along wkiti coilliplete climat- Call providle new alteriniatives anid econiomic opporttiunities in
ic protectioni and may' ultimately make it possible to gt'row crops Crop produetion to feecl a huInry woricl.
on a luiniar lbase or anothier planet. This publicatioti describes the potential atid applicationi of

Protected agricul- protected agricti lire
ttire has enabled fo ulIse in developing
miant comintries to 0 eotirities. It details
greatly extend their- techtnological advantces
foodl prodLuction tise-I1 throughouit the
capability. Until now, Wotldl to increase crop
suich systems of agri- vields, to impromve
cuiltule have been (_tuality antd to permnit
larigely concentrated early ail otut-of-season
in developed coitin- cropping of foocl and(
tries, hut recent ornaniLenital crops.
research dlevelop-'it
tuents have tna(le it DEFINITION
possible to extetidc OF TERMS
the benefits of this Many imethiodis of pro-
technolog\: to less tectedc agricnltuire are
aif'fluieint regions of misedl to modify the
thie wiorkl. Plastic.' environitlmenit. Sonie
gireenihouises, row _I ar e(Llite siniple and
covers, and mulel- m inexpensive; others at-e
ing systems were fiirst 7wo hectare greenlcumsefiacilitj in United Arab Emiirate.s alloced p)rLl(ldttiioi of coniplex aii(l costly.
u1sed w idlele in huortiecimltm,ro crops udecr severe elimutic eondition.s. Ideally, crol) prodiic-
Souithierin E.nrope, tioti \vonkl take place
Japan. and the ill an araea not requir-
Unite(d States: t iey are niow found in other areas sUutc as the ing protected atriictiltuire systems. ati ai'ea with year-ariond
People's Republic of China, Soutih Korea. Miiddle East ani(l (rrowing teinperatuires. Because such t-egiotis are rare, and often
North Africa. comipletely lacking in im(ost couintries. iiiethio(s hiave been

Protected ag-icultur e will pla\ an impoirtant role in meeting devised to protect crops agai nst the hiarshi climilatic extremes.
the vorild's food proCluction rer1mi-emetnts for tlhe year 2025. It
is estimated that, by that yeari 8 5 billioti people will have to be Mulching. MNilehing is thf piacti( e of covering the soil arolilld
fed -all additioni of' olme thian 3 billion people to the \vorld pop- plants with an org anic ot syinthe tic material to make e oditions
ulation in ]990. In the dceveloping wvorld aloiie, the popiilatio i more favorable for plait t row th developmient and cropi pro-
is expected to reach 5 billion bv the year 202.5. Alrea(lv, about (Iiictioin (Hopen and Oebker 1976)
half' of' the Thir(d Wor ld is 16i ve ars of' atge or youinger Byv the
yeaflr 2000, it is estimated that half the xodld's poptilatioti will Bov Covers. A row cover is at piece of elcr plastic stretched
live in cities. Of the 24 cities expecte(d to exceedl 10 tillion over low hoops anid secictecl along the sidles of'the plant row b
inihabitants, 18 will be in the less developed comititries. bmiring thi ecs alkcl ends with soil Floating NAV covers are

It is clear that if we are to increase thie spply of food d(uliing wide sheets of clear, perforatedl. polvethy lente or noi-wvoNen
the niext centhir. we must increase the output of the land. Nc'w porcoits plastic. niot snpported by hoops btw b! the plait itself.
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INTRODUCTION

High Tunnel. A greenhouse-like uinit but , .L,
xVitlholt 1meC(hlallica1l ventilation or a periw a- - *.- ,

nienlt heating svstemi.

Intensive Agriculture. This is based on -i

cropping systeins that miay re(quire laree
alnionllts of lahor and capital per innit area
ofa ho id per year aitil normnalIN involves Cl'ops 

of highi %ale (Dalrymple 197:3). SIulci agri- -W f,r t_

cultural endeavors usuallv involve the Vo' .

extelnsioll of tile growing seasoiii v iymeans
of'p)rotected agriciilture. Muiltiple cropping, ;
the rrowvinr ofg miore than one ecrop per unit
of't lad( per year. is coni imlon_.

Greenhouses. A greenbouse is a fham/ed
or- inflated striuctiure, ecivered by a transpr-
ent or translucent material that permits
optimi imiil lighit transmission for planiit pr(- 7.

dUctioll and pr-otects againist adverse climnat- Cucu-mbers grown in a sand culture system with drip irrigation in Anzona. Cucumber- yieids in
ic conditions. Snielh a strnietiire enahles a this system exceeded 700 MTlho.
person to work inside: anl iimayjo i v<lile

mechanicieal equtipmlenit for- lcatjiil aiicl cooling Drip Irrigation. Often referrecd to as trickle irrigation, drip
The three n iajor miethio(ds of' protectcd agriculture are: (1) irrigationi svstems conisist of plastic tuhes of'snedl]l diamlietel laid

mulches, (2) row covers, and (3) Yreenhouses. The niain svs- on the surlface or in the siibsirtf'ace of' the field alongside or
temis of choice inclided in eacih metilodl are discussed in PART hcneimth the phunts. Water is delivered to the plants at fre(luent
11. Chapters Ill and(] IN". intervals from small lloles or eimitters located along the tiube,

normally at rates bietween one and six liter's of water ler hour.
Controlled Environment Agriculture (CEA). \XWlhile sjimiilar Technical Produtetioni Aspects are being discussed in PART
to grmeenhoumse agriciulture CEA system ns of protected agricul- 111. Chapteis V to X.
ttire ai'e the tltiminiate in environment control. CEA means coni-
tirol at both the aerial anild root levels. Production mlaV' take platce ECONOMIC RE LAT IONSHIPS
in a greenhouse or in a totally enclosed stmiuctiii-e that perillits Crop production, uisingy systei is of protected agrmiccltmmre. is iisim-
control ot air and root temperature. hidjtN, atm ospheric gias allv milore expensive per uinit of product than produiction with-
composition. light water (-roiving uiedium. andc plant niutritioll. ouit sielh systeims dutingi(r comparable periods of'the year. Tlmese

additional costs are usiually jiustified if the mionetary- retiur
Hydroponics. Hvdlropoimns is a technology for growing planits peruniit of product is higher: this occurs when the product is of
in a niltr-ienit soliutioni (water and fertilizers) withi or without the better qualitY. if overall procluc-tioni costs are com upensated
iuse of' an artificial iiie(limiil (e.g. sand, gravel. vermicculite, rock throutgh better yields or if crop production ocCii-s Wxhenl local
wool, peat imioss, sawdliust) to proviice mechanical suppoit. cr'opping is impossible. Calculating tihe economic' advantage is
Liqtid hyd'roponic systems have imo other siipporting iiiediiii 1 olre complicated when imiipots ftromii otiher producing areas
ftor the plant roots' ac'arc'(oatc' svsteims lhave a solid mednimiie of are considered. For exaimilple. the cost of heating fulel requirdcl
support. Hydroponics sxstems are f'Urther c'ategorizecd ts opcit to produce a kilo of' greenhouse tomatoes in Newe\ York State
(i.e. once the cutrient solutioni is dIelivereld to the plant r'oots. it dorina tIe whinter is farn crreater than the cost of fuel to transport
is IlOt rClls(ed) or closed (i.e., siurpili s soluitioci is recovered, to New \York a kilo otf tomiiatoes giown in the op)en field in
replenishled mli nl iccvcledl). Mexico at that timlle.

Somie o recional growers, agencies, aul puhlic'atinns persist in Economic factors are kev determinants of thie imiethod andl

limiting the dletiniitioni of hydvr-oponics to liquid systems only. system of protected agricultire niost applicable for crop pro-
This exclusion of aggregatc hydroponics blurs tie statistical .cictioi in a given situation. If early harvest of one to two wvecks
data anid maN resiilt in an uiiiderestinmiation) of the full extent otf is desired to take advantage of Ligh market pr ices,tbemm mlches
the technology. This underestimation then dlistorts tIe eco- alone ma)' proiide that miargin of timile ancl profit. If an advan-
iicnnic imnplicationis of hydroponics. tage cf several weeks is dlesiredl, a combination of imuiilelhes anidl

Virtually all lhv'dropoinics systems are eiic'lose(l in greenhoiise- row covers may be required. Natli'iallv. the cost of' using both
t\pe striuc'tiiires in orcder to provide temperature c<omitrol, to m. ethio(ds in combination are higher tihan uIsinlg miuilchlles alone:
riediice evaporative wvvater loss, tco better control disease and pest hlowever hliTiler market prices might iucire thall compensate forf
infestations anodl to piotect hydropollics crops againist thie ele- the addlitionial cost. In Japal, all thiree milethiods are commonli
milenlts. slui ais wviind and( raini. Tlus, while 1hVdropoillics and i usel simultaneously to gruow cr'ops cticiiir winter and early
CEA are not svnonvicous, CEA ustiually accompanies hvdro- spring. In imiost cases, Irip irrigation is alsci usedl w\ith all other
pollies. methods of protected agric'ultu re.
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BACKGROUND

While nearly all crops can be grown successfully in any sys- (1) temperate, (2) semi-aridl/aridl, and (:3) tropical. In the temn-
tern of protected agriculture, only those crops which bring a perate regions, all methiodis of protected agriCulture are often
high yield per unit area of land, as well as high market prices, used for earlv crop productioni and to produee summi-er crops
are econiomically xiable. Usually, these are perishable crops that out-of-season, clurinig the winter. In the temperatte regions,
caninot be transported long distances withCout expensive pack- mulchies addl warmith to the root area: in tropical reajionis,
aging and shipping costs. mulches protect fruits from the (lisease or (liscolorationi that

In addition, each method demands specialized knovledge and might occur fromil contact with the soil.
presenits its oWn1 economilic risks. For instanice, g'reenhouse crop Row covers are coinmonilv used (hiring early sprintg in both
produetion, in combination vith hydroponic cultuire, is possibly the temperate an(l ari(l regionis. but are seldomlv use(d in the
the most intensive method of crop productioni in todav's agricul- t-opies. One exception to use in the tropics might be the intro-
tural industry. It requires high technology and is verv capital dluction of nion-woveni materials as protection againist chewing
intensive. Everv detail of crop procluction reqiuires close attention, insects or insects which are vectors of plant viruses.
But excellent managemient skills in protectecl agricultur-e are not Greenilouse struetures ar-e enleose(d to provide temlp)erature
enough: a thoroughi knowledge of markets andl the ability to pro- control an(l opened only to proxi(le ventilation in both temper-
duce high quality prodiicts on sehedule are also essential. ate and arid regions. In arid regionis. ClUring sumnwiller and even

Economic problems coine fi-om mianyv causes: udiclerestimilat- winter, evaporative coolinig systems are coilniomilv usec1 to
ing the cost of production, includinig capital an(l operating cost lower greenhliouse temperatures.±Closure also provicles valtiuable
requireimenits; poor management andl marketiig skills; and lack protection froml dlisease andl pest infestationis, and xveather

of diversification in riesponlse to coipetition fromi less expenlsive damage. Greenhliouses are especially effective in trop)ical
ilmportedl products. Economic success is highly depenidlelit on regions. for these reasons. In the tropies. the sidles of a greeni-
miaking protected agricultural methodis of prodluction comilpeti- house struCtule arue often left openi for natural ventilation but. if
tive withi systems of op)en field agr-iculture nlot uisinlg anyi methiod pest infestationi is threatening, the sides are covered with
of crop protection, whethier produced locally' or imported. screens.

Econolioc and marketing factors are biroadlv dliseussecl in Soilless/hbdroponics cultiure is commonly use(d in combina-
PART IV, f'romi( Clhapter- XI onwards. tion xvith areeihliouses. especially whvbere nio suitable soil exists

and ftor m)ore efficienit use ofxvater and fertilizer. H c ydroponics
GEOGRAPHIC CONSIDERATIONS is also usedl for optimiuimil contiol over clisease andl insects.
Wheni considering the use of any svstem of protectecl agricul- The major attributes of hydroponics systemls vill be discussedl
ture, the xvorld mav be divided into three geographiic regions: in Chapter IV.
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The earliest protectecl agrictiltur-e was possiblv the groxwing of wveeds ancl hold moistiu-e in the soil. None of these materials
off-seasoni cucumilbers tiicler "transparent stone" for the Romiani have been emploved to any' great extenlt in coimmercial veg-
Emnperor Tiberius dtirinig the first century. The techniology was etahle production (Thompson and Keliv 1957).
rarely employed, if at all, dinging the folloving 1500 years. It is only in the last fifty years that svnthetic' materials have

Durinig the 1600's, several technliqiues were used to protect altered the miethocis and benefits of mulching. Their potential
horticiltuiial crops against the cold. These includedl glass for muvllchlinlg was established through earl' researchi projects
lalnterns, bell jars. colcl frarmes and hot bedIs covered -with glass. withi polyethylene, foil, andl paper.
In the seventeenth century, low portahle woocleni fiamies cov- Paper mulcles attractecl a good deal of attentioni in the earls'
ere(l with an oiledl translucenit paper were used to wairm the 1920's. Thev were not adapted ftor commercial vegetable pro-
plant environimlenit muchi as plastic row covers (lo todlav ChiCtion because of their short life. as well as the cost of miatedi-
(Dalvrmple 1973). In Japan, straw mats were uisedl in comthina- a] andl labor, whiichi was not mechianiized (Hopen and Oebker
tion with oil paper to protect crops from the severe naltiui-al 1976). In the late 1950's and( earilv 1960's, impr-ove(l forimiiula-
environment (Takakura 1988). Greenihouses in France and tions of paper - including combinations of paper andl polvethvl-
Eniglaindl duiring(i the ene. foils ancd waxes -
same centi t yv were heat- stimulatecl researchl
ed bv manture andl cov- and the mise of
eredl withi glass panes muitlchinig miaterials.
(Gibaimlt 1912). The first -. Petroleuiml aindl iesin
glassliouise in the 1700's - c ' - muleles for arid cli-
usedl glass on one side -'" i-n ;-t:< ~ .+ > mates were le'velopedl
oiilv>i as a sloping roof. at the samie time. Of
Later in the century '' these mulc hes, only
glass w,as usecl on both those made of polvetil-
siles. This glass-house v lene are still usedl
\as iused ftor fruit crops - toclav in the aricultur-
siuchl as melons, grapes, r - _ al inclustry. The pre-
peaches, amid strawber- ferrecl colors are clear
ries and onily rarelv for t- p- anscd 1lack, althouglhiL a
vegetahle procduction s- -ide vrietv of shacles
(IDal rympile 1973). It a -' ii adc olors are used for
svotlld seem tlhatt tle W K _ specific reasonis in the

developers of this new - - ' o - prodUcHution of foocd

technology kept mar-ket IL crops Significant
profitahilitv in mind: Clear polyethylene muilch, in combination with drp irrigation, is used extensively in advances in the uise of
tliey prodiuced cr-ops Southern California, to produce hitgh quality strawberres. milchies occurred (hir-
wshich appealed to the ing the eariv 1960's
wealth> and privileged, the only people sVho could(I afford the with mechanization, tire invention of mulch applicators and(
luxurv of fi-esh fruiit prodiuced ouit of'season in greenlilouses. transplanters w\hich wotildl plant directly thl-ouighl the miilch.

Protectedc agric'ultiire was fully established witli the introduic- Infraredl transmitting I (IRT) muilclhes wvhich transimiit most of
tiomi of polvethlene after XX'orld \N'ar 11. The first rise of pol v- the solar heatt portioin of liglht radiation but absorb most of the
etihylene as a gi'eenbomise coser wats in 1948, xlheni Piofessor visible portion, have recentlv heen introditicedl to the rimarket
Emery MNIers Emimlert at the Unix'ersitv of Kentucky, usedl the (Los, et al. 1989). IIT MIulches provide weed conitr-ol as dloes
less expensive material in place of too-e expensive glass. black mulch hut incr-ease the soil temperature, as with clear
Pm'ofessor- Emimie't is considered the fathier of plastics in tile plastic mullelh Unfortunatclvl. lahor re(qiuiremnents to remove
U.S.. becauLse he developed manyILV principles of plastic techlnol- plastic mulch fromil the field after the gr'owiin seasoi c'llI he
ogv for agric'ultclmmal puripioses through hiis research oi green- high. New bio- andc pIhoto-degradlable polyethylene anml combi-
houses, mulches anild row co\ers, nations of' polvethylene-paper andl polyethyllene-starch show

pm'omiise in eliminating the neecl for mulch removal.
EARLY DEVELOPMENT AND STATUS OF Today, millionis ofi'hectares are planted to plastic mulch. In
PROTECTED AGRICULTURE the People's Republic of' China alone, over 2,867(000 ha, of

mulch was uisedl in 1989 a plienomilenial increase oser- the 44 hia.
Mulches. Natural mulches stichi as leases, straw. sawdust, peat in 1979, The a'ea andl tonnag1,e nsecl in each region of' the worldl
nioss,andl compost hiave been usecl for centiuries to contiol ai'e listedl in Table 1
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Table 1. Estimated world use of plastic mulch (1987-1989)

Area (ha) Tonnage (mt)
Region Min. Max. Min. Max.

Western Europe 150,000 200,000 40,000 50,000
Eastern Europe 8,000 0,000 2,000 2,500
Africa and the Middle East 8,000 10,000 2,000 2,500
Americas 180,000 200,000 45,000 50,000
Asia and Oceania 3,000,000 3,329,000 330,000 366,190(*)

World Total 3,346,000 3,749,000 419,000 471,190

'its tlss C, c/c/c c li7s'p/c!/si c ( lutistf,,>,,,,e,, cist jt icss 5.,,,ly/ (5., is,tt,Isc It, . .,,, tile /lctts,Sc,i lc I,,, tc it ,, i f./, isis Ji/scc c S ./f cit/si tlscsis( tic,, th/ cs 8 i. jl ts t-/1, ,> 1ic ,,, s/. cc/i css .sc

s i,,, l.st rli, .aticwiscsl (Iohiciitt ci Plastic, its Aticis/si'' (II'A I. 19.5/i9 rA 19S / a7) emd /iisis'. Pla,tic 'sislc11i l1s-ccc, " 1/, Ass,cc ]HiS /l,ltc 1 c)c)9

Row Covers. Rowv covers, or plastic tun�nels, protect erops for the extrusion-blowin pr-ocess of mak-inig polvetIlenec niiih
f'romi ftrost and create favorable conditions for plants to achieve less capital intenisive than the PVC equitipiment, and therefore
early production. Befor-e the introduction of polvethl'lenie. earl)' selected polyethivlene for use as row covers.
spr-inig crops suchl as cicunilmhers were started and grown in In the lUnite(d States, the first uise of polyethllene row covers
miuslin-coverecd wooden bhox frames measuring,: approximatelv for ear-lv erop produtictioni was for a iLcuictiml)er planiting in
17 mleter-s sqiiare at 0.3 mneters in height. This was a costly hut California in 1958. With careftil venting acdjustimienits (or weath-
ef'fective method of' producinig earuly fruit fronm 19:3.5 to 1945 er changes. plastic row covers prodhicecd a mnargill for maivrketilng
(Hall 196:3). In the mlicd-forties a niethocl otsinl,g tvo separate of four to five weeks over that of'thie two paper cover methio(ds
paper- caps replaced the woodeni h)ox frame. A small cap, 28 cmll. andCI produced good yields as well (Hall 196:3).
in diamneter andl 14 em. in height. was usedl to start the plants. For 25 vears tiere was steady} growth in the uise of' )lastic row
A second. larger. tent-ty-pe papier cover- was installe(d whieni the covers. However, no significant inic-ease has occurred in recent
plarnt fille(d the smaller cap. This secondl cap miieasur-ed :35 cil x years (Tal)e 2). with the exception of'tlhe People's Repuhlic of
28 cn x 21 cim in heighit. This tent cap wits constructed so that C(hina where there are approximatelY 80,000 lha. ind(ler- cover at
one or b)oth encis couiil h)e openecl. Usutally it was the leeward the present time and( expectations of greatly expandledl use in
side xchicih was openie(d and the plants were trainled in that the near- fuiture.
direction,. Tle paper tent thiis actecl as a wiTicl bregk. The earho Tu]-ol]giotit the world, a total of'souine 70.00(0 la. are covered
fruit coumldc develop wlhile the plant had partial protectioll dur- with PVC film: 60-62,000 )ha. in Japani, 4.000 ha. in Franice and(
ina adverse weather. The double cap produced f-uit as earlv as 1,500 ha. in Italy. Low clensity polyethylene tilm on the otlel-
the wooded fiamce mietho(d but was less costil. Paper covers are hanid, is used ont ahout 195.000 hla. of wvlich over 80,0()0 ha. are
still usedl today in somie parts of the world. Paper covers haLive locatedI in the People's RepulNic of China ( Huang 1989). In
one serionis liaility: while thev help protect planits froim earlx 1988, the ctareage iiceeased over u30()()0 ita. in (ilina itlone.

spring f'rost and wind, they also reduce the arnoitnt of liglht The total woorld tonnaage amiotunts to about 74,000)-76,000 ni) t of
reaclhing the plant. wvith the resuilt that planits may h)e succuilent polyethylene uisedl for tuininels.
and \veak. In Japanl miore tranislucenit miateriails suchi as Xinvl ol
polyethylene film are substituting paper as platint covexis or hiot- Table 2. Estimated world use of plastic r-ow covers
caps. Suchi hotcaps not onIv protect against light fhost hut also (1987-88)
proxidle extra heat andl protection against chilling vindscl blow- ReBion Area (ha)

ing sandl andl soil particles.

Plastic row covers wer-e initiallY usecl in EUrope and the ULnsited Western Europe 60,000

States, and especially iil japari. In f'act, in 1959, Frtiiec ancd the Eastern Europe 20,000
U.S.A. totaled less than 4(00 ha. undce plastic; Japan ihad itore Africa and the Middle East 10,000
thian 8,0(30 lia. (Bliiclot 1966). Since thien this itiethiocl of pr-o- Americas 10,000
tected agriculture has h)ecoie coinmon thirou glowit tlte world. Asia and Oceania 165,000

Today, as in 1959. Japan uises mostI -polvymvinlchloicle (PVC)

film for Irow c'cvers. In othier coimntm ies polyetthlene predlomi- World Total 265,000
nates. Tlhere are lhistorical as well as econolmiic measonis for the
selectionis of' (lifferreit materials fot' the same taxsk IP\C filmis s Ic lstusscilus c nnistcsttcc fw IP/mics isl Awicsltii c( IPA 1957c Alct. N tib7

liave aL h)etter Iheat-rmetaining (inf rar'edl i'adiatioti) capac ity thall c f/is (:/iisc'0 Pl/tic1ts/i h' l/ RcctA'/-c . J§59 iHisnt I]/sI

polvetlrleine but they are also m)ore expensive EarlY in the
developmient of row covers it was not possible to produce PVC The simplest atnci most economnical forml of row covemrs is tIle
shieets wider tItan 1.6 meters, althouglt polvethslene dilms of 2- direct, or floatingr covers Nith inO suistainingo wvire or canle itoops.
12 inieteis in width were available. With governnicnit finianciail Fir'st inticicrloced in Gerniany in 1970(, floating(y covers theni were
support, Japain was the first country to dtevelop wide PVC shieets adopted b)y neighbtring cotilitries. Perforatecl )ol\ etlvlene film v

(2-3 meters): as a ritsult, Japan selectedl this inaterial as the p(re- 50 mnm thickl, generally with 50) holes per m- /i.e. 4%' ventila-
cloiinant tle of filn. France aiid ltalv toll]d the e(qilipimielit tiOni, 46 g/m2 ) nlow conlipetes with nioni-woveni/sl)nilhonicle(l falb-
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rjc materials (PP. PA, polVester), which are
porous an(I m1UchI lighter (1(-.5 g/r). -

These latter m11aterials haL[ve been particular- r - -'
I, suiccessfilI in Franllce (2.,800 ha. out of - _

4,500 lha., andcl in Japan (1C lOO of 4,000 hla.). ,-
Accordingy to the International Commllittee
for Plastics in Agrriculiture (CIPA). the 1986 .
xvoi-ld estinu1(ltes are:

-Perforated PE film: 15,00.( ha. x 0.4.5 . .

MT/hIa. = 62750 NT M .

-Non-woven veils: 10,000 lha. x 0.2 '

MT/Ih. = 2,000 MT
Since the non-woven covers are (qiuite nexv

in agrici litUre. man' grower an(l university-

experiments are cuirrenitly unlderwav .1* -

throughout Nortlh America, Eur-ope and

JTapanii to unlderstandl the effectiveness of this -

nexv generation of plastics in modliRing the .-b.
micro-enxvir-onment in crol) procli ction. For i - . >
instanice, scientists att the University of New In the People's Republic of China, production of cucurbit crops under plastic row covers for
liaimpshiire are studying the use of non1- early market has increased dramatically.
woven covers in produtictioll of a number of
crops: inicluding vegetables, simiall fi-uits. flowers. oriiamilenitals, with i total world tonnage of abotit 224.000-24.5,000 MT/vear.
tree see(illings in nuti-series, tUtf an(d the overAvinter-ingc of vegeta- In Japan. the area covered bx' plastic filmn greenilouises
bles, perennials anidl nursery stock (Vells and Lox' 1985). increased :35,000 ha. in just 20 vears (196.5-8.5). In Korea. these

greenilouses increasedl 6.3 times, from :3,099 ha. in 197.5 to
Greenhouses. The total xvorld area ofglasshouses over the last 21(061 hia. in 1986. The Peoples Republic of China soiowed
10-1.5 ears has been estimated at :30,000 ha. (Anon. 1987): with equally dramatic grox'th: 5,:3:30 ha. in 1978 to 34,000 )ha. in
most of these fouiind in niorthiwester-ni Europe. 1988. The combined growvth for both areenlioises andl ro\v nov-

In conitr-ast to glasshiouses, plastic greenhouses have been ers, in Chinia exceedlecd 96.000 ha. in just ten vears.
rea(lilv adopted oni all five continents, especially in the Undicloubtedly, Chinia is one of the largest user-s of agricultural
Mediterranieani region, (hinia andl Japani. Most plastic greeni- plastics in the world, where over one billion people - 20 per'ent
houises operate on a seasonal basis, rather thani year round, as is of the xvorld7s populatiou4 - are being fedl f'romil onlk 5 percent of
the case with most glaisshiouises. The estimiiatedl areit of plastic the earthi's cultivated lan(l.
greenhouses is shown in Table :3. Sinice 1960, the greenhouse lias evolved into milore than a

plant protector: it is now better unidlerstoodI as a svstem of
Table 3. Estimated world use of plastic greenhouses Controlled Environiment Agriculture (CEA), \ith precise con-

(1987-1988) trol over air and root temperature. water, humidity, plant nutitri-
tion, carbon dlioxide ancl even light. The greenhouses of today

Region Area (ha) caln best be seen as plant or veg etable factories. Almlost ever
Min. Max. aspect of the production systemii is auitomattel, witli the artificial

environment and growincy svstem 1iniilder nlealylv total computer

Western Europe 55,000 58,000 contiol. In a research setting. suchi at totally eciCloserI systelm,

Eastern Europe 16,000 18,000 \ith artificial light, is called a growthi chambier or a phvtot-oll.
Africa and the Middle East 15,000 17,000 In the Uniited States and Japan. suichl systemns miax cover larae
Americas 8,000 10,000 areas.
Asia and Oceania 91,000 95,000 Controlled emnironment agrriculture has gained in hiorticuil-

tiural imiportanice inot onlY ill \egetable and ornamental crol)
World Total 185,000 198,000 production but also in the prodIuiction of plant see(lings, either

fromi seedl or throm igh tissiue culti ire proce(llires.
sini 0' )ii Il ('a,l,iit,', f al,ri> Yi. ii .Agi co'I1.A, 19Yj i.A?)i . 19S-, , flu In the last 1.5 vears tl ei'e lhas been inucreasing interest in the
(l/ai, Pla'ta .Xl lJc R, H, A'.', . I099 Haaiq 1 a,S wl) al in S, ,inmar a, it,
Dd'l/na of P'la.,, -a Agr, . 19',7 (Park. 1.5'1. use of soilless or1 li(droponic techniques fOr producing green-

hotise hor-ticulturral crops. The futire grs uvxth of greenlrihose or1

PVC( filim ftor greenhlioutses is still dominant in Asia. especiall\ conitiolle(d exvironi imenit agriculture, where hydroponics is uise(d
in Japan (35..200 ha)l. an1d( low xdensity polxethylene is also uise(d for vegetable prouclticinu w ill depend greatti! on the develop-
in Italy (.500 Ia) anildC Greece. LDPE films cover at total of niciot of pro(luction sYstemis that are competitive, in terims of
149,000-162,000( ha; the averagre coiisurinptinni is 1.5 MT/ha/year, costs. with openi fieldl agrlicllture.
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COVERING MATERIALS
The financial return for producing early crops can be higih, hut. gationi usually wets the soil miore thani necessary; this results in
so is the risk. Protectecl agriculture cani reduce this risk. the leaching of nutrients ancl a dIrol) in soil temilperature. As a

Off-season crop produietioni means miore thiani just early consequence. plant development is retarded and the earliness
spuing cr-oppinig; it inlcludes produiction (lurinig times of adverse of' yield is aff'ected. Over-lhead irrigation also requires careful
climatic or econiomilic condlitionis, suich as may occu-r in sulimillelr monitorinig of proper rates of water application to prevent clam<-
Or' xwinter. For exaniple. off-season productioni of greenilouse age firom ice forimiation. This occurs whieni excessive water, \vith
meloni crops in the United States is not profitable due to com- large droplets, accumulates, folloxved by a prolonged periodl of
petition fromii mnelonis grown in Mexico. The slightly warmer freezing.
temperatures in Mexico obviate the neecl for protectedl agric ul- Indivicdtial plant covers, or hot caps, made of paper have been
ture, except perhaps for row covers, while in the United States used for manyv years to protect plants and hills of seeds or planits
the mnore expensive methods of greenhouse agricultuire are still in the field, bult are not used extensively today. In Michigan.
needled to produice a similar crop. This weathier advantage - andl beginning in the 1920's, covers madfe of paraf'fined or oilecd
lower labor costs - gives Mexico the econoimic advantage in pro- brown paper made it possible to fieldl plant approximatel' two
ducing off-season wvinter and earlyv spring meloll crops, despite weeks earlier than usual. Althouah these covers helped to pro-
the high costs of shiipping the crop northi. tect plants fi-om the earilv sprinig fiosts and winds, it was found

Of prime importance in offsetting the additional cost of pro- that the brown paper used, reduced the lighit to the plan)ts andl
tectedl agriculttiu-e is a good yield. To this end, manly methlodis tended to make them more succulenit and spindily in growth.
have been devised to protect crops against the cold and frost. Similar growth occuired when other miaterials wvere used, sulch
Ideally, agricultiral productioni wotild he located in areats that as celluloid, alassinie. paper parcmliileuit, andl brown wrappiiig
are fr-ost-free; however, in many' countries, suchi locations are paper. After the paper covers were removed, the plants wver-e
rare or even absent. In addlition, increased capital ancd trans- easily damagecd by a cold wind or a light frost because of their
portation costs, as well as excise duties on imports, often miake soft, succtilenit growth (Hibhard 1926).
it uniprofitable for farmers to produce horticultural crlops in Plant covers of vinyl or polyethiylene film are still used in
anotier count-y for exportation back to the hoie country. Japani. Framedl with xwire or split bamboo sticks, withi certaini

Farmers have devised manly methiods of protecting agricul- cr'ops, they' produce an earlier marketable product witil highier
tore, with varving degrees of effectiveness. These include total yields.
smoke, wind machliines, wettina agents. chiemilical fogs, bacterial The "brushindrg" methodis of crop protection consists of lean-
spraving, sprinkling, hot caps, an(l brushinig. Smoke, which has ing shieldts of brown kraft wrapping paper over the plants.
been used by somie vegetable growers in the United States to These shieldls are attached to a firainework of brush, lath, or
prodiuce a clolid cover duiring cold peliods1 , h1as comie into con- wire andl placed againist supports on the northi side of the east-
flict with environmental pollution laws and( policies. Wk7inld west rows. XVith this, a mibcro-climnate is formed and earliness of
machliiies prevent frost by moxing air over the endangeredI yield can be accomplished. A similar systei, using paln fioids,
plants. In fielcl trials, a wind miaelinle in the 100 h.p. class lhas is eimployedl in the Middle East during the early fall monithis to
been shown to proiide protection of 20C or nmore for anl area of protect horticuiltural crops from h(:ot windis and cli-ect sunlight.
:3-3.5 hectares on a clear, c;dlim nighit. Suehi systemils are com- This method is not feasible for extensive areas since it requires
mnonily used in fruit orchards in the LJUnitedl States. Wetting large amioints of plant imiaterial, wiici is ofteni not i-eadil avail-
agents an(l chemilic-al fogs have demonistiatedl their effectiveness able. Suchi methiodis of crol) protection are r arelv tisecl today,
in protecting plants during experimnenits but are rarely used in especially sinee the introductioni of agriCultural plastics.
coininercial prodclution because of cost and lack of protection While wind machines are qjuite comimoni in fi-uit orchiards,
dluu-ing times of slighlt air movement. Bacteria sprayed onto especially in citrus procduction), none of the above systems of
plants give a small degree of frost protectioni; however, govern- protectecl aaTirtilture is as comimioni as mulching, row

]enital a'sencies have been slow in granting permlissioni to use covers/low tuLinnels, andl greenhouse agriculture.
sucih bio-controls because of uncertainty about the imJpact of
these bacteria on the overall ecology. MULCHES

The sprinklinig of wxtter- - ovehlieadl irrigationi - at the time of NMulch svstems are primarily used to inicrease soil temperature,
frost is often used to prevenit dlamilage but has serious disadlvan- reduce compaction, prevenit weel agrowtli and conserve soil
tages. Water tuininig to ice releases heat energy. therefore, the moistire. All of these inic-ease erop growtvh and production of
latent heat of freezing water keeps the plant tissue at 0(2C; anc saleable product and, in some cases, promilote earliness.
even offers good protection to several clegrees below 0()C.
However, coverinig a large area at once with a sprinkler irriga- Organic Mulches. These tyj)es of mulches are not usedl to
tion systemil can be prohibitively expensive because of the cost increase the earlinless of crop productioin. with the exception of
of pumping and sprinkler equipment. In addition. spririkler irri- pet roleum m ulches. Straw is somiletiimes placed over low-gr-ow-
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COVERING MATERIALS

in( crops silch ias strawiberries to aive pro-
tectioni atgainst t'reezinga, wiinter windls that -'

m c! (lessicate the strawberrv pltants. somie-
timiies causing severe daniage. In Chinia. - --
melon crops are ci o nlv grown il the

stiilhli of sinll] girin erojIs. This place-
Ililient pCermits fltlit ti (y)\v ilow (ad iii titie o1) a
bet] of straw muilchl. svhich keeps it fromi 

elotact sVith soil-hor(me ftilngi is, lessenint , _
the incidence of (LUl'in]iin fung.al diseases. C -

Petroletim Mulches. Since the early - -

1 9.50's. petroletium iililichles. somietinies r
(leal oif attention. Tese wter emlsionls f
peti'oleuimii resins are forimilated for spray-
in, bN zidIiicr yd in aprpiro iate solxeiit an(ti _a_

si it h)le s tiurictanit thitt is eii Isif et I iillto - -

svater. 'The formnlation plrodilices a gel-like
until tlhat is sprayed onto the suirface of the in Kuwait. strowvbemes ore grow,,n !n polyethylene greenhouses on .!'ost!c mulch. greot!lv

soil. Yielcl increases of as imuch as 50 per- reducing ecoaoration of dnp orrigatea ,^ater punL-fied by desolnotnn.
cenit hIae beeni reported wvitlh petroleum
midilc oin carrots, OnioIIs, lettuce, tuiirns ipiand ra(lisises (Miliier reduces or climiniates wveed probliems, as (lo otht r
196:3). milcies whici bhlock the traLlsni1ission(I of 1iost of tile

Most of tlie value received frioim petroleum mulci is derived phiotosntlieticall\ active ratliatioi.
in the first fewv veeks after plaiting dtim-ing tie period of ger- Becai ise clea- plastic allows nearly t'ill liglht transinis-
min atio n anid earls grovtli. Petroleuium iuldl i is nrm'elv used ill sioil - eedl gowthi canin e a serions prolblemin: for this
agriculture hecatUse o(f its tvo sti'oiig' dlisadvantages: it cloes niot reiason, black is sometimes preferrecl. Applic'ltioil of
contiol sveedls and it is ai ser\ iv ess\ milateriial to milix and appl. helerbicides to eli iiiate sveed prohblemis is hecominig

iicreaLsinlMv c'onsttioned bN environmentadl ('ililcerils
Plastic Mlulehes. Svmlthetic mnilc'les such as those miade o(f ail le(islatioln. Grey plastic' iicldi providles somlle
polvethivlleie utre noxw comiiluino tli'rmuigh ioimt the sorll. Plastie advanta",e iii weecl control. The giey color t m'insmnits a

mu]Ilch is avalil Ilble in shieets of' vi'iOiis sv%idtlhs colors, amid thiick- limited amioutnt of liglit hot still eniioitig to promi' ote
nesses. The vidth l most comiunlon uise(d is 1:3 meters, with a sveed grosvtlh. Nevertheless, since miuchli of thie infi'r'ed
thiickiness ot :37.5 iiiicroiis. Black is the minost common color of raliatioln is stopj)ecl at tile sulrface of this plastic' fill,
polkethlMenie mimlc1. Hoswever, thiere lhas heen inc'ieasing inter- the surtface heat is sift'flcienit to i-ibrn xveeds \vieii tles\
est in thie uise of cleiar plastic sinice its clarith imIcreases tile soil touch thle filiii. \'itli less veedl growtl utnder the gre>'
temlpem'ttiii'e~ therebyN- pi'oinotinig earlier (growVth andli lhigher filma there is less loss of feritilizer miimt'ienits andl less
vield thian hblaick plistic. water loss from the soil. Siice imor-e infrared i rad(liation

Plastic mulch prox'ides the hollosvinig ad(vatages (Lamonit permeates the grey plastic thani the black, imore heaLt
1991): reiaces the soil, resultin"c, in an earlier barvest.

1. Eamlier crops. By i'aisingc tile soil teniperiture in the 4. Reduces nutrielnt leinCigi(f. NitroCgen ind potaissium aie
plantin bed, pletilt gri'owtl is accelematecl. piodi icing ear- easilv lecied wvitliout plastic mulchliin
lier Vields. Black plastic miuiieli can resi it in 7-14 &iy's 5. Reduced soil compaction. Soil unilder tiie plastic iimulchli

e'arlierI hrivest while clear plastic ac'cele'ates hmarvest by riemimains loose f'r'iable, and( wvell-aeratel.
21 das's i mans codii(litions. Citiin iilist he taken ill 6. Root priniigl.> eliminated. (Cl:lti\vaLol is eliiLntecl.
lusing plastic niiilc'h inl hot deselt regions, especiailly xith except for the areat betNveen the munilci strips.
crops sucli as peppers. that do iiot shadle tue mlulx ch later 7. Cleaner vegetable piroduct. The eclible product doe s iiot
into the siuimiiier. This i'esuilts in excessiv- temperatllre come into direct conttaLt withi the soil. svhic'l resuilts in a
hibiufl-iip in the soil, wvilic' encouriges certain f'iingal cleatiner product w1itli less i-ot ami(l fruit llemilisiies. Time
pathlogens suichi as P 1tIlhimo spp to thrive mudl ofteli cleaner prodhic't retquiires less ttCentiol in gradl(lillmg pack-
dlestroiv the ci'op. White or- white-oii-lAlac'k 1)1lcl creatcs ing, ant] pocessi ig.

a1 cioler soil tempei'atire tlhant titlher icleair Or hlick. This S. Aids fumigyation. Mulchies inc'i'ease tile effectiveness of
m(ill i is prefe'rec! for estatblislingi crops sli it as idll chemicalts applied as soil fumli(gants.
toiilatoes uii lei' liot sunlimie c'oli(litiouis. 9. Red u'eu iatei-l ogginig of' c'iil). \\'ate' is sli'l fioiti tlie

2. Reduced eviaporation. Miiilc'h reduices soil water ioss. row area 1)N the raised, taip'ecled iecl althiouig,h ilot all
Bec'aise mi ori IfiniOrm soil mioistiure is nmjiiuiti nc'i ctli plastic iiiiclich is u sedl oillY oli rilised bedIs.
frequency of irrigation ii iav le r'ecluc'e'l. 10. Nssist ill insect nmianagetnemit strategies. Use if' mefler tive

:3. FeNver seed] prouldems. Black amidlvliite-oi-bLick plastic mulICh 11elps toi m'p' insec't sectors of\virius diseases.
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In the mid-1980's, a plastic mulclh callel "Infrared cent more total yield (Loy 1991). Clear mulclh produced nearly
Transmitting", or IRT mulch. was placedl on the m arket. IRT 13 percenit inore earlv yield than IRT but produced slightly
occupies a niche between black and clear iutlchi, affording lower total yield due to weed problemiis under the clear mulchi.
weed control as vith black mulch and increasinig soil tempera- Melon plants growving on the IRT and clear mulch did not
ture as with clear mulch (Loy and Wells 1989). exhibit cold injury as did those on black mulch. In the first

IRT absorbs (or blocks) most of the visible radiation, that part month, vine growth was double that obtained on vines growing
of the solar spectrum which supports photosynthesis and the on black mulch.
growth of weecls. In areas where either purslane (PortWlaca No doubt plastic mulch can increase vield and improve prod-
oleracea L) or grass species cause serious weed problems under uct quality by modifying soil temperature and controllinig soil
clear plastic (without herbicide treatmenit) there is little or no moisture. A mulch can facilitate fertilizer placemenit and
weed growth under the IRT mulches. Weeds will germinate reduce the loss of nutrients throughl leachinig. Mulches can also
under IRT mulch and will either continue to grow slowly dur- provide a barrier to soil pathogenis.
ing cool weather or will be largely killed by hiigh temperature Reflective mulches have been shown to repel certain insects
under the mulch surface \vhen daytime ambient temperatures such as aphids (Aphis gossypii). The reductioni of aphidls and
are higher thani approximatelv 27°C. otlher vectors can greatly r educe the incidence of virus cliseases.

If properly managed, plastic mulch can produce significant In tests conducted by Dudley et al. (1980) muskmelons were
vield increases. Plastic mulch has increased yields in several grown on four synthetic mulches: aluminiiumil foil on paper. ali-
crops, such as tomatoes, peppers, eggplant, muskuiielons, sum- minuin on black polyethylene, black polyethylene and white on
mer squash. cucumbers, watermelons, and strawberries, even black polvethvlenie. All mulches produced lower aphiid counts
doubling production in some cases (Geraldson 1962; Nettles than unlmllelhed plots with the aluminium foil oni paper hiaving
1963). the lowest overall count. The soil temperatures were hiiglhest

Carolus (1962) has demonistrated that a polyethylene mulch under the black mulch and lowest under the aluminum foil on
increased the early yield of plantedl tomatoes by 50 p)ercent with paper. The largest early yield and the greatest total yield was
a 300 percenit increase in growth. In a cool season, muskmiieloni from the black mulch treatment.
varieties increased in yield from 40 to 20.3 percent. The yield of These trials were conducted in the spring when aphids num-
early cucuiiibers was increased by 130 percent and the total bers were low. During late summer when the aphid populations
yield by :30 percent. Woodbury (196:3), in Idaho, comparedc may be hiigh in some areas, the incidenlce of virus may reduce
black plastic mulch with. non-mulch production awil got a yieldl yields bv as much as one-half (Dudlley et al. 1980). Using black
of 8,733 muskmelons on the black plastic treatments versus mulch in the late suinmer. during a time of already high soil
2.994 melons without plastic. The mulchl advanced peak pro- temperature. may heat the soil excessively, thereby damaginog
ductiori by 1-2 weeks. plant growvth rather tlhani promoting it. as happens during cool-

Lamont (1991) lists possible vield achievemenits using plastic er periods of the year. Reflective muleles offer the advantage
muleh systems with drip i-rigation: of not overheating the soil at a time wheni they are needed to

At the University of New Hampslhire. research comparisons repel insect vectors of severe virus diseases. Their use has
betveen IRT, clear and black plastic mulch showeed that IRT therefore shown promnise in tropical regions where insect pop-
doubled early' meloni yields over black mulel with over 33 per- ulationis are high year-around.

Earlv researclh results with colored
mulches, testing the effect oni plant grow\lth.
yield, aiicl insect populationis (Decoteami. et
al. 1986: Kaplan 1991) look promising.
While too early to recomllmenid, this new
_developmiienit is the first major applicatioin
to comne fromi the scienitific discovery of
phvtochrome.

Despite the obvious advantages, the high
cost of synlthetic mullclhes has limllited their
uise in c-ommiierc-ial production. At pr-esenit.
synthetic mnulches are ilsed for crops wVith

_higlh valuie per uinit area. However, plastic
muitlchi is increasingly uisedI for- the prodiic-
tion) of cottoni in Israel and( miaize in France,

~~ * ~~~~aih a~~-s well ais fruiit trees ituul vine crops.
it |In Chiniia, plastic mu1ilc-h aidIs in the pr-o-

( (IlictioI of fortv (lifferenit crops. inielmudin
cotton. corn, I-ice transplants. T'fruit trees.

_ -. tobacco. sugar caiie, peaIuts, and vegreta-
~~ / t ~ ~ bles, and the Cihinese ha\ e conduclctedI

Fruit decay and blemishes are reduced when piastic mulch is used to prevent direct contact research oni the uise of mloulch vith niiore
of fruit writh the soil. than 90c diftfer-ent crops. The total area of
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Imlchl in ChIiina has reaclhecl 2.87 millioni hectares, witlh 65 per- Figure 1. Crops grown on plastic mulch in China
cent in the nortlh and the rest in the soutil. Figure 1 shows the
breakdown of c rops growni on plastic mulcl.

The cost of muleih has been reduced because the mullel used -

is a verv thin film rather thani the thicker film used in other
counitries.

The material being usedl for mulclh film is mostly low density-
polyethylene (LDPE) but some LLDPE (extra low dlensity) and /' \

higil density polyethylenie (LIDPE) is also used. Generally, 0 ,hers 
LDPE film is 0.014 mm; however, film made of LLDPE. Oh
lIDPE and LDPE mixed with HDPE along with LLDPE 1' -
mixed with HDPE is only 0.008 to 0.01 mm thick. The very thiniT ,
films are very popular with the growers, sincie the growth ben- C? , " /
efits of the thin muleh are the same as the 0.014 nmn ones and
cost :30 percent less. Most of the imliichl films are clear althouglh
some silver, black, and wlhite films are used. Herbicide films
and pbotodegradable films are being studied and tested.

Disposal. The disposal of' waste imliichl is of great concern as authlorizedl system is allowed, although disposal of stulch
large landlfills become overburdened with waste plastic. large amount is not recommenidecl. More detailed and
Polyethylene mulch does not decoimpose and must be remiioved thor-ouglh approaclhes are needed, both technically and
from the field or it will interfere with fututre tillage. administratively.

In Japan. the handlinlg of waste plastic is one of the biggest Recycling of plastics in Finiland (Cornwell 1989) is a major
problems yet to be solved. Plastic consumptioni has increased businiess for a private company' producing heavy-duty plastic
dramatically in Japan in recent years (Takakura 1988). In 1985, sacks, agricultural films, and constructioni grade films. The
the total amouint of waste exceeded 165,892 tons, whliel includ- company collects used films from the comimunith and returnis to
ecl waste materials from greenhouses and row covers, as well as the plant to process them. The film is separated by type,
plastic mulhlles. Since 1970, Japan has treated plastic waste wlhether clear, colored, or printed; it is then wasled, dried, and
uiicler the law of industrial wastes Growers are themselves repelletized for feedback into the cycle. Sinee reproeessed resin
responsible for halalling the wvastes and, in the process, must is not of the quality of virgin resin, only 15 percent, or less,
not pr-odtuce any air or water pollution. It is illegal to carelessly reprocessed plastic is used with virgin raw material. Except for
tliscard the waste plastic in a maniner that uiglht create obsta- medical or food packaging, injection moldlecl plastic processors
cles inl rivers andl other public places. use half reprocessed plastic and hialf virgin material for prod-

The three methods usedl in Japan to discard plastic waste are: ucts such as furniture and tovs.
(1) reeycling. (2) burial, and (3) incineration. Takakul-a (1988) Degradable plastic mulchles are currently receivinog much
explains the metlhods as follows: attention, especially the photodegradable mulcl. These plastic

Recycling. Five types of recycling are used. a) mutlches have many attribtutes of standard polyethylene mulcl:
Generation of pellets and fluff. Collected waste plas- they are easy to lay altil provide the usual benefits associated
tics. mostly PVC, are first graded and foreignl matter is Withi mutlch. The major difference is that photodegradable
removecl After rotigh crushinig, theyv are washecd wvith milchles decompose after the film has received a predeter-
\vater. finely cruslhed anti tlrietl. The repr-oduiction miniedl alm1oun1lt of tTV light. The clhemiiical composition of the
ratio of nsetl materials is approximatelv 5OWr for PVC. film cletermnines the amount of light requtiredl to initiate break-
The products are half-materials for plastic tiles, mats, tdown.
sandlals and fillers. h) Collectetl waste plastics. either XVhen the degradable nudlc has received sulfficient light it
PVC, or PE are crulslhe(d andl theni mleltecl \vithout becomiies brittle andl tlevelops cracks, tears. ani( holes. Small
wasbing. Plastic exUtlation makes final plastic prodI- sectitins of nitilchl (uisuially less thani 5-6 square cmii may be
ncts.) C'ollecte(d waste PE is crIsIietil antld mijxetI with tornl off anc blown aOvwavy by the w\ind. The ftilm finally disinlte-
sawtlust or rice hullls to make solitI fuels wlhose calorif- grates into small flakes antl disappears into the soil. The edges
ict valtes vary friom 5,630 to 10.050 kcal',g which are of the mutlch covered by soil vill retaini their- strengtlh anlI
t'qikialent to those of coals andl cokes. c) Waste PVC decoimupose very slowly (Garrisoni 1990). To tacilitate quicker
aLL(l PE Ctan be treated to make hyvlrophlobic materials breaktlown of that mtulchl buried in the soil, soil coverini,g the
for drainage. e) Oil or g7as can be recycled by pylrolsis etlges sholdlC be removetl before final harvest, or as sooII after
of wasted PE. harvest as possible. Exposinig the coveretl edges to lighlt will

Burial. WN7aste plastics which are not suitable for- initiate the breakdown process. sooi enoumghi it is hopetl, to
reproduction llst be buried according to the law reg- facilitate sul'licient decomposition l)elore fieldl prel)arationi the
ulating plastic wtaste tlispositl. The place ancl metlhodl of' following spr ing.
burial and pre-treatment iae regildated by the la.v Each miateriial respotllcs differently to conditions \ithin a

IncWinerationi. Incineratioii is also regulated lv the given gromving region. Ther-e are regional ViariationIs in light
law. Inmcineration amLlotulnts up to l(( kiav bv an intensitv air andsoil temiper-aittire. amicl soil tN-pe. Slatlimig of tlle
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muilclh andicl the amotint of lialbt affects the tiuine of' breakdownil. loniger seasonis.
Othiei fmictois that ilihIieTCe the timile of bireakdlown are: plant * a shortage of planlt niltients, re(Tiirinig mor-e efficienit fertil-
gro\tlh lial)it (vine ori uprigit), the timile of year the fillm is laid ize r uise.

(early Spriiig oT 1 siOil imner), the tiune b)et-ween la0ing the plastic * the nieedl for non-chemnical pest and wveed control, and
filiti and plantliea the crop vis 0ro aLid the use of docible or sinl- * sanIitatioll regula;6tions fOr 'freshl proI0dIce Which re(lIuirethle
gle rows (Garrison 199)1. The milost imiipor-taniLt factor- affecting crop to be kept away from the soil surface.
brecakdowsit is thie Oriinulttioll of'tile mIuLICI - siucil as Nwliethier it Resear'ch hLIs alr-eadls deImonIstraLted the degree of iillpro\e-

is a sh ort, iuite ieloeiate oi a lone -lasting film. Becaiise of thiese inieiit that VaLiouIs lullllches miake oni pliat procliuctixity. Future
onlsiderations it is b)est to expcriment with the various optionis reseairch will probably concentrate on1 iunderstandincg the ii icro-

and im anuifac tretris of filmnl befoire a specific photodegradable climate pro\ided 1wy the differenit mulches, with thle goal of'

miulcli is selected for large-scale app)licaLtionI. deter ,ininin liowv eacinicocliniate c IC l)e reauilated to pro-
Biodegradlable nii1ilci es are still in tIc experimiieltaUl stage. vile opti miin) conclitions for specific plant species.

Research onlI begam in the iiiid-1970's (Otev and \Westoff The suggested plant spaceing for vegetables onl plastic tilc'iel)
198()). The i oost promising film fliormuilatiouis contain abouit 40 is listedl in Table 4. Sui(rgestions on clouiible-cropping of' egcta-

percenlt starel anld :30 percenit eaelh of' polx' ethvlene-co-ac'rvlic Hles oi p lastic iiitilchl is listed in Table 5.
aci(l) anti poilveth0leiie. In researchl at tihe Arorgouine National
Lalorator, \wastes of potato statircli and chieese w Yic'v are beiln ROW COVERS
piit th'rouloWh a fi( rioentitZti0iii pr-occss: the elni proilduct. lactic Since the inid-19t 50's0 rows co\ei-s hiaxe b ecom li a en ifilpor-talilt

acid, appears to he a viable candidate f'or conversion to envi- oilethiotl of' protected a-riciiltue. ialy wolrk in Japaii
ronmentally safe d-grladable plastics ( Bonsignllor-e et al 1990). (Slinmokaswa and Oino 19.54) shosved thiat the cise of' s%ins1 flii

\\ihen g iroo I)iodegradahle inilolices come onto the miarket a tuInnels pe rmittedl cuctiml)ers to lie plaited ill Api il insteacd of'
°ireat breakthrou ighl will havc b)een iiade in reducing tile cost of earls Mlax, adlxancing the h)arvesting 1) a perio(d of 1() clas ad
plastic riei i oval f'0i ii thle field adl eli l iinatillg the pi'oblcil of illC'rieasii ig the NiClld of 175 per'ceii t. Early woirk hy \ o(ial (1963
plastic disposal. found that the har'vesting of' spriiig. cIops of carl-ots. lettuice.

Snvitlhetic' miui lehes xwill coni 1tinuiie to ile isecl. pI;irticilarkl\1 ill cai iliflowe'' kolrlkl-l)i-'inid rhuil)hari'b wsas adv anced li)v ai av enitge
the intensive c'iltivatioin oif valiiable crops. Certaini coii(litioius of tso to six weiks '1( cive'ring the plants with plastic tililiiels
accelerate the spreadtI oIfsviiltetic imilch cuiltur, lotahlv: for a shiort perniodl in tie spring. With these paIrticiLlar ciop)s htC
* wateri shiortagrCs in ari'd aili seni i-ari't regiolis. fbounid that whiile t'OW civets acld\iflcetd hiarvesti ng, tle- IIad lit-
* tlie Tiee( f'or incri'easedl pr)crtidition. ini limlitecd spate and o\c'r tle effect on total Yieldls.

Table 4. Suggested plant spacing for vegetables grown on plastic (Laniont 1991)

In-row Spacgng Between row
Single row Double row Spacing

cm cm cm

Cucumbers (slicers) 30-45 22-45 30-35
Cucumbers (pickles 30-45 22-45 30-35

Eggplant 45-61 45-76 35-40

Honeydew 45-76

Lettuce (leaf)l 15-22 22-30
(3 rows)

Muskmelon 45-76

Okra 30-45 45 35-40
Pepper 30 22-30 30-45
Pumpkin 61-121
Squash (summer) 30-40 40-61 5-40
Squash (winter) 45-121

Tomato 45-61

Watermelon 61-1 21

Broccoli 20-30 22-30

Cabbage 22-30 30-40
Cauliflower 45 45-61 35-45

Chinese cabbage 30 22-30 30-35
Collard 22-30 30-45 30-45
Corn (sweet) 15 15-30 30-45
Greens 15-30 22-30

(2-3 rows)

Onion 10-I 5 10-25
(3-6 rows)
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Table 5. Suggestions for double-cropping vegetables using plastic mulches (Lamont 1991)

Crop Plonted 1st Crop Plonted 2nd

Peppers Summer squash, cucumbers, or cole crops
Tomatoes Cucumbers, summer squash or cole crops
Summer squash Pumpkins, tomatoes, or cole crops
Eggplant Summer squash
Cucumbers Tomatoes, pumpkins, or summer squash
Muskmelons Tomatoes
Watermelons Tomatoes
Honeydews Tomatoes
Broccoli Summer squash, pumpkins, muskmelons, tomatoes
Cabbage Summer squash, pumpkins, muskmelons, tomatoes
Cauliflower Summer squash, pumpkins, muskmelons, tomatoes
Lettuce Summer squash, pumpkins, muskmelons, tomatoes
Snap Beans Summer squash, pumpkins, muskmelons, tomatoes
Sweet corn Summer squash, tomatoes, okra or cucumbers
Onions Tomatoes, snap beans or cucumbers
Herbs Broccoli, cabbage, cauliflower, Chinese cabbage
Strawberries Tomatoes, summer squash, cucumbers, muskmelon, pumpkins, okra

There are manay divfferent methodIs of using row covers. The thickniess and is clear.
following are systems that hiave proven Niable for those iegionis For tomato proclictioin. the plastic toinnels are formied in the
of the world whiere row covers are cuirenitly in use. same maninler as foir ecumber prodluctioni except that the

woorleni stakes are two mleters in lengthi, placed 1-1.2 in apart
California Svstem. In California (Roche 1964) several methi- dowin the plant row. Two wires are stapled on alterinate sides of
ods are used to form the plastic tunnels over rows of food crops. each stake at a heighit of 50-55 cim from the grounid. Wire hoops
For cuctimber produtictionl. two sheets of 90 cm polyethylene are set at alternate stakes in forimling the tuninel shape.
filim are formedl into the sides of the tuninel. Growers in Sani Clothespinis are used to hold the tvo 1 nieter sheets to the two
Diego, California tested various types of hioops (Hall andl top wires.
Besemer 1972), deciding on 9-gatige, aalvanlizedl ire, ctit in Veentinig is one of the most critical featiires in usinig plastic
17.5 cim lengthis to support the tvo sheets of polvethylene in the row covers. In ventinig the above menitioniedI tuninels, the plastic
formiationi of tunnels. The wire is bent into an oval shalpe (or is opened as needled ancl seclire(l to the wire hoops and top
hoop) spanninig 70 to 80 cm., with the heighit of' hoop estab- wires wvithi clothespinis.
lishe(d at 337.5 to 40 cim. The hoops are spaced 1.66 to 2.3 in In Southierin California, all of'the early cucumber and tomato
apart. The row covers are reinifoicecl by 2.5 x 2.5 x 70 cmil wood- plantings started in Januiary and early' Februarv are grown
en stakes driveni into the grounid below the center of' the wire uncler row covers. Cticurmbers planted as transplants in earl>
hoops at spacings of .3.5 to 5 ni downi the plant row'. The hoops, February normally begini producinig in mid-April, continuing
in tuii, are f'astene(d to the stakes and wire
to give stability in strong winds. Soil is uised l
to hiold the bo'ttomi edges of eachl polvethsvl- 3 ;'

ene sheet. A 16-gaLlUe wire stapled to the l

top of the stakes is the coninectinig fulcrumir
for the tvo plastic sheets. Ordinary spring - ,,

grip clothiespinis secure the two plastic , i11 ~ ~ ~ ~ ~ ~ ~ _ 

sheets to the top wnire. In areas of high , -

winds, a secon(l wire hoop is loijiblerl over
the top of' the plastic at evern secondl or -r
tliir-l lioop. This is especiallv imiportant ii =t r
w hen the plastic covers are pulle(l back (lur-
ina tirdes of ventilatiosi. Wes ei veatilatiora is .
desired, the plastic is simply slid dlown one
side of' the tube between the wire hoops: . .
and it is either fastened there bv the
clothiespinis or hield( in place by the corn-
bined force of the hoops. The top hoop
secures the plastic between the hloops and . '
redutices the flapping that may loosen and The 'Califomia System'" of row covers using perforated plastic are common for growing early
damage it. The filml use(d is :38 micronis in market tomatoes. As shown, the covers are closed dunng cool penods.
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toO1n to allow' nomnal pollination. Clear plas-

tic nnilch is nearlv alwavs tiseci in conillina-

_ tion xwitlh the row covers. Mlulech unidlerL a
plastic tutnnel will increase the dav and
night temperatuires ol the soil, at a depth of
a cmii. by 7- l0(C and( 2-.50C respectively
(Tarak-anoxy LaindI Rozov 1962).

The Fernthurst Svstem. This svstem wvas
first developedi for strawherry' production
h_bt is 11se(I throtughlout Europe and( the
Middle East for otlher crops as well, suicl as
i_meloins, cucnimbers, peppers. andl eggplant.

The polyethyleene sheet, 1:30 cm in wi(dt
and 38 inicron in thickiness, is spleadi over

wire hoops that are placed at intervals of
60-90 cnm in the plant riow. It is n1ot advis-
able to increase the distance behteen hoops
since sinow v loadin(lLc max' rlistor-t or flatten

During warm days, the covers are opened for ventilation. As p/ants progress into the tuinnels, perllitting w\n(ls to remove the

the warmer vweather, covers are left open and vines trained to wooden stakes. plastic cover. The hoops. 1S( ciii in length.

are made of S gauge galvaxnized wire. Each
through June. Tomatoes transplanted in litte January will be hoop has tvo eves made in the wire by a simple jig made On1 the
readv for the first harvest in late Ma' alind continue to procluce farm. Each eye has a diaineter of appiroxilm]attelx .L8 ci and the

throulygh mid-JuIx'. length of each "leg" is 20 cm.
Cleair plastic mu11lclh is tised in combination with the rowv cov- Once the pol yethylene is p)ut over the hoops, the end( of eachi

ers. wlhere wee(d control is economnicallv accomiiplislhe(d thrlouighl row hals an additional hoop fo-r extria sta bilits and the end( of the
the uise of soil fumigation. The cost and clilturiall operations poly sheetinig is buried in a trenclh.
associated witlh clear plastic have heen a liniitinao, factor. Lengths of polvp)opylenle baler twine are cuit 1.50 cni long
Fumnigation withi metlivi bromiide anid chloropicrin hiLas given and loops are tie(i at eaehi end. These are slippecl ox-er the eves
good weed, disease, and pest conitrol (lall and Beseimer 197 2). of the hoops to hold the slieetinacT ill place. After securing the

Today, nexv foodl and dnig regulations in the U.S.A. prohibit the sheetiig. the eyes of the hoops are pushed inito thc ground1(d so
uise of man' chiemlical filmi,ganits, therefore alteniatives suclh as tlhalt there is n1o yap between the polyethlwene and( the soil (Figure
soil solarizationi are emp)loyed. In soil solarizatiorm, clear plastic 3).
tarps or muielch are placei over the soil stiufaee for it period tip t V Ventilation1 of tuninlels is easily achieve(l byv liftiin one edge of
90 day's dturinig a summi1i1er fallow period to allow the soil tempera- the filimi away fi-onil the soil level andl puslhing it towardls the top
ture to rise approximately 1(0) above bare soil at a depth of 5 c'ml. of the hoop. It moves easily betveen the wir e annd the t-vine, but
Suchl solarization procedures have significauitiv reduced the illci- because it is sectirely tensioniedI at all times, it remiiainis firmly in
dence of disease (Katan 1981). position) even wvhen the tinnels are opene(d (Ficrure 4)

In another row cover metlhodI in
Californlia, a single 150 cm sheet of clear '

plastic is centered over tall stakes and t '1
force(d downward. The stakes poke holes --

throughi the plastic. wlieh ricdes down to
about the 50 cim level, wlhere a lengthwise
-wire forms a tent ridge. Wire hoops ofteni
are uised betveen the tomato stakes to form - _
rounded tuinnels, givinig the plants more air
space. This type of row cover is often tised
for i'ain protection.

Bow covers are not commonly uised in
strawberry productioni in California, except
for earily january thl-oulgh April prioduction
when eariv produic'tionI biings higher prices.
Row covers also proxide important rain pro-
tectioI. The c{over conlsists of one sheet that
is secmim'ed between thvo galvanized wvire
hoops with the aid of clothespilis. For The "Femhurst System" is commonly used throughout the worid for ctops not commonly
strawberries, the tutininel is open at the bot- trained upright to a trellis system or wooden stakes and string.
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Figure 2. The Fernhurst hoop system

The hoops are spreod to a width of 60 cm over the crop, r-eady for covenng with polyethylene. The hoops are spoced 75 crn (0")
apaot with each "leg" pushed into the soil to a depth of 20 cm (8").

Figure 3. Side view of tunnel

SUPPORTING HOOP RETAINING TWINE
POLYTHENE UNDER POLYTHENE OVER -POLYTHENE

tI t

Son, F ron, Bri,i,, \X insq,uc, (191] |

Securing the polyethylene (Polythene) sheetinu is essentiol in order to avoid any possible displacement by the wind. The securing twine
must be fixed to the eves in the hoops.

Figure 4. Ventilation of the tunniel

THE POLYTHENE LIFTED
FROM SOIL LEVEL

S,'1,,,-, Finn,, Iz-iri,Ii \',,,i,.,, en 1971,. g 
I I U

Ventilation can either be provided ot inten'ols along the row, or the whole of-one edge can be lifted a few inches above soil level.
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Figure 5. Wire hoops and ventilation slits plastic tuinnels are less labor- intensive: soli(l plastic tunlilels
recluire consi(lerable tinie to sectire ample ventilationi in the

Wire hoop #8 or #9 galvanized wire morning and( evening duiing an eighit week period. Little con-
63 inches long center heigh:: \ ,,/ >ldenisationi occuirs tin(ler the perforated ftilmi. Ettiiicre- (1964). in

14 to 16 irchesV
5 leet between hoops Israel, lemonistr atedl that perforated plastic shieets reducedl tiln-

/nel temperatures by 5-6(C in comparison to univenitilate(l solidl

Slits in /olyethytenI plastic tiuninels anil that the perfrTatioln in the plastic reclticed
for ventilation the need for man nal ventilation.
5 inches long }/ \ / Perforationi can be pr-odlticed by dIrillinig the polyethylen)e.
1/4 inch /w lhile it is still on the roll, with a low speed twist (irill, aiminig the
apart Y / drill at the center of the core. Excessively rapicd drilling melts and(

Soil covering fuses the film. The perforations are approximately 0.62.5 cm in
t a / / edge of cover (liamileter. spaced 8cm on center- in each direction.

/og ~Bu ried edge

/ . < of ccver Slitted Row Covers. Slitted row covers have a series of cross-

polyelhylene fulch \ise slits wlvicli provi(le venitilattioni on1 suninyv days. Withiout
Wire/hoopobred hen sol these slits, pliastic covers would have to be maniuially openie(d and(

Z ~~~Wire hoop buried 6 inches in soil
Black polyelhylene mulch closed to provicle ventilationi during the datv and cold protection

at nighlt. This metlhod of ventilationi was first (levelopeti at the

University of New Ilamipshlire in the earlv 1970's (Wells and
The wire hoops are 158 cm (63 in.) long, installed at a height of 35- L .U

Lov 1985). Usii1cy r-eseai-c-il oni inuskiiieloiis, tlhev shiowecl that
40 cm (1 4-16 in.) in the plant row. The slits for ventilation ore 12.7 melons with covers plus black polyethylene mulch produced
(5 in.) long and 1.9 cm (.75 in) apart. yields thr-ee timies tlhat of bare soil, having no mulch or row

cover, andl about two times areater than with black mtulchl alone
For spraying against pests and diseases, the tuninlels are (Lox and Wells 1974). Row covers an(d muileh together

opene(d bv lifting both edges of the sheetinig to the tops of the increasecd fi-uit maturity by :3-9 days xvitlh comimiilercial hybrids
hoops. To prevelnt the sheetinig fromil slipping, it can be heldl in andl 12-13 days with experimental hiybrids over those gronil oil
position by temporarily releasinig some of the lengths of black polyethylene alone.
polypropylene twine, which are wouncd once aroundl the In New Hampshire, row covers were initi,ally patternied after
bunched film andl resectired to the eye of the hoop. the California svstem: however,the tvo piece conistruictioni was

At blossomil time, the tuninels are ventilated on onie sicle by fountd to be very labolious and( also sublject to severe clamage by
lifting an edge of the sheetinig about 330 cm every fifth hoop. In winid gusts (Wells and( Lov 1985).
England, irriaationi bv overheadi spray line has been nsedl to While perforatedl Iow cover provicled reasonably effective
protect crops under the polyethylene from frost. ventilation writhout appreciably sacrificing temperature increas-

The twine is usedl insteadl ofan additional wire tha,t wvas once es, (Dubois 1978) perforate(d row covers were not put on the
coniiiionl) placed over the top of the tuninels in order to secure commercial market in the UnitedI States as thev were in Eyvope
them d(uring w,ind conditions. The polypropylene twine is much andl the Middle East. To achieve ventilationi, Irow covers in New
lower- in cost andl does not cut or damage the polyethylenie as HamIpshire wer-e conistirictedl fromil a single sheet of plastic. 1.5
wire might. In wide, :38 micron thick, with two) Iows of continuous slits, 1.9

For general guidance. the wkider the tuininel the better will be cin apart and 12.7 cim long. Figure 5 shows the desigin of wire
the temperattire cond(litionis prevailing in the ear-ly part of the hoops together with installation institictionis for the slittedl rowv
year. However, as the widthi of the tuninlel increiases, so cloes the covers.
likelilhood of xwindl damage. For certaini low crops, particullarly In the New Hamipshiire trials, tht slitted, one-piece row cov-
radlish and lettuce, the base hoops can be spread out to give a ers showedl about an 80% reduction in installationi labor, were
flatter andl lower- tuniniel. A low tiuninel offers less wind resis- self-ventilating, eliminiating (laily manual openiing andiclosinga of
tance. Tender crops can be starter1 verv early unilder- tuninels and( the covers and wvere able to withistand very gustv winds (W ells
part of the polyethylene can be cut away later to alloxv the crop et. al. 197 7).
to emier-ge. This tecihiniquie is particularly stuitable for ninner In addition to li]eloiis. other crops sucih as cuctimbers, toniia-
beans, squiashi and sweet corin. toes and( peppers are grown with the slittecl plastic miuilchl. Since

the weedis wel-e conlitrolled thirougih the use of black plastic
Perforated Plastic Tunnels. High winids remain a problemn mulch, the slitted row covers were care-free froml the time of
witih everv' method of ventilation tried. A techniiiqute has been installation until the timne of removal, :3-6 weeks later, depend-
develope(d in Franice whereby the plastic is perfor-ated in orrler ing on the c'iop anid the weather. Wlhenl ambient temilperiattire
to facilitate ventilationi (MaMaire. 1964) insteald of the conven- reaelhes the range of:30-32'C, either the covers are remilove(d or
tional miethio(d of openinig and( closing the tuniniels dailv. extra slits ar-e made for tomiatoes anid peppers. For vine crops,

Ther-e is a slight differenice between temperatures - mini- the covers are left on uintil the appearance of the first feimale
Illtilli and Illxililmlllu - withi the perforated and( the non-perfo- blossoms or u tntil the vines reachi the edge of thie covei-s (WVells
ratedl tuninlel. They procilice similar mesuilts in earliniess of har- and( Lov 198.5).
vest, and yield. Froim a practical point ofview, the perfor-attedl Frost protection with the slitte(d covers is similar to that with
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Figuire 6. Structur-e for air-suppor-ted row cvr

Air
I'Flow

Furnace -- '. Fan

'0
4% 4

tru c tu re C harmbe r

opening to pla(A,c row cover

the perforated i)olvetlmlene covers 1)1it is itif'erior- to .sid cit](IX-- sidle temlperattire. Oni onie occaisioni the ot itdloij (Ir c teiipetra-
ers. The ntliaxiion increase ill tenmperatuire is only 1 1) to 2.0f)(C tore reachled at high of :36oC. Bv hilly opening tile' VittilatiOnl

ablovx (e oiti field tem iperatures whler-eas with solid covers, frlost doors, tilt' tempieratuire att the end (Iof the ttn iels 51) Inl in
p)ro tection of 2l5i1 to 40_C iln b e aehieved. In view of the aivls-a- letigatl ireadhed at high of onlyN 4OoC. Teinperatores of, appr-oxi-
ta(Tes of the slittedI titi iiels lIver ti e sollitI, thte Llse (If slittedi roIv linatei thte saime tdc,rce were miain taiined in thet \\ ire-si ipported

c eoves iS a reasionadble tcmpon 1 m11ise I etwev ii a\imat (111 fri-ost iove rS, WhiCh hadl( 0peii slits aLt the ti p] (If'the ti tiie! foi- ventila-
p r(otec-tioln atiid a saving in labor. How, covers shioti( ild ot he ti oti. E arlv iil thle ti im ati trials a h0 iw t(100tdi Ilir igt teminpe ratuitre
viewed mierelv as a frost prolte'tio n svstenii hot as a g~rowth- of nilitiiis 3oC(' was reeiIrded. Tlhois plaints tm lo-e the \\ire-solp-
ii teilsikfl-t igsvstemndiigc 1(11) spi tig, weather. Tlierefi re. it is pi irtetl riiv covers, with nio addl dliei ett \were eomnplctclv
iioit atlkisabile toi plant very earlI-. hliphiti t(o protect these early destroyed bv the fi-ceze. Those pllants tindier- tlic air-soipported

plantings against beasv froSt. Anl earlier planthiti (late If If) tlaVs tiunntels wvere saved with thle aipplicathion i IF1 iat.
to two wveeks XvoiiiCI lie mior-e reasonahle (\\clls and LoxN 198O). \Vlien) heat Was Stipphied tIl the tidieS the temiperattire-

Ac-cording to W'ells and Lox (1980>- late spring frosts arie proh- decreased \\xstll the lemth ofgtlI(Fte tubte. It wvas mo1(st imipiortant Iti

abl\ niot the higgest restraint tio earilx cutltur I fii ii of iskmcllons and have ai sniiall opening at tIe ci it oF the air-supp1 ortedl tithe; thlis
oItle1- S i I]e ertips. C0(io SPHiI( SOg i S Isinaik-ec INI inthihit gli0iwthI, openincog all0wedh soilmot-, air 1 m Xt'11eit ill the row55 tiover. ei] soil ii g
water, and notrtientt uptake h\voSilt to sec(llitig(s or- transpianits. that the lieat ci iteringi time tot itels xxvi tld he dlistilibutetd tio the cutd.
Row- cvet-rs in combiiiatiou ii th 1blaek plastic mouilt-h., will uisuail- fnisett and disease c-onitrol Was aecciompllishled ILv injectiilg at
lv itlerease sioil tem peratuires bYPv til 4.,5ilC. Utmf0ttoiatelx. row dotst iitto the flit intake, which prodUced an cxcii' distrihbutioti
tovers \viII not prolte't \itie t_rips. especkia>N melo CiroIls. tIli-otgli"llott the plantilng. If the air suippoIrted r(ow c(Ivers were

agansttheefec-s o eteiclei piids f fveor- motre lv (If, kept rigrid, thiex withistoodt tIme weitrht of'snow better thanl those
t'otttlv c-ool weather. Wijth suc'l wveather patteols, tlie sol tei]i- sttppoIrtedtb Nvwire: however any si](iXWFall overI ClitE especially
peratutre driops. therebiy pr-ev-eitiigt the uiptake (If xwater I)v the wvet snilxw, woutild colllapse the p)lastic totnumels. tiherehx calisinua
plants. Cntlst'qoetlvd\ wheit'i stum]tY weather (lilts retort.Ii tlit plhttt 1breakage. It wvas alsio imp] jortant to keep thte t'over-s rigid
xoIlwti xSitl Wit'er astraillSIi ratiotl t'Ct't'IS w oe ptatke. (tloiiiig lug1 l witits sotlott tliex wouhd tnot swax ant il i-th

pliolits otitller CO\t'r.
Air-Suipportedi Row Covet's. It] an atteillipt to at-iiie\t' a Tvp)icall. munskmtitltons will tilatliii-e 9-1:3 datvs earlier Xwitht
irt'ater degree of co('11 protectio~n. Jenmse'n atid Sheldi'ake (t965S) Xvire-stipp(ortedl ril\ t'OX'rs iii c'tbinationiii wxitli plaistic- iiuiilchl

atppli etl ititi ficial h1 at ini platsti c tun t ll's5l ti i-tiert to p rovidte Fri ost tha tai51th Illat'k plais tiet ai loit. itI ti e airi-sitppoIrtetd triiaths. dli IC tio
protit'ttiot I to] C'r'(ps gi'oXincg ini the iliirte titoltlieri-l lattitudes of' the cam-lier thian i In0 ll1tl pIlantitflg iniiler- t'iiers s1 ippoIl'tetl Xitll
the Uitiitetl States (Figuriie 6). \vi-e, the nitiiskuieiloti harvest xvas 2(0-2-5 davs ecirilier- thallti tu

ToillatoeS, (,c'mit biiers riitcl iilliskiiieloins wvere groivi titller- titormall first harvest date of imiisknlcon 1t5 ot raisetd tinnier Ci I`

roxV c-iixers supporteti by air p~ressur-e I't-oIti I lt iti i locatedi t olte ers. Toma~toes wxere 1harvested 15-52(0 tiaYs cad-litr th atn the i iir-

et]dI ilf ti]e totiiiels. Tue speeud of air tmovemeiCnt tihiiiuigb the titti- ilial oltit-oIf-dooilr platntiiig

tielS Was I-C'UhtCdttt I\ adjjuistitlg1 a St1 l t 1
,

1
00tl oirtpethingr at the While tlier-e is uistitlI till signific-amnt tliFt'rieiic-e in earls tttmai-

opptosite ('lIt of theI tititiiel - Diiri-igc periodls of hilt weather. veti- tol priltlit-tioit] ]etX\veet]jttt ii pa tic ltl [ ttd i tlld ill tilt'1]C tihitre iS

ti 1 jtti on o- airil iovemte ut thro'uI gii ti e ti totiel wals iiit'm-eiisedI ]lX i]o liii] t]lv it notaibIc~ tliff'relitee iii t le earlitness (If citet ii be r atndt
t'htu speed aitii('or b\ Cenlargitig the o]peninlg at the ent](Iof thle ttti- m]luskmielon] prtltltit-tiil I - ll trials t'OM]iU C-tetl 1 Je-ilSet t andi
tiel. Diiritiaic titiles oif' fr-ost. lieiett ~xas addetd tio tilt air sticauti SheIdratke ( 1967) v\ it're ai r su pported roxw tiovers wet-c tIlsed ill

tihrttltigh the ton niels - The smal~lleri the do(1r op (lit'il i t tl te cid c( ombin h ation Xwitl i plastic- imiu-lit, c- itito 1mlet atd mi tliskilelo llt

of tle tIC itItiC1e, tieless'5 the air mii(iemte t thri-iltgIh tihe tuti elt's, criiops grtwni oIii pla5 tit-tn imItll- prolduci-etid itt-li higihICr eatrl

c-itutsitigc a temlperatture bunild-op ii isitdt thit' totitiels tlt l-jilig wxarmi, v-ieltds tiiaii tibose w\ith io ti tiltclth (Tab lt's 6 anid 7). Today,. if'
soniivI (hits's. Tile larger thit iopt'nint ig t tile Ciii] ill the tithe. the groWe is itt- goillg to the addtedi expen~se atnd ef'fort of' tist t ig i-iw
faster thle aitril m yt'tmt'lt or Ittiri'tdationi, tbiiebii loxweritlg the covers il ('illb iiltaitii li with p lIastie tmiiut-h. they shiotiut1 c-nider5iC

19



PROTECTING MATERIALS AND STRUCTURES

Polvethvlenie is stretchled over a trench in the grounld. The hot-
Table 6. Effect of plastic mulch on marketable yields of ton; of' the trenclh is approxillmately 18 cm below the plastic. In

early cucumbers, USA, summer 1965 the second method, plastic is laidl across tvo soil ridges 40 cim
in heiglht. A mechanical mulch laver is used wlheni the polveth-

Treatment Cucumber var. Triumph vlene was appliecd over trenches.
(Na.Iha) Yield (kg/ha) Weedl control is essential under such systemls of protected

agiiculture, and is noinlllalv accomplislhed througlh the use of
Clear plastic mulch 161,637 37,569 chemical herbicides. The polyethiylenie is remiloved froml the
Black plastic mulch 148,592 33,336 trenches wheni the plants first touch the plastic. With tomatoes.
No plastic mulch 115,507 26,043 the trenches are filled and the beds levelecl bv cultivationl with-

in two weeks after the remioval of the plastic.
P.laff 1jpopulatitrl. 13,610 ha. Tomatoes procdtuced unider this metlhod wouild come into pro-
F'niif hlainr cf JIn Se 2.9 - Ang ts? 6
Sais rc] I seae andl S/l, hrake. 19i67 ductioni approximately 1:3 davs before thtose seeded in the open

fielcl.
A similar svstem is presentlv used in California and Arizona

Table 7. Effect of plastic mulch on marketable yields of to grow early cantaloupe andi watermelons. In regions wlhei-e
early muskmelons, USA, summer 1965 there is geothermal activitv, frost protection is effectedl by

applicationi of warmn water through dlrip irrigation lines installed
Treatment Muskmelon var. Harper Hybrid under the polyethvlenie. This systeml has saved imelon plantinigs

(No./ha) Yield (kg/ha) clon to a temperature of -4.5°C.
A plastic-covered trenchl svstenm is feasible wlhere low tem-

Clear plastic mulch 13,230 13,362 peratures limit early growth, where the dcanger of frost increas-
Black plastic mulch 8,315 9,786 es the risk of early planitinig, and where higher prices are
No plastic mulch 755 911 received for early prodUCtion (CGan-ison 1973).

While plastic covered trenches mav not give the aclded
Plant ppibtionts: 6,N0,5/hea agrowthi response andl earlinless of yield in compparisoni to that of
.s ,it harvs'fs Jilri 19 t, Assgst iti 16
Soars,: Jensen an /d Sh/dhrake. 1967 rOW covers usecl in combinationi ith plastic mulclhes, this svs-

tem is far less expensive and becoming qtiite commiion in the
Again, row covers are tuse(d in combinationi with plastic mulch desert regions of the United States, Mexico and Israel.

only wheni the goal is to gain an advantage in earlier fruit pro-
duction over crops plantecl only tlhrouglh plastic mulch. While Floating Row Covers. Floating row covers can offer protec-
row covers will increase both labor and expense, thevx will raise tion to both cool and( warm season crops. The simplest form of
both the air andl soil temperature. provide some fiost protec- row cover is the fabric or floating row cover, without x,ire or
tion, and therel)b incr-ease earliness and yield. cane hoops. First introdutced in Germ-lanyv in 1970, thie technlol-

While earlier yields of up to two weeks can be achlieved in ogy was soon ado 1)te(l by neighlborinog counltries. By 1987. more
tunnllels where heat is applied, the capital costs in fan andl heat- thani 15,00() hectar-es of' floating covers were in uise, mostlv in
ing eqLuipmiienit can be quite higl. Operatinig costs for electric- Austria, England, Frntice, Ger-iian, Spain, and Italy (1 oag
itv and propane canl be expensive as well. The plastic row cover 1988). Their potenitial in North Africa ancl the Eastern
and mulchlinlg rmater-ial mxav cost tip to
$1,750-2,500/ha.; the capital cost of the f:anI
anlI furlnace is approxi niately $1,500-
2,000/hla.; andl energy costs for fuiel anid
electricitv imavx reach $2,000-2,500/lha.
These addedl expenises mulst be offset by
higher return-ls in the imiarket. UInless tlhev

are, th en proclucing a product earlier does
not justify the added cost of air-sUpported
row covers. This WaLs the experience in
Newv Jersey xvlmere commiiiiercial uise of air-
supported rowv covers was dliscontiiiued
after the first vear tlue to the high cost of
operation and maintenance.

Plastic Covered Trench Svstem. In
196), Garrison (191:3) of Ruitgers _ E

iiversitv. Nexv Jersey, UISA. develo)ped a _
sxvstenii of crop protectioni that permitted
early seeding, promoted early planit devel- Muskmelons, in Ithaca, New York, tro-nsplanted directly to the field on Moy 5. Gs
opmienit. and(I prokided fIrost protection, they oppeared on June 5.
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Mediterraneain is being examined. They
were first used in the United States in 1980,
b' Wells and Loy at the University of Newv
Hampslhire. Currenit use in the United
States is estimate(d at 4,00(l ha. (Mansour
1991). Floating row covers are made of
spunbond(led or non-woven ftabrics:
polyp)ropylene (PP), polyamide (PA) or
polyester. Polypropylene an(l polyester are __ _

the two fabrics most coinmonly available.
These covers are made by melting the
appropriate plastic, or combination of plas- 7
tics. They are sprayed as fine filamienits onto C

a nmoving belt which conveys themil to a
bonding roller. The roller presses and fuses
the filaments together. This process is rapid
anid creates fabrics that are strong, light-
weight, economlical, and porous, ranging in
weight froim 10-50 g/rI12 . Fabric durabilit:
is dependenit on its weighit, the type of plas- In the southwestem part of the United States, plastic covered trenches are becoming
tic, the additives an d the method of bond- increasingly popular for the production of muskmelons for early market.
ing. Fabric can be madle into very, ide
pieces. ranging from one meter to about 10 meter-s in wridth: is left on a crop for only a short period of five weeks or less. The
narrower wvidths maay reach a length of 850 meters. By special lightest weight fabrics are seldomil reused (Mansour 1991).
order, fabrics of over 20 meters in width can be accommodated. The lightest covers, those around 10 g./sq.rn are use(d as

Th-e covers can be applied over a single row (Figur-e 7) either insect barriers. Tlhe offer protection against viruses and feed-
bv hand or by using a modified mulch applicator (Wells an(d ing (lamage from insects such as aphids, loopers, and beetles
loy 1985), or over a number of planit rows with one large cover. (Mlansour 1991, NWleatley 1991). They also prevent or discomir-
When covering a single row, the material must not be stretched age feeding by birds ancd small animials. However, these fabrics
tiglitlv but left with slack in the center to allow for expansioni as are easily damaged by livestock, dogs, and other animals. Thev
the crop develops. The edges should be securely buried. espe- have minimal effect on temperature and light transmissioni.
cially wheni usingc lightweight covers, w hich inay requtire According to Miansouir (1991), those covers of about 17
weights. in additionl to soil, to secure thiemii. The wind will bloxv g/sq.m are, by far, the most commonly available. Thev have the
through the material. Using a combinationi mechanical/imanual same applications as supported row tunnels or unheated green-
method of applying the widlest covers to a field, a team of three houses: All these protectedl systems of agriculture are used to
people can cover nearly a half hectare in 40 miiitites. enhance early maturity, increase early yield and total yields.

Heavier fabrics can be reuse(d one or miore timies. Even the improve quality ancd to extendc the growing season or miake pos-
17 g/sq.n] material can be reused once if handled properl, if it sible the growing of crops in areas where thiey are not coin-

i_monily grown.
-. ,,<<; .- lHeavier covers, those greater thain 30

-g/sq. in. are usedl primarily fo(r frost andc
f,reeze protection, andl in situations reqiir-

; '* ' ',S,- ' , - > ti + . _@ =.'rE j(ing extr-a imechlianiical strength and durabili-

X5 J U N E 8 tt to extend the growing season, adill rense-I ~t-MEEL of n;iitterials. Somce maniflicturers claiml
=_r ,. ,f"'_'~ s k t >t [lieavier fabrics will give fiost pro-

F n- g te tion doI vn to -:3.3oC. Polyester pirovides
~~~ '- / ~ ~ ~ ~ ~ ~ ~~~~12C, fost protection: polypropylene Pro-

*8r ,<m~ ~'-~ ~ *f~ / les 2 .oC p)rotectiom] (Wells and( Lox

F-f'~ , 1985). Some platt injUrV may reSlilt from 

* , < . the mise of spunbonided materials as floatin,
~~~ ~covers. As the plants niiatture, somie plant

-holiae comes in direct contact with thIe fb-
ric. Moisture formi s ino-e readily on leaf

- suracsil-tacS in conttct with the covers; the helat

C L E A R P L A S T I C M U LLC H that is readhil reradiateci fir-oim the surface ofL , the row cover to the atmosphere causes
Muskmelons were far advanced when planted through a clear polyethylene mulch mlor-e ra-iipid frost formiationi on the leaf sur-
as compared to rhose planted without mulch. face (Wells and( Lov 1985). The heavier
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Figure 7. Sinigle plant row covered with floating row cover 1. Thex imo(lif temipera-

tire. increase bieat tiunits bIw
2-fol(d or milore (I lemplhill et

Transplanted Crop Seeded Crop al 986a. Table 19, and tbe!
Slack Left pl-potect p)Iants fromil li ii t

1. P.1y.sler t) Row e, frosts. Tlbev belp ill tble eonll-
Row Cover /// No HoopS / / / version ot liglt waxves to heat

///i Required < 7 / / enery aiild trap this beat in
t1lt \ic-inity Of tbe pUants.

Altb o igb ple rioeable ti

\,apo )r. ni n(lei certain ci uiui(i-
:::/. -. : | 1t -----tiois of temperatuie and

FT Jap h~~~~~~~~~~~~~~~~~~~umidikt, ioloisturie can co ii-

i ; Bjreec z Edges (denlse on1 the inisi(le of these
UIIC7 Seendig. £dges Seed t.gnI'y Burred rw covers. Tbis affects air

teinipenitti ire alS xill)OIS Coil-

lense to li(qoii(ds oni tbe cov-
mlaijterials reduce ligblit trinsimtission, and(l ar-e tierefore niot tise(d ers, and release beiat. The water droplets oni tbe inside
in tble same wax as tbe 17 gram miaterials (Mainsour 1991). of the coxves are also good be.at siniks. TlIe\ stoie tilis

NI an so0il r 1 991) rel)p)-teCl thbe bib ng ill reLariI(j to flotating lIcitt anti radiate it to tite crop1 at n igit i. Coontieisatioi 
ro I co i( rs: is a iactor onilv il(ler certitiii cointi tiois xvwben litini(li-

Si lilar to roiw touinels an(l (greenilioises. floitingr rowv t\ inii(ler tie cover is Ilig andt teniperaltlire differe iices
cio\ vrs in tbie 1 7 graii ranie nioditV the plant inieriioci- betweeit the air ti tde r tbe coxer is Ii(glbe - tlibn tle snir-
maite ill o0r major w aNs: fiace of tIie cover.

Table 8. Effect of insecticide spraVs and floating row covers on yield and foliar virus syniptoms, potato row cover
trial, 1986 (Heinphill, et al. 1987)

No. of Senes- No. Total Percent tubers
virus cence tubes yield Mean with PVY

plants! on per (tons! tuber Blossom Stem
Treatment plotz 818186Y plot ha) wt.(g) end end

Main effects
No spray 0.47 3.5 78.4 15.4 193.5 12.6 13.0
Sprayed 0.17 2.5 84.6 18.8 217.5 12.6 11.3

LSD (0.05) 0.30 0.4 NS 1.6 16.4 NS NS

Reemay 0.00 3.0 71.3 15.8 219.6 4.0 4.0
Agronet 0.18 3.3 80.2 17.2 212.3 0.0 2.0
Agryl 0.08 3.0 79.4 14.8 181.8 0.0 3.3
No cover 1.00 2.8 95.1 20.5 208.4 42.7 39.3

LSD (0.05) 0.53 NS 12.1 2.3 23.1 9.3 11.6

Interaction
No spray:

Reemay 0.00 3.8 68.2 13.7 203.1 4.0 6.7
Agronet 0.20 3.7 76.3 15.2 199.6 0.0 2.7
Agryl 0.00 4.0 78.0 12.8 161.6 0.0 0.0
No Cover 1.67 2.5 91.0 19.6 209.6 46.7 42.7
Sprayed: 0.00 2.2 74.5 17.9 236.2 1.3 1.3
Agronet 0.17 2.8 84.0 19.2 225.0 2.7 1.3
Agryl 0.17 2.0 80.8 16.8 202.1 8.0 6.7
No cover 0.33 3.2 99.2 21.4 206.8 38.7 36.0

LSD (0.05) 0.75 0.7 17.2 3.3 32.7 13.1 16.4

22l7zf .... .. folia,
.Y1,Mill W01 " 11 il1 5 = )j- s(o)/ 1" "-wp l, Ig{u 1j"I tlllt >, I/)i_l
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Table 9. The effect of slitted polyethylene and polyester row covers on early and total Nields (kg/ha) of
'Goldstar' muskmelon over a 4-year period

Test year
Treatment 1981 1982z 1983 1984

Avg.
Early yield

Black poly mulch 3466aY Oa 370a 672a 1127
Polyester & mulch 20,929b 1453b 1 7,473b 6451 b 11,577
Slitted & mulch 21,377b 2560c 15,681 b 6182b 11,450

Total yield

Black poly mulch 50,099a 4574a 40,024a 27,507a 30.551
Polyester & mulch 67,433b 9453b 40,322a 29,478a 36,672
Slitted & mulch 65,978b 13,377b 52,420b 21,504a 38,320

t'ieltl rt'tlIitiont ItI till duetit' tlilt in'atnui t it- ilit.

Y,11cti,* ephlar-ition withi cl umn-1E1e;^s by! D),i,,can,, . ntiltip)le ranige t.ht, 5%7 /,t,'t'

S. Wnr elt'' ls Ut/i im Ly 195.5

2. The covers modifyi moisture by raising the relative ers over a four yeair period. They fotiund that muskimielois, a
humlidity, and redlucinig water losses by transpirationi or cro0) sensitive to low soil and air temiperatures but tolerant to
evaporaltion. Thtis, they enhance seed geriniiationi by biah teimperattires, responids well to row cover culture
maintaining higher soil moisttire at the surface, andcl Table 9).
prevent crrusting. Their- research also illustrated yield increases wvith pepper

3. The covers can modify gas conicenitiationis arounid (Table 10). Tomato yield increases were not as dIramiatic, espe-
the plant. They may increase C02 levels wlienl decomi- cialls. during one year whieni tomato vields uni(ler covers were
posing organic miatter is available in the soil. drastically re(Itice(d cdue to higli ambienit temperature con(li-

4. They modifv light. thereby influenicing p)hotosyn- tions.
thesis, flowering an(d plant growth (Friend( 1990). Other crops. whieni grow'n udicler covers, have showna vield

Spunibonlded field covers do the above things at a increases as well, suchi as sweet corni eclible po)0 peas, carrots,
miucil lower cost for labor and installation than row cabbage, leafy' lettice, green beans, squasi, cucumbers, water-
tuLinels or plastic greenilouses. thereby providing flex- meloni and root crops suchi as ra(lishes (Table 11). The covers
ibilit to the annual row crops grower who imav choose have proveni to be especially effective in controlling cabbage
to grow a protected crop one year but inot the next. maggots on radlish andl in re(ucing flea beetle damiage. as shown

Research at Oregona State Universitv (Hemnphill et at] 1987) in Table 11.
has indicatecl that floating covers successfully exclu(le virus In the United States. the usefulness of floating covers varies
transmilitting insects from potatoes (Table 8), andI other researcih with location ainic season. In the nortlierin latitudles the covers
has indlicated excellent p)rotectioni from cal))bage loopers. In the are usedl in the early spring to exten(l the gIroing season by
soutihlwestern Unite(d States, growels use covers as insect barri- improving early yields as well ias qualitv'. In Florida, covers are
ers to pIrotect vine crops fromli Ndrus (liseases that are clifficuilt to usedl in wMinter pro(Uction of tendler warim season Crlops or the
contr-ol, such as zucchini yellow mosaic virus. fruiting of crops suchi as strawberries. At timies, they ar e usedi to

Before floating( row covers are used in a region with no histo- protect crops fi-onil insect v ectors.
riv in suchi imethodIs of protected agriculture, the system shouldl The greatest benefits fi-ol the use of floating covel-s are real-
be testedl first oii a trial basis to screen local varieties of crops izecl wheni row covers and field covers are ilitegrate(l into a total
for their responise to the covers. pro(luction system. This incitides the planting scheuitile propel-

In self-pollinatinig crops andl leafy vegetables, the covers Caln1 minacrna ent of the covers with regards to application, the tin-
be left on for almost the entire dlurationi of the crol) pro(luction ing in remioval . and the maniagemilenit an(l use of' plastic miulci,
period. Care mutist be taken to remilove the covers dur-ing (lays as well as irrigationi and weed contr-ol unidler the Irow covers as
wlhen intolerablv high temperattires Imi(rght ocCIII tilder the coV- xvell as the other benefits of mIulch. Daytimne soil teniperatures
ers. Some cuicurbits, sucli as miuskimieloni and watermielon, can are slightly higher Nwith row covers plus black plastic nmulch thani
tolerate temperatures xvell above 30oC ainl are thusxvwell-adapt- withi miuilch alone, wlhereas nigchittimile soil tempelates are only
ed to roW cover culture. Tomato and pepper foliage is reason- slightly elevated unidler slittecl maulch ancl not significantly
ablN tolerant of high temiperatttires, but f'ruit set under covers is affected by polyester- covers (Lox andl \Wells 1982).
impaired at temperatures o\er:3(oC. These crops shouildl not be In the fuiture, new technology nay proxidle row cover poly-
gfrown unidler- wide covers since the action of hiigh windis on the mer-s -which would chan.ge properties according to temperature.
-overs -vill cause abrasion to the growing points of peppers andl Au ideal row coveW- (\Wells andl Loy 1985) woulcl provide insvllL-

toimatoes. With spinach aniid lettuce, higli temperatures can tioni at low teniperature but would beconle IllOtm ' porouS Ol

cauise bolting. mior e opaque at high temiperaturi-es in ordler to prevent excessive
Wells and( Lox' (198.5) conducted research on floating cov- heat buildlu). Materials usedl for row' covers at the present timie
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Table 10. The effect of slitted plastic and polyester row covers on yield (kg/ha) of 'Greenboy' pepper

Yield
1982 1983

Treatment EarlyZ Total EarlyZ Total

Bare soil 1613aY 5618a 1478a 9704a
Black plastic mulch 5887b 22,499b 1935a 19,864b
Polyester row coverX 12,876c 22,364b 2607b 1 2,741 a
Slitted plastic row coversX 13,763c 24,111 b 2124a I 1,397a

'Fa/q hJi,/ ud.tflh a 't 3ltt lncsts.
Y!Ii,,u,.1anjuii ritiot itilt/tinoulgin,zyn Di trln\ nimlti;t i-a,,1 , ctt c 5 /,'r,/

Wai ji, 11- iiitit'h t'! 19 i5i

Table 11. The effect of spunbonded roow covers on1 the yield (kg/ha) and insect control of 'Cherry Belle'
radish

No. of Maggot Flea beetle
Treatment roots/ha kg/ha damage (%) damage (%)

No cover 29,515z 731 a 70 100
Row cover

Polypropylene 114,405b 2000b 0 0
Polyester 131,967b 2512b 0 0

-M5ialln Y'/iaitii iititlilli cidltnntn.s b)iL i iiI tqil iii;p iig t11 , 5, S 1, '
S i't i: Whun l -P] IJ>'IJli"9S5

are indciistrial polymers w\iich have l)een a(lapted for agricul- and( total pro(diietion per unlit area of arowinay area. However.
tural use, rathier thlian polyvimers tlhat were tlesi.ile(I for specific royW covers ailone will not meet this ohjective.
row cover applicatioll. Tlhey are oilx5 one segumenit of the overall procluctioni system.

It is impnportant to rememl)er that the puirpose of row covers is liMaxilmliuiml protluetivity anti financial retuir will hbe realized] only
to incl-eaqse pro(dllctivit throllurl all econoimical increase of ea-rlv tirooTil the effiicienic of growe- management anic nuarkletinig.
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GREENHOUSES
A ureenhiorise hias hasically one purpose. that is to provicle and( doulbled. tripled, or even CuLLadCIrupledl as comiparecl to open
miainitain a growing environiurlenit thait \vill restilt in optilmiuil fieldl Nields. Tb ose gro\wn ouitdloors wvere subject to the hlig
crop production at miaxiinuin Niell. temperature extremiles of siummliler or tihe wvinter col(l, wbicil

is especially clangerous to heat-loving crops sucbi as ctictim-
BASIC CHARACTERISTICS her, ecg,plait. anidl pepper.

- An enlianced grrowvingc en\ironruent (fiaster growth, longel-
Enclosure. As a striuc ture for growing plants gireenbliotise uitist hlarvest) alloing planrrts to come closer- to tiheir plotosvii-
admllit tbe isilble lighlt portioni of solar radiation for planit pho- thetic capab)ilities.
tosvntiesis anl, tber-efore muist be transparent. At tlie samiie - Diminiishiedl losses to weatbier and otber stresses.
time, to protect the plants, a gireenhliouise must Ihe ventilatedl or - Plant b)reeding for yield, \itlh an environment tailoredl to
cooledl clduinge the day becauise of the beat load from tbe raclia- plant requirements.
tion. Tlie structiur-e miust also he heatedl or ilsulated urtilng coldl
nihlits. A crreenhliotise acts as a b)arrier I)ehveeir the pl.,,,t pro- Reliabilitv. Because of increasedl conitr-ol over the factol-s of
dluction areas andl the exterinal or general environmient, pro(duction. C EA plroluction1 can Ibc Iiglly reliable. ProdlctioIn
P'roductioni is protectedl fi-oml external stresses sucli as xveather qualltity. quality, andl sliechtile are (qiiite predlictalNle; the wide
(wvinl, blail, drouglt, rain, frost. etc.) and(c pollution froma iniiuls- and(l erratic fluctuations of open fielcl prodluction can bIe

trial and( other sour-ces (acid rain, particulates, etc.). re(lucedl significantly ( EA operation is, hlowever. clepe(lednt
oll all assu1re(d supply of niaterial inputs: it is wholly depeidlenit.

Internal Control. G;reenhiouse agriculture is often teri-lecl for examuple. on storedl wvater or wvater supplied from exterinal
controlled environmient auriculture (C E.A) \vliclu implies conl- sources.
trol over tihe internal envwironment. Through careitl control of
light, carlon (dioxidle (C02). lumiditv, temiperatiure, water c'onl- Scheduled and Continuotis Production. In CEA. the scliedl-
tent of gtrowvthi med(lium Tanl nuitrient levels, a CEA faicilityv iayv iIe of prodluction can lbe inacle relativel> less dlependlenit on sea-
he mianaged for optimuni prouluction levels. These factors can sonl than openi field agriculture. The produciction schediule call
be altered for diftferent crops to regulate procluction sclhecitiles he planned to take aClVantage of general market needs A series
and in responise to pest anld disease attaciks. of rreenliouse imoduliles canI be coordinated for continliolus

operation allnd pro(l iction.
Product Yield. A greenliouse, oir CEA, may produlce xiel(ds
that are dralilatically higher tian those of open-field agriculture Quality of Produce. Assiuming adequate kinowvledge of plant
(Talble 12) whichl may result high1ler per hiectare gross reveniles. science ancd plant nuLItlitionl CEA can allow thie (rowvth of flori-

cultural crops ancd vegetalNes that are of conisistent qualit\.
Table 12. Comparative yield for a single crop grown in Unl)lemishiedl vegetable cr)ops of relialble taste, size, and] textuire

Abu Dhabi greenhouses vs. field grown will represenit a fuirtiler- a(lvance in quality. CEA presents an
opportUnity to shiip ripe prodhuce to adljacent markets, insteadl of

Abu Dhabi Good yield Number of crops green produce to remilote miarkets.

greenhouse field grown per year in a
Type of Vegetable MT/ha MTlho greenhouse Input Conservation. (CEA requires lowver recuri ringb input lev-

els per Unlit of'procluce thian open fiel(d agricuilture. This is cimie
Broccoli 3.25 10.5 3 principall y to:
Cabbage 11.5 7.5 4 - the lowver dissipttioll rates that result friom restricting( the
Cucumber 57.5 30.0 3 flowv of' the lissipation milediia (runof wvater, air, and soil ero-
Eggplant 28.0 21.0 2 sion):
Pepper 32.5 15.6 2 - the capabilitN of end-of-pipe recouvers ancl recycling of
Tomato 150.0 75.0 3 wvater and(l fertilizer;

- the spatial concentration of procluctioni (with higiler raltios

S' " 'Ye jjo 1977. of expose(l surfaces to inlpiut difftisioni space); andl
- incr'casecl con trcol over application.

The yiel(d increases resuilt from: These savings can be offset, however, h! higiler initial miate-
- Ain increasecl nuilmber of crops per year. For example. the rial requiremilenits.

nuil)er of' crops that couil(l b)e growni in tIre Abur Dlial)i
greerlihoulses (Tal)le 12) fal exceededl operr field opportuni- Regional Location Flexibilitv. Physically, if unot always eco-
ties. In imiost cases the total greenlihouse >ield( per year wvas nomuicallv. the reg ional location of C(EA is considerably miiore
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flexible thaii for open fiel(d agriculttire. Clilalte andl xweatthier do(les niot caise damage to the proci jet whi le il tr-alnsit. Teleph one
conlditionls exert less control over prodiiction, and less usable service is also ulecessars' for a sticcesst'lil operation.
land is requiiredl per Ullit of prodcie. lii tfact, with plroper CEA A dependable suiipplV of'goo(d qtualityv water is albsoluitelv nec-
system ldesig incdssu reenahaoeui etrtoo(ti gnri ie gd-owit in CEA essarr for a successftl greeilouse operatioii A grotindater
anywhere in the worlcl, eveni in onter space. geologist adil/orI a local wvell chtiller shiould( be constilted to

dleterminie the potenitial for all adlequatej wvater souice A wvater
Urban-Rural Location Flexibilitv. Becauise of CEA's mutich samiiple shiulld be analvze(d for its agTricutiliral suitability. The
higher vields (which greatlv rediuce the amilounit of ltald water must hee free of heavy mnetals, low in extranieoiis salts,
requiredl), agriciltural prodLuction mniay be eitber in rural or suchi as sodillilm, tlild low ill boroin or aiv otier e lemiients that
wear- urbaill)n areas. mlight caluse phytotoxicity to plants if allowed to acciuimulate in

the gr(owilng me(litumii.

Non -Food Systems Integration. CEA c an he integrated with In somrie countries, zoning r egulationis miiay_ control the uise of
othier systemis, silchi as energy utilities. se\vage (lisposal and land: therefore orne iuist constilt the appropriate governilneilit
xvater supplies. Thtis is partlv (lue to CEA's point-sonirce inlpUt agencies before planinilig the facility. Site selection shiouldl con-
and outptut characteristics, its locationi flexibilitv anid the phNs- sicler- the possibilitv of facility expallsio.
ical concenltration ouf the facility. 1'le xvastes off one sx stem unis
proiide the inptuts for the other; ancd shared faci lities miaY loweer ST RU CT U RA L DES I G N
the initial operatinig costs of both. There are inans tyI)es of' greenihotise structuires usecl success-
The technological stattis of CEA today incilides a mnLinbe r oc' fully in protectedi awrictiltiire. Althoutgh tihere are advani-tages of

inniovative schiemiles covering iniaginiative efforts to locate CEA eacih for particular apiplications, in general, there is no one best
in arid and tropical areas as well as temperate regions, to mise areeihouise.
dlesaltedl sea wvater, to proclhice fislh as xvell as plants, to automate The structul al (lesign of a greenhiouse imtist proxidle protec-
CEA operations. ani to use both li(uid anri solid growthi medlia. tion againist clanaige froiu wiucl. rain, heat, and coll. At the

samie time, the structural ineml)ers of a greenhliouse miust be of
SITE SELECTION Iinimnimin size in orrder to permiiit imiaxiniuiim lighlt transilission
Tlhere are maivs factors for conisidlerationi in cleteriuiliiinin thle to the rcup.
amilounit of greenhouse space to buildl. Tlhey are: investment cap- Design loads for a greenhouse structure inelucle the weight of
ital available, management skills andc t tyapii1t )e of biusiness - the structure itself and, if supported by tihe structiire, the hieat-
wholesale/retail, crop selectiomi and their emnironmienital req(tire- ing anid venitilation eqtuipimienit and( water lines. The loadcl nlax
ments. imiarket, labor r-eq(uiremilenlts, and persnIIal preferelnces. also include the weig0ht of crops trained to a siupport syNstem c ar-

A goocd building site is crticial to the function and(i operatioll tied bv the greenilose fratne, and lcacls from1 Windl and snowV.

of a amreenihcuse. A site shouild not be in the shade of trees, Creenihotise structiures sliclcil lie designied to r-esist at 1:30 kill/lr.
ImouLntains. o even cloud(s. In trop)ical regions, ifter-nioon cloud(ls xviind. The actual loa(d dlepencls on1 wvind angle, greellhouse
often liik agrainst a motutaini, whichi causes severe liglt shape aLind size, and the presenice or absence of open)ings and
obstruction to crops in a greenhciuse. In uiortlherim latitides, a wind ireaks.
slope lacing soutlh is good for winiter- lighlt andl protectiout ftrom01
northerily xxincds. Sites xvitli chroniic wiinis shouild be avoided, Frame Materials. Wocl, bamboo, steel, galvanized steel pipie
especiall iln cold regions: xvincs siibstanitially increase tIe lheat- aliiuiiui.ii ancl reinfforced concrete are all ml;aterials used to
ing re(uir-emilents, and( ind breaks caii only be instaille(d if they build framies for greenihotises. Framiies often incolpor-ate a coni-
dlo niot obstrict ligit. In deserts, where blowing sanid is coin- binationi of materials. Wcood liimst le painted white to iiplrove
n11un sanld ofteni collects in tIme regioii of the greenihotises: light conditions wvithin the greenhouise. bout care slhoild lie
therefore. suchl sites slhold ibe avoided. Good access is inipor- tatken to select a painlt thiat will inhibit the growth of miol(l.
taLtt in site selectioni in regions withi heavN snoxwfall. Woocl mtist also be treatecl for protection against decay. It is

The selected locatioln shovld provide for ade(qiiate soil especiallv important to treat, xvith presera-atives, any wood that
dlr-inage. Considerations include ground slope, the dlrainage of mllay conie into contact with the soil. Treatmenit inist be fre'e of
smrface water amid sibsin-fsace draimiage; the latter may re(uinre clhemlicals that are toxic to plants or hiiiians: this eliminates
di-rTing test holes to investigate existintg or potential proibleins. woods treatedl with creosote aind penitachloropheinolu which
The availabuilitv of a dlependlable and ecinomiicallx' efficient mutist icot be uisel. Cihromiatecl copper arsena.tte ((CCA) and

soiuce of enier x is also vital to site selection. Greeiih ouises mna> amimiloniical copper arseniate (ACA) are water-borne preserva-
reqfumire electricity anici ftiel 'or heating aml niechanichal c01uioiig. tixes that are safe to use where plants are groswn. Even wood
Ani electric power distriliution line adijacent to the site re(dilces miaterials, sulch as redcxvood or cNypress, with natural decay resis-
the investmienit nee(led to bring the electiicit tc the greeneuilmllse. tance shoiild be treated, especially ini desert or tropical regins.
Ift depiedalihle socurce ofelectricity is uincertain, a stand-b)v elec- -Jnfortuimately. these woods are beconining miore dlifficilt to
trical generator is essential, especially if electricity is necdede to obtalin at prices conipetitive wxith other niaterials.
control the greeniiomsc eixironmiemit for irrigation aid for stor- While uise of reiifrceed concrete is generally limitei to tonn-
age of hiorticulttu-rtl p)rodtucts. A short access road to ain all-weathi- dlations anid loxv wyalls, concrete is soimetimies Lise(i in the
er road assures fexver prolblemis iii maiiiitiiiing aicleqiaiqite fiel atndl People s Republic of (Chinia as support posts for a frame mia(le
areenoimlise siupplies. The access road is also c uitic il ior the tira,ns- of bamnboo. Most often. ftranies mnay be all aliminliumni or steel or
port of' greenihouse procducts to thie markket. especially one tihat a conbiination of the two materials. Altiiiiiinium is comparatiuc-
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lv maintenance-free as is lot dipped galvanized steel. in tiorpi- standingi oi- glitter co nnected TFiiure 10() witli tile arcll roof
c.tl areas, it is acivisable to dotible dip thie steel, especially if tire greenilouse.
single dlip galvanii7ing process does niot give a comilplete cover of TI e archli roof and lioop style (Fignre 111 arenholioIsc are
even tirieckness to the steel Alumininii l and(l steel miuilst be pro- itiost often conistitucted of alavanized steel pipe blent ilnto 1roil
tected frl-omil direct contact withi the gromrti( to prever it corro- a rv I-ollc- pipe be rder. In tr pical areas. a1 r bo( is ofteil uIsed
sioi1. If thiere is a (laniger of any part of tire alutninurim or steel to formn the giable roof of a (ereeni]orise strutuetr e.
conlilr( ilito contact \vitli the grorinld it inn ist Ire thiorouglyly If tall gro\\ing ecrops are to he growl in at greenl

1
irise or

painttel witlh bitiien tar. benclhes are uised, it is best to iise a straiglht si(le tall stirtrticie
rathier than ai lhoop style liouse; this er su-res the best operational

Stricttiral Form. A straiglit sidewvall and an arelded- roof is pos- uise of the greerliorise. A hioop greenihotise is sulitable foir low\-
sibl\ tle illost C oln l iloll siape for a greenliouise: the gable roof (Tros\ill(n crops sucllh as lettiuce, or fr- nursery strck that m riglt 1b
is also wvidely ise(I (Firs. S and 9). Both str-rictures caii be free biorise( dtroigh the wvinter in a greeliholise located ill an

Figure 8. A straight sidewall greenhouse structure with arel roof

6'

Figure 9. A straight sidewall greenhouse strueture w-ith a gable roof
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Figure 10. A gutter-coniinected straiglht sidewall greenhouse m
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GREENHOUSES

Figure 11. A hoop style greenhouse

Figure 12. A gothic arch Frame greenhouise

extremelv coldI region. A gothic archi frame strictilre (Figurle it has beell use( wi(lelv in greenlihises becatise it is easy to
12) c-anl be dlesigne(d to provide ade(qiuate sidew'all height with- wvork with and inexpenisive. These striuctiures are primaril-v uisecl
otit loss of strengctlh to the stnicttire. This for-mi of striletuire, as to increase temperatitres d(IIing the xinter aiid to protect
with others, can be utsed as a siugle free-standlidi r areeiilholise or against wind. In Northwest Europe plastic greenhotises are
as a large rauge of mtilti-span, .gutter-connected Uluits. replaciiig cold f'rames, glass cloches and sinugle span glasshoiis-

Air siuppor-tecl greenhouises are uisecl at timies as temporary es, but niot gutter coninlecte(d (glasslioulses.
striletilres bit are not recommuended fotr permanent installatioll Plastics, othier thin polyethlylene have beell Usedl for greeni-
because of problems of entry, warm weather ventilation, andl lihtise glazings. Polyvinvl chloride WPVC) filnti IhLas a very higlh
possible power loss. enlissivitY for long wa\e radiation (similar to glass). which cre-

ates slightly higher -air temperattires in tiie greenhotise riunug
Greenlhouse Covering. Glass is still a comminil<)ol glaziiig ma.lte- the nilit. The Japanese consider this imiiprovemnent in thermal
rial. Large paines rediuce the shading of crops froItl the glazing C elvironimnent a benefit tlt ot itweiglis the price advalitiltge
bars. Dutcil areenhtounses have panes extend<lil g Ingom the valley offered by the less expeisi\e poldetlilene (PE). The disadvan-
to the ridge. These holises have the adv antages of few parts anld tage of PVC is its narrow width tas compared to PE, whticl may
ease of constriction. Large panes. bar cap)s atndl stril) cauilking be mamniitettired to a wvi(lth of apiproximatelv 15 meters. The
material hIa.ve reclu<e(d the laboli re(iLre(l for glass glazing, narrow PVC shieets can be beat-welded togeth er to lormi a large

Despite the dominant position (ifglass its a coverilig for plo- sheet, buit this adds to the cost of the glazing material.
tectecl strictutres in Northwest Eu-ope, glass remains inflexible, The larlge sheets of PE canl he appliedl as an air-inflated "blail-
heavy, and expensive. Consecqiuently, the liectarage of' ket" o\ver aI greenhouiise: two sheets of PE are separatedl bl air
glasslouises on a xorld basis has remained static (appro)ximate- pressuire inLtintainie(l by a smlall continmuitslIv rininiiig fah. This
1Nv 30)0() ha.) during, the last 25 xears. In contrast, thie qunanlti- arranig'ement provides al))proxinilatelv 3(0-4O(9 beat saviwigs hiur-
tv of plastic iisecl for greenhouses is increasing rapidly. Since ing winter. Time donIble-laver, air-ilnfltted roof' has also provei
polyethylene shieet filmii was first developed in England in 19:38, valUable in regions with high winds or typlhoons. It offers sta-
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bilitv diii-im< tI ese periods. saving the
greeidloiise an(l the crop durin tillnes :-

when stricti ires covered onk with olle 
liver of plastic ale ofteii lost aid the crops
ctii r agcd ol dlestroN ed. P\C fillm is ilnot suit-

abl te tori air-ilal tedi roots n becautse te ai ili 

pressiure stretchcs the Imll] anidi( danmages its
striuctimral strengthi. Because PV'C: fihll is not
11oto(legradilit)hle, as is PE i enviromilen ntal
c(tilcernis about (disprosal inmav (Iiii nisli tI e
Ise ol PC ill Japan il laor of lPE.

thler plastics have heeni used for greenell-
IIo(se glazilws. blit wvitll illdliffelelit tecl li-
cal o() tcontnllotmic' esnl ts. (Co irtl gated fib _r-

glass panels. polvester Nhylai. pol-vinl 

llioiricle filin (Te(dlar. acrVlic plsolester
filmt etc.. have prtvedl either niore -nn sii t-
able, ilicoveiiieLit or, in ilmost cases. exp)el- _ _ _ _

sixe tl anl polyethlylene. e\ci thonigli the lat-
ter mav have to be replaced more fr-equent- Gieenhouse designs in Holland use large pa7nes of glass, allowing for rapid glazing of the
lY. New materials - polYcarlb)oates. greenhouse structure.
acrylics. doitble-skiinded panlels lighit-selec-
tive Iillins lIaimiiated to po)evthl]eine or
Tedlar. etc. - are eithler recelntl\ ill use or ciirrenitl- being excessive steili e longation of dark-growvn seedlings, promiotites
stiudie(l. At present. however, thleir teclinical iiierit is offset 1)v the enlargrement of cotdld(lons and leaves. aidi starts the prr-
the high costs, and makes thienit unsiitablle for use in detvelop)- ditetio of cfloropht\l]. ti ngii-liF the cohlor of the leaves fromil paie
ilig agricultural colililmilitics. vellows to greei. Plhotoperiodisnii inluciles several phlenollm(1ena

The ideal greenlhiouse selective fli n sli oildl (Io thie following thalt occur in plalts which depeind on the lenygtli of tIre dlailx
(Anioni. 1977): lighlt peril ic; suichi phtenomiteila involve floweiing, \inter dor-

1. Trrntstnit. ttc tuisibit lioilrt pttrfiotu of thte' sotro radYidationt iacyticv andch generative reprtodltictioi.
.5/)01ttn1rt1 t1. t'lI/y J todi ittili-e(lC by)plarnt.sor p)hotosynlt- Siiice lighlt is essential to plaut groxvth, it is impotrtilrit ill

thcr.si.s. (ireeisllouise corlstriu cio)it to keep structural miaterial to a imnini-
2. Abs(soth dit .rill aottioritit of' (/ftractiol't ill fltl ,spectrllloni mumil, sr that incoming light will niot be blocked. This is esp)e-

(3-) t(il 1(- cdo S olnt' of it tfoflilor.scc into cisi/lc/' lihlit. Itse- ailyvii ipotilant in designing for- vegetable crops grown in
fll to tlants. iiotrthe i-il lIatidtiides. wh1ichl retq1uie-c in i itm ai0iluts of ilncoill-

.3. Refl((t or obsorb) infrarcd raiubation '-.9-- off'tl ws ct'^riroli ilog liglt.
whicLt pliant.s (calnott rise (Ind r/-Itill -atl.s.S g'r'lct/lro.s' i11tr'- Photoperiodl tIle lengthl oi the lih it and diarlk period ) strong-

riors tor o-r('lical. lx\ affects the floxvering p)rocess ofmttanly greenlllotuse planlts. Fort
4. Vininci.ic (tost. mid1 have a 10- tot 2-/(l-r wwa.sba)l/e lift . exaitlimle. chrysaiitlleilntiots are slio-t da- plants. reqtuiri ng 9-12
Suich a filml wvould obvitisly imj)prtove CEA performinnice. hours of light to flower. Therefore, greenlloulses at-e often light-

increasing liglht levels and c-ol) 0ields and rediucing solar bleat ed durinig the wvinter to iliniice tflower forn tition. Ill nortlherl
load. The fil-st tihrec critenia pireseitt n(i extraordinary teciliior- Euirope. it is ecoiltoilically viaia)le in mlais iilstalic-es. toin grov
logical c-lalleige. Hoeve\er, in the conitext of the small vegetabile transplants oir orniailleiital plant seedlilgs tilunler- arti-
Amneric-ail greetliorise incdistrv. the inlvenltiventess of pliastics ficial light in the greenhouse niisers clurins 55illter, 1n these
nmanuifac-tuirers has lbeen iilihiited by their um(lerstaildable countries, it is also commoiullttu to protvide additional ligllt to bring
doubts aboti the miarket potential for slic-i a prodluct. flower ci-ops to full nlatiu ritv.

Light call co-mte in maillam fornis: inlcain(lesceilt. tilil-stellhalo-

ENVIRONMENTAL CONTROL gren flur(reseentt autcl high iliteursitv dischtarge lanlps (EIID).
High] o utpuit IIID llaps are comlp1 )ac-t andcl iare inlc-reasiigly

Light. One of the mlaijor cleterinitlates of plaint girowthl is ligit, popular foir gr-enhouse anldn growV]th chamilber ligIhtiilg. ThexY are
bothl outnoors and in pi-otectedI aigrciltimie. Tue thlree light- efficient producers ofphlotosynlth etic-ally active radiation (PAll
requiiring pr-ocesses that gotverln plant growth au-e: light. 1111) laips imi\ lie illercuriy, metal halide, hig,h plreSsLlure

a. 1)hlotosNllthesis soicliull. or low pressure sodiiiiil.

1). pblotomloltm-phogenesis Unifornl distrilbitio n of ligrlit is imipossible withltoit reflectotrs.
c. phlotope-iodismi Reflector-s sloil mI be ilesi(ri tec to (diriet the light unifornily over
Of these, plhotosvilthesis. in schich i-acliailt energy is coinvert- the plant a-ea.

ed iintO the chemical energx' necessary for tIle ssmnthlesis of c-ar- Tile cost of ligh1ting eqiliipimnent, and its operation miake artifi-
holisvcIrates. is the most iinporrtalit. Photonitorpho(genesis is the c-ial lighlting extrenel expesie. an
formiaiative effect of liglht w]hich regulates geriltinat ion, jilhibits consideration iii determining the ec-nloiolic acdisabilits of pro-
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Figure 13. Continuous air recirculation and motion. witlhin the crop zone. Natural convection air nmove-

-menit xvill dlevelop in a closed greenlihouse wlhen
-- - = warim, light air rises, is coole(d againist the roof stir-

faces, and( thieni halls hack to the grotln(l to he

warmied. The resiilt is a wvarmi air mlass in the attic of
' .¼7'_ 4 the gr-eenhlioiise and large temiperatture variations

occtrring hetween the ilppe r pairt of tIre greenIhouse
anid g-roundicl level. Uniifortmi temiperatures cart be

obtained with the uise of snmall fans to create a slow
- h--I-- ; lorizontal inovemient of the air miss. In (reenillolls-

-_ !g, _ _-4 - ej es containiii ig plants tItat have tall, (lense foliage sicl

-1 /_ _ j as roses, toniatoes, or cuicuimbers, air mlovemilenit can
be provide(d liv usingc pterforatedc polyetlivlene filml
duciets to (lischiargle air xithin the crol) (Figure 1:3). To
asstire relatively uniforn i distribultion total fatn

capacity shoul1d be e(luivalent to mlovingr abolut one-

INLET SHUTTER (ciosedl WINDMASTER EXHAUST FANS (bolh oil) qtiarter of the greenhouise voluimiie per miniute.
FAN-JET (on) I

\ /A . ,8lVentilation/Coolin(g Svster s. Ventilation require-
\ttments for greenhouises vary greatly, (lependingc, o0n

1 5 * i - - )1 J ~~~~~~~~~~~the ,,tup) arownv and( tile seasonl of' p-oltieutioni. The
___________ _ -1 IT II II II I I I tventilation svstem can ibe either a passive system

(nattiral ventilation) or an active systemi usinlg fans
fori forced ventilation. Greenhouises iisel seasonally

HEATERS lol) uisually enmploy ounIv natuiral ventilatiori; those in
year-artiu(l pro(luction, especially in arid regionis of
the world, use fall ventilation. Evaporative coolingr is

dilcinjg a paiticlair crop. In arid or tropical regions, artificial often part of a fanl entilation systen.
liglhting svstems are rarely used. In nortlherni latitu(les prodtucts Ventilationi/coolinog, e(Luipmient inclu(les such itenis as vents,

grown tin(ler expensive liglhting systenis rarely face anyv comilpe- ftans slhadiiig, an(l evaporative piicl systens, as -well as control
tition from iTmnports, since transportation and( handling charges coniponienits. Passive ventilattion on glass structmtles consist of
also iniflate the cost of' these prodtucts. These systenis are eco- ridge and( side vents that are opened or close( manially or by
nomilical only wlhere coisimers' buying power is stronicg enouh(ri nmodernized venit therimostats. With plastic greelillotses. pas-
to absorb the high cost of imports or of pro(iucts grown und(ler sive or natural ventilationl is a k-ey clialler ge, especially without
controlled envir-oni ime nt/atrtificiallv lighted agricimmttiral systems, tle aid of exhiatist fans.
Llnless there is constiuimers' biuing poweer, omit-of-season pjrod- One of the simplest m1ethlod(s ol ventilatioll is to roll tip the
nicts will not be available, as is the case in mnani developing sides, allowing air to flow across the plants. Narrower Creen-
couintries. hoise tuninlels. (i.e. 4.5 mneters) are easier to manage thaln 7

meter wilde tuinnels. Roll-tip sides are easily accommllodated by-
Temperature Control. attaching a pernmanent board or strip (stuch as 0.4 cmii hvx 2 cmi)

on the bows (spaced 13 ml apart) aboout I mieter tip front thle
Heating. WNIhile a gre enhotise canl be expensive to heat, it can be gyrounid (\Wells 1'991). By uising a batten strip, a platstic coxver cani
profitable if hiiglh (qiality, cost conipetitive p)rodncts are grown. be permianently attaichie(d on the sidles belowv the perinanent

The selection of heating(u equipment depend(ls out the size andl board. The Lipper part of the shieet is attached to the board and
type ol operation. the greenhouse struCtule, filel availability the bottomn is binied in the soil. A 0.4 cmi pipe is tileii taped to
and c-ost, and( the cost of tlhe systeni coniponentsi The fuel ciain the lower edges of tlhe plastic shieet coverling the tulinel. The
be gas, oil, coal, or \vood. A heatinc systeni consists of a fiuel pipe, with a simiiple lhand cianivk attached to one end. facilitates
billner, heat exchanger. distribilution svstemn and controls. The rolling ti) of'tie si(les to an> desired hleigit. The amoiint ofven-
fuiel btirner can be loca.ted \ithin the greenhouise witlt the heat tilationi on one side, or both sides mnay be easilv adljuisted in
delivered to the crops by convection and i ra(liatioii. These responise to temnperature, prevailing wint, arid rain. Dininig
(lirect-fire(l uniits uise eithier air or \vater its the heat transfer periods of excessive heat, it nav be necessary to roll the si(les
fluid( up almost to the tol) of'the tuninlel. Whent the strtmctilre is not in
(:lcmtral boilers ar'e oftenl Itsedi in large operations where gut- ise, the plastic m1ay be remo\ ecl to prevent unnecessary degra-

ter-coutnected g reeliotises are ised. Eitlier wavter or stealil acts dationi by iultraviolet lighit. If this is donie, a iUV inhibited plastic

as the heat transfer uinit. Most ste system se a low pessilre co me a nyav last for a period o7t lp to 4-5 years

boiler. \vitli enoiugl pressuire to ptisli the steami to all green- Passive xentilation can also be accoinplished b!N; iuanuiallv
hotises in a range. lowering the sidle wxall of the greenihlouise with a CUr.taill Whinch

Air miovemiienit in a g reenhotise is iiee(le( for acceptable Car- simiilar to that used on a boat trailer-t or bV sinmplv raising or
lon (lioxidle distribtution and( to mitaintain riniforni teniperatiure parting tle polyethylene sheeting nmantially. On those tuininels
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1vhelre velotilatioit is proxidledi lb riaisii( the
plastic sheeting. tite plastic is litedl at
groIunid level, itt eaclh how, and held ill posi-
tioli 11b frietioit ereatetl bY cors or sm tall
lit es plrite(l over the plastic cover 1b etveen

each struiletuiral h tsv F. ach ci tdhs a I it

stretclh lute, or piece of rtthher. to provide
flexicilitv in the life vhicli- ac-oitnmmodates

liltilig of' the plastic for ventilation hut pro-
\i(les elloit il tension to prevelit (damil1age Iy
wsilld.

O )p fil.g thte endcls ol a green ihoitse titiiiel J

dots llot provilde sufficieni t senltiIatii tt nott r
mtatter wvhat the lenigthi of the tiiiunnel.
Ventilation iiiitst he p ro vi ded lv s ide \en ts 
as wvell. especialkl I(silla wsal-Ill pe riod(s of'
the (grovilig seasoI1.

If in seCts arc C-itottit01, especial t il tt toset
lhich ale \eetors for sitiis diseases. the

openl s\iet aleaCs ittuist he cttvete(l ithl Roll-up sides on a polyethylene greenhouse is a simple method to provide natural ventilation
serCeits. during periods or warmi weather

SIIu t sC-itil itioti ssVsteitIs on platstiC gSreel-
lioises are onls efifective on firee-strinllilne (reelhItooises and not large enmoLdit to perillit free ftlows f oai screenls itl silitil llholes

oil 'rittter-conl e ted structures. A i exceptit in is a sawtootih glit- bilock air illoveineo t ai 1(1 foster a hiL ild-op of c(tist. Greeilhotises

ter eoitnectecd ireenhouise illostrated in Figuire 14 itl ( i(-itt ertIu li( Cooled lbV Lsil ig the nattiiral ftOt(res o( svitcl and temIIprTla-
itieter wvile slieltei tspe stritettire (lesii iie(l to uitilize inati tral tore: however, a Lteehanical svstemit is reqoired for finie teilt-
ailrflow fOr cooling per atiilr ecoitrol

A newv ioniepit ii iitat iral ve ittilation fr i (itiotiset (see ior aictive oi iteelhatii al veritilation, -1i pressu re It]ci(lill 

C;lossar\i gTreenihouses incorpoirates a oile-ti]etelr colitiulitotis voltimte propeller hlade hotis hothl (lireetly connected ittil Itelt
sent iiitO tile rooio altig the enitir le tIgth f otfa (g tter-eoni ceted dIrivien - -e iisecl for (greenlhtouse \eiti1tit on The ! are )1LICe(l dot
gTreeiihoiise. TIi vent can he operatedl wvitlh a motidernized ve it the en ( oif the gi-en thiouise opposite tlhe air intitake wvictt is ni r-
th( rTIIostAt ftO auitoiittttiC Climitaite control Oi-r h a eoiitiolle!/ illally ciered bs rit-vi or itori Oc IVCI icyes- Tlle f:afn ven ts or
CtliTptiter s-stem. loiuvers, shloild( he ilotorizetd. witd thici r ac-tiont eontil-tled 1)

In the triolpics tlh sides of g1recCI IIOiise strIt-tlres lCS oftt tV fatl operattion- Motorizel ltoilters pirvent tle i-\il fi-oilt opell-
left opeIt tir lnatural \entilritiot A tropical (reehilloise is pli- in( the ILIovers , especially \Vltet Ileat is heillg supplied to tle
in riilY a raii shel tetri c-esr oftpoiletlev ite over a crop to pie- (reenlthoiist. Wall \ents slIoiil(l lie plrc--d contilmoislsiv aeoss
venit rainifall fitont eittet-ii(g tle -ro-intg area aid, ini tiurin, initi- the eud of thle greenhiouse to rxtoil hiot areas ini the crop zone.
gate thle pi-ol ilemt]s if foliag.e diseaises- To pi-evenit iilsects frto] E'\p trOa-titsie \ (-tllli(g ill Ct lihihit iti(I o ith hoilks is cailled failt
t-nterinng especial-l those sv bic-I il t'-e ve itos for s-ints diseatse - (i(1/1)(1 ( pa tcoiit. Tl it cooling pads ca l li e mait]de ft- oit] ai mi tlibr
tlle siclc' arit-S are ilovCt-edi with scr-eits. TIte use of these nuoni- otf tltaterials: tlost oftell they are mtade of a celluilose ttaterial.
c-ectic-ial icletans of ilnstct Cotrol beconite inc-n-asin( NOv iiilpor- 1istialyi rspell wood n or a Iti-lt-lt Itc--ouut 1 let1 tate iia!
tziit its Concernls ilotitit ahouit the lottg-terim effects of tlicuii- talled kool-cc-l Evapolrati\e coolinig systemils are eSPCCkd1Y

cals eutterilltg tIte ftod Chain ot- tlie eil-orIliiii lt- rtl tlait expo- e-ffiiecit in 1 liii\ c liuts ensiviiiro ienits Tlhe i-c is inci-eassin g
sitre ol'workei-s to toxic ccmLpoLlts - Sc--eenis ilitist litre ltoles iitte iest ill li cli (ig (irteenithits cs tonlii ihini] lbotil liissie ani

Figure 14. A sawtoothi greenhotuse for naturill ventilation

"Sawtooth Greenhouse"
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AlthiotLihil igi,I filiel COsts allylN he Coi inter-

balanced, to at degree. with niew crlops or

tioippi ng techiniiquiies aiiicl higiie i prices to

m nt _ t e ;i the girowe.- thiey wvill niot necessar-ily off'set

.'~ h > .;t 4 j tihe eoti uitinnot rci is ii tile eost of fiuel. Since

A'- - -i lktIl.l Lgs inl the Ullited Stattes has r-isen

; ' i" . . ,-_ thr( to foI I- timiles. Manil\ Lri-owcrs lisil igx,;jFXr *'-=-= - 0- ,i atil-al ias alre nliltler at eclrtatilimienit or lilo-
'ittio)1 policv, aid ai e olten Ii-icedi to suip-

t§;*-~ *ik I n_ )llpc ent ti eir fuel niceds with iior-c expen-

desigijed to uise onil natural gas, thev miay
4 |||o "+itEll'-w1' i 1l(eecl to ieducice tiheie- ri-o* ing are-a ol-r length

it} 1 t I | ; ; of growil g season. The cost to heiat with oil
ill tihe Stiate of' Ohio may reach over

$10( )0() pel p er let-tlle. a eiost tiliat hias frlrced
ialin' greenlhouse \egetahles being raiseti

____________________________________ ill tie Clevelan?L)d, Ohio illeit aln its s1ii-

Mechnitcol ventilation provided by propeller blode fans are commonly used in combinotiori rolluldin(T Counties: now thaiit indliistrv is
with eve porotive coolnp. bielow' (() liec-taires.

Because of the lesson of' tile 1970's oil
active systemis of xenitilatioi. lPassive (niatilralt velitilatioll is liti- elil)argo. aiil the rapitd il-leaese ini eineir cost, tile resecalci
lize(I as the filrst staLge of' tOOlill : n -pad evi native eoi1ing eoII Olillil itvti uoN igoJit tie voritl, ailoi g ith1 go 'enii i se gri i-

takes o(i\er when tile passive s\steni is n1ot providing tue nlee(led1 ers. ha\e developetd miaiiv new cciioncepts ainil ideas iii enelry
cooliiu. At this poinut. tile veiits fOri i atuial yventilation ar-e coliselrvation itfli alte aiatiVes Toditia, omanyotile fllowingss-
tlse(d. lilitial teosts of injstallation a1re breater n hiotli optionis tenils are comimintoinplace iin the grt'eiliio ise industry.
for ti cooli ug ill tiesigned iiito gircenhouse coiistruit-tioii. Even so.
lo -nogr- ine oiperation al costs are iiiiln iimize(l, siiic-e natnii ail veiiti- Tlhenillia (Co ise rvatioii. Sigiiifitfiai t energxi siMligs can l)e Imiadle
latioi wvill. iiiost often, inicet tlit niet'ledl ventilation relquirie- iii a greenimoiise if' a grower inmiplem]ents thle following suigges-
ieiits. tioiis liv the Aiit'ici-ica Coui6l for Age-icil1tin-al Science and

Fonmrine s\stt'ius ctil he an alteriiative to eC\apLoiltive p(ad Tetl'nmlo l( ' JA ST 1975): 1) tightei ul) tie hiouise, closing all
cooling. Th\e, depend on asisohlitely leaii wvate- frieee ofanv sol- pdossibile opeinings, 2) _ lS' polvetlik'lne oir f'iberglass on tile
muile salts, in orcler to pi-event pl miggiiig of' tie illist nozzles. Sit-li inisi(le ot' g it e ei i(s, :3.) maintain tie steami oiir lhot water s\steiil
cooiliug svstClnis arel- 0t aS o01iIAi0it1a evaL orailtiv-e c-00(lill(i l)ac regCilarlv toi stop lealks. 4) uise reeflector materials litahitind heating
blt, its tiley bittconli ' moo1 ciost toilipetitive. t ax ibe b e-omi e pipes to reflect heat oiit iiito the t reeihouse. 5) maintiaiii tie

uise(d ii iore fi'lequienitlv. F'o gging s\ steii is tan lite t ie seco(dl stage boi her f'or ( ope'atioll at pieak ef'f'icientv, (iW insu ilate lhot water- ant
of Cooling Wl] Ie passiVe systtiCis are iadlt(-

(ilaite. Y -_

Energ, Conservatiorn and Alternatives. - _ ' L/P /
Iivestimienit i,, energy fti-om petioletiniii at ci mcl -- z I -.

elet'ticit\ pdenilits tle p)rdliiition of' Ibil F'd t p, 
aind fl0r;nl (ripos oiit of seaso i at vielids anti -:

pipalit' ofte l fiar silpe'iol' to tilose gowl lx lj -

olitdi(iors. Ilowcvem'. tontrol of the trvi -o _ii - .

mioelit witllii aL giu-Ctiloliuise maiN ie( 1 iieth-

lrg e amiioiunts of eii-rg\', an)(i ewi-rgv is, L i
thleref'l-c'. a pi-inie fitctol iicl coiimting I -

linoitaliflity. Fiirtlherilioi-e, soiiit' hiels raise
thie sPeecti-c' of'(del)ei(ileicLe thlat ulila tinreat- 

i-ti grei-iiolise produitctioin. In the ealy'
I 97's, tiit' Uniiitedc States ili(ilf lit ha t f'fits
oil tfroiii abl-ioad. I)epem tlenct ll o fo'eigcin oil

has illcl-taseil (irairiaticial sitce that tifile,

am11plifliVng thie tiui-eatt to tidi'vs gm-eenhill]ise ' . -e -' F

ilidlistrv ill tile United Statits palrtictilariv . ' -,-RvW *
nol-footl C'iOI)s should aiiotlier oil emibiarigo Propelter ventilotion fens are often plced in the roof of the structul-e in the middle of the
oCCuer. -reenhoose Outs!de er is drown thr-ough coo0!,g pods on both ernds of greenhouse.
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steam supply and retirn Figure 15. A typical greenhouse layout covered wvith multi-layers of plastic
piping, and inspec t at
intervals, replacinig the plastic hoos.
insulationi whenl needed.
7) maintaini the automatic
valves in the heating svs- Iliumal sCreen
tern, anid 8) check tlre
therimiostits regularlv for
proper oper-ation. / I 

Covering a greenhouse
wvith) a double laver uf
polyethylene to reduce the
loss of heat energ s
first reported over three e u (Tnkukiira ,9S5

dlecades ago by Sheldrake
aniid Langhans (1961). Roberts and Mears (1969) were the first air, the svstem reduces heat loss hy 35 percent. The tubes may
to work out the construction details and inflationi re(quirements be inflatedl at nighit and dleflated uninriig the day, except during
for the dohible-lav er. air-inflated roof concept. a techlique now periods of hrighit stiuilighit: at these times thev insa be left inflat-
used worldwide. Fuel savings up to 40% (,Axluncd et al.. 1974.) ed to provide shade for crops sulchI as foliage planrts.
have been observed in New York ancd California. At Pennsylvania State Uniiversity (Wlhite, et al. 1976); twveitv

In Japan growers place a removable sheet of polyethylene (lifferenit materials were laboratory tested for their potential as
over the crop andl a row cover over each plant row in order to heat loss bartiers duing dark periods. Fo lon, a po0oUs 44 x 55
rediuice heat loss from the greenhouse durinig the niiglit (Figure counit (5 oz.) polyester, aliniiiumt] foil hybrid fabric, reduced
1.5). The plastic Iow cover andl inner- polyethylene covers are the amitounit of fuel usedl in a glasshoise by 57c%. Such internal
pulled to the side during the da1l to maximize incominiig liglht. fabric curtains are certainly effective in reducing heat loss.
The inside row covers are usedl primarily for growing seedlings Improvements in curtaini imaterials, resulting(a in greater reflec-
anld are normally removedl when the crop (grows to maitirity. tiveA properties, should increase their energy conservation
Op(aque sheets also -an be appliedl at nihilt. Floating, mulchles potential while permitting their use for photo periodI contiol or
are becoming increasingly mor-e popuilar as an alternative to shadingpirposes.

insidle row covers. Accorcling to Takakirra (1988'). more than Interior curtainis have two dlrawbacks: eslecially in small
90% of the heiatecd greenilotises have at least one laver of mov- greenhouses: storage of the curtains whien open. andl potential
able thermal screen. for augmentingl snow accuniiirlationi. Unless they are out of' the

In Gerimany (Strickler 1975). a systemt irlade of polyethvlene way whieni not needed, cur-tains will shiade plants ai(i make per-
tubi ing is installed whiichi, wheni the tulbes are inflated, seais the sonniel movement inconvenient around the interior pernimeter
growinig area fromil the roof sutirfce area. Insuilationl is effected of' the reeelilouse. The initiill installation of eurtains in an exist-
by two thicknesses of polvethvlene. Including the volume of still ing ,reenhouse could be awkward. depenudinrg on the structure

of the greenhouse and the configfuration of
tIle crrrtainl volumie. 1heaVier Snow loadS

mnbrlit also dlevelop with the use of interior
curtains. Since' temp1 erature ofdtIe glass will
generalhlv be loerl than withiolt tl c-taill.
sn ow may accumtulatte fori a longer pieriod of'

: .. ;,F Wtinice. evell lcvorld the dlesigrr load(l of the
g-eenlhose. TTlIis woulll eiilanger the

structurre. especially if high wvind loads also
occur (WNhite et al., 1976). Despite these

problerm(s and( the relativekl high initiiLl

costs, over) it ' oicg perio(d of time. interinl

Currtains carl lhe one of tIre riiost practical

IaMld ecornomica l mlethlodIs of enrer* cognser-

Most energry corrservation methods can

he classified as either modification or maiin-

ternaice' techinii(ques. A fewv mnethiodIs, also
irip(orrtant, fit into rreitlrer categrorv.
M od(1ifi cation a irri((la Iteran c'e r eth Istls

In Japn, crops such as cucumbers are commonly covered with several layers of plastic to apply to both the strirctiure arid the lieating,
provide additional protection against cold nights. During the day, the r-ow covers an-d inner svsterrr. Structural rmodlificatiorns rsuallv
greenhouse cover ar-e pulled to the s.de. redriuce inrfiltration and add insurlationl to tIre
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batsed on the standard glass greenliouse as a
refer-e nee.

*C0o1tillUoUs inethio(ds indicate 24 booir
uise; 1periodjiciethiods refer to nlightticiie
insulation onnk. The actual annual sav'incs
realizedl xvill .vtr \vuthi location. txpe, itncl
coll(litiolis of, the arenhlioiise, and weathier

-~ . coliclitiouis. It is possil)le. vitlh ideal croil(li-
tio)ns, to observe saxincas rYreater titan th(ose

- as - ' - listed. Tle figiures mintst be c.ar-eflilh evali-
- - ' , .s L~J: ~ ated focr- iinlknioxn coniditiois, especial!>' if

_ _l-= - - -- ;" ~ Ibased on shiort tiuiie intervals (Baclder and
- Poole 1979).

Solar Ener-;,. The potenitial of solia enlei-v

fotr arcenbouise heating received great

attention in the ealy- 1970's wien the cost
_______________of' oil started to increase rapidly.

_______________________________________________ _ (hreenlhon ses are inlereitlv good solar c-oh-

Movable curtains provde ci practical and economical way to conserve energy during night- lectors ihen siuiislhiine is available: int ftet,
time heurtin. excessive dax timie hieat is often a problem.

Oni the othiel- hland. reehlillouses can h1ave it
(freenlucicise Ic ltatiiig sNstenii iiodilications seek to optimiiize the 1hi(l ticeriiial loss :tt niight wlhen over 7.5%s of all siipplenilelntal
r(e1c uerV oftheat fir( cr h urn edh Flicl. greenlllo use hieatting, is requi iired. Tle refore. solar u eatin" inaa

not lie a total sci-stitnlte for greeiicotise eierg-V needs.
Table 13. Summary of potential anniual savings for ener- lildic-atiouis aLe taiat it xwoilcl not he econcoiic-allv f(asible to

g conservation methiods (Badger anid Poole provide for I100%1 substitiution of' the greeidioise cllergv
1979) re(li ireniienits withi solar- enerlg: hlowever, ul to anl estinmtatedh 80

Annual % Saving percent of thiese needs natv ble satisfied by solar Nenerg. Most of
Method Range the atpplicatioii problemos arc distiict froiic those enccouniterecl in

hlettinig anl c-i)ooliing ol'f escieiices or1 oiffice buildinigs.

Glass 0 (base) Stiudies were conducicted at Cor-niell University insiuige tile
A. Major Modifications (greeuliouise itself as a solar collector ratlie r tb an tli coli ugl Ilse of

Continuous externazl collec-tors (Price et al. 1976): this saves the cost of adcli-
1. Double plastic film over glass 40-60 tional collectoirs and the e iipiieit necessalY to tralis&er the
2. Glass lap sealants 5-40 lcicat to tlwc- greelicocise. Unfortuniatelv tliis application is relic-
3. Single plastic film over glass 5-40 ti\elv inefficient for 'greenliocise procluctioii since plants caininisot
4. Double layer plastic film 30-40 stain1 tle highri teiiiperatures necessary to store latrge' anilotilits of

Periodic hicat energ-. Ini acdcditionc. at prescuit it is nlot pliractical to tilt it

5. Curtains 20-60 greenihouse to tflic soitli act steep anigles to collect tile energy
6. Polystyrene pellets 60-90
7. Liquid foam 40 75 Figure 16. Concentrating hot water solar collectors

B. Other Modifications
I Sidewall insulation 5-10
2. Foundation insulation 3-6
3. Insulating ventilation fans 1-5
4. Heating systems

a. Automatic firetube cleaners 6-20 rctclc - , /

b. Turbulators 8-16 , -- '2 /
c. Stack heat recovery unit -j

C Maintenance I /

I. Structure 3-10 r /

2. Heating system 10-20
D. Miscellaneous Factors t / N - arG

1. Windbreaks 5-10 / -wit irflb

2. Greenhouse orientation 5-10

TlVc etnerg coniservation miethiods in Table 1:3 are listed for
ease in crat1ewrin g potentiacl cost aiicl fuel savings. Tablce 13 is s ,,. PicA 10Th
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efficiciit]ti. FO- thiese reasoiis mian investi-ators hIave (directe(d Figure 17. Flat-plate hot water collectoir
tliteir eff'orts to greenliotises hieltcd ItV collectotis separaite fInoili
tle greenlhotuse.

Basically- tfliee ilre txvo mini.or iclassificittions of -xteniln l solari 
collectors: coticetiitiatiina collettois aid faiL t-plaoLte collectols -, '
(Peck 1976). (Coicentr-atiou collectors can involve c-fleetive / ' /
ioliriors tlat conceiitrate the siinshlinie onl at line or poilit (tle /
reverse of a ciar hiea(li(rht) TThe initensifie(d sitis]liiie strikes il
tal-t \vhicl i mighlt he a pipe contaiiiing at iiioi ing fii(l. si icl ts \/
Waiter Figmre 16).

Very htigli temipelrIti nes C blie ilttitilccl ill tIhis W.ii- HOi\vevr. (.

illost of tiese devices ii ist he moved toit certatin extelit to trtea /k
tie siu. Also, 1 cmicase the\ citilize onlv tiit (liirect sililisgl t. tleir /
pelrforinnance is (iiiite lovx oii liazv clays. Diii -ct smniliglit loIt ls is a
shaildo xvlien it strikes itn object. aii(l its itplarenit Soild-ice is tile
sliil; \vliik (liffuise(d sunligiht has its sotitrce il tie llieiiispliere of
bluie skv iLldl does not foirlui it s1ltdOW.

Anotier tx-pc of conetleetittti ng collectot ir ises ia extroi(le(i \ater In
itcr-lic plastic Fi-esiel len-s tliat concentr.ates siiiisltine on t i p I)ipe ubec5
belo .v This collector is siipl] v iln oridiniar ' coiivex lenls coi- .11", IP.- /cl'7

pressed onto it flal slilcet it reseciibles the heiadlighlt oii car.
esetilS c-itiic-i traltii ig collectors dlo lout ppleitr to lie' ctiOiOli- Figure 18. Fin th e hlot air collector

cildv fbeasilble fti (grefIenhiouse lieatiig, thiev atre niot beiiig c-oni-
sicii-ed f r i ise to mixm (riceat exteiit. ter,opli cc vrTca/

Flalt-pliite collectoits, its the iiami ie imi iplies. are flat sliccts of 'r ft .
glass tIr plalstic- throli ill xvlicli snnshlii c' piaSses. The smiisl ihic( is
it1bsoirhedl by tic dicltr- sitrfmice 1beneaithi thle cgliss ;t ic is coilteit- .-
ccl to heiat. Ilftt is lost mainly tlminocigl the cleait- mate ilills thiat - ..

c-i tc- thc- lidr siirfbce. These devices Cill) iLiso he tiltcdl to Lice fi
thie suit s1 iiael > cliriiig thie en-tire clay., bUt tlis is ilt c-tIIcXit corue M 1 LDC f4-,
(Ilitt is grCiierildlv acmiddlc . TI-e tilt. \itl i ir spect to tlie lioiizolitilt PLAO cn I.T)ON

eli n', ctat t iS tile mimi on itt of' lheit collected. Hence. in pla ;ce-
miienit it is imiiptortitot to asct-rtitin tite miiost eIff ctive tilt ot tti
collectoi- rci-cLtie to tIte suiti. Iost collectolts filtc (liie sotitl :
iltlcI01Ciil] tiiCV 1c1ia t \ 1IXw its iii micli its 10 to 20 _ t tt ihe eist m i ti

Wnest .X / d4 ar.- h 

Thiere irc- tivo t-vpes of' Ilat-llitte collectoiis tliose ill \ licb Mt k\ \ 
x\ilter ot ia \vatte ntixt- ire i s tile ctillCCtitt1 flid (Figii-e I 7) xtidl
tl0ost in Whlidl iLii is t ic- collection flid Figirlmc 1S) \ ,

At tl [- Lockheetl-liiiitsviille Heseal-c i atil Eiigi ieeriiig \i i f,,n -

:entter. lit A liibtaiit 11t \VwateC iILtt-pl itte solitr c-i lectoi-s We-e\
teste(d to lIeait iL grc-cn e litolise (MlcCorit ick 1976) Act collcto-r \ f ir Eic r1Wk t \

sle(l IoiIsetl tli iiistr mei iie tittilli storalge. Ir)IIPs. anld c-oiititols. to

Thlis sxstenil \\als dltsigi'ccl to prttxitle 75 p)ci-Clit of the eiiergr\ A SrCTio- \ E C5t

ic- i-tIc- loroIm the soltit c-ollectols. hlit act-ialt pe)folmiiii ne
exc\ct lecl expec-tcttil ins. poicid tg ti.pprooximlttelv l! pi --elcelit of ',>> it B•(

tlc liccLtinlg liee(As of the (gi-celihiicise. The reiitinii 2(0 p-i-c-(cit
of tIit ci ie,-g\ nee(ds \vei-e p)ivilcdcl blic itii cixiliar\ svstc-il isiillg
fossil flntl. w oirtli onI c tliiiitt 430m i] i- \eiŽ Aecir for liealtil Iggreeilolises.

Tlic Loc-klice-dcl tests iiilicite tlicat sigitit-iicat iltiiicits otl IlC-att This IlleiHii s thlit t %sxstcl- I cost of itiioe thin iti) it .53.S(/u-0` of
foi iii(glit il iit g-ccilliiose c-itil Ite slipplitl bli sol:l c-itc-rgx.hulit colltctolt ui cit \will ietliiiie al l-ollibhiti v lii ig tiltic to ( c-cit
they point olit tilat tlei perlraol -illice aind tecIlilic-tl sinillicit\ of tile illitidtI iiivestimieiit. Iltteveir tu\icitl etxptii- atc itittit' t1ha1I
solni- li-atting svsteci]s f0ti gieelituoiscs dlisgiiise it \ex diffliclilt this fol tile collectol- idiotc liot icltlcli iig lileat stotrcige. f)liltP)S.

ecot totic- prtillbci. Beciase of tlit- rt-clatitlx sliolrt citiliziatioil et. This sceiiis to i-ile ouit pi-et-lbi-ic-attdel collectotis iilc -i r m-
pt-ritidl ftir Lt gi-t-iitecd liset- solar Iittilt" sx-stt'iim. tIlilx a firltctioiil of seit c-iiilititios.
tile sear- it 011d ccil.i.i]lZ C stol it en en> illl. t ei (- 0l - t1 1c l MtiidI Hestcatil- itt liitgeri-s Unli\ei sit\ hits i o cldet I tlit dlesigii of-col-
iise(l. This cciiises t iiiiic-lt iC-licLecl Veilxlk ietill-ii oIl tlit initictl lettoins oh'lo ht ititia cost. Sutl-l collectotis iare allclde ol piotletliNl-
ii\estiiienit comiilctietl to liotit lieiLtinig tiicl walter leatil-ti ol for cue ktii cti-e seritmiltilx \velI sitite(f ftor ise withi plvo etlivlt-ite fAir
exitiliple. IIn iiitost palits o tle ItitifU-ed Stiltes. il solar collec-tor is gi-eeiiItouliSes H11l1)(crts et it. 19 76). Figure 19 illistiates the blsic
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Figure 19. Cross section of a sloped flat-plate hot water solar collector made of $1.61/in2 of' collector. The aninual
polyethvlene cost of' film replacemeint woukl be

INLET $1.61/mi2
Among the may cdisadvantages of

external solar collectors is the (lifficul-
tv- of integirattioni into a (greenilouise
locationi. esp)ecially in lartage green-
\hotise complexes (Price et al. 1976.)
An\ externalii collector located too close

/ /F/ LrArt^T£ \\ 6 to a greenliouise will slhadle tihe g reen-
/ E87 t S \\ E2 X F^t le lhouse or the greenhouise may slhadle

the collector. A collector too (listant

/ + /> UtGLE \\tfrom the greenlihouse mav resuilt in
X/* ADJUSTiXO \\ excessixe, hieat loss in tran;sit, frictioIn

/ ° // \\ pressi ire dirop anll material expense.

/B/LAC sEsCK PLASTIC \ \Distanlt placement also re(quires
/ / {/ LAVER Of TWfCZ increased allocation of laudl space

OUTTEN TUBESDf \
since a 1.01()0 mi greenhotise requires
at least .500 ni of collector. Aniothier

ADJUSTABLE
OU T LY / ^ALE disadVantage is that coverinca a oYreeri-

l1house with lheat collectiiig (opaqie)
A///,---777 4^7 777 ov KKN/\v zE77\ NS V,77 

paniels eliminates the liglht esst ntiatl
S,,,..-i/h ri~ IS,*,t I J(J76 ............ ...... .................. for proper plant Yrow)th.

Prethbricate(d collectors made of
long-lasti i g inmaterials are prohibitive-

dlesign of tie warm wvater solar collector whliich is :3 in high and lN ex)eIsive; v)IYethnleiie collectors are inexpensive. These

7:3 in louci It is desianed so the angle can be adcliistel. Foilr lav- loxv-cost collectors, hlowever. reqi iire an anitnial ex)erl(liture ftor

ers of' 150( niiC101 cledean ilitraviolet stabilized plastic and one labor anrdl miiaterials to replace thie polvetlwvleie.
black layer- are arranged to proicle stnictiir-al stability and soime A solar- collector, ats well as the storage ancl (distribntion s\s-
insuilation. Tlhe black laver is sand(hsich)ed between txwo air-inflat- tem, inay he placed within the greenhouse walls (Lill and
el sectionIs of, clea.r filml. \Vater is piiumipeel to the top of the col- Carlson 1976). Placing the collectors inisidle wou0ld decrease
lectoi- \where it leaves the 3 cnl pipe through hlioles spaced lI) Cm thieir hleat loss auid increase thAeir efficiency (Fipire 0)j bl)ut niav
;i1part. Vater flow's dowNcn between the innler- laver of the front re(luce tle uisable space. Tall-growing lcrops, sucil as tomatoes.
inflate(d section andec the black la\er, is collected iii a trouh(ri and mav sbade the collector, (lepending o0n the antgle of the sii ailcd
retri ile(d to storate Shleet flow occilrs bv forcing6., the clear film the location of tIle crops.
against the black film] by- a static pressiur-e of abotut 0.64 cim of O(nce the air or wxater is warmed byv solar energv. the chial-
water. A small (quaittith of deterglent ad(ledl to tihe water increas- lenie is to store that hleatt eilergv for nigiht ise. Heat is trans-
es sheet floxv. Flow rates hlave vanerl fromt 1.9 to 2.5 liters per ferrecl from a solar collector to the storage area by wiater or air.
miilte pier :30.5 cmi of' collector. Temperature records obtaine(l L'siallv wiater stora(re is use(l w\ith wvater collectors, aiid gra\el
on a clear Novemiber day ar-e sionvwn in Table 14. or rockbecl storage witlh air collectors. The voltin e of water

Firon i tlhese dlata, it is evi(lert that, for a moo-lestl\ insiulate(l nieed(le( to store a (riven ai llOit of leat is approximiately onie-
collectoir efficiency decreases withi increasin g water tempera- thidcl of' the volunine of' gravel or rock: 1h\oxve\er. becaluse thle
til ie (lue to an increase iii Iweat loss. The total insiilation avail- water sxsteis plesent problems of corrosion, tiie\ reqfire
able f'or thlis five hour tperio(d on1 November 28, 197.5, was :3,252 more mainteniance than grixel or rockbecl stoirage. Therefore,
KX (ial/nm2 . .NSIAssuining( an1 average collector efficieiicx Of 55,5G/, the as gravel bed hieat storage techini(ques improve, air svstems will
energx absorbed lbV tlhe collector xVaS :39,79 K Cal. Ou1tsid(e becoime increasinlyl popuilar.
ambiemit temnperati ires ranged fiom 1.5 to 20(C. The collector A imnajor (lraxwlback to i using the greenliouse itself as ia collec-
flas xvithstco(l wiicls of over 96 kpli and se\e ral sn1ow storlm1s tOir is the lack of' an economically feasible (lesigi foir storiln lo\v-
wxitlimit (dam11age. The IliiIber. structural siupports. lardware, (radile heat for migrlht ise. In the miii(d-1970's, researich at (ornell
and( plastic fillm costs for the :3 x 2:3 mi collector were $120 orl Univeisitv centered aroicl hvto techlni(qies for storing hieat:

'Fable 14. Perforinance of a solar collector made of polvethvlene (Rober-ts et al. 1976)

TIME VARIABLE
Flow rate Temp. Temp. Insolotion KCal-hr/m2 Efficiency
liters/min. in°C out°C Available Collected %

10:00 54 25 28 648 404 62
11:45 54 36 38 718 404 56
13:45 54 40 43 564 282 60
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earth storaige and rock storage. The Figure 20. A proposed new concept for maximizing solar energy use in a green-
earth-air conlc'ept wais exaiminetl for house
both long-terim and short-terim stor-
age (Price et al. 1976). FoI lonig-termi
storagye. tIIe largTe block of soil iilndIer . A C

1I1e, Nreelil101ISe WOtId I)e Wi1rmeCI q F - s _ RADIATION COOLNG /tthe greenhouse wotuld be warmfedl/ 
\XI/ X ~~~~~H/C TRANSFER.AeI

dtIriing the sumimleI anCI tlhIus becoIme / SOLAR HEATING
a source of heat energy nito the latte /
fall and earlv wrinter. This systemil has
the poten)tial advantages of not

reqtirinig ob)structions witlhin the /SOLAR
ho1use, aInd imnprove(d plant growth, / _ - COLLECTORS
especially wlhere planlts are grown on\
the wiarmed rround surface rather / J/
thain on1 benches. HEAD HOUSE X GREENHOUSE

If tlhere are benches in the greeIn- / I

house, the rock storage mayv he loeat- /
ed tinler each bench. During the day,
the rock wouilcl approach the teniper- N\
attires mnaintlained in the greenhlouLse. AIR DUCTGRAVEL FILLED ~ -

At night, air wouilcl be foreed through I . WATER TANK _
the rock inits, the nuinber of units I NATEI , -___ __ __-_- …

(lepenidinig oni thie heating require- . AK - ARDC
menits of the areenhouse. Sich sys-
temns woukll need atuxiliary heat dliir-
ing periods of col(, clou(lx weather. s,, ,-*,i:* LU,a c(,drh,, 1.'j,6.

To dlate, neithier earth nolr rock sys-
tems are utilized in comimlercial pro-
dLctioll in the Unite(d States. In Japan. wlheni xwinter temipera- tlifflerenit from those sVisteins being stuilie(d at Cornell. At
tures are not excessively coldl, the earth storiage systemil is used. lutgyers University, storacre svstems have been desianed into a
There the svstemi blows Nvari air into uidergroutip(ipies dur- poIotus concrete floor wvithin the greenhouse (Roberts et al.
ing the day, storing the excess heat in the soil. IDuring the nialit, 1976). The poroius concrete, with a rock aggregate mass und(ler-
the air is warmed whien it passes through the uni(leigr-ounid neath, provides space for storinkg 14 liters of water per .028 ini
pipes. Crops having low temi)perattire requiremients, stuch as let- and off'ers a solid surface onl which to walk (Figuire 21).
tuce, ustaihil' recquire little or ino suppleniefital heating. Instilationi miglht be requirecd only in those areas whiere the

Storing the collectedI heat from solar collector-s in wiater or in wvater table is vithin :3 in of the floor surface. Warm water froml
a rockbed outside the greenhotise is expensive tlie to the cost the collector would circuLlate to the floor and retiiun through the
of'instilatinig the water storage tanks or rock beds. Early in 1970. collector during periods of suninv weather.
researeci was initiated to create a systeiTI of storilng heat in the At the University of Floiida, another systeim wvas designed as
floor or unider the beniches xwithini a greenhliouise. in a imaniner an tindler bench water stora(ge/heat exclianige (Mears and Baird

Figure 21. Cross section of porous concrete floor used for storage of warm water for heating a greenhouse

3" OF POROUS
CONCRETE _

6 OF 5Sb DIA. . _ . .. . _ 
BLUESTONE 2 IN

% 4*e,%VINYL LINER

2 "i-u-tO~~~~~~~~~1 MIL
STYROFOAM ONPOLYETHYLENE

A H ~~~~WATER BARRIER

SHirce Rob, ri,s t al. 19-6
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Figure 22. Cut-away view of under bench water storage/heat exchanger

TOP AND
BOTTOM ~~~~~~~~~~~~~~~FAN

PIPE STRAP
TIE/

POLYETHYLENE
AIR DISTRIBUTION AIR IN

29 Sl SHELL 3/4 IN
CORRUGATE STYROFOAM

WALL VI U

6 MIL .30 IN. 2 x 4 POSTS
POLYETHYLENE LINER

Sou rce AMvary n {1Bawilrd1.9,6.

1976). If it is a part of the storage structture, the heat exchang- is not without its problems, especially those of corrosion and
er reduces costs as well as equipmenit re(qiireiments. The entire sealing. Wlhile these problems vary with each site, attention
system must fit under the greenhouse benches and not inter- must be paid to the amounts of gaseous effluents produced by
fere with normal cultiral operations. a geotherinal well, sucil as hydrogen sulfide, mercury, radon,

The basic components of the Florida systemii are a plastic ammonia, and H3 B0 3. as well as aqueous emissions containinlg
water bag, wlich runs beneath the bench for its entire lengtlh. heavv metals. Tlhese, plus the possible complications of silica
and an insuilated arch over this bag, to proxvide an air plenum. A deposition in the equipment and the disposal of the use(d ther-
fan with a thermostat control blows greenhouse air to be heat- mal fluiids, mulst be carefully assessed before such an energv
ed into the space between the arch and( the water bag. The air system is (lesigne(d into a conitrolled-environmenit ag;ricLulturt-e
absorbs lheat and theni exits un(ler a slot the length of the bot- installation. The environmental impact of the g,eothermnal sys-
tom of' the arclh (Figutre 22). temn also should be studlied.

Warnnr water from a collector wouild flow into the plastic
water bag under the bench an(d wouild circulate continutously Waste Heat. A major alternative hieat source for controlled-
tlhrotughi the collector and storage tink dIrlimng periods of sunniiiy environnoient agriculttire is ?lhe rejected lheat from large induis-
weather, trial units, such as tlhermal power- electrical genier-atinlg stations.

In 1976. Ska;gs et al reported that about 2 kwh of energy welre
Geothermal Ener . In the U.S. there is increasinig interest in rejected via condenser cooling:, water- for everv kwh of electrical
the use of geothermnal energy,; for heating greenholuses. Several power produced. In 197.5, the anniial quantity of waste heat
installations in the western U.S. now utilize this energy source. available in the U.S. was more thani 1016 BTU, equivalenit to 1.6
In Iceland, geother-mal energv is muchi more extensively tusedl as billion barr--els of fiiel oil (Madewell et al. 1975) This nulm)ber
hot water for heating. In Hveragerdi. Iceland, approxinmiatelv 12 represenits slightly less tlhan 2() percenit of the annual ener-gy
acres of greenhouses are cuirrenitly utilizing this natural heat, used in the U.S. in 1971. Approximlately 95 percent of'the watel
and the Icelandic Government is consi(lering the installation of' usedl in cooling electric generator condeensors was returned to
as many as SO acres of glasshouses in this region for vegetables streams or estuaries. One nucelear power plant composecl of 3
and ornamental plant production. generatinga units, eachl laving a generating capacity of 1°270

No dloubt geothermal installations present abundant oppor- megawatts, rejects at full loadl approximately 10 x 109 BTU/hr.
tun1ities for creative enviroilnenital engineering (Axtimann andl This is sufficient net energy to heat almost 4.000 ha. of conveni-
Peck 1976). As may be expectedc, this pr-omising energy soLurce tional greenhouses.
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It is diffictult to economiically utilize thle waste hieat energy for Figure 23. Conditions necessary for plant growth
heatinlg greenhouses because of the low temperatuire of the (Badger & Poule 1979)
rejected water, although systems have been tested to extract the
heat fioma the warmlil water of large inclustrial UnIits. vapor

In 1977, a one-lialf acre greenhliotise was conistiucted at the C02

TW'A Browns Ferir NudclezL Plaint in Alabama. A portioni of this
(greenhouse was heated with condenser water froni the poxvelr lig
pliant. The clesigni of the sv stem incorlporatedl heatinig conicepts (energy)
collceivedl and testecd by the Oak Ridcge Nationial Laboratory.
Tennlessee Valley Authoritv and the Environmental Researchl 
Laboratory of the Universitv of Arizona. The cost to coninlect
andc install the lhot wattei delisvery svstemil fiom the power plant
to the areenhouse wats extrenielv expensive and thierefire the
systeni was not cost effective for application in the greenhlouise h | t
indlistrv. heat (adequate temp.)

Simlilar projects h ave been testedl in Franice andl England, as
xvell as in the LJiUitedl States andl othier counitries. Withi rare
exceptions, nonie of these programs has been expanded into
coniliiercial use, die to the high cost of connectinu the crreen-
houises to a power planit aiid the uinreliability- of a lheat source
from a power plant, especially durinic timnes of plant repair and-^
nl;iaintenlance. 

nutrients "water

Atmosphere Control. The gaseous mak-eull) of the greenhlouise oxygen
envir-onimienit is imlportant if crlop 0ields are to be maximxhized.
Carbon dlioxidle miiist lie mnaintainedl at amirbient levels. or
greater, and toxic gas buildl-up muist be preventedl bV providingf either lie within or outsicle the greenhouse. In recent ears, the
amcleqinate combiistion air for the heating svstei. Dutcil hbave dleveloped a new concept in CO9 enricihmrenlt tSilng

a centralizel C 9'0 generator.
Carbon Dioxi(le Enrichment. Photosynthesis- the prodiictioni The recordIs of costs and retirnis liave (ieilonistiatecd an
of carbolhvdriates fioni carbon (lioxidle (CO,) andl water in the cincrase in yieldIs andl finanicial retiurnis, often f:ar bevond the
presence of chilorophyll, uisig light energy is basic to plant costs of C O7 But CO(9 enrichlimlenit is not alwvays practical. In
grovth anLd reprodiuctioi. The rate of' photosintliesis is gov- regions wihere ventilation is required, even On many winter
euiiedI li! available fertilizer eleiiieits. includinig 'water, CO?, daclv such as in the dleser-t areas. acicded C-O? iS lost through the
light, andc temiperattiue (Figilre 23). ventilLttioll svsteis. Because it is iiot conitaiuied witlhin the

Uiider no1rni-al coCnditioIs. CO(-) exists as a gas in the atnios- greenilotise adIcled CO(l does iiot affect plaint giowtli. In suchi
phere at a level slightiv over 0.0:3 percenit or :3,30 parts per unil- situatiois, CO9 enrjichiiIIent is niot advised anci dloes iiot shOlW
lioni (ppm). Duiring the day, wheni photosynthesis occIIIs Un(ler anv economic advantage.
natural light conditiois, the plants in a greelihouise mav dIraw If ventilation is iiot needledl for any period of timie, whiether
(lowl] or reduce the level of COg to bielow 200 ppmii. Under- the greenhliotise is locate(d in a desert regioni or in cooler cli-
thiese ciricuistiinces, CO9 levels are increased by infiltration miates where CO. eiirichimilelit is not used, outsicle air should ibe
inIto the greenhliouise, or if ventiliationi is proXidled, ouitside air allowedl into thle g reenhliouise periodically either by a venitilationi
i 1(L) be blrouglit in to maiintain the CO at ambieent levels. If the f:aln drawing freshi air inito the greenhouse uinit or by openiing the
level of C:O7 is miniitainiedl at less than aiiihient levels, C 9 miay vents slihtlv to allow air exchange that will iniainitaini levels of
becomie the factoi liniitinig for plant growth. anileinct CO, (:3:30 ppm). A forced-air clistribtitioli svsteni.

In cold climilates, miaintiniiiig amibient levels of (C02 bx pro- 1isinig perfliorte(l plastic ducts separate fiomii or in coliilination
vidhiniu ventilation miay be uneconomiical. duie to the nlecessity of with tIle hLeat distributioll svsteni. slho l( blie operated colitiont-
lheatilig the incoliilig air in order to maintain proper growiung oIsII ill 01 dei to distribUte the COg evenly witliin the plant
tempelatuires. In sucil regions growers coinimonl enrichi the canopy. This mioveniienit of air will prevenit the CO, from
greenoliuoise witli added COg. Thie exact CO9 level needed fo- a becoming lower than ambient wvithin the cianopy.
gixenl c(1op Xvill vLia', since it miuist be correlated wvith other- vani- Above a concentration level of 5,00() ppni. CO9 is hiazar-dous
ables in ieenlihouse production suiclh ias liglit, temperature. to workers. Most plants also have a iia:iixuim tolerance level,
niut-ie it levels cultiVul ancl dledree of miaturitv. Most clroLs will dependliling on the cuiltivar.
respond favoLabl0b to COC) at 1(000 to 1.200 ppm".

In the earkl 1961)0s pure CO.9 was supplied froiin cYlinders, Contaminate Cases. Proper installation and miainiteiiance is
drv icee o0 tanks of thie low pressure liquid. Sonie of these imiethi- crucial to prevenit conitaminai miLte gases ini L greenliiioiise.
o(ds of application inay still lie uisel. More prevalent today is the Iniadle(qiuate hieatiiig equipment and operation xvill endanger niot
uise of coinluistion iiiiits of varving (legrees of' refineinit.n onlv the liealtil of the plaits bint also those persons \vorkiimg
emploxing fu el oils propane or natural gas. The bimrirers cani witlinl the greenlhmouse. Annual mainiteiiamice iuispectioiis anld
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Figure 24. Provision of combustion air and sufficient A comipuiter cani c-ontrol hundi(redis of devidces -withinii a gyreeni-
chimney' to prevent contaminated gasses hiouse (venits, heaters, f'Ios, hiot wvater miixinig valves. ir-irigationl

valvecs. cuirtairns, lights. etc-.,) I)V crtihinig dozenis of iuiptt ptirta-
mieters, suichl as ouitsidle and( inis ide teiiiper-atLures, huidi(itN_ ouit-
sidle WAind direction) anid velocitv, carboni dioxide levels and evenl

one square inch per the timie of dlay or iilt
2,500 Btu furnace Cor n1 )Iiter systemis miterrogate all senisors, evaluate aill conldi-
capacity tionis. and( sei icl appr-opriaite coin niiancls eveny itiiitijite to each

piece of e(liipiie)ioe inl the greenihouSe rtincc' thuls mlainitaining
icleitd cond(itionis inl each of thte variouis ind(epend(enit greenihociSe
zonies dlefinied byv the grower.

Coinpirtcers c-ollec-t tiiid logy data provided byv greenihouise pro-
- V ~~~~(II ictioii irnaiagrers. A coiimpilter cani keep track of all relevaiit hifor-

Ilation), SuIch1 aS temper(1atUre. huidii(ity, CO9.) light levels. etc. It
dates tuiici timie tagys the inliormiiationi anid stores it for- cuirrenit or,
later rIlse. Su[ch a (data acquisitionl sy,Steml will enlal t the grower to
gaiin a comiprehiensixe unrderstaiichnrao of alil factors affecting tl e

,l)t)(ag) (()) aw Pot,179iiality and timieliniess of the producet. A c'oiiipuiter- will prodclie
graph s of' past anid cutrrenit eiiv'ironmiitieal cond(itionls hioth iinsidle

ad:juistmienits arie at minimiial requiriiemient for- efficienit allcl saf'e anid ouitside the greenhlouise comlplex. U .l( adt prinitouit

opcmratioii. optioin. growers canl prodtice reports anid sumniiiaries of enivironi-
Ii iadceqitiite comhmlmistiorn air- w,ithfin the greem Viow se prex ents niemlitad condcitionis suich ats teiniperati ire, huidii(ity, and( the CU).

'0iiip Ictc4 ') cwii istioln anld prop i' venitinig of' coion )1iIstjll (ingses. statiis for a giveni dav, oi' over a long,er peruiocl of timew.
HTlw prorlicts ofi ii comlplete iioillliistionl iiiax ic dischiar'ged Sc'iciitists arie ctirrentlyv dlexclopimig planit growingc miodlels inl
ilid) tIe preeihloimse- floot thec dIrftdix ( erter oli the hieat'r. The \xidil compu1)Lters actcialvk Make decisionis f(in' the gm'reenlnomise
iiil'uniii' gas. it! Io IInmuoixide. u11( uther ewluenic-al g'ames. \x ill Vgrowes. Thtese ''artificial in-telligence'' s\stei)is initegra-te the fat-
Crea',te- ail i uSafe ewiixoiuiiicit hr' piti its ,otll( \\oirkci S. cst kn)owCledg ab)out greenhloulse grroxving theory, actuial maiiLt-

To'u prevenit 1hazards, it is iii port ii t ti~ ins"till loiiisen( 'ir jsh air migeui ieit practices. anld eolvirlii nencital cond(i tirins inisidie anid
initakes fromi- ouitsidc'. near the luwatiug nihii. TIlwese intakes sill Oiiitsd the grCeenhoulse. The coi)puiter wvill lie tauight to assess
ass ore conijifete coiimIbus tio ni of' the futel xxi tfiii i th ftc inii' ace ~ ill t le \ari'al iles. i)iatke a t lec'isi(oii. ai id risxe hinsti'uct ions foiw

(Fjiair 24_) apphic'titiii. The dec'isiiois madi(e by the coiiiptuter inl c'liiiuatce
T] iis is extr'einielv imiportant inl grieeciuhoi ises thait am'-e of' tighit conitrol canii proi vide thle grower 2~4 houir-i-dla\ assistaouce ill the

coiiist iiictioni, especialkl those c'Nrie(i'c wsithi PlastiC' f'ilini. Allow inuanageeiriet anid prcuciwitoion of grec'n hoi ise crops. A systeiii
o ne sqwiriie hich1 of hoiivre red air i'inlet area foix l oiiiiitsicle fo )i eachi Canl he so reliablel thtat, ex cii if' it S1hoi11Id f'ail, it xWil II nt ori1 sy call

2.50)0 lti i of' fit ii~W tier tupticitv. Loir iv rs iwiide of'di fl 'e-iil( M a tte- the grwroithe telephione h)cit wIfl als ti -i kes coiiipo rt

Ii'~ills r'ci firi ie (ilcli-e i'et amini outs cif fre'e ar'ea: wi oodIcii loiiveixris cixcr to local c'iiitroi i.

uisualkly fase ontly 20) per-cenit free areaCZ; mtetal tuuivers cotiinonii- Utinf'ortitm ,s itchl c'oinpiitc'r systemis are expensive amll

1\ :Im 2ve 0perei'cct frece area whei o)pcii. hIl iiiinllv linilitecl to large, gi'eenihouse fic'ilitics operating year-
hiotplete c iiisirasoeise sotIii(lpwti tl 'tll.T-ecrops groxx'n are tisiiallv ci' hIugh valtie and( tire thiose

flintiac'e, svic'hi reduices heat triiasfc'r andic lowvers hleater effi- thazt rcspoocl to prec'cise coit-otro over the eni i'jonin1ent.
c'ieiic'N. (Coiiputecrs are niot ecoiiiiicamictlv feasihie foi' priotec'tcd agrici if-

Chii in i c air' leaiks chill the gases anid r'e Iiwie the c draft, ai c ti i rc si tiitati oiis that tire- 5ea5oia iti: tlic' addedI costs iii tveighi th ic
Poilit ioi I'-in)fllIaesa cirione ,ek )a hijre planlts. ec'touoiniic' I iencfits i unless uised thiroughioii the year.

Dcespite the attrac'tioii of' compuiter systemrs, it is xx'elf to
Computer/Data Acquiisition Systems. Today. c'onipiitcr coij- ri'emeiiher thait the sucecess if anyv prOdICfutioun s\stc'mI is tuitaflk
ti'ol SNstc iii s arec co ii iii ior ill grecrn homise iii stalfati on tIiiiighro ii hi it dependentt oi tI ie fani'eri's km owfcdgc' ant I hiis i nan agei i cut
Ecitiope. japaiii auicl thc' Uniitedt States. Comiputer s> stc'mis c-an sk-ills. Comlpulters only assist lvN addinig prc'c'isioul to tliesi' skills.
piru\idt lc -r aaedcirloteiiipr i-,Iiiiilt,i--- A coiimpiitm'r is oil> tis afcctiets tlic peirsiin whoi f'ecds it thev

gratiotin iLii i feriti 1izati on, carhi oii clioxi de, 1i figt trind shiatO I lex\el.s cltittit.
fo r virtiaiv ills Iri sizec T' Vi)rsvn ficility Precise conitrol Over ai As coiniptiter dusts coiitinime tio decrease and( asla ics
gTOxim ici oi per tidrin ci iai!les gin"oxwcers to icalize satixi gs of 15 - '5( Ieccoiii)e coiii)pu ter' literiate, coiinpi itc'rs xvil If eeoiii e i ci'ctieshicris

percelit lvir c miemrgv. watutcr, Achmnicail, andl( pesticidle applicaticuns. popipilar ini Ii'otectedl tigricctiltiiire, Inl clc'selopi ng c'idit)tries.
COMputer-1 C'oItn_1 ifs ormally m'esmiflt iii gretiter plum it COnSistiic'V. wvhere fniriners lack formalii eclcic'atioii. finiiic'itil rsi'd5icirces, taiidl
orn-sc'hediilc' proi'olutiioii. higher ovuertill plami t 1 iafitv, aiid iciN ii- the skill to opertite c'cimnptters, the miltihiztitii inOf' thicSc sxstc'mlS
roi inn i c)ttaf p i'riY~ iii pro tecteci aigric-i iti r'e is r-emiote.
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5
GROWING SYSTEMS
IN GREENHOUSES

There are niumi1erouis greenhouse prodluetioni systeis. Mavx' are ayenetic maketup a iniixture fromt both pi)areits: the overall genlet-
applicable only ill soitme regions of the world. Those systems ic make-tup of thie seed is (lifferenit f-o n that of either p arent.
isilng inidligentouis nmaterials are likelx to be mlor-e econiomilical and dliff'es fromt one seed to another.

than those requiring i vnportetl materials. SNsteinis of productioii LIn natui-e, vegetative reproduction occurs rati irally ill lmulti-

miust be carehfulIV eVallate(l before any is selected. Plastic coy- plicatioll of stems. True blilbs suich as ttilips and l daffodils are
eredl oreenhouses are the most popuilar structiures uisetl in pro- iiiolifiecl stems. Anotlher type of iindlergroluinicl stein is the Com111
tectecl agricuilture. wlihichi is comnplete wvith no(les, ititerio(les, ani( lateral hudIs, but

dloes iiot have scales, as (lo true bull)s. Gladiolus and croc-us ale
TISSUE CULTURE c(iruns. Other Imoldifie(l stemils are tuibers. sich its potato rhii-
Tissue culture is a relativelv new metlho(d of plant propagation. zoies, whielh are common for mnost perennial grasses, and( r-un1-
It is available to growers for hvo mnajjor piuiposes: ners, or stolons. as with strawberries. Stolonis are al)ove g-roincl

(1) inass pIrodiuctioin anti (2) to establish anld/or inaintain "virus vegetative reprocuctive stems, while rh1izomiles are helow
free' stock (Kvte 1987). With one sitiall piece of plant. numer- grounlld.
oils replicas, or clones. Roots and leaves canl
Call he proluce(l. The _ also serve its vecetative
terill ecloning is syni- reproductive organiis
il.n\ mmis with Itissue Examples of plants

cilltiule nmicropropa- that repriodluice b)
gnatioll or gror ilg in _ roots are sweet pota-
uitro . In itnuo (Latin. toes and( dahlias, while
"inl lauss`) means sepa- those reproducing
rat( froum the wvhole from leaves are Rex
iiidlix idltitil. Vegetative b1-oniaz anid African

r(epodulcti on, or "clon- violets.
ina" c ini be acecotni- I h 0I CL a

plishecd 1hv takina cut- indiustrv, tissiueetiltiure
tills m aking divisions, practices ussuallk in-
b)v laveri ng grafting or volve the iuse of uineris-
h5 tissue culture.; tematic tissne.

Tissue cultutre beg lis NMeristeiiuatie cells
in a ldoiltorv, wvhichi are locate(d at the top
conisists oIf a metlia of stemis anti roots, in
pirepar atioin roomli. a_ leaf axils. in steuius as
traniisfer r-oomil, and a Tissue cultire laboratories are becoming increasi g3y populor as a method of plant canibium. on leaficniar-
culturet growing lroolli. propogotiof. This method c/lows for moss propagation of poants and establishment gins, alld in Callus tis-
The planlts ar-e startedl of virus-free plant stock. site (Kvte 1987:. The
iii the tiitiest of green- tissue is comuposed of'
11ouses -a test tuhe - in a sterilized growing iuie(diiimii con- cells xvlhich have itot yet been glenetically programmed for their
sistinig mainly of agar a poulsaccliaridte gel derived froill a Ct'l- IIlti mate developimc ent.
tai alg ae), fer-tilizer elemie its, vitaminis, and growth regilditours. TI e factors iivolxved in mneristematie tissue Cuiltulre have been
Once tihe pliant tissue hIas dee\elopedl into a l)lantlet, it is trans- Well-outlined b) Kvte ( 1987):
ferreul to a soilless ineodia in\ combination of peat imoss Uticler the iinfliuece of genletic make-iip, locatioji
saild,perlite. pi umiee. or verinictilitc. The plainitlets are inoveed to light, teimiperature. i]utrienits. hormones, and probal)lx
a greenlihoiise aiid begin tie piocess of aeclimiatization. Once othier factors, meristetiatic cells dliffereintiate into
acclimfinatized, or harieduend off thIey are placed iindcr normal Ieves, stemis, roots, and other orgatis and tissties in ia
greenh111ouIse Cond1(litioUIs tito u vowill(r olit. u)or_anizecd fiashion.

The gyenetic makeup of planits hichl are ctlonledi or vegetil- Somie iiffterentiatec cells pusuallr< parenehl\ma cells)

tive-ly reprodu uceti is identical to thle parent. They iale thererfore Ia\e the capabilitv of reverting to a mieristematic or
f ulindamentally diiffi rent from planits propagattd fromll seed: dediffi rentiated state to initiate growvth of new and (lif-
seudls resUltingT fi-roim sexual reprodn ictioui have their own i iiiiq ie lerent tissue. Detlifftereutiated cells often acc)ouiiuit for
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advenititious growth. Adventitious growthi refers to the wav of anthier culture. these technliiqtes are mainilv used in
,growthi of new shoots. buds, roots, or leaves fiom researchi facilities where genetic engineering is underway.
uniuisuial locations. Examples are aerial roots, budis While these procedures are not commonly use(i by plant grow-
foim roots. plantlets from leaves. shoots and roots ers, theyv are potentially importanit to the fiuture of food pro-
from callius of cuttings. duCtiTIo: thev mav produce plants resistant to frost, diotighit.

Declifferenitiated cells can also create callus. Callus salinity, insect pests andl (liseases, control nitrogeni fixation in
is usiiiIllv dlefiniecd as a mass of' ulidifferenitiated cells, or grasses.
parenchyma cells proliferating in response to wounid-
ing, as aLppears at the unioni of a graft, or at the base of TRANSPLANT AND PLUG
cuittings. In tissue culture vocabulary callus is definecl MIXTURE PRODUCTION
as an unlor-ganiizedl. proliferating imass of' cells. Some of Excellent crops of high yield begin with seed that is disease-fi-ee
the cells mav be differentiated, so the inass mav coni- and of higihl quality. Since good seedl is probably the biggest bar-
taim embhnoiids (embryo-like structures capable of gain in plant growing, it is better to pay a little mor-e to a seed
)ecomiling normiiial plants), or the mass may contain supplier of knowin dependability than to get a supposed bargain

shoot or root primordia, or there ma1LLy be cells with an fiom an unkinown comilpanly.
abnormal numiiber of' chl-omilosomies. For examiple,
many' asparagus plants differentiating from the callus Plant Growing Media. A good plant growinig medIiuimii shoulld
cuiltiire mayL be tetraploicl (double the nor-mial chromo- be friable, moderately fertile. of good aeration. and well-drained,
somic' numiber in vegetative cells), but plants cultuiredI yet have sufficient water-holchiig capacih, to prevent excessive
fiom sloot tips, withoit a callus stage, dlo ot show this dyiving. It shouild( also be free of'wee(d seeds, and (liseases. eco-
variability. nonlical, and relatively easy to obtain. Plant growinrg mecliat vary

Whenever cells dividle there is the possibility of fron just topsoil to combinations ofttopsoil, sand, peat Illoss. ver-
genetic variability. There are two kindcs of plant cell miculite, perlite. rock wool, rice huills, compost, or other adchi-
division, meiotic ancl mitotic. Meiotic division relates tives. Plants ma' be grown in coinpletely artificial meedia.
oi]lv to sexually reproductive cells. Mitotic (somatic, or Due to problems of diseases, weecl seeds, drainiage, aeration,
vegetative) cell division is the division of a vegetative alld iinconsistenc>' in phiysical conditionis, pure topsoil as a seed-
cell to produce two cells each of whiichi usiuallyI has the ing and(c transplant mle(lia is not recomimillenlded. If pure soil is
same number of chromilosomiles as the origiial cell. If a musedl, it must be a sandy loam with high organic matter- contenit.
miuitatioII - a change in cihromosomes -occurs during Adding peat imoss or a comibination of peat moss ancd sand to
mitosis, it is carried in all fiutur-e divisions. Soine soimat- soil usually improves the water-lholdinig capaciht and physical
ic multations go iiniioticed because futur-e cells are not condition of the medium. Most soil mixtures of this nature w,ill
affecte(: if a mtitatioin for aberrant flowers occurs in a neecl additions of limestonie. superphosphate and a 5-10-5 fer-
leaf bud, there will be no flower s to exhibit the mtita- tilizer mix. The rate of application would be 1.5 to 2.5 kg. of 20%
tion. Most mutationis pro(duce uin(lesir-ed effects: imis- superphosphate, 4.5 kg. arounid limestonie and 1-1.5 kg. of 5-10-
shapen ftruit or abnormal shoots, for example. Crow'ers 5 fertilizer per cubic meter.
discar(d suichl plants wxhen they appear. Occasionally Any' plant growing media containinig soil shoul(l be fumigated
mtitationis are desirable so scientists ind(uce mutationis or steamed to destr-oy weed seeds and disease-causing oirganl-
with chemilicals ancl radiation in a searcil for better isn is. Fumigation withl miethiyl bromai(le is effective if directions
plants. are followedl but this ftumaligant is highly toxic. A 2% mix of

Plant dliseases transmitted from par-enlt to offspring cani oftenl cliloropierin or tear gas added to metliyl bromide shouild be
be eliminated throuighi tissue cultu-ire procedItires. External use( as the chloropicrii serves as a wariiiu,g agent in case of gas
infestationis, suehi as bacteria, funigi, anid insects, may be leakage in an inhabitedl ar-ea. In somae couinitries, suici mise of
removedt wheni cleaning the tissue to be cultired. Malin inter- fumiiiganit gases is illegal for sterilization of plant growinig me(lia;
nal viruses are eliminate(d by using the apical meristem as the therefore it is importanit to check the local and( federal regula-
explant. Apical meristeml, the new, undlifferentiated tissue at tions before use.
the apex, or very tip of a shoot, is ustially virus-free in diseased Steam is an effective methiodl of treatimienit; however-, because
plants, sinee the new cells norimially grow more rapi(lly than the the cost of fuel to operate the steaminig apparattis has become
viruses, which lag behind in thle older tissue. These few cells expensive, steaminig is currently less attractive for use in green-
that make Up the mlieroseopic portion of the apical mieristein hlouse operations. If steam is used, the soil Imlix msay be steame(d
are removed firomi the plant and placed in culture: they will in concrete bilns, clumilp trucks, or other suitable containiers. It
grow and prodluel healtlhy. disease-free plants. This technlilque, shoul(l be covered xwith a miaterial that will conitaini the steam.
knowxn as mieristem ctiltuire, is uised extensivelv both in researcih For eftfective disease and weed seed contr-ol, the soil sh1ouild
andl comimlercial laboratories to genierate virus-free plant miate- reacih S20( andl remaini at that temperatilue for 30( miniutes.
rial fi-oml lilies, dalilias, carnations, citru.-s, potatoes. and berries, Over-steaming should be avoided: excessive heat may result in
particuilarly straw'berries (Kyte 1987). the breakdown of' oruaaic matter- and builu(iip of materials in

Tissue cuilttire, or micropropagation. proceeds todaly through the soil to levels whliehi might cause plant injurv'. Soil shouild not
application of' maniy advanieed techinliquies. suehi as somatic be used within two weeks after steaming.
en bn'vogernesis, protoplast isolationi, and protoplast fiusion. Artificial medlia andl mlixtuires are findingtr imlor-e favor with

Along with haploid eultures, whichi are derived fiom pollen by growers because goodl topsoil is increasingly rare, reaulations
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into individual con- Figure 25. Types of trays used in the production of transplants
tainers will depend(I
on the species of
plant grown.

The plants will -. e
nieed to be f'ertilizedI
either witlh a very a e e
dilute fertilizer 'J -5 AM

solution with each e Om

wateringc (for exam-
ple, 110-175 gr-ains
of 20-20-20 per 200
liters of water) or Stnp Tray Pot Tray Tube Tray
fertilized approxi-
mately every two
xveeks at a rate of 500-.700 gramis of 20-20-20, or similar fertil-
izer, to eaclh 200 liters of water. In the latter procedure. to pre-
vent fertilizer burn of the leaves, the leaves wvill need to be
rinsed with pure water after eaclh liquid feeding. Fertilizeis .f - _
usedl for liquid feeding should be 100 percent water soluble. -

Containers. Growing containers come in many forms.
Individual containers or growing blocks may he made of paper, -

plastic. clav, peat moss, styrofoam, rock'ool, or a synthetic
foam. Growing trays, plug flats, cavity seedling trays, styrofoamr
planter flats, and multipot plug trays, and others are all m ulti--: l t f l
ple seedling trays common in todav's industrv. In Figure 25

several types of 'Mechanical seeders are simple and inexpensive to operate. (Photoseveral types of travs used in the transplant industry are illus-
trated. fcourtesy Growing Systems, Inc. Milwaukee, VVisconsin).

Mechanical Aids. There are many types of miechiarnical aids
used in transplant production. Today, simple to operate and
inexpenisive mechaniical seeders are available as illustrated.

Once the flats are seeded they may be manually transported
to the greenhliouse or transplantedl by monorail trolley convey- -
ors. The same system of transport is used in taking the trays outi
of the greenhotise in preparationi for shipimient to market. -

Watering. There are many methods of' watering transplants.
Where plants are hianid-watered, roundl sprinkler heads dleliver
a greater amount of water and do less clamage than fan-shaped
sprlnlkler heads.

Each watering shouldl soak the soil thoroughly. Water shiotild rl
be appliedl unliforimilv over all plants to avoid uneeven growth.
Plants shoulcl be water-ed early enouigih in the day to pern]it - f l
foliage to dir before dark.

Overhead irrigation svstems save consideral)le timae but have
liffi(ulty obtaininig completely uniiformnl water distribution . .

Today, it is coniinlOoIl for growers to use programiniable travel- , JN

ling ii rigationi booms.

GREENHOUSE VEGETABLES
Grrowing greenhouse vegetables is onle of the imost exacting an(l - -= -

intensive forims of all agricuiltiure enterprises. In the contr-olled 
enxir-onimiienit of a greenilotise. high yields of excellenit qiualitv'
vegetables cali be produced.

Monorall trolley conveyors and movable benches quickly and efficient-
Soil. The standard imiethodl of growting gr-eenhliouise vegetahles iy move stock in and out of greenhouses. (Photo Courtesy of Growirng
throuighiouit the world is in soil. A sucWcessfuil grower who arows systems, Inc. Milwaukee, Wisconsin).
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\. .. e - In(oss, saxvdust) to provide mechanical support. Liquid hlvdro-
poilic systeims have no other stipporting me lediuimi fiOr tite plant
roots; aggregate systems have a solid mediumil of support.

ylxdroponic svstemis are fui-thier- categorizedi as open (i.e., olice
the nutitrieint soluition is delivered to the plian,t roots, it is niot
1reuise(l) or close(d (i.e., surplis soltition is recovered. replenl-
isihed, anil recvcle(l).

Somiie regionial growers, agencies. and ptublicatiois per-sist it

coit>fitiicg the defilnitioni of livltro-opoics to li(uitii svste ils only.

V1i . _1w Tl'his excilisioni of agcgregyate hydroponics serxes to blur statisti-
call data and i may\ leai( to underestimation of' the extent of the
teclmiologuxv z;id its econiomiic imtplicatiois.

Eully programmoble travelling irrigation booms for automsatic waif o .Virtuallv all blŽdropollic systems i templ)erate regimions of thte
waterng, fertilizing, etc. (Photo courtesy of Growmng Systems, Inc. wiorldl alie eiicl(ose(I in grreeiihousc-t\pe str-tic-tulies to p)rmid(e
Milvvoukee. Wisconsiri) t t 

temtperattilre coitiol, reduce exaporative water loss, reduce dis-
ease anild pest infestationis, and protect crops a 'gainst the ele-

in soil iist tally 1ias a good kIowvledge of horticulture, soils, plailt iutents of' weather, stichi as xvitld andl raini. The latter considera-
patholo,gy. i ttomologv. and plant phy-siology. as well as thle tions ael- especially valid in tropical i'egiois. \Vhile hydroponlic
eiicriiieerinif eaipabilitv to provitle all enironment best suite(i adll( controlled eiivtronrttental agrict iltute (CEA) are i-ot svn-
fOr pliant groxth. Maltv persons xvho establish a greetlihouse o iionous. ('EA usually accolmlpanlies lydroponics. Their potenl-
operation ftail because thex lack the edlucation and trai'ainig in tials anl problems are iextrim'cable.
one or inoie of the above disciplines. The principle adviantages of hydroponiic CEA include higl-

A ina oi- pproblem ig groxvicg crtops il soil are soil-borne this- (leinsity o]alximittitii crop vield, cl0o) productim xviele 110 suitable

eaises. ClGrowig platlts con1tillLoluslV, xithotit cr-ol) rotattion or soil exists, a it'irtial icidif'fereiw'e to ambient temperattiUre and
interruptioni ini production, as int open field producictioni lilr-in g seasomiality. miiot-e efficietit iise of xvater aind fertilizers. mitimnal
Norttherit xviite's cani lead to ait excessive l)uiltl-tip of soil use of, land a'ea. and sulitabi litv for tlechliaization and disease
pathogens. Because of envirolirioenital andl health restrictioils coi'trol A tmiajor advaittage of' hydroponiics, as comtpared with
there is ctirientlv a lack of' soil fttinfiganits available foi' greell- groxw'th of' plants itt soil, is the isolatiotm of' the crop flio itI the
httotsse uise This problem. added to the high cost otftf'lel to steanmt tiluderlviitg soil, vlic'l oftell hIts proItlettst (If lisease, salitiits.
stei'ilize, is ftocusillg attelntioll on mtethotds of hvdmropto lit coll- pt ot- sti'l('tull-(' at(l (railitage . Tlie costl! aiidt timie-consitiimmig

trolle(d environmitent agmicuIlti ie (EEA). tasiks of soil steriliziatiolt anld ciultixation are uiinecessairv ill
hlt iropoi ic svstem s anld a rapitd tilil'lluolilld of' t'opis is IrCadil

HYDROPONIC/SOILLESS CULTURE achiteved.
Hytrotponic ctit ure is possilylx the tttost inrtensixve itiettio(tl otf flvropotiles otf'fers a Itttamis of control over soil-lu (u't clis-
crol)p prtotluction in totlaxysagrictiltural indlustry. In tombination eases antd pests xvliich is tspet'iallv tlesirable i i tile tropits.
with greenihouses or protetix e covets. it is hig(rl techlolog itl x-vher'e iitfe statiotis au-e a majOr coicern. Nlost temttperate r'egioits
calpital initensive. It is also higtl\x proditctive. coniservative of have climatic changes, such as coltl winte's. to bt'tak thle life
water and ladl, aitd protectixe of the enviroienttt ' Yet. fotr cycles of titativ pests. In tice tro)its. this life cNxle colittilltis
Imlost otf its emtployees liydtroltponic cilti ire reqmuires onlx basic tLtitnterl-Uptc'ld is does the threat Ottifinfestation. [ lifOrtliltatelx
agriciultmutrnil skills. Since rem iitliter tlie ae'-iatl antIi ' root envirmoii- le'ss is knoxn aItttoit malny tif'tlte dliseases tlhat oiccit in thle troxp-

mu1ellt iS a in IliOl cm'tnc'ei'i ill smiclh amricut ltura
1l svste ins, p rodiuci'- ics th aii thlose ill te imperate regiOns. Ill con]mparing tliree Imaljor

tioll takes place inisi(le eiiclosrti'es desigiedl to cotlitrt)l air alnl ftottl ertops groxem in tile tropics ani(I temiperate regions ot thie
root temttperiatmi'es. light. xvater. plant nuti'ition. aitl adxerse cli- orltl, the incideitte of tlisease is niuch greater in thle tropic's
tate. its illtist rate(l in Table 15.

Duriwing the laist 12 seats. tlere has been itctreasitg initerest iii

lvdropottits or soilless tecliniques for prrttlttcilg (greemihotise Table 15. Number of crop diseases
ltotmticuiltii-mal crots. TIte ftititime grox'thl of htl'droptoxuics deptentds CROPS TEMPERATE TROPICS
greaitl\ ott the development of' prtoduc'tiotn systems that aie c'ost Rice 54 500-600
comttpetitive xvithl openi fiel(i agritultite. Corn 85 125

Tlhere ate aiiaV t-pes of hydropontics svstetitS as Well its Beans 52 250-280
ittinimv designs for mteerilthoise strmicturies antii maiv methtitos of'
control t'tlte enviroiment. Not evei'v sxstenii is c'ost effectixve in ,, -it i -

eat' location. Wh ile thle tetlmiiiqt ies of Il iydroplI) lic clt ure ill

the trotpics mttat lbe (iluite si ilar to tlose tise(t in tenitpet'itte Tlhe principle tlisat\vaIltatt 's of bt\lro0ol0lics, relatixe to coui-
re giOllS0 gr(eelittuse stri'tctues thlem]]selxes antt i ietlio(Is ot veittimial opelI-field agtricgilt'i' r I tr ie (CUFA). are the Iiilg costs of

etirotinittittal etttrotl camll (liff'e- rgettlx- eapitial amtld em erg' ittpuits. tit(d the high tdegiee t ofinam tge nieiit

Hydropouit's is it te lm oloLi f gor rowxill" plants ill ilutrielit skills reqtuiri'etl foi st cc'ssftil pro(thictitit. Capital costs maxEv lbt

sol ution s (water am dc fer'tilizetrs) xci tI or x\itihttt tihe use of lil especiall excessive if' tlte striwctires ztie artifticialIx heated amt1d

artificial 11citelitie.g saild,l. gravel verttmic'mtlite- rock-voolh pteat txaptmt'ortivel c()(tletbN libit tint1 patl s-stemtts systemIs of emtxi-
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ronimental control xvhich are niot aiwxavs neeclecl in tle tropics. In a ni it rienit filliJi sstem a tlin film of nu11trient solution floxs
Workers miulst he 11ighlyn competenit in plant scienice anidl eng(i- throiugh plastic linled chaniiiels, xvhich contain the plant roots.
neering skills. Because of its significantlNv higher costs, success- The wialls of' the chliaininels are flexible: this perniits thlem to he
ftll akpplications of' Incii opollic technology are linlite(d to clops of drawxn toiuetbier around(l the base of' eichi plaiit. excludin: linht
hiiglh economic vialte to specific regions, andl often confinedl to an(l preventina evaporatioi. Tue nmain featiur-es of' a nuitrienit
specific tinies of'the yearo wheni com iparalie ()FA is not feasible. filmn systeml are ill_sttrated in Fi,ruire i 6r

Because with C EA capital costs are so nich higiler thian fOr Nn'trienit solutioni is pninmpedl to the higher en(i oifeiach chiani-
OFA, it is econoric.allNl rational to (grox onlN a fewv foodl crops. iel and flows bv gravity pist thle plant roots to catchmilleit pip)es
Fiel(d crops are totallx\ inapl)rol)riate. A diecadle ago, it wvas cal- and a sinup. The solutioni is nioniitoredl for replenishienlit of
cildate(l that the hiig hest ia rnket prices ever pai(d wvouildl have to salts andl vater before it is recyclel. Capillar niaterial in thle
increaLse bv a ftlctor of five tor hyxIroponic aigroniomiys to hreak chianinel prevenits voting plants from ilrv1-ing( olit adlll the roots
even. Since then,L CEA costs have niore thatn dolouhled. wxhile soon growv into a tangled imat.
crop coniiniolitv prices have remiaitinied1 coinstant. Indeedl, in thle A principlle alvantage of'the NFT svstenii in coiiiiarisioli x\vitli
Unitec States, open-field( agronomiic crops are iusuially ill siir- othiers is that it re(pliii-es inodih less llutr-ienlt solutioni. It is t i-ere-
ph is, an(d a significant percenta(ge of the aVailable cropland is ftre easier to lheat the soliitioni dturing winter noioitlis. to obitaill
dlelihei'atelv idle(l. RepeateCd pricing stuidlies have shiowin thatt optimiui teniperatiui-es for root growvth, and- to co i it (uirimig
only Iigl -(h ial itv. gardlen type vegetahles - toImlatoes, cuticill- hot Sunliuiiers in ariCI oI tropical regions. therehy avoidling thle
hers. aitil specialty lettice - can provide hircak evell or better holtinn, of' lettuce andl other- uindcesi rable plauiit responses.

revelilnes ill hv(lropoilic systenis. Tlhese are. in fact, virttually the Redu-ceid voiluies arc also eitsier to xvork witl i if it is necessarv
onilv 1li\dropoiic ( EA foodl crops giroxxuv todlay in the tUn1ited to treat the niuitrient soluitiOii for disease coitrol. A coliliplete
StLtes. In Etirope and Jappaln these vegetaibles. at itl eggplillit, (lescriptioin on the (lesigri itIId operatiO)iii ii Ln NFT sxstelil is

pper's. ii ieloiis, straxwherries. ian-d lcrbs' are grox\n coinmer- pu)blishledl in Horticiilti iral Rc\ie\xv xioi in 7. )ii ges 1-44.

ciialy in li\ d(roponic systeis. Following ar-e adlditiondal coninents ii oportaiit to the (lesi(gil of
NFT systemis for thie tropics.

Liquid (nonaggregate) Hydroponic Systems. BN> their- The channels shotul(d iiot lie greater thlian 15-20f ii in length. In
llatire, li(tuidl svsteiis are clise(l systeins in wvhich the planit a level grreenhouise. lo ger ri ins ecoildl restrict tile heiglt atail-
rioots ari( (liirectlc-v exposed to the miiitrien t soltitioi. vitlh ino othel i' ale l'or plant grotli shice tllie slo Ii pei tite Ch'iattieI usnlials hias
uirO\ixV( ie(diuim, ain( the soltftion is reuise(l. i dhrop of 1 in 5() to I in 75. Longer iuiis anr(l/or charnels, with

less slope. Iliav acccnttiiat' proh1leiis of poor soilutioii aeration.
Nutrient Film Technique (NFT). Tlr ic uitriemit fil in tech- To isstire goo(l acratioi, the iii ttrieiit soliitioniicoiil(l.lie iiitiio-

li(ptie x\as (evelopel (hiiritig the lIate 1960's biy Dr. Allan i (iicee(di itietmchannels at txvo oir thiee points aloing tie lenigti. The
Ciooper at the (Classliouise Crops h3esea-rcli I istititte in floiis of niutrienit soittioiin ilto each channel sliotl(hl he 2-:3 liters
Littelehaiiptoin Engat al (\Winsor et al. 1979); a inilliber of stli- per ii iiniite (lepen(ling on the oxx(geni conitent of the solitioii.
se(iiucoit refieniuecnts 1ha\e been (develope(l at the samnle inlstitui- Tie malliXilmlnoll) telmll)eCraltiire of tile iiiutriieit is :30)iC(
tioii (;i'x-es 198:3). NFT has giveni rise to several nilo(litie(d svs- Teinperatities lhiixe :3OC-Y \vill adverselk affect tie aiioiii it of
tenils atll i app)eais to(lda to ibe tIle most rapicdlv -. oiing th-pe of dlissolve(d oxygen ini the soltitioi. Ther-e shiouil(l he approxiia ite-
lihi(i hylld-opollic syste ll. l .5 pp in oi' iiire. especiallx\ iln tiLiat liltriteit soblitiolnl ivoi lg

Figure 26. MNain features of a nutrienit film hydlroponic system

I pH controller 9 pH C ard cF sensors
= 0) < 16 sv 2 Ternperalureconlroller 10 water suPpply t -4

11 {31t e m 6i ~~~~~~~3 Salinity controller 11 Heahing co I it;r
3*lfi ffi -[ < X 8ll ^xW ~~4-6 Stock solution pumps 12 Circl,lahnlg pumnps tti

\1S Gu~~~~~~~~~~~4Rokolcuber e 16 Capllary- mati ng/)
\\ \ -< ~~~~~~~15. Gully liner 17 Insula Mon\- /

\ ~~~~~~~~~~~~~~~~~~18 Metal.rug 
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of the coincrete %as pal iited with el)(xv
_resini to isolate it folmii tile nittrie it soliitioi.
In SuCh anil instil1latioll in (Cliesli int,
England (Jensen 19S2). 4 ha of' tonic.ete
NFT channels have permiutted a hii ll
tdegrceeI of iechanliza tionl Ill fi lt 1111iii nll

harvestilng. with resiiltill(f loer prodlwctioi
costs (s. 145/iead in SuLminer $.270/head ii
winter, hi(gier (Iie to heatilln costs).

Mlot vablfe C/ l Chans . In z a modified N FT sv s-
ti im first p)roposedi ihv Prinice cl al. (1981)
for lettuce procductioit the Cihaimels cai he
sp read apart iii respollse to plant growth
and size. This %ariali plant spacing tech-

iii( pie a:xi izes spaire utilizatioi and le af'
interceptioin of radiation. There are liiiiiteri
uises o(' this systel inl Canlada aiid tine

9_ _l ~~~~~~~~~~~~~~~~~Ul)ltedl States.
fomnoato productiorn using the nutrient finm technique, a growing rmethod developed in England NiM ahibe beliclles covered wkith coruglat-

u(i shieets have heei uisedl as lettiuce planti-
over tile root mllat iln tile c iaillel. ig trmighs in soime expe1im11en ts iii tie lUited States aold

In tropical regionis it is imporliltanit tlhat the cihainels he col- [)enim ark. Plants are set ii the corr gatioiis tirong1 iwli wiclh
ired \vhbite iii iiidei to in iti rate tile p rotbielies ofIi heat huildi-uop iiti-ietiit sotiitioIn floivsi . at close intervals wheti vomii , and

f'roiii direct s io igligt. Noriliall\ a white oii 1black pilastic is ilse(t spiread oiit iS oiole giowiilng spite is needled. Benches are 11'ov-

for the channels. High air temliperatures are ol-lilloll ill the able to allow access to griolinilg( areas.
tropics An N FT s\steim mait' penlmit economiciri l cooling ot' Flat sieets of expaided pok stvreie. approxii iatckl2if) x 4 Ill
planlt roots. avoidhiiig tliie inore expelnsive eoolilg of the entire x 2.5 ciii, which ilcii he tratisiporte(il on nis ahle henches, iiave
greeilhouise aterial temi'iperatiire. bee l used folr letttuce production h- V arleY nitd BISrrage ( 19] ).

III researcih coniducted by jeis sen (1985). it Wa;s fo-Ilid that The sheets, ftraied in wood, are covered with llastic filol to
root teillperatuIres of lettuce iiiiist ihot excee(l 20_(C' especially tornit a wi(le water tro igh: addition;al pllsostvrt te sheets (lille(c
whni aerial temiipe-ratur-es are 3 2_-:35i(C or grelter. t(* a\oid the with hloles I ir lettuce seedtlilags i2 0/m ) arie fitted into the
probllemil of holtiln (forimatioii of seed stalk). Cooling the niutri- trougtis. This svstemil ias beeni f'liithew siimiplified ill a Dutchl
eltt soliutioin draillatically' reidch es holtiing am(i lessciis the iuiti- ap)l)hiittiii.
den ce of thle ftilnguls Fqtli mni r ip/uid cl-matu,l ilich it lso S06i i ppers (N1)S2) I iis sti ggeste(l thiiat toiJilato and cuciiibo er
a.ffects the estal isisihmenut atlIl sic1ld tI iilytlipollic tollmito mid )'roduhction couiltl le illatxiilized ilil a lililited M-ea bl Iil(oLItiIg

il Itlillnbter (ro1 p1S. chaililtls oii casteis alld airall(rillg tile l i til v out initermilleiate
Ii 198:3, ttic capital (clst if ani N FT'' (rrosing svstci 1i 'xits esti- patiiwvavs. Tilis 'oild ilncrcase paillt (IHlsith) li Ip 1li)' ixIllatel4

iiated at $81 0)00)/ha. (wiot incliditig tile
cost of olistriictioll laior anti tIe g1ree i- -_

hliose eticlositig the system); the ahinl
iiTer'atilig cost wits $0_)2 000/hi aii Os =
1)8:3) fi)r 'eplaceiment of' plastic trotil is
alld( otAl(er item ls. Ifigh iistallatioll costs al(ld06_
tilt iintrmi'lltilm oiii' rockwoiii have dlitnini- L'a i44
ishied the pl)piidaril* lit' NFT. .. I 3 4

A 

NIOfloi'edl N\FT.

ios, ;t Coii''c. ( ott-ruing a gh'T-eiiiimse

llomr tith ciast conct rte shaped I itiOi NIFT
haliinels is oite t>jl-) (If iio(dii'ie(l N FT s s-

teiili (Capital iuivistillm-it is 1iigi-. }i iit
maliilltenallcelt( is reduced('l comparedLi't'er\t];1IV S.

stail itlari Svs t('iii. lil ia t\y)ical inistallaitionh tOI'

sc-ia-nillt d i 1 -ttiuc'c priodtiictilii (Limdi(

1977). tilt- cii'ertc \\tas fh'oIr-Id ilitoi partl-
it- (cliactilicls 10 ciii tidle, 72.5 c( ildeeil. aitt
4;5 ,,; 10,,g. 011 a slope Of I tO 5t). Thet sii rldct- Lettsce prodoctiojn i(r a modified NPFT system vs-itd shcoo/o t'o hs.ms of cost coocrete.
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Figure 27. Lettuce production in modified NFT system with movable belts in troughs stacked twv high

25 \1Xlten c-ilttoral operatiojis are reuidred. Ainaitiels fiayv be are (ronWil in :35-cut-wvidle NFT chlaitiels durinr sprilngr, sutmll-
nrove(l and( separated to cr-eatte a patlhwvay. mer-. ani( tall: doub)le rowVs of lettuce. celery, or (Chillese cab-

Giaoinrielli dexelopecl a desiLgn iat Iinitgrers UniivcrsitN for hage are grown iin the saiiie tr(o ,l cls tdurin(r winter llont s.

platiitiig tomtatoes in flexible plastic tithes si spenle(ld l)v a Inov-
able systemi (Giacomielli et (it. 1982), tlhuis transferling theE Pipte Systetnis. An A-fritiaie svsten (levelolpe(d by Morgaini aild Tan
\veigltt of thte rowvs to greenilouise stitetiral itienil)ers. Suiell (1982) provi(les for higlh-dlensity lettuce production. Seeilings
easil1 maovedl rows \voil(l permfit close spacing of voiincr plants are pllaiite(l in slopfiig (drop of I in 30) plastic tites, :30 mill in
andl wvidler spacing as plaits matire. wvith aL potential 25 percenit (liani eter, arrianige(l in lhorizontail tiers resemrlblinga A-fr-am1es in
inc-rease in annuatl \ield per uniit al-ea of greenhliouse space. (nd(-iew. This system.i (levelopedl fOr vise with Dutch Veenlo

Vaan Os (198:3) hlas describecl a comtipletely mlechanlized NFT glassl110ses ef, ectivel\- do(10ubles the lusable growing siurface anl
svstemi to p-rodltice etit chirvsanthleemiti ns: ni l)bile plarntinia tables accommimodates a planit Ilensihty of 44)/mi Anothter A-fr;amne sxystem
or -trazisporters'' a]re movedl froi) roiom to rooml tot- plaintin, of tieiecl N FT cianne ls, (levelope(d for strawberry pro(di-ction, is
grro\ving. ancl mlitchinie liarvestinr . with a re duicel nimitiber of reporte(d to facilitate spra\ing aml picking witl qIllick cr-op turil-
ititerioir patlhways. Potter anldI Sims (197,5) hiave also referredf to arotnil ancd redliteedl labor re(qiri itenits (Whlite, 1980).
a sYsteiti of itiovable chanitnels for stuch crops. Schippers (1978) developed a vertical pipe svstemi in fwilich1

sutiall-dlianictet- plastic pipes. 13 in loig. are suispenidecl ivh over-
Afoiieironippili. In Hollani1d, iesearicl enginieers at \Vaygeliiligent hlea(d Wilres above a ntttr-ieitt solution-collectine ciannel.
are Utsiti( NFT in a svsteiit to iiili1ticrop lettice with ("EA toimal- Geritiniated lettiice plaints are s(qtueezed into lholes (20-28/pipe)
toes. The svstein is iiorniavlv usecl to grov tomattoes. but dilt-iiig in the sides of the tlthes, and( iiitrienit soliution is pumlped1 into
wilnter montils, ad(litionial 25-cm-wvidle troulghs in each bav of the top) otf'eicli pipe to (rip (lowni thirotirl the tithing alln planit
the greenh( uise itre itsecl to pro(liiee aiitotilate(d-liarvest NFT roots A siitnilart svstein witli alit liilliliti il-i-igatiol pipilng lias

lettice. The hleads ate platitedl thiroiw1g lholes in a flexible plas- beet vise(d in Isralel to produie vegetables avld floweers. Vertical
tic utiaterial that covers each trough. At harvest, a wvinching NFT systems i sing plastic or altli illt]vim pipinga vre relativelv
milachine puills the covering maitterial. letttLce anlI all, tip an costly, anid they have niot lbcen ai(lelvit(loptdl ill c-(itItt(nrCial
inc-line to be rolled Up Olm a spool: as tllc plastic illoves lipslope operatioiis.
toward the wincll, a cutttimig mnechainiisimi seveis lettuce hieia(ds
front roots. The lettiuce m1oves otf'o n a conveor belt to\vardl the A)tltg Belts. To mutaximiize lettluce produ,1c tion ill a limilited alea,
piack-ing statioit, as the r oots are remroved on a ditffer-ent cottvev- \Wlittaker Agmri-Svsteinis (de-e\lope(l a lIngtiV 11itteIallizeCl NFT
or afl(l the plitstic- over is slo\ly wo l ii) oii the dlrlill (1etisell sNstem (Rogrers, 198:3) in a 0)8-1ia CEA com1plex in Califoriiia.
19;2). Tweitv-(dav-ol1c seecilinas are tratlsplailtedl iito iiniovable belts

Siuiilar, if less mechliatiizecl, intiltic-ropping systemis hlave hoeel ill NFT tiouiglts stacked two I igh ancl1d viechanic-alv hiarvested
developed iii Eviglawitcl (Starkey 19Sf). Tomiatoes ol ctclilltbers after 19-:35 (lays of growfti: conivevolr beltstrisp(Itthelethice
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Figure 28. System layout of floating hvdroponics at Ohkubo Engei

SeedUing 1nst
\ ~~~~oxygen supply pip

Air Intake Nutrient OOIUtiOfl

circulatoni PumP

Seihng h Pl ng

Styren ff m. Culure bed Oygon supply Pipe Suction pat

to packing:o stations and refrigeratedl storage. The tipper tiers or shaped tanks linecl with plastic. Those cleveloped byV Jensein
troughs obviously shade out plants on the lower tiers., cauising (1985) imeasure(d 4 m x 70 m, and :30 cm deep. The nutrielit
somie re(ltiction in yield aind qualitv of the latter: this effect solution was moniitored, replenished, recirculated, andl aerate(l.
could be reducedl by eliminiatinig some of the upper- tiers to per- Rectangular tanks have tvo (listioc-t advanitages: the nutrienit
iit iore radiation to enter This capital-intensive svstem is not pools are frictionless conveyor belts for planting and harvesting

vet in widespread use; its economic viabilitv remliainis to be movable floats, and the plants are spi-ead in a single horizonital
demionstiated. plane for maIllximiluIml interceptioni of sunligit. In the Arizona tri-

A self-contained CEA modiule callecl the Ruthner- Systenm is als. four comimlercial cultivars of lettice were growin in the
being marketed in Austria. Two vertical conveyor belts move floats: a short-day leafv type ('Waldemann's Green') and( thiee
witilin a prefabricated, artificiallv lighted steel structtire that is cultivars of sumimiller buitterhead ('Ostinata', ;Salina', and
insuilatedI and lined with reflective material. Plants are miove(1 'Sumimiler Bibb'). In comilpatrinig these cultivars to simnilar thpes
up anil dowin within a three-dimensional light grid andl supplied growli unlder- OFA thev exhibited the best tolerance to boltinic
with nutrienit solutioni at the bottom of the unit As is the case tip-burn, and( bitterness, comi-moni physiological disorders whici
withi earlier CEA systems based totally on artificial lighit are comnmoni in warimer climates such as the tropics.
sources, it is difficult, despite marketinig claims, to imagine a Two- to thiee-week-old seedIlings were transplanitetl to holes
competitive advantage for suchi an energoy-intensive technology in the 2.5 cim thick plastic (polystvrene) floats in staggered rows
in the everyday world, with approximately ;30 cm/plait. (The original idea was to plant

more heads with narrower spacings an(l to transfer themil in
Deep Flow Hydroponics. In 19f76. a method for groinig a mid-growout to floatswith fewer lioles aid wider spacilgs. This
niumber of heads of lettuce or othier leafy vegetables on a float- concept was modeled but not executed.) Under the high ligiht
ing raft of' expanded plastic was develop)edl independently by condlitions of Arizoia, racewa griowoit timie to harvest was 4-6
jenseni (1980) in Arizona anid Massantini (197 6) in Italv. Large- weeks. As a crop of several floats was harvested froim one encl
scale production facilities (Figure 28) are now 'ommnnnoi andl are of a raceway, new floats with transplants were intro(iuced at the
quite popular in Japan (Jensen 1989). In the Caribbean, lettice other end. Long lines of' floats with grow\ing lettice wer-e movecl
productioni lias been made possible by combining this system of easily withi the touc h of a finger.
hydroponiics with cooling the nutrient solition, whiich stops the cGrowthi rates of all cultivars correlated positively with levels
boltilig of lettuice. of available light. This correlationi held to the highest levels

The production systeml consists of' horizontal, rectangular- measured, even though radiation levels in the Arizona (lesert
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are tvo to three times that of more temper-
ate climates (Glenn 1984). This finding was
surprising, since OFA lettuce is saturated
by relatively low levels of light, and growth
is inhibited as radiation increases. In addi-
tion, in other regions greenhouse lettuce is
usually regarded as a cool-season crop.

A further finding was that crops grown
during autumn, wvhen daylight hours are
decreasing, used available light two to three
tines more efficiently than winter or spring
crops. Daytime air temperatures also corre-
lated positively' with growth; therefore, fall
crops, grown under higher temperatures,
were more efficient than spring crops.
(However, during the summer monsoon
season wlhen evaporative cooling systems
are ineffective, the combinationi of high-
temperature and high light levels caused
lettuce to bolt. Chilling the nutrient solu- In Norway, the interception of sunlight is maximized in the deep flow hydroponic system
tion reduced bolting.) The best predictor of developed by the University of Anzono, Tucson.
lettuce growth in the prototype raceway
system was the product of daytime temperature and the log of effective in
radiation (Glenn 1984). Norway (Lawson 1982). (Sealing the heads in a C0 2 atmos-

Concurrent wvith the operation and modification of the race- phere had no apparent beneficial effect.) The lettuce was also
way production systems, packaging and marketing experiments sealed with the roots intact, as researchers at General Mills
were conducted. Packaging individual heads in air-sealed plas- (Mermelstein 1980) had reported, such packaging keeps plants
tic bags extended shelf-life up to three weeks and provided pro- alive and unwilted for extended periods. This procedure has
tection during transportation. This procedure has also been also been used by ICI in England (Shakesshaft 1981). In the

Arizona experiments, however,
the roots-on package did not

Figure 29. Main components of the DRF hydroponic system appear to increase shelf-life,
tripled the cost of preparation

and packing, increased product
volume and weight for trans-
portation, and was not particu-

larly popular with wholesalers
or retailers.Q ~~~~~~Deep flow hiydroponics for
lettuce production is technically
sound but uneconomical in the
United States, because lettuce

2 ~~~~~~~~~~~~can be growvn year rounid in the
> 9 < -3 { < open field at less cost per unit.

Such a system- mnay be better
suited to tropical regions, where

XjX X ffi D local open field production does
not occur during the warmer
months. In these areas, such
production svstems, in combi-
nation with root cooling, cer-98 E 7 > || §-1 24 tainly deserve consideration.

5 9 11 D Dynamic Root Floating1 Hydroponic System (DRF).
1This system of hydroponics is
similar to the deep flow lhvdro-

1. pipe house 2. culture bed 3. aspirator 4. pump 5. reservoir 6. nutnent level adjuster 7. nutrient ponic system but is designed
exchange box 8. panel 9. nutrient outlet plug 10. upper nutnent tank I 1 lower nutnent tank 12. float- specifically for hot, tropical
ing switch.
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regions. The major difference is the air space provided between polyethylene net. proxiding 40% shade, is installed 10 cm above
the polystyrene growboard and the level of nutrient solution the plastic house.
mainitainied in the gutter of the culture bed. Small, fluffy feed- Because few, if any, chemical pesticides are used, horticul-
er roots, which develop in the air space, are able to absorb tural products are most often free of any chemical residue.
muclh of the plant's necessary oxygen requirements, as opposed Products also exhibit fewer problems of insects and disease.
to roots in the nutrient solution wlhich is often low in dissolved There are currently 70 DRF hydroponic installations in Taiwan
ox\a\cen. Once the temperature of the solution rises above of 25- covering more than 10 hectares. Interest in the DRF hvdro-
36(c, it becomes increasingly difficult to maintain the neces- ponic system has extended to Thailand, Malaysia and Singapore
sari dissolved oxygen in the solution. This method of providing (Kao 1990).
optimum oxygen levels to the plant may be more economical The economic feasibility of the DRF system appears promis-
thani chilling the nutrient solutions to temperatures below ing. In Taiwan, the capital cost of the hydroponic system,
250C. (To date, there has not been a cost comparison made excluding the greenhouse, is $116,000/ha. The pipe greenhouse
between the DRF system and deep flow hydroponics wlhere the itself is an additional $208,000/ha. Economic return approxi-
nutrient solution is cooled.) mates an annual net profit of over $100,000 per hectare.

In Taiwvan, the dynamic root floating method has been cou-
pled wxith a low-cost growing structure. This system of protect- Aeroponics. In an unusual application of closed system hydro-
ed agriculture is recommended for growing regions that experi- ponies, plants are growvn in holes in panels of expanded poly-
ence a higlh number of typhoons, heavy rainfall, high temllpera- styrene or other material. The plant roots are suspended in
tures, and higlh insect populations (Kao 1990). The DRF hydro- midair beneath the panel and enclosed in a spraying box
ponic system was designed to include a gltter-shaped culture (Figure 58). The box is sealed so that the roots are in darkness
bed, an aspirator, nutrient level adjuster. nutrient exchange box (to inhibit algal growth) and in saturation humidity. A misting
and a nutrient concentration controller plus a typhoon-proof system sprays the nutrient solution over the roots periodically.
low heiglht plastic film greenhouse (Figure 29). The system is normally turned on for only a few seconds every

The framework of the typhoon-proof low heiglht plastic 2-3 minutes. This is sufficient to keep roots moist and the nutri-
greenhouse is made of galvanized tubular iron pipe. The stan- ent solution aerated. Svstems were developed by Jensen in
dard size of the plastic house is 2.13 in xide, 1.80 m high and Arizona for lettuce,spinach, and even tomatoes, although the
.2 m in length. The length of the structure may be enlarged latter was judged not to be economically viable (Jensen and

depending on the market demand of the produce grown. In Collins 1985). In fact, there are no known large-scale commer-
Taiwan, the roof of the greenhouse is covered with a dewv-resis- cial aeroponic operations in the United States, although several
tant transparent PVC plastic film to prevent rain water from small companies market systems for home use.
comlinlg in contact vith the horticultural crop. On the sides of The A-frame aeroponic system developed in Arizona for low,
the house, a wlhite polyethylene plastic net prevents entry of leafy crops may be feasible for commercial food production.
insects. WN'hen greenhouse temperatures exceed 30°C, a black Insi(le a CEA structure, these frames are oriented wvith the

inclined slope facing east-west. The
expanded plastic panels are standard

Figure 30. Aeroponic A-frame unit, developed at the University of Arizona, size (1.2 m x 2.4 m), mounted length-
makes better use of greenhouse space wise, and spread 1.2 m at the base to

form an end view equilateral triangle.
The A-frame rests atop a panel-sized
watertight box, 25 cm deep, wlich
contains the nutrient solution and
misting equipment (Jensen and
Collins 1985). Young transplants in
small cubes of growing medium are
inserted into holes in the panels,
which are spaced at intervals of 18 cm

STYRO:okM PANEL on center. The roots are suspended in
the enclosed air space and misted
i,vith nutrient solution as described

previously.
4 ft An apparent disadvantage of such a

u 54,- ' i. @ - : :. 2 1 i 0. >': . i svstem is uneven growvth resulting
from variations in light intensity on
the inclined crops. An advantage of
ttlis technique for CEA lettuce or

! ARPLASTIC LINER NLnRTN1 SOLUTIC*J MIMT .. spiniaclh prodluction is that twvice as
|many plants may be accommodated
per unit of floor area as in other sys-

S'mre: (Jvrnsn aid GC,/i/ns 1985) tems; i.e.. as with vine crops, the
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cubic volumile of thie greenilouse is Figure 31. Nutrient introduction in an open hydroponic system. Plan A uses a
l)etter Lltilized. Unlike the small test fertilizer proportioner; Plan B uses a sump mixing tank.
svsteims deseribedl here, larger planti-
ngs could utilize A-fraimes more than -

30( m in lenitl. sitting atop a simple.
slopedc trough that collects and dr-ainis
the nutrient solution to a central
suinp. Greeniholiuses couldl be
designed to be miuelh lower- in height
(Figure :3(0).

Another potential coili]mllercial /uMP
application of aerop)onics. in adIclitioni MT a
to tile pr oducltion of eafy vegetables TILTER AUTOMATIC

in locationis withi extreme space ___I __AOICNTROL

and/or weiuht resttictions is the root-
ing of' foliage plant euttings. Such a Pa e

irootino,> svstemil works well to coi(ltrolo PLYu auer CouCa m A TA 

foliage diseases, and is especially
imlportanit if export requiremients die- PA A SA D

tate that r-oots of cuttings be soil-free
at the timie of shipping. WWhile the clit-
tings reqnii-e heavy shiading at tlhe
time of' rooting. overhead misting is

not reqiiirel. This greatly reuciiees the
prol)le1is of fuIngal dliseatses and the
leaclhing of nutrienits from the foliage
of the cuttings Open Systems. In miost openi hydroponic systemirs excess nutri-

ent solution is recovered; however, the surplus is not recyeled
Aggregate Hydroponic Systems. In aggregate hydroponic to the plants, but is disposed of in ex-aporationi pond(ls or used to
systems, a solid, inert maediuimnI proxides support for the plants. irrigate adjacent lanidiscape plantings or windbreaks. Because
As in liquiid svstems, the nutrient soltution is deliveredl directly the nutrient solutionI is not recycledl such open systcms are less
to tile lAanit roots. Aggregaite systems maya be either open or sensitive to the comnposition of the mediiium uisedl or to the sailin-
closed, depending on whether surplus amoutnts of the solutioni ity of the wiater. These fatctors have gener-ated experinienits with
are to he recover-ed ancl renisecl. Open svstems do not recycJe a icde range of growiing mediia an(l the developmenit of mior-e
the nutrient soliutioni; closecl svstemis dc. cost-efficienit dlesignis for containing them. In addition to wicle

growinig bedIs in which a sandc mediuimil is

Figure 32. Open aggregate system using above ground, water-proofed spread aci-oss the entire greenhouse floor.
troughs and drip irrigation oPemi sYstems ma>- us trog,.triches.

bags, anid slabs of por-ous hiorticultutral gr-ade
- - rockxvool.

Fertilizers muay be fed intO the proportioil-
WG bOLUTlON suP - eis (Fig(ur-e :31 Plan A) or miaiy be imiixedl wxith

= =SuZlt -._- >- -_--= -. the irrigation water in a large tank or suimp
- < D (Figure 31, Plitia B). Irrigation is usually pro-

_ rtrmellllllcl throlrih ia timiie clock. In larger

installations, solenloi(d valves ale IiSecl to irri-
gate onl one section of a (reenilho:use at a

~~kl?,~C -. imie. This p)erinits the tise of' smialler sizedI
-iechanical systemis.

- . . ..Tr-ougil or Trench Cultuirv. Somie open
aoTtireoiate systemis involIve relatively narrow

grroxcil)ig beds, either as above aroi md trouglis

(Fi(gume :32 r s' i1ibgrade treniches. whichleer
NUTRIENT F t 6 g < / ttlare Ire nr eonomi ic-al to ConsItrut at a a (ri\( i

TANK\| J < site. In both cases, the beds of gr-owinig miedlia
are separated froii the rest of the ,reen-
ilioise floor- amid c-onItirield vithlin waterpruuoof
muaterials. For citse of (lescription, this sv\steni
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The bag's m ax be oisedi for- at leaist txxo xeairs
at i are mutih easier and less c ostIN to ste tinl

Sterilize thail thatre soilh.
T ie -Iat -ar tpiciaiv mit o e o f UV\resis-

tan Ifoxt p Ied enlet te axe at lblack itie t ioii inid(

wviil last in a C'FA etirxititi ne t t'ot txvt x its.

Tij in xtenior of the bag~ shiotild( lx xvi tie inl

deserts at d other rc,.ionis of high light le\ els
this 'xiirel ec radialtion and inhibit heatiti i 
of tl e gro x0 yi-igInedinui. Cotie rsel. at dark-
er- exterior it 1aAtr is pre-terailte in ntt rthernt
lO\x-1iight latitudeIS to abSorbh Wititer- heat.

Bags used I 0 h In iirizi it ital apphl eatit t s arte
lisnalix .50-7(1 liters in eatpac-h. ( >owxii i

Itlediait [0r bag eutmtttt itlitile peat.xt ttt

etlt.or at n-ombllitatinal iii Ioth. to xxlic-l
itiax be added polx s\\ tint(l 1bCetdlS smalld
waiSte pieces ii piohstxrvene. ir perlite to

redunce the to tal c-iost. fin Scotalantd. pitt- pet-
J)miet.!ogr v/ti;Q tomeltoes, cite t!ho 0tvcin'CL)errc Cc"n!: ret( resl Nil lF.We aCt/i nbea. toifls §6-se-: '- r{/C<,~~~ClD! / lift' i's lieitg tiseid itt-etitmitIis Iti

61121 otog. D&iinitinir. plitLc'i'il ltwizo' idiittlx. basitt" sei'tu iii

c-ilds tilt -ti- Iwit-_g il-il (I \\tIltd tilt.dil ill.

will bei i-clerted loitas tttl-(,i etilltitte. It iS benef41icilttenr 0CV theetieforx t~x u'tIWC1Iilt-.-

( itc- itc-hs beeti tritditioitllxI ti'setd t'ot c'iltstttctiiiit of Pwr- tilt. th ielon- plaritgl( theC bag(S. [eIIS( ei letIMInsti'~Ctte x~i l
Ilitia t-it triiligh insttallatioins. (Sntttetittie.s it is c-miered \ith ait trtoglih ettt1tire ill Newv Jerse th;it 6% iftt le raldititioni htilln

itier-t paint or eptis t-esitt Filwirdass. ot. pxitbitattd ctixered \xitlt (IIi a whIite- pltistic Ilittr is reflec-ted lurk tilt tti (Iwt plants coin-
ite'ls.iS alSoi Used. Poktix-txeie 'l3lti- alt least 0.01 c-itt inl piared \xitlh iss thinii *1% of the light strikittg 1 ate siltjF icite

thill-iess. is mtix c-ttttilxmm used tio reditce crosts. The film,iis isi- andc Ci iollitis I 9S5r. Stirli cit e eritig, illiiax also ii dlitc wit fi c
allx iicli d tible lax ers tot axoid leakage Kpiholt les ill eith er aver bitt iditx andt tI e inteideiire oiisot me luittgtill tist-atsu

w\ill seldcl miiim tchl tip is plicedl attop a saitl]( bise atndi Supporit- Plitted rtiws iiiIbag(s arev usual1l placed flat. 1.5 Ill il.t itt h-It
c-i livN eithc-r pltttks- Caibles. tir 'oticret- hicwks. reitttcr ti iceiltttr \\ith siiiie Sepatration lbetxxeeii bagyx- i.c earli

Thte SizeC andi shltpe ol tlwi g(nitx l,t Iw tel tire tli-;ted klv bor rti mttx is end(-ti -ettl. Tltis is thte titirtital nrwxx sparting Io]- x lettet.-

t'tflkitetwicsir'tather thimt b\ igtti-ii ailt liitlotigicitl c iii- tIdes. ltle)(s tie tlitadi ill tlhe lippet sitifitwe 01 ealct lt Or l thec
strairdts. \Vitt - citps stic-i ;is titituitties~ tisliitllx itiv nxi ill iitttiitletiotiit iii ftrim pii 1tts. miii t )sxtsttiltl slits ate mal;de tixi oti

ti-so figl tprstid - ittorigli liii ittulx txttlir\ stitt pItis Iis p1 ii iiits ial sto C;Wh bi I it" I t'0( epiIcacing. Lstitc-oi mtisutr His ititrs MlVc-i

itt-i- t-itisdi-ll ()i w\ttt dtxlitit \\xx .ii c-iltis. wNith al tlidpoilt it it x tkir tlac-i-d xertic-illx wxitli tpt it ttops but'- sinlle-pilatt gtiuxxirtgw. Tlc-sc-

tIe it- ipN i gtinit it iwdii:tl tittoit 25 ciim is a t \pic al mii iti ii mii. Ilii WitaLi i less xi itIi x 15ii ii ioistt ic-.

ret1ttie cItse atteitiitiol tit iuTigtititL 1 ittiori -s. I xi gh Of the bed ii ig frtiti tlte t lii it sipplx hue tio c-aclt plat its. ret-utiiteile dt-il.
is limuiteci tolx lix tliw c-tipabilits I&i tltei it-ig:_FItit II ssstc-i, it.xitic-h i tants gtx i ltg li I ughi-lighit. htigh-tIl-t pc-LiIttItre citilditittiS iswll

planttt mid bv> Ithi ticeil10 latihieratl xxtkx 0ie ii \ork aec-iss. A the bIttoittti oi thl bat- utg i- liucdfititi iSlhoutld li.evi-x iititecd t fteti.
t\1pical-il bd eli-gth is itlhuitt 35 mt. Thic sltipe- Sholdttti liti- a drtip atiid it is litst tto et-t- i)1tti ti- \ict Sicde-.

ofa ~t least IS c-itt pc-ir :3.5 itt liir goi id drtiititiwc- tlut -e solitlid leit- alThe tittst ciii li Htlk gtro\\ It c-irtps ill I i 1tgcitltiv i- ae toliI tiwts

xx-ll-pc-nthrtited ilt-aiiul pipi-it Vilgr-ic-ltui'llrxl tic-c-tptlilble Itiati-tial titti( t-ttc-uitttltt-s. its well as c-lit loxt-is. Whtt-i tttiltities itut

itisictle the buottlitto f dthe trtuilwh. ble attiti thti gi-tvissit titwi-cliutt. (it_xxH, ctiltl tiig, is isc-i tot' tx\it citijus p)c' \i-ti l'i-ii tt leaist 2
1tcCtiutst', iipc-11 SxStctIIIS itt-c less setiSitixe- tliaiti c-lsedc ,~sxsletus xcL-ttS. It ltas IR it t sc-I itcc 't-sttblislheci htti"' itlittix p 11\ 

c-ttlftre. TxNpic-tal tmchil in-Iitld- saitil vt-ttiic-ttlitc- stiiltdist. pet- tititle- t atttt-t11iuihin itt ti1 e'StitititecLl Ciu.st tIF Ic`ts thtil.t $ tI,t )`ilt~.
Ii te. pt-aLtII tiius s, niixttItIes ofi pc-tit ~tild xitti- ttl [ielt-I ii t dt 1 satu xxL I \iIlt I 'Fhelit-ts- tuf I)ltig ('titltrtc is gt-tttht dcpenduentt (itti tllte aixailtilhitxN

pt-titt x- teitnic-lilte. ttidc cost ott gr-tuwitig itediia. Tit imlpotrt suchi MaiLtetitiS C-itII lc
c-i(iSt prin tl ibitixi-

Bow (ut/ture. Bag' cttltttlrc is Sititiar tio trittghi ittittir. exiept
t1lttt the gf(ituxitu tItldi- liltu is plitc'c-illii plastic- hugs. Tlti-sc- 1biits Butwktiol (tt/tiis. lIt lti.-titiltutra~l rttck\x utit is Itt-ctit nit tim ii as
ttr plicwed illIfilues oito thut gtrt-c-ilitutsc floorti- tlits axtiditig thti itigl>- popipt Ir its a1 gnit x nig ltiteitti itii il pettlxl i- t iti- \s-
citSt tf titotiglis oii tic-t,ic-lies andui oii'ciuiplex dlrttittagc ssstettus. ti-nix I-ic-kxuitu sxstc-tas tuix r-ic--rixi-- L tt tir-rsaic-tlitileittinttif
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tlita alny otlie r type in Euirope. Figure 33. Typical layout for rockwvool culture. Rockwool slabs are positiolned
C(linenmhrs and tollIntoes alte tl( for ease of di-ainiage and use of bottom heating.
)lilticiph crIops g1'own ill tockwvool: ill

Djen ark.tk, whlere Io-CkA\0ool enltir-e
oiricrinate(l itt 1969. virttitall allI
ciwtetibttIer citops ate growl'\VI 01 r -or Qock

wool. This tecltnolootg is the prinimta oraoeefs
leaisotl fon r tihe t itapid e\ patsi on oft

hydrtitpttlie sstenlis ill H olland. roCkwoot

There. the s\stells tinttease has be-en ooiy/hene n' - - Ootystyre

t toii_ 2.5 lla in 1978 tit 8() ha in 98 seets 19_

to Illo re titan 50() ha liY the ei(Il o)1 drai age hot water o0.e
1982 (Vatt Os 198:3).

In the W estland region of Hollatid VIEW END Of BEO

which tias tihe higilest coitetll t i-ationl
of (CEA greenhliouises itt the wodrdl- soil
was iuse(l and(l steami stetilize(I as lcec- /
e'ssalr\ tuntil the late 1970's. Ultitil /

told intlenll. iflexpelisive liatillal (gits xvas YOiytene
avtailaitle for sterilizatioll. %Vhtet fuiel rt\ O 4

costs increased, \Westland i(rt)xvers
tninel to intethdl 1 1othuide (is a soil_

hin,.it,railt. Hlowev-ere. xMheii iiromiides

Ilegail to tilil(l oI) ill thle gi.roit(ll;dwatelr VIEW ALONG ROW

iatld saliiitv incr(Teased tcle to salthva- SO lm 19, 21/

te(r ilitrilsioll fl-mil exptalsiml of,

reg ioi tal silil) catal s) so tihe Diiltdh giC-1 we Il ct b (fitii to iCIIitail has Cx\-lid-sized pilies lwitill hits imipo)rttiant ((liset iuences folt
the itse of in etdixi lbiottide (Vtan Os 19,83. Lackitig othile inex- \Nvter retelttioin) lends itself' to simplified inml lowerl-ctost
petnsive ilnealts of soil stelilizatiot. inc r-easing niimiilber s oii ntitclI (draiillnage svstells anll is easy to Ibottotit-l at (lri| tt igwit iter Its
opertatol-s toirn ed to bh(l iopolpties expeniifili ntili fit-st with sl tic rsatiIitx is sitehi tlitat r(ckwool is tise(I iii phlantt p iotipagatio n alnd

(-r-o1\\ h iimediit its peat aini evei hales of str-aw. witlh N FT and p otting imixes, as xvell its ini I(INdipoponics. A tpical lwaowt ho
ha, cuiltuire iitil the k-(tck\v(tool cuiltue %its de\eloped. OiPeti-svstett roCKAVool CnIltitue is slhtiwn in Fi(eLie :3:3
Hockisxool i iIlI alitilfetdt y specilized ctipimics a.dit(1 iiii(l aiode Hc-,w0 l hs sCVxt-ais ilieiC itt idaiitt S itS alt r t. It

fitoliil lioltell I-ock or slag (see (Glossalr \ is light\veigl it whet i xe (-asi1v hi aldlet, siti ple to liottoill heat,

As a atowint meliiumi i-ockwool is i-elatixekl itne\poes , isaxd-eitsiei- to stecami-steliilize tllitllla i II\ otilelt t\pes ofif al-e( rlte

ittert alld(1 hiolo(iC-allv niot deil-adadtlule. It absohibs tip) Waltel easi- materiils. It canl lie inco-)praited as at soil attiiel(dinletlt aftelr

l. is apploximilatelv 96 1pelrc-et porest oir interstitial ailr st)eCS, crops have heenit g(i-ox in it Iti- se\erad \emirs. Ill atdldlitii,i - altl

otpe n sy-stiem xi it ockxwool pei-rits ac-c-

____ ltate] aii(l iiitifouitO dIlix(-rx oli itattlieit soilt-

- Ab ' tiotl, I-eyili-es less equiipmenti t ibthicationu,

- - .: -- act d itt sdtallit iot Costs.(tt i d entails less iisk t if
-I i - >>. s .. * C-tip fiuilIuC due tut the blri-akdoxx it u tflitttS

at 1(d I--v(--lCi *ir (-qilipuie it. Tite u i tl lis-

-4 - i S 1 thatI itage i I t I0CkxV00l Slie r tielative-

- .~~~~~~~~~~~ lx~~~k, . c-ostlxN tittless miatitlactimied %xvuthiii the

~~~~ ~ ~ ~ ~ ~ ~ ~~~~~~~ 13~~vio.Bccauise it is notncdegradabtle, loc)k--
< 1 ~b $ - xxtW i,,* > 1 > 8- sool pi-eseilts (isp1osisl pitt1 lmis. In

I Ioilatid. recscat-chters at-e seekity iw vxs tot
lk- iNg _ .' Jt t ,j E 1 *.- iiiix tIc used i oc-wxool Axith cciienit ft0r the

tS *. 1 I L -0 * .A mamllui actitre of lilaxxwei(ght hitildiig iahocks.

ieTiise ii c-i-iol) pitonltcticioi Tl t-re is ia great

d 1ill ot ( t111phasis o1 tI- delop)iit a c-iltitta
svstem t[itit wtjttires less i-ockxwo iol, as

V S ,t, ja - = ^* - h * ~~~~~~~~~~explainiled hil tlle I}(siipcndw secti0ii enltitled

~~~~~~~~~~~~~~~~~~~~~~F aisc rNfTll]<ckwool.
Plantts in small rockvlool blocks are set aitop holes cut i1 plastic coverng of rockwool slabs. Seuld1 (Idtiulre. ( Coneillreltt xvithi tue t-gilt-

The piant is drop irngeted uvith nttlue nt so/i t)on. lillu ol rockxvool eliltille ill Deililar-k iii
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ir 4" n .. .-r -. - Differenit types of dlesert and coastal
sand(s withi various physical and chemical
proper-ties were used successfully Ly the
University of Arizona w*orkers. The size dis-

tributioni of sand particles is not clitical.
withi the exception of veiv fine niaterials.
stich1 as mortar sand, which (loes not drain
well and slhould he avoidel. If calcareouts
sand is use(l. it is important to maintaill a

*ntitrienit solutioni of neutral pH. Increased
amounits ofl chelated iroin must he applied
to the plants. Sand( growing beds shiould be
fuLigatedl annually because of possible
introduciitioni of soil borine dliseases and
nnematod(es.

Irr-igationi practices are particularly criti-

cal (luring the high-radiation siuimimer
_ monitis, whieni irrigation miav be necessary

Greenhouse pepper plants grow in pure sand in a facility designed by the University of up to eight times per lay. Proper irrigatioll
Arizona on Kharq Island, Iran. Plants are dnp irrigated with nutrient solution. is indlicatedl bv a siniall but continloutIs

drainage, 4-7 percenit of the application.
froin the entire growinig area. EvapoLation

1969, a hpe of openi-systemil aggregate hydroponics, initially for of wvater aroiIi(l smiall suimmer tomiato transplants is ofteln
desert applicationis andl iusinig pure sand as the growving iine(di- high, wh1ich can lead to a slighit buildlp of fertilizers in the
ciM, was under developmenit hv researchers at the Universityt of planting beds. Extra nitrocrenl causes excessive vec,etative
Arizouia (Jenseni 197:3). It was logical to investigate sucil poten- growth, thus decreasing the nutimiber of frtiits. This caln be
tial. Becauise other tx'pes of groxxing media uitist be imported to avoided - reducing the amount of nitrogen in thie soliution
clesert regionis an(l mayLtV require fi-eqiulent renewal. thiev are froim the time of transplant until the appearance of the first
mior-e expensive thian sand. a counnmo(litV USUally available in blossoms. [)rainiage from the beds shIouIld be teste(d freqCuelnt-
abundance. ly. and the beds leaclhed wlenci drainage salts exceed :3000

The Arizonia researchers designed and tested several types ppm.
of sand-based h'vdroponic systems. The growthi of tomatoes The principle crops grownr in sandcl cuilttiue systems are tonia-
and other greenhouse crop)s iln pure sand was c-oimiparedl wvithi toes and( cticumbers, and yields of both crops have been high.
the groxwthi in nin-e other miixtiures (e.g.,sand mixe(d in vailnig Seedless cuticumber produiction has exceed 70(1 MT/ha.
ratios with verim]icullite, ric-e hulls, redwood
hark, pinie bark, perlite, peat Ioss. etc.).
Ther-e were i10 significant differelnces iln
yield (Jensen and Collins 1985). UJnlike w
imianyv otlher growing( melida. xvhich undergo -

pblYsical break(dowxni (hiirin�g tise, saIind is a
perinanenlt me(liilini. It (loes nlot re(uire
replacement every I o0r 2 years.

Piure sand caml be isedh in trougLh Or r
trenelh culture. However, in desert loca- j 
tiOnis, it is often inuoe convenient andl less
expensiNe to cover the greenhouse floor
with polvethxlene filmii and a system of
drainage pipes (P\VC I pipe 5 cm in diamiie-
ter. Cro.SS C(It one third tIllolughl evena 45
c-i c doxn the lengtli of the pipe w7ithl cults

faced do0Wn) and( tlhen to backfill the area
with sand to at depth of' approximately :30
ciii. if the saild bed is shiallower, moiistu re
coildhitilols imax niot be uniform and] plant _ -r -
rioots imiav groiw in)to the drain pipes. The _.
areas to be usecl as planting beds maN be Greenhouse eggplants are grown on beach sand along the Gulf of California in a cooperative
level (ir slightly sloped. SUppl\ Malni/flIds research project oft/ie University of Arizona and the University oa SonotG, Hermosilo,
for niltrient solution miust be sited accord- Sonora, Mexico.
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GROWING SYSTEMS IN GREENHOUSES

CLOSED SYSTEMS cal s\stel1s al1(l nutrient storage taiiks ( ra\l is lint recoin-
ii ei (ledi for IUse as .,, iayffreCrte in at closedI svstelil.

GIra1
1Q. Closed svstellis lusingcr gTravel as tile agglregate Ilmaterial

xvere eoinionlN eiploxi(i fboi comimterecial andi(1 senlli-coimiier- NTFTi(md Rockiwoo it. A m ore recie it (levelopmiren it iii Eu rope is
cial or famniklV hdropoinic (CEA facilities 20 years ago. For the the coimiiiation of NFT and rockwoot culture, which is a
mllost part, these installations lhave leen soperceded hv NFT closedl aggregyate svtei. In this application. pIlanlts are estab-

systells orhv th inewer, open aggreatk svstemis descibed ill lished oI sniall rockwool slabs prositii ie(l ill chanriels cnn-
the prueious section. As in all closed svstenis. a wvater agrieuil- tai nin cr recyeled iiuitrieuit solultion. (Comipared to tle opiell

tin-al siiitalbilitsv aiialvsis iiiist tbhe (oie. Great care iniust he takei rell rockwool sv\stei previous lv describl)ed , tiis procure
to avoid the bnilduip of toxic sailts and to keel) the swstem free of redoces the amioul it of rockwool re(il (redl a great adCva.lntaLge
inemiiatodes and(I soilbo(rne diseases. Once certain diseases are when discarding the uuseo] rockwool The rockswool. ill coilhi-

introduced. the infestedl niutrienit soliition will eontaminate the nzation svith the NFT systemis acts as a ii ittrieuit reselAoir ili
entire p)laitinLL. Such sxstemns are capital intensivelbecauise thev case of puillim fail ire anid helps to anlmcor the plants in the
require leatk proof' 4ro\vnglt beds. as well as suibwrade moechiaii miiitrientcliau mel.

The principle greenhouise crops grovvn in- AbLJ Dhabi, United Arab Emiraotes, %..ere tomatoes
aind cnicumbers. The [Uiciluty was dieve;oped byv thie UnrivrsitY of Ar-izonac, Tucson.
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FLORICULTURE CROPS

As wNit I x egyetaiie protd utioE the I grliw\i IT g of' fitiric-I II ti irai e rops ti101. For- examiip le, Žii. :It ni ixttrire OfIf I i itle rutd `lOiLS)I sphtgtIIIT t I)Cpet
in p,eenhoi rtses is hiigh t elthiol og, ai id olfututu Caith-ititet s ixe moss5411d perl ite min v 1e IC9iiiite ex penrsi\ e. Bit coist sllt Iioiitld
TheC mailor givenihouse floricultutre enrips ii the I (iiitedi States itiot detertmIinte t le select ion: allI propert' ies (If'tlhe gro-i mli Iled i -
atre itted cItIr-\ysui[t tll i(ITOnS, l)O1 Se ttiiIS as Mitd ELaster liliies, its T1l11 atre i in portailit tr the st icecess oijproduco tionl
Well aLS fre'SIl (Utt fIT'lowes, for floral deSiMnS. ( )Ver 1235 difi ertitt There is i1(o one recipe fur- the idleal grovxx cg imedlioiii. Ti ic lb-st
species are gyrow\Ti ats c-itt flowvers: IlitiVtx Of tIIS ese ONI I itas ill itj01- iriotuxcre is that onie xwhit-h meets specific nieetis and is suititdM to tI II
tI ant exporI t cropifs. Po ttedi perenniiial atnd( Iii em-iiitil cIrops, fotiii (il oe rati(oni. N-iorst Imillet-al (Field) S1 ii Ibiused a ntd siNIlecss ciixsttires
zatiotlier- pailct o'tihe fliiricttltttrul itdisltty. ill tl-e paist decuttle, Cotaitnit eithier spimuiitgiil peait tiloss, verm icuilite oir petlite. woodii
bed~ di og plantIs h tax- b lec i le at1 i ioreasin glv i orporti ant ftoriicidI- hv\-pr xd cts. ior c-uciki ted hlyx ti i it tecease tI e \\ te r hr01 ild(io caL XIi-

t pti' )tiitttt. [aur i uVtIi Midl Roll I19S9). x ticld ael. ttriti.ll Mtidto tti Rexi-ti the £yr(tl\ lLy tl(Ciiiditti fronti betoitli-
Exers- flitricuiltit l ra l et i phS itS(Mvii SpeCificC-tItlttit-a aMid natoi- tgci itliO pac-ted . 1 Theste (i)lrit 1S COIItStitt et itS ha% e tertatin atttl\tiitagtes

agCe nti ti-tt quirjitemietitsu these inic-Iidi- stock plant ttatugeieltt. tod)(et- dhiffe-renit tirt- wittrttces (Taxatmti and lRoll 19S9).
pr-opagi(itioti, tititi-itioti. light ititetisi tv atit phototpleriocl. temlper- \Vhctn prepat-img it iiitiiet%iil sril-bltusid trivi\ t aSample of' thuc
at tice. c-arbtl 11lt i(xidte irizt-i-iga l111 waltt-i- (id i 1 its- - cop schledi tIitl" ig plrtiposed mc-Tdiiii sillid bni e set it to ti aItI ititi ir\ lot atl Iaal x -
arid peSt conitrol. plus mlaniv otliet- culturaxl at-eaLs. sis. The atlaIssis sliouild itidicatte tile p1i I uicl mititiienit StaLtUS anfd

Prossil filxte I est iof' tIhe inaux ext-elletit ItpIbhiceat itn oiti 5 pri 1 - j)i-o\-itle reciimtmen iidathion s for itawx ii ecederI cro uttecttiolts.

tit ic-iti iiioricufindtt-t crrips is pitllislied ixv ()liri State Uiiixer-sitv. Auc-or-ditg to P. Aliao Hamiiltiet nd Ptdoite Uitiiersitx iii a
:iltriits 0Oi. public-ition edlited liv Tavatija at id lrioli (1I989). ti e si igg,(estCd

Ill -e or -i-l thegi-I i'rwi tig itiediai i-erquiiuroements hit aill fior inciil- prtotllortiont s fit- a ini tiei-alI SOil-biltased IIiii tIr tireae:
tittutil (-rill s hasicalix theSic e w'lietier it he th ipiroduc-tiont 1. ITT hlea\'v. eluix tx\pe fileldl soils, at 2::3::3 or- :35:5 (soii:sphiiagtuitr
oiii Iti it lowers or- po tted platits. FLi-i piotted plants th ere- atre sex - peat oiloss:periite rir ctalc-fried c-lax., ' \lxutih nle') xworks wetll.

c-ral difter-etit inethiids oit it-t-igaztittn. The gti-eeouiiouise diesianls _2.lITT lighter fi'eld soils- at 1:1:1 or 1:1:0) (stiil:sphiiagIititii wil.ud

ail etixi-ittilltit cotrotttl sstctms ate biisic-allx like tiirse sŽ:s- tiiloss:petlite- or c'alcinetd ciax:- lix siiut \o[ H1C tiiax itu\x better
temis ttscd iii gret-111 idiuse \egt-taliie prodtitttuin -. except gYo\II j( iwiitgx-ter t 1 d01(_ Yi clitratecteriis tic-s.
eldier C s an:-C coiii iiionI ill tloritc-ilturte priidttctiiitialit11out ill xeg- A itiuixiiifil Soil halSetd goiwitig1 tiiii-dittiit siioi4 ld l )it'pstel I-i/utd

ettublte ilp rdlicttirll bei- iure uise. Steami lrit- erated strainl is tue hust niethird ofitt litti-

uItil patsteutrizatritont oSter-ilizatio nt. Ilit-itt tile inrixtute- toi 71 i( lii-
G RO W~INfJG M1E DI A AN~JD MIilXING 31t toitiites. Chloripic-u-orir ot iietiiui lio iieciltrpri i \
Srelection I&l the appropiptc Mi r g i nxtg tiierIiii frir ilori-c-ttiturt-ai ttlr-C c-auI bt te t II ou stt1- tCiiZiutitiOi toftilt gtmii\i-i rciuii. These

c-irips is iuuipIrtlt-tt. nutotsto t h g-ixekAtLi tec-iittie Chlieti IItlS ttf(l0ittC S)C-le iu I upliet)iCiLtjI t'i 11uipnrICIit: tiht ptro.e-

whi tl tiimititelŽ puitrchuses tlie pliantt TIhe chiitic- if ti groi-rixi m ii crii stble d liltontut-ofit-dooriis duii i wig x't-tl ci fVt) \\t-atl iir.

liic(tiilmrl. \lietiter miiiiteri Stil ilsed oir at soilless tiiixtttFe. ci ltIle d prodiidtutiiil riipotted pluants. a gtr\\ixx ,itlg tudimitt con-
I t(icati siltc-c-ss Or litilurti- iti prodt'uigw qiualit't plinits A soitu ii is- tainiiuig at held Srdiilhts pro\xui liemi-fic-iul. Mixes with tlinitielZL soii
tir fits itst i te- ligi it. piorous, xxV I-dtaiticld. of ii1dCiiiii te otYittit-tt til I iit dry oiitt as q1uicklŽ amlr tire iriot ais tlop-iiettxa\ \\-ict hlat

c-I itilt-tit nd etts\ toi 11i attig. dhl-itias comiparFed toi Sroiiless ii rtdil.t
\\Vliet seit-c'tiig atn apprprlitiiite g-iowitig ii edituti . tihc ads-an- AtititnigidI soiur glw lo\xir5 xwill pilt-inlits- prenrixt'i gridu

tagrs wit1i dSiadxaLItitagC-S i ac IftheItCt fit.Os listedi ii Tahbic i 13 tlletlia, HIIati p ixxl'tS is ItCIMIUt tutuV (lxViI. Cit L cIt lit' Itiixed i 
i1 list ibi ciii sidiered. hltind, or- xv ITi tic- \xxi tpi-'s of eyijipmietit x\Iitlih tire uixtiiltiibie:

haltch aitid (rirititin tinS fli\ ix.
Taible 16. Characteristics to considler w'v ecn selectinig a ( 1]rIu-retiW tt ru iidtIlixCiS tilt-C al.idluithIe iictlltCa icities lit 1 hi

growing inedIiuni (Tx-iyamia and( Roll 1989) ill uT,like- mete-rs. .Art-oxTilio drtinii tic agituitoirs slitpplv tiic- netc-
esstirx t1iiisiTg ic-tiomi. It is at ixisaitle toi Ilax\- ait riser thllut xxili

Availability Mixing eilitble SCI-ih'-ttoii~ildim tutd Steamr ptisteIlitt atiioii. tlild Iltis \uiri-

Vet-satility Pasteurizationi ot- tiLhic S)Cec(is. I:Ci-l-t ritist lit ttkt-ii to inisure- ti linti enge oicits Illsx

Physical characteristics sterilization xwithouitt extessix e ptix erizuitii iii espieciailx tilitt ot' \crir iciritc.
Uniformity (reproducible) Storage 01t kli floItittiitiol 4iW totitititic, (dit Sttr sii bi hdi Of' tiiixL ( :ir iCtiict

Chemical residues Potting ease I1i\ixii i Shlti Itd lit tWCOI'rTolisili "l ill less tultu tx\vi hI l nitc-5s.

(herbicides, salts) Growing ease SIT).-d(iC let i- outeri 1i-tI fl in sir ig. A di.siIa -Ctedl. JMC
Ease of use Fertilization requirement tiuoor ot ptid area is ciesirabhle hit- ease iii hiutldlilig. Shl-C(Idhis
WPeight Soluble salts tolerance 1havt' tiwc (hisuclx ritagiiw o prdiwititic-iti e parl-Iic-its. Ruoto-tiler-s
Equipment needed Cost c-ai itt riserd for nIlxi\rig bi pitici 1w tlterr late hse- ittirirtctt

ont ut pax ed SItIttflct- tit ild drilinmg tile tiiiei slowuxvieix'r tile pile sex-
It is etsx toi undeirletstimacte tile c-iSt OittIliXit" 9l a Yiii\'itf rIletdi- etral tunies. It is g1rn-rieuilx difficuilt tri re(t ut 1 iuii0htt ii mix xxitli tills
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FLORICULTURE CROPS

.sxstemox espec-idlix if slinai] anht)liints of nhitro-cieiil-nts art' isedl. asbh'stcis and concrete tcoimpressecl Jilto thinl shetets'). dlimiiiiiiiii
Onle sx-stenl that p roxl des at conti illoll iliS ipiantits iof' lli\ ixtr a alloI i, steel, tile, oi- fi beriglass. Ini n ost en) i nt ries, the woodtt eni

flat or- Pot tillingL linie uises fe(eder bjins, an openl-ended drumiii bench is thte mtost cItii i onl, theC least chirIabl~ le.Žd( inl the long1
mixer an(l lbelt coniivexors. One to fix-e ci bict me iter bljls arie run, thec imost expensive.

axai LahI) Ttile in ixe i ireceivies toe imete red ompmit ine ts froii Toe pst-nharvest handniung ai 1d pi-epaickiKain (~ if Utonal crops is
tiic' fet'tler- b)ins at ont' c'1ocl, mi)XeS it w\ith at tom] dj)ingL action mid( niiist important. The findcamiental pri cesses concerned arc: I)
discharges it to ita ccnxex uvo at the othet'r 'ini. Bates of' lip to 50 \x\atcr iabsorptiioni and triai ispiri-ati oila id (2) respiration. Ti '

c-iibic- oc'ters per lboori are- possible. priinc-iplt'e \ r101oniiic'tall factors are: ( I ')temp riptiturie. (2) rclat-

Maii vflt - i prit tilling sy'stemis are availIahle.' All M ac- i lieS t ixt' lii iiicli t\, and (:3) airi-m ovc itienit. Since cut floiw-eris cam
c lit ;ttldaptedt to variolis ccontainer sizIs, \withlii certaintii liiiiits. aiIsoirb water oldvl tbiro ilio thtt ste'iii, tile ait'a (i ablsoi-ptioi is

Fjji)lln Iates \arx ht ai-c' ge(-icrallx in tht' raig(e of' it tt :30) flatts exc-tedingixy smalll toilmparedc to tlie area of transpiratitni, Ehos.

per iniiiiiite and 20 to -Sf pots pei- miii ite. Nltst mlachlinets till' itilizatioii of, nctivroliimcnt:il factoirs thait reduce thie ri-ate of'
requirc 2 to 1:3 peole I tt ipi' rate tile) eCffic-ien t Iy' Laiger gil-ow-- tratnIspiriatioil will ~si liitilt:tai et isIs rechuce sc\at er tIe ficitsil itil( proi-
eriS C-nril.VliZC Signlificanlit SaingIS IV uinglil lthese miechanical boug tlie lilt'e of tht' cut floiwers. (Certaiii folrinllatiuiis areC oseti as

f'iler-s Sinicce tile produbctioni riitc per maliti hour- c-ailibli- tllrte to treatiieiits tol extt'nd thec lihzc iii tIlt' Hoiwer. The'se coiinsist of Ibilk

CUT FLOWER PRODUCTION POTTED PLANT PRODUCTION
C at fliowei's miax lit pricodcedt inl the open Field or iii i gi-ceil- TI t', gy(iiwing ot Pl anits in poits am1 Simila r c-i iitan lc'i dliftb-is

I10io51'. Opel field prodcl-tioni is miostly st'isiiiolm girec'nholist fi-iiiii the g-owxingc oft pholits ill the gi-i-eiihoiise lied of- bi-ieill.

prolhlc'tiui c-a I)C syear itaoiii( for lotitl wariilic c-i)))1COISeasoil TrIle \ i,imi,i (if soil it, the, ctntainer is mrelatixelxY Simall. tile root)
fhouic-ltlna:d cro'ips. Grecailiolnisc' procductioni is iiiiic-li inure f'fih- svstt'm is rc'stric-tedl anid the ii:tmuiia wiitrielit slippI) liioiiteci.

ciel it aiid~ precdIic-tabile tllil oi Pei I iiel tI planitin gs, wkici are Ilt T eIic cssit fo hciplirit \x:itcriing ii mist Ibe sLiilfiilx n liailiiigtcd

dlisapp'ariiii biec-~imst Idfa lack of'contr-ol oxi ter gl - row-ing eiix- tii Proidsce tiiloif0-iii xx ater ald licitrieilit ai\\iilbil)lt\ for optiiiiiii)i
rolimiiieit. The Iroilemis ofraiii. diisc'ase inlsects antIM-I m IKls hax pliiit g~riiwtli and tics lopimeiit.
s'xetid tio make salc-li plailtuigs xervdcisappointiiig ill c--oiillipaisoii )iic-t' pits fOr plailtiiig xxlre inatleI of c-ax- bilt tolicLls most ilr-I

xx itl produltcts prodlc-etd inl gi--een1ln isc's. plastic-. Thet t\pe.-s of pits arc': Pstamilarid (x\icitli of tile top andm
lieigl it ilr-i tlht's5miit), (2) pai lic'ight (uqn1ais one Ihall Of' tHe

Growiing Systems. (ot tiowseis atre giriiwn inl eitliei- grioicl wxidlti). :.3i azalea C heighit i'quals tlirc'e- ijiiarter-s of' the w~i(titl).
b)ds oiir inl raistcl- 1.3 to I.T in xx\id' bent-lies. 'fli bt' ieiihes maxv oitld (4) 11St- he)iglht e(ipIa- Oine MAtI oMC qiar'tt'r ofthe x \icdtil.

t'itiier bei lis] lir VY-shiapedi water tighlt or miuioi-watc'r tighlt. Ili Ill gt'iic'r;id Plaints giowsing( inl pots antlI uotlher coiintaiiiicrs iil:a\
gt-uc'iral. thc' xx\iter tighlt blitichl r-eiiiJI-es tii1 \V-shapeci bouttoml he.in dlid cidc JillIt twii g-rouips: I those 3)oi05) pr imaiyiiI tir thln'ii
xx\ithi a tdrainiiag sxstc'm installed at tlii Iiottuiu of the V. Thet fluxxc-r' mid slc-)iciid-ilx hir thieir- fuhiiac aiit (2) thouse giiiowii
drh- iioiiuas he P\ C pipt', tile, r in st g~rrmei. \\iti this t\pt' of' for their ii- oa,e oIlix -
beiicli, tlile crups c-:1 lie irriigaitedh\ li ii aiitailiiiii i a constantf

lt'xeI Ill x\atcr iii thec ibottom 11 f tlthe Ibefiitli, oi li i-iii ioiiigy w'attr Gr-owinig Benchles. ( i i oc-til IEn pun lits wxill lit grtwixi nof tIle
ti ri{iligi the drain pipe' of, t it- oi thrl'ugl"li aii abo C giI-0i11id iriIi'lms 'ill oor of sio~l uid or m ioos t-iiic-r)te- ill Mxiic-l lint

filtioii sxsti'ui. The nuiol-s:itc'r tcrhlt beiic-I is vitici \'-siapc'd our xsilte- pipt's arc inlstalled to give biottiomi hitat. I t:iltiiig pipes ac'
flat allo rqicrjeiis a laver- of' Samd iii g,raxt at flt' bottiom. e-spc'cially' imnporitalt inl iiuii'tlii- laititudhes iliuiiig xx \intler

(Jr'tcuilloiiist pr'oducer'is ili tue 1. iumtcd Staitis ire c-irreitix bitcing monimths. Suoiietiiiiws at flooir oft phlstic-/x ins I mai,terial pc'piaccs tih'
iiicreaisiig prt'ssmi-e frontilre--roil itirx ageni-es tii inir5't thalt co-ri) t'iet. Ioruiiis coliir-ete miakes a \en- p 1o1( filoii siif:itce him'

dim'aiiiiigc x\\iter f'iioiii thie grmiix bed iiis dotis ltit ei it'r tIn i)i i eie-lmiisi'bhitanlsi' it ilhloxs xx:tc'i tio p)i15 thrlinl0i. tlicrel i
solil toi pirevx'it co ntamii naOtioii ot n iioiuld xxtter Iruimim Ixichiatt' c ml ia :tillg the plidditlls in staidii gx'ici ill" ae ioiloll) tio fliiiis ot

c'iiiitiiiiiii~ :tw'i'uiltmniil c'iiniiic~Is. i-igiila -rii t'ic-ti Scili(, or) gi-'e.Pottedl phaints. in' :n tv-p out

Sc'x rial t-pes of almost' gioindit inIgationi sNstemis all' uised C-iiiitaiiier., Shlildllnit lie pi;iC-t-d OIIi )iliSte-iili/eul Suiil, 'imild, or

Ic'pni 'cl ,ii oni the ic' iioip reqiremen uci ts. Tllese inax lie iiecrhc'ad guixcI,Ui maiici st ii-1 i init' (list' :st's.
spiimikl'S. i- spr-a\ t-\pe ntiozzlc's, ii ist on fobi ssstemns - Mist or [to P'lamits ill- 1uso:ialI ("rixx oil a Iwelc-ics tol fl'Žcilitzitt u',siel' han-
sŽ Steil is aret piruimiLaril\ used fin, priopiag:itioii or fur t-iioliii. Aiiisthtr (Iilli ;iid itdtiseaise coiintioii Nliiahle, ill' l-illi. bechcie, air'

cI1 lt-i tt olt1 c asxst ii i 5ui tic-ei i gtai:spiitspitl'sui'(h 1) coiiilioi kii lx )isetl tditl\ fori iiNiax ii un ) tili-zatuio ll gucer inioIISt
irfgatio. Tc'e sstiii ar tsoaixii)tOliitt'l IutuIh Iic )ie ii pac :Fi o -c 4 .li atIciti ii ti ~ ro5'ig ipitelixit

Soilitd statte elec-troiciits, 'lecttric timieris oni' el x ciitomipoitirs. Soic-li tii 25 percceit. mmiiuxa hh 1 ut-ies lvi'c().-t Iiai i'o ili gI'"eenhlaiss
rrib, iiool uquipi ieiit iliax lie tiio e,\tpi isixc t fr imiaii tIcs copiig uised VOI potted plaiiits. ii)ii'i -is\ stioc-k. aild iiuhdiiig plailts.

comiminiiities. Handwaitt'iigii nixa bee tc'lsSai iii tlesc'r ilcs. hot Nim'i'ux hildiln ll, Ix\ ( x iii's aiciiilahlcl tii mIs'ov plants toi ŽilIid
IIM.St e take -il 4til' theC phoiltS. \V('ttillg tile floid Pol n'- tfioii tileoc'( ttct iiixiia a llCHtoralO tm'iii' tt-tnix\i0:x \I'S. as

tiiiiis u)t'tlit' planit iiiaŽv uc-. Iiairiigt diisease's antI poor i1iualitx water' illuistra:ted oiii p:igc 47. 131 ti si ss.,tems x \\rk xx 1 i-\I- i ilItc'ni:itc-

\OlSot bohi 4-l\C'is anti floixxers. \Mliert'x r pioSSilbilt' pisoxri's itili-zes pllett tr:nt \s 1.2 ti 2. nxilelx2ti 5 i u
floilltl uise uhip liues ori emiiittters him' irmig(.atfuac1 thalt me1 lbiiill)1Cd'il n i'u (ii'u t-i"ixtxurs. triacks. ir xsithi a lift tnick.

Fin- thic Sidecs oi g'iiiiolcd becis iii raise-c biit-llw's. scwi-sm tvpc-s Thte tra\s tion he1 iuuit-il toi a xkvuok arca ha' tr'ansplauliltii. Pot-

ii
t
' Iii,tcri,ils mlc- usc-i: xxNotd. cuut-reft' trm'ansitt' (u linitiii'i' of, tiiig(":1111d shlipping.v
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PRODUCTION ASPECTS

Figtire 3-I. Movable benches. Left to right: center aisle open. interior aisle open the plant has alre.a(k
tindergotne \vater str,ess,
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stiss wa s used as ai
gioxxthit-regiilating tool.
especialix withi media con -

_ _ _ _ L~~~~~~~~~~~~~~~~~~~~~tilii]" tog eldI soil. Wi ti

Soiiiess nIedja., it ispS ft)5-
- - ____________________________ ____________ 1 le hoir the plant tti lie

t:: - t0;.0t;0yf 0- ... k-t 0 ; - t r f; .: und) - litler- str-ess bet'ore it

exhibiits xisible siIns oI'
wilting. The piractice of

The b asit tcimcept of'the movxilhe blencdh s vstomI is to cuonxe rt xvithh olding water to cointi-ol plant hei hit is ]lot recotmthu en deid

all Ixcept one aisle to growving s)pace (Ficgulre 341 The blencil hecaiise of iecgitixve si(le eff'ects bloth to the plant aid(l to soilless

tops are s1ippoirtedl oni pipe rollers and alloxxwed t 0 lOx e si(le- media, whicii max he verx tdiffictilt to revwet onlce it is allowed to

waxs 7 to It) ciii, tie wiiltli neeiletil hit a work atisle. \'lIthn theire dix ot." A wettilia acreiit miiv have to bx- added to tile miedlia

is a neced to get to a paarticiular b euch, itier l)ei be!lies ill tIe or irri(rationl xwater.

�ioiise S i�ae piisied toith)ei-r, ea\x ig tle atisle at the lbenc-Ii. Onlx The se(io1s p)ioble ] of' oxe-i,-i rigati I] g iias Viit llv' 1mcil

oile site of tile hench catil lie woiirkei oi) at a tiile. Because tlhl eiimiiaited -with soilless media.

lbcitiCes mixe tolieionectionls fol-r wtter ilet. eat ad electricail s5s- AccoIli dlgto llack ill1.an iLanId Taxima Taxaia nit Ra ll 1)89

tei'ilS tiat iire attacildil to the lbei itl are mlade flexible. Benches tile miain pciobdleims associated xvitiI time irrigation oi' potted

its long as 6-5-70) meicters cani lie iloved easilv in' tiiriii(g oile oIf plants are ( 1 allmvnixin tile plait to iuitlergo stress repeatedly.

tile siipp)ol-t rlli-rs vitil a criank- at tilt ell(Il o It'thei bech. Bx oll- exen though it Iias nlot wilted, (2 i-oOt loss oli susceptihle xa\-i-
verti ng to a miovealie b c-h sxstelml Il1l anlilow ixng the usablt- eties c-iiise(t bix oxe-i rigartitig or alkoixg tile il]e(iiiiil to (lrx

slpace to Ibe SO pert-emit of tile total floior art-a. eiiergy inputs per (it, and (3) excess soluible salts buiil-i ip canset by iiiot aplyf imig

iimiit of pit liodit atn griiathlx dec-reased in totpaIIl)isot to tile lunit eiloitgil xolimuie of'xvatei-/tei-ti1izei to leatc-Il th-oligl tile griixxIif

Ces otti prothicts flriioii gi--elii ises xitit statioinian bleilciles i- etli ulil alt eatil- i li gittioll.

There are illanx xariatiolns ii hent-lh dtesign. Thle ilelt-hl can lie \Vh-ioums niietioi(is are uist-ti toilax to in-igiate groxxiuig iletlia.
faiii-i;cateil oftwood (i nietal with eitlier a soliil ori mlesh biottoi. The lajoiitx o(If'grxovte-is atI- uSing spahriletti timiles for icrigat-
ieilciles ilhve heeii imaule 1)-y nsing c- oincrete Hiotks its sllppolrt ig, animl appi>ng fIertiliztr. An iilcreiasing ninlliler io grixx-ers are
legs xwithl msowi fence material lath striips lolind li xii-e taitd oii tisina sxstems thlat coiset-ve water ail(l ieci ite ninl-otf. El iLi ai
niAt' icoil suippoirtedi i)y tile lilot-ks. Beilc-li tops aie also illmde floxnv/foo(l. tioltgh/ililitrielit f'ilml, caipillai itlilts, and

firomi et-iiTgiatedl teieilc-lt asblestos llolard, tileie xxi-her-c tenIilit oxeriheail/saiwi-er sŽsteilis are just soiie of tIle miietoildls uise(d to
aslbestos lboacld. alig xxi iitl (xiiVLIzeiZ steel aiigiles. are iise(I loi- iri-igrate flIi-iclt?titl- ial CIOpS.

sidle boam-ls o0n tll' si(les of' the lbeitlh, as
xxell. Sex'm-(il ialmillicht-tcc'rs illIlke ia alit , - -

niiiltiii n exhtusioKn tIat aidlapts to u a xpai It- __ expand

e(l ilmetal iiottoim. A niokled polyethyiele n .

gtoxv ti-ax xhlliclI fits itOt the angle-d alid-
ililitill bui-ls is ailso axailaluic-.

lIrrigation Sv-stems. ti-rig itilg gi-emihouise _ ; 

fliiic-uilttire ctIopS ceillailis tie imiost difticiilt
task for- p-odilctiot minaiigecs alld is (lit'fi-
c-tilt to teacth to employees. D-ecitiid g xIien
to ini cate is still ali arlt neeciigT a lgreenf

thiumbii i. ah rther- thanm at science. G(xowers

still tiake dec-isiolis basetl oni sensocx ctrite-
ra, siici- as toliciliticg the illetlititil (dlix to
tlc, totic-it). Iooking at thit ie(lliuttil (appealis

clx), andti foliage color thbright andt slinv-ilo
neel to irrigate: dtIllt-necl tti iti-cuate
Taxva a ait Buoll 1989).

19iiforti iniitelx- nuost floucic-tilti iie crops
are i rrigatedl, xhlen tll' g rower ilotices thilt Drip irrigated potted foliage plants fill much of the greenhouse space, maximizing production
the leitxes are xiting. X'hel this haippienis, of high quality plants.
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Oxerhieacl Mist or Fog. These systemis Figure 35. Trickle -spaghetti" tube irrigation system showing main (header
are tised primarilx foir plant propaga- pipe), tubes and pots
tion (lesignedI to keep the leaves of Single Main Mult-Main

C'llttill(s wet anclI the ein-iromimeiit
immedliatelv arotiui(n the plants
iuimni(l. Snobli a svsteiii is not r-ec>oin-
mend(led for the actnal irrigation of t' - --

potte(d or containier p1lmtits as these
systemis (lo not (and( shou]ll not) adle-
Iutately \vet the growing nix ofta cropl
gettill ready for sale. -AIl--EAOER TUUES--OTS -I _

g -,WAIM- -LEADER TUBES-- --)Vr$- ~ ~~~~~~ -MAl/S- tEADER rUAESo-Pors

Ovelhea(d Sprax' and id p. Sl)rai nOZ-

zles oni han(gers. boomlis, andl stakes wet leaves. While these svs- Excess nitrogen in the foliage at harvest iiav (give a pol- 1post-
tems iniayl be suitable for irrigating crops early in thei- arowvthl, prodilctioi quialith planlt. one hvhich has a poorer flower- quality
it is not advisable to use such overileadl xvatering svstems latel- ill comparison to those planits wlicil are less vegetative. To
in the growth of' the crop, normally after the leaves of the planlt couiteract the build-tp of' soluble salts and( to prevenlt crop
cover- the entir-e pot. Wetting the leaves of uiost florictilttiral losses, it is essential to uise concentrated, low residlie feltilizers
crops promotes the developmenit of diseases andl poor qtiality with subirrigatini msvsteis.
water will spot leaves, especially bracts of poinsettias and the Another- disadvanitage, as all hvdroponic systems, is the
floral parts of maniy flowering plants. Overhead wVaterilny is potenitial for rapid spreiad cf' soil pathogetis carried bl thie minlti-
often usecl after propagation immedliately after paniniiig, the ent soltition which feeds plaints on the sanle bencih Algae may
time when rootec cuttinigs are plarnted into the pot or containi- also be a problem. The initial costs, especiallv for the ebb andl
er. Di-ip emitters wet leaves less a rid are soarietiites fotiled in flow svstem, are hiub became of the elaborate benches andc
hlianginig baskets. couillptter colntrols. These costs are justified. ill situationis xvwerc'

(1) atl\ariecl autoi nationi and mmiduoiing of irrigation anidl fer-
Drip/Tirickle Tuibe IrrigationL. It is estimatetd that 80-90%7 cf the tilizationt are dlesirecl, anrd (2) it is necessary- to conitaini runioff' iii
pots procIicedl today in the LUnitedl States are irrigated1 by a ordler to prevenit soil and( groiiund water conitaminii1ationi.
irickle 'spaghietti" tube systeml. Trickle tubes extendlinicg fi-omn a
header-pipe to indlividLuial Con1taiuiers anrd elde by weights. BEDDING PLANT PRODUCTION
stakes. oir other devices, clo iiot wet leaves aid are cuirrelitly the Thle quialitv of' tie xvaitem applied to beddiiig plants can great]>
preferred irrigationi sxstenii usecl by both pot anid basket pro- affect plant grosvth. Becclinig plants suiffer salt damage f'romil
dticers (Figure 35). w*ater conitaininig a large con-centration of clissol\c'd salts; there-

There is a tendelncy to ignore clda-to-day mainitellance of auito- fore, it is importanit tci knowv t'e chemical milake-uip of the irri-
illatic systems such as tilhese becaause it is so easy to irrigrate entii'e gatioin swater.
beliches or areas at one time. Constait mainiten1anice is required f3eddinig plaiits call be growni eithier om thle floor of the greell-
to ensii'e that all pots haite ti ibes ill thieml anl that tIme tibes are hoiisr cir on benciles. For floor p'ocluc'tioin, warii wvater pipes
not clogged. Good filtiatiorn of thie hicominig wvater is esselntial ill should( lie inistalled- in solid- or porm)is coi-cr'ete, to heat tlhe
oircler to relilove partiCla1tes xWhic'l Ma\a plug the tilbes. floor,. This is especiall' nec'essal'v in tIle iortliermi latitodes, for

uise dii-ring wvinter montlis.
Subirrigation Systems. Tmroigl, ebb adl folx\. 1Liutrieiit fll amld if' (grosving bencihes are uised, it is advisable to conLsider
c'apillarv im at irricratioll systeims wet tIme groxvinig niix by drawini rolling/movable beniches: thiese bei ches per mit maxilmimi i titi-

wvater- tIirouigh capillary actioll 'romil a source at the buottomii of lizaticin of the greemilhouse space. Si ichi ieuichies ai'e illistrated
the coitainier. Coonsiderably less water and ft'rtilizer aie used ill Figiirc :34.
with stibiririgaticim svstemis than wvith oveivrmhead splrY alld tricklle
tule irmigratiomm. Excess water fi'oiim trough h ebhil and fl1isv, anid Irrigationi Svstems. Ialidl \ateiring is certafini a satisfactorv
niutrienit filml svstell s Caii libe rec'cle(l. withioit water lost to the s\stem . blit tlie reii yiremeiits of cost ;incl tiie i make it imirealis-

elms)iroimnent. This is especially imiipoitallt in amcas with lawvs tic. During pe'rioics of hot weather amld rapid plant growth. it is
prolibiting runiofif'of'exc'ess soliitioin coitaininig chileinical pesti- almiiost impi ossiblie to satisf\v irri'gatimii iieecs in am ilallv.

cities andl f'emtilizem-s possible of conltamiiatinlg the soil andl( W\lile the Ihamic niethiod ot wvatei appplication is still commoi)
(gri (md water. Subirricgation systenis also h,ave the advanitages of tilronglol it tile world, it hIas Iniaii disia;lult itages. It is tiiile-C'cn-
beinig labor-saViiigl. and keeping the f0hliage (dI arint thie \sater at siiiiiiiing. relfiri'es pe'rsonimel swell-traillndl inl irlit ioill prilic'iples
rooiMl teiimperatmure, since tite nitrient solittinis aLe geilerall alld tIe applicatioui of water is raielv ililifouiri. Whell possiblc'.
storedl ftoi' - ise iii l ol(Iihho taniks 1beneatli the beiichi. inechilmaiz ccl (rip/tricklet r miigatioci s\stemis slioiil(l hi' ise(l.

Since titcre is i lt'achliig ofsirriliguatiol hsssteis, excess sol- Mlost beddhing plaits aie irrigated h! an) overhe:icl svstem.
tlile salts mia hiilcl ii) easily il tHie gmroxvimw ig ecimi in. This cant Mans cli fferent saitisfhc'torv nozzles aie in tle ai'mai-ket. Mcost
le especially trteif tile irricratioll xvateh-hasa fhil-tv tuxatghlcolitelnt ln7IleS p1 odricue a relati\elv flat spra\ pattenll ifi a :3-6 iletc'r

of extl'anelOIis salts, such aS calil aiii. s(itlii. Silfti rtc.. Salts diamiieter paittein. Even the best of svsteii s reyiir-es the Ilise of' 

vlhich ame iiot iise(l ibV plants oir iscdl in f'airk lmI v aliiol iits. IhosC ftisor ii t1 iciI-1tp'' iimri(gatioll ofeclcs anld el(ds ofbelnch-
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x s. An Ix errl et 1(1 svste'in soni Id he designu I fOr t Ie wl-ein i n I I i wsl dch l lv p elaced I ll o 1 a overheatId triolle- xvwiich imovies Ibiack anti
it \w1 he siseti. Sd l e21 plipileit slioiilti bii puiciased It'l-oni a rleli- ftoth over the entire aiea. It is proipeiltI IVY ai) ealectric i motor.
alblie som(1ce wviho will pt-tcicle inistal lati0ic iforiii aitionI. To clheel Sute1h irricriatioi sxstemiis arce extr 1mciv e 'teetive buit (cost i to
tiln lilifntoilmit\ andi \xater applicationi rate m(i tie stem- space install.
severial containers below the spinklicrs lor a tinled interval. andi All irnigation s\steciis requilire Inaillte(lallae. Nozzles miuist lie
litil mieasirn' die amlilnillt o dwater collected in eaeim. cleaned and rei)iaceni xvlil they show xveLr. No sxsteill is comil-

PiroilNlil tihe licst anti imlost uinitf(iill svst(nll ot ir-1rigating is plletelv aiitomiiatie: tihe\ all rem irile jticlg(riient in mIse and eareimli

\\ iti a nmmovingr booim tvpe of e 1nuipinent. This tvpe oh sxsti'imn is illomlitot-ilig.
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7
WATER SUPPLY,, WATER QUALITY

AND MINERAL NUTRITION
WATER SUPPLY soid III abeto app the totL (Iti V tCS L6-S 118 lworpei-

Ak coinrctl diesim~ieil water svstetti Nvill si 11)k) the precise t)il. If t-vaporaitie co ol im wgsstem is are tisedl. thte water re(piji i-

at totni nt of i r11rit iOat Wiiixctc-t 11e`ded CIciCII Ii tm hr t tihi_,~101 HICi ti- en cts, addIced to thost aii itti nits ret juired f'n 1-irr thi(itiol. Ilit%a

vear. If'ia fanti ail pi pad cooiiti ng S> sti-inl is to lbe Ilsed, the allt i it tcmt ote thati double, especiali> ii desert regionld ot the wvord, wvithl
o vlxt-a re rei1ptirccd l(ii ex apiOratixe cooilitng. pitrposes muiist he huec- low aitlijbetit huidilicity contiiititns.

totedI iiitti the (lesigim The p)eak i ise raite is the uici i xiii iiii fl V1 -iwtie f' WaLter dIIIItit g
The t(piattitt> of water iwclede \xIi (lcefe I oi t) tilie g,]oi\\il( iig 6-5 I iioir petitodc. Peak tisv rates a lte litcetledI to (Icter1.1linle w,ell

areat. tlie crop - Wealtht'l er 0itii titioIIS. the ti in e of Neatr ai i caipacity\. putmp capacits.v pipe size, tyNpe ofi cistribflo)iitoi syvstetin
wIHetCer the lWilatilig Oi V 10itl"S tCIII iS ti 1letatit]gr. \Vaiter atc(i stotage tanlk- size,.
nleeds atre also ideptuildelt 0Ito the t >pe_ ofi Soil or Soi I II iix ill ad the If' peak, iise rates cxceed the niLaxi tntiiii i watifr si ippi>\ or- if
size aitld tvipe of c-ottaincr or lcd. thiere is ai poissiblei c-itt-tailttient of thle water sttjppiv. ititermlecli-

Inl somce cases it mlax he ilipitrtanit to i ittrcase the cstfi ictate ate storage slitouidi lie- created as ai hac~k-tip measur-e. Poinds
at (1i iim t of \v, to: r bv 10 pertce ut. So ti nitt leachii ii" will ret itcec or odteii se rve thi is )irficipse ft r liati-re aro~,weris iiir nirl areals.

prevenit tile ac-c-mit iliilationl of extramcolls salts, salts tot ieujuuired HoIt\ve-Ner. it is crulciali to ilnake certain that the waiter cities tiiot
bv plains. siteht as 5(di(litut itt salts tiot te1utirecl inl latige alinoltilts. etuuttaiLi IeCStiCidie ClieutliCallS C0uttitg iltto thle jlItci froml water-
Suc i t l slt biiuti d tiplii fuII irririgat ioil waiter iS al SIC-il ptoi ii le il n slited i-iitt tff'. Cotncrete ui- steel s toiwac- taniks sh ottI ci b)e liarc-
aid l lsiitewriici. atersitott(ic lie sullffiient ti iftiiior- cniiiiih to h0]i tic t le_ast one diavs xwater iceedis. Tatilks eati be ele-
o1ittigtI wet thle git()\ im, it i iicliii ii at) c to faic litate gi oclI fertilizer salted ot- p ac-ed otl ita ltiii to sistpplN walter t Ii raxi tv tit canl he
thistriblittiout thrltuighoitt the toot zotie. Freqpitett lighlt ir-rigattiout c-oitwcte(i to aL pressurte tantk andl seconcd iltittiP toi 'iipplv waltet
indlices shallow% r-oittig( atici itiav iticrease sohibhie satlt eotiwen- undi(er ectrrect 1piessitre( to the poinit of cIlse. Ill hot elititlates.
tiaiti on. Tabliie 1 7 lists theit estimiiatt ci niitaxiti iiiiin cdaik I water espciallN ar-eas with sttot i stilt1kight. elevatet d tanks slhottic1 Ie
reujiiiret let its for cdiffet-cnt areet hiltist croppitig svstelilis, pal ittedi White ttipex-t high) waiter tctmpert-itii-es. This is espe(--

cia11 v it ioptrtalit if' sicilt stotrage is~ callco-c iuponl during" timles of

Table 17. Estimnated miaximutmi dlaily water requiremenits peaik watc-r misc-. \Vater temiperatcures over 30oCi wvill ciatitlae

(.Aldrich and Bartok, 1986) plant grtow,th if tisec-l for prtotoigecI periodls.

CrOp Liters af Water Remnarks WATER QUALITY
Bench crops 5 I/rn2 Based on twice daily I11 (7ltrita ti Wiuxvtter s111iotil d tilergo anl agri-uiCHtltcal Sliitabiilit\

watering (2x7.5 I/rn2) attaixsis clhiritug greenhouiise site selec-ticoil. All water frttm tiatt-

Bedding plants 20 I/mn2 iiital sot tirc-es c-oniitai ils soml- inip irit ies: soitiic- ate hcw efi c-iai to

Pot plants 20 I/mn2 plilatit gtiowthi; othieris ttteC I iaoit lif'ii 

Mums. hydrangeas 60 I/mn2 Based on 3 times daily \Vater ijutalit\ htas hec-tneit t iic-a ttaior c-ine-i-r cif gt-reetiholse

water-ing (3x20 I/in2) gTrtWix rs, (sp-c.ialix x\llere larc-V anni I tuits of\ xvt-r atr(- appliedi to
Roses 30 I/in2 of bed at Vte iCtti -tec x0iitttle if g-Mitiii ll" IC(jlltll. PliInt Criiswthi is affect-

Tomatoes 10 I/in2 of bed ei-c hI tile ilt rittac-tion tof, thice dissolvecI chetuic-al eletnieilts iii the
Wiltt`t IS cipIpl ti w c-lie iii pa roli perties of thie gt-rowinitniecli it n i to

A gritowitl ib-ti. 31) tilt. iii cd-pthi. wvilit ai liht tudimelttl requcires xvluc-h tIe \catei- is aipplietd. acid the fer-tilit\ pr-tigrati enliplovedl.
ap roi mat iitel\tei 16 iiteits o f \vatc-r per sty Ii ucter. per irrtit.atiottl to Se\ c-nil c-lieu tic-al prtotperties itt xx ater Iliaih t c-atsc- pittbteti is

(rx 0pecen-c t leac-hitigr. gtea i txxCitotgl tilixo-s t-et1tire hior lr gri-c-llbtottse giro\Ntrx ph.l alkalitlit\ sthiltlc- salts. caiic-iutil,
witttcr. shllaloxwer I b-cls t ictit tally netc le ss watct- Vitil t ai t it-t-i- Ilitutigies ititit, blttoti. filtoidit(l chloilttiil. suillfiute, siclitliti, cail-onl-
uaittiot. hult titay retquirc ii tueC ft'ei{iic-lt dihlv \\aferituws. aLft -- ild itoti -

Pitt plalits '1 f5 c-itt. pots) tiec-ci abltit P/4 litt- er P- w:iteritigr. Tile lcxeIS tif pi I an1d itlkaliiUitx utcaII t-~11C-c itS C-ttltilil~tcS ailCI
Crie- hoituusc Itittlatoes - grrotxwit itl at saulldi oitiatu flield stil, xwill biciult-oliuttes tif, irri-iatiti I xwatc- iaff'C-ct tilc pH lexels xwithtii thc

geCt a g. iioo i SOitaItIg fritti 20-3t0 liter-s per sqiaiatc ulletcr per guowi ixtt iledlia. Thecse p H lc-x\els. in tutri i. affect tilt absoirptit iti
xtiteriuig. If' thic phlats atr- groiixxi ill hucts iii plire s-intld I -2 iice-taitl t ilitrililts li thic rioots andt thuis thec health mintl xitali-
IiT Ic-i- Spt Zil5 a-Le illCt(1 cr la>I v be suficiecilt hitr eat-I irri-igat ii inI iit t\ til dw p lenItitt \Vatct Ii c- l tlit lt i-iai -ne51

tliit- mttt etriet vii xtttcr-its Iita\ i-each 6 toi'S pc-i tlav. Platits tix- tot 7.01) Itituiclt abistrptioti of' situ ti p1htit ntiiti-ietlts: p11 lc\c-ls
tll( inl fl-Id situ mtiax oiltlv ut-c-c 1 to 2 fit-tiatittiols iuir x\x ek. bl o\ix thlis ntgc-, pi)CIiti e-\t-SSi5e ttijSteptitjit uif cctrtainii tiuuti-

Tue ni\i uaxi iittt aiLl(touttt Of x\atc-r It-tpuiri-c per i0 ~((1sJitard- e-tts, xxhic-h Ilita c-tiuse toxic-itx
Icttt-crs xxill xi- at l-sonuil abltit 1,00(1 liters tot 6.001) litcr-ts for- tea- liT- totitai cotlci-itritttiti iii salts in the xwatcr is a problieml
sotus tut-uiitinetlI cirliur. Tue irrigaitioti svstetuu fitr itguriet'lt oltusu cotutliltii to ittai\ getoarapltic- itoc-tioini s. XVater coniitainhc Iiiirigitg
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salt levels - especially So(lici1 in. (a the buldlidp of'thiese sI-illile thiroigh the evaporative cooling< system at a 100 percelit blow-
salts xith the "iowino' e(diiiiii, resiults in at ponn rrowilln cdi- dloxii rate than to clesalt tIe sea water fiirst befiore iisinn( it for-

niii) stutctiure andl reduced planit girowtl. Tlue salts inhibift water coolilg, eveni tholugh desalinization would haxe re(quire(d little or
iptltake h! the roots. Wh11ile thle comipiosition of the cissolved 00 1 0low-down of water f'lromi the cooliln" sYstem
niiierals niighit vary accordinTg to locationi or source, the effect

of elevated salt levels in water is the s oine Boron, flioriide, MINERAL NUTRITION
chloride, sulfates, and so(iuin, whieni preseCut iln irri(yigtioll wvater Mainv itirtienit formulas have been (levelope(l In general. tihey
at elevated levels, inot only recluce p1 i mt quIMli:t itlt I nillt inflo- are (uitei si milan dit'ffeii(g mnostl\ ini tic ty)es ofcrop)s grown ill

ence solible salt levels in xvater andc growing niedia. greenliuoises. It is nilikely there are anN 'secret ingredients" that
High levels of iroin in irri(ration wvatei especiill> in hadl water make one formtilda better than another. Almiost all recolmilelild-

c-ntaiLinig elevated levels of calcium aiidl i magneslim oniought tionis are b-ased oii the early vork of'l loaglancl and Anioll ( 1950).
cause brown, rusty residuties thatt remain on leaves xvien over- There canl lie a significant cliffereiice in tIie cost, piritv, and
lhead irrigation is practiced. This is especially (letiiiiientitl whien solukility of tIe chemicals comprising a niutrienit soluition-
orinamental plants are grown In these sitiuiations, dlil) irrigation depending oni the grade'e pure. technical, foocd or fertilizer)
svstems miuist be c'onsideied. iised. Small greenhouse opeiaitionis often buy ireadclv-iiixecl

Table 18 lists the desirahle raiges for specific elements in nutitrienit formulations: onilx water necd lbe added to preplare the
irniaation water. These geneiral guiideli ies were fori-itilateci l)v nitrient soltution Larger facilities prepalre their own soliutions
Jolhn Peterson andI Laura Kram er ofi' thc Departmient of to standard eo sti itl\ nioclifiecl forimilae. The commiLollyv usecl
lIlortictiltutie at The Olhio State University ii Columbillus Ohio \veight factors in griainis requiriied to maltke 1000 liters of I ppml
(Tavarina and Roll 1990). solution are giveni in Talble 19: multiplying tIme f'ac-tor for a

Evaporative crooling systeims also reqluire water of0 goidl (p ial- clhiemical byv the nuimiibei of ppm desimecl in the i0orinula will
its. The alkalinity and soluble salt ceintent of the cooling Nvater vield the incinmber of rlinins to be tisecl per kiloliter. The locald
shiotulcl he dete'rmiminecl bef'orehanld to designi the i)est cperatiomi availability and c ost ofit' irtilizers often eleteriiiiine the comliipOsi-
and mainiteinanice pro)gram. In evaporative cooling, the salt con- tion of the f'ormincla. Using Table 19. one can easily- prepa'ex vir-
teimt of the coilingT water increases in concentraticn as thle water tuavll ian formluila: if a readclilv available chiemical is iiot listed,
is evaporiatecl. Therefore, it is inil)ortant to drain a prescribed its weight can bIe calculated fromil the atontic' 'weight.
ainouiiit of water fioiii the svstein to keep) the salt conitent bieloxw
the level specified by the mnamiufactur'er. The aniount to drain Greenhouse Vegetables. The preparation of typical nutrienit
off (reierrecl to as "blow dowvn raLte"') dlepe'ncls on thie salt c'oi - soltitions fOr toinmato and ccimcinler cuilture in open or closedl
tent of the wvater. hydroiponic sxstenis is outlined in Table 20. A mnicr'onuitrient

In Kuwvait, tle' aiitlior lhas seen cooling pads comple'tely soluitioll designd(I to supplemient these itsic solutionis is
lughiedl 'with c'arl)oiiates, similar in ap)l)eariaimce to concrete, Thiis desc'ibed in Talble 21 (Ellis et tal. 1974) For laier hydropon ic

blockage occurred (dring ai pelioid of' sevemal mnolithts with tIme systemis, chiemiiicals ai'e weighyled ouit incli\idtuills to all aWccuracyN

tise of'cooling water high in salts aiicl witiout a ilow-clow'ln pro- of' ±5 percent (simnaller cleviatioins genemally havei no appaimemit
giraill. The author has simc'cessftillv used 1tire sea water for cool- effect onl laint growth) and arr'angeel iieit tIe mmimxinlr talik-s ill it
iii \with a hlow-lown rate of 100 I)ercent. In other words, iinone mianner that l)rec'lidles (ldouNle-weighling of an\ comipoinent.
of the sea xvater- was recirculated tlhioiiugh the cooling systems. The c'he'mic'als are siiipliv added to the t liks ald stiriecl \igor-
The cociling watecr coming firom tIe sea xvater well was returii-ecl oulslv: the oricler of' addition is not iinpoitaniLt. biut it is easiest to
to thelthas oiice it passed over thecooling pa(ls. In this case it was clissolve the itiost insoltblde salts first (mnomiocalciumnl pilosl)liate
iiioie ec'ciomiiical, fromi an ei rgs stalnldloillt, to pulilpi tile water anl calcilim siulfate).

Table 18. Desirable ranges for specific elements in irrigation water (Tav ama and Roll 1990)

Sulfates (SO 4 ) I................. less than 240 mg/l Soluble salts .................. .... less than 1.5 mmhos
Phosphorus (P) ' ' 5,0 mg/I0 mg/l Zinc (Zn) ................................................ " 5.0 mg/l
Potassium (K) . 10 mg/l Sodium (Na) ."" 50 mg/l

Calcium (Ca.. ' 120 mg/l Aluminum (Al)."" 5.0 mg/I

Magnesium (Mg) '. . 24 mg/l Molybdenum (Mo) 0........................................"" 0.02 mg/lI

Manganese (Mn) ' 0......... ................... 2.0mg/l Chloride (Cl) "............................................... ""140 mg/l

Iron (Fe).. 5.0 mg/I Fluoride (F) ............................................................. "1.0 mg/l

Boron (B) ."" 0.8 mg/I Nitrate (NO3 ) ........................................................ "' 5.0mg/1
Copper (Cu) ' " 0.2 mg/l Ammonia (NH4 ) .................................................... Undetermined

pH. 50 to 7.0 SAR . . less than 4.0
Alkalinity .less than 200 mg/l CaCO3

'1/i'' S. 1i tee/ce 11'f)- .fe i ll , Seee/i Ae 27ie/ye Re/' , . i/ t ie /e e .cc,ceett/i' cll / .lec 1, / c te ce / , tee e- I.. I -i i cell, e,ee,etlceIcI et e /.c tc tl e i t I Ile lIthe- / iid -'le

tiot I.lll,ew le lll I eteteelit/aili//i I,, 1,l.,,C et/it' /lltcg-t,l r , /,/,, l, I llt igait(Ie will rlt tieu' ttt)ll.
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Table 19. Weight factors for calculating the amiounts of tia endl oF tie seeoiid( week- anti belin tie plrocess agail. Tlis
chemicals (in grains) needed to prepare 1000 proccidlre aiis at silnlplicit that mIay c'ieipeltisate tarliek of pire-
liters of a 1-ppm hydroponic nutrient solution e

Grams in
Principal essentiol 1000 Op)pell SI stelils. Silice tile InItrieiit soluition is itOt rt \ e iederl a(i

Chemical Compound' element supplied liters reecle(l ill oen w\stei'ns1 it tioes nlot requirt Illollitorinl mtlt(a

itjllstiwtlet: o lle miwid. it is egel te ctil I .i i 1 Itil cdeplete(l. In
Ammonium sulfate(21-0-0) Nitrogen 4.76 adtititioll tie (Ilalitv ofti e irrigatioll \v:tter is less rl'itieail tlitan ill

Calcium nitrate (15.5-0-0) Nitrogen 6.45 eloseli svstenis. IL p to 50)0) lnwg/k14 IFtextriatleouis salts is easilh tol-
Calcium 4.70 erattetl: t(or same traps tonIllittoes. tor examilnllt') even higiter

Potassium nitrate (13.75-0-36.9) Nitrogen 7.30 extratletols stliltitits are Ie iSSilible aitliothouli iiot desirable.
Potassium 2.702 Titaglt tit iIitri'nt solliitoln /wrsc (oel s IlOt reqllire illonti-

Sodium nitrate (15.5-0-0) Nitrogen 6.45 torlig 1 ill opilt svstt ts, the growin(g me(litimI Ilna niee(i to lbe
Urea (46-0-0) Nitrogen 2.17 itoIllitore(l. Tblis is paartieculart'l- tl-'t' it'tile irriration w'itte - is l-el-
Nitro phoska (15-6.6-12.5) Nitrogen 6.60 atisel saline Otr it tile llt'dropoi ite fitility is loatet(i in it awarmi,

Phosphorus 15.00 lig,li-stiligit regitto. To mtvoi(l salt acctiiniilattiot ill tite illecli-
Potassium 8.30 i at eiou1 gh1 irrigmatimtl Iwatte r allist he usedl to allowV ia sIlmall

Monopotassium phosphate Potassium 3.53 (raitilmge tfroit tlh pwittiig beds. Tlhis iraitmage sh ou1ldll be col-
(0-22.5-28) Phosphorus 4.45 lect''tt anti tested p'rio(lie;ailv- for totatl (lissolv(d Salts. if thte

Potassium sulfate (0-0-43.3 Potassium 2.50 salilliit of thie (drtatage is :3(1)0 1)1p at tlbove . the plan t ting I t(ls
Potassium chloride (0-0-49.8) Potassium 2.05 nilitst h)e leaeileti free of salts (ISihg tite in-plaee irri(rattioll s>s-
Monocalcium phosphate Phosphorus 4.78 teniT h or at leitst to it pzoiit e(tpial to the salt contenit of tihe -'water

(triple super)(0-20.8-0) 13 ca used.
Monoammonium phosphate Phosphorus 4.78
(I11-20.8-0) Fctlifi zcn Prsvposrtio>eanvo Onjccfor.s). Ai atlitolil;la otCalk -0ontr01IC(l

Calcium sulfate (gypsum) Calcium 4.80 otpen sŽ stell litilizes fertilizer proplotioners. linanllFat'ttiur(I
Boric acid Boron 5.64 (levices that inject specitic illIlIts of llte et stllctioll ill the
Copper sulfate Copper 3.91 irligratioll Nvater. iFor so'll lisaIsge tile soluitioll ii tst bt htigitiv
Ferrous sulfate Iron 5.54 et0 licetrattt(l. It is pretpareti in two sepaIIr'tte Iinixtutres: olne con-
Chelated iron, 9% Iron 1 1.10 taint ilt ct'ltitIll Ilitratte attd iroti the other colitmtiltilln the hal-
Manganese sulfate Manganese 4.05 ante oF tilt' tissols\(d eltt'itticals. Separate pIreplaratiolt pIre\eltts

Magnesium sulfate (Epsom salts) Magnesium 10.75 til coIt inllationl If caleill llititate ani I l rItjglteililtl sillfate to
Molybdenum trioxide Molybdenum 1.50 tIrecipitate ilito c'ltcilill silltlte. A txiln-lleai( proportioner is tltis
Sodium molybdate Molybdenum 2.56 re(lil'ie(l. A stan(dalr(d design is illustratt'(I in FigillI-e :31. Plan A.
Zinc sulfate Zinc 4.42 Tue rmtte ot inljetion ire tilte proplortiolner hieai(s tleterlililles

tite necessary coiwtteltrationl ot tFie Iliitielilt soltiltiol s. For
CI¾ lee eol 're, t1)rtet er/rI reI/It t Pter.'-. /Iee, titer. /I tee Pt riee ft ' e'mmtill.le. if eattll lemtti i ijt''ts ot litel' o(t stock soltittoil iltto

i'i, el lne e ire K.ll , f CW(l Ie eat' 2(0(0 litt'rs Otf watter passilng titlllrough tilt irrigatiolI sNsteln

-2 mKVo , lJ(O lim ei tleel Ir l/eteefe /quals e Ka . :/3 jpee V tile stoIK'k solutiotlls iitst he 2(0(0 tililes tile collcelltlratioll listetcl

ill Table 22.
( tlosed Svstenlls. ( Clost(l ssteltis (silcll its liltrient tiii sxstemiis Twice weekly Ilie totta clissolvetl salts of tile nuttrielit sol51-

or NFT tethliqui(1 e) Ilse illtl-ielits e(CIoll0ii'Ctil> hilt IC(ltlile tie- tionltvatel- Ct'tlaila (lelivereti to tite platits 1i111st he c'lc dc'kt't; tile

(IIIellt illotilitII ni d tijlstlllellt otf tile nlutri'itt solIltioltl. plrlol'tiollelr p'limp initiist le examttintt separatel, to xerif titmt

Electrical coitdullctixitx is at clltneltiellt metli'e otIF tite total sailt the IC )I1)lt)S are aperatillg c'rrt'tlI. Nierelb testiitg tOr total salts
CeMCo li(tration. bout it (loes iiot ind(icalte the conlcenltration of' .It tlle ein(I of the w!steml is iiot siifficient: if onle liea(i is e ecetiiLr

ia~jor (eliements or-the (lialzitit ' oftnice elemenlts present. Tliis, too IIClnl( SOIluiOI), jaI(I thle othler too little, total salts ma 'v

p'eriodtic' chlel alialallaivses mtre reqtuir'ti, IlsIlalI everv '-3 appearl to Ibe apprt otpriiate. hiut tile rittio of ele illelts Illmax lIe
wxeeks for mllajo 'i eltetents aN P.K.(¾tMgS l adl exel'v 4-6 b a(lly skewe(l.
weeks tor illitrIlllti'iets ((:,B .Cu Fe N-h NIcZll 1/ ;r 'es,
198:3). It is essenltial thltt tltt relatixe collc'entratiolts ot lIlltriellts Nultritional DJisol'(itrs. (ieileral'aiix. ttitti-tiota l ciiso(rlers reiltatilng

ill thle iititi-ieiit soliitioii app)lroximiate c-iol) tiptakse rtittios othetr- to II ,(IIol)ollics are Simlilarl ill caLTlse an(I eftfec-t to siicell (lisor(clei-s

wxise. sollle t ititriellts atct'lImttlate while otilel-s art depleted. ill fiel(d agric'titcre. Nultritiollal tlisorct ers are illoi'e likeks to

Ch1emica(;l a(ldlitionls to thle iiiitr-ieiit soliitioi lla bnl!le reqlilirecl oeoClll- ill c-losecl Iwdrop)onic sY-steins thlan ill op)en s.stelis: ilill)ll-

wveeklv or- even daik, to inlaiiitatin aL prop)er llbalance I-ities or- Tlllwvante(I ionts ill tile rec\cle(I liquTid,. or- fl-om tile

NMally opelatolrs partic'llarl of' sittaller close(i systeislS fIlt1 cht'tticais ise(l, Illay Intore easily tlestrto the halanlce of tlie 1or-

slcit' a st'ltl'iil lt of, 1ollitorin(y1 aUalvsis, anti Citelmlical atli I st- 111111atitioi tlltil actc lIltlate to toxic lceels.

Iltelt tit(l'sirable. The> pl'c'ier to be('ill tle t' eek \withl a lltew Iltl'ienllt-rl''iat'(l disordlers of'crop plailts c'ant be pr'v'tteci by
soltitiol add onle-lEiaf'ofth orihial llOrmulal at tile efi( of tile Ilililltaillim, ea-el'1 control of tlte compl)osition of' tile nutrienilt

week, (itilit 1) tile relllitiitiitgi I ttii tIlre trflilt til titilks Ir s5illlls 5at soIliltio(l, par'ticlt'i ri> in closl' l. s\stelis (Graves. 198:3).
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PRODUCTION ASPECTS

Table 20. Preparation of nutrient solutions for tomato and cuctimber culture in closed or open hldroponic svstems

Tomato Cucumber
Soln. A Soln.B Soln. C2 Soln. D

Seedlings to Fruit set to Seedlings to Fruit set to
Chemical compound Principal element first fruit set harvesting first fruit harvesting
(fertilizer grade) supplied (gl 1000 ltrs) (gl 1000 Itrsl (gl 1000 Itrs.) (gl 1000 Itrs)

Magnesium sulfate Mg 500 500 500 500
MgS04.7H2 0
(Epsom salt grade)

Monopotassium phosphate K,P 270 270 270 270
KH2PO4 (0-22.5-28.0)

Potassium nitrate KNO3 K,N 200 200 200 200
(13.75-0-36.9)

Potassium sulfate3 K2S04 K 100 100 - -
(0-0-43.3)

Calcium nitrate4 Ca(N)3)2 N, Ca 500 680 680 1357
(15.5-0-0)

Chelated iron5 FE330 Fe 25 25 25 25
Micronutrients6 150 ml 150 ml 150 ml 150 ml

I l aIl,,ulpi,,5 ,',a,,l,,t0,,'' , 1, gl/k s,, i .l-gf' 9 ,(i 5 11 9, 2 N 111399 C_N ,r122. i,d, ,,l, so, 13-It._ WKiln)9 K; . 11162 N It, 1,, ('1 5. ,al F12 5.Sidi, (-V1r_ 51),
K (I : 1 I, '52 ', 144. (,lfCa56.,,,I (25 .5S, 4,. I)- .i .56 K 154P 62 N 26

11 (Va,,.30). ,,u,uI . ".!,, "l,l lfl. ',,,I,ph I dtil, , li ws.
2 ,,,ti,,,, ( IC, ,,,, ,.-,'J/ ,o w,,, ,I, ,,,b I.,-,x,. u,,1 ,,t N 1,,.11. t, 20Jf u pifu, ha/S1 I, i,uhhu ,1, Iu-l,; ,
3T II,, v .f,uu.u uiliuu l au//aL, iu, uujiuluuua.
I I.-,luu .\ 4% b . , 21m6a, fw fiuafly i viI II t la/ ., /c11wfill,

, p 6' 0), .Q
6

r/
1
t)(f) lif, t ' 1 u1, iu , if II" " ' ", N l -'Iroa a,w,,lil,l,u i. I,, (I.

6 S,, I/,1,1 21 flu , .ti u,, . if ,,of 1 ,i,,1,'ri, ,ft4/l ,Iu,tu,.

Table 21. Preparation of micronutrient solution for
tomato and cucumber culture in close( or ini(luice hlossoin-enld rot ill toimiatoes i51(l tipburn o)1 lettuice.
open hvdroponic systemst Zitic toxicitN . causedl bv (lissoliution of tthe elenileat troin gailva-

iiize(1 pipewtork in the irrioalti( in svstet is. can be avoide(ld b! lisilicr
plaistic or oth( r usmaterials suital le otr agtrici ttire.

Element Grams
Chemical compound supplied to use2 Floriculture Crops. To maximize (rrowvth. fertilization ot flolli-

ciultiural ciOts (ip clinii ig prlo(diction it s timip 1 ortatnt. Eac(lh
Boric acid (H3 BO3 ) B 7.50 crop re(qiuires ai specific ralte on fertilization. Pointsettias atu(l
Manganous chloride (MnCI2.4H20) Mn 6.75 cirvsantheimin is requirite rel itivelv lar,-e aii mlt ints o) fertilizeri
Cupric chloride (CuCI2.2H20) Cu 0.37 particularivl (liirin the ve(etitive grovth p)liase, wchile Easter
Molybdenum trioxide (MoO3) Mo 0.15 lilies which are started troti lhs (let 1 tid a (liffereilt pisogrsli .
Zinc sulfate (ZnSo4.7H20) Zn 1.18 Be(kling plant sl'ccies (lifFer grcatl in their fertilizer

re(pirtilr lenits. Tliose which wvill ultitmatelv produce firi it, si(c-i
jFiuua/ ),5,,i,)l u-u-'-a(i-a ii, moI, ,!k" B1)50 .IV ,, (.h2:( (C1u,05. )1,A1i)535 ,1,,md as tomittoes an(l adpl5Pep s. re(quire-c lower nitro(re rates is ii or(ler

l, - to iiiiize te Potetial problem ot fpoor trilit set: orniiientatl
('.,25t)Pa ,/V/,liu ,, in,h,,i- , lut ad u/i,',, ,,it/l,, 1,,1, ( lit,u,./ ,a5ru) ai/, 1.,I,n,, species ot hecicliig plailts ia n trequirie a l ilier- rates ofl litroige'

;7,,1,, 20) fertilizaitioii.

W\ithl ill onilanincii tal crops. it is advisil e to iise fertitilizel
The iiiost c oiltiiioisi Lti itiont sl (lisoialeis in 1i cv(lro toiic s -stemiis ii hector svstenis. whevices which it iject it siiall aii.no1iiit ot feltil-
are caituse(l liv too iliniels aittilioll iiltlil awcl 7iltic iclif too little izer iiltO thle vatert lille esu_l tiiiie tihe planits sire irrigate(l.
potilssil in) anill esulci tins W X'hile hiigh levels of ti liii l oiiit ii.l whiclh Fertili7te r it m jecto is reyrl lii-c si 1high level 0 Ii a.liLagel ne ltt _sv ic-lu
CaiLSe viIOIIS ptlVSiOl ogiCal (lisOiicle rs in tomiatoieS. c-silil hc' avoti(1- is ofteit I alii avilblle in ais (levelopitsr niationis. Becaui se i ijec-
ecl bY provi(li sg cO iiloi-e thil. 10% ot the nlecessarty nitit l' torls itre sill) ect to Iiecaliii l dificuilties. they rei ile plsrio(l-

"IYP O icii w n uI>c iige h cI i-lI f i te
froil aaimni mi miiit . it is best to co-iipletelv svo ii iait l1lO litioiii i in i c calibration assit sr i 'ice. Its soil places. spishe par4ts ii 1m1'
niutrient solotiotis. Low levels of'potaussiuimii jlc'ss than 10 p) pli (iliite Cli fficlilt to Oilttill.111 these SitlliltioiiSi it \cil(l lie a(lvis-
in tle nii tr-ienit soilition ) cat it f'ect toinasto acicli t isi(l re(ilt icc aIle to us' lii lk fe rtiliize - soliitioii tsni ks hii u iulso fuciilitste
th e percenitsage of Ihigh-iqjutality trulit. Loiw levels it cil'scicii ilplp1iicati0 if foe ltilize l Wvit il ecl i'liigiLtiol.
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Table 22. Amnount of coiynionlv tised fertilizels applied lowe\e-er, it' tile griovwingr operatioll is extelnsive, the fertilizer
to plants at different concentrations using a sollution tailks IllilV he) rge and expellsie to c-nistrICJet aid Wvill

1:100 injector. The rate is doubled foI a 1:200 requiire freipient refilling. Tlhnis, thel op0 ral'ltioln of sICh1 it ft-rtihi/,-
injector. (Ta amal and Roll 1989) er Swstem requiires ii oet lahi ir tlliii) (Trioiwi( Ope'rations sISilioi

Injector fiertilizer ;ijectoris. Each1 fe rtjtilizer application s!st(c is jS Ilustrat-
Concentrates e(d in FigIrie :3

*-'Poundsl WN'ithl injectors, iapproxillmately 201) ppi eaci of nitro(ret a nil

Galion of p Otassilln ial-e glene ilalk applied ill th(e irli(ialtioll \\wate .6)fr a

Concentrate gro,iln(g meliediim coiitaining( tielkl soil (Tavama antd Boll 1989'.

Fertilizer N P K 1:100 For a sollhle. co0ll)lete fertilizer- containin(I 20 percelnt llitro-
geni. thtis equials 1:3.4 0111w-es Of ei-rtilizerl per oallol. or- 41

20-10-20 200 44 166 0.8344 p)ounds(l, 12 olncaes per .50 gallons Of conceintrate hOIr a1 I:0))

250 55 208 1.0430 injector and t-wice these an11oi1ts for 1a ]:200( injectOIr I
300 66 249 1.2516 on)tte=28.35 (giriams. I pounld=454 grams,l . agallon =3.T8.5 liters).

If tlIe fertilizer cointains 2.5 percent nitrogen. 10.7 o UIces off er-
20-20-20 200 87 166 0.8344 tilizer woildI I)e ilse(l per gallon aIn(I .33 pounds. 6 Oilli(es l)er 51)

250 109 208 1.0430 g illolns ot concentrate fo' a 1:1to)) injector and htice these
300 132 249 1.25 16 anl1io0ints fi a 1:2)00 injector. FoIr a soilless, or artificial i n1e(li-

11111 al h1igller pplml of' nitrogeni ancl. potassiun iiiiglit he applied.

15-16-17 200 93 188 1.1125 depending on1 thie floricliltural carop.
250 109 235 4.3907 The am1o01nts Off coini(ulilo iset(l feitilizer-s al)plied to on la-
300 141 282 1.6687 mental crops are sIiowni in Table 21. Since eatli cloI) llas a spe-

cific fert;ilizer progrilm. in;elludig all 0pl)ti;nlillan1 l(_e O1)fpII it is

15-1 5- 1 5 200 87 1 66 1.1125 adlvisaHle to 6I) l\V the recOmi ilei(i lati o)ls c-h S'lV.

250 109 207 1.3907
300 132 249 1.6687

*Potassium nitrate 200 0 200 0.4315

++

ammonium nitrate 0.3061

250 0 250 0.5394
+

0.3826

300 0 300 0.6471
+

0.4590

*Potassium nitrate 200 0 200 0.43 15
+ +

calcium nitrate 0.6278

250 0 250 0.5394
+

0.7848

300 0 300 0.6471
+

0.9417

n II p I f p f .;..t ;/b JI ur ' 1 if, I b, m If I 1,, t tu / if i I I 1 , I r , 1 a wnI'/ , I ,,, 1,

n I ) , 1 ir,J ,r,ru ru1
, r I i/n,, i I/ , ii,- ," d 4 I, whqfIn/i Ih Ii f/in',, r i t ii I i/i , ,I - I

,, (I,, a , rI,,,-1a/f 1 I V P/ ,, ,, m n,,,, ') 7.5I w/ ', , I= , s , 1 / , 1 

"If priMal = 451 f,fI 0 iiini.. wo,ni,i,, - 2~• 15 ~,aw,i I if,m - 37, III,,6
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DRIP IRRIGATION
D)iIp iirrigatiol I. oftell referred] to as trickle irrii;itioin coInsists of' cllt. d-epend(ling og n Soil typ)e lxevl of tfield and howv w ilter is

laNi- r p lastic tilles ot smiall (liam neter on tie stil tice or silbsir- appl ied to the hir rowxs. D)rif) irr1i0 tiol) is iiot oIll reecl1ommlendii-

fIace of the fiel-d or greellieiouise lbeside or beneath thle plalits. e(d for protected awricultire i ut also for open fieldl crop po-

W'ater is delivered to tile plants att fi-eyient intervals throug1 (dluctioln, eslpciillN ill arid aid 5semi-arid regions of the wvorld.

sill oles or em1)1itters locitteae Zlon 1g tIie tuilbe D)rip irrigatioll is rep lacin1g Sli rface irriuatioll xvwher water is

D)ri) irri(ration sstellins aleco in1 lv cise( ill cu( libi ation ClSocare( Or expensive. the soil is too 0orolis ol too 1illperiolls for
witlh protectedl agrictiltuire, aLs aim initegral aind esselnti al pait of (graxvit (tloo( lo- fill- roxw i rri-aitio(n lidi lev eliigf is iillpossilble o
the colilprellelsi\e (lesignil. \len lisillg plastic 1illc-hes. row xery costly, water qulalit\ is poor, the cliimiate is too xwindyvf I'Mr

covers, or greenh ol uses. (rip iriri gatio n offers tile ollx\ illeanls oIf sp riinkle irricratiol, and whilere tr ilnled ir rigationl 1alaor is ilot

ap plvillg inif ill \Vwatelr anid fertilizerl to tile plats. Drip irriga- available anc(LUor is expensive.

tion plrovi des ill ixlil ( lltl Ovt' erlCirionm11iltlltal \UlbilitV MaiI tIples o f (rii) irrigatioll svsteiiis 1haxe beei dlevelolpel.
it aissi ires oIpt 11ill prodluc-tion with I iiZl l Iises oIf water, Riow lenigthis Iav vary frcliio a fewv Ilmeters olii i illolintailsi(le to

v]Ilile conservilig soil andc fte itilizer nutr1ietits: and c-ollit -ols a tlo1uis cl(l ime(ters o11 Ic xel laid Row xvidcis cal rlimiCe fromI1

ill( ;itsill( Wilter. fertilize, laor and ll ac -lioCh ry (vosts. one I leter or less in rowv c-rops to six mlieters oIr mlore tOr
Dirit) irricittio(l is the b Ist 11itils (If xvo' atel r ciise0 atiio l. orclhardls TI e irritrittiol xvatel. Illave I ilatixcklx cleit iln iax. bIe

(Gelnierill spc-akin i appl icaition li tfficienc-v is 9()0-95 prc-nt. crwivit fromi opci l cli( cliches itlh large amou11ts oIf ipil-itfi-s. oI-
colmpareci witii sprinkle aLt 70 perdc-litauLcl fuirrox at (50-80) pe- c-clilei fi-oi soirces xvitlh hih I salinit-. In ot]er arleas xxllie-e drip

irrigyatitlil is ilimplovedl xvater allot-
mlenits max;t be illsiltifli(-lt to ri;t

Figuure 36. A t )icall drip svstenii lavouit all the llulcl 115 ceioxe tioill m(-tIoilds.

In Soil le pilaces, c-i-I dII clepenl cl( ti rle-

ly Iil Ii] irrigatiolii in othiers crops
''i--ii-on kl Sippll l c-i rli gi t iIll

75 s , tAloncg with( re-bice-l water tise. li-il)

riOflTrtioll iredccs piwxxc requ]irie-

mieints. A typica-l systemll operl-rtes at a
m/ami linie plrieSSIuire oIf 20-30 psi or

;ip)proximhatek .4-2 atmosi pheric-s.
n3 ~~~~~~~~~~~~~~Thte lox% opeli-atillg piressi ires [pcrolnits

the svste 1( to hce pressuir-izedl bx a
dec-p xxeil tuirbiinc pciimp Less piI\ecr

iiieails redhiced cienergv f'or polomping.

\- - // Silec (S-cil) irri' ittio lli reqi- rcS alp)p)rox-

in il:teltc hIlft tile water ais coliparedl to

othc-- il-i-igttioll eltitlio(is, Sollulle salt
(ill Ic-c nIt rations xill illso lIe 1haixed-
Applviulg xv;itc-r .iloll,a tile plailit ro\1

directs tle salts awavaY flo Ii plaults to
tile rir v-oxs, as oppIIosdl to filr-oxx ilrrli-
(/ittioll wxxhere salts are puishice- fito

tile root zolie. Hitill ol lleai\ irrji',a-
tiolil xxil thetn iassh tlhe salts o(lt of tile
Soil prlofile.

Si1ce tlie irri(gation xxater is appliedl

directly to tie plailt rodw andci iioIt to

1 Punmp 7. Pressure gauges 13 Submains tile enitire fiel- its with sprinkler.fill-
2. Pressure r-eiief valve 8. Fiiter i 4. Drip tape laterals rox . or floo(il irritlticil. *xe(-cl groxvth
3. Air vents (at a)l 9. Flow meter !5 Laterai hootk up is -CCLcIcecd. Bec-alise tile firirOvS. or-

high points) i 0. Manline 16. Drain/flush valves aisles. bet-een tile plant roxs remlaill
4. Check valve I 1- Subrnain secondary 7. Systern controller drv, a fal c-llrer can easilv enter tile tic-ic

5. Filte- injectorftank filter (oniy if-required) xxith labor oil triactor equliipllmellt for

6. M in/-ne va!ve/gate 2. fie/i control va!ves spraxil. culiltivatiol. or- lhan-est.
Or- butteitjy manual or automatic Placing the water in the plalst rox
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DRIP IRRIGATION

inicrease the f'ertilizer efficiency since it is injected inlto tile irri- it is distribiuted in) the pipe syste-i. A htpical dril) system lavollt
(ratioll water alld applied directly to the root zonie. Plant foliage is illustrated iil Figrilre :36. If tle drip tape is buried, tloe ends of

diseases mit!a be lessenedl since tile foli'age is ncot wetted (Itiriitit the tape sl]ofiI(l hbe coniiected to aiL adlditiol a] Slbilnlitilt to fiCtil-

iI'ii (kttiofl itate fluvshing of the linies. This is necessary beciauise the drainl
Onie oftite disaIdXvtgILIeS of dril) irrigatioll is the ilnitial cost of' flushl valves are desigiied for suirf'ace installaLtioll of' dril tLpe. If

eq(Iipiilenit per acre, which mriax be hii(gler thlanl othel ss-sterlis of thje systemi is hooked inlto anl additiollal suhbillaill for flslbrilg, it

irrigationi. However, these costs moiiist be eviaiated throigh cani be eninleered to feed tile cdiip tape frcomii both sniblnlairls

conif)arisoni withl the expenise of' lald prepilaratioll (alnd C-olntill- (both elndis of'(drip tiape) (dIIIringy the tine of irriration. This faicil-
lied laind mnaiirteiarice'e) ofteni req-uiriied by stirftace irrigatioll. itates better eqtuializationi of presstire tihroiihonit the enitire

Landl leveling arlid cainal arld draini cdiging reufi'ire hecavx e(quiip- lengath of thie tape, espechillv with long runills.
ment, skilledi oper-ators. a(l a conisiderable inifrastrlchture. Dr-il) The initial hieldl positioniniig aild layotil of a drip systell is
irri-atigutn reo-itiqies at higher level of' imianaigemient, ilot olilv to infbireticed bv tile toI)0()g;tLpJli) Of'the lanidl itinl( thle Cost of'VtOiOlils

operate the di'-ip systen] bhit also to imiainitain the fertilizer in jec- systemii configoiration-s. Desigin conisiderationis shouild also
tor e(uipillelnt and to keep the systemti properi fluiste(l. A crit- inllicle the relationiship betveell the arillcis systemli copilpO-

ical (lela ill tile operatioho of' a lint) systei ii'ity catise it decrease nieiits aind(I the fatrino eoliiipmirenit ie(iriir-ed to plianlt. cilitixiate,
or a loss of' c-rop., Frost protection that cani be proxided i'\v oxer- mi)ainitaini, anid harvest tine crop.

head spi'inlkler systemils caninlot be itchieved with a drCiip systemii.

Rodelnts, in-sects, or hiiimani dami)age of dlrip tuibes riax' cauise CHEMICAL AND FERTILIZER INJECTION
leaks adcl repair's. EQUIPMENT

Mainltenianlce of gocd filtrittion is all absoliite miust, sitce thle Basicalhs there are five Xx-ax\s to iiitidodice c-beinicals into a di'ip

smriil openinigs ill a I-nip system are easily cloge(l. Bothi screeni sxstem. These are injectioini piimiips (oeperalted by' electricit-,

and(I sand(I filteis miust be checked (hailv' nid c-leaned if niece(ssarv. gasolille, or Cliaphragiiic,1 alind xlter-powered), venatiris, pressiim-e

Sanid filters ar-e easily backflishled; this operationi cani be atuto- (liffer-enitial taniks, bladder tillks. alldl grav-i.it\. lliectioll plllip)s

miated tlirowrih the iise of 1)resstlire gainiages located at the inlet are norinalls usedl ill greenrolicise operatiiojs where a conistant
an]d outlet sides of tue filter, Alsc, precipitates thiat forimi in or liquiid feeding, of fertilizer is re(Iire-d svith eachi irrigation. Thle
on thei diip linies miust be eliminiiated: all ac(id fluLsh uised period- remiiainingc ftoi-r iiethods tnlt, not as corstaiit ancl acc-ilirate ill

ically wvill dissolve arm' nuiniieral precipitates that niay have their deliverv of'fertilizer conicerntrattes. hoit are adeqfuiate iwhere

forrilec ill the sN;stelml the fertilizer or clheriiic-al is added onlxv weekly cur intermliittenlt-

Bacteria, algiae and( "slimile" in linies cail be ren]oved by' apl> v'- x. Addirn f(ertilizer or c-ienioic'als to irri(gatioin water is often

ing chlorine or other coni-onercial bacterial cointrol agenlts calledfeoigatiooo orclLc'm igatio 00

applied 1 thiroiriglh the fertilizer (fertilizer injectcor) sxstenoi. All inijectionl putimrps relirie iier'g'y to rin ll In remote areas

wvliere electricit is not available, gasoline engines an(l wiater

FIELD LAYOUT power no1av le lsed. Pistoni adl cliaphiralgmnl iirjectiorn piriolps are

BicSit e(liiprienlt ford (up- iirrigatioll colnsists of a primp. a m-aill available ini sariolis wiater-poxered c'onfigiratiorls (Figinre :37).
lille, deliserys pipes, niarilit cold, anid (Irilp tape laterils or- emilitters. A veritir'i finjector is a tibe xxitb a constricted thir-oat which

'TIhe head, bet-ween ttie pomUrp antIe thic' pipeline netwcork, usuial- devc'lops a neg(tiNe pressire (Nati-norm) at its suctioni port s'hein

Ix consists of'c-ortrol valves, couiplingast filters, timec-locks, fertil- wvitter is passed throdrih it at a rinimiiiuniii velocity, The Vxac-rrrrm
izer ilijectors, pressuire reglilators, flowmieters, arid gaugres. prills the cheillic-al soluition inito the veritiriii poit. xvhee it is
Sincee the water passes throughl very simiall oritlets inl emiitters, it mix;ed with tile palssilng Water anld irotrodlriced inlto tie svsteli

is an absolite imtist thait it be screenied, filtered, or both, before (Figi ire :38).

Figure 37. An electrically operate(l piston pump

PI STON PUMIIP
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PRODUCTION ASPECTS

Figure 3t. A differential piesstine tanlk and a v-enturi type of chemical injector sarv, to indlicaite a loss ot presstire
and the need to clean or flisil
the filters.

Ilfii iwlij( ig Water froi itnStrejai aS

n1 rlivers is 1wd se a siiald 11SeparaX-
tni f'ilter is 111 salk needed to
re111(t1i silld niio thle water
lIef(ore it enters tle sand filter.

s c\(,-ei filters ca in be eidtwr a im
pn11 (11- pressilre tx\pe ol' fiiter.

Aii opeti screeni flilter remov(es

ti-ZSIsi andl otheir or"aanic material
\ /o/ thie water lIef(ol r it passes

Mi ,e sc reienLeIt tfi icl is ar-
/ 1g ilV to reiMOii\ iiniraaiIic- (c-iita1ii-

fiilatnts suiih as 1iiitiidiusoved le i-t ii-
DIFFERENTIAL PRESSURE TANK izer salts or sind tliat tii;x n 1ay \e

(BOMB TANK) ( sescapd tlie sand](I Bilte rs.

Noriiallv water solhiile ter-tili7et r

is injc (te(l iiliti thle irriguatio(i
The piressm-ie dlitftere tial tatuk proOd les a simiiplified itnetlid)(I witctr hetore it piasses tlinutnll the sawl filter. Pressiire screen

to distrilliite te i tilizer and otither chle i icals th 1i )ln l a citip) i11i- tilte rs are 1i0t sl i te( tt() r r ii( ial oit ;^lile ol stich- e riTainic nate-
gratii ni svstemi. A si all pressmlii diffe reintial createdh lbv the uise rill. Oftei tlhss filte rs are called "polishiii filters", flilters tliat
of ;L \aslVe ()r Other restrictive (device crealtes a parallel mw\\ re oive ifilor na nics nromn thle s\stem IhetfOre tile \ater trav\ls ti
tlhronigh the tank. The water passing througl) tle taink dissolves the (drip) tapes 0r enitters.

and/ioir iiiixt s witx tile material al cid eariies it ilntO tile sxstemii
(Figrue :3). The oiiilv drawback is anii mileveii injection rate. The PRESSURE REGULATORS
initial sollitioll carried ilntO tle irricratioii svstell is anore oll- Nlost drip tnlbin is designed to opertate at 0.35 to 0(1) an1iiis-

eitratedil. at i(l is .raduall (hilnited. plieric pressire (5-1i) psi prcssmire xwith 0.54 atmiinosilieres S

C i-ax i tv f d, whei enibliiidx( tI iat cinstons t n it eadl dc( ice. is psi ) iitirg ti e staniiarld opieratinii g presslirc. It is i 11p1ortaimt to
ila Vc-rviaCl-cnate wav! ton ecc-cllicitiiiicisl ito an opieli svsten The Th je ji, o taiit.i ll x press11re to i all,ux iiiitor 1 IsI atr ai 1cl fertilizer

constant head dexiece is tlolill ltore tlIeal plastic Iox with a application ai d to avoi(l "i! c-alc of rilptillincy the elr
floiat salve iii it. The llo.at Nailve ni aiii tailis a cioinstaint level of tilies 
elic-liiill xviich (chips oiiit tl ic- ho ttoml throlugh a priese-t ilieterinig A spri - i s-etdpc ( o i liii sial-r svsteiils) hr at cdiaih-rainl-t\pc-

Vatlve -SnIch a svstc mi is iio (11co o nliiilv ised it! fili i-iV Ox priessLi1ic 11- ialtor ii ll e piiiiasedi to mai iall ta stea(y x aitcr 

lloo ic r -iigatiol tliai ivith (Ii-ip) irrigtatio(l pivressoimc iii the (li-ip svstec- . These arte iiiexpc- lnsive aidu I rel iablel
A 1)ladd(ler tank. soletimoes re-erred to as it pronporti liilog lbotli adjilstille t\pes or preset t\pc-s are availalble

taniik. injects Ilicnid miaterials iio i-c c-isis-
tentlx tliati aptresslr- dliffere-nitial tatik. The
Ilaidklc-r taiik is a Pressil-e \ssel \\ithl ianl 

iiilet alic an iiitl-t olpenling. Isi(le the tauk., -
atat-Iicitio tohe mtitIet is a Iba i r I blIaiidii Ier.
Tlic- ha is filled \witl tIl li(qIuid tii ieW iijtCt-t

ed. Water Inomi the svstcm is i trodiit*ii dccc
fiiiu tin- talk. si1 iicezitg tIll Hladdlcr aicid

to)rciuig tle li(c iiil tlhroiiil the ontlet port.

FILTERS
NI eci a liltcTrs are tanks xii W tlid) c-iitaii ait
sallcfiilticr bc-d. Saud filters aure til aisoihite

eccessitN syitlii oall i n up - smrl.fac-e wx_at-r

SOim-c-. Satdi fBiltetr-s ii-e installe dc as pairs olh

saucil-Biic-cl coititiners. Thc-e a ti h be hack-
I1ishieu to easil c-leall thuc-ums-lvc-sc .

The 11ed-I to clean or fluish the tlitcrs tail

ie cletermiiccl iY thic lhss oi pruessilre
tlirolilih the filter. Thierc-fkir PRc-ssii en Morocco, snnd filters and fentilizer injectors ore set on skids to fuciiitare ease of move-

ani-VrCs tit cithlcr si(le o)f the Bilter airc iteces- me'nt of the svstern tc a new icccton.
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DRIP IRRIGATION

MAINLINES
TFle Miiicliliit diStr-ibItiOIn lineCS to tiht l'ielti -~

IMax COIISiSit of' iindergron-mnd plastic. pvc
p 01' Or Iablve t,roundit ahlimiiiItfl pipe. For-

tih' sibihmailii ine (ileadel-r linec) it is c-omioinoi

to liSt' Xivin -'1 cv flat" hose. Fi'io)iii ttiei sub1-
mail, theicirrigfatioi watter flows to tilt dripi
liues, wxhict CIical be )tCithCu- al polvethlyi'i
di -ip hiose wxith inilinie ewitters or. dr1ip
tble/tape.

DRIP EMITTERS AND
TAPE/TUBE
TI ei-c aitie nian t\ pes of' drip enmutter-s. lIn
thle (,fiutcd Stattcs tlcie e atre at leatst eight
(liit'ii'ilt biasit cliiil) dhistriuhutionl svstceiis.
eat) iixxith o lile 1)1 101o1 e (If thle f3ohnilox'iu
t IIiLI altIi.tei tC S to tI idxiCV SIOVV' Water ciis-
charge: tinyV oriiCt*eS, Ih iw prtSSnre_, or. oIiit- *- -

Icts withi flow, resistante. Thet eight hlasic- In Morocco, tomnoto crops grown on drip irngntion uised 4S per-cent less woter- thenf sponkier
SAStC' iis intltitlIe af flow- resistaintce tubc it' ' 1- lgtek d.
sphivl ries is talnte dIripper,a it ron o s waill

LII' :4 c dippoII'her ;tilt'iliti olli'hS IOI\ (it' I'vwllc tf nd k it'li I)p iiiitiimiifitiLtilStldiltS\il )15wt iiail

drip. Tilt' lii \ ivstaishuicc lIt'.. ,lir sic!lOl, -l NIi) i ticl'os. mitd crop01. \\ith eat-h irrl(igatioui, OInix ci. small 111 li-11t (of waitc'r is
oftenI c-alhlel "spaglit'tti tiilits. ( OiIlI;Iltti- to ()Ill' I-Ill (I,( icth appli ditas iieedet'( II> tile plaint iilten oui at (laii r iiiiloi-e fi'-'C

tbci ii a c plastic' or-la w ih it-citi ,,, isw, till' tici, II- ill' I1 pilcit Ibicsis. This ensiiies ci miore ec'ionimic'c ii se iif' \x-citt'' hile-

1Il(mil iise(il11 f oriitteid plants. Aiiother toImmii tŽlye (if emiitteir reiquires larger quiuaitit ts of' waitrc i t-beaiise i'io(t sv\steiis

is tie s i -d esis tane dripper', whic i looks lik i tc plasi cn till becomnie iiioi ii' e.xtensv i t ci I mo-i 'Ocliwice tri' oxx'tli is pi-eseilt.

over auit,blt This emiitter- is designe-d toi ireliuce wacitt' pr-essuirt' Tliet'ef'ore, wvater ineedis ai'e iliiti-ecisedI as the groiii 'ig stcasiii

Ixv taiis ill,g th wilt' x'tt tiIio m c Ci nipm a tor'tiioi is elion icriti td hliic-al prox gres ses, especiallk (Iini ig pieriod s o I' rvs, hioit \\tciitlct 1'

pcath . Thet spiral resistance dripper tan i-i set to c11int illl ( to
8 ictirs pctr hour. This typ)e tofemitter is t'imiiinilii'used Onf f'riiit INCREASE IN CROP YIELD
coild lintt tiles. niI xiuitwaiudcl t'ipIs antid Oli Irocflielitill lcii(isccipl'e Betcauise iboth wax~tc i ai it ft itilizi-i can ible appl ieid oii ci timc' 

piciiltiigs. hci~~~~~~~~~~~bsis, placint stiress is minimii izt'd coid sields dre uiiccxiiiiizecl. Sfince,
1d)ii- tcipe or. tiifb's are u5c't moi st of'tt'i Off riow crops such as ii rip) irri-raigc t u Iiiiises less xxate i thlico fiii'-i iw oi- flooiic il-i-i gctiioIi,

xegretabcies. S Ti Igc'tCie lIv Mtid '\'i'i Ic-iottioli Tihit iiioist c-immoni 11(1 iiioie hec-tcaies cali lie wvcltieir dwith tile samie si ipplv okI xa cter.
(-iesigli Coiiisists id ll i ifiliiei' clildI ilitti' tichalliblt (tw'o-pi't'ssiii't' Duriing ir-rigcition tricils in Noiiutiu Afuricci, it wasl b'out]) tlicit (1iui

tulle) that (distribuites xxwiteir es eiils The tubhinig is shipiped'l flat- cu'rcgattiiun tcoulci ipl-1dic twice ats licIi tomalcttoes tiiani sproiiikler

tt-iietl Oii a i-ol. N-ost tcipe is hbcick poir ethi\ leule, 4-1-5 iiils It)))- ii'i'igcitioi usinlg tlit scamec cIitiiloiit id \iixciter. llt SOcithCc-i'i
37-5 micii' 'ois ) thiiic-k- xxith miit'itte r liiiies citt preset in te\ ills - os f'20 () (CadifOrniai c, ci c-imparison0' Stll11tweeni tile ef'l'ec-t iof'fi crrowx ji i-ri ct ii I

f) C-iii. Ill grelierili, tieslt' dScuitt' tilt sioil. tht, tclose'r tlit' spacinir aMil txx'iui-cidIi (h1ip irrligaitidll OIIu tOiiictii x'ieildS indiCcitted thilct
bicxxtt'ci I holets. A -301 c-iii spaciltii is moiist ciiiionlm likust-cl iii \Qi- irip irriicatioli touldi prioiduce ai 26J5 per-eult iiicrccise iii totcii

i'chi'lli'itlictiilii. Most (1ili tallpts xviii c'iit wciatc-r at cit ratio (i xit'lcl imotl at ] 37 per-cenit int-recise ini fintit sizte (I Iciall 19711
it)) literis per :30 iietieis pci iiir ho vl ti w i ipici t-l (y Ia cit cit 1)-.sll Otiut'-r rtStCiLcliC CI-clredl (lilt ill Ci.llifl'ldicl. lids deIiionst,'citetd ci

(1 clpprioXiilclatelV .6 1)68li ) psi) cltiliospiitic'es. ()nivl tillils wxitii a 12-5 pecient iuic-i'cacs ill sti'\vcissiitr\ productioln ol c1ip) ciT-igcat-

ti l-i ri i n t f1lxx' em i tte i' in tegircteid i liti t i e ifi ri tib( iffed leCi i ii- ed ph Its I eri fill-i-iv iw'1lots.
mi enildedI Tile tinurulevnt flow i dis igil h its cligf el I' 1 SSiclsscl va\S'c , DF i) lipr1ii'gittioIl is alIsi ih et-nihiliig paiit O f' cim Ic'ii tii-i> 1new\ pilo-

WhihiLt-lcir less likek to C-iIg( cMid plAidivces~ ilire imiiii(lI'm clis- dilitc-tiolil svsteiil hi crciips silth cits lettiuce ciii tisi rcal'-lie - Fill'

C-il i [cre Of Wx'itte I' Oili lldl ii ctiii g te Ti'ici i tli lm tcipes xxithi C-Ouixei- ecNaliplpt' iii tute stcite ioiflcixx'iii ovie'tr 32.00 tt t lcii' si,acgc cne' cire
tiolicll lcinhiilicir f1Ox' tlt'signIS, iO IclSi(guis thilct it-giilcitt- 1 flow' ilx plcaitedt tol tlu'cp firrigcitiiiii. It hics bleell dileniims 1-tiit't thict

thu-olugil tlit- silt' iif tilit oliititt oi'if'icc's oil In oiiziing Ihl-olilil S1FiffClI'tCil giix'lu0 CciiiI hb' fiicitsci di 11v 30) pertcent its tiloI pared
poiiioius walls. Tie chip-t tcipe is effetiv xwhiei biur'ied toi ofiuu'u'oxx ifri'icteil f-ields. IiLlldiuhtedl .ix ct.t reiecm
detpthi oif20 :31cm. Tliei'e care iirip hunes in Ar'iziinci xhich licve tioll ot, bloth siiil iliioistliit' cic iiti'( itiilt levelIs, dlI'i1) iri'iactioll

beii'cu burild fbi' mixcr tell vecu's cind cue still in nse. H-Iixxvix'cr iiiiiis gui-ct ploniiiise fOir o'c'hicii'i din
1
i'iiw c-il-ips ill the f'iutnrlc.
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PRODUCTION ASPECTS

DRIP IRRIGATION USED IN COMBINATION well aIs soil-borne (liseases. Fumigants (e.g.. \apanic) all also be
WITH PLASTIC MULCH AND ROW COVERS deliverecl via the cirip irriigationi tuibing ini(ler plastic mullc.
Dril) irri ation slould be installed niucler plastic mulic Eailys Researchlers are currently exploring the uise of fiinigants not
trials in Newv Jersey have ind(icate(d tblat mnuchl igller sielis of on'sv to resanitize the area cincler tibe plastic iilcl lint also to
eg,gplant c'an be achieve(ld en plastic moulchi an(l drip irrigationi apply herbicides to kill the tirst cr-op before a second crop is
are used in coinliation (Table 23) \ithi eaclh other, plante(l throughl thte imtl]c h ( Lamont. 1991). i bf-othl tile xveatll-

er alnd soil are wamii, the fun igant shuliolcl escape thirongll the
Table 2:3. Effect of plastic niulch and triekle irrigation plastic mulch in 12-14 days.

on eggplant yield in New Jersey Thle comibinecl mise of (Irip irrigatiol anid plastic imulh is even
more important whlen iising row covers. Furrow irrigation wvets

Treatment kglh tihe soil unider the mulch, but the capill.bInr movement of water
is not sufficient to assiire goo(d water clistrilbution in m(ost soils.

Unmulched, no irrigation 66,113 with the possible exception of a heavy claty loaLmil.
Unmulched, irrigation 85,575 Experimients vithi tomatoes, at Collell in 1965. deonomistrat-
Plastic mulch, no irrigation 89,400 ed the effectiveness of the cominbie(l technologries ('Fable 24)
Plastic mulch, irrigation 112,912 Tomato Crops (lo not always res)ond(l to a warmiledl soil.

1lowever, the tomiato plants planted tl roiigli black muLlch 1c pro-
S' let: (iL-eede11/. ele. jeeiu'. ii' IPittir'C:, nd'Nil!' Smeith. ]tPl --le ne/tu-i dluceci greater vie lis withi the adldition of drip irigation. Drip
FI,,. imcn ,t '/atwn,,, Rt,-w'r, ,: ti:''il..,t-Bmnv:rei.k- v''t- JLIcy U0I. 'S.A. gaio .Dii

drigation, wlhen uised in conjunction withi all systems of pro-

NWh1ien drip irrigation is used(l inuI(der plastic mulclh for singrle tectedl aIlgriculture, helps to create an eiivironiiienit that is idleal
row crops siic-li as tomatoes. cuicnili)ers. niuskmelons. etc., thle for mnmimuim cilr01) growthi. xvhile h)einer engironmely sound.
chiip tube/tape slhould( be placed 10-12 c-in fromi the center of since it coniserves wvater ancl inhilbits leacliiiur (of chemicals.
the bedl atdcl 5-8 cmii deep with the emitter holes facing upward.
On double rosy crops of siinninner squash, okri, egg pilant. alld Table 24. Early marketable production of
peppers. tihe drip tuble shloldc be placed clirectly betwveen the tomatoes-kg/ha. Cornell Uni., Ithaca, N.Y.,
roWs, also bujriedl at a clepth of 5-8 ceim. U.S.A. (Jensen and Slieldrake 1965)

Many tapes are (designecd to prevent root (rosvlth into the
emitter- holes. tius elimiinating this problein. Roots thalt (lo fill(d Air Supported Row Covers
tleir wav into the emitters are nornually remove(l b)y tile flov of Mulch Treatment No drip Irrigation Drip Irrigation
water duiring the fre(qient irrigations.

When hlasing the n|iile, the soil miuist lhave sufficient mqois- Black plastic 23,827.90 36,034.57
turc for seedl geriminatiol. Soil to be fumiigated. scotulcl be at Clear plastic 18,130.85 26,916.54
least I 0oC. be weel--vworked and free fr-oin uncleconmposecl plmnt No mulch 20,441.70 19,954.67
delbr-is. A Iuiiganit is uised primaihrily for neniuatocle contiol.
Mulitipurepose fluin igan ts offer (good cointr-ol of viemin atid(les as '2lt! /eIiCetexChitte,, - ti fe heeewt eith t he:ii itt 22.ttle fin! ei th
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DISEASE AND INSECT

CONTROL
It is eoifinloiills as.suiined thatl protectedI iagricliture m Iefl e' to ts rss t toi Ftirisu mo aind Y-rti ifliuni spp. 0 ther root dis-

trelittivlogsff- f pilaimt diseases an di insect pests b ecause tlet Caeir ased l)\ INibcteria anid niemiato des. A i eifi(ii I'O rc :1f
teliolp s tistN ncoed Usttiatb. nri-i o t- ateolsorit p ioatl ig s ssntaltosCress d1Sncih tis po

Pathogenls anti) insect pests milk be introdiurcd xxi eli greenl- di ctii in.

liolitse dloors alie opener1 and thrrorigh thle m cIjii leient of pe-ople Closed hNdrriptiilic sNstenis permlit at rapid spreadc of' root dlis-
and miiaterials . Ind reed, pest popi ilatiois C an i ncrea se NvAt c ases. WVith tomi]atoi t lie 0 i( st coi 1111iii CO i f cro i lime rIS di eati

alarmninl gS peed InI Soumie p)rotected crr icnidiiulre in s tallatiions, .such iCCIIS 1irsnto ral IV W1CI e I01 t iCCxteul iiigl iro tl oi_ tiflte 1Ii o ts rU 51 sc

as reen h oises. hecallise ot, the lark of ii ntrii-aIl eliviron illntciiil as t he fi i-st fi-i its -gin to mN55 eflI. Al t i att tin et of' atra ii Stress.

eheeeks. Conserselx, the encliosu re ol tIle growin" areal nakes it thet planit is vnineral ile to ro iii patlio-ciis Evan s. 797t \slie

easier thanl inl ipen f-iId agriecilture to Control disease. nlia\ lie illtrodiced( lb\ coiitailiiiii,tedl Seed. iiifectedl propagaitingF

Foi- thle past 5(1 vears. erop diseases aid in nseet s Ii axe largll-c o iNtMl res, Or- even i llj acen ii reeil lii 01 Soi l. 

heei iconiitriilled hs C hrenocals. This is especiall trile III Fiiropi,

ai ll iii iiii St oilier ree60loS s-cl err protectred agriri iltiri is-, widcsi - FOLIAGE DISEASES AND INSECT S
ly practired. hir i)otli grei ihoiise aiidl ficird Criips. Ill these 1Iliel e ill e lit) li)liagr -damiagiing plaitit dis least or ilisert prcsts

,ftiles. I itiari appart ntiv fIr cttve pesticidles anld el1Ie]licidas ilmo]ie, assoei;iied exultIi5iel\% sitl I ail 5\ sttni ut proitercted agricuiltiiii.c

proilcliedl spercilriclls in c\riisixtI 16 priltertetd ~iwrie,iltiire~ soiiii- idisease's aiid iliseets inler-t aix oinn tro 111 xleil-ir it-i g- xsi
il-e asil\a1l utH aml IcIilii ill ti f' iipeii fildi iir imdler Yos ro o-i \iti Il iti a eret il nose.

lIo\%wec\i, iiitthe Uliited Staites. %%hlerc so miaim iiitIn' \\orldils Altliiiig~(lt i m01 chl i cillas lOii\ hcvn 1])li ipprm I ii the Ltiiiied
agiei ltric irll riielicHeals ha\ ehIeeli inseiited. es\\ cehric ials aie states for 1ise on foi) irl eops ill opeii filehi agrfr-i tiliiu. fe\s ire-
leg'al 16hir se iil grit lulimuises. I-lie flIects of, rcleillirals iiisidc irc-isten-rcd hi1 "r gee hlili(Se appliratiolis oili food evops. .!an
:EAS-\stn iet cis ima\ he dil feliuiit and imor-e dliiiieriils thanii tIn\ Ilion- leheicuirdas aie ae\ilalileh Ior uIse 0iii 0ieC(iihuiiisi fhiiriciltiir'

ale ini opilli-fleldl Crips. al(ir their salet miiust lii doliieiiiiiutcr all Cropsj) tluaul jo igir-cr-idliiisc l(iui( criops.
hi-hurt- ledCeral Moud stalte goseouileuICIts \sill ercrtifs their vise. Niost (IiiSea,Se Ziiirl hilSeC Spe(ie'S are ctminlilol thluiiiluolut the(
1iiise\o'r. b]ec seils of the limiitedrluse ol '( EA ill Ailuer'icaiu food mwoldl. Although soime atre spercil'ir tii certait ril-iols- ill gerlier-

p1- iiiirii 11 \\4wtl Stir'lu at Sn lld poCtent0i a] ,iiiaket -- limutiaiiiar- ztl di ieprobllemsimd ci (rhallenees arr Sim ilar. lit atndditioin to thil)s
t(iri-lis are ilumiist un toi Sp m iid the aigi' Sillis ruecesiar toi ohtaiuu iiit diseases ;ilre;lis I iielhiiii di(l -olumiiii hIliage ilisi ,ies
Siitch dluieilleiiitatiiii aiiil certilcatiuii. iiuliC udeI s il-Ses Wiild Si-Tid bia ult lacereial alid fiuiugral idiseasus.

i7lie fi-igFliteliuiiig ailbit\ iiiSolinu hu~ris ii Its rhdc(-I) ij-i sitalire Iloseris,cr-IIIIii tI n-( ssunr s -.a( 1puusfituilsi I i/ihidai

tii tclumiit-a pcStitidlis hais IViV' td \sOll5(t iliere-(St ilfile hI 5litellS I FriSillrudc Ii(i qU)oraiuitwillm. J3miiisir tabaci /il.. illigils,

toi-1 tof 1bioiiil.ixl rionitro l: thie de(libeiratie initrouciI tion ohi l.t- gri ats hO fil l tk - i ti 10)Ili/il/idh ). Sili iii flies 1 IM olils, kF h411 hICul~/~1

Illu-ui-nd (1Iliiis 0Ii iiliSCrt pests. p)irtI_CIirIYI \bills 55 l serd ill aSSOi ia- thirip.s iFr(mukfiuiic-flo twidcl/taiu/Sfs I(liiiil!ir iS) (uocr(ti(i an

troil lciii -l 11sm1 . This rc iiin n iiei ppr ar-li. called jliii graited - pirotected emii miiiiinent is ideal ii tIn ripiul prolifCeratiii oVi

[)(,St iiaiiageiiieiit I P\h . is ol pailtirilar itierest tii Aiitiiitiiis illSim l!ttd patlu ,iig-is ,iiil ilisi-tit. Cii-ci-ihoiiist- iip'rai-ixiis ale

ill C( A -\ lim ra st-iftn a tiof pstr-di s itu It-g lurh -aralcir iiiui IIxII Ir'Vrcof pi-sts Ii r si-seral trips al -r(I ii hul1 tillOiirut-tiiwi.

Ii or Iisc ill i-et 1)1 nilolls5. hoit nt-ail alxsaxs lier-luile iiifestu-i afte I 1 riuii if iiperaltiiiii.

It is ulhsi li itt-I iiuipu-ratise ihat giiisseis lisiligy ansk ss stcmi of

prnietedt-tilarieultlri- hiai\r ai thoiroiughi kuiuxsmdg, uIf tluusu- ils- INTEGRATED PEST MANAGEMENT (IPM)
M1 i d uiil isu'-cts Spc-rihc- tii thet tropf ilin5 n. Siittt~'Shlil ti-tp Tlici i is iiii stiuudaid tlef -uiutuiui ii techluiqii1ii oiI' 1V\j. it gi-lucral-

i'iSCS nitl( ilistL-it jIiiOit'iis. aiuti thw liihdit\ tio propis kl ini-itu-gitte i Iliolihcig-a l toiutohs. phailt gem-t-- -iltividi pr-at-tires 11111 list

dkifi-s- inll iuusi-ct pii-cuuutiuiu ul) iiiti ii( lll p)I;it-tic-i-s iiitii aI totall (ii thlicilicils.. l1'Ni guuIiuIi-iuICS ;Ii-( thait ilusi-its tao1 ii k iumiIi
miii igi-iiii-it phlm. l:luh isilic-iillauhl ug t1wl i l-ruit a uli-il p lvdiirs; aut1 ptxsi-. i

ulsiligr iu-sfsta,iutt-iiltis ;tI itIiid li I IsisI, ilg l pli IlIInt spiruiug lit

ROOT DISEASES Oitll( i-i ri livi pvitIc~ ji-t- i----. dour lls~iW jiii ̀ jŽ (-sit- -s ild uux is a Lst
Motst hl (iiio- h m-ii al tiiijp- tri siIsnccptihhl tou iiiit dii;si-sts Smiler rt-sort. Pi-stwitius itii itmidiied ffat al pi.s.xilihi. hlillisui this In-(

anld I iticif/lilui sjpi. V- d iiii tin1 Flt(ii/n o sp tiild Hugs 1974 u 1, tol s H auL i iiLdt liW c-ullitiiiu (i ishtiI--id
BhuiodioooŽpp. -\ li hlllu iii iithieiriii -()( isiist-5 'lIst i\isl alitil iiiset-t spieii. Iiiti-grratediiuSt lllII;W('Ia-IlrL'II is llilk l5IlH\irwl-

)oi ii uiiiat -1rim spi -tif-ic ii- t(aCTii i r-i lls. SMi iii ii -rtp asI'L( - ri il liii laztaIl "mndl sillcri it milll iili/i ii ic il dk - Sit ill[it Ni iOt 

ti\irs ii -sistal it ti ;i ni 1i rlt-i ii!iis,i -ans: h v iii stilt-i. flue tiii ia- rials ai t1 i ii i iS mkistiits ith II( t l t -rciii-i iii uterest ill 1 i r iSilIW
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tioIi of''lmt-Ill-al" foodls. 'V'ie indhii(IIII-1 coml-

lt ofits tit is IN aptre di setsseti itl the reti ii -

Biological Control. The list of l)iological
coiltr-ol with i gt'enhollmtIse eCrops t was first

retpotlt 'di iln Enli andt ill tle [9120s. WIhi iteflYN

intlestatioit ol totiimtoet t tswa1 cttiteredl Its
the ilitrodulctioll oof the ptartsitt Lt'ticirsiti
ti-nllo.sa (Galiai rlesilits weri'e llixe(l anti

the lrtaetice w.s dlisetiitinloed after the

tilelds after W\odttitl Wirl (Gottild it .el/-.
1 975).

BN the 1 96 I(s. Iarac pi11aul attions if twi'o-
si)ttt'( I sp)ider I IlIite s >.v severCe ('Iieittiih er I

pt'st) beecanme resistant to man ai pesticidles.
\\'lW iti'flies also lbe(atil to slhotN the satme

Clhmaraeteristie (Wardlio i t 11. 1972) . hlle 
I)redlattir \Iit('e Pli ttOseitIltis pcersitilis was The predumtoy mite is cornmonlv used !n greenhouse crops in tie control < spider mites.
use( seeessf'lill to tontrol spitler mlites
(Fr t Iteli cii. 1976: Couln ! ct il. 1975), and
Ftlcr'u ;i'i once a$tit lkt \ iaS used ag(aLilist whiteflies .G(oiltlt ci Pivysical Control. A CEA litrlititi(g ms5 teti I siilitti lit' (It 'sigiet-I

11.19 175 . SC% eN iother na!itt!ltttt p re(Lto! rs andl lpa iasitcs ilo\\-t oll- mitt1 ilacetd to aiaotijd attrl'at'tintut in sects ititlt the tr'eetilthouses.
ttotl pests int (CFA\ Brr'ae 9 4oihlteO'c 1po7r C). Nlttst ci1t c eit pricetit s tittisill iIt(li0I lilriltS M L- .s M or \ellow lllc ur \ilpor at
NW 't tiN loptt 1h\ research rs ;it the (Glassliolsfsc t'otps ats ilnsct tt'aps.(O)hjetts paintetl cert'tit t'tolots tdesl spin (d(I with
llest'rct ' litstittite itt Eiglatu iti o tt lt' Hest's t't'ic Statiott loi atIliesi\t mnatc'r'ial.s steve ats traps lot sOIlme pests. For exampil)le.
\Veoetaltles ;itt] Ft't-tit LTIt(lt- ( l;hss il Tml e Nltlelatids. Ititalils lebt'iistttitg Žpl p'll txirimiltelk :3() t'tm- a lm ilted

Stienutists ill thlis elt! Illet't eNet v three Neatrs aind ptllllisl a;N \(t- tistoletum Noi. (659) attr'aetet( whiteflies i p Arizonat.

Ai oblvitis dlil cIittltv with 1PMI is tlh iitegratitttio tof'biotlo(ritci Genietic Conitr-ol. Fot trp- p tect aliculttitc it crops, as \\cII its
coititols vitlt litnitc't pesticide thse: thelIclieiic;ls ltsltiall' OFA cropsi cld\ars ha\c iI de cloped for tolerllt or rtsis-

kill the itttriold('ed eltieites its \\t'll ats ttie ttl't't pests, ret ui'i'- tait'' to eelrtaill illse'ts. \ir'ises. ailitl t glil(i I)iseamse tolttli'e' to

ii)l' l filitrodlic(ti)ll s. Ill ;ildditio>|l. it is improbabl)ille t1il;t *1l()\^1s lslfl-wir milrl d Vc( l 7ic illim?)i ill t()lim;t)ejs has b)eell zi b il {()( bo st to

colld ih,ep at li:ld or IliNt' C'ess to IPlr'd'l ttt`t's tIltd piiIt'iSitt's p'ttltt' itt.I I N('it. tIievt 'e ae i istat i 'ts Nv!t ' erg 'elliollse

I.or all1 itlEtjoil plests, or be tr-;hicd ( to iise tlieiii. Ill part-t h)iOlo!ricid ctllicumb)er-sf tolcra ailt o 1 I't s i st iI I I toi pso(m dc\ Illid w

e oltrol rc(st l lelds 11.\(lropzol lis itself: it is atil attratl\ .ttc o)eeti /l ll-llcept fI li yl /,t\ e t tlcd( to prlo(l(l(e IlI;a\ililillil l -\iells.

e'atsier to prio ote thi:mn to pratctiet'. Fott the *(t'rwtl , it tratdt-oll Ili.\ lie tetessar ' bietwecil Nielt!

I,,ll (oric-111111re prlodw-tioll, it iS dliCcl,,it to priodule foliage IOzitallll(kSaiTsslCilTlt\tsioi(ltlll Es w

flvc (of illsc ( tdaEtll;la, wh 1ile IllailitaLillill'r 1(m pop1)tIti(Xlls ()f o,;tCS t,lkiw, jill(o acco)lillt - regrill, loca, p1est popilalti(>lls, e-tc

pe'sts5 pir't(lAtttt's aiti! pair-:msites. 11hI l'(i'tol'e. iJitailtigiel mititrot is
hlot ats ('ttlllitl1 ill fIititi'tttltt't C itll \('t(-'tibltl IpotiO liCtioll. (C lieuical Control. (Chmt'ticall et0ititlols atI list ti is iLt l aWi tS'(s

ol itl tsrc'sot ill a;1 1PM protgatrlim. Thtis is ,,o,,,e timsilk tltoti ill

(tiltural Co. ntr-ol. cte lo c'icse' sp;itillg iof plai) ts illihils ali cit- (W)A¾. N\itli ii mliI \ aippltNel A pestiditl's tilid Chei micat l t )i(itt'-

t 111citiOll ilsld ltI 1e)Wtl'itio)l: thiS fOSt('ls tiw grol\Q1 oi mi cll ( (hI(ll(S llot diitlictidt ill (LA Since( s(1 Itow muWreiaLls are( uertificd(

POplZlaitiOllS itld ret'Sti('tS acce((SS tO themli. W\id(iiR l ;piillg lEt'itcfi- I01 '_,oi(''t)lh lse IIS(. -rilliChlic(SS iLi(l lillifOrIllitN ol ilppllicatti(ll o)

tabtcs Illolilitorill-r illidl colIto of illw0(s. Aso (loes it *pro il 1l L(11C sliCidLS ill ( 'FA\ of)(Vi;tti(lis itl'( C-111i;ll tO the ' sII(CCvSS (&1 II'\1

iirteill ol (_it!tilIl'IlO ens stliltatioll: shillt\ill( tshs. (Ni;d pliai t'i is lst'. Lh ed iloilltS of pesticides ile possil(l

I7l6ttellill ;kl(i odl dl k [Ii t lla\ Sl| lt P ls. \\idl Jldiciolls Ilse
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PROPAGATION AND CULTIVAR

SELECTION
W\ithII IIt! igl'Cr paI ItotS. tull e tile tw o Iiiiites of 1 prp gt io I: c s t Ifc( Ieti -haater SIIitced t(i) tilICe el\''int)III I IIt ilIf wxh iclI

Hill I)l-0)W1ZI i)Vl sI t' Sed. anit i.2) isemmli i- weo tatkc prsiyagat it is e'lrown'l

tjo se\iIII l CM IWO lgtttiolii. Sp)eCiaiIjedi (('fill dIiCti\x Ccl."
edule1 g (iieteIO S. a o-le'du e il tile f1 Vl -S'c' of' piaiits. Fuision (of' Seed Selection. GOO(I \CgeCtal.b' seedI must be truie to name,

tlic Mill aic and f'ealeM gameltteS liealdS t0 the (lxeI'iicl itii dI\itie. isc'tse' tb
1 pest iree, fi-ec f1)1m \\eedl ieeds, dIirt anid

alii' ii ad c\xentitliiix tiiw scedt. III aesemitai repr'odliietioii. Ikw', other ci' i cyl' l miatteir. andit lie ttiirix piricedti totii thet stallelpoiflt

pailts arisC' h-OMli SfIU(tlzt 5kh - egertatixe 010i'gtiIS Slitli (is tilliI'IS, oI, biotli seller' tidt bmi cr'i. 'The' biixer of' seedl siHltioi iitsist OilLi

rizi'oiie's. 'liil hiillbs. totims. o1' lbx \aritl'i iii t'iiIS ol propa- Stittetiieiit (iftihe p)'ler'tw'it[C of' gc Ii'mi atitiow lie shoiuld iriie iti-
iatitioi such as r'ooting ot pialit Clittili"S. ia, ig 01F i eliM t-ig. ber' also that nidox'1 kinlds of, seed lose \iaibilitx il af iclatix\ei

Moist \egletLhIle C'u'ops eioC)_duieC' Lx' sexual meanllS. Short tillice whenl hldh lilitici tiiihix'ori'ble c-oiitlitiotis.

F~loricu'ilturial and imirserxv drops. h'pci'ttdiigl iii ofSpecies, ale-

r'ep)nlducedl iiv eithei C -i'elzitl 0o' asexmal ireprodiictn ma. CulItiv'ar Selectioni. tlItkix'ai.s Sllitai)lb I lo pent-1 fleldI prodnle-
ilen selectfing ami 6oil 0r fior'i-ilItiii'al ('lop, it is imporilltanlt tionl ti'le Lis]iahlx\ SlititahIi [I'lSO ho'. produmctioni \itii omuildws andic

to prioperl>v iiiatcih the cit1tiixal' (\'at'ieh ) to the gro'tlx'iti c'\il'olli- lOW\ t.'oMC''S. Soimie C'rop ('liltix i'ls iiivlid' be 1o0W tiieri'aiit oI& coitd

ui1tri'i it. ileppe'i mxiu' O((lit idurt'ioll(e tile t11i'iiieiah ItS C 'l-0l tit \i(iCtiie teIiii. 't ll 'mthel t atiet'uxoid e r iefe'i't'viN rap1d elarl>'sp'ilg ciikarti

Siiil ri'ectiiti I ox\xgeii. \\il dl. titid pests. S1hioildl lie Selected.
(K,ll the faecttirs. teiimperature'( is poissibii the imoist impifiirtaiit Ill Euro'pe, t imltitt aimd 'tcuctiliber ciltMixrus am'ct specifically

erlit climai~te's. 11i(Iiiiiii ill that1 fle(x iisiualix ale onix' f'ciale tlo\x'e'rii. w5ith tli'iik
LicIlit is alsil c'ruceial toi ciiltkixar selec-tiiiii. Whi lei lutist platits doliiCI ple i lai'thel'local'fpic (see(l f'ree bulit xxhichl ar'e five o(I bitter'-

imt tre'spo(id to .as(tllila s i'l-iatiioii iln lighlt. Ille 1(' g'ixtli alit! flo\\- hiiss. Because the skiniif'd time (1cumbliler' is sliloitl itlidat siieci-11

0'tilig (if soilic cititiais ale- a1ffe'eted'e \ I ll' tl('i(itihf ehdix\. -1Imis Icl('t. it is eaLsiix scred,ui'e w'lici i'ilibedl agraitst lt' rl'l)lgi Steim (f'

i'tspo lii5t to i (l\iIeigtho is called pholltlfei('' dlisiii. thle c1cinoher plant. Tlwrct' cf'ie if' the' f'i'iiit is to l-etiainii oilbleti-

topi ii I'ldisi i: Ill tHe' Ulltut'id StatiS, So1 ie ti imat cu'iitkix'ai's alte '"rown'i bohti ill

I. beltch rt'tiliIt"t - plailits xxi iiist' tit tie ti,f' iii rixx''ti is tiit gi't'at lk gYreC1hiio si's aiit the i(' i p I feldl(. Toinatito ciultkiars hIt'] gireli-
afl'i'e'ti't l 1x dilmtiuuim of' lighlt. (limst' Ilse ale fildieteri mijitute, siiie'i the planlt is t'ixx'wil upi'ight as

-,sltrt'-dii 1 platlits that 1iiixxer' tliiu'i g, sin rt dax's iiiuiIg i (,Ights . aL sitigit' Still ra ither' th anl a imuxh.

;3.bnt-datI - plai its th at fltixwei dt11ii'i ng itn da s (shot-t tighlts). (: m letc tix'rsa'llee'''u lo'geelillotis fIl
Ill ge'l'l'ai.11 tilt c'iitical it\a ie'iithl fir loiti-dat\ pi'iiis is 1 2~- 1 4 tIii t.ttioii 5iiic-' tlit ' cai filcri'ae the'iglt teiipe'rati in's xxicie

in miris. 'I'ic IC t,ixic\ It ii th 'fi tiiist 51 ortl'dal\ plauits ralig sI '5 snl s- silt itti liii's occell' \xx 1iii lii prt ti e'te't si'itrcturie xx'tli fii ate(le ate

ito oliriils. Ulldt'i tiatiurtul chimldifiollm.s. the ieiig,tim (i, tiax \artie5 xe'iitilttiolll, l'Spett.ialix tlriit'iiig daxs (ii xxti'lrm otIlit iti telpcif)'tt-

\\ith tll(' HIMItIl (d tile \CiLl-, illid with liltitildc. at the turcs. Where hwh tempcraturcs are U ck, it IS iii If)i it't;tt it tio

t' p attr. clhoost' ci ltixar's wxith (,oodl nxistal iet ti I holtillT ug oinig tii SeedCI

B'hn'ev iiitt'ilitl'ii ami cititxtr finto ai 'x i lgillil it siih(iiid tipblrulmu. m fi,idipit.s that alre liitteri''et. Tlitse are' all pli\siiiiog,i-
he tixSttd IA gt'o\iixxiii it nil1 aL trial hitsix, First tOl time p)lanlt iI'l'e'f1- CaLl tdiSolt'(lli' Vxiid ill ti eiciouratgied In> high'I to-'iiiflrt'i'tltl'(.

'l-'s l'\peiletitilelt,ll larea, aMid twimei iil a scril's oI,i hldt t'iajils. Ill thims ('rops sulch as piepperi' mit 'gp, ate' groI'x i intere'l)",nme-
Sa\s tit g'ir xxe' elcatI ase'rttai I' tl t' culIIt kix a's ai aptall )iilit\ tii t Ilt' A a uIx wietxxt'C' I t Ime( opci I ielti anefd i I e'o Ii Ithination xx\ i ti I sx'sh 'II is of'

leg-illi )IIs t'isi'ti )I I It'cltitil aetit'rs, SIie'IlI as t1IIcrmipt'l'a Irt' lg t . so 1ll pioiete tgillie

ete'. lt' shotlle1I etompare't the Ile'xx ail efllt euiltkix as Sidh li Sitde. C 1(kari x i's thi iitfalt ti lerlat t toI i itigi tt'i ycr i'atui'e'lhiigl i fltpci'-

gil lx c',\, siel lcom. tii'e i lxrMVi' titlist I e aixxax'S tIl time l.ltit tii lII' deset'ts. ti ' ifteit qipliti' tdif'f'e'i''it itino ii tillos.'el 111ilm l lx groxx II

I it'x\ Miitd better cultiti -Sar. Altho1111 iiIitile' 1 I oii lit' testi y ig e'l I le c il'l WmI rjat'i,r 'r'eitli . The Uit' ii\'t'si\ tx ti' At'iztnma hlts ifoit i

itpifcts It't iiseil 1972. Thl e i'tsiilts of' t1(sI' tes-ts arte fui itld ill

VEGETABLE CROPS 'ITiblC ut " TI I " I'iit lstIit ig I I, (f' sc1 c(1 ('I p ijitii 's t itles in tt iii t
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PRODUCTION AsPECTS

Is tliose poitlictiig IIgR lIS ili tr'ipit'iil i'cgioiis. ;tiild t t'lsii- crops) Swill lIt' dliscuissutl liriell1' as thie\ periitaiii to grt'iilolimse
pimici s listedt in TabI'le 25 liii IsIA i ( A h ii c jmipar'cd.poiIictsii

Table 25. Cuiltivairs suitedI for- gr-eenhiouse vegetable Beddinig Planits. B3uddiog pAflatS a M aC11iiolŽ'prdic fI'oii
procluetiofl in the tr-opics sccd. Bucaiisu tile co(st ofdscud is less tians fi'c%( percent of thu

to tal 'c ist o51f,' iSTI mv f 1 bdtd 1if" planits. o)1ik tlit' ven be lst Seed

VEGETABLE CULTI VAR SOURCE slsiiill( lie purchalsed. Ilepilu 'spiSie Seud Ilis iv rusiilt ili ptIi' ui'

Iniiiisatioin. caiisiiig dlelaiv ii prodili et is )i ndi is]Iack sf 1-il l akuetailue
Cantaloupe Perlita Petoseed Co., Inc. crop slii rout puriods sIf peak deimi;sit.

Chinese Cabbage Saladeer Takii & Co., Ltd. R1apid gurisi iatiool (if' noi)st )eddIi ig plaints o)(cci n's wI'iul o diIi

Wv-R Super- 80 tuempuratures od 12 "C arc omaiiitaiinud, p)ios\idcle( soil iiso)istiire is
Cucumber Corona De Ruiter Seeds atdes1 a-tC. Al t_IinpCraLtlircsif ( I ,5(( sir less, (rurmiiuatiois is slow
(Long Dutch Type) Toska 70 Nunhems .111(1 (lainip-offI-diseases calf he tissiml)lcsoie. Thrc are zlic bddiosf

Eggplant Black Magic Harris Moran plnots species \tIiici ,i-gin itmte bucst att Is Aer tuisiperatitrecs. tli
Seed Co. ai) CiLScs, tile icicud fows evact tei ll iperati ii' 'ssi i-si) odc'erscil-I's

Head Lettuce Minetto Burpee thuc luastsili or0 pi'odnciuig bisddiog( planots wtitIliii Ia coiitri lIed
Bibb Lettuce Ostinata De Ruiter Seeds e\irivis mocnt greeii1isnis'.

Salina Len de Mas Zaden Tlic selectisso uif lscddiog plant ciditis\irs specific' ts sa regisiIlI is

Summer Bibb Harris Moran iisst ats critical ats in eltll cr(ss p-ssllictisil. \Wlsitl is crotic;il
Seed Co. tsi the( regrisi ii re the dates tlic Sees) is 55)5th. Bedding plalits fsr

Leaf Lettuce Waldman's Green Harris Moran osilIds sir p:ii t iiigs ill th i siii JI 1 re'(iI is is ins sit)ic Vii itet) status
Grand Rapids Seed Co. \t)iiilld lie seeidcd ss)(iiisie i' l thlose hsi'r mie inl thd iitlwi t

Pepper (Bell Type) Takii's Ace Takii Seed Co.. Ltd. itoldes.
New Ace AS a gidic' tIf p ll intiisg salabs. this' U iiitetl Staits's is dl\ideild ijitis

Tomato N-6S Taldii Seed Co., Ltd. II plaidl hsarsdinuss/iines.1 accoi'slis" to) Ns'eathwr csliiditisins.
Fae) l IsCsldiil I)i I.pliit cili ris pklni d iti4acicsrdii i to daltes spec-
il'is'd ill thle pl;iiitiisgy zoise(. ( <onisltries ins)t div ided- in)to plaiitiiig-

W'hatcsuer the s\ stum i pi'iit'cti'd anricnlItore-. it is alds isalilc zone)(s eiiiild( issitc1l tswir' elimiiitie csiiisliisiis tsi simliflar 'Zones-, iil

toi iscasioimalhs csiotact essioo ercial ss'cd csnif)pitiie5 to lean 1 thle V]liitcil Stalecs ailli pIa:iiitcac -ii'iglsk

ia(I iii t oel 'c\ I. -d-eselupcd eiiltis a's \Nl sieli iiiighit ie scsi divo tri-i
ils. It iS iIIinportiilt to Careliill dleSC1ili thec giosci igl" ss steli iidai Foliaige Plants. Ms ist Ih0iiafe p Ilailits i)rigililste isl Ism iss h)it ('i\ i-
all kic-tsrs sif thec risii' sirmioeitt. Seed cmii i iliiiis are i isiml aI (iite i'o111iiiiis, IIIKdC'r :i Cai ((ill. i I& V ices ad sun)'s. TI iisg isi
svi)Iii ig tsi ciii sperate iil siit-li trials. pi.i \idiii Ilses ri\ 'eci\ tile ssam tei ipei'at iilc i lss t sars-\ing' levels si)'I, an i lidt\ . \Ila is Iil
results, these p)liilits ais' easily pi'lliailtedl \i'get1;Iit is'l.,su( 3 ake ideal

Isnuisephinlts. [ha-i'n au'-c a aiiiiiiei' (ii iialiiiifaciiti' dI' l media to

FLORICULTURE AND NURSERY CROPS stiiruil:ite tlsw orsing.l(

Flswicotiutuivis is mirisei' t\pes s'it )iiticiiltiiluiia iss'u)s iilclpaiss 'T'ile lidiigs'( pl5ifit Il-iluslsiss is if iii:ii'i'--es'iiliiiisc iiidisstrs iii

nearl.s' all Ii ll tI0S Is IVii )r0d(uict ii n. \V)ciil plir ic)asiiifr \i grta- tIis' I i iitidf Sha'cs aid isFiiriie. lii iiited( eiittiifst i'ls slJ(ia'src pIta its
tise i''rTnsdiiIctise plaiit parts. it is ilip sjsis'tint tii )II\ n lmii sin arc i- livies iiuitlv ei'o r tIc Lli sited Staltest'S ii t p)IiCa)rei ss l 0iS ili the
a)d sic sas s.sigsumiziv.tiosii. (cai'ilshss.' ass;l 1 titm Amer (ica.\\where I(. t illc>'aepspgts i

Ill east's IsW erc tle planlts I'rsiii see,d slui iiiit resenshils' Iii' par- iii slsas-li' isiisi's. Tlscie atrc strict re'Fuil;stissis ;wifiiist tile iliiiimr-
cuit )Iiuilts, s's'getitive (I-i ase~xoail pscpag(atisin is ]ISi'd. [Xi- ex - tatissis id siiid for plaitits iuiff'sted ssit)s pests. \\illi p(syir car-e.
p1l'- if' ss't'ds fwl'ai a ''Deliciolssui' apple ar' pIta t'l. tI it' trees tI ii 's pusshikias aiti Ilie p)i's 'siI-tid.

w I l si ws'silsld des\s'ii still heal'- apples ihiiit'iilke I l ikc iss' oFt)(

par'iit. T) N \sv s i id sacsx ,ret sd's'. silaps'. cil ir.s1 lith . Flowering I'otte(l Plants. As stitl I'sili;-e p)lants. liii' pi'ipa-ila-
CisO'sii i i al iu its ii1 iiiii'si)idi ii;i';s't'iistt' Blu, it. it' a id tioI Iii d anI' is if pi ittsd planllts IS a1 llil.sjori IIdIiistIu'\ ilil III'
liiitile' tiecs is gufritcd(i I it apiece islappli' 'suit. Illi tree \\Ilsi(.I t'nitsl St itts ii(is Nusitl'i'nrKii'u-upt' ..\hiist plaistlS ii;H'uliiit

ssiiill dd is I)II Iii thlis hld3st i \\ hI lii i Is '.1ical tIfi tIew t ,rt' i' i s i ii fi sl e-s't'iti\ u ciltt ii is: i itwrsis li ke Fisteu' lilies. .ii's ' rmii i

ss\liicl i tile hiiis camciis. Tlhe saitiii' siti iatii iii e\ists sIt \00 11 laos oIt) ii lIII)s Il lic ii Isa)ii 'gc-isl am si \t i' tiiil I. 1 itsd planlt 1 l-ii'i .-

toi f 'r i-i ic'5. : ii)( \t\itl) I ii uii is iisSer'ii i. i , i m-ia witi'i Iii! I d si ;it. IIiiI tisI iii sCt iii s ill~ ciI si 1s

witIl ccrt~till \e"tilhic (.]-()I)S ~I \\4'11. 111mcltethIsulI)(g%isg dlsawiifi~, I pil\dnI(i (
sIti esutiis 11w scgetmts clklls'I)i'iips as still.` (IIlsiSS I& iotil g e)is m igwl r:sllpislx hssugl totalh

csildclisiat Ils . \ipp ls's ud s:i'5 l'ts' )i'Issjcr\tss li'iiglia k iatii prqmlls;11 sit' i'i'ifa tiiuis ' v(l'ls i'ssts' (I -\ tteiispl6iit d iii cliss's t oe use ii
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PROPAGATION AND CULTIVAR SELECTION

proMi)za(tiol 1)ecls iii ligIltiln r ail (1 INI(ill n s\steCliis to in tii to establish) n'lwlit ai1)(1 nl it ocl-ich is anldl scall flciit l Alitati olis
photopenriod alolng with misting svStemls. the lattel ale grSowIl to land(iscape or beaitit'N homes. public anild

Maly coitnpanies silecialize iin the prio(hictii of ptrop(yagatedl p)rivate bl) ildingls sclwols highwax s. parks. and(] i (ilstrial areas.
lant matteial. Each com-irinv has w-ell-efined pro(grilis for Nlost species of'crops ar-e prop;<agatc(u vithi iqreelilhoise. III

,,Oillg ~potte(l plaits afInd regrionoal rep)risecitati\es to assist warimere climates, lath (] sre-eiihoiises are uisedl insteadl of
ro)Wefs. gree liouses. Mcost species are propagrateil as vegetative ecit-

tingrs althoiuigh a few aire gmrown t'froni see(l Acciordcling to tile
Potted Pereninials and Biennials. Most sp)ecies oi' potted sPecies of pllanit the cufttinus call he classified as h1cl)aceolis
pereniials and hieimialns are p)rop)ai ite( by see(l althongih a f'(ev ciltti ligs (leci(liidois softwoo(l. an] hail (awoo(I cii ttilcgrs. eve'r-

are prop)agated( bNK vegetative (cittings aiidl hl bulbs. greten cuttings anl root ciittingrs The progaiim ot propl)agation
cant iiivolve both hu(Miidii ald graiftiiig of planits. A dlesire(d frilit

Nurserv Crops. Ilorticiltuiral muiseir\ crops (Jan be (divided cultivar- micilit lie hbn(lde-l oi (raiftedl onlto a root stockl resistailt
ilitO two rrolps: (1 ) -ofllucg frtit acll(l c[it trees, grapes adll( smiall to a specific clisease. Souine friiit species have cuiltivars that caii
frioits, and(l (2) youmg ornamenital plaits. The former ae growvn he raf te(l onito (hvwai root stock to pirodluce (diwarf tlees.
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ECONOMICS OF PROTECTED
AGRICULTURE

Regad-11less Of the htpe of svsteni ptrotected agriculture can he rre(ilhouse c-rop prodhiction is therefore much more inlten1sive
extremely expelisive. These e(quipment andl prodluctioli costs than seasonal nsce of inilches andu row covers. Coinciding with
m lx( bmorethain comip1 ensated by the significantlr higher pro- iitensity arve wi ic fil- r-re.tei- per acri
chlicti\ity of prrotecte(l agricniltiiral systems as compared witil fi-oin vear-rouiiid thain friom seasonal svstenis.
open f1ieldl -a(rictiltltlre.

The costs a1i0( retiurins of protected agriculture vary greatl, Multiple Cropping. Mlultiple cropping id(licates more than
dependi(hug on the systemn uised. the location and tI e crop gro n. onie ciiop) grovi per iU nit area of land in ta Single \ear.
Foi insta nee o0i a pec- hectare lbasi s, the c-osts for mninichigii and
row coverl systemis are iisifgnificaint wvlen compared to grcet- IMulchIes ;tndl Row Covers. Mlltiple cropping is nilore cooitto
holise production. Futlhermore, puhilished greenhliouse costs in soutilerin tItan northiern latitudes. In Southlerll Callifornia.
ar-e otfteu (leceptive. Fig it-es may includle onlv structural and spring tomnato crops may be followed 1) cticiuiers, planitedl
e(quipimient costs, witholut adequate allowances for the expense th roughLI thie same plastic ILulch, \uthI (loip irri(gration installed
of service bmuildings beneath the mulch. Iu
andl offices, packing _ the dlesert regionis of
eq~uipmient atid stor- the United States, itiel-
tge. c-onstruc-tio(n (ins iare ofteni planted
labor. u-tilities, r-oads - in trencheis covered
fences, liahting tools, xith clear plastic iii
vehicles, Nvomrkiti capi- ,-early january, followedl
tal etc. A 199:3 esti- lby lettuce pirodcltionicu
nm.ate of such a total - in laite S01M ill ui to- earlv
turnkev cost in Arizonia fall, Prior to seeding
foi- a o dern(1c and thc lettuce, the plastic
sophisticated CEA sys- cover usecl initially foir
tem, exclusive of land the mnelons is i-emiiiovc l.
ati di the initerior- gr-ow- The dripil irriigationi Sys-
ing sVstem, is $S5/m- . tei is permanent In
If' costs of a Ihv dropoll- China, it is comimon to
ic sYstem are included, p lalit watermelon

the turnkev expIense is Crops through plastic
between $90-10fO/n-L2. tn 1C Ic-i after xwiiter

In Norway, lettuce crops are planted through wvhite p/ustic film to mnaximize reflection wheat. The wheat
A Glohal Review of of sunlight on the crop. sti ibble is left for the
Gr-eenhouse Food melon vines to grow
Production J)al-vni)ple 1973) containis amn excellenit cilapte r oIer: fewer f'ningal problems aeeucounitered if the waterniieloi
xvhiclh outlilles the econoinie fltctors to he considered iii plan- frumit i-ests on the wvle.at stulihle.
ning foi- greenlihouse agriciultire. These flcto-s remain valicld In Norwva\. early spring lettice cIops are coiminonly plauitedl
hoevert, actiial costs - especially for labctr - for all systenis of througla plaStiC mulch tr weed c-trol. andg a second
protected agric-iltiure. have escalated over the last 20-.30 yeais. c-rl) is plamite(d thlroLigli the saiiiit IimIc-h later iil the sumner.

Following Dalrwmiple. this chapter will give an overxiew of For the first cr-opl). a floating i-ow cover nay be used i conllibi-
issues to be conisiderecd in assessing the ec-onoiiiic viaility of a nation \ithi the iiidlc-li in order to create a wVarmeledimicro-cli-
giveii system ( of protected agricultur-e. mate aromund the lettuce pl)ant. stimiulating plant gri-owthi for

Bv design. all protecte(d agr-ic-tiltiie systeis off crop)ping are CaMly Iarvest in si nmiiicr.

ilitensive in uise of land. labor. and capital. Greenhiuse agricul- Si uggestioins on (ldoule-c-roppinig of vegetables using plistic
ti ite is tIme ni)ost intenisive systemii if all. ich cli ale listecl in Ta}le 24.

LAND USE FACTORS Greenhouses. Sever-al umetiro(ds of iuiltic-roppinl liave been
The inteusityv of lauIid use is greatly de pendlent ltpoii the svsteii deve-lopdcl to take 1mhaxi/ImItmmi advaltage otf lighit coniditions antl
oftprotec-tecl agricuiltue. Intensity, for econoimists, inidicates the to respoid to challengces from Optn fiekl auriculttre. In ilortll-
labor andc capitadl requi-iremiienits per iiiiit of land. eLar-round ern lait tdiles, (lOt ib)c ol triple crOi-)ppiig is c-il n1cii: ill Socutherini
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ECONOMICS OF PROTECTED AGRICULTURE

reg,ioiis. f1r HMIre Crops inav' 1e Figurei- 39. Average annuital potential jphotosN-nthesis - grains pei- square imeter- peir
gTOWssi MdiiiiINiil\ t )'pediiin, oil

whIere wviiiter li"I it levelt's are

hIighI, eighTlt toi t(il gireenhioiise

lt'1( 1 ilt' crpi hav iei lwt~i it pro- - - - -7ZhQ_______

Selected Sii t1Mti( 7itlil lp

crpilg sse s are i icsedd ll i thepr IS 0 R 0 0 7j40 IO 8

1 litcftioI St\lt( . Bedigh ilr phalt- 

tomt oei s i produediin illt 1wsegehil lt

nore-i](i'fc-iter mlatitpde rop 11)e193 'li\itlii2\iit'.ilSle iiisltt ltI'lt

pill- mstellis alv lised ill tIw iilitiii htt'li ti i li iivI s'( iiilsetii'' ils i' l

3prtin Ta,omatoiles Cuumerls terabtle(e

5r iaos iLettucel rolie TomaoelThas\S i-V~e Mxidrsumer! aLlnic WSinter' t Sltt rdiw~e or -th summer

8rps IwrthLe xtt rlluceLttub e So \ L ett uceid hl t omp uttumbei'sil" \i- ucmbis I - uumer 

I TomatoesI omaoe
Spi t 'iii ili lt iSdiit itol iinatoesii iidioman'tie Tabole 3 7 T-e lom toses vgta l rotaton omatters f

ti4iiLi Tomi atoes'iii'u inir[a irLettuce i Ct ucuiimiibers ii 4Ccubrs I Ccubrs-I oate

s7iii~\iit Leiittiuce iix n Letiiiiltuce t iCuciumbiers ii 5 etue(8- ros

Liit Leiitt t iiuc i' tiiisLettuce iie iit t tiuce li i ii It Cucmbi l-ltiucmbtiiilucmbi.
2 /~~~~~~~~~' Tomato i'es I

'-'prli.' cros (If tolliateS 'lld cwj1llIwl', lirillll ild 1 lolv 3 _ T matos~83



ECONOMIC CONSIDERATIONS

thls;qilllh~~~~~~~ *E 111-;: 1C>*QB,, ile.tile ield llal.\ dlolble l(fl(.till.
z> ''. ' I< -6 '*"*"';;tlilil *1i1l1t \-*,l '1|&l1'1 *04 '$4' . c' Ill (Chlapter :3, talles 4 and 5 tietail tile

eitilld (iilf'ri s ibet -eii 't l ll 

71,a i)A tild le si liiii.xl! liwhsen c z>lic-111eri atndo

iii-jei i s ilt Uitr X ii wn ilc l' i'oX r (is. Tables
9 a I s0l( owtttw tiat(' 51111 r'Ostriil t iii to

Iii maivc i Ls's. t'bii- xetiekls I?, tiiti ; i rt'-

ei)it Ti _isa diinx tilac ti tist I bt- wet-'ihid) ( l ;it lst
thit, Cot oti'd tf isl( 14 plastic' lilt ileb and iN\ IXX('t rts.

(;reenhlunses. laiant't'cdagwailist tlu'Iiigi

CapitaliIi mand operaitniolal Co ttlf'fv 11tls"

stic,'it s'vstt-iis ii t'omiparist ii X\itlh (OFA.

_ _ _% XJW =k4!F Allimeri;em SolltIiX'st ,tndc in tilic Nfiddul(- East
.iteCropprli i'ettUCe With tornl tc ClaOps mv0 heip maximize the pm odoctiorr of a 7reenhO use al( COMtt ar'd XI itii t\1)iaill '(oo(d" \it'd I(I01
7:5:4,9. teii field o''ps iii T ile 2%A.

tet ls are li(n li(i illd(1iat s>\stttiIs. dlesille tl sI)e fa_il iIl> for t(is Table 28. lielis of vegetable crops grown bwdi-oponicall
c't'". Groilt ' ill (yelt l sold ib'ds facilitattes tile totttimlt of in clesert grecnllouses (CEA) ld in opell
c"I" kau tlhetse i mtl hods oft p)rodlicti(mlr an. becoinh) less 1)op- fiekl.s (O)FA)
llr et. ( 'Hat;tlk ill illiml ill(l|IStri;lized cl oltilltrie \dIeve l.lbor
c'otsts ate ihigIl. To coti-ensatte Ii'M lhigt lmitor Costs, £ti'tV(t Is Hydroponic CEAM OFA2

i'l'( lisilr ig 0niou' ailtol; tti oll Lt , C0 i)lIttI'S. Mli 1 I( W\ S\steCilsS (o Yield/crop No. Total Yield Total Yield
ChiiiMIte ( itl (. Crop (MTlha) crops/year (MTlhalyear) (MT/ha/year)

Ill dIce Un1ited( Stattz s. thte of't l ellilF( t t tlc i t(ld tollia;-
totts wXls (illit' c'ililltl \eiLrs w141, ill 're'lilltolis 1 'lt(itic'tioll. Ilt Broccoli 32.5 3 97.5 10.5
lilsI' e( 1 5s's XXlere t,'l I Or O1' ' loi' CIops Ol letI(, ct (XX' tv I illI Bush beans 11.5 4 46.0 6.0
soill. tise l st' 11151 1 ) \X1 ttsol'teut illtet'(''lolf)fll'li XX itli tIltIi;lItoeX il bitt.' Cabbage 57.5 3 l72.5 30.0
X\tilter aI id (irlX stig ) )aIninple 197:3). W ith tle l'\ptLltsioll Chinese Cabbage 50.0 4 200.0 -

Oltt lell ftiI( Il'tItl't tltce ittiti in ill ti- \Xesterii LiIl t Ot A ret rici'i Cucumber 250.0 3 750.0 30.0
stltc co mltlit)ll s5 Ntt'itts otf p)r(lictittll ll(il iI'tjtMtl' ill Eggplant 28.0 2 56.0 20.0

t i itlt et''roltI)j iI14 lt'tticc' Xwsithl Lettuce 31.3 10 3 13.0 52.0
totlattt c s I\'j)t'r ' its L Compll tro list as to o1titit1l tcIl'l ratp i f Pepper 32.0 3 96.0 16.0
l ow' eat I-A op. Tomato 187.5 2 375.0 100.0

I tlttrr( I[)i L ill - Ii I 1O li ticI); ri l) cIrLtolltu' t' tl')l' XXniti I ill-

AsIiLt thaic ii Eurojx, or t1w Unitcd StattIt. Ill opeX Xtl d t'' ttt,l\ 1111 t-lp. 'i' >tI'ai' i li rm i p l i (
84IrCtable ''"1" slicIk its ()ll;tt(( . pcpjwv( d (--t l;t t iv
()It( II;lt l t-:li>lelitd di)Ig plstic ]11 zl imte |l)l wil xiIt!--_l-(p)d\1 trlel-
liscd cIilclillhit cr'"I" La;ter1 ill file sitillilliC r thle \ilwc( y shil d( e s A\s tli- da;tit i|ldcit;te . tlse -(. OcId 1"(I cr''"1 is lislial 1! li_ld r in
flic e(y>etilble s midl 1)1(ot( tts tl,( f,-,,it Il-mi illllll . Ilx se 1.-Celiollo se s thl.l fill ()FA b)ecatlse ofth ti ( ytiln.al ynlomill F Ioll
X(,\ciih A,,it, inltercropl-iillryis ht(olililig l(ss h cl((llt)(llse it ( itiols. hitl;itl Itsid I-iialtltnutrens (,tc .............. przo\ided ill coit-lldle
is labrio illt( lisike. W\ithl illcle t il'd l.Illlilk t)lawl]il ill Iltidilil;tid cnOrmi me)i its. Fiiie-Ilic--orc, dklelenld l''ill ro thle v(-rt tabl'
(Aijis;a. ]Ilul!\ f;L!lil to(i0 iliillitih s ;Ll-c tt i i. il ; (Icchilw ill (FloxMl . I,olll _ to 10) ulOps allilt;ialk ii;( 1)( )ssibltl \\itl ( EL.V

;i\i6la; cll b .lor. w\1w(i(tso'l! lk p'1 1 '!'" i()etl zssihIcw jntl ( ) F 

YIELDS olne is ilssiln-edt Ilna\xiIIIIIII pot(' ntial ,\icld. T(lonlatoes s. t( (Aitill-
lolit l(-ioldlsW- arc heillefliffso (&I)-o()WU(.d -itoric ttliv( O\t' ple. l|tioe ev;it *loi-m6 w tely rit(;titr-es [o)I fIlia6illftill 0i(ld

1111pr(Acch-d~~~~ ~ ~ ~~~ yeliedpo ic (i. 1st Ilow t1111c Ilti"'llr tl( 1.5"(. ii -int, 2:)-_.5")(: wi sililxlx din(s .ot(l I ,-210C( wl ulo(mdx

I)()telltj;al !;( 1(. ()lt I(II jte !- Si;lliller j, il (,\\ dlescrt rt",ri()ls it

I'11Ielltie.s.IndS)^ H N CoNXel.s. \JI(Iws X(w >X ) o()Ncfws ma. Ssx11- is dlilffi(llt to mahl)lt;Jis 15r()( sijjr~ljl tilpeif)llt e j (11w to) till
Stilldii;[II iIICIViIS(t (;ll-I, \jt'4(lS. JR11011-li1 to[idt ,\i(](Is )Ilit. I)()( \kM'III(T o(flkkM t('1111)eTi;tuivs. Te1 wrIi i0irctlls .ilho\ 15"()(
licce ss;alil lu (_)-r(;tc r . 'lalstic millclics olItel Iln'ioli 1li u ilolle Citlses ( \Ce((h resli\(iai-i;tioll ra^tcs \\itllin tll(' plitlln tlwlr(lo)lv.

( \;i ('IdSi M(s eid(. il 10M\1 C(OS'I ;11( lISCd( ill (0liluL;tio)II WitIl IMWIII(y-lt tileL -it'l]. W\itlh idlsOlllt( I)K1JlIt( l;ilC( (dpol T( 1_1-ol ( A X 
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itig temliperatilles ctil-rent vittis onl toillato 

cIopIs I i teitchtl elose to 5()() Nit l'/ha./seair. --

O)ti mi1 teiiperattture control is miatle

esitSi(l- bVocittil ttil(the (rleenltollSe tat it p)rop)-

eli titiit Ic. TO atIiflt' prIoplet f igut tt' li Jelj -r-
tilres lirig tIle hliot lte sprinfig timl aiirl-

fitll nligdlts of tlt( tlesel t rt'clillollsl's silllltl. 

le I)ItC' (ld ill tile litili desert regiolis. It is -

ilIlportanit to select ital iltitiitle tililt plerillits

the tiesiredl degree ot ClollilIg (lIFil IllOSt

tillIts of tile goto\itg leriod( li evatpolratihe

coollill(g is lisedl at r-egi(li of,ht lo\v liii lih -

slI o1t( IIdbe chlosell for t naxil/illn lien,\ * IVll_

ELe tt thloll(di it is eatsit-r to heat it (rieenl- - /i.

liolitse thltat Itt to l c llt .o t a IN Wet Itlist bet _ _ ______ fl,. r
Cillefill lInt tot lociate ( t tooll tiglt aI iLltitll(le 'S

to its Oidt e\cessiXV Iilteatin Ctsts (Iltrine Null- \ -il-

11n Ari;zoii.l. tomalitoes slioliilt iiot b)e a.. 
crl-tIN It (11itring till' slillIer. ToIliLttto Iprices Tornatoes glOvtv in a sand cultutre system r,vth cr -lr) ate; !m ive E&zCeeC4 e 350 -
itl'(' lo\\ (IIIHII(F suillillertl' itS it -eSiltit ol opcill

field totititto pro)(ictitI i tilost tIll' t the U itet Stittes at ti dil\ telil ta. c t s Ili(t inclhildd ill tle 19tt)() Nosit Scotia tiril

Midtl t ei1 sgrtillstet tttciit is tere i isre aigih T pe sl l titI t C(- tl' iS it (ToIiS itll( i Ma l'llIti t 1991 t

I lood lile di eto Tettct'i tltt CelTl etOI), C illl tti fili tItletVMi ldc-td; Sitte(l g llrt\ itt uiset itl ai it ( ifo\6 ii tioe(sisi il l
s ri tit iit'giOII.

titt *'is 'ilt olse t or tile liesoilltit fttsl avilit. (c l l a lld spilli piro- liee ols;ati li\tllriltersalo s itltd not n lpellitilitean Illoje t collkell-

tlictllcttlt i t t ites l t lolltatl itr pitel le(di& s ttlc it.s roclr ol, itt e costk to triuisp9. t

Itt tit e rltcssMil. Ilpel iat is tit' oil t isr itse ah nd t lcts 1 tild tllN bIc.s9 lie othtint othe r I\ killia ssl titNI Ful rl\ tests I the Ulki\elsiht

oIpller Soil lioistltircc its(l lant o t iltritil tl ilctaCilli tltt' sprittg \\ill ot liZollit i' ics ltt tliplt c lit)s (IRMIil ill itre St Il- do tts %vcII itS

be little dilteelvice fil tlic Nieldl I)CIlorI-IltiLiC- fri-011 01C t)Y0dlIIC- thlose giro\vIl ill artit'icial leldiat ol lpeat iilos"s ilild \el-Illic-11ite or
tiOlI Sv'stclll to aIllotlit-r. stildlics ill N.\a>i Sco>tiat. 'itilla(l;t slIoNved ill \;trio)IS llli\tll't'S 0I' Sitlld il(l \(Ul'IliUIlIjte, l'iC't 1kil1lk. -(l-(t

illsi,rilificilit vield dl ls erello.-s ill tolliat(es iil(l(llliclilliber-s\vhlen %\oodl bi,,-L. pine bmark-l p rlitc. or peat iiioss jenisell 1NT5;)
isji( rock-\l\oosl 11 ,litt .e, midth imrilt Ilt'i 'dl iill teCIm'Illi(cI( (NFTI .. Unlikes( Illaivil totillt' Illetdiiii de" phli'l1111''*)[l\Nit ;tl h)I'tcatkdo\\I

Tablel 30) lits the( resullts ol'the(s(' tria[ls 'onduIc'tedI hi thle spZrimy( (111-ivt IIS('. sitild iS it per'l'litlcllli llI('diltll.l it dloeS Ilot I('(ylirt'

ofI 1991. Tlte rocks\vol w\its of tIle gritltdiitr t\lpe. Thle platttts otl replacettitt't t N r\ I Il 2 \eaitrs. I cotitparitig rockI\\oli smithl

eaclt c .spstt s- platced ill troll IlIs witit Cci-cil;ttl'l t tttriett sand c;ttlrtttt. it 1lits ct-1t tllilIollsttitetl tl;.tt ecltel s\stell \\il!

sollitiolls. Ill tel 1990 t llclilliber ttitls. pttlite al(so prIltlI dt it pIrodliute (-ropis oIf execllent sield TitlIle 29): tle tlitier -elle itl

sligltll g-r.ttte \ ld tItan tItlost plaltitts gitto iig il tIl N FT s\ S- st-leCtiltt lt S5t1ill lit-s ill tltt- t(C--litiogiUtil ItIC illilit) tt til'

Table 29. Yielcl C'ompaiisolli bletweeIl giro-winig svsteiis, Triro, No'a 't Scoti, C(aiIada ('Iois anid NLacPIhil 1991)

TOMATO

Yield % Size

Growing System Kg. per pit Kg. per M 2 Cull gmslfruit

N.F.T. 6.15 18.45 6.6 220

Perlite Bags 6.05 18.15 7.3 208

Rockwool Bags 6.19 18.57 6.9 213

cc/Izi,,,. 1' \ ,, cc /,tcc/c 5,1,f11. cc/cc?, I,:c, 1ic ?ccŽI-ccl':/ \lc-cc/c / Ž41, f c- -/Cc,l ,,, c iidc- cl1 ,,,,. il, \Ic- i .-- ccl ,, I,,/ I

CUCUMBER

Total Marketable Size Grades

Growitng System Frt/PIt Frt/PIt Frt/m2 %sm. %med. %Ig. %elig %cull

N.F.T. 51.4 44.7 62.6 19.7 49.1 17.1 1.1 13.0

Perlite Bags 53.7 47.3 66.5 18.4 49.3 19.7 1.0 11.5

Rockwool Bags 61.2 53.4 74.8 18.3 48.8 18.5 1.5 12.9

i cc,/cc, Ic , .,,,,, iIcc-l,.cc >c-c/cc/ 1, I, I,' .Žj'L5' 1 2/ c-c / ,.1, ,,,- I 1.l a/cc-cI I--* 21, *,, / c, - ,ic :,,
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,rrowcr'e anti the econiotmicis of' tile Pritoductittion ditii tlistrihi [Iit l t dttiwnsi thue Ceinter iteathro ii (tt nt pit k6ing it tilp fio) i ath sitie.
ss'steiiis. ROss toseris art tistal is in shilledi o\(et plIastit mu iiichit si I i a

Taible 30. WXiniter yield conmparisonis on tomiatoes groving Equipment that ssiii to\er tilt riows inl nin- opeiation is tiiritiit-
in r-oekvvool anid sand, Tucsoni, Atizona, USA \v b eiit tievelopted. At titt presnisit tinict> llwe%er, t;fiCIiitt

tiesigited t-quipiieit list-ti it onjmiittttiti \\ith itanti iai)nr is
Marketable Ave. wt./ Culls/ th tittost pr,esaL-lnt s\sstti n. (I )nSimali tairtls. htl piastic tto)5trs

Treatment Yie)d/plant(kg) frutit(g) plant (kg) atre gteiitraiiv appi itd aitd rt-mnvtd ibv h;ndt.
Ill grt-enittiisc prodt ctiontuu iaioi trteqiriieiients Hor f'ltrnietti-

Sand .2 168.0 0.33 tiir-ai Cn 0PS aLre (iii iiie simihar to tiho se hO tr segtah1ctis- t'xt-pt inl
Grodan Rockwool 5.1 1 72.5 0.32 h tt'titi ig piant prditcttiuet a. bet (Iitlt pL lants rttqtii iC abotnt ft0tiir
Domestic Rockwool 4.9 68.0 0.30 persolns/h'Ia.; tihrsaittheittti nts ret1 unretl-1-2 peso s Pdiisettia

atMid Faster Id pitYAILittitti aie iCSS iaibtt-iIntCilsiC titan p)ttedi
[uli,o tA//,1uIt 2'W .N, ,h, u *1 1A51II 4 jiM t 2/i. 15 c/Ittiti-saitliiniutnils. retquiirilng oi iy 6-71 p-' ist tns/"ilt.

(;i-enit ise egttaibt opt-rattionis s\iil unit riii>. eitiphon 7-i 2
jpetsnits per het-tart. tiept-itdiitt it thec Iinalit"iaeinnt ul. tu

lit iek os ttis rt-piaccdit aftir \-i vtr t\VN tih t t t '11 rt0pS, - dt ht ii gh wotrk p rugrai-am To retit c ot n-site ilambor nc-i lirit-in tlts i " as " ins

aiii-s-t lN\\deveIo-tpt-d rntckwov itnitom Frante taim he itst-t tit pin- nIax tontract with oitsitie cotnpali its ttt perfori it \ui 5 i t\of

Iiti-t tip) ttt tight tcropjs. Stotit gi-tswt-s stt-itt steriliize the iroek- Ctititt-ira np)eIi-ti0IaS. (Gntss\t-s Ilaxl blt0iI_tat naitttaid6itp ii
)ottIi titi stai n i (5-b\ I 1 15 -ni [it "I t tSIt Itei)'Is s\vitIIIt [ants amItd t-toptn-tittivt. Ai ittiilitiitai tt-ow55r\svttttites tlot tpatihis ri itatti

sttl-fiZiiv.ii [iltt tttt-ks 0t Il p)La . Tiirc-fre ,e [litt ttiititwi ttd thlt -sitetIl iprtotltitiittn re-ptires lt-ss liait i.tti ti d perstttapi p'I tolI.
tctops grttwit ill the rI-k-tAtttl is surit-fi I P) ttt tite il5- 1-i-r. Ill (Often g-tstn iiiiS-tli ttipitt ttittti,t ttjt5

Euo e til ktt i ocW s tgt iti' sfieiis rctill gd toit1tii Ilet 1ita C-tlIs(t-i tttjiiie -ap -li5a peitti o ttn trilt-d i cittll tei.s sspitil-titt" itt tiititit tg

il-ccllstt- it' d ll rusd o prod icil'. I-I- (liii- stclItrI

0ilC(1 eac .\t-ar. f'sillid i liscd coitilillolII.N11111te1pr-duic it-it ciiletitt tiltc slit-iler- high tipllthtresttxtro titiot-t\t.

period(d 'Fiis hs bcci ohsr\cd ll tollit prod ct Trniwed lugt attribueductio hnalt Neeids. \I s t-A-i s-tit

it itI til 1111 (fit to liii (' ia ia ccnj it titii- Ii i t il o - titi emidl;isti itIt tst iba er- trdit olIla e(l Illorci 51t, A t '"- u set t pi ttmi'ett -:1 <i

It' tt I( It it ttt I I( itsC it y i A tilt II I lirt iri IItt is it )mt tICIt12 tI( It 1t11 t i's producstion. I N itmtilt'S HiI tI'li-serthet 1 a sit--tssl th ntItltor tttIbo

is8o6 oisll~til tSSCI i hc lt ltdlili eiof- led- ohrcladpc h '-it oiit ieis let
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dlevelop)meit progriamil for their owin couitry. They nav attenti CAPITAL REQUIREMENTS AND
coiferenices and tonir estai)lishedi prograllms in regriolis wxith sim- ECO NO M I CS OF PRODUCTION
ilar cli r nates and(l markets. O(itsicle exper-ts slhoi1l(l he employed TIe capital requireneiits difftr gi eatl aminong the varioiis s\s-

to assist in the desi(Tii an id operationi of research facilities i ltil ia teniis of' protected agierici itire. MN l dclIi rig is least expellsive while

plog(ralll is well-estah lished anid thie findings applied to tie greellholuses reqlulire tile illost capital per rillit of land.

farimiig coin urlmiritv TIle research staff' i iist conisist of lior'ti-
ciltiurists, patholoists entoioloigists. anid soil scienitists. Tire fixed c'apital costs inclui(le land, fixed and llod bile equiup-

Econiomiiists are also importaiit tco the research team: a gi\eil leit, all grading. packingandl office sti rcttres. Tile fixed cap-

systemii of' protected( ar(l-i(iltiir-e rimay perfoirm well hiorticlltnlrai- ital costs for greenilhoiiscs clearIl exceed those of other- svstenis

is, hut he econoriiicalk uonviable. Marketing experts al-e critical of pr'otected agriciltuire, l)but vr ill exp se accor'dillg to tNpte of

to the progr-ami. strnctuire anidl til ens'ii'onrmerttal coiitrro and groiing svstenis.

The oper-atinig (or variahle) costs anti fixecl costs are alnnual

Extensioni Staff. Extensiono svorkers ertstre tile coiriect applica- expend(ituies. These cati he sulistaintial. Fixedl costs incluide

tio(i of new techilologies to the farm.t ThrerefOrie thes' mist n1ot taxe s 11(1 miainitenallice; op1eratilng costs inicitd(le labor, fel. util-

only' lie knowledgeahle ahout the system heiigb-il reconmemled, ities, fari i lcemic-ials. and(l packagfig im aterials. Aniontia c(ists

they' miist also have the "hanids ori" skills to derimnstr'ate ani a sa' cor-relate to somie extenidl w%ith capital itvcsti ient: a im1ore

assist interestecl farmeris. To do this, thes nirist work ithi the ilntensixe cuilture is possible iii a iiroire advanced or irsterisise

research staff to iiiclerstaii(i lte svsteriss being studied, tht eco- systemi of' protected agriculture. Since svstems of' prrotetet

iOnmlit' factors irvolveri, and tile mrettlotlologies of'implerieritirng aglicuiltiire diff'elr (greatl, each svstem, anti its capital re(iiore-

the rtecomimilenitleti ssterns Oli tl farlll. ilieits, will he discuisseti separateli.

A demoistration program rliiist he established in comlila-

tioi with a research program. ExtensionI workers will de-isori- Plastic Mtilch and Row Covers. Plastic nh ictli riorriallv costs

str;tte niewv tecihinologies (tiuriing visits h! farriters to the research $:385 to $58.5 per hectare, dependlin o0n the rosw spac-inig t)-pe

anicl tenioristraition f'acilitv, and assist froai-lers ill establishina of mi ilclh, arid tite suipplier. Muclch WhiCh tralnsmlits onIl the IR
new) prtgraris otin tlice f'a site. Descriptive literature slhoul(l be ratliatioin aid isot tie visible lightt osts appioximatelY 25 pet-
available which details tihe methodology of' protected agritiul- cent more. in estiiiiattiiigf tli capital re(riri-emr'iiits, tie tf'Lrirller
tore; this irnfOriiatiori slhoti lie ilhlstrated, especiallY ill colil- im1iist ihiclude the cost of thie ctirtre s\steil as well as tile rilmrll.

isinities whiert farmsetrs are not literate. Tire Llniversity of Nesv HLiaipsire. it leatliog iistititioni in ilhe
A sntccesstfil program of protectedI agriculture is riiost sric- tfniitetl States oni the rise of'plastics in agrricultire, lias condcic-t-

cessfuril wvheni it is established by the goverimnent as ai natioital ett extenisixe research tin the ec'ionomiics of'protected agLicuilturre.

priolit>. either tiirouggh its ovw initiative or in piartiner slhip) with Table 31 shows the hibidget for the production of rnrskmelomns ill
a hanik andc/or- lendinig agereiic> r r. on riare ot''aioins, an agricril- 1992. WN"hile the fixel iinid variahle costs will differ byx' locaition
tural protdurcts corripars'. BecCaLsc tit pr'ofit margins ins sellinig ani( comritr\y tile budget ini Table:32 serves as a itio(cel, listiigi tie
agricrilturral plastics is nsiraliv vetiy loi, sich to)ml)priies tio not diffrereit cost categoories. or sectionis. which ii rost hb iricii(lec] in

iftens finance anrd train persoritel iii protecttt agric titi lre ansid aisv cost aialksis shtrl c oresiderhirg protected agyrici rltore.
tio ilial-kets. Table :3() shows that tile niaterial cost of the black plastic

issilclh was $585/hta. The cost to r'emiove the plastic froril tile
Farmssers. XVithouit conirtiurinig help f'rorii extecisiom arld fieltI was 8140. flow tovers woilcl adti an expenlse of' $.875-
reseiarchl persoritiel. farmiiiers. especiallv simlla fanrmoers. are gen- l ,()000/hectare: this hichiudes the cost for the wire supports as
erallv rinrwilling to trv' nexv systenils if' prottctedt agriculturre. well as plastic covers. lin the U nitedl States applring ani( reiiov-
This reltarstieiie is uindlerstandable: for nian'iv f'armiier-s failure ing the rtiw cover-s fi'omss the field wais approximiately $1250/sa.

meais no financial r esonrces for faisily support. Farmisers will If floating rows covers are usel. tise ctost of iiiaterials risigit rea,ch
be ior-e read) to tis newv teclhmoloaies if they first planlt a siniall $1750-2.000/ha. Labori tosts foir applsing and( reniovimg the
trial area before iaking at large irsvestnment. Thexv 1ncrst also iloatirig covers are less than for polyetisylese. Material costs for
have tIle reassUraliCe ofancCess to alithorities oll protecte(d agri- floatirig rtiv cover's wouilcl be rediicedl if thev wc'r'e reused,
culture, which ofteis happens. Polyethivlene covers are nlot rellsec.

87



ECONOMIC CONSIDERATIONS

TIIble :31. Nluskiilheln - costs ant( returns of prv(luctiofl (1992 New Hampshire Cooperative Ext. veg. crop bhidget)

Section $(hoLJ.S) Section $Iho (U.S.)

1. FIXED COSTS Ill. MARKETING COSTS
Machine Insurance. Retail $9,375.00

Housing. Taxes $ 50.00 Wholesale
Machine Capital Total $9,375.00

Recovery &
Interest 567.50

Management 1,875.00 IV. TOTAL COSTS
Land Charge & Taxes 375.00 Without labor
Total $ 2,867.50 and management $14,140.50

With labor and
11. VARIABLE COSTS management 18,325.50

Seed $ 225.00
Rye Seed 37.50 V. GROSS RETURNS
Fertilizer 236.25 Retail
Lime, custom applied 50.00 (34.0 tonnes/ha.) 37,000.00
Black Plastic 585.00 Wholesale
Herbicide 157.00 Total $37,000.0C
Insecticide 33.50
Harvest Supplies 1,125.00 VI. RETURNS BY CATEGORY
Misc. (remove Gross Returns $37,000.00

plastic, 20 hr.) 140.00 Returns Minus
Fuel and Oil 80.00 Market Costs 28,125.00
Machine Repairs 145.00 Returns Minus
Hard Labor - plant, Market and

weeding (80 hr.) 560.00 Variable Costs 22,042.00
Hand Labor - harvest Returns Minus All

(250 hr.) 1,750.00 Costs (Profit) 19,124.50
Machine Labor

(S0 hr.) 467.50 Returns to Labor
Operating Interest 491.25 and Management 23,359.50
Total $6,083.00

lsitig to in\ tf I'S Olteti testilts it} ait c-ark lliiiWt. \\ liieltlint.- o\Cttri(llt \ith ai secondl itlpelriteitlile coxer w\ill pro\idic hrost
ntaia lbriiit alitemf -it hi1giher illiltlrkt p)rices. Wititoot tliis bell- 1)rotection. Usingr slriiikler irricrigtioi f tr flost protectioti \\ill
efit. it 01wa ltot he eeiat ieiiaialk, ildallttreoits to tI i o%\5I X rts-t's inerase tlie Cost of' pro(tllet it byL an estimated $1 2.5(1/1"ha.
o1 plastictnllic. With these p)reCulltiolts. (oniietictit fitriiers Ciltl) po(ltce it

It (C.olneeticlt, Ifitrinlers lse itslotiln( ro)\ coNtrs to otltain c-t 1) Of pCpper.S Starting aS eln its lte CtlwV. eOlltilillitig ,itiil a
a\ illnw larues t in late jilix and(I Atitwist. \lieii the retild piiee of killioctf Ylost ii thle fiill.

ret ott velltsxow pe)pers retmi;tiits abuot t $5/klg. Tlhese ptrices dirol) p it Caliiorntia \xiler-r owl-U :32(1(2 tia. of segetahlties are devoted
tO $1.25 to $2. 501/klg. i Se pteniher \wlet ioc-iti p)ro(lctioii ti tO plastie-oteret(l trenchles, the iX989 costs fi r 25 0 tieron ipoti-

reae<hes its peak. Thus. t[ie econotitii bLietefit of' tloltimiu rtt etlisleie film] \\1s abttotit 8261)/hit. lJitor rosts to i;ti the p)latstic
to irs is ctrt-eo klitecd \ith 1 iwoduttctioci of tri)e colored lredpp-ers it tretic-it I ve iu: $7.5/iat iLatl to Intit e t1it lfliistic tihe costs \\er e

JuIv and( Auigust. Ani estititate of icureaseudl gross tincolle w\-as altot $4.5/hi. pIis ia fee (or disiis0;I (\hltixlierV 198$). Il ialddi-
otbtaille(l bV lilitipl11ii g tlie (ili'terelice ill retail p)ice b-etvc'te tio n to tprotwiliig eilien Cilelol hitarvest. the plastic Il tariert al so
Augllst atitdl Septe r,ilte2. $51 ./kg. Is thlte uliffel-rlie ill Intla- otlers rails stasulttI insect escNlisioli. diekiilng theit oiset of sirltts
ketabLle ield ats otf toiul-Awitust bietwerin pc)pr)e'rs l 1ted1 catrlI tratnsisitted-l bv iyhidls.
anid ci ro\ti iii ide r i'0i\w -uovers at d(1 tliitse grotwol coive itiotiallk

(Ct-it 1989). The Let telit ot earl> hiar\cst is puossiLle. It- owe\er, Greenhouses. \\ thile gria-ctihtiuse [)rodititio- s>stetis tul )tas
()Ill trotill an d alditioinal iniXestlntit iii sprinklers a- r cost fitan cuu0it(i r-lKiesive tlit o)t l r fitId sxstrtits oti cl il liti(i ilreil
whirliit tist lie aidiledl to tile ralr-tlcutionis. Flotiting row r-oxi 'i-s opet ii fiekl sxstemvs ol [rotected ag-ricultire are ilortttiliv miot e
(lo ItOt lprovie guttuo(i tfost pirotectioni \\luiclt tIuItc ie teehed tOr ( At sti-isix- ill fir-l iLre thantll ill grc-r-iltti- prititc-tiiti
see dliiings pliaintecd int A pril- Iefote tI)e friost-hlu-e period. Tli-itfotre capital at i r])tatiultal c-osts hot eart gittowig p)c'-

Houwe\r, spiniikhuiig throitdtihit the tigrht M' ciuee-itug atitioii otisa lte (iiite sitilat.
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()peii FieldI svi-ss Gree-ilotise (>ilttire. A typic-al grettillitiisc- andtititickleci irrgatioii T ibLe 32 lists the ecmoilniic i1aI5sis. tctE-

opt-ration is notlic (Uiietrc a faitIiiii<g o)ptj-i-titt)ii. iisiiigr po)ti i~led In Wcells mid Sciailxirasi 199] ol tile h1igh timll ol i ita-
etce ini li LIC i 1 ss c11 -OW Cwe rS, t sVpi Cdl tois P ita lt least 40) iitc-taies. ti p ii iitictitl in svstemi.
Tue o)peratiiii. ccst fori at onelic hectalv (re t g le llmiuse rwii Wells (1991 st a\s able toi aikls ice tlile plantinig ilatts istiic

cuicumlbers inast reach mlotec thai]t $400-000tt per \CeLtc: the( opera-iL to titir s-tee s. If' tilt( ILlattiIig dcitC-S are (Wiiiir. t\o la\t-cs of
tfinn 1l co(st bit the 40) lii openinit oild(peratit l n ri. givil ig a sinijiarii plastic sloiiilcl bI pc-is cr tic stiiicti i ci to ci iitmil iiillt itt1'

c-i-ip tic at sanet of' sc-getabii- crops, Ina\1 alsoto Pta] S400t3000t. teat tiocioig cold per-iods. A- pilLilblc hieater col he also)
Ti1c- openl Ibelt1 costs art- FIr oneC Siseason onlv: thegreli onsreIh v ilnstajleled b)lt atj this p)ii iii f giotry suii\l\iCy' ;I gi-i--elili]se

ciist s ire ft(] ii avcnir . rather tlitan mLi ine\peiisivi- highr ttintie \\ells 1991 . Taldli- :31
Thteset- Lioii ig itICtliodS arfe C-inillk expenHsiVe tto 0)tipi-ati and1( Shims a g(ootd retnrti1 pe-r 12-Yiini. I I the tIititiis totitllitI oneI

ii ia es i bci leSimilar illtxillititi iiiestiiient. D elic-itdiiig onI the Itt-c-tare, thet net rn il-tuf wslnd bic nearly $1 I :3t)t)t. Thew selling'
iticatititi alio ct()St iii littic, a tit hectair greet hilsem ittaN equlal price o)f t int toinatitt flouit. '¶3 52,'kg. ii Table :31 is tsceileiit: bitt
thle cost ol 411 lhectaires fir tipen field ag'riculture- plus the1 Still- tins iiiasN itit lie the catse iii tiher i-egitiis iiitheu Uliiitecd states alt
p)(int Ilacilities and cqtuipnienit. It' tile caplital CtiSt is iuicllcId-d atS this tut-im ] s& ear. A g,rtissr titist investigate the nimirkct bletoif(
tlt-prct-iatioii iii tlit- tseall opc-ritiiimid ctist. the -$400t)000( tto c-ntii tittiiig aim hit-geC sumsI of ittiie\ tt i at methe titd oh pi(ttict-
oipt ratci'ati oic Iwo.-tatro green biooist- in t 41) hat. tipet belt] tipera- c-i agfrici tittu-c.
titii. inas reichi iwitails .5t0t000/lita.- whlen taxes zottiI iebit set-
i c-C mre adclctd ill. C m t-uitr -ld Fnsiciimmtc-utt irecithtti tses. ,reenhittise-S art

Tueiie ietii ti th itsesuit-tt iiavals ii- sutiiar hu th epensis ix especially ilt the eiiirttiiiieiit iscittiicltitigi
risiks mnav lit' difieretit. (:(ist per titit i topit is much highler the( Iisi it

1 heaters f.11 and ii padt coigSystemts and c-oilpoittr
f'riom a grcet-liotuse tliau frloml (ipeii field aguricututtre. (Cnipq) i ci(mti(ls.
orie iii a grvenlittisc can c-misc greater finanlcial sffecriig tlitan at The fixe-t Capitalk pitidtictittii c-osts antid ietiirnls arev t11iiitii md inl

Simiilnr his.s in tiic- ticid. Table :32. Thti c-tists art- for)i greemnhl ntius cictutmlier prodiclictioii
Tihi-ie art- iiILN mi fctoiu-s Itistilstd ill SC Ct-ii--tim a SNStI II. anld toIintati pititlictitiii are tjtite Similar w\ithi rt-giiitai sarial-

SmIlii t-i les latid c-tists pr 1 rtil ibitis e anid thi ml- .v - ptiiii.i--n tit i i. Ill tile List 20 stcars. girec-iiiiitse -tiustric-tittii mid tipcrra-
m111imitiicalsV iS i a geeilutt01SCist ,tciiit, Thiis ,rt-taiiil is titi calse ili tititi c-ttsts hiat- riseii shiart]lv. Ill 1972, the ctist tt bi ltt a mItt him.

The Nethieclandis. Crc-c-iiiittise c-iists aist i sacs a1ct-ot-hig tti txpe. g9Ceilbi tisc- bItm tioliatti pittdtic-tiiii ill C/iliftti-iia was applrtt\i-
SiilglIe tiiiit. high) ttiiiiit- poiŽetxltiii- sti-tc-titres tist-t seaitsilal- itiattes .$275-00ttt. VICi ttittl pitituctit-itt atd imarkt-tiing c-tist (I'i

is ate f:n-r ]t-Ss espetilsis tlitai tlic, h-gi- gtittc-r-t-tiilec-ted glass Stich-it a init st\as abitiit 8-421)0)0 C Datlriiiple. 197:3). T(itcas., the
strtic-ttiits st\ithi ttiplistic-atedcmt iiritliic-iltall cit isvsstt-itis c-lt strtlictitii t-ist iS tltret--fisC timeis grc-atc-r wSithi sttllt

tiseti veatl-il-at-utudc. glassl i itse rangt-s appi-tiat-hitig $140t/m2.

Sinice 197-, fiwcd c-apital ciosts. labitoi miiiI eilc-i-5 hilvst all -si

~HijiTuiniiel Pius\etlislenec Strttic-ttttecs. High1. tiaririst ptil(tily\i- siilistmiltaiis.\ c-atisilg" a diattliatiC itIC-eaISt- ill tiit 01ItemttitOlial
CIit gi-eitn oii ses. leisfii apprtixiiiiatt-i 4.Si3n x 29:3mm iit-c c-tiSt Ofil. aItt-st greelhotuise. Whl n-i-labitir ct-aches -Sit PI.S. (w

bitc-mittning htt-teCasing-> pltiptra t-sptc-iahlŽ it Etiiipe, thit ittlie ptr lititi-, g-tist-rs thie \stir-it iSei tilt-il tot imit hilaiiizaitiml.

Midleh Fast, and Asia. Thtes ar-t dtlteil terint-id hooitp hititists, 1)iii-iig tile paiSt tS\eilt\ stars also. liesw sigetabllt cuti\aisir
ssdlk-iii tiiiiieles . mii i cititetethr gi-t-eidioitsesi \W-iis 1991 W. \ itie hilasi beeti implpisetd. Theise- c-tltivlrs. usedi st\tl II(t\\ gFoi-tisti

Iii t pric- is git -'rcii tutises - tiit-> t pe ratt mIi

tiltc Szit iI pricipltpe.

Thie pijionsit-shtapetd stiric-tuties are itiad- oif'
mtilt tl hitwst cttiltec-teti toi pipjlt- tha mt iii -dti\s ell

ii tJiiWe illh lit~ iielmiici-\tis 1991 ). Tile c-i iis ate encltotstel th eire is

titil. \\ater is pcimsitheui i)v tiric-kle irrig itittl .

\emltiliatiint is a1c-c-ittmpislmt-d li\ itiiiiilg op1 tic

iiftli i thle 1iktfii c -hkmu oiti tile sidits iii the -

gT-C-i-iiiiitisc-. Siiic-e thec stitlic-tiite is tiseth pci-j

I ilritill i tiit t-ari Spriiig toi prtid iit an earlS

hat-ststt thic lilmi1cal h-m ol-thed till tot tile itlg rjd(w

switht bluick pilastic t i\n cfiltol(
tilt(- p)lastic~ in- fitheN ) titlut sledlt h-g ittlaitimitif , -. 

T it Ia N cttilt[II cti-ilI mit t IICt- ~ II imiset-Si ts Ncs r w
I lamipshiire '\\ills 1991 I sliti\ tlit coust it1

1 Y I26 ii striict-tie $ 13.48/or)m 2 it-ithidli ti ti e In Arfzor(i, cuniiribers it, scinra cWtuQ ie re T-ovvnt uin g-eerihouses whlere thie erl,-7onmnlrt is

plaittitc c-vc-i hilcl ackpll: stic- i tlt-li (IIi tiit- fit iii i ceptrqllec thcu-'-h ihte mje ofii: tti.L enjs h tet-es cind (- rw t cin pd p cJ v( or0-1JtrvC CO c rhg,
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Table 32. Economic feasibilitv of high tinnel tomato prodtictioln, 19921

1. Scructure Costs (amortized over 10 years)
A. Frame (posts and bows) $ 800.00
B. Side Boards 130.56
C. Pipe & T Handles (roll-up) 137.50
D. End Walls 22.56
E. Construction Labor

32 hrs. @ $8/hr. 256.00 Per tunnel Per m2
$1,346.62 $10.70

i1. Plastic and Trickle Irrigation (amortized over 5 years)
A. Cover, I layer, 150 micron

7.3 x 30.5m 203.79
B. Black poly sheeting,

150 micron 5.0 x 30.5m 63.10
C. Trickle Irrigation 85.00 Per tunnel Per m2

$351.89 $2.79

IlIl. "Annual" Expenses and Returns Per tunnel Per kg.
Receipts 910 kg @ $3.52/kg. $3,200.00 $3.52
Marketing Costs (25% of receipts) 800.00 0.88
Production Expenses

A. Plants, 0.65m2/pit,
192 pits/ @ $0.15 $ 28.80

B. Stakes, 192 @ $0.25 48.00
C. String. 762 m 15.00
D. Fertilizer - starter, 10-20-20 5.00
E. Fertilizer through

trickle irrigation 20.00
F. Containers, 100 9 kg. boxes

@ $1.10 each 110.00
G. Labor @ $8.00/hr.

Till, spread fertilizer,
and plant, 3 hrs. 24.00

String plants, 3 hrs. 24.00
Prune, 2.5 hrs. 20.00
Harvest, 8 har x 4 hrs. 256.00
Annual maintenance, 10 hrs. 80.00

H. Misc. (small tools, repairs,
rototill) 25.00

1. Operating Interest @ 5%
$656 (A thru H) 32.70

Subtotal Variable
Expense (A thru 1) $ 688.59

J. Annual Capital Recovery
and Interest

Structure ($1,346.52,
10 years, 11%) 228.66

Plastic & Irrig. ($351.89,
5 yrs,l l%) 59.75

Subtotal Fixed Costs $ 288.41
Variable and Fixed Production Costs $977.00 $1.08

Net Returns (Receipts-Mkt.Costs-Prod.Costs) $1,423.00 $1.56

yc, t,, I,, I ;m x, 2.,, .:,,, - 12f,i,,,

s,,,,,-,90 t,., \.1 ,,,1 tr/i,S,iedwyrao. I Hamp,l, irbam 11 
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5s~temiis, i)etter eiiiroiiiieitt coiitrol, ailld tc111lplitel. 11ilaliage1- $175,000) ofdthe S 319 (J00) While these figoures represent :1 1)10-(

no-ut, have ihelpeti to neaik-i dllible liotli tomato ailldl c'lliclllibcr liictiii sxsteni ii the- Ai-izoiiza diesrt. \w'itc('5 wo'lii still far
vields. e\tved lowatimg co(st, c'\c11 ill the toiler 111 tilcicl rei'tg is of the

lI ugh toooiiels alre uised set'siila:lIs onltrolledl ensiromiieneit Uoitec-i States. W\ijg,esairt', eert:iiilx the greaitest siiigfle expei SI'

£ill-llllliss are 0111 laIls inl use sear-an 111md. TolilLto v'ieltl ili g'reeililoiise pn-wicitioi I fi,lh Aved b\ almiortizaition costs LOlld
frtoiii high tililelcs, its illlustraitted iil i la e :31. a1-e apL'Iox0ilI1ltelv tihe-n eiierg>~ co-sts, especiailk \ 1ier'e heant ig is t ecessars. Ill
172 toilnes/liLl. an excellent \ol c iieriog that there is little Tal)le '2P ilioit tsx-iftlis of tlhe e\penses are fixed c-lists :1md(

control over the enlvironnient and11 51 little iinvestmeniit. ailimt three-fiftlls atre variabile (operaitingr co-sts. Dtpieti:itioii

(oio trollillgtill eli\lronlnellt iilil4tl ntr eri o tixht and initcerest oill lilestl iccot ac'c'milt.s IIr ollost of th fixed c.osts.
ut-suits inl hlig vielcis. especialls inl tlic' htigi i lighlt regiouis. \where Gross retillrns fi1111 iiytcciiliiitse 5\e-etilbles muist lbe lili(l This
toI iinto v ields ulia somfetimIles appro: t'l 501) tillnll s/lI (. is accmipill ]isliedi lbV higll tIiCpC(1S firf tIle jIll 11hIlt aiicL'Ori higli

Fklrieuiltiiral c'rops are- g-enleralk rw iil thle Unlited States Odeds. Tlieiere is little ni o11 fir error: tlhelreflre- it is illiperItiSt'

inl thle Il11or1 cxpellsive elsiiIIettot'1i( reenhll)lses tll:1t there are lioi sholrtcults inl eiviriiillIeltad c'(Iltl'11. c'lilpetelt

ibeCalIIe(I the1 fIlc'tiiaLtioIS ill t'iiiiate. Ill Coilmllibiia. f 1 1i5\t'rs LIlt olaliagI(ellltit. ()- (i m,i> Iltllt'f :ictiior (If production. Today,~ il tihe
gIl 1551 1 ill (ir't'lj 11110115CS thi LitLlCIft SiC tidls 01111V Iitll 0S511']tel's. If' ai Lji ii ti'. StLites, l-etoicIs ('.11111111005I dcmbl ie thie f alie prlC1 ( M'C1I'e
C-Ill0ic' telli IC' riLt1i ir is diesi'edi tlilt "' Ml 0i1111 liits arL i mp' ly file whoilesaic' prli'e tii ,h amv . Suc t hi ) itark-uIp Cani

biit ittitigrlwr ItltitIl(le. This is possi liebcLimst' tile lbst to das caliuse greit clioslimier resistalci'. Ill Ellroipe tile tV'f)iCtLiI 1llrk'-

temllperaLturles fill C(dllllbia ale -l't'Ltivt'lv cmistailIt. llj) is ii iifie lildtiest :30-40 pt'c'velt. Ill 0lil hi 19631 ( Dalrs pl)e
\\'Iil' tile fi'xed CapitLal c-osts for- g1rl''cilllmst' florlit'llitrlii pro- 197:3 i. it was c'oiliiifluiii to hitst LI rettiil miarginl 111111 -30-P3 pci'-

tliic'tioi itii i sinlillil to1 tiicist' (If' vegetLihllt c'ris. till fixeil and11 celIit, mdil gr-eenhouise tomnitcw's ill the Uiiited States wt'rt' lisli-

sviriLilie operLitionll (-lsts rt\C'\sr cdilfi-i'eiit. aii[ (If, m1wh ivaeit' Lili it thLn Iopen1 fileltl prlldlltts. Todas ti is

lBecaLihse prIlliictioil ci,sts. r-etiir-iis Lindl rec-luillilendcatiiins fi,i is wiit llc'essarlilŽ true. (Q)oidit\ c'onitiiii pL iackiig, Intil traIls-
each flwi icuilt iila cL np xill \ LIsoSl giret'kti perts iS ilnte'rt'sted ill po1rtLit ioiii ll 1dp i hltld tilma Lto es flitLs imiIp IIIecd. 1 itid, newS 5 \ilii

f'loric'ultllal' tc'11i iir) aitiiseci to C-llitLiCt tIleil' ZfigriCulIttLIid a l ii- c-tic-s Lift hietter Lbl)t to) w5ithlstandl shiipmneit. At tilt samlie till ii,
w rsitv hr- it feg,iol l i 'I11 llitIl>' Iepresenta5 1tLitv e kilwl\'ecdg'ai le ill grleelli o)11SC toi 11 :ttc 11 ali d p1 iiIe rs are- lwie ig imp1)1rtt'd ilito tile

tihe SICCifeci fi- 15\V1' 1' c1 i) Rleti li 11eIidtiLii(lls w511li 'epenid ()Il cii- U 111tt'd St:ittes fr iim Ii l)l :nd ol Dli tc'li growAeris package tillmaLto es
111Litit- rc'gii ii- amon11 g liher conlsicic' Lit 11s. A ii I 'xt' leini'1t serfit's (If' of a sltiiiitik ' isdii i ni 0 siz c' nd( c('1101 iii paLckaLigiri Culljs tl1 i iS

plibiciti( s ol floiic'n1tuii:ial c-fops is Lvi'labLle i' '-o)11 tile (0)iio sLlfc'glliu-rdim eactLh'l toiliLlt iL(,iiLiilISt blfiiSill( dtlililif Silitjilllt'llt.

Coopeirativ'e Exteilsioil Servite, Tile 0hio State Un1iv'e'r'itv, This InI'sV lIirWketilig( StfLittl'g~ V j WI Ibe f'iiitliei dliSC'tISell ill

(mimiiiimis, 0()iii. fThesi' pibiliiat'itills C'o15r ie:ir-i all aspec'tts f CIhapter Xit. SiIt-h i c'\\ stratiegies bietter tile iltsititil I i tile

pi ttedI Eaister- lilies, poinIsettias. 1bccidiiig, plants. c'hrs\saiithe(- gl'C(l'tll oms \S5eget~iible ilitlustrs tli comi pete iii tile mlaLrketpilacel.

lii1HlIl. Lindt tile (row55iltr, ofperctlilliLl itld bilna flwc lH-l liT'he LSll: seaon ll\iiilio ill prti'es pueseiits LI trencIiv'd' misi~(''

cilis. Iloliic' challiclre iii tile pilwiic'tilin li' gleeliihoiise c-rlis diiiriiig

\\I file tlit- reconi -11 edat ions fIi ai: (415'c' Crofi p growini inlO()ii a~L pe iod Ioif Iiigil ci lilma1111 The grei'ttio nslil SI' oilv55r is ven \sldii-

will prosidle i \saliuable, biasic'k1( 1dr (& h' Liel i gl tui- prnlIlucttilIi fle\ilbilits wsheii fit-ed switii los\ prices. hih 15r-

peri Iics I if lo\\ tI 1cmaiill Cni isi -i-s re c')15iltalV '51viikiillg (il

Costs. Prices, Liiic Pri-f its. It is ('4iaLf tillit grel 1111 l(ilses Ia wll 'i\s tii reduice- ip'rLatiicg c-iists iii lllcer toii iicreLise priifits. suichl

rc'tl irie it lit o f capi taLi. Diii ni mpe Ic 197:3) piiites L wilets Isi\e i15 i'eiucitii ililior c-lists kuSlsinlg bl'ts tol piiiiiiiite tnlallLtoit' f`in

Btiiev tililt ats eaii-i as I '97 tilt clist Stl-lctIl ii'o (4ft' Ljc'jlllllist'S fi-l ut Set iati iei' thlLll Ia]m iii \sitil hand11 p ldlLilLator's. ( b\ inlisi i:tiilg(

5wasr-''cg I c nzecd its bing'ihliY : it "i'eeinhiiitse :igLidlnst lIcat 11os5.
"TIic' persin ill 55- llcesii-es tii glirmv \tegc-taiiles 1iiiceier

rILass for marLikt't iiist, f'irst of' iii]. coililit 1111 thle c-lsts Conditionis Influencinig Retun-is. A numbliler iif \ariLlbles

anid tiit risks. W~hiChl l1iLi iiot shii iis t u iii the >c':rklx flinaniLil balincel-i slieet
- GISS 1101i1st-s :ii'e xlpe is ive Lid t tile) (ICit'iii Lul l l( - Linlfut'nc-c til e t I 'll 5li ti I r4t'iili(liust' Iopera'Ltoris: ec '11111mies of'

St:iLiit itttlltio ni ti WIMpiiiS - sc'iLic, pblSsiC-al bLc-ili tic's crolppincg patterins. aid gosvernmIIenlt
- Thic l heating( is ti e l:rges t sji i(lge i te cii if' Idmitia' ill inc'eintist's ( Dalrsy'ipic' 197:3.)

MalLinltLliidw til st abStiliishilieit Nloreoiser, it is :1m iteii I

lipllf w51h1(h it is imlpoissible tio i'c'l)lillizt' bix i '111c 5l (ii Ec'oiioimics iif Scale. Tiic sizeci LdIa> s\>stt' of'II pr'otec'tedi ai>4ri-

l-t'illc'ing te'imperaitcure. If01 it i'edc ti onit 11li temlpera'Lture C-IiiitLi re Will dtIe)cldc Oli tile iiiaiket oil~jtctives lIt tic' farnmer.

IlleLans dcit1 ved ImllaturIits\ ofi' tile Crioiy. N his t prottec'ted I i4it ricidttoiril eii lcc': rs il' rc11 fLtil i> I ip-i:tedi.

- ILadloi is the secondt aricaLt iteii i i if e\peu ise ..... TIus. ()fteii tile piocdiucts itre i'etailedi lIii vlc'l to the i(l CMSI ill t'

hosvc's er, liliv lie eci mo1)111 ed if' tile priiprIietori is wviii- t ii n 111(41 it: ilialisi tie ii iiiket Lit tiit l'iri'i s~itc' FLiriliieis ('oi il 1111

ilw o lel(,ll( 11 Iis vil oills' ut C mo - \\ lit-i pil(-is ses\-rii 55'stcm' dpoeci trc ltr,IW )(r,elo s

c-eecis so f':iri that eLith cine iid tile p)ants dole ts hilot told) oipii ficitd i ieration s wxhere tcrops Lire ii HicIc-ledi Lil(ii tCl-

receise tile s-en' hitst cif'c-are is r-iiiiliiis iii tile euicl." eiredl withi os cv ers. Fariierls tidsi i lii\l'u-sif\ thieir ciops ili crdcltr

Siulce BLilCV''S tiincw. wag'es hiase r'isc'll illoil't thlt lii'atiiig, tii Oif1l-- i11 :iLITua of' pil ic4lo c'ts Si i tle titta i fili nsi tc iii:ii'k-et.

c-lists. InI Talet '32 uiiiti(er variabile cocsts, was:igs tic-c-clot for- Iii the dieve'lopecd s5oldl'(I -reenill sc oS'lper'atil)n s teiclt to lit of'
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ECONOMIC CONSIDERATIONS

Table 33. Greenhlouse cucumbers (1 ha.) - estimated capital, operating costs and returns (Tuicsoni, Arizona
1991 - :3 crops)

1. Fixed Capital Costs Cost/ha Annual Production Cost & Returns
Greenhouse

Structure (polyeth. 11. Gross Sales
roof, polycarbonate Boxes of Cucumbers
sides and ends) $193,578 (16 cucs/box) 87,500

Heating and Ventilation 1 76,778 Gross Revenue
Elect. and Plumbing 62,000 $9.50/box $831,250
Sand Culture 57,500
Irrig. and Fert. Equip. 24,000 111. Variable Costs
Construction Labor 75.000 Nurseryl 28.818

Sub-Total $588,856 Greenhouse1 122,817
Packing2 I 1 7,792

Service Building Energy (Heat/Cool) 49,363
Structure 63,960 Sub-Total $3 18,790
Cold Storage 40,000
Packing Equipment 15,500 IV. Market Costs
Standby Generator 30,000 20% of receipts $166,250
Office & Restrooms 5,000
Shop Equipment 5,000 V. Fixed Costs
Pesticide Equipment 5.000 Roof Cover Replac.

Sub-Total 164,460 (every 2 years) 8,000
Repairs & Maintenance 15,000

Vehicles Office 1i3600
Trucks, etc. 46,500 Sub-Total $ 36,600

Ancillary Systems Total Costs
Well, fuel storage, (lll+IV+V) $521,640
roads, pipe and wiring, Net Operation
runs, sewers, fencing, Profit (NOP) 309,610
etc. 90-00 Less interest -31,000

Less depreciation
Total $889,816 (10 years) -90,00

($88.69/in2) Taxable Income
(NOP-lnt.-Depr.) $188,610

Income Tax 56,583
Debt Service

(10 years) 90A00
Post-Tax
Net Return $163,027

-1S/, 1,,.1. > 1 -,1,.,,- S..'l,, 1,,,t, s (1 11{1 sI,,i,i /1l sI.

it SiZe tilatt (ll ll ht oplerate(l 1)yov litmil v ffo)lIl 41)0( to illcruilst(lsizeof thteoetritioll In(ced(llloreosts mm risesi:r-
S,000111)2. 11 (:aiucla. flor ilnStaince. rle- h I hO1ises lUrek I e\cee(d ]]ifiealit itf it is nlecessarv to reerilit lal)or ouItsi(Ie tillf foil ik
4,(0(0(2 (DaiLrAMPle 1973). In 1lollId, \hl Ilere arI)tiCulliar 0.cellhom(se owlers vil)o hire ia hi(filly qlaalifie(l Ilager IML\
elllphasis is placed oii la)hor ef'fiiene.- tihe avxerage heate(l have to Io)erate ai lrgler thnu 11li i\ -- size Crreelli] (llseil t)l(l(] to
geeholisc ol(li is ai)ollt .0)0)01)l- A Illit of 400)0)n ci-il a )e otfset tile e\p)crt aillageres sillax.

ol)erate(d 1)h two to three itluorers. \with adl(litioal lill) at Ileri- leollolnics iiiglit ldecrlle Xitlh illereiIse(I size whel It) thele
o(ds ot p)eak aetixity. This alilIlit of lih0llo Call UslUaill lie pro- iS 1L ItIai(Itie Op)p)OrtllllitV to IMecihallize certail ojperatioIls (2)

sidle(l 1 v the olw)er and ilis falills\. \-liorexerl the owlier will ilalor catn l)e liloYC elf3citltil lftilize(l. 2 loi\ cost eipital is
la\ close attelitioll to mliIliagelmlelnt - i Iliiost inl)ortalit filetor. aiililalhle, (4) there are cC(molilieS ill til Ij)lrchilse ofp aIcka,lilmg

Disecollollnies of scale ill cool)epr;ti\'e greelIhous)es l . zIiillx lllaterils iII(lI ill IriIilretilIiZ. Il (5) som1e steeial mIlallagelIlllt

resultt ftIoiii ine ficienlt (IdC cisiO(Ill - ilk (a)a r\imp)le 1973). skills aure a\ai IaI ik (Dl)al vXiil)Ic 1973). Allothler c(olsi(cratioIl is

Sinlce l IUll 1(1 ellerlgx aic(oilit o) r l;ta-rge p rop ortiIon of' ill- the size (ot tlle gree llholSC il rt r ietioi to fixL(l eipitill (lost.

ill cNI)CI IScs these costs reltiail Cellerilil I)rIollortiollate to tile EonollmIicS of scale 11li\ o \ecii \\iere liarUlf trreeiis u ItlitS
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c-ost less per m2 than siialler nodiis. 'A siiilel ,1 loin ec-tarec grveen- also) inflot-iic-c tile regroliiel lot-atioii Ool grenlioiisi- prodtliitOii.

hOLIC` 111de- (Ie I-OflfiiV 1)StleSS I)e 11 tia ian a omit rbectire InI thi c'past - greeniihiouses CFe iic ouil t niear mi iai itoI areS. ill b0i th

go -eiili 1)1e ii'colmplex, tO pO ijl 1d1 Of Lou F1-io e hec-tar IC till ts5 Eiii-i pe anid the 01)rthl-ce trail aid nolr1iiIheastcl1.11 Unihted States.
1becatise iiffewer sjile\valls fii the- si ogrle no ijt. Ii (China,t large gIreenhoii(se Ol)e]ratiOiins irle iOcRat Cd wi thlti thle
Market tleiian iiioiax FC reqirie tIC gF-cuiihiousc toI lie hlarg i C-itv holui oari es.

thanti a faminilv tin it. 13 vers of 1hoiticenl ttiral priOdu(1 ce oftein deal \\'i t IiI p _Owe1 nlaS ant It ansl tIiS)FItaLti( ho ifliti i t ie.s it iS I C"s5

with packing 1houses bceaimse tliev\ swant grieatterip iuantities of at im portaint to locate grieeohiittses (-lose to largc- popu latioii eeli

protlicit thanii is av\ailable Frm wiia singlIe famoilv ii mit. tfmieCvCr. tc-is. III r-et-cot veais, e OC\irFeelThi u5 cont-Il etF i icti has beeii

pc ing 1 illises arie cooperFatives 1Miii a tle upOf IiII\ a i ivg Voers. liii ire widely cli ffilsed thni-il Igloiit the Uiiiitu-dc States. Thie nCwcF
each wi th a diffi-ierent c-l tur ial proiiigra l antid possibk l Iif> lfe re lu-e1s areas of prousilct ion (-(liibine at leatst sc\cranl o f' th-e lO A Iviwi 
iii ti-uiit OF flioweri qua iitv. It is therit-fOre ai icsaivintagre to- hi i flic-torlis.- wiichi c-i itribhi tC to ItowerieOsts (D alrvniplc- 197:3):
frnuiil One lorge piioitcer- prOiiusoig a it-r-liable prOiduict iifc-tinsis- - highl suinlighlt inteuisitv tiuidiuiniiiisliecl bv aii- piilliitioo.,
tenlt qui ilitv. Si ic-li largt- grc-c-iiltst-s are lbeinty c-il striuc-tecl inl - M ildl winter temiperaturI es.

tI ie Soitii twestcri-n pai-t of, tilic- Uniiti-c States anld ill Nioth eiii - inf liey CIpiet \i0i i`ent Wei-lth1 il- r CtoFo ti 1iOicS, h i" ih WilnIdS iaid1
NI exico;) thicre- griwc-ris aire bhiidiliig extensive gr-eenlioiisc-s fil excessive siii mv).

h1igh lighlt i-cgioiis tii piodiice hligh (ijialitv-, Ito-ge quauititv of' - 1O1V1 M'lhtidict cli11iiiig the 5110111Cr- for aiLi- Cilo0ilig,
tcitops th1ril-ll igl iit thet s eai- - a guiOld watter siippls - low iii Salt.

lIn Eatste m-o Eu r pe, -Iar-ge imiits wer bc liuilt nit ii-e fi I i(tei l (i i- (Oth er clesiial ilt-( flit-trls ire c-li eap) fi iel, -uch ic-i s onatmi -al gaiS
c-al c-im1111itmeni t to large Sc-alt- igiirc-u-Itjii-e, thanjj fill- eeOI 111 iiIjC 1 iOt bi tt led P Ft0111:1 i C I- l teaplec FiU c-i JtV_ avai Lil ibijtV iif Id bOIi

r'ealsoiic. \\itlI agitf-jeltultiird experience. anid h is tcxc-s. Ill thle U iiitetld

Ac tec-hnotilogitcal advances ii g,rceliiioisc- agu-i-uiltiire c-iitiol- Statt-s. iiaziiv of these abnivc- flic-tuiis are fiiuiud in Ness NIt'\itti

iie, fmiuiil-sizedl gFee nhi ice iiii its ai-e gc-tt iii largei-. TIhe asvC i- A i-izo Ii a., N Cs tda Iaid C al iftwii a -
agc- sizt- of' Duitchl segetabile hlouses has iiic-ieasedl suibsttaitialls; The sitiiatitii is simuilar in EliFopt-c oc iiiicl f tlic new tO-iii

tIlet ilptiiiIIni-SiZCcd. tliree- c I- Pe I uiiiit. is iiow Out- liec-tare. stric-tiiii is iii soiiitliei-ni Eiiroipe-. liere the wt-tathier is nuildleir.

Siiiiilriiii- iclest inc-ieast-s iii sizc- will c-iiitinuile in fllillauild mid( ~ii Must of, tlic Iwtw strulcture-s art- iOf plastic- as they toile ini thle
itheit- t-ouitiies (Dalrvn- pIt- 173). Uinitedi Statt-s. TIe gFeenhiiist-s Imi ilt in sotint1

irF Europe arie

en- iit-\pt-isi\ve with little iir lioi envir-iiinicital c-iiiiti-iol. Nliost
Plwicstal Fac-ilities aiLidl Liic-atiiin. Anothtn- Vxirialhle tHat itluill- tire ill Ital\y Cspei vSic-ilv- tnld StIiitli-i-i Spain. A Iao-ge par-t

ences tht- rcti Fni ti (i geenlotisC Oipe-ratoirs is iiitensitv iof pr-o- ut thle pitochictitin is Shiippeil tii iiortlicrni Eiiriipt-. in Eiilaiiil

tltictiiii i - ~~~~~~~~~~~~~~tlieiCe is iii hut liiw-c-iist arFCt iii piiiihictiiin. Iii the t9YdOs tintd

Iiitc-iisits c-anI lie clc-tcrmiiiiicd lb\ the tŽpe iifstFciit-tic- tinld thle 7(0Is, tliere wats at prolnoii cetdt c-xpan sii n ofi gieeihills5cs iii eatst-

cJlc-i-ee of liviroi i ciiiitital c-iiitiril eqjnipuneiit. Whleni a griweu- c-irl Emiripe.

c-ins t riuc-ts ait n-w lioiise - sI ioli l( it lie c-i miple t- ir ii iad e as si to-i

pIe ats piissibile'r' Sliiiiilcl it he at high tuiiiel greeni ii sC CSri pping Ptitteiiis. Thii type if greittl imiiie stri-iictiire will I ia5 C

$ 1350uii2) ii a coiititllCcl i isOIrII I I IIieit ( e IIIIo C iit itis- beaiLuig, onl tli-c-lppn pattc-r-. Ini tlC Lliiti-d States, a high
($85~70/u-2)? The miajoiu faic-tiirs fOi t-niiisclratiiin ifi-luclud- thei tonniel si -ti-i I Iatsrctic u it-lsil en iu IIIiental

asillhlilitv aniLi C-iist Oiii capital. laud. t-iiustr-uc-tiii and iipc-i-titiig c-inutrol e-iquipmeicnt fiiu IlCatfiiig alit1 cololilig will bC list-c uni iiii

c-iists, c-liuimiLtic- filc-tirs tIm11ing( tilc anltit-ipatetd priodlic-timll sttlsiin ti. seCasoiial basis. This is tiiit lIi r gieeiihiiiises ini iiuiust iuf the

tint1 the it,\-isting( priiee struicti ir-c. 'soiii-l isvtli the exteptitil of those ini tlhe moii-e triipic-al re-gionis

Thic high tuuuinel grii-iiig11 iiiit. aL simple sticicturFt wi-th littlC SIoc-liLaS ill (0 0ilo biia. Siiigapiiie. etc. The moireF c-labiiratt- filc-ili-
t-iivii-Oiiiienttal c-iiitriil eiquipiiieiit. is lt-SS t-xpeiisie tii buiiltl. ties, \\hicbl pr1idiilt siiie c-ntiiiiil us -i the eiuvironunieiit. iliktke
ScIlect in g suich a liii it ieducites tlie aulit OiiiCI i I -caitalid Ileecded anit uuii iltip i1 -c-i-i pil cr pi ss ibIle Thie iiwit-iasetd c-iiopping al tc-rFlait ives

the aimiiirtizatiu ii coists. in tiiriii ma~ke- piissihl moC reiic c-Ioic-e in c-ii p selec-tii ii.

The li1i0l-c- tili pe tfii1itt ci wic,svl i iiuoi-e comipieI tceu ivTiii- 'l it- Ill lstitoini o wift c-l arie the i C iist tt('I10IOii ij i -id i Ti)ji Iii Ii )tilt-

illenttill c-i IItiOi ilstes Cii illatkcs vt _-ti F-innl pu-u ictic-tIi inanId eaM-ls- tern s fil MI\ n gistuii gl R inO Oif the \ivildd htis Ilit reck-escd tL gyreat

hILarveStS p)OSSihi(e thu is enabl iiig the it ri-iwer to Fttalize the h1igh- dh-tl i f tittetiitioii -III tIe Unite-d SttiLteS tl it-ri hate bieiil fc-\\

ei- p r-i(' c-c- i eillliel i-ii- laLte II tII-k-tS, - ant/i IFOt i ii c- eti5c til c' tc-- tilte r at ivt-s ill c-ii ppin y patittc-riiv, Cs pt-citalk in gi-t- idi i iisCe

q1ueii-x Oif Y-epilg tti-f u-oiiuitl piIiOdic-tiuiii Offer-Ss Netill u-Oiinuc etaible pii-itluctiuiiu. Inl t[It- U.S. hor re,lswiis oi' tc(-iiiuiic-s, it is

euiplmiivient ofi ltibcii-is wvhii, over- tiiiic-. s\ill liec-iinic higlkyl C-0iiiiIiii Eni- gieiiiiiis- i-g btlhlt 0pi-atitoiius tii C-1itiiigi tii
Skille-c aLId uuf gi-etit staItic' to the siic-c-ess aoid c-uliutinuufitv uif the fliwt-r p dllFiiictiiiii espt-titall in ctuu-tuuires with niiirie eltiliritutc

buisiuic-ss. Clirmimuiuu iiutt c-iiitiiil s\sti-i us.
As Tabiles :32 jit 33 dleuuuiistratc-. thit eiiviriunmentallv coli- (I-imwirs thouuugliu nit lihi \till-d aiire clilientlx i-xperfiiin-itiiig

tiiilli-i gu,reidiiiisi- prothiiedc Iiill Onei-tlhiutd nuiiic-useii thtun \\itli tilternittis-- c-rips such ,is lu-rls, iii thic Un]ited( statuts. aiii
thle higl,i-tuuuunii striu-ome., Thisi dlifferential is slighlt especkiall Niirwtav, timd blel peppeCrs ill atsturiet\ uil ciuluis, ill I 1olliiild.

c-iiiiiiiiiOii c-iiisidleritiiiis iil selc-leting( at gi-eniiuusc- nrc- Site tand i-siii-c-es for tatlci h- 1.As c-ttiiii hialuits dialtug - c-speciallv iIt

mlirlkt- tSpec-(i`C, fit-tis w IXel tLS thet lierisOi ii l preferinc-u c--iid I gi lls i f tIlie LIiii teil Stateits \Iheire c-nimiii 1Cr5 tiltr in c-retlsinigl ciiinscioui s i f
thie fhi i'ie r. dliet aiiii thelu-iiutr~itiimial valuit- iif foiits nlld eCgi-tahiles goisrsers

Thit \ariiuus tilc-tiiis milliut-nticig siltc-tiiin iuf gii-i-iiliiusez tyci iiiiist tuiiitiiiitlla liik lOo i- r altt-i-iutties tii i-\jStiiij~ IiriOpjjiiri 1ititteFiilS.
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d. (Go Cre1iiient IiCVlltcti2s. Filit.lic l l(CtiiiS ilS lIe iiTiilnluclie( SSlibSi(dies, tcit cost 0(1 suic Oillmeldis is l)r(luilbitike. and agricid-
I)N , i c til t iletl. (Coicrlillen cts ill Lii(dalad, Ire la(Id andli tul 1l plastic lids not heltli used to in crease o)od p) dlo(ictiol.
FlriCice Ili\i' stimullated thIz i1reT-o1ose ioliistlV I)ios0Vithlf Tic attitudes of hOtiometrs toward iiiestiklents ill pricm ititd
c"raoits or lov ilnterest loaIlns toward eolistructioil eosts aulicuiltui, witl ol without (<ouernlilmet incentive plro(ramilms is
Dlirdn pll 197:3). Iii ulodlid, fi tle p)ci( d of'iel wats sibsi(dizte(l iiot ifill unO(lderstoo(l. LExatlxI \N1 \ "meriiielits por i(dc ict'll-
h! tle gos nY11ent. tiVes is not aiJ asS chIar. It inTI hi J1t jst \ ait to stiillliate ii-

InT (Cltlil., goFeA ll eltlCilt aLssistaNUic h as lcS ( to ia rapl)id increase inl cultilre or the cr o iern eit mitn bith cuicerteod with rduleilc
protectedi aig riclltulre nd(l, in til i. 100td stalailit\. in polts or e'ufports. or otliei lit toi s Sucithias p)olitical iiiflielec..

The " Mero met assists gl oweirs 11 plomiding Ž1 slibsidv on tlhBe \W lat is liii(derstoo)d is the resullt of gomeri1iiiucts placiln ligh
cost oft plastic for 1inulees, row c(\ ers. antd genhcliflolses. Ill tardifs onl the iiiportittioll of o;vriculturlal products. Stcls <as -
ci0initries w hIere I 1 .ifit\ t Lvplstic is 1nit 11itIMEnn lhct d (iredtu nsticifl- tics, oil thc gronuwt otf protectedl agrienltire. Th e growth I iesilts
IN gri itS htice hlodh impolu t tait'I's oil plastic a1rtces. Without are Il.
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MARKETING AND
DISTRIBUTION*

Thje roce.ss of mar-keting and dis tibution is a ke- f'actol in (Ii ctit, r rai-el! competeswitii ocal fieldl pr-od-ction of tile saile
dletermininiig tile suiccess of' any systemi of plottectecl agric ultir-e, cr1op dI iring the same per iod of timne Inless I ) tie crops fromil
0ne reason fOr thtis is the special ir.ttiat-e of protected ag-ictil- systems of protected agricultlure have a mia-rket (iuality advan-
tillndl CrIops. tagle o) 2) field jiro(inetion is a mnanyinal s-steii of piroclction

Most ciops ai'e of hih valdue and perishlialle. Oftell telmined ctine to cliii atic conditions.
luxulry crClOps, thle!' ire llidAhlv regarddccl tor the val'iet\ ties lecnd Prodlicillg foocd crops of better quality with systems of pI.o-

to meills ill tile forin of'vitamuils and minel-als, and thle beailtx tectedl alg-iculture provides few benefits over- fieldl prothidcition,
priOided by floticultn ial C'lOpS. Few c-opis poidicecd by protect- except for floricultu-al crops. AlthLougLh SOI1(e U.S. h1vclropo0)liC
ed agrictilture provide the b)asic foo(n inl)reedielits for huimani siir- vegetable u-rr)vers have claimed uialit\ ad\antages of tomatoes
vival, as (lo cereals An exception to this is the tise in Chbinia of and lettitce, this suiperiii-it\ hIas iiot bleen demloinstratecl.
plastic iniiiclh to procitice n-ot only holrticl dtural CrIops lblut also Thirorigah inimp-ovcd ciiltiva-s ancl packaginu tecmiiqrii]es, opeen
itgronoiic crops ut) cht field pr-oduIcer]s CAn
as cottoll peanlilts. etc. tinaiket anL excellemnt
Flow-ever, plastic -* . quality plonir ct.
iiilrich. rosx' s covers, and The sittlatioll is lif'-
(r,eellhowses usutally ferent for -r-eellhollse
are tised to prod(lrrce cucumbers As (lis-
higii value/perishable cuissed ear]-lier-. pi-whie-
foocl and flor-iculturf-al ers iin Nortli America.
crops wvhieri local field today ial'e grlOwVilncr the
prodwhiction is riot read- long, seedless ciiitix.rfs
il\ available. f.-rofm Errrope, whiicl

'I'lie id(lecl ex-pelnse '7zi- are dhistilrtlI (difele-ent
of' usinr any of t]e pro- "" fromi the siioit, openi
tectecl ar'-ictiltirial svs- fie(ld seede(l htyps. The
te'S i] eSit'srts i higher- EuiOpeaii (ic.iimbellbeis

retitil costs. Any (lexel- ' have riot Ibeen ii\mvii
opmnent wvhicl loNver-s successfutill olitclools
the ceost of prodeiicts - ' since tle c-i ic'mbei-
f'oi protectredl otr abrasive leaves cld uagae
cuiltnil-a] st- 'lis of- the fr-uiit (]ii irinr pet-i-

increases the coni- Greenhoujse tomatoes are packed into containers with individuc( pockets to prevent o(ds of, wind antli polli-
sir riiers le lec of severe bruising of the ft-iit in shipping. ination) hN bees is riot
inicomle encom ivrages \kiatnted. MnyilV Coil-
pm i'ciases of' tiliese p i-ociiects (D)alt rv\mplc 1 973 sir imer's str oilyak prefer' grieenol( i ise cncrilible i cs 1 a iise of' (Ira1 -

itv differecuces.
INTRA-NATIONAL COMPETITION In lthe most iorthieri couitries of Etrope. there is little cu rio
Protectei agriicirti4ire Kices a widcl- ange of' inti'-i-national corll- fielcd pirocluction( of toriiatoes anLdl ctuci'umber's beciase of cool
pietition iront idomiestic pi'cudictioln tai zi manay be evidient. NMLjor xveathlcl- eonditions. In these regions, greenhouise p(tihictioln
competitioni conies fi-oin r boti tf'ueshi arl pirocessed pr'otctcts does not face comlipetition 't'orii iocal'a field produhictioii. except
( uw%Ill in open fiekl plo(lic'tiiur or bv> ot ier plrotected agriciii- for comipetitionl from pr-ocdiucts imported(l friloi southern
tillr'ai systerlis. Emuope. In Pr'anc'e arid 0reat Bi'itairu, row cover's ai-e corili oni-

IN iused fit'o nmanv vegetablle crops andtl coiipete with similar
Field Production. Open fiel(l p)o(fiictiuuni is tliic Iost se'iomis gr'eenihoiise pi-o(drc'ts.
competition, pai-tictilariv in comitiies witi a wid]e rianie of cli- Svstem us of protecte(d agr-idiltui'e miax 'oipete x\ith each
liates. This is cspeciaiiv tile case wxith fOod crolps. Beciause flori- othle-. For exampiel. early maiaket tomatoes prodiidted ill tlic

ciiltmual cr-ops are iiiost iften giirown ini sOinie tNI)e of' stnrc'tl ie fielk tbi nigh i ii se of' litstic' inii icli and Iiow cmeI s Cilina comlipete
m('iiipetiti(lIl fr'oiun opell f'iekdl procdticti on is liot a sign ifi carallt am'- climeet lx' with gi'eenhiouse toimatoes.
ket fictor Since plrotected agricultulr-al Systerus itsa' iise(l, fOIr tile IllOst

Protectc iigricIti rt, especiially greielilholise hoo(l cn)lp pol- pal't toIplodlice cl(oiis oit of' tle lolitl seaslIn. thie miiajOl forl'
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trai isp )outafioi s-st(ni. aiid thle r1pi(d t'scllda-

tioll of flel eosts ill 1972, tine to thle Arth

oil en i n \Iro Wlin.II i1werease(t ti 1( .nst of

g_rieeitltoiisC heating. \itil IiLatiltll g,as. 5-6
tinIlets.

For tiu dwse reisois. til sotll(trn rt (rimis

of thle tlnite(d States heeiina a llotjOr

sotice ol fheshi produee to the norti.

Whidle the cultural ellnerg inplits ai-e sili-

i.r fho b oth opell helf d am1 grelellouise
a_yri(iultire, tlhe (iee(rY i\ input fOr heating

I eoll(I (dfil(, greelellollses is fin- different
1T hKe 234).

It tatkes 1earki :3.5,. i() ''loie Kecll/kg*. of
' t)ol lato-es to gro\\ ill a cnxeilitional (0)iii

cit-a'Iliioise o)ver tue (Ipelt l'idu. New etier-

_ (>~~~~~~~~~~~~~~~~~~~~~~g saxing( tech n(;ob g mnoigt greti> tl edi tee

tit Ileltilti it 1 coolili g eiiergv iinputs for

- (u enho(( Ilil ses. bu[it unatil ionw this has nlot

Tornntoes of u.mforrn size wud color ore sent to rnlrkets wfth !itere ture identifying the frmil as occre to the degree desired.
beinr-g oreenhouse crown.

of co-nwiltifion usuiall (i (nles frolim ilniportetd proidite.. Inl the Table 34. Total energy inputs - N[Kcal/toniel

northern lieltispi ere . tile im ported prodnie as cotile frotin

tile inore sotit rix re( ions il the sallie cottlintr or eolnti nent. Open Field (Ohiol Greenhouse Ohio

The rteerse wolll, of coitrse, ie trite it the soititeril letlii- Energy Input Processed Fresh Conventional Possible

When the first greenihoutses were huilt il tiie t tortileril Cultural Energy 0.28 0.29 0.20 0.15

f.inite(h States, iood interstate trainsiti)rtatiotl did nlof exist. Processing and
Sincee t1w cotistrimetiol of execellenit ititerstiLte freewaxs aind tile Containers 2.27 0.60 0.50 0.50
dexelopi iemit of large senii-t railer troeis Capttl ile of ulllilg Storage 0.13 - --

1 leaNs i ladS ls oer i(iilg distane es nt iost i ioirtiler n g-re( etilotsep ro- Transportation 1.26 2.77

tlitctls li\xe lIeWii illlC to f onlillpte sitil hproilitce slipped ill Heating and Cooling - - 35.28 4.41

flrom1 tile sootl ternt hemispilere. In 1965 Ohio Iihtl ilore thlan
2411 ta. ot gdasshtotises tiseil tor \eg,etabl)e p irodietioo. slhiIi Total MKcal/tonne 3.94 3.66 35.98 5.06
at,coitited hor 7.5 percent otf tl total UfS. proidiietioi. III 19S82, Kcal/kg. of tomatoes 4,334 4,026 39,578 5,566

!i\ 64 lizi. rei ainleti. ac touilting hto otink 2.5 percelit. Tile

decJlle (tanille olt two reasoolis: The T ie uitll inilpirlnet 1 initerstate hI it, if a fim,, ,w. i i A n l rilli. I hm l lq MII Otii//
(i.l l.a-alt'nn, a ...... llh d1,, .,j 11 , 1vI ( .,

is I Issil)lx the IIii St ittere stilmg c oilpatisoin4,. 1 K f \ Fl H&; is tii look it tile eteig\> 'eq(itir nilem ts to Silif)

g_ S. -2- i s v. httjoilorticitIltiral tol iiiiod(iti S tlrodhitceti ill tlle
W.! sifiett nl atittdts to tin iiiotli. in Table 35.

II i3f j s . the Kettl teqlliti'(l to sipi) one kilorailm of'

fl/ tomnittoes 2.0)()() ki.ll is given. Shipping mnie
kg. SIHr i i ki tiottl) lix sendl-truek. exp- ndliltls
_-ppro lxi il \t('lv IS6.5 Kt'a of ( 'tie(rg.

__! (,I'()\\'~~~~~~~~~~~~~~~~~Grwiw_ (m)11(' r. o,1 tonIiat()es iil it iiotheri( 11

rt' ei(iil t;k-'s iwltr 401)00 Kct,a of hea t

(illerg. Ilt thin'r words , (iiii. illt i tlitn % illter it

313AX ~~~~~~~~~~~~~~~~~~is 1111 t.I CIeaper- to) grow) tonlaztoes ill il

_ 1 | 1 ~~~~~~~~~~~~~~~~~~~~~~~~solitlherl- lattitzl(id ilnl oplle fie](L. anld dis-

b ~~~~~~~~~~~~~~~~~~~trilkite thle prlod1wle ill th)e nsorth.

In the !U1nited1 Stotes. It is comt-D, fo. io:tiJ!,ctU!tU procucts to he sitrppej ncross the cover cut
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Table 35. Energy use Ibv mode of ,-
tranlsp'ortation -

Mode Kcal/Kg.tomatoes/2000 km ;9 /

Rail 236 o
Semi Truck 746 O-

Air 4542 -0- e'

I,I,,,,, I i' -,,d /u ',! ,u/'/nj p liii. I')?.', e e O_ '¶rt :'

\ C(!r(tiLl&l C 11ItiViEl -S d(`\l0N-lO)Cd fol- Silijl- *- * 
aill(r 111(t' i tl'tio)0ti tetdilt tlt iCs Wxill - ,,z' if r'

conltimiie to 'rive cotisitimnets ill the i t01tthernl * * ''S

lIC¢iISl)lICI-C 110-tiCill[Hitl commilodlities .as rXx<-; 1 

1roo0d or- I)Ctt( l- thl<l those 1-/row I )locl-v ill it 

rretCillioltse

Thle dlifferencees 1)etweenl openl ficl(l and(
prteelilholise crops, with thle exceptioti of A vaner or greenhouse vegetables packaged to extend the shelfitfe, on displnyin a food market.
clic-IIIIII)Cer illicl floriculltillrll crlop)S 111.15' iadd(

ii1) to onlk sul-Itle \isuaol (litferciic-CS iLt tile retilil storeC 01'eol111ze'0601 Co011(l b)eC0111C ot (yreiltel- iIIIl)0rtiIICe.
(reelihoust p-roditcts arc seltlotio laliele(lt nor ciail tilex Ibe (lis-
titiQtisltil lix packagitig Table 36. Comparative greenhouse yields and energy

Ill lesse r dle\eloped csounltries, iltcenlal trntispor-tatioll s ,ystellis usage
atre oftell po°r. t lis Iiakill t loing distitilce slippiwtip of qat tliti Energy Input
perishialte prociucts clifHicillt or impossible. Ill coitntries lhaxill State Vegetable Tonneslha/yr. Kcal)kg.
ai i(le ranll(e of' elfiniittes, like Chinai,il protectedl agericillturle inl
the tiorthtlietit re(ionis is making a miajor impactt ot) the pro(ltic- Arizona Cucumber 525 6,855
tioll otolit-of-sCasiitsl Crops as Was tlc SitiittioIi xcVLill-S atgO ill thi Tomato 300 11,997
tJitite(I State(s Ohio Tomato 300 39,578

(oLiipttition frot-tit procp sseitt produticts (groiwtl lby tlleatis of'
prtotctedi atriciiltiltte is xirtilall lioll-existclitI Nc'arlx- all foodi

cr-ops pzroduicedl b\! Inealls of i rotecte(l it,friculltulre al-e conl- Protected Agriicultur-e Productioin. As inelittioiiecl eitirleie il
si ttit(ei ini fresh formt exwept ghierkinis oir picklinp ci teuilmiers, in this cihapter, cliftet-etit swstems of protectetl agricl tint'lte iav
Euittope. As prou(litctioin expitids itito otiel- trops wilix l 11have rilCmpete, slctlt as earl> spring crops priodlitcedl iti(ler row coixers
pocessecl Couniterparlts, sich ats frlozeii str.il0eri-ies, tllis issile completinlg with similalor cr-ops cri-o\,v inl (rieeililloises.

Cotnpetitioit ttiaV also comive firotii greeti-
''h .lotist cr s gtoxt tit dli Itt\ tt't-ent locittiolis

x.itltl it cootilitr.

As prexiously discussed, in the wvinter,
the eniergy requiietmtents to heitt a reet-
hi it ise in the tior-tliei-m regioni ate ftir (preater
than the energ' Ltse(l fOr grI'ctlihoiIse pro-
-Itic tioin in waritner so)titlte- ritirions. In tiue

Xy'N ' t2 -.v tviirthlertr-l egion. iiiost of thitc iwr-x is itsetl

* :' 'tfor heat; iti souttlhern- lahtitcdes. tIe energy is
i lse(l fol illr in l(l an I(t at ixlaplo0 tiVe c00 lht . aIs
wvell its heaitiit(r

Table :36 compares eniergx utsage behveeni
A tizoiitt, iti the aridc so tht. and Ol1iii- in the
t o ttli. TI e etnerg\ to growv a kg. cit toiriattoes

in Ohio is iniote thaim thirto titoies gtreatcr-

than tlat etrengs tiecdci(lc iti Arizona.

INTERNATIONAL
COMPETITION

Alonrg with extending the shelf life of thie ettuce, the bag identifies the roawer and method Ultcl_til)tedl\, the greatest Cotimpetitiotn Iol
of productnor. pirotectedl iagricttlltte itt miianx' countotries
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'omers fromj im-ported prtoduce, 1)oth gretenimouse and fieldt Northi Atiterica. Mexico provides mnator e-om1petitionl in food
gFrowx'n. crop)s in the United Stales and Canada. In the United States.

The percenitagrc'oi' exported fun-iits and ve-getables that are- imor-e thani over 50 per-cenit of the vegetables consiiiied(Indring
products of protectedr agmicultnre is unikntown f'Or today's mar- winter c-omie froini Mexico. In 1987, 98 percent of all the fr-eslh
ket. In 198:3-85, hortictiltnral prodlucts c-onstituitedI about 12 market tomatoes impoirtedh inito time United Stattes and 96 per-
percent of' world agricultural traoile (Islam 1990). Thle develop- cent of'thte ciicnmbers camne f'rom Mexico.
iint counitries atccotiited f'or :37 percent of these exports., withi anl The percentagles of vegetables oin thie American market
absoluite vialue oif LTS $9 billion. Most produice was impjorted hv whiich were gmro\vii in Mexico are:
the developed countries, which c-onisuimed 8:3 percent of wvorldl
iroipoi-ts of horticultural produicts dutring( 198:3-8.5. The Uniitedi Cucumbers ....... 43% Cantaloupe........15%
Staites and Japan were the fiastest growing import mnarkets dur- Eggplant...........33% Watermelon........4%
iing 19715-85. The developing coulntries share in this imiport mlar- Peppers ........... 28% Honeydew ........ 13%
ket. inicreatsed fr-omi 14 per-cenit ini 1975-77i to 17 percent hy Tomatoes ......... 22% Asparagus .......... 9%
1985. 'Western FEurope r-emiainis the largest imrport mi-arket.
about 80%Ic larger than thet tUnitedi Staites mnarket. The Amier-icani imports of' Mexicani f'resh market tomatoes

Mlost worlrd trade inl horticultuiral pro)Itiucts was among the inicrieaser] fromi 165,000 tonmes in 196:3-64 to 291,000 tonnies in
developed c(tintries. Duriing the eal 90s, 7-2 percenit of' 1969-70 (Darype'9 3. In18~tetiiicewLsas poi

their htorticuilti irliti imports cant e frlomi other developed coon- mniateiv 400.000 ton ncs.
trics; 80 percent of thir pijroduc e wvas exported toi thlese coonl- Somne American consumers thiiink thait domestic g4reenhouise
tries. The dexveloping countries send( about 20) percent of their tomatoes are of finer quality than Mexican imports and atrc vill-
exports to other deve loping c ountries. Since 1975, fruiits have ingt to pav higher prices for thiemi. Because of lower production
cOnistituitedlci the a~jor portioni - somie 70 percenit -total lhor- costs inl Mexico - labor, fuiel, aid water -U. S. greenhouse

ticultiiral exports bv developing conre.The growthl of gioe- iv ic ifcit ncmpetiogT withl thle Mexicani
imoport demand,epeidl in the developed countries, vill imports. InIihis 197:3 book oni greenhouise vegetables.
determnine tin. fuLtuire of hiorticulturaliii exports (fruits and vegeta- D)alrymple noted the rapid increase inii areage of greenlhouises
bles) of'cdeveloping c omntres ("Islami 19901). in the American Southwest, a region, lie f'elt, that might sulffer,

WXOrld tmack, in floricultural crops, such as cut flowers, the mnost severe coinpetitioni fromi Mlexico. Hlis warning was tor-
reachecd U S. $1.9 buillioii in 1 98 7. a 171 percent increcase over- thle rect: all tIme greenhouses built in thait region in the 1970 's are nio
pre\iotis yar (MNorrovx' 1989). The Netherlands. tlie worldis lonlger inl operation.

lagest f1o\v er supplier, prodiuced more thanii 71 percent o)1 all Toly.Mxia grxe' rerpd.eplyn h t''1o
exports. Colombin],m thet second largest exporter, lagged behind gies of' protected agmriciilture, mainly pilastic covered trenchles.
wVith 9 e-ei.Tetwo cao akt o-unt flwisare fo avC1op producetion its wxell as greenhoimises for both

Europe and( the United States: Europe itilportecd 8(1 percent of' cimci miner and( cut floxwer s -precdominantly roses - pirodiwi-
the total import value in 198`7 and( thet U.S .15 perceiit. Japanl is tioiu. In timie. Mexico will aso c xp(ort potted'lHoric ulturail crops,

thie dominant importer in Asia. at growingt third inia-k-et. w~'ith :3 on1ce ILiarinmtines to prevenut soils frlomi eniterinig the U. S fr-omi

percent of cut flower imports iii 1987. Mexico mre liftedt. Onie cliyx potIted p)lants \vithi airtific iai soils vwill
E'ach of the thrmee ma~jor markets is dominated by a dlif'fer-ent be permliittedI into tibe [iimutt d Stattes as they are. pmesently f'rouii

omiix oif si ippliers. The major supplicr's of the European imar-ket Canlada. TI e pre'sent quarn itiine will certaiiilx be abolishecd
are the Neth erlao(ls, Israel, Italv, and( Spain. x ltcht account for whien thme impcomiiig fret' trade agreement between Mexico,
88 percent of thie impor)its. C:olomiabj and( thie No.the rI inds dloml- Canada, and( thie United States is conclude d
inate the U.S. mnarket withi 82 perc-ent. Tin. Ncetiherlandis. Paralleliiig thle new initer-est inl Mexico in criosx.intr_greeiihoiise
Thailand, Taiwxan. Mahavsia. miad Nexw Zealand siippplv a coini- Vegetables is a r'iexvwed initerest in aroxking greenhouse vt'gfeta-
builled total OF 8(1 percent of flower-s imported hv Asimu bles in tIle Aintrican Souithwest. Ox~ vteis of' Trenhiouse veg-

Colomibia. Thailanid. and Kenva wvtre. iii 1)87 the onill etable ope rationis ii] tht' iiourt h are buld cing operations in the
developing c-ounitries to have market shares of' 1 ptercent or Southwest iii order toi supplyv prefterred biuiets oii a coiltimillimOS
more o'( g lobal cuit flowxer exports. Mexico and Tui'key moay basis.
becoiut' mi'ei- important e'xporters of' cuit flowvers in time ilear, \'ithi use bv Mexicaxn gr oweirs of'thct valriciuis systems of pro-

Fuiturie demand for- cuit flowers is miiicertamn. findustry expects soni and thieni ab ulitv to suippIv boxytrs of produce over- a loilger

pre'dic't strong gYrowvth in the' U.S. mnarket, which) still deltinOi- period1 .
strates significantly Iiower per capita consumiption thanl mlanv Imports of' tomaItie It'S oi m Isiriel are increasing each Near,

European couintrit's. although oniy sporai dcaully Thit t uonage of' tomlatoes exported
Statistics for- cut dlecourate greeiis. live planits and hiilbs are from lsrac'l to FEurope andi( tlie. Unitedl Stattes has imbonie thian

similar to those f'or cut flowvers. Tht' Netherlands is als Imv l'iv fo doubled ill f'Our yer 3600t toonies inl 198.5-6 to 840t0 t( ulies

the gi'eatt'st producer of'thiis florienltural crop (Johnlsonl 19901). in 198S9-90). Th'le cost to air f'reight tomiatioes fi-ouui Israel tc)
Issues of trade aiid cu ompetition are ciiffert'imt in North) America Europe is $4001/Ionime mm(d $600t/tonmiie to the United States. The

thian in Europe: tlieirefoi-e thiut'o rt'gionis x'ill be dliscussedI sep- Ne'the'rlands is also rapidicv beronln t eprrofcral
ar'att'lv.Y NIore c'oihprehensive and updated infornmationm is pm'oxicd- prodticts, suich as toiiiato mes aniI colored] hell pt'ppcers. to ttit

ed hy Alan J. M'lalter. ~in tiht Ammnex to thtis pithilica~tioii. U nited States.
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Etiurope. (Comipetition ill Eiii'ope is il(tclI liercer- thai il rielationslips (lo iiot birea tlOwIl Ceasily 01Y0lR1 estahllisiledl over a
Nortlh Aminerica. The Nthberlands is, 1s ftar- tlhe greatest period of sears.
exporter of v e(retahles andii flowers inainlnx flrolil greenhl1ou1ses. ( Competition f-omI p roIdiwe co minig iiito EILrpe fl tIiSll solitil-

11lladiiitl hias al0o1ut 7,000 (greenhoinuni se vegetaile i2rmi s w tit r'ni ELirope N i(tlit Africai iad ttie Mid((le Eist xvii\ cintiliie Io
-4601) lha. lilledr glass. About 80 pelrcelt of tlt' prodiction is grovW aLs CUltiiral marketing practices impipmr)e.
expioIrtetd: the principle export mllarke-ts being Geranyila (Gr-eat lIi Eastern Etiirolpe. diiring the vears of cominmuiist n-tile the
Britain, Fr-aniice and Scandidnia. lii 1990. (Gerillail ili)poIrte(d (greeIliloise indiist tv extpandeii rapidlv espei6ally in Ifinwar\
tile largest an il oiit of' )Ditch prodiice. 24 ipeicen t ol the D)uitch 1o1inan ia. aid(1 Blil gal-ia. Mamis of the greellioiscs -wele state-
produiice exports: (Great Britaini recci\ed 7.4 percent. Tie owned ani(l cointiolled, and were niot blliit to coilipete 'itl tile
tUnite(d States ailsorlbs less than oine-tihird of' I percemnt of tile fl-ee market economliv. W\itl the collapse ot lOciioiiiin isi anl(I tIie
Netberlands i)rod(ln'e. Colored bell peppers, the largest solun e openillg of n 1ark1ets in Easterm EuLrope. 0ian of these grreel-
Duitclh coilillo(lits to reach tile UI.S. market accoinits oSr pel-- lhonise coiln exes aire not colimpetitise with production in
celnt of'tilat lWi nre Xc( W st 'l En F irop'. As a i-es ilt -greelhloisi lsoiirtielintiltal marodp -

Thie 5nil ter iilli'rke t in Eniroipe. especi ails' tonilatiies, is milainIx ifitts. flowve l-s an(I xegaletali ies. a'e flowxin a ill fix Hlf land.
siupplied 1 thle (Canar lslaiandls anti Spail. Tihri'(ugih tlte 19(60's tiiitil tihe greemi house i imuist- i s Easterin Liilope is able to
tile giecCelniiouse airea iii Bel imi) anti 01o-tiele- r Francice expand- illmoleri'i e, there -Mill I e o ppiortuiniities t'or otiler mlatiolll to
ed. so5 inewx'lat in crea sing coI lpet tition ( I)ali ,yii11e 1 97:3). eypand( ti ieir expol't iairket in tlizat diireettion. it iau take a Nast

Other coilitiies sIuch ias Itilis. ('ieece. Ttir'kev, Isi-iei. el illltiiit oil iloiletal's 'tsoin'ceis to 'eliimiid( tilt iidlitstrs ill
Morocco, and EgR,lpt aill a\e a ll expadlinig greenihose illilils- Easter'n Europe: llowxever. iecauise g'rowlxrs alreads liast tiie
t'r\ al(i all loolk to Elurope as a iliai'ket for their pirodui4e. Mans liorticliltiit-al explertise ill place, tile> shoiil(l lIe capable of'
(f these ouilintries has\e historical relationsilips whichl (is\t prlo- recovetrin (nickliy.
llecirs soilmesx'iat priisleged access to ilmarkets. Since tiie earls A im ore o'lilpreh ensive and(1 dietaile(l Auwx olii NaL-keting

('oilolial daYs. France ails hiiad a close associiationl sxiti Morocco. allil Distrilbutioil of Protectel ('rops" is s\\ittetl bY Alan )
Beca-mise tf this relationsiliip Franee is ia prenmPier miiarket lor Maliter. market rtseart'ber for ltorticiilti ral p roildicts ill tile
Morocctnl greeilloliuse protliitts. Similar-i. (:Vp)ruis hias close N arket Researci iDepartment ol' Is rael's NMinistrs of
lilnkagtcs to Great Biritain. as (loes Israel to all of' Europe. Suicl Agriciltiire.
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BETWEEN NATIONS
S-stems of protecte(I agricultm-e are iise(i tliroaliot the major sollr-es ati io- recil)ieptts ot' teCotectedi a(gricititirc
wvorld. even if oilv a polyethlen ee roof to protecttile crolps fromI teclincolo.qv. This (listini-tioil is h1asec Ol an t exami iiinatioin of' a
trolpical raiiis. This chalpter \will concentrate on1 those ciuntri(e-s iiation's listor\ of[private an(li piiiuie sp)onsore(d research andl its
il \A hilch siChle agflclltillal svstenis are impo rtmnt to the reL1io1- reciodcl of 1publication1s in natio inal ai (1 initeri 0ttionali tra(le Ilia-
al ecolnoilm azizlies aICI j(1 ii riIS. Cil(in-l for examlile e. vas vast areas (leIote(I

It is verv (lif'ficnsit to obtain alnv statistics at all for mi nan to protected acgriculture, hit (oes not yet ihae a significant lis-
nations. Althoigh the follo\vinr dlisciissioii will nOt cover e\elr tory of researci anl til Publications. Therefore. Ciina is catego-

I atio i isincy p roitecte( agricciitre. it xvill give a reasonll-ihle i(lea rize(l,for tihic liirposes oif t is (liseussioi. as a imiajor recilpiellt
oIf the size ai(1 1natiiic of proittctecl agcr-ireitiire pnro(ctiction i lato while F ranc( , jil laaii. aCiCI tiwe t1niite(I States are tech ilo-
arountiid the glol)e. logical solires.

Statistical dlata oni the hectarage (lev\cte(l to plastic ii-ilcll.
Table 37. Natiots serving as major sources or recipients row covers, and greenhouses for ceaic region is (detaile(l in

of protected agriculttire technology. (Ch-iater 11. Tahie :3 lists the iii;ijor souirces ancl tile lmajor
recipienits of this technliolryv

Sources of Technology Recipients of Technology Tile following rexiew of those nationts liste(d iii Tal)le :38 wvill pro-

\i(de key examl)Ies otI tle oise of p)rotected agricuiltnral systems.
The Americas The Americas

Canada Chile THE AMERICAS
United States Colombia (Canaia Ia( I ii thwe tiited(l Staties are majimir soillices of ilnforiliutiolln

whiile ( hile anl Colomihia a;r iimajor rec-ipienlts of tuecilnoloug.
Western Europe Western Europe \\II iiC it is (diffiCIlt to 0I itaill In-ciSe staLtistics for eaC ICll i1ttrv.

England Belgium Tahie :38 lists the applroxinuate hiectares of pluastic greeiilollses
France Greece uise(d ini the Amieuricas.
Netherlands Portugal
Italy Table :38. Plastic greenilouises in the Arnericas: 1990-91
Spain Eastern Europe

Most countries Country h. Country ha.
Eastern Europe

Hungary Africa and Middle East Canada ..... 250 Costa Rica ...... 200
Algeria Chile ..... 1600 Ecuador ...... 80
Canary Islands Colombia ..... 2600 USA ...... 4250

Africa and Middle East Egypt
Israel Morocco s,",'
Turkey Tunisia

Iran Canadal. Canida lahs iiiore tliai 40(0) hIa. o(t' (reeiillo-isscs
(11i r,Itta I-t.;l. 198l5). I0iCatC(l j)rilliriarikl il Bli-itisil (Colomibiiia.

Asia and Oceania Asia and Oceania Allerta, Nova SC-Otiit ()Intario. MAn Q1C-lI)eC. ()0itarrio ail0le

Australia People's Republic of acco-iits for iiioiie than 2.5(0 la., with sonie 621 c ro%\ers. Less
Japan China areat is (levote(i to \egetabllies. Floriciltiliral crolps pare(ol ili late:

South Korea In 19S:3, tilhee were aIp)ro\xi ilitv (1/1) 6 re (rciiilooise \-egtabllie

gi( ,iO N r 1)1I O(IIicii g 111ost lv toiliatOis aid( end ilie i-s \:;ii(l itt

$4-5 iuillioii \ersns 1.()()( flower i-rolwers pilo(llcing a valie ilo

Siince neighbrllning nationis ottell shiare similar cliuiatic coll(li- $225 lililliioni.

tioiis as well as i)r0gn(iI Is in lpotecte(l aurico ltore tie comiti-ties
disciiSCSse( have bleen pflaced. ii regioalai gr(l,ll)iltgs: the Chile. Details il)oilt the uise of' I)rotectel uiaricuiltiln in llil-
Amtericas. XV esterit Ecirope. .Easteri Europlle, Affica aiid the alre scarce. il)it tIhe stead(y illCrease iii the (IIaZtltit ot frl'ttits aild

fi(lddle East. an(l Asia ancl (O)tc-ania. Thc-sc regio is lhae l)eenI V(-etali) -s eCpi 0rte(i to ioiirtli Am erica (i riing til ( l(ilean sumin-
f'ui-tlier divii(lecl into nations wlhcli ser\-e as miajor tc(-chlonoI\ oicr (ws'inte- ill Noi-tii America) suaggests step)lped(-ul) green-
sotili-c-es of iiffoit-oilitiiol Inetiiliniig to 0 Irotectc(l agricuiitiii-c ll i oll ous i )ro(letioli. Soil 16c- ((ia)1. aie mindcer laIstic grec iilloiis-

tilose naitions wI iit- are Ina ioi recil)icnllts of iirililrmatioll. cs. aiit(i ollore thai i 9) (0)) Ila. hlave lwell coil\ertcc(l to c(l-if) iriuiuit-
lIn tlhe tollo(\ing (lisc-issiois. a (listinctiolln is iiiad(le letweenl tioii forr ile fl)o(ilictionll ov-eetal)lc ai(il fruit crol)s.
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Colombia. In (olo)nbiia. greenlhouises are
basicalix' only rain shielters to aicl in the pro-
(ciretiool of floricultural crops. Coloib L ha I
ranks seconcl to the Netierlands in the
export of Ctlt lowvers, accounting for 9 per-

cent of thie workl mnarket in 1989. Togethier -. --

tIre Netlherlaind(Is and( (,olombia dJorirrate
thle U.S. market, wxith at 82 percent share.

CBoiintries si ich as Colomiah,i. whiich can
growX flowvers tiindler cover vwitlhout hleating-
and( cooling reqiiircnients, enjoY significant
energx alld inxestment saings. For exitiam- - -. k '' --

ple, a (:olomnbiarr gi_ow hlas minimal ener- "r. w 3rrR.- -:

gX cxeiidiitIeS ('01t1pirle to a tvpical rose .
IroXv\Vr ini the Unlitecl States whlere. in 1988,

energxv costs coinstitiitecl 2.5 percent of totil - -

expeni(litiuires. Colombia's flower Iroclltc--

tioii got a htoost in the li 970s \heen tihe slird- -

dlen increase in crnergy prices serioiisly _' ' .,

inflitte(d pro(dlictionl costs in Europe and the In Colombia, structtures covered with polyethylene protect flower crops from rain damage.

US.S (oivnterhalancing low eneirg costs,

lhowever, are sliipping costs to Noritl American markets. Table :39. Principle crops mulched in the United States

Economies of scale are not significiant. altilottnii C olomlbiin

gro(We rs blelieve tihe icleal size of a flower operation is 1:3 to 40 Oak Hectares

hectares. withi soInic' econoiries in gra-ling and sorting. Tlhere Cucumber 1,283

iare 11now niore thian 400 Colominan floiwer growers, 80 percent Eggplant 1,145

owl'iorn arc in the Bogota area (MIorrow 1989). lII 1981 the ten Muskmelon 6,948

ltigest producers possessed miore tlian 50 percent of the land Pepper 10,200

deviote(] to floriculturre eachi hliol(ing troitn 100-15( lha. Alimiost Pineapple 6,500

7,(10( people are (lirectly errmplove( ftill-tiiire ill the iith lstrv Specialty melons 40

and anotlier 50,0(10 iii antlillarv iid(i istries suchii as Strawberries 9.234

packagiitg anld transpo-tation. Flower prodciition lts pro\j(i- Summer Squash 406

c(i eirlrlovr lienlt to inan\ of tie 10oorer people ini Bogota, iiiost Sweet corn 456

of' wihor are ulntraviled rural -x'oiren. Tomato 23.371

( ololbibia is well locate -d for access to Nortti r America's large Watermelon 10,024

market. B\ air. it is on,l a couple of liotrrs friori Bo(gota to Other vegetable crops 15,343

\-Iiamii. ITI Nliarllii al overlanidl trimsport svsterm was alreadv in
place wlieii C0o10itbia b)egranl explortinIg flowers to thc LI.S. TI is TOTAL 84,947

sv\ste i traiiisports Florida-prodUccd 1OwVe`rs th rotigl norit tile

((itttrw: tvill gilito tliis itetwork gi'c Cri olomibhia cnoiiplete access 'V 1 1-i

to thle enitire LU.S. ittarket.

TIe trerindI in row coxers sliotws icrtceasinT r iise of wvi(le nonl-

Unite<l States. \W'liile the L11S. has a lonig Iiistor in pirotecte(l sttpiprorted or 'ftloatiig' co\er's. Tlhese are miostlv lightweight

a(grrieiltirre, tIhe indt( strv itself' is to(oe st in size. TI)- widle \ari- SjitriI-bOtoided or1 r1or -woveii falltries ill widlths rit) to 12.8 mieters.

atioll ill Trotwill col(litiot s in the U.S. makes orit(looi' culture wveighitli' ais little as 8 graritms per sqllare r reter. Tlhe> are ise(tl to

ot food( ecrosp5 feasible aliost alyi tu he!e oif'e Xiai. Ftisrtfleluiore, fvorni-tlv ioclifvt the niicrrchliate antI to protect erops frtiii

the w'ell-deX\elopedl trainspiorrtaitioi I svstei ri permits tasY distrilb- iinsect Xectots of ertoip diseases.

tiot iot fiesli pnro(l ice xi t\i iii al Irgionis (f' tlie UL nit d States. Fot- gi reeilitouse prodiulctiont exct-llenit ret-tr-ds arc kept h tile

ecatlilse of'tire rlclativclv siuiall scale off' the prottctedl agiriciil- Lliiite( Staites Detaprttiiei t of Agriicltittire. xvli ct dociltent tfei
ttir-c tic(listrx - statistics oli st iO pl astics. -spetitll o (ox tc ers, rinumi

1 er t if rtower-s atnici tile a'iiajor grrowixvig areas I-t state

Ilave nlot lieeli s\sterliaticallvx comtpilet. ( jOitisort 1990). StaitiStiCs lot' lo(riciltillrll pltitluctiotl slioX that

Over- S0,()()() hI. alre 1itiilecr(lu Ilostl hi'- cg(retable t rI olic- in 198. F-'loridla ial (itlifOrniat i eachi Illd uriole tlliii 1.0()() iTrow-

tiot tile ex(epItions are inA C(aliftil'lt, wVcrc iutlt-h is used ftOr trs. Thn aeVrag(e '` criienliorise size per gnrtxvcr in tite U.S.

StriM(I-Al lIt-iO(Ilictioll aind ill 11 asx,ii. fI'M pilleIpples FlorlidcIa app rtoximviatet l w.-S I xx itli (Califtornia a goiwers ilaver r rig . Ir.1 1;.

biis 111ic' tlI cn 41),00(0(( lim. of imildi ( I Xegetal Iles. In tle ripper' Data was iiott av-iltbIle Ic oinu all 5() statt's: litoX\er, the rIiaijol'

imi(ltwesteni states. i iost of' tfit- mtiltliecl ttops aie liill g alilt stiltes \W-re aec-oiHrter(1 ftori totitlincg :37:31) lia. of grec'iliolses

Xcgetablles grrvrli oil fiiiiilv-oxxend finrirs fOr loical roadside arid Is e(d for floritilltrii crionps piro(tlittioll. Of' thlis area 2 72i l

eih mix aikets :Sc-tles 1 9911 ai TNW. e T ii principle v-roiips inhIiw(l are i Oe \X'e'e glass. 1 (I_8 hit. hib l) i 1ss or ntllel- cigillt a)ate`i ias. anI

liste(d ill Taltle :39. 1,97(i h1at. ot' plastic- ti, l cl xc ( Ilrtiidig struc'tures use(d fthn bullbs
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seedIs, groid(iit covercis, etc. In 1988, the total valnie of' floric'ul- ha. are 1)1a)]tedl to vegretables andl thje reiiainina (300 h1a arc
tiiral crops in the Fl .S. approx\imnated $2.:3 blioil n . B3eddiniig plan ted to oin amen tals.
plants totaled 8755 mTillion,. followed iy pottedl Flowering plants As shiownv in Table 40. plastic greenhiouses cover 17.5 haZ.
($508 miljioni), foliage plants (,$482 mIlillioin) and ccit flowVerS Approimuiatcely 500 lha. of thie greenhiouse vegetahies are plant-
$.458 miillioni). eel to soil less mcdi a, 470 hia. to ro ckwo ol an( c:30 lia. to N FT.

)afta oni \egetahle p)rodulictioin in thie tU nitedi States show'vs that Plastic rreenhiouses arie gYenerally iise(I for- the Foirting, of straw-
in 198`7 185 hia. of greenhiouses wvere uisedi for th)is pinrpose. henries, follosvecl lby enciiinheirs. of, a laite str'avvblerfs' crop.
inlostlv inl ( alifornia. Ohlio. and( Floridal. Thle 19871 area was actoi- Most of, the nod1chifiig i's w'tIh black polyethlvene, covering,
al I a siubat (lcc iii e fromi thle 191 hia. ii ncler- procdu ction in 1 982. 21 0t00 hlia osw covers are iisecl oi aboumt :300 ha . ai ci t heirc are-

Inl 1971, iccortling to Dali\xinple (197:3), thiere werec neair '1500 hia. of floattina i row covers, miostlv 0.0.5 linn polvetlivlciie
600 lia. of' areernhomises clevoteti tti segetahle production. Thle withi 50(1 lholes/rni foi v entilation.
Coiitinluinl( decrease in the greenhouse \ege,table incloistrv. in Exports, principally to Fm'ic'e andi( Gernmany. c-oiisist miostly
thec U 8S is in respoinse to thle raIpid inicreatses in the cost c)fenier- of lettuice, fiollosex by h tomatoes anti thien emicumnhers.

(I\ dcii ig the earls 1970's
(Coiwvcisc iv.tile area devotedl to grieenhlouise flor-icutlturie and England. Br-itishi groweris hiave long uisedi glassliouses antI have

nimrsc r prochiction thombleci fr-omi 19637 to 19871. In 1987'. 21,05.5 heen slosy to i-ec-o"iize the potential of plastics in agriculture.
o rins 1id it 1 1 miillion) squar-e mecters of ariea undtcer pr-otection., The :3.50 hia. OF plaistic ifrenbuh ises in Emiglancl represent oulk

ciii opareti withi 1:3,674 fhtrmns in 1969 with i :30.5 miillioni scjii'are about 1(1 percent of' the total ariea covered.
meters. Thle greenhiouse and( nursery industry: in the Uniited 'rthe greenhiouse itiu(istryN staritedi in the latc' 18(10S Withl sunl-
States hazs indleedl experienced dIramnatic growth, cluie toi thie p1le wootiemi strotc'ttui'es coveredl withi class. Ini i9982 tile cri'eeii-
highler valuti of' floricultural crops per- uniit area cif'greenhiouse. I mui se area wsas appr'oxiimatel>' 2,71 hSla. Of' thiis, .797 ha. swere
ill comparison to green hiouse Vegetabile cr-ops. iise(l to grosw tomatoes. 2:3:3 hia. for- cuneonbers. 1.'7.5 hia. f'or- let-

tiice. andl :31:3 hia, for cother vegretables. 0f'thiis area. 24 pecmtei it
WESTERN EUROPE oFt the gieenhjoi ises sweme huilt hefore 1960. 52 pei'ct'nt bhetveeIi
England, Firan e, the Nedtherlands, Italy. antid Spain all hiave a 19(6( and 197:3, amid 25 perc.ent betwee'n 1974 anti 1982 &Girartd
oini igb istor\y of pi-otectedl agiicultiire. Table 4(0 lists the number 1984). Since 19S'2 grn-vwth hais heein mainE'1 inl plastic' strilic'ti'res.
of' hectares in mnearlv all those c-outrities syhere plastic's are uisedl with imic'measing uisag(e of' plastic- for- semi-forcinga of' vegetable
lir piotectec 1 agri ciiIturiem. cmops and( swiiiter protection Oif ihirZSt'r 'V stock.

Nearly' all the greeni ion ses ini the Netlieriamcis ai'e niacle of Englandl hais heen a leadcer- in acioptilg c'nci'gV-sasiiig tech.I-
,glass, as an'e niany iii England. Platstic- pieciomiinates in France, niqiuies toi off'set increased f'ue'l costs since the early 197(1's.
Spain andl Ital> cii i to their greater anninilts of wvinter lighit. Thiermnal screens hiave heen wvitiel iclioptecl \sith tlicuise, of,
Muchi of' the earls' researcli oni the uise of' plastic's in agric'ilitcmre polvester/adumninumill materials. Sinice the f'ii'st cise of perl Oratedl
was coniluctedl ini Fiamie. Spain. whifle co ming late tou thle use iof poisyetivs ent flii in in 1982. the area covered hais inc'ieast'd anmin
plastic' greenhouses. today leadis Enurope in the area plantedl to aIls bv inore thian I .000 hia. By 1990, thei area using floating. oi
(rrcenll muses. dlirec t C oxVclS, wVas muerls'I 10.000 ha. Nlost Of' thleSe co\(i'S are

niiade, of' polsvetluvemnt, hut the uise of' non-wiovei mater'ials is
Table 40. Plastic gr-eenhiouses in western Europe imncireasinoy Pmrighiton 1990).

1990-91 (ha.) The wI oles ule- markets still plav' a venv signihc'ant role in thle
cdistr'ibution ouf produce. These miar-kets am'e sitedi principal1> in

CouDir ha. County ha. or- near lam'ge tow-'ns or- citices. Thtey ieceive' local and imlpoi'tecl

produmcii wc'vhic'l is comnsignetd tri thiemi to b e sold, oi) to miii])issio in.
Belgium I ................ 1 75 The Netherlands ..300 to s'coimclam's wlholesalers aiid retailei's. Thec role of tilmc'e o1ar-
Cyprus ..................... 300 Ireland I .................... 50 kets ha-Is beeii clectiniiiig heowever, as a greater pi'opoi'tioi of'i

Denmark 1.............. 100 Italy .................... 18,500 produtce is cgoing dii'ectlv fi-omo the gm'owc'r tou large supermarket
England'1 .................. 350 Norway' I"..'.."..."..'25 chainils.

Finland .................. 1,000 Portugal.........2,500
France .................. 5,800 S pain .................. 25,000 Francee. Sinrce 1965. Fiance hias hueen a m ajor des-eloiper of pr 1o-
Germany 1.............. 300 Sweden' I '"''''"'..... 50 tectetl agricultur-e tecelmologs-. France's leadersh)ip. ailid growth),

Greece..........4,240 Switzerland ............... 50 inl all aspects of piritectecl agricultui'e are illcistrateti iii Tahle 41.
L)uje to the achances in clima'tic' c-onitrol undi(er cover, the uise

(1~~~ 'HU a (cWiIOh-up,a,'r-''n,, ithan jd,hit' grc't'...l/U(U-(. of'soilless tec'chiques hias hi'ougl it mome ati'ea inito the cultivation
Li-Ella ~~~~~~~~~~~~~~of greenhiouse crips.

Belgum. elgim las irltvl lam-ge p'rotected agrictumitre Greece. Sinice joining thie EEC, Gmeece hias experiencedl simh-

induistry. As wvithi the Netherilandcs, muchel of' the pioiuiic'tioul is stantial growvth in the g'eenhlouISe inlc(Iistr'. Inl 197(0, thle am'ea
exportedi. Belguino currently hias more thian 2,200 hia. ouf glass devotedl to plastic' structures wvas 1.20(1 hec'tam'es. Twvenity- sears
gyreenhiouses huit is demonstrating increased initer-est in the less later thec gm'eenhlouse iuticmistrs-' grevsv toi Ove'r 4.200( hiectares.
expensive plastic. Glasslhouse produLc-tionl in Belgiciinlhas shlift- Glasshiolses are expensive ini Gre'c'e. Be-cacise' ofthiS, antd the
ech fromi frutit to vegetahle production, for the niiost part; 1.600 low iniconmie of thie vegetable grow'\c'rs. nearly all of tIme g~rcen-
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houses are of plastic. Thev are usuially very' simple in construe- Un]til the 1980' s miutch moie ar ea wvas (levotedl to vegetalble
tion. consistinig of a woo(denl frarme with vertical supports or pro(iduetioni than flowers. Sinice thien. increased comlipetitioln
tiulalr cuinrilinear frames (highi tunnels). The structures are from southiern Eui-ope and North Africal has caused miaril' grow-

unieated (Dalryrmple 1973) ers to switch fromii vegetables to flowers, especially frl-omi 1975-
1980 in the Westland region( of the Nether lanids. The mno(ler-ate

Table 41. Gro,ith of protected agriculture in France climilate in the Netherland(Is is excellent for hiigl (tialitv flowel
production. Thlis climatic advantage over man ' othel- countries

Yearlhectares in Europe gives the Netherlands a competitive edge in floricidi-
System /965 /975 1985 1988/89 tuire wvhicli it lacks in vegyetall)le production, wliichi requlires

-hectares- hiigher liglht levels. This is especially so in toimato alnd CUCumlber
Plastic mulch 2,500 35,000 80,000 100,000 production.
Row Covers Since 1940, the area of fruit production has steadily dimin-

Supported 1,600 7,000 22,500 24.850 ishe(l. ;rapes and( tender tree fruits sUch1 as peaclhes and pluImlS
Floating - 20 4,500 8.000 were once the maIjor f'ruiit crops. Increase(l competition froim

GreenhousesI 100 1.700 5,000 5,540 importedl produce andl obsolescence of the glassliouses used to
grow the fruiit hlas mia(le fruiit production inprofitable. It was

1
PIui ,,,,, nu-co/nws,,. 5,,,c, Biii nic

1
. Print-:. 199(1 not economical to replace the structures and plantings wlhe

cropping alternatives existe(l. Also, it was a problem to obtain
The maini cr-ops are cucuimibers an(l tomatoes. Othel- crops sufficient labor for the short perio(d involved in grape thiuining

are eggplant, peppes, squaslh, itd strawberries. (Dalr-ymlnIe 1973). Frurit pro(luction in alasslouses therefore is
A lar-ge area is plantecl to ross covers. Recent data is scar-ce; fast becoming a thinga of the past.

2(0 vears ago, Greecce bad somie 1,266 ha.of protected asgriciul- Of the 9 600 ha. of greenlihouses, 4,800 lia. are for vegetal)le
ture. use(d primarily for water-miielonis (Dalrymple 1973). proiduiction (Table 43). In all there are about 7,0(N) greenlhouse

veaetable farms (yrosvi ug tomatoes, Bostoni lettuce, ciicunibers,
The Netherlands. The Netherlands has a long( hfistorx in the radishies and b)ell peppers in a (lozen colors, accounting for t 80
(reenilouise industry. Almost all houises are of glass: plastic percent of the total production. The remainingi9( 2( percenit of

uIIlcI aIid ros covers are rarelV USeCd prochiction inc-il(les 12(0 vegetables, suchl as iceberg lettuce,

While mn111v growingr techniologies halve been invented in bok chov, eggplant. Chiinese cabbage, fteninel7, zuicCcin1i. broc-
nieighlborinig counitries, the researcil community and fitrilmel-s coli, anid rad(lishes (Anon. 1992).
of the Nethel-lanicis are experts in putting new ideas inIto prac- Rocksvool was introducedl in 1975. after being uisedl on a limn-
tical tise. A good example is the uise of rock-vool as a gyrowiiig itecd scale iii Scandinavia in tihe early 1970's. In 198s, :3,500 ia,
imediumi. Rockwool was invented in Denmark. It was perf'ect- of areeuihouse crops were grown on artificial substrates; 2,50(
e(d for use, on a larae scale, in the Netierlands. The ha. xvee vegetalbles andc cut flowers and( 1.000 hia. wel-e pot
Netiher-lanidis' large researchi commiunnity provides valuable plants on peat imiixtur-es. Rocklwool was used, therefore, for 4(0
teclinologv tihat hias madle the Dutchi ftarmiier's sonie of the percent o)'thie total greenilotise area. The triitnsitioni from soil to
largest producers of vegyetables and flowers, for export. in the rocksvool, especially ssitli cut flowers, is expected to accelerate
wvorld. The growti of the Nether-lands greenhiouse in(distrs is in the near fuiture (Sonneveld 1988).
shiowni in Table 42. About 8(1) ptercent of the vegetable production is exported.

Ear-ly in the century, thej gr-eeihlioirse area wlas imo(lest. After Pri mnarv markets are Germany, ( reat Britain, France, andl
1912, it grew rapidly, especially in vegetables an<l fruit prodcw-- Scandinavia. In 1991. a total 818 miiillion kg, of vegetables were
tion. Tlhere was little cliange betveen 1940 indd 195(, (Iiie to the ex)portedl Germany- receised 24 percent and( (Great Britain 7.4
recovery perio(l after svat ; since t-eii, tle industry has percenit.

expanded shiarply in vegetables and flower production. The U.S. is a grosvingiz market for Dutchi produce. especiallx
peppers. Pepper shiipinenits liave growni frorii 4(000 tonines in

Table 42. Estimated utilization of greenhouse area of 1986 to 10.000 tonines in 1991. In 1991 the Central Bur'eau of
the Netherlands, 1912-19901 Fruiit and Vegetable Auctionis in the Nethierland(ls dedicated

one-fifthi of the Blireau's $1.4 mlillioni pepper promiotiori to
Year Total Vegetables Fruit Flowers & Ornamentals cleveloping the U1.S. miarket.

-hectores- Nearly all the growers sell thirotugylh the Du)tch auctioni systel.
1912 194 109 85 - svlmich is successful hecauose ofta carefiil (quallity grading system.
1940 2367 1214 866 287 By January' 1992, all the auctions wer'e connecte(l by a COrIpUt-
1950 2342 1270 789 283 ers -steri. B3veies, represeriting many s'iholesalers arld retailers,
1960 4048 3077 474 498 bid against a clock that starts at a lhigah price. As the clock ilee-
1965 5960 4742 316 902 clMe falls rapidly aci-oss (lescendingty prices. b)yers pinchi a hurt-
1970 7249 5374 211 662 ton svith split-second timintr to ensuire tiey get the (lesire(d
1990 9600 4800 NA2 4800 qualititv at a price tliey are wNilling to pa-.

The aluctions coIIstasitlv test produicts for shielf life and( post-
.takcitfr,,o.,,wrl,l n,,l,-,,,,.l,l. s1.9l.3. iar-vest durabihits. Auictioni cooperatives are ftin(le(d by grosver

VoUatodelele f'ees base(l oni a per-centage of sales. Groswers are also ciar-ged
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1(01 specific srl vites Such its prliecniIiig (;ro\-Cer-llltllilemer diuies approxinlateix 88s fl. of rgletldlotises iise(d exeliis flu1 for lloN\-
paly for iall tle 1ttiohiIa pro ilotiotn aidll resCarlt proijects. The ers (DIallrvilple i 9) 1 3). In 1 990 the liite iii atiollill C'ommI1Iittee Onl
groWvers RiCHVe paVilit>Il t Ol tht \\Wetlnesclax ot the week 1ol- Ag'(ri cilltu-e Plastics iii Pitais estillatte(d thiit Piortiwgal iias illore

(ilWlnl tile sales ot thieir prodticts. tltaii 2,500 lz ohln plastic gorethiolises.

T le aiwt'oiIll b1ret'ai produi ces di iit ani d et'li Irl)elots o1l

ullctioill \VohIilles altl priCes. It itISo truitks hlarvest e tpactioils Table 43. Ctit flowers - market shares f%) of valtues of
t-ree tiilles a \t-ai. gettiig (lata ftloill growers albtiut alea plallt- wolIdwide exports

v(lI an plul.ztill{T (lilte iliforilnatioll.
Gree hlolist' flolsel plrodlictioll and inarl-ketiln" in the Sgpliers 1979 1981 1983 1985 1987

Netherlands is the lIlOst advxaciletd ill the wvonldt. In [9S7, tile Netherlands 64 64 62 65 71

Nethelria-Il(ls siipplitl 1 pertelt olt tI total woVrdd explorts. lip Colombia 7 10 I1 12 9

Ir'li 1o(i6 pet'ctnt ii 1980(. fiI gellCralt til Itcl hi;tvt'e f0cl(S1te atli Italy I1 7 8 5 S
their rtsolriees o(I a strategy to pro) lide a Ctoistalitlv expillding Israel 8 8 7 6 6

railwte of totp (I1 alit fl]owets to tilhe vornl iinarketplace ( M orrlow Spain I 1 2 2 4

1989). Dutth snlecess is attrihuited to a iiiiinlx'r of factots: Thailand 2 2 1 2 1
- A strollg (tlillestic' induiistr\ with a loi(g IhistolAr of tlo)wers France 2 1 1 1 1

)lrodlittllti. Kenya I I I I I
- Ani ecoulolii\ talilt is historiCallN txpOlrt-orielit-l. USA I I I I 0

- Year-itaromid( availubi ilitv of a bIroa il vat ietv oft flow irs.

- C(otitiui l innhovatioll as a restilt of extensive researclh TOTAL 95 95 92 93 97
allt

1
tC\'tlopm a eint.

- (Geograhtica1p l loc atio nIl. s Wmm*,*i ,-, 1357

- A sophistitatt't flotxer auctioiii (Alsidset'r).
- PrO1oHoti 111 etl'tots. Spain. Tile ( lrlihaf Islaiids. off' tie ('oist of Morocl-I ( aut (lite
The Diiteli floricultural induistry provities tollsi(lera)ile S. E. \Iediterraneaii regimis wvert tile first Spanisih re(iolis to

elllpi(lolltlit. with lllorte tiai 16,000 simiall protdicers ggriiilng lise protectedi agcittid re. Foir vealS, the Canlaries have beenl a

flolwers o1) aS little as onie-tenitih of'a ltectita-e of' lallt. and malnv illajor supplier of tiortic-iitti'-e products to Europe (111ri01 tite

more emnployed(l in relatte(i activities. Siicli farmers are ahle to wiinter ino(iitils. Plastics wxere first introtliteti [or ag-ricilturtl

nt't iore ti allS 845,00( U.S. per vetar as a result of techilologi- use ill Spaini ill tili' late 196(0's. Plastictilture was qutickly adopt-

c-alL sophisticated allot intensive plro(cluctioil practites. e' in tite proxiiice of Allmeria, where previous attempts to

Tlice 1987 vxalit' of the expoirt cuit flower iiuarkket to tlet ttetelop tihe region for agrclultloire were insuccessfli. Tiie

Netiterlairlds was $1.3 billion U.S. fo). Thae value for l grouli w as practicallk iuciluitivated, aitl Ve(getatiOll Wias sCtrce

Colomb1ia. the wtorl-l's secotdll largest exporte-r, was S174 i iillioI aitl on'ten tdevastatted Ib grasshoppers. Vlhilt tlhe tliimi ate is

U.S. Table 43 s5hotvs niarkett shares for thtese ald othittr flower wril, wiatter is start'e tile soil is otftenl saline aiidi strtollh wViilt]s

etxf)olrtetrs. ftretqiuentl lIufet tlt' area.

FoIl the N ethterldandls to miiainitaini its positioli as the plee lli-

1ltit flower mi dtl vegt'tal le explorter of tilte world, the proltlieers Green hiollises. Almlletria totd 5 l Ii;s bee n tranlsfOr clldl f0iolil a xerv

have had to lie inlnovaitive anldI respo)lnsive to Ii ark-ket cililages. loor regioln i ti iitiilnlmese sei of' 144,500 liz. of pliastit grtell-

Tet'ilorlogical imlprloveleirts Iave atiloiwved the Duteili growers houises. This regioll pjrodllces tile ear-liest crops in Eulropet soiPe

to protdice flowers preu\iisly unavailable in The Netherlands. of which are t'olsIlnetl illternails idici the rieimiaintler eCxpolrtel.

andl in otielr Couintries. aiid to greatly exted t(lite grows-vilng sea- \\hile tile region was tionplroiluetive, resi(leiits oftei sigi(rrat-

sOii despite adverse liilatit fhctors. e(i to other areas of Spailn TodIaNi 90(0t)t0) [)eople iesi(le ill

Ctontilnued sucecess is also (diue to veariv trade lairs. adivertis- Almeria; anltd i il-e tIlail (60 I aiks aid sasings orgianizations

illg,. ho(1rtictliti-alii eXIIiblition1s. 1 atil e(lucationial progransis. olpetrate iii the area, whiiich is aill iiidicatio0i of Ille e prospenitV.

Laek ofhwateri for irrigaItion Iaihs inihibiteCi tli riate of'ilcr-ease

Italv. Aithiougli it is i(ot well kowvn, Italyihas the secoil(i lalrest iii Almlita. Hioixve-r. iii the aidjiatelnt jpro\it ce1 s oi Mlurciat
area t ndler coI er ill Eu rope. T1ie greenhi11use ind(l1str I expilnd- AhiCallt(', ail[d CGriilladla, Withl Ili'te all(liallt \Water allni a Sillidal

e(lI fio1 6(124 ha. in 1960 to over '5,000 hi. ill 197(, audth(lien to cliilmtte tlit- area co\letred [bv reeii iouses is rapitlh illnreuasilng

18,50(1 ha. iii 1990. N'lost t' tilis treillend(lois groxvtl hals beenl In 197(1. tilert' vert oli .30(1 ha. ofplastic' coered striuttilrts

lltl]'lr plastie. Mo- e tlhan 50 perteliit Iof tIle total larea is heated ill S paini (MHall i\ plt 1973)- Aliiiost :3(0 Vtai-S laterI this aire;i his

allitl most of tlte proiduction is in xegetable Cl ops. (rrllxxii to I ithiai 25,0 l) hia. (Tbable 44).

Near'is aill of tlhe expiliansioll ill vetgetaible prodiuctioll lts IICeil

abl)sorlledhiltenila li IlIports were rediicetd an(I exports silhowetC M tilelles. lPoli-etilvelle flill ovetrage has i'iSei Idri'tilattitCallV iLS

nO particlalt'r grotwthi (IDalrymntple 197:3). Ital is also i a large lisen sell ll. 1n 983, milnth-Il was nusetd o(er an area of' 30 8()(1 ia 1 

of plasties 1fO 11ill lint' g tnl1 IO\V e ovetrs. Daita on exatt area tov- 1 987 tIiis figu re exceedletl 5:31((00 Ilt., for al I ai [I tla] gro\\ til rate
ereth [bv plastits is liot avilaile. off 16 ptertcent . Aiiiiost all cottolill Ž11i(1 melol are grrowln oli

lulch, and otlIr i prod el't', 51itl as asparagil u. are ailso 11 eit'i

Portugal. In 1970, protected ag,ricuilture itl Portiugat colnsisted (I'OUXII ol a 1iliilcled soil.

o(d\ oIf lo plastic' IOU5 ('ICvers foir \eoettle prodliutioni aiti(
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Table 44. Growth of pr-ote4ted agricuiltuire in Spain, Table 45. Plastic greenhouses in Eatstern Euirope 1990-
1967 to 1990 1991.

System 19617 1971 1976 1980 1985 1990 Countr ho. County ho.
- hectores - Bulgaria .................. 1,350 Romania............3,500

Mulch -- 4,000 1 7,000 26,000 40,000 56,000 Former Czechoslovakia ..... 750 Former U.S.S.R1. .... 4,800
Row Covers -- 2,500 3,500 4,500 11,000 19,000 Hungary..................5,500 Yugoslavia............440
Greenhouses -- 2.000 5,000 10,500 20,000 25,000 Poland ................... 1,500

How Cov(i)\-'i. Fi-oii 198.3 to 1 958. Il ii se of' row coviers tec-tedi iluricnltiure. Si whI researlChI hCgauL inl 19.58 anl Ifunngria'iil
hici itrieid 40perce'~itt per year. fri oio 6.201)lid, to 16.7.501iha. This scienitists Ilaxe xvi ikeil c-losel \witii tie plastics ndu strx ex\er
iiitre;ixe is (Iliii to two-ilkfator's: Since.

- [i1e gri)xx (iI ofstraxwbi-rx cidlti\vitjiuin atu thie useoiiilo\xtiiii- iBecaiuse I Iingiarx lacks ful o ii Ir (rcIlilties.
l-IN tin)i I' greiliihoiises fiii tliie prodili -ittli of, tirt ps Sild ittis rhtriie' axe (leveloipedl ill etli 11 ii sin ii ritokn dwxate r antd
carly iiicliois ilt!( wxuttr'iiin'iis, \liic-li atre plIanted in tltiiie iiil xwitter ais ti0 tecontoiiical wax tit xwariil greeilihoiises. Tile

-Hxtdrostii Filoll geI'lliCin11Se hats aI donble witi of polvetl)ieii c.
W\idle clhiiitC x\iLatiiitj0is inl Jaumiii dutring tile pii-cedii]g G;roiindxwater filnm Surrtuniii nlig xx'ells is spraxclvd hbtxxecin tue
th Iree y\ears: lliv i \x frost aoiii st'xire dlriops iil teiiiper'itiircs fi'ltlm las.ers alt tile pekof' the stiiictiiie f'oli iit pertoritctd p-ipe.
azs lo\xxias -Wc1 in 1985.) iii xx\iirimi'r regrimi ix iSpaitin cimised TIie x\itcr ilmimxii doxx ii tli i Ii plstic 'llt t l ows its ci g

t-i1iisiiiii;i Iie t)i diltittiCii. i Ixeti l tile laversi oli Plastic. thuls foruoitl ug :1wIlt ii isiilatilg'-

litixci. \Vegctaltlc1S Cail lie ktpt fhiist4-fe(e in thlese iloiises (-\(II ill
')Ip Itcwtiurt l_i. 'Vi( titost iuu1iitaii"t i-k ofI rij-i itrrtxLatioil iii Ilic,cohie~st (ii hltg v i xinters. Tte tomitito tfruit ripeuis is 2(1-
jI),ItII I , 3 In; it It s iti II b5 1)) (lI. tIII I(i .c-it IIti it hut)]. ( :NI Itis I \) I>.i Ilicr IIsti uIgH tinS sx.st I t I ii I iI)i a si II gli tllII)Iti )lIi 1SC,

x\iIit tIlt))) h l iiz. of\iiii(Ij 15100) liti,:a ;iii yei li \i! t'h1 lit 11,16, lliiniatr\ hail agti'rceliilise area toftlI7 ha. Bix 198(5

an(lti ii side tiuwSe'ri ii i ns ' ,i( 'Fii i;Iitp tudli oiis isIad g,ro\\ii to liiire thait i 50 hai.: lix 1990. to .5-5(1( ha,.
T wi jrc ie sex\cria riasi us l'(Ii tilt r,ipiil guicxl p1 'ii t ist' )i lx aLl)ii 100)1)1il a ( rugituss. 'Ie iajiirc-riips grin'\ ii ill tlict p

ig-rici ltuire ii Spaitii. Fi rst.aliuu ig,iu Spain lais xx\iri ii ad suni ix\ tic- p,eel ii uotscs alre toinlt utiis. p'ppi'urs. iettliici' SI)lliitli. - iir'5

itureilrciouus. Ifitulux aucas rcci'is Ici'ss luaui 200 mm11 of 1(\ lix.tld sn)iol(. i1):lilrxuit'e 197,3).
tan i p(i- \ cai. Since tile iid 90s fliuatiui, i'i\x -oxcis liax c evit xx\idlx

1)]-II irii(i4titioii ii,s priix ii tlit unostelf1iciu'uu uineaimsuiftppi- atliiptt'id ¾ lctiitr ctihhage,. caimli lloxxci, koitul-rabiti aiid earllY
itig( water iil xxuc'iei ieut aucs. P~lastics iteitil1it thle priltili- poitaliut5.ias xxtIIl as thiise ti ips wi'tlillg iiiiis xx-aiiutll. suchl als
tiiii oxentn'xCup1S. SchI ats lluixxCrS. taxer-s aSp)aragLuflS. pipeper. tiiii]a.tii (1ciicuruther. aMid i1t'10i111. [it 199(1 it xx aS eSti-

auid (uliicr x-c-aelahus. Tue uise oii pllastitcs is g~reateust alioii tiut I1ititeid that iixtrI 1.11)11 hai. of Ilitatliug clix\ ers xxert' tisid ill

)tlutr f£uu.'tuurs toiitrihiuti1wtugi tle ,rmuxxlu itf t'iitcctiil tziL-TI

ti ittlure filSpi " iMilnt tiit 11 en k(I\ ligi'i rt i ll eti' iitiitii Other Easterni Eturopeani Countries. Hi cciit statistical
ill x cgctables tOld the close pri'o\iinitx (I' a reatix iiiirkct for1 itihoriiiitiiui is iliot axailalilbei on' iuist of, thec coiututries.
Sp-ilii i's hih Jtie xx iitti'u triptS. Didri'mpit pit 19723) ri'puortcd that tiit' tzrccunIiuiise iiiutlustr\ ili tiuc,
l'iuii iks toi ii ipioxc ti lt'-liilog>. less pI if ittilc ii roti is 1 itix u f'oii t ier So-viet Union gIrcxx trio II 479 liti. iln 196.5 ti i 21(56 I ai. iii)

lbetei u'plated lix tulit1re pruiditahic ouit's. 1970. PlalStiC Stritu-lISiri'auC C01iMi0iluil MI( ii i`il0t iuf tlile gIreeii-

gtixx cr ~ops il ihrxilliie. SIlt'I] as stra\ilt')1rni's, lilehioils. DI) -tirig tile 19601's. i-Xtei.sixt' Trueluiotisi' facilities xxrt' ill

ailt,Ii1Ii1rag S, ailid extCil COUlttil Ilt tile sTtiiiierii p)roilxlct' ofl Iiit'ix,. opciratiiiuu oni largi- stati' in. tiilectx e Iluili-s tloste tii tile igi
tIx or 4,000 luia. oifstraxxier'rieS liai'~ rCplatIi'tlC cereail troll7S. titines. Tile liargt(St Oii tiutse. til' ~\hosciix Statte Fatim, las nitiit
~T.ndouiiltt'ilx Spain is thet- European leaidcr inl tilt ap1iplicaltiotl titlits- 'actii iteau'ix (5 a.- fitr ti total artia oif 54 lit. ( )lwur large,

ufpiritu'ttetl agricu11hltual sxsteiiis ini tuet IliildIiitioiii (Iif' hili ltiii- gi'u't'idliitist's tilt'~ hoitil iiitsidi' St. IPet(irskin' IL(iiuingr;ud ) 401
tic-tiiltuuttu antidagriuli0 iIi ic, Croips. Ita. i Kislix\oiisk., Simtft'uopioi. \hiius\, ailild Lix-. Sex\urill silitiillet-

sIpetcitlizi'il flintis 9) xxt're ()I lhc ouitskir-ts ofilosciusmx
EASTERN EUROPE ( Dir),ulrx ip4t' 19731). Tlei iliioSt alix tiiun,ud grei'uuiioiiscs xxce iir-
Suite'( 1960( tilt'ie lZS1 )(V~IIi cit Sharp) AI' MSaiosiii (It' (trt'eiiiitISt' cluaSeid irioim tiil' Ncthediatuids.
iji1AiCisiiitiii ill 1iii' tI-iL~ts 0Il theC hlMilli'u' tlei Suix0 (itttiiioiii alnd I tiil' kurmutr Czeelhosiovakia, iox\ tlic' ( 'zccli lepihblic. aid
tlit iotlii itiattimils i(i Eaistt'ril uiroupt Tahle 4.5 lists tw ai~ ppro\- Sloit-ikii. imaliii of li' g ru'eciioiuoise Iiit it's ai sktait-i x N\Cd

iiii,ite iii'ttaii-e olifpitistit' gret'euiiiiiusis ill %tilstcri'i Fiiu.uipt'e. L;irgt'e rrt''illuiuust' (i-ititip\c'St xxt'recotniiie'ttedi to 'letrt'iittl
puuxx 1 e flpii its, xxitl x \\i i i xcti' friuo ii tine gei u'u'atiw -ig plant isetd

n-ungaiwv )I' all the c mtruiulies ii, F-istt'ciri,E ole ituipt'. II iit915 fr Iliatitl" tilt' ,rreit-1olulses. Th'ie fItwilitit's wxure tiiit (itesigileil
it x h tbefl i tint taclix e il thewrescauci i tiuti ddx cii im iti oif,pro- four tiii p'titiil \ii xx itia f'rte miarktt etcouiom\ ix siiict' till x\\x'r
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Israel. Isrmel has a wi(le range of horticul-
MW ML AM L AL' 41-LAA tural erops uindei- plastic. The greenhlouses

range from 'ven, simple structures (hjigh
tiuninels) to houises withi hiighl1 sophisticated
climaiite conitrol equiipmien-t, whjich are Used]
almost entirelv for flovers. MucIh of' this
pjrodluction is e\porter 1 to Europe.

In 19 8 7, Israel was tihe thiirri largest cut
flower exporter in thie wortld (approxilmnatelv
LJ.S. S122 million). Given the eiontryI's

____ :favorable climiiate. Israeli gioweres were able
to prodlice flower-s at a lower price bI Ising

N - JJ l)rotective n1ettintg or plastic' ratlher- tlhan
ener,v intenisive glassliouses (Morrow

Todlav, production is clepenclent oii over
:3,500 growers whio work an average area of
.2 to .4 biectares. Miost g"rowers live inl coop-

-; - j erative villaces or "mioshiatvs.' These piro-

In China, research trnals ar-e conducted on the use of protected agriculture systems. iticers are servedi )v a %Nxell-organize(l

extension service and a mnarketing ancd dis-

heavily subsidizedl Ly the state. Since the recinstruction of the tributioui netwvork co-owned by the government and tlhe pro-
Czech goveril-ienit and the opening of thie lorders to imiports, tiucters. To remain competitive in the world miark-ket. Israelis
thet Duitcl liaxe floodle(d the miarket xith greenhiouse vegetables will have to contintue to reduInce the labor inpuit ancl other- pro-
ancl flowers, pro(lilcts cheaper to prodihice abroadl than in the ciictioni costs, diversifv into floxvers xvitl highe-r returns. miain-
tvo repuNlics. taimi close contact with their- markets, andl continue their

Flie state operates .335() ha. of' plastic greenlihouises as well as researchi andI cle%elopmient eff'orts to prohiluce uexv andcl Letter
300) ha. of glasshou uses, Nvhihel are usecd Mainly for the prulduc- markets.
tion of ornilmenitals (An1o1. 1 990).

The privxate sector will Ixc miou-e ready to miloderinize the Table 46. Plastic greenhouses in Africa and the Middle
grtelelhouse in(dIstry andl position the indcustry for firee market East, 1990-1991
competition. The private sector alreadly accounts for imore than
h,alf of the area; of plastic greenilioses - tht 400) ta. located Country ha. Country ha.

ilail v in solutlh Slovakia.
Floatincr cxover (35 hia.) is also expectedl to lhelp with the dlevel- Algeria. 5,000 Libya. 1,000

opmnent of protectecl agriculture iii a fiee mnarket. Egypt. 1,000 Morocco. 3000
lRecenit agricuiltiural a(vances in Bulgaria, especially in hlor- Israel. 1,500 South Africa .200

ticu'iltir'e antil tol)aicc(o plrocluctiol. liave lheen closei, linke- with Jordan .450 Tunisia. 1,100
the inrcrease(d use of pr-otecte(d agriculture. Low dlellsity polk - Turkey. 9,800
etd'lere an(l PVC are the materials niost videly uise(u for- cov-
erinigi crops ( greeiliouuses, toxxT tunnels. alnd floatiuig, e(iers). for I"r CI I
mulch, an(d thernuazl screei us. lIn 1986, the total area h6l- r)rotect-
e(d ag riculture was 2_2.5(0 ha. Plastic areenhllouses aecouuiiit for Turkev. \hile it is iiot xvidele recogniizedl, Tuirkey has a large
soiile 1.30() hla. an(I pro(ldice umiore tlian 130.(1), toni les of fr shi all(n expanling (greenliouse inldustry. Tii-ikex' constructed its
vegetal)les. i.e., 14-15 kg. per inhiabitanlt. Il, ad(litioil to p)lastic iirst greenhoii ise at the coastal city ot Antalva in 194(1
greeilliouses. there are 51) hia. of glassliouuses jTzekleev et.al. (Dalry-inple 191:3). In 1965, thiere were 60)0) hectares of pro-
I9i88). The appl ication of plstics is rapi(dl\ extendliir iiltO tected- agiricuillbure, Lv 1972, 2tt)h0a Ia. andI b\ 1990, il(i'e thlai
flower pro(dictioui. fri-uit tree niurser ies, xil iicultuire. foirestry\, and( 9,80)) lia.
ofther crops. Siice 196.', Tuirkev lias receiver1 substantiall assistaiice froi

C'Uirreuit in formation alliot Poland, Ronania- and( thwe Uniite(d Natiou s Deveulop)pieint Prograrn. with eil iphasis to1

Yugoslavia is i(:)t rea(u ilk aVailalile. except for thuose statistics (letirinininii g the 110st applic.able svstenis of greenhouise pro-
liste(d iii TalWe 4.5. ductioiu f)r locall coliditioins. Tlhis investigatii ii led to itnprox\ec

iiiethio(ls oif conistriuction, heating, and(1 watering.
AFRICA AND THE MIDDLE EAST
Israel is the oiil\ coiunti'x in this ruegon xwhit hI,is hla(d an eXtel1- NMiddle East Countties. Algeria. MtorocCo, Tuiinisia ancI ErOpt
sive reseaiclih anld chevexlopmienit pr'ograini iii plrotectt(l arrictll- Lave all (leuioinst iite(l g(reat iiic-i-eases iin tIe uise of purotecterl
tiire. Tal le 4.5 lists the approximi;ate liectart-es oi Fplastit greeu I- ag iriii ti ii. TIe oii l statistical dlata availabli are the esti ilates

hiouises iii Artica and tHie Midldllc East. in TaHle 46.

106
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ASIA AND OCEANIA
Asia is 1h fair thie largest otser of piotected '\,
aaric-iltulr( In China,vwhiethcr in ai ini-al ol-
Urbanw1 settinav, oile s(ees tiioiiss.lw(Is ot -;>fi't,' ti
leetatres c-overed with plastic its 1MoltC l0\N- Xs

0\(1']s, Mid1( (,re('lnhouIscs.-t'.' 2

Tablle 47, lists tle 1)I(c't;tl'es of tlie dlifferen)t '--,>. ,> 

Sitelis ise(t ina onae le sestonserd of p 1 I-
I0rotecteel agricotilhire in the recrionis of'Asia

and 0c'eanlia.

Australia. Australias protected agriciiltnr- ft
al ii(IilstiS is smlall. primiarilv bec(ause of thie
cominitr- s low population. Nevertheless. Sy 4j;
Auistraiial hats had itil extenilsive research pro-

grain ill TreenllOlUSc IagIricIltiire.e ai nh

tlllolll the goerimiinenit-operated (CS1110. 6
National (data oil prltet-tetd ag-ric-iltimie is
not av ailale.

Cucumber cultivotrs specifically bred for greenhouse production, ore grown mostly in soil.
Chiina. Approxi mati ly 2,867,00) liectares

0I' pl)tStit IMlnhl are uisedi iii Chtina on all
INa h ,i al'e <et<lul e ops is ast'll ,tS .otl s r e le cou i-n, [11(1 Another 5,.0)() Ihia. ar e cc IN ered 1b tramditionil a liCii cse leall-to-
h-wle ni. (I lil lcis iliorc tliai ()()() lai. of plastic rmu c-eNrs wall tle greenhiouises, ise(d f'or the niiost part to grow vegetable

adld 4 *100) ha. oF plastic (grecnlioisc.s. sC'(dliiugs. Ilowever. ono 51) ha. of lahne mlodern (lass greeln-
houses lresenti exist in (C'huim. niziiilv iii the northeastern see-

Table 17. Pr-otected agriciltiire iii Asia and Oceaiiat, tion of' the countr\. With this exceptioli. all greeiilouses are
1990-199 1 milhated except for soiiie oftthe lean-to wall strtl(utll-es usecd ftr

transplalnt proldueitiocn. Banmibhoc is coinki ci- tssedl for are ll-

Country Mulch Row Covers Greenhouses lhouises ill inost areas of'Chliint. since mnone fir steel pipe is limi-
-hectores- ite(l.

Australia NA' NA 600 Plastics are ised primarily to extenici the growilngfseasoi, hotli
Japan 195,000 61,000 42,000 in thle spring and tile fall. In nvIL areas of'C(hiu. 8(1 percenit of
China (PRC) 2,867,000 80.000 48,000 the firiiers iose plastic imlllch; sollne farmers have over 70 per-
South Korea 267,585 9,500 22,000 ent of their crops planted this wvay. In thte spring. op to :30 pcr-

c(nt of the vegetahle c-rops aure -overed with plastic row covers.
anllix- veg, etable c-rops are comiillonlv stallte(d ill plastie greell-

houises: the plastic is removed ill the early
sonuon ier to fac-ilitate \el filati ioli. Plastics For
(r-retnelillouise uise are eithel polvetluvlene or

V. - Ninvl. The nimlei is noimalkl niade of polx-
'. . ' & I et hyleine in a vii rietv of ccolors. wi t h lear

predominating. The Chuinese gierniimiit
1 | l v I W p i:'; "' esubsidizes the- cost of tihe plastics to tihe
-- Iar, v , ~ iffiiuelrs.

.S -- S = .... ? ' t The oise oi' plastic row eovers fo' VeLr-

etabl)( poi-diwtion be(gan i) 1972 anti ph as-

1tic- mldil ,'as introdlocethl in 1978. This
,.inovation spread quiekly ini the iiext CoIl-
ple ofyelrs abThle 48S). The rapid giowtl i of

_the *rreenhtouse indnstrx hIas made it (liffi-
.t_clla t m maitaill ac-llrnate. uip-to-tlate statis-
tics: ho ever. in soiiie regions, thle use of

45 t iEv ' t plastics for greenhiouses iiearlv doubles

Vanoous hydroponic methods, such os the NFT systemn, are being tested in Chica for yteen-
house vegetoble production.
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Table 48. The development of plastic mulch in Chin a plastic, also. therimal insllation can bet, improved by multi-layer
coverings.

Year Area (hectares The insidle row covers are priniarily tiseI ftor gTrowiintc

1979 44 seedllinas; thiey are uisiually removed when the crol) illatures.
1980 1,666 Oa(le sheets cian also I)e applied at niighit. Floating iumlcles
1981 20,920 are becoingn a popular alternative to inside row covers.
1983 629,133 Accordin(l to Takakura (1988). miore tihan 90 percenit of thle
1985 1,500,000 heated greenhouses have at least one laier of thermal screen
1987 2,266,666 which is movaible.
1989 2,867,000 Teniporaiy protective strticturl-es, c alled rain shielter green-

-houses' in Japan have rapidl' ibecome as popilari in jalpan as
S{4tw l,,,Uwmg (95') they are in Korea. In Japan. the' have ftnmcl special application

in fruit andl leafk vegetable pro(diidtion. Of the 2.400 hia. coV-
The government of' China hias an active, on-going research ered this waiy in 198:3. 8.5 percent was planted in tomiiatoes and

and development program in protecte( agricultiure not onlV oIn spiinachi. These strictUres hiave drastically reducedl the illci-

the federal scale, hit also at tile provincial anid municipal level. deuce of (lisease anid fiuit inojury, especially hacterial canker on

toimato ancl downvy niildlew on spiniachl.
Japan. In japan, the first mnethiodls of protected cultivation Greenhouse agriculture covers less tlian 1 )percelt of thie total
were developed in tile 1600's wheln oil paper andci straw' mats arable lanid in Japan. Despite this low percentage. greenhouses

were use(d to protect crops f0) onit the severe cliniatic conditiolns. provide most of the main vegetahles consumed in Japain. wvitl

After the NMeiji era, applroxilnliatelV IU y:eal-s ago. the first significant porodiulc-tOl of tomatocs ncticumbers, green peppers
Enuropean tNpe glasshouse was imiportetl andl hiuilt at tihe arri- and stratwberries (Tal)le 49).
c'ilturanil experimonenit station) in Tok ov. Thle cominimercial 0ise of
glasshoinses was limitedl to particular crops in ar-eais near large Table 49. The percent of vegetable production in
cities greenhouses to total production (1984)

It was isiot uiitil 19.51. after tle initroduction oi PVC f'illi. that
protectcd cuiltivatioii becaie widespread and its b)enefits to Crop 1975 1979 983

agricu ltiure follx appreciated. Paper coveried t i innels wele

rapidlys repliced lb ttiuniels o' PVC f'ilm+. Tradlitional woodell or Eggplant 32% 35% 37%
h llboo fiaiivies were ftirst replaced h)v steel. then aluilinlill. Tomatoes 34 40 54
andl inA soice cases, plistic. Cucumbers 49 53 57

Todax' the area of japanese greenhouse cultivatioin excee(ds Pumpkins 31 37 37
42.0)011) ha. The energy crises iln tihe early 1970 's severely affect- Green Peppers 60 66 65
e(d the griowth rates (If greeni-thouse vegetahile production; how- Strawberries 81 85 89
exer, this was offset byv the rapid imlc'i'ease in poinliculture (fi'iit Watermelons 63 73 77

crops). Lettuce 28 30 32
In 1976. tihe area of poiniciilture surpassed floricilltiire. Tllis

growth is expectetl to conitinue, eventuallv to illore thla hwice I"'<c, 1,T,akmak, 19

that area devoted to floric'iltuiial crops. Today, the total "reeni-
house area in fruit cropis is (.50)0 lia. This includes 1.9 percent South Korea. In Korea, the cultivation of crops in protecteci
o(f tle total area of poimiculture as well as the hectarage pliailt- structiures began ill the 1920's xith the use of oil paper and
ecl outdoors. Viticulture accouinits for 84 percenit of tile total accelerated with the introduction of PVC filmi in 1952 anri poly -
area in gireeuiAhouise fruit prodcictiorn: oraniiges and pears acc'lint ethylene in 1955 (Anon. 198'3). In the last teni vears. crop Plio-
for nilmch of the rest. dumetion in pliastic covered greenhliouises has multiplied six times

Tilis rapid increase in greenlholIis( frllit pl-oduction is because over, f'romii 3100 h1a. in 197.5 to 21,000 h1a. in 1986. The area cos-
of: 1) increased yields '2) hetter (oiality fruit, and ;31 biuieprint ered witil plastic roxv covers totals 9.500 ha., an incr-ease of 290
plalntimug and ha.rs esting. Yields and fri ut o ialityl in particular. percent over the acreag7e in 1975 (Park 1988). Most plastic cov-
are draillaticaillv imniprov el bec'auise of' h-tter conitrol over this- ered greenhouses are conistr-uc'tecl with steel or plastic pipes
eases, iiscCtts. 1illa aad Nilt(l. that are fabricated into sinigle- or multi-span type striuctuires.

More tliami 60) percenit of japmiiese arzec'nhoiises amre uLnei catth: Crops aire mostly vegetables - tomatoes, cucuulmhers, iel-
the's clcpciil oni tie laime hc'at MainSs of'soii aIch t icrn al ini ilai- ons. aiiici cabhiage. A variety of orinamental crops are produced.
tiuon properties of va\ious filmns. Takakiira (1988) describes thie espcci;ailY cacti and( orchiids, as well as several teniperate anid
ver' higlh oell issivity oit PVC filn l foi- lollug wa\c riLliation (si mi- tropical frilit Cl'ops.

lar to glass). which cr-eiates shightlt highier iiight air temperatii'es pllastic fhimn is pairtictilarlv valti;able for temporary protectioln
in thoe gieeiihoi ise. Tlhis ini-iMovelnlient in thic tiiernial enviiron- in fi' imit piroduction. Tlhese structiii-es provide pirotection against
mient grises PVC ftilms a comi1petitive a(ovimltage over thle lowcer acldverse xxe ather. incIithcingt low teimperatures. rain, and strong
priced polvethlemc. xvimids. Tie's also prevent clisease ant1 daniamae Iiv inisects amid

Ini japaii. tIle lgi( atlaiitage of plaistic greci ihou uses is tliat tho' i ds.i tl us imipiJrco\nlng fruit quality. Komean plastic (re greenhouses

tfiliii cai llt i('iirO'soh diii( iiin, t ut' W5'ii'ili5i Smilii ier i'IItllts. With are x's vidtIsv iise( for suich crops as griapcs. orianigtes. anid pe'aS. TO
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force grapes for Cilarl matiillitV, thie strCtUctal fra liaes are TI is procedure liias resiulted in earlier hIarvest and better truit
iiistallecl in Nmoxemiber. befoIre the arrival of cold( ternmperatuiires (q1alit-v.

The plastic films are added in late Felhiuary or earlk Mardic. An alternate imiethio(d ot top covering for viticulture is to l)dlil

Normally a ssteri of dloul)le gylazingy is tise(l. Whlen the inside i a plastic quonset-type striucture over the grape \iiies. This

temperatures reach :30oC, tile hotises a ve ntilated by opein nietho is particulairly useful (IIII-iiig tle buddina al1mvering
the covered flilms. The plastic filiii is remilove(d in late Miay or stages to grive termporar protection from heavy rainfall and

earlY Juine, in order to allowV mnor-e s1inhigl it to reach the crops. wiIIdl.

- ~ ~ ~

In South Korea, vegetable production in p/ostic tunnels hais increaised six fold fromn 1 975-1 986'
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14
DEVELOPMENT CONSTRAINTS,

RESEARCH NEEDS AND
THE FUTURE OF

PROTECTED AGRICULTURE
Ill the niext decade. thte e wi 1b e ma\i ew deelop et it to maiplte W\ r c o th ervegetabIc readlx av ailable inl the

prn-tec tcd agriciiltu re. We can look- IAiorward tn faiscinating new Lliiitedi StalteS aLt h v prices during clinniestic- "i di' seaisons," the
techcmlo Iiii cIs ill 1tillchiii n and cm)er'i ng ni aiteridiIs, as well as hiew high ecr cos sts O f gireen iouise \vegetable IprOdcicctinli xWOuldc nnt be
clc'r~(x ci iiisen iatio Iii Iet 1 iocis and] waxlv toi C'o Int uoi enxi lol li ellts slid a c-i mlpetit i\e diisadvantage. Parts (d thle soIl thiefl UnLIiited

thr mu h the I ise O f('Iio pliters. art ificial incitelliigence, and n iiObit- States ai d inorthIer-i Miex co c-al aLi i( (1(o grmv5 whiiter' vegetabilies5

ic s G enetic enineeri ngiiic and bniotcchii ologv al so promnise exe-it- Dlliiniig the past t) years, _Mexico grreatly increasedi OFA Off'-

ling de\ eloppmen ts. seaison expoirts to the UniedStiites, iltclr-o'tiiios

Kexyfncii pi ints f ii researichl and develOpm ent will cmiltili ned onie (If tile inlnst profiftable greenhouse crops. Tli se Miexicaii

t(i ibe pest and disease cnnitrnol, b)etter pirodicnt initr-iticil anldi i miponts have recducecd Aier-icani o)ff'-scasni peaLk prices. leacdilg

appeairanee. i mprovecd shielf lif'e, and new miethio Is of' hlarvest. to ieven si naller- prolfitabilfit mnargyiis.

1-ill)id tFilISI)OT-tiliol), iLll( marketing rObablv tle ii nost ill ipmrtailt aspect cfi tile AXiiericaim trails-
A c'(iiitn'Xs comiipetitiveniess -despite iniiereases in 1laI)01% ponrtation system, for firesh producie, is thec iiaierstate hlighwavys

pri iliic-tionl, traillsp)irtaticon aind miark('tiii cO sts -will cdcpend allic elattedI networ-ks. Low-ecist. rapid. fireqiuent, pr'ecisek-
ar1eatly oin its xwiilinglness to invest ill research aind extenionl ii till iecl deliverx ofpii -fil veetbesfo1 ail iv l(M - 1(

itild ti search f( i- niew5 inniovaitiv'e illeais Mid techlnohlg,ics. tn Mnl\ IliLket region Mi whenx'icre ill the UJiiited Stattes is m\\is

Hnxw ccl miiin inties and o(inntrijes inot engaagecd iln ailm systeim tatken for- grantecd. Since no( cnii ilililiht lili 1st provide its (1w51

of pr'otec'tcd agricucltilre mlighlt eniter- the mariik-et place is i ncieecl verC'tal)les, thec poltential lfor off'-seasonl. local greelilholis pr' )1-

at niaijlo chialleilg(e whiiell deser-ve-s nitniost aLiialvsis aicl aittciitiiii. cdnctiOli is grecatl 1blunltedl.
Thlis chapter decals x0'thi iiiaiiv nf thic clevc'iopnieicit c'niistrainlts. Theic third Realsiii for the static g,reeiihinnsc vegc'tab)le indCLStry\

the research needs. ai cid the hicftlt re i f' prOitcctecd ahiricl ilti I re. ill th e Uinitedi States - the high cost cit capiital striicti ies aidc

cn enrgv ~inpu1 ts - lais rel aiied technic-ally inltractable blecal-IS iOIf

DEVELOPMENT CONSTRAINTS I 1iniiiiind 11I-llrkt demand. Fesw aiiisxwers hime ileeli fliid

In mamix egiii of' t xie cvOld it is clifmc cilt fii alix sx steim If b ecalimse fe\\ hae beel soi., it. fit ihe lisiii-cl ccnlg

pro tectecd agriccii1turci to ccoim1pete xwith Openf~i flel (I agricu ltuire assessmen -lt of CE A (A1111 i 1977), at th eoreti cal ii l xx d esigii wasL

WOFA). Ecoinomiicallv. hfo exampl ie. greelinhouse vegetablle pin- lpnStiilateCd toi red1lC iCecalital c-osts 60 S percenlt xsiie recliieiilg
cliict in ciii l the Uniited States is ail 111ost proibi iitivxe fOrii five sepaZ- m pu ts I f' puri chlasecd enicr' m'g tO) Wi mea zen 10 v F it iliziiiic soi ar

r~tc' blit hiiti 'duependlit i'eatsoi 11: cei-Le'g. Noci schl strutctur i~i hs been lIdilt. Thici most sio'nificanoit
t.- Thie clivc'rsc cnii 1ate ill Nonrth Allric'i't iiiidike tile fiiirIv techcinlical fiiliipr veil nt r'equiriiecd a hliigc'r-iixecd inxxeir-c'st.

ho111 a11 1ciiiis ci illaites I Lpn ii Europe1 pr its co ii- Si 1Saeltplastic- fi liii, is b elic\ecl to) lie xwithi i tii e

vc'iitii ial fhel(l pl11 (h1 ction oIf'xc oetablles somewhexrle'' cii ti i c'hpabililtN (If' i11llaiufaicti irc'rs. Nio si ic'1i fi1111 ias 1bic'' m iadle avail-
ci litinlelt cdurin g any ti ilie ut xca iiat irelati\e1vi low cost, able)(.

2. A raplid aind( e f'fec'txe miitimcIidxice trimi spi rtat icii systeiii The h'iiirth reas-ilii requires 1iii h'i rtliei' c'xplainiat iini Whi\ l c
I uakes lOCal foo( prcfiocduc'tionilow ~indi\i(biaxil riie"iIiO is Oii' c'i0lii- Eiiip ima glreel inihousc' Oper'atoirs se at xaric'tx Oif'cliillical cOl-iii

iiiiuiiiities iuinec-essarv'. trills fur pliiit cdisc'asc's hnill( pests. ainc xxie iti' large ililliliber ut,

:3. The aidready 1h i i capital alnd enerl ox c iists foIi gr'eenhi oise pc'stic'iclc's atuc idIi-i'ibic-ides ale c'aI'c~_'cd hi' ( )FA\ u se illt tli w Uiiiteci

aglr c' iitrci ic'ii as ii ic'i'asecdidaramimr sii n~ ic e tie ill icl- 1 970 's - StaLteS. feWe c-lie i(_i-alsIIS~v cc iapr xc hi r IACii1iLc't-icOeaii` grcmc'ii -l

xxithi liii coliiciiliitailt brai''kti ii'uiughs ill C LFA des'ign riii lilliises. Chemical I iaiuifictiirer's ai'- Itiliwillilig to speildl tile
miater'ials toi nlltOY iLte these coIsts. Shi'c i1ii5S IR-CeSSMai to OUii l~i cLWicaalee( its iiOil has the iiilirkc't

4. Few chlemicl s f(1r d isease aiidc pc'st c'(trll hii iave 1wec' i is siull al
clieaired In~ the U S. go verin iiic lt wn i ise in gi'eeilii iiisc's The f' f'tli reitsi i fOrl it d ilmant L - S g1rcenll Iis i \e5c'g'tablie

and thec MarLiket is too smailil him' 11iiianifCtnrers to uindertake iduiccstr'x - thic' lack diiiilterd(isc'ipllilhla\ slipplirt aicin ilhoaiacgemlelt

tile expense of' ireorjStrLtioi i - is lint iuicel'ei a eontemipuorarv 'hand tillies" piic'iiomeilni. This
-5. The t'Iechni ica ai id I ccioiniifIic' perils uif' gleenihiou ses rei piire iS c-Vole lit lNiL a le\ie\\ OIf hiVcdioipni lic' CE A commiiIieric'ial fhitI i'-S

an lluiisiahd i11niiageilielit iiiixtliii' of hinicucical and elngi- curii'ii the birief' ''goden' cra (if' it CMildc be caldled tllitt) uid
Il(iic SC(?1CS it WllOS i'111dZl( il~1-s iveihLi'- Amria NliOtpiliiC'Scirii the laLte 1960's. At that tjille', 11ial-

kc't iii . Si ic'c-li cOmii ilat ionls alre rar i'c. ke t lellaitlcl xxajSgilxiig piii'c'1iIaScd \ri'igxxLS c-hieap.) struic-

Tie im'il pact of' tile chlilatec is s gnificanlt, am ic tii c' leatst poss iiblie t liaIi-ii] mitcrii ils xwerie ii expe isi xe. cOmIlp1 eti ti\ tc' cil c'p iilSwere
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THE FUTURE OF PROTECTED AGRICULTURE

niot extensivelyv imported. andi( highi-risk investmient fi inn(s wvere expand satles anti establish a reputation for- (IIlANit and reliability.
read(ily, availal)le. Even thien, the fhiilimr-e rate was high. Finaillv, it is important f'or counitries to have good ongoing

HydroponiCS is an inherently attractive, often oversimplified research aind deve-lopoment pr-ogr-amis, \vith a mlechianisml to
technology, whiichi is far easier to promote thanii to sustain. A reachl tIme farmiier-s withi new and( r-ec-ommiieinclc' techniology'.
weakness in any' of' a number of tcehnical or economic liniks [hiis can be ac,complished through a aroodi extenisioni service,
snaps a complex chain. Anid weaknesses doie to omainagemnent t racde f'imirs, and( exhibits.
inexperience or lack of scienitific' and engineering4 su pport have

been comniiioni. The list of problems plagnLinig h>'droponlic. opeir- RE SEAR CH NEED S
atioms is long: low yields, nutrient-deficient and tinattrac-tiv e As plastic- consuimptio)n has inc-reased dramatically' inl recent
crops. pilant dliseases, inisec-t infestation. summer overheatimig, years. waste plastic has Ibecome' onie of thie b iggest prolilenms in
wvinter chilfling. undercapitalization, odd pionmotion schemoes, protected agrici iltu re. In C:h ina. largLe w,aste sites ac-ci unitilate
indifferent c-ost acceom ntingr and, the most lethal, igiioranice of' isedI plastics. Land fillls are rapidlx' becoming fii11, ati it few etm-()
tl e suibtleties of prodiuce marketing. The energy cruinches and niomici alternatives exist to recycle the plastic. Incinerating large
emnbargoes of thec earls' 1970's were less a mortld wound to amounts of plastic wvitlbiout produtc-ing( air- and wlater polluitn)n iS
mla]ny hx'dropon ics iperators than mnere1>' a coop din' gm'ac. (Ii fficutilt and( niot recinonmmended. Incentives to recycle plastics

Gixen this backgm'om d, onie of' the imost surprising tliing.s arec needed along with viable ideas for- the reuse of pmlastic's.

abioit U.S. gIrieenhioise vegetable lhydr'oponics is that it exists. Photodegradable muitlchi filmis ai'e being uisedI increasingly.
Thiere are still sti'onic levels of' popular and corporaite suipport. but the buried edges. whichl aiie ncmt exposed tin light, (lo not
Duiniig the past five x'ears, several Amimer-icani corporations hiave dleg_rade. Tl-e effects of residuies of' photodeg,radable fiflms after
developed new PrototyvPe coin niier c-ial lhvclro poi ic- Sy .stems. yeartis ohise oni c,ultivated groomd cimuist be stud(iedl.
These (l(o niit appear to have beeii ecnonomi successes, yet at There is a dlefiniite- need for- the development of' biodegrad-
least three other lai-ge c'om'pom'ations, umdmidairted, are knownvi to able fil ins which will be technically andic econonmically cout peti-
lie planning pro~jects tif their own. tive. Pliotobiodegradatiomn seem os to be aii anssx'er for- muilchl

Slimie of' the sanie c'omnstr-ai its may' exist for growers in less f'ilmi, bec-ause recovers' Andor recycling miethiods are umiderde-
clcvelopedl om mntric's I LDC), as well as a inm nimber of' addcitionial v'elo)ecl and very' exlpc'nsivec.
mssmmes which1 may hiiinder mans' nationis fim om entering tbc' mar- Rec-em tly', a gm'oup of' botanical researchers reported the
ket plac-e. dlevelopmremit of at g1enetic-ally engineereo pliimt to pr-odcic-e plas-

Maim' of' the comntmon pm'o blemns ommtliinecl by N'orr iss (1989) tic' mesin. This is the nc'west entry' in a wvorldl-sicde comnipetition
f'or LDC' grower's in entering time mnarket plac-e imielidc': toi develop biodlegmadable plastic's. Riesearchlem's estimiate 10-15

-poor reputaLti()n. sears of fir-ther cles'elopmenmt bef'Ore we see suich plastic's in thle
-imnadeqpimate imam'iket imiforniaZtion.~ and Fields ini tom moem'cial crops.
-lac-k of IIiiam'ke't presence. To m'edcmcc' the cost of' pIlastic- mulching, thinniier filmis are

A om i- mnonI01 pioblem1 iS imLIadec1cate technolog~v oii thle p'Lrtic'iu neededt thiat rit-e omnsisteu t imi thic,kness and strength.
lar svstemni mifproteeted agriculture andI tIme latck- of miamnagemenet R3esearchem's mnmiist continue to stumcdy thc', inflnete o'(f the mnulc'h
and 1bimsiness skills, MaTny' c)untries (lo tiit 1hmae traint'd color onicniniop grci\vth amid a'eprodumctiomn. andi( to cleselop mnudclces
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GLOSSARY

AB RASION -D m g c-idbcsciiigo lrtoi.cils iitid soklvets; lighit statbility mind resistanice to fiitigue.

A B S ORPT TAN CE - Ability ofia iiiaterial to aibsor-b cocirgy AS TM - Aincricain Society for Testingc- Material1s.

ACRYLIC (or acrylates) -Tempatctridlo AVERAGE MOLECULAR WEIGHT (Viscosity
po lvii c rs if mit-rd lie cid IOi its tieri\vatkivs, pariti ciii-N ads ethyl me th o d) - The cinoleciilar wel ght o' poilyniiric il iateroats

niicthiio_at\Iiitt- ku1i io\\ ii'fo it's lii rht trailsniii ssioi aicii wveatther i-ii i e]ivtevsc St*o it o l.1c- i ii iii tasl 

r-esistaiLnic. cif)ic tcin1pcrmiitcire. This griveS anI aveCllrae nio0eccUIlar Weighit Of
tihe iiioleci-oiar chaiins in th-e polym\ner indicependleint of specific-

A C RY10 N IT RI LE - A ciioioi ii (1c witli aL StroetCtire chatin length. Tihi vatli e hills betwecen weigrht av\erage and niimll-
(Ci-iL1 ( l N) It is miost iisef'iul in t-ipoiiiiiers. It's c-i polvilcrc'ei ii'ae rage niiolec-o 1 r xvti,giht.
wvit h buii t;ili e ne is i tiiit- ci iic rb e. It is aisi osc'd to niiiake sa n-
tliC'tic- fl'ci-r anti as a c'heiiiicai intermIfedia1te. B EAM RA DIAT ION - Solar raiatIionhi received f'ilioliii'th

suni wvitlhouit clbaigt-,, oi'o-iirec-tion.
ACRYLONITRILE-BUTADI EN E-STYREN E
(Abbreviated ABS ) - Ac rx ldonitrie it id st \rene li(iii(iis BLACK BODY - Bs dehinitiin~ii t perlY-c itabsorher aitid
lild blitiidieiie gais ire' polvill eri ed tiigCtlicl- iii at variety iif eiii1ittCl- Oftall rmic(iiatiiin. Tile perfect biiia bokbi \c:ili aibsiiri miiit

raitios to priidiice the l'mmiiis of,\ BS resins. eiiiit aLll iliC-idC'iit rmitdiiatjOic e regi'irless of \vave lentaot or- dirt-c-
tioi i.

AD IA BATIC - Ani aclt cctive i sed tii tdes-ribic a procetss Or
tnaiisthii'm tioii ill whi-l iii eat iS iRde'd cii' aicIOx\;ci to eSCapte BLEED - Tii gist- upj color- vlCit-i iii coiiitmic s\it xI \ibm, it 

fr-iiii tiic s ysteni iliiilei' coiistiderittion. It is iusedi. s0i ii\vh l,t iiiixeiit; ilinei'sizt-d iiiovc-iCitiit ofo. clitil i ~iltrmiti 'iil' ilii plstc

fiiio-iir-c-tiv." to dlesc-ilbe at iiiiici Of c trLSiOnl fii Whit-h 1h eXter]- tC-.g. piiisticiei's ini \inv\i) to tue slidir ci- o1 tue fli-lidwdil atic.t- or-
nill heat is addc'ci toi the extriitieir aitiihogriliit iiiav lie reniiiied milit ii an atjac'c'iit niamtei'ial. Alsiic tailedI Nligratioii.
by c-ooiiiii tio keep thie oUtput teiniperaltore Of tIii ut-it passing(
thr-ough the extriiclei' c'cnstmiiit. TIhe hemit input in suit-hi a priictess BLISTER - A rtisedI arc cii the' surfaice oiif iiioldichii caciisc'd
is dievelopt-d Iv. tile screw-\\ as its ii ic-citin ic-al cileigsy is being ccoii- hbs tihe piessure i o' f galses iiisidle (iil its iiiticoimpit-telv ii'ltid iedi
vc-rteti iiuto therma~l eni-erg . sudi'Fct. IN FlIP this is at tiiiii suiifmit-e airei c-ei'eteci In tlie bl-i-ak-

in g of'tie btoiiiid i b-twceen thie c-lof 1 ii t/l iv't'f'l iiv ii 1\ fl I 1-

AGE IN G - Chi aulges ill a iniateuiakl ciiuc to tinii itaiit] eiivii'oil- iiride f'liii itnmic tli u Iiaiiiiiiiate. This is thic cii'c-ct ic-suilt ofi'excess
tiic'ilitai c'iiiiiitiiiiis whiic'l degrade ori iipipoise it. vatpiii' tr\iuig( tii csc'mipc- dini'ii i tilt' iitoiiuiiiei' iriss-litikinci

AIR MASS - Pmittii leng,th iif' i'uliatioii thiroig,i tin- ati iios- BLOCKING - An iiitlesirdi'tiaclic-sicin biet\veeii tucciiiig
plier-it c-oidii i i(i'iiii thic- verticail palth at seai h-sc-i as ii iit. la\ ei's Of t a materiazl, suchl its oitc-iirs iiiiciei' miidoei'atte p-esscii'c'

tin in'ii striii'ae produai c'ticii oi-' iise 

ALLOY - C ni piisit' i iimtt'i'imil itiai'tip( ii v lN Ileiitlii i pokii> ei's

OIi' C'ipoilviiit-rs \\itli itlb-r po. 1Ciir cl- lmlstolitrus iiicler. se-lect- B LOO M I NG - Tli i-opnc'css iif' ii iateri'imii coiiiiipoi ieiiets i i iigu'ait-

CdC ollciittitiiiiii , -ish'eiie-atc'i'voii riii ti'h c'ipikilvi i-i i-c-Silis ii ig toi tlie sinrfice.
b1 ic'iild'isi i imtiida-' i\iiiiti'il -illbiei'5.

B LOW MOLD IN G - Fhie proicess ioffOri iii g I icliow ariti-
ANTI OX I DANT - F i-iiiii latioii iiit22'dilieiit \vliit-l prie\eilts ties lbv 'Xpmitidic , iti ahot plliisttc ill thec inuternual suifi'ic-es iof' m

ori slii\\s sdtox\\i oiduiclitiu ofp i ifplstiC' i itaterimil explised ti i mir. iiioid.

ANTISTATIC AGE NTS - NietliotIs of miiiiii)iiziiig stat- BLOWN TUBING (Blown film) - Athieriiiioiplastic,
tic' electr-ic-its iii pilastic- iiizateri- ills' SLICi-h mige its aici of'twvl Michs t fi i 511 1 \V t'i(.l is priioluci'et bi extrii in iug at tuiibe. atppivi cg a sii gl,it
tx\pes: (11) iiletmLlliit dlesit-ts \vIiicii C-ieiii iiitii c-i tiitmC't \vithi tte iinternaii pi'essiii'e toi tile tube tio exjlmiici it while still ii ioitc'i aitii(

platic atici Conil(iutt tile static' toi emirtit. Sic-l idevi.Cts crivt' coni i- sclibsci piitnt tcoiili iw to set thte tiube. Tihit tublit is ti ieit fi attenc'd
plecte ileiti tiz iii7mtioii] at tile ti ifle, bui t bet-aiiuse tilev hi liiot i iiodi- tll (ilc i ii g (li(i dcs aif( it] O11ii d it] o f1iat oi i riolls. Tile size o blt \h nsv
f's' ti e soufl'ict- of' the' iiaterhil it c-ili becoulle pi'oiie to hii rtlier tiibiiigris dleteriniine ic bili tihc flat \\ilitll in iilc-lies ats woiuii illrte
stit it'cii diniiig so bseqpiic-ut li~ini dliiw g (2) c-niiciil mic(ici ti yeS wN1iic-h t IM biili thle di iaiiieter i' s fii the catse cii'tlit- vm iiouis i-icgill tipes of'

iiiixeci withi tile c'tilipolindit pi'oc-essin g- dlxi\' at u'ealsioni abh ti ibii ig
diegiree cifpirotec-tion o ftihe finiished( pi-odi cts.

BREATHING - \\ 1 ieii i'eferriilg to p1iiistic's etig
ARTIFICIAL AGE IN G - The atccelerated testing( of' hireithiiir"iig icibates peiriieatbiiht toii air.
plaistics specimens tii cieter-iiiiiie tileir- chiailges iii priloperties.
Ciiifd-rie oiiit mier at slioiict plerioid of'timne. si c-l tests ai'ie indcitit-aixe BURN IN G RATE - A ter-iii dcsc'rikiii i tiuc teiidenc-v of
oif\siimit nllav lie expec-teti of at niiiteriiai i icii(er service Condlcitionis pliistiC s ail tic les toi burii ii t grixei tenipip-ritti'e-s. (Certmiiii pimistics.

liver exteiiciecI perioiids. Typic-uitlinvestiatriitiois iiitliute tilose for- slit-i i as tliiose biasetd oil she1llilt. ci buii i''l iii t c-oiillpili'mlttsc'i
tiiiieinsioiiiai staLbility: tii c'-ffec-ts cif' fi ilei i'isiil cii l wmitec. c-i itii- liiw tt'i ipci'itlinccs. 0ther-s sxii i tic-t cir diisiiitegri-ate s\ithiici t
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actually' burningo 01 will ir only if exposed to diirect flamie. CROSS-DIRECTION or "C.D." - "Transverse
These latter are often referred to as self-extinguishing, the rel- Direction."
ati\e speed that plastics burn uinder (given con(litions.

CROSS-LINKING - Appliedl to polynmer moleciules, the
CALENDAR (v.) - To prepare sheets of' materials by setting-up of chemical liniks hetween the iiioleciilar- chains.
pressuire between twN o or imiore counter-rotating rolls. (i.) - The Wheni extensive, as in miiost tlherniiosetting resins, cross-linking
machine performinin this operation. mltkes onie inflisible super-molecule of all the chainis.

CA LIP ER - Thickiiess or gai ige, usualiv expressed in inils DEFLECTION - The bending or saggingf of a miiaterial
(thotisatindths of'an inch) b ecause of'a loadl

CARBON BLACK - A black pigment prodluce(d bv the DEGREE DAY - A uiit based on teniperatutie differences
incomiiplete burning of natutral gas or oil. It is widely uised as a and timiie used in estimating fiuel cOInsuLmlptioll and specify'ing
filler, particularly in the rubber inuilst'v. Because it possesses nominal anniiual heating load of a building.
uiseful iultralviolet protective properties, it is also miuch usedl in
polyetihylenc coipounds intenided for siuchi applications as coldl DELAMINATION - The separ-ationi of'a mratei'ial inito lav-
water piping andl black agricultural sheet. eris or sheets.

CELLULOSE - A natural high poly'mieric carbohydri'ate DENIER - Tlhe wveighlit (in (rames) of'90001 meter-s ol'syn1thet-
fotuild inll m1ost plants; the main constittlent of dlried wvoods, ic fiber in the form of contintionis filamtenit.
jutelflax hemip, rainie, etc. Cottol is alniost puL-e cellulose.

DENSITY - The weight of' a miaterial per ciibic Unlit.
CLARITY - Freedloiii fromii haze; tranispai'encv. Pouids per cubic foot, grais per cubic centimeter, etc.

COEFFICIENT OF EXPANSION - The ftractionial DESTATICIZATION - Treating plastics imatei'ials to
challne in lencrtlh (somietimiies volLime, specified) of' a material iininimize their accumuliiilationi of static electricity and, conse-
for a tuinit chiangc e in temperature. Values for plastics range f'rolm (iiientlv, the amiiounit oft(lust picked up by the plastics because
0.0] to 0.2 inils/in). °(,. This is the miiiimber of nils expanded Ior of suclh lchai'ges.
each inchl of totial length wvhe n the temilperaitii-ie rises olie degree
centigrade. DI E LI NE S - \'eitical mliarks on tlie parisoni cau ise(d b)y damL-

ag,e of clie pai'ts or contamination.
COMPOSITE - A plastiC struIcture conisistina(y of' two or

imiore cliff'feieit miaterials intiniatelv mixed togcetier. (FP is an DIE-CUT - Punched out or cult in a ipattern by ilieans of a
example) sharl) tool.

CONDENSATION STRENGTH - Crtshill load at DIFFUSE RADIATION - Sola' radiation received f'roii
the f'ailihre of a specimileii dkiel d xd the origTilnal sectionial arc of the siui after the radiationi's (irectioii has been chlalin'ed by
the specimien. reflection and scatterin.r

CONDENSATION - A chiemiiical reaction ii wvhich htvo or DIMENSIONAL STABILITY - The abilit o(f a plastic
nloiie nolecules combine with the separation of water olr some pait to i'etaiin tlit precise slhpe ili which it seas oriJginallv
otl ei si inple siuibstaice. If a polvim cr is foriined tIie e olidenlsa- forin ed iiidi('el clianging conditions of temiipe'atuirie ainid licl-
tion process is called Polxeond(lenisattion. See also itv.
Pol ile r ization.

DISCOLORATION - Any chaniige fromil the ori(ginal

CONDITIONING - Tle stilujectioiio tii a material to astil)- color. often eCaised bv overhieating, lighi t expiosrie, ii'i'adiaition,
iilatedl treatimient so that is will respond ini a uinif0orm wa\ to Sulb- or cheuficll attack.
seqiueiit testingc or processing. The ternsl is treqieieitl1v used to
i'efte to the trettmient griven to specimens before te till(. DIP ERSION - Tile l tic les of tiate rial

hi silspe'ilSion ill ainotl ci sibstanlRCe.

COPOLYMER - A polvi ncr of twoor chemicall' dis-

tiilct iionoci'es. DUROMETER HARDNESS - The haidi-(iiessofa t eilltt-

rial as mi'asiuredl b\s ticL Shoor'e Diurionetei.
CRAZING - Finle ciarcks wvhlich may extend ill a iietwoirk onl
or uindei the suirfa'e ori through ah lave r of a pla;stic iiiaterial. ELASTIC DEFORMATION - TlL' templorai chlagL',

ill shape cCItiseCl hb a load which is recoverable whell thle load is

CREEP - A chiangi+e iii shape of miiateri'tl unLle ioad over a reiiove.
perio'l of't iIie. Creep at rooiin temip ratiuie is soilietimles called
()old Flow. ELASTICITY - Tlitit proipertN of a material 1)x sirtiie of
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lii li it ttclttsh) It t C t tr its oriLiti fa1 size tiic(si Sih pe atttre r(q- it lire idt. Tlhe stralitwls clai elili-e 1 lbe run fitom treel th roali

Illtaioll. Tie ttld(tiei tti aitatterWial to leco\er its itLttillrll SiZe resill tatli liel(rte wividil<g or preiniipregiiatedl materials cxlii lie
itild( SIaipe \twl tlot riliiiig lotili is Irciltsel. iiscd. \\ liet the eight ooiiiher of lavers has lbecii applied, t[e

\501111d( tilatldlcl is Ci1ir-ti aLt iooitt tetiilpCl-atil(rS O il] atl O\el.

ELASTO MER - A itiati-rial svliic-l itt rootii teiiiperattiure

stritti-es lild(1r los sti ss to aLt 1C-ISt htice its lellitli aitdi tliell FILLER - A cleZaL). iledt siibstiaIoee iald(ed to it l)aiIstic- to

StlilS lick to its origin;l lenigtil 11)o11 I-ClC-I. of tiif - at pp lieled imtiakt it less eostl. Fillers mtia\ also i pioprcte plysicali proper-
stress. ties. partietilarl ilarldiless. stitfless. mlld itlipact stregtih. ritw

pillnticles trc- lisilidl sliall. ill Coiitrast to those tl reioftorceileit
ELECTRONIC TREATING - m\ ietici (lotxicliziiig a (ip.). bttut there is somiie tierlap hetweetil the fittietiolis ot tile
thllilt (l pf olw tis ilelle to etl(le t it printab ile bv pia.ssillr tli lilt ii ti.

hi-tweeo the elt-etriodits iiid siibjectilig it to at highl mitiige tCoo-
ia lisrcligt '. FILM - A tliii skill. layer. sheet or ctatiii \\tsitli thaiclekess

less tliailk 0D.i1 illtci.
ELMENDORF TEST - A mi-ethliii tf' testitig fili resis-
taitiee to tear. II\ tlicl the \s eighlt requiired to teat-roie or Se\- FILM, NON-FOGGING - Filiti iti li\itt(cs iiot hieeto me
tcril llottiheil as\tr-s (l' hil i imdct -i st is il.iasi iit. Iestmlits atrc cl-ius1 i oti dclisattiitl to til 0oistill ( t;L1iSi dl It> tlIItIeiLatlitre
usIl;> rC-plt(t d ill grains hir lttilil utiadlimi ii ilwuet-u)lt inlldl iliotps or lititi(lits elutliges.
eloi-iss tlhe \shel.

FILM, ORIENTED - Filiiu ill \\sicli thu -til! I

ELONGATION - The i- itic -si- iii lci thtI If i t a ititiritl tint- is iliiitli ll ittijilic-lk iiii ()1w m nit i ilirt-(t iil.

he inge lo);L(ded ill tenlsionl. im,g tille Ildill morel stit -11-tlj \dilil illtmd>lulk~ _ .lut 1il,.ltl 1 
t- o-iot.ic .

EM BOSSING - Ti-c-lituiciits uise-dl tot rc-iattIe -prcxssitti ot a(
specili- patturil ill plitstic lllui aiid shieetiiig. FISH EYE - \ pbucilt iii irituisitai-lit ii tr;tiisiliieett piat�lis

mtiat eitals. si-lih as filiii il silu(t. ;t, appar-iu as a stall gl(liblltir
EM ITTAN CE - The gis-ing itil tlt etg I t a ateria l. Illtass mu1 ecid ilic-mii te lilt iligi dtilt ita istlt si \0-

ilt iltichg uiartti-al.

EIM U LS IO N - ,\ suus1ii-uisiiiii tl illtt cl 1olt-(ts itfituit lixiuil ii
alloth t-. FLAME-RESISTIVE - :totitiioiild. that piropert\ oIf a

ll.li[ riall or corllibillittioll of ml};terials thi;tt wxill illipmloeX its' .lbil-
ENVIRONMENTAL STRESS CRACKING ihts [it sist iguititit) \tlte)i ij)tiseil osd to lit'.
(ESC) - Tlh a tp mitt itt iii ts i ir\ (l ' il iii (riwk als (mi (I 

iiuitl -r tlii sili- I ii a tt ille olilastic-(tatli(ld I>\ t1w \ltsii ti- FLAME RETARDANT RESIN - A\isins\\lichis com-
\E( ;ltile l-. Ioll~~~~~~~~~p(ildcd ( \\itll (v(it;lill cIhe illicills to redlicte or e limlillatte itk tull-

dellc to bii ll. F1w aiur pidtlt lc-ii tutici siiiiilau- tesills. c-li-ulliticls

ET H Y LEN E-V'I NY L ACETATE - ( 1ttpl\iliet titu stm Itli s tttitilitii\ trioi\ide aittl clilillated p riataffitis alie list till.
tin-st - m 11101 t1111(T ii iti iii t I11('\\ c-l:tsso plaStic- mitttl'ials. T1he-\

rctillttits o!tI:ltt l-pripo rtit(-stlttthdltx\-1iic. hlt litst cittisitl- FLAME SPREAD CLASSIFICATION - . rclttiisc
(Tl';tl)t ill(r l'(itS('([ ld Ib il)ih\ IOI ttit- ili-lSits - Cl-ttig:ttioiull Mid 1itiuut I btas (l )ItI coiii1ita sot \titl rech itt1-k atin ctinic-lit-
i pilpact r'sistalitc- ;i' alsoti illultc-tastil. asliest is. (l' thie till( tih sed atici tdistanc-ei tratveled 1)It a f lle

rtolit )IIl tle strliuc ot- it spec-iltien tcstt-d ill accol-tlail(c \\sitli
EXTRUSIO N - Fotrc-itgrioltcii plastie miatt-nil li.utiugli a A F\S I E S4 iTIIIIIIel Tt-st--liso (I-sig,attdl Lit 72;3- L'i13(
die ito tlouill a oltitliltiis Slitpt-t;ittic-lIc. Stattidlut 9-1 ('tIc.).

FABRICATE - To sor t Illittetiltl illtO ti lillisli-l uitd s1\ FLAME TREATING - A muiicthidl oiid-eiid(rhi-ii uteri tlt er-
iitii-liiiugtuiitiutg. i ttlici ( ti pu o tutittioll Or tO Illlae llctilile tilit Iiplastic- iilijt-c-ts r( cc- phti\e to illks. lac-(tilts. pitiltits. atildiesises.
()r sititig iito ci prodlt s ptiul-i v 

1
wi si-st i tig c-ittizi-gst-til-u i. i tc.. i) tiill the otliji-c tis ed iimt ot i i lii iti i

iilwi- otpeut ition. iditatioll (l tilte silrtlice itt tle aurtieli-.

FiBERGLASS REINFORCED PLASTIC (FRP) - FLAMMABILITY - .A IteasitRo- iF lanat(ri-las ahiitv tO

Li is pIessitrI - thletllto ttistig Ol' thir-illoplatstic hIallillat- coItsist- sil ipplot col- ib uistioll. ist tills dlettitlilmit-ti [us tlte ()I more small-
ilig oii a it-sitill S\st(-lnl St glt'iewic-di Is\ Ic-ilio)uteiig stritiltds olt sc-ilt lilbortia tt sts.

til n - lass.

FLASH PO INT - Tlic hiss st t-iiipc-rtitiiri- tIiic-li a cititi-

FILAM ENT W INDING - Biiustig Or siutgle straittils itt bltisilile liq1tuidl \\ill gise ol'l it ftlulliltida e vilt sorti i ti \ttisill lii-i

gl;ss. Illctid. ortas re(illitrccillellt ark, w(li(ld ill it predeI(tcr,- Illollieiitill-il!.i
uiiitwdl ptuttiei mito tu siuittiddltt iilmdilrtl. Tile ptitttl-ti is sit

ilt-sigiti-d Ias to giste mtaiit imit stri-l(gtht ill the (diiec-tioits FLEXURAL STRENGTH - TIie sttc-tigti i t a d i ittcrial
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ill ble lingd e 'etti\essed LIs tile tenisile stress of the miter miost teiperattitre at whlieli it ilitterial starts to lose its leeltimic'a

tillers ofH bielit test satmpile at the ilnStililt of failtie. \\'ithlits- W properties aIJd eitsilt ibecolml's tlistortel.
ties, this valoe is itsi halk, igher thian the straigiht tensile
stret igthl .HEAT-SEALING - A miietihod ol' joining pliatstic tiltiis b\

sillilitat'eolls ti1)l)iiationl odf heait anid plressi lii to areas ill oll-

FOOT CANDLE - The tiniotitit of' ilitiiiiatioi i t iltaoetia tact.itet lleitt lie Sayh i tpphel Idili teti elv I I ilj . etitt6ihal-.
\wheln a oltorce of I catilie power iillllliillates it Sereell 1 ioot

itit!s . HEAT TRANSMISSION - The liihal lg0of iltxtt 'WIWIe-

(p) to ptss through it suib)staiee.
FORMING - A p)roCe ess iln WhiCh the sILI)(I Op'l)lp stit' piee'es
sneli as shIeets. rods, or tilhes is eltinged to adesit(cred otio gtla- HERMETIC SEAL - A seaii tiiat swill exueiittt air am1l ik

tioi). The ist' of' tii teni (ir lo )illgm in plitstic's tteiiltilo v (do' s i cak-ptr1oo))

not ifichides5lch operalitionls its mo]ldilltr. castings or exti-lsio)ll ill
itic'i shapes or ar'titles art m(Ittdt' fiOm ltimllilg lllattrials or HOMOGENEOUS - LJllifowill st'ic'tilre ol' t'iiipositioii

i(i p tills. tiit'irougis tme iiiate'iai.

FRICTION WELDING - .A iletilotioF'\\el(idiigtletilio- HOMOPOLYMER - A po lviet ctiisisti'o1'(iw(r1ectiig

fiistics 1iate iilS Wiie te IV t e IlCtilt 'lt'ts saLA to SOfttl' tihe tine tiits il)litcl jillc'tion)s atil otilet' iliitol) ir-iegtitrities) at Sill-

comploillelnts is plrotI\detd i\T' 'C'tioll. g,e type (tf repeaitit)g illit.

GAS TRANSMISSION - Tlaosellllitofastimgh HORIZONTAL/VERTICAL BURN TESTS - For
til ilnl atetil Ils .T e gae s t ittSili i SSl I)IP0l)'eit h f 'le l ( p a ii]i tx) (dt m atteritls w1ic'h at'e en tireis cot silt umed it) s ic'li tests, a i rite of

L till fi is IlCsitIet it) te t't s ot till Se of' gaiS (Lt Stalnlitda't tetiI- hrii'ig (C'ntilieters of. illch(es peri secodlth) vaiiut is 'eptotrtetl
pe raitilre asel) p)ressurle) transmittedl thlroughI a "rjven ill-cea of f'i]ll Foi- those malKterials whlich (lo iot conitinule to bulr n h\o( va]lles
of' agistel' thickltess witliil it ari\eti tillie. iltre repoted; i.e ..A\se'ace Extent of'13trning (AEB-lrlitt lelti,th

dl( at Aseratre Tiue ofBititii(r (KATB . Iri)ese siltli seale tests
GAS TRANSMISSION RATE - A leatsiire of'ti)e pr- Illeistl eoa(11Lowtstii]ht' Losser vsthles indititte (gteatitr lesis-

Illeatbilitv ot'f a ili) to I gases tailce to tillrilirg.

G EL - In poiyetthlene, it Siii1 tl.tioi')IIIl0Is rt'sin par'ticle HYGROSCOPIC - Ha\ing tin It'prope-rt\ ot readlii aisorl-
whlic]h dlit'trs fr-oill itsSurroundlislls b\ )ilro lqietIl]el ing( Ilmoistulre firoll] tlle atillospllerc.
Iars- 'eigrht anldIor c'ross-lin)ked, so that its p'rotessinlg ct'lractei'rt-

isti's (lif'fer l' 'tltris the stirtot ttllI) reSjit tI l S itKII a Clegt-'te thLat it I. D. - It)sitle tliia 'ter.

is itot easiis (disp erse(i in ti)e surrort' iitlg t'esitl. A cel is readi-

is lisc'trnii)ie it) tliiti fililis. IGNITION TEMPERATURE - Tle tenperaLiturle at
Whil iel. 1ateialC11 Will starlt I)-litillg NNvit]aollt ai) eVternal tla]il

GEL COAT - AtiSill,surface laser (Ifresiti sometitia's sitii (Sell' linitioll Ttnimperatutre). Iligler aidues itdiiLtte Crtt'

pinillenIt applietd to a reitfolreeti plastics panel or ir ol(lillg. It resistatnce' to b)uring.

1)'(15i(tles [lidtioilld sltffC'C' Weati It reqistatce. Lit (1 imp)rofi

appearalnct. I M PACT STR E N G T H - The ahilih to resist bireakage r
flexurlal shot k.

GLOSS - Ter-iti ise(d to express shine. slheei. or lustre ofda
bill) silt lfite. INDEX OF REFRACTION - Tie 'tittiiO oftile \eo(itV

of litgiit it tue ftist of htwo itie(iLi to its velocitv ill tile seclolicI as

G U SS E T - A tiuctk piacecd ill eac'h sitie of'a ili It' tibe u blon tilb- it passc'dl fiomi ole to tile other. The closer tile ratio, te ililoire

iii,g is plrolilucet to Iprovide at cNoixeilieiit s(i at'e i'or recttiltt lar visital sililarit ol' tile ii)e(li a.
pLtkage. Sinliairit' to thalat of ti)e titilihiit' I) to'I ipt'in Iti blitQ satck.

ill siubhseqouet'nt packaigitig IN H I BITO R - A StlbSttilt't t.Lit siosss (dIt tic'llehCllic'Ii reat'-
tio ll. Inibitors itr-e somietimes iise(I inl cer-tain t.\I)es of'

H A RD N ESS - Tite resistanict eItfa liastit's mIateidriali to tutu l- tlul0l0lolets tllti rtesills to prolliog storaiLge liife.

pressiotn anti ititlentatioti . Amolnlg the 1)(ost imlplortatit lmetloldts
if testinti tlis irolpertv are Btriiiell liar(lh ss, Iockseih Lidil INJECTION BLOW MOLDING - A iblow mold(in)g
ShIore hiardiness. )ro'ess iii whiihi tlt p)art isolii to lie 'lown is )150iiletd 1)i' il)jectiouI

Illoldi I ig.

HAZE - Thle cloij(hiicess ill it trl_IISIN-l)lelt mlater-iatl or tile p)or-
tions of, ligl,t thait is nlot tra-Etilslittcdl tIlkloll"lr]) na .terlial] ill it IN JE C T ION MO0LD I NG - A If iol(li I w procudi ilxi-t\\IICr-e
strLiigilt lille. us a iheitt-softte'med pliastit laterial is forced f'tollI a tvlind(er illto

a reilitvieis c iool c'tsits wshiici gic es tilit ar'tiele the desiredh shtape.

HEAT DISTORTION TEMPERATURE - The
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INSOLATION - acronvim for INCOMING SOLAR ties ofa plastics material. An example is oil imo(lifiec i-esin.
RADIATION - a termii describinr, the level or intenisity of srim-
lighit,measured in Langleys. MODULUS OF ELASTICITY - The ratio of stress to

strain in a material that is elastically dlefor-mie(l.
IZOD IMPACT TEST - A test that measures thle ability
of a material to withstand impact (instant loading). The speci- M OIST U RE VAPOR TRANSMISSION - The rate
melt is held in jaws and struck with weighted pendliiim. at xoliic h x-xater -apl)oi per ineates through a plastic fililm or x all at

a specified temnperatuire andc humidity.
"K" FACTOR-(THERMAL CONDUCTIVITY) -

This factor inlicates the imioiinit ofiheat in BTU ts transferred in MONOMER - A relatively simple compotimdl whiichi cmii
one horii through olne square foot of hloiunogenieotis material 1" react to forml a pol mier. See also poliriner.
thick, with a teriperature clifferentce of one dlegree F bet-ween
its twto surfaces. NANOMETER - A ullit of lenglth equail to 1/1000 ofa

microll.
LAMINATED PLASTIC - Multiple layers of plastic
honded together. NONWOVEN - A textile mia(le of fihers lheld to(gether bv

interlocking or bonding 'e.g. spunhonded. meltblown, hundiled
LANGLEY - A uinit of solar radiationt equivalent to one carded web).
grain calorie per s(qiiare centimeter of irradiated surface.

O. D. - Outside diameter.
LIGHT-RESISTANCE - Tlhe ahilitv of aplastic miLter-ial
to resist fa)ding after exposure to siuliight or ultraviolet light. OPACITY - Resistanceofiraterialtotranisimiission of lighit.
Nearly' all plastics tend to (larker] ind(ler these conditions.

OP A Q U E - Descriptive of a mnateri'al or substance whiclI
LIGHT TRANSMISSION - Thle percent of total asail- \will not transmit light. Opposite of transparent, q.v. Materials
able light tlIIht passes throuigh a materiial whiichl are neithier opaqiue nor transparent iare soinetimes

dlescril)edl as semi-opaqu re, buit a'-e iuo-e properly classified as
MACHINE DIRECTION - In the manuflicture of film,, translucent, q.x
the mnajorits of the nmolecuiles tenidl to ali(gln tlhemeselxes ill a
direction parallel to the clirectioni of travel throagh the ORIENTATION - The alignmient oftlhe crystalline striuc-
machine. tinie in polumer-ic materirals so as to produce a lhiglylv iuniforml

stricttil-e hv cold drawing or stretchl-ing during fabrication.
MANOMETER - An instrument for measillnill pressure.

O X I DAT I0 N - Reac tion of a substance xwith ox gen. The
M E GA-J O U L E - Ai unit o( mieasui-emient of ener-g. hreakdosvin of the suirface ol a material dute to prolonged expo-

sure to oxyaen.
M E LT I N D E X - The amouti,t, in grams. ofi a thermoplastic
resin which can be forced thl-outglh ait 0.0825 inch orifice whlen PARISON - The hollow plastic tihbe fromlo xvwhich an item is

subjected to :3160 grams for-ce in 10 mninutes at I90) degrees C. blowx molded.

MELT STRENGTH - Tlhestreng(thioftihelplastic w\ileiiI PERMEABILITY - 1) The passage or dlifftision of a tgas,
tihe mnolten state. vaplor liqi iicl. or solid throtighl a barrier without phvsicallv or

chiemicall atffectilLr it. 2) the rate of suchi pa.ssage.
METALLIZING - Applying a tlhin coating of m)etill to a
1)iirnetallic surface. May b)e dtoie by' cheinical dlepositio iiOr hy PHOTOSYNTHETICALLY ACTIVE
exposing the surfatce to vaporized1 moetal in a v\acnirim chamber RADIATION - Tle P. A R. raige is tlhat poltioll otf slnligllt

ranlging, in vavelengtlh fro ni 400 to I700 nanometers. This wvave-
MICROMETER CALIPER - An inistruimient for- inca- baidt is also defined as visihle lig'h1t. i.e. those wvavelengthls seell

suremenits in ter ins of ii mitite dimensions, usu allv in 0.001' or b)v the hiuman eye.
0.)()()1

PINHOLE - v sem'v small hole in an extrudled resin toatirug
MICRO N - A i fit of' lengthi e('iral to 1/1000 ofi amrillimeter. of' tiln.

MI L - A uinit of' lengthi equal to 0.01(11 inchi. often uisedl for PITCH - The distance between centers of t-wo acljacent ribs
repiorti lri filmn thickness. To convert in il to r nillioineter'. 1mltiplv or' corrugationis.
bv f).0254.

PLASTIC - Anl of numerous organic, synthetic, or
MODIFIED - (ontrdaining ingrecdienits sich as fillers. pig- p)rocessed materials that ame moldied, cast extuitdlecl, drawn. (or

mjenits or other additives, that help to var-v the physital proper- lainiaii te(d into objects. films, or filaments. At somce sta"e of the
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illanifactinicing process. all plastics are capable of' flowinig and(l has good impact resistitiace Ž A colorless solid\ with ocit-
tin(ler heat and pressure. if necessary itito the icesir-ed final standincg resistatnce to wvater. alcoilols, ant concentrated acidls
shape. and alkalies. It is obitai iiabl e in the tori of'gyraitiles, soluitiots,

latices. anld pastes. BiStS )COM nuded with plastici7ers, it vields a

PLASTIC DEFORMATION - cliange in cli iiiension flexil)le iaterial superior to rubber in agi tig proipeties. It is
of' an oi1ject indlet loa<l thiat is niot retoxverel w\hen tiie loaid( ill wiclely usedl ftr caiblez and xvi irc CoAetigs, ill Clili meal 1 lhIlats,
reonlies: oppose(l to elastic dleforiciatiot. anid iii the 1manofactirl-e of protecti\e garnients.

PLASTICIZE - To soften a m1haterial and tIalke it plastic or POLYVINYLFLUORIDE - A hlni-lormingL thiermoplas-
inmoldlable. eitlie r lbx in cans ot a plasticizer or the applicatiot of tic xviti good weather properties. (Tedlar).
heat.

PREPREG - A terim -enerallx useel ii rcitiforcedl plastics to
PLASTICIZER - C henmical agent added to plastics to t nean the reinforcinig iiiater-iai colitailliig or cotbilie] \vitli tile
tiiaike thiemii softer antI milote flexible. ftill coimpletmtetint of rcsill tbefore miloldilln

PLASTICIZER MIGRATION - Utndlefined move- PSI - PolllIds per s(luare itli.
inenit of the plasticizer to the stirface of a plastic. or ftotill one
plastic to aniothier, or froml a l)lasticizedl stilustantce ilito tI e PU R LI N S - A hiorizontal memnber in a roof stipportitig the
atllosp)llere. coti iio rafters.

POLYESTER - A longchain hig-ttirlectlaigl i t resit PYRANOMETER - Iinstromlent for iiicst strilti the total
c omm1onlv osecl as base ft'o glass-fiber-reinforce plastic. heCtispleCrictl solar raliation. UsailV oll a lhorizontal strl'ace.

NIleasLitt-es b1ot lbeati at it( difflose mid(liation
POLYCARBONATE - (J0ie of the man>'v thernioplastics,
polkcarhonate is kiowi for its clarity and toghilness. QUON-SET - Trademiiark for pirefiLbricated shelter set on

foci1oclation of' bolted steel trlisses anMd boill of' a setLicileCiliar
P0LYETHYLEN E - Thelre i-c htwo iajor types \xith dill archenllu roof
fetenit chain striictires: The stifler, stro igret' liltca- material-

somnetimiles called high-density (HDPE or low-pressure anl( RECYC LE - The (groUltd material fi-otii llasi anicl tiimiin(rs
the miore flexible, lower-melting, branched poklethiylene xhichI after- illixil vitli a cet-taill aMio1int oif Virtgit iMiateriald is
known as low-density (1JDPE) or highi pressure polvethi'lene. feel hack intO the miloldingcr machine.
More recelitlxlillear low-density polyethylene (LILDPE)
hecaime a niajor product. REFRACTION - Passage of 'liit firoi air to a(dci-seri- ipti-

cal itoedIiotail wvhich canses a reditcetioti in xvelocitv atid (direction.
POLYMER - A hiiah-niiolec-iilar-x\eighit organtic- conponcl. The rittio of' these velocities is knoxvn as tice ref'ractie indlex of'
natural or synthetic wxhose stit-totet can lie represenitedl by a the dleniser mileclittm
r-epeittedI sinatil Iiit tl th i-nC-i' e.., polyethyivlenet, i-niihcr-, rcello-

lose. Sxitltc-tic polyimers arc fboriied bv addition or colidetisa- REFLECTANCE - Eic-rgx tlhat has not beeni traitisiitted
tioin polvielterizatioln of' imotioiers. If' tvo or- miore iiiollomilet's o' alisoibed.
a'-e inivolved. a copolx-mler is obtaimed. Soicie polNiners ace elas-

totners. solile plastics. A log-c-hai co-potuinid i tade tip of RE I N FOR C EM EN T - A strong(i miater-ial added to a base
enany i'cpeatingr iitiits j(inedl trgethier end(l to en.(l iiatet-ial to imprioxve its sti enoithi stiffifess, and impact tesis-

tance. To lie effective, the reiinf'oc-ing miaterial most forill a
POLYMERIZATION - A clhemiic-il reatctiotn in wvhichi thi strolig biot xitl the base m aterial.
new molectule's niolecuilar weight is a multiple of' tlhat of the
ori- i ial substaicc. W'llcl tweior miiore tiioiioiiiei-s itre itixoixedl R E S I L I E N C Y - Abiilit' to iquic-klk regaitn ani original shiape
the proctss is cailled copol.vll eizatioit or heteropiol> \merization. itftet- being strainecd ori clistol-tecl.

POLYPROPLYENE - 0ne of mans thermoplastics, RESIN - A soli(l or seiiii-soli(l, compillex imixtore of' orcallic
polypropylene is know-n for its \ersatility and toughness. conimpoundis. Usualix a polsyner. Somtetiniles usedl interchange-

ablyV xiti the xvordl ' plastic-.'
POLYSTRENE - A thermoplastic miater-ial dehiveed fi'oml
the polv nerization of styrene nionoilers. "R" FACTOR (RESISTANCE) - The reciproeial of

conclictivitv (K) o- condclctantce C). Dixicle the knowix K or C
POLYURETHANE - Use(l ii ioans, fibers, elastomers, fitctor into 1.) -tie aisx-er is time R tfctor.
,,ocl coatills.

RIB - A stiffeningf m nlieber of a tahbrictatecd part. Hlasing a

PO LYV IN Y LC H LO RI D E (PVC) - A plastic polymer straiglht sdc-tioni as opposed to arc-heel cororguatioiis.

of the milomomilet- vinv cIliorithe It is a rigci(d clear therilloplastic
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RIGID PVC - Polvvinyl chloride or a polviiix SLOT EXTRUSION - Aitietlho(lofext-tocidingfilm ish�eet
ch Ilor ide/acetate copolvnier clhar ac tenized li, a reliativelv high ill Wi icl tile niolten tleirnoplastic c oipoiind is forcer] ti rough
dcegree of hairlness; it may be formulated with or xvithoutt a a striliglht slot.
sui 1il percentage of plasticizer.

SMOKE DENSITY - The amoint of smioke generater
ROCKWELL HARDNESS - A coiiiiiioii methio(d of xxhile a material is hiirniniig
testillng a plastics iliateliial foti resistanice to iii(leiitaitioii in wxhich
a dii hou(r or steel ball, tinder pressure. is iisedl to pierce the SOFTENING RANGE - Tlie ranigre of temperature ini
test specimilen. The load used is expressecl in kilograms a(lnt a which a plastic chilang,es f'romil a ricgidI to a soft state Actual Val-
l0-kilogrami weighit is first applied and the degfree of penetra- lies wvill dlepericl oii the test miletiod. Soinetinies erroneouslh
tiol n0oteti. The so-called linajor loadI (fi()-150 kilogrrat s) is iiext refefrred to ais softenlillg point.
applied alti a seconli( reading_ ohtained. The hardness is then
calculated as the diffetrenice between the two loazd(s and SOLAR ENERGY TRANSMISSION - The per-
exprcsscdl wiltli nine (lifferenit prtefix letters to deniote the type of cenitage of total solar e wei g hich will pass thiroumigh a niateri-
pciltrator lise(d ill(l tIe weigh t applied ais tile nlia or loilad al.

ROCKWOOL - Mineral xvool inaWle by flowing a jet of SOLAR INFRARED ENERGY - That portion o('sifis-
steamii th rom il itiolmtei i rock- (as limiieston1e or siliceolus rock) or light ranging fironi] TO) to 2500 naiiomiimters waelengths, often
tinrol igl slac. called ear intfared]. "Far' iiifrared, or "hlack bodvl' radia-

tion ranmges froni) 2.500 to 10,00)) inin.

ROVING - A forimi of fibrons glass in xvhich spriin strands aie
wvoven iiito a tibliilar rope. The noihmer of strands is varialble SOLAR RADIATION - The eiitii eiiergx spectruimii all
hut 60 is ulsuial. wnaxe lengtlhs) crieated lb\ the suni. The wavelengths reaclhii ii

eiathti range fioiii 30)0 n in to :3000 ( n.
SELF-EXTINGUISHING - A somewhat loosely-used
teriml desc i ilbing the ahility of a imatei ial to t ease lbUrni ng" ontce SOLVENT - A liquid or agei it that dissolves amitothie ssoh-
the Soliircu of flamen lIas heen removed. stanee.

S HADING COEFFICIENT - Tlie ratio o(f solar heat SPAN - The distance hetween stipports suchl as rafter or
gaill throughl ia glazi i, svsteni lnude- a specitfir set of'cod(litions. pi lilis tlkiat a miaterial iii ist CeiOss.

to the solar Ielat gZaili thllro0gh a Sillile pIane( of (o10tble-strenm til
sli e t glass uinder tihe samiLe set of' eond(litiomis. SPAN IS H I N G - A m ethod tor depositinr iiik in the vallevs

or emiiliossed plastirc sfilm

SHEAR STRENGTH - The ahility cif a material to resist
shear stress Tlhe ntaximiim load required to she iar the speci- SPECIFIC GRAVITY - Te deisitv tasol-

iine iii suchli a nnieinir tizat tiie in oxini g portion has comlpletely nine) ot a ii mat rial tlivided bIv the densitv of xater. Since thle
clearer ltihe statiolma portion. dlc'nsitv o water is 1.0 grarmn'/C'icit centi meter dlensitv il granilis

per cubei centimeter is numerically eq'al to specific gritNt
SHEET (THERMOPLASTIC) - A flat section of a

th erioplastic filliii xith the length colisideralily greater tliai i SPECTRUM - Aitiaax a ifro i iopo(ieiits otfin ieission sep-

tle \ii(Itli and 10 in ils ()01)1) or (reater in thickness. aMatenl I mlI ai r alimgenI in tlh e or lr ot' sole varvi nc h iaraerter istir.

(5 ~ax e leimgtis).
SHRINK WRAPPING - A technique of packagimlg ill
liiel the strains ill a plstic filii are rileasedl li raisinig tle SPLICE - To iuniteor ujoim the er(ifofiill Miatemial. Tue hour]

temperature o(f the Iliii tlhus caCiisilmg it to slrinik over tilte pamk- iiiax lie a(omplishledl 1 l1meelhiMiCial or electrical illeans. or li\
age. T lhst sll-rilluk charateristics ale hbiilt ilitO tile filiii (dill' i ig a1l imllimesive

its imamlilifactiire bx stretchinig it uindler eoitrolled tclilperattiiles

to prodlulce orientiltion. (qv. of the miolr'.ilcs. tipoim cooliig, SPUN BOND ED - A ioiwvoxeii textile foriiic'l of extrilulhd
the filui, retiLills its stretCh conrlitioi. lint resVerts towarl its 01ig- rouitfilliol(s huigh1 (lelliei filiers amd luomiderl bv tiiernmal. chiemimi-
inial dimwensions wlieii it is leaterd. Sliri-ik filimi gives good pro- call or Illechlianictal in eains.
tectioli to tliir prorltuets packaged aid(I has excellent clarity.

STABILIZER - Aum ig-redieint tise(r ini the iorimiationm of
SLIP ADDITIVE - A iiiodlifier that arts as ai imitemial solii plastics, espec-ially elastomiers. to assist in mmiitmmaining thie
lulriitriiit xiih exud(les to the surface of tiht pls;tic dudirii :11l plhysical mid ci iclliucal properties oif toiollloiderl nlitte-ial at

immmnerliatelv after processinig. I (tller xxIOrls a 110lixisilble thl(i irilitial xalules tihrolmg nhoit proiessilig anid service live(s if

coatilig lmllo0iims to the sLtrf`iCe to proxi(ld thle Ilecessarv luliricit\ time miaterial.

to rendiie oetficiclit oif frietiomi aimd tlererl impi mroxe thle slilp

ciharacteristics. STORAGE LIFE - Tle mperiod (oftimi (dhiring xhichi a 1i-

uiid resium or parlkageel adhesive cin lie store(i unirler specified
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temperature conclitions and reuilain siuital)le for use. Storage TRANSPARENT - Descripltixeofatimtate-iialor shl)stai'ce
life is soliletillies callet Slhelf Life. cailpable of it lligh clerec of light transmuission (e.g.. (glass).

Somle prolvapropvlene filmlls ant] acrylic moldingss are OlltS1itll(liitgr

STRESS C RAC K - External or internal cracks in ia plastic ill tllis r-spect.

caused Lv teiisile stresses less tlhani tlIat of its short-tinime
miechflikclal strength. The development o(f suichle cracks is fie- "U" FACTOR - The total or overall translmlission of heat
uenItly accelerated 1bv the enlxiron ilieolt to Iwhich tI te plastic is in oite Iio Inr per s(pilarc foot ot aleal thllIt xViII piaSS th 1-11 il a C(0111-

expose(d. The stresses wxiclih cause cracking, mav he present hination ofimaterials and air spaces. (Expressed inl BTti's).
i] te rnalk, l r c'xternal lv oIr1 maxv he cotbln1ai itiolis If the stresses.
TI ie appearance of it net-work of fine cr acks is crazilig. U LTI MATE STR E N G T H - Term usedl to dese;ribe the

Il\lllmlliili(iit stress a mlaterial will x'ithistalnld whien sujliected

SU RFACE TREATING - Ally Imiethio(l ol treattig( at pLolx- to aIll appliedl Ioadl in a co'IImpressioll, tension, or slhear test.

olefill so as to alter the s'urface aMidi rendcler it receptixe to inks.
pcailnts. ladptIers and a(liesives slicl as chemiiiitl, flame, andI ULTRASONIC SEALING - A fillin sealin,g imetlno(] in
electronic treatiig. xwlicit sealidig is icomlipflishied tlhlollglg theiL aplricaibitionl of VilXL-

tor\ Illnechaicail pressure ait ulTtrasonic fre(piuencies (20 to 40
TENSILE STRENGTH - Th'le pilling stress. isuallv kc.). Electrical energ is convertetl to Illitrasollic vibrations

expressetd in psi, req(lire(l to Lbreak a giVeli specimen. throutgh the lise of eitliter a lit(inetrostrictive or piezoelettric

trainsdlicer. The vilbratol l pressllres Lt thle filml interflacc ill thle
THERMAL CONDUCTIVITY - TIle idllilitv of a sub- sealill, area develolp localized hle at hisses Which Milelt thle plastic

stanic' to (let heat pass tihrough a 1it uit ('(e of' tle minaterial. (See surifaces. ef1ecting the seal.
K-Factor(.

ULTRAVIOLET - Zonie (i invisilble ratliatio ns hex\ind tIle
THERMAL RADIATION - That portion( of the spec- violet end of the spectriu iofvisilble radiations. Siclle Il\ wave-
trutili eneom passing all of the illfIrairetl andi visib le porltillis of lengtis ar'l sh Shrte r l itIi tle Visib le, tleil plotoIls 11av miiore
tI,( se lltrm. as ell zis a small portiont ot tle Iitr'a-violet ler' ,, enlloilg to initiiate soiiiet chemical reactiolIs and to

apploimllilate'I\ 0.:3 to I 00(0 micit'on(s. det'graide (Iiost plastics.

THERMOFORMING - Anv process (If foriiing thierniio- ULTRAVIOLET LIGHT - Tlhatt portion( of sunliglht
plastic shiteett which 'lcolnsists ot heating the slieet alld pullilig it ri'niit( ill wcaxi'wlegth fIln 0()20 to 400 Iulililmeters.

tw, (oil to lt l1(1(1 srii'ict'. \`a\cti gc-ths belo,x\ 300( Iim (l(o i((It pass thro- i'oi gl til atm10o)s-

pherce ill aipprlecialIle ai nomiits.
THERMOPLASTIC - Ka) Capab le (If 1Nhi,g repeatetllv
softene(l bx leat atnd h,uir(leiled 1bv eooliig. (h) A im aterial tliat "U" VALUE - Cheraitl ritol' (If aIi 't traniLsfe -tiI rM( (ugh a mlate-
will repeattedl softtll x\heC heateCd alli 11harden vlti eCooletl. . rial. ti1-valle" C. 1/, vaht'le , resisttilnce to h1eat trtrlsl'r is simore

T\ commil eplvliis '(lli1iv used in '(isil''avetin.These\iallies are cal-
T'Piit'l of t'ie thernlmplastics fiumil ly are tIe stxrelle pon llcrs
idl copolvni'sers, aci'slies, ct'el1illosic'S pok(etilleliles, Xi lds, cli lated IbL\ tih AS HBA:\E (lmethNoIl.

ilons. aunud the valioiis ftlluoroctallbonl materiiais.
UV ABSORBERS - A. clelical 'iIlIoIpIlidtl xitl tin ialili-

THERMOSET - . Inl ateI'ial tIltiLt xill IIlitferIlO or 1ias lund(e r- t\ to selectixelv aLsorlb l\' ratiiatioln. \\'hei il[i'Irl')Oti'(l ilitto

gIne a chellmlicl r1('etioni lbx tlie actioIn of' Iheat, catalyst, tilt'i- plastics it retd ices tl ideglatalig effe'ts of 1itraxilolet.

ViOlet lig lit, ett'.. ildin(g to a relatLiVelV ilfilsibhle state. Ty-pical
of, th[e plastics io thie tlerlllmstttinlg fnilnils an' tlhe amillos UV STABILIZER (ULTRAVIOLET) - \n.\nv 'lienii-

Imelamiline ant urIr) iio) ilIst p)ol(\esters. alkvxeds, epoxievs itid phe- e al co(pollpldlt l liclt a(dlmwldxI'( xxith at therilnoplistic resin, selec-
nIolit's. tiX el\ ah)S( r 1)S tT\' nix s.

TOLERANCE - A specified allowance I[r (dIilitiolts ill VERTICAL/HORIZONTAL BURN TEST - See
x\xeigh 1iiey tg ciaursil Iinl(r. etc. - lor lde\ialtiolIs fionli thle stalltiald Ioliol0t11 
(dimle('s liOS 01- xo eight.

VISIBLE LIGHT - 'flue hand (If (olors1s mialkiiip s) w-hite
TOXIC - PoiIonoiis. l lIhdt. All radiation that can lIt' b eiisedl lIx the humllnn eve.

Approximxatel\ (0.38 to f).7PS mllieril (s.

TRANSLUCENT - I)escciptipc (If maiatt'riail (r siilstance
Caalille (If' taltlsiillittill somlie liglit, LIlt Ilmt clear ('lillgIl to he WATER VAPOR PERMEABILITY - TIit abilitv (I
seen throligl. a miateriil to p)erinit traisils"lissioll oIxaittcr \ap (r.

TRANSMISSION - Tlie nmoliuint (I energy a iiaterial WATER VAPOR TRANSMISSION RATE
alhtIxs to pass t ro1lgh itself'. (WVTR) - Nleasur'e pr'l'l(eabililit(I oa'it iaterial. olteln stat
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e(I ill ten is ot (rglniis Of \Witer patssinor tlhioig li 100 sql nre WINDOW - A detect in t thieri-imopliastics film], sieet. or

iiichies of material in 24 hours at 100 degrees F and( 90? iimolding. caised iv the inicomplete "Plasticization' ot itpiece ot
hiiiiuic(litv. 1 Imaterial n la i,.tr processing. 5. It appears as a glob1 ile iln an otiher-

wise blenidedl mass. See also Fishi Eve.

WEAT HE RI N G - Tie eftects of oumtdoor exposiire on a

im ateiial icichidig nv,wter. U V raldiation( oxidalatio1. etc. YI E LD - A rci per liiii of weighlt. 1s1all> exp ressed i as s(jti ire

inch(es per pOci(l.

WEATHEROMETER - A,n inistiiiunenit used to suciject
nllatei iak to acceiLeiatec ealthleritgconditions. Example: Ric li YOU NG'S MODULUS OF ELASTICITY - Stress

LIV sollrce and water Spra.y. dli\ i(ledl bv strai .
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1

INTRODUCTION
As described in the m-iain text of "A Glohal Reviexw of Protecte(d since covered prodiiction restilts in uelch highier productivity
Agriculture,' ailmost anv horticultiuiral crop can be gr'owl tnll(ler anti quality. glasshouses in the Nethierland(Is account for 5 2'% of
sonie formi of protective cover, thereby increasing protri1ctioll. the total quantiht anti 7.5%/ of the total value of Duitchi vegetit-
imilprovinig q(oalih, aIIId extenting seasonal availability. SUCh prCo- bles-ont only 10% of the total produictioni area. In nan contill-

tlice primarily consists of seasonally prodluced. non-storable ti-ies, covered prodlction also predominates for most salacl veg-
prodiuicts. The largfe and expandiling northeis-i hemi isphere Illar- etables wlhichl are growin for fresh consuimoption, sucih as toma-
kets appear to offer plentiftl export opportiuinities frl- m1anyM toes, cuciiimbers. peppers anti lettuce (Rabobank-V. Neff).
dlevelopinig cotintries wkith complementary growviing seasoi is. A miotc'h larger prcoptirtioil of the world's cult floweer gioxinag
C.ountries suicih as Morocco, wlhichi siupplies freshi vegetables, area (approximatelv :30%) is tinder cover thani is true for veg-
and(( Colombia aid Kenyait, whiichi produce fresh ctit flowers, etahle protIictioni. The figure is considerkably higher in northi-
illiistr-ate hov stipplier-s withl comi plementary growing seasonis erm countrtiies ancl in cotiiitoies prodlucinig primarily for export,
may' stccessfuillv estah)lish themilselves in the ilOltherni helili- and lower in cotiuntries with imild vear-round climates atld in

sphere miar-ket. those prodticing mnainly for the domestic miarket. C(oveaigle of
Despite stic-i specific successes. imports from external stip- the production area ranges fi-oml alm;ost 10004 in Colombia

pliers into nor-thierin helimisphere cotiuitr-ies remain relatively (4.000 ha.) to 71% in the Nethier-lanicls (4,0-50 ha.) 65% in Isicsael
limlite(l. The miore developed counitr-ies still supply the over- (1,200 (ha.), 61%/ in Spain (1,400 ha.). 54% in Itad (4 1:30 1.),
whielininig proportion of their own protluce needs, even during 40% in the U.S. (S,0()) hi., including pot plants)' '33% in Japan
their- "off-seasons": in 1990, imiports accounted for only 16%,/c of (.5.500 ha.). and 10% in Kenyva (.5.5 in.).
the miar-ket value of cullt flowers in the tJnited States (LJ.S.)., 7% Some colinitr-ies, such as (ermsaniy, are' expanding theil flower
in the European Comiutitv (EC) and aibotit 5% in Japan growing, areit in the open, because growers believe thex caninot
(liabobansk-F). In mild-winiter-, about 75% of the Ctiit flowers affor-d the high cost of glasshouses. BN ctontrast, the area unidler
sold in the Dutch auCtions-the major interimetliate mar-ket for cover is incleaesilng in countries suichl as Italy. Spain antl
floral stipplies to the whlole of Europe-are grown in the Colonsbia because growers in these counitries feel that they ctii-

Netherlands (N1BN). Simlilarlv, 86%. of the fresh vegetablle not produce high quality products and thlius compete in northl-
ipiliorts into EC countries in 1990 caimiie fromi othier EC( CoIIll- emii markets tinless thev cover thieir- crops. Still othier couintries.
tries andl only .5% canse fi-om the C(anai-v Islands (now part of suchi as the Nether-lanitis Isritel and Kenyai are increasing both
the EU), 4% from Morocco ani( 5% f'rons other non-EC cotion- covered anti open growiig areas as part of'a general expanlsioll
tries (Rabobatnk-V). of their- floriculture sectors (Rabobank-F, LISDA-NASS). In

This section discusses the miar-ketinig of protetted agrricultur- Israel, for example. crops wlhic h require greater light intensity.
al Crlops, primarily fireshi vegeta)les aLnl fiesh c-it flowers. The sutli as xvaxflo\vers ant(I gladiolas. cani be urowvni mor-e extensive-
first laalf of thle section examinies the complications of hortictil- lx aid without cover (but withi irrig ation); most othier flowers
tui-al miairl keting,^ w\hich am ise froinn the hiigh degree of perishlabil- are erovn iiin plastic greenshouses. soisse of xvhich are heated
ity of' these products. the infiniite combinations of possible pro- (especiallv for- roses). Kenvit's tliissate is so mild that a \itder
luction variables, ani increasingly blurretd coiscept of seasolali- vatriet oft crops cais be groWn withlout cover. iitlcudIinlg carita-

tx. the critical imsportance of qldliity ai(s consuimiier preferencecs tionis spratx ioses antI statice.
ati(i the need for comsprehenisixe aniicl tiisselv inforimiatiomi about I ocl clinmitic coinditions, as xvell as cost and ultimssate quliali-
producittion antl market tievelopnsents. The seconcl half' of the tv. affect decisions abotit wlietise- or onOt to protduce crops
sectioti examsines the basic tienids, opportttisities anIcl tradle pol- isd(ler coxer. In general. a highber degree of protectioll anisl cli-
icy e(nxirs-slletst in the horticultiuiral nsiakets of the liTiite(d isate conitiol is requiretl for higsler vlalue cr-ops. suchi as roses
States. Western1 Eur-ope, anti Japni. andl propagatios TmaUterial, andl for isiost crops its hlarshcr cli-

mates. For exausple, to produce a certitini cr-ol) Duitchl growers
WHAT ARE "PROTECTED CROPS"? nia isee( hleatedI glassliouses witl stipplcitseistarv: ligbtimig, alti-
Fruisi a issarketinig standpoint, all vegetaibles antI tit flowers f'or ficiatl growvimsg metliia CO, enislantcenment ansd wvater rtcirctula-
f'reslh consuiiption wNill be consitleret -protectedt crops", since tioti. whiile growers in warine regionis misa nieetl onlv inihleate(d
intisv of' these products are grown with sotie degree of protec- plastic greenshouses. shade lIoiises or iio cover at all. Even in
tive covering. aiti since thle producttion voluimse andc value of relative l mill climates, hovever, high(er ieltls anl( consistent-
st-Ch CliOps is usucih greater thlan the total covered produmction IN high quality prodimetioms may require investi ieist in prottcti\e
area wiold iidic-ate. n leveloped CoLIntrics, vegetable procduc- stritctures (iro tes in regioins xvihicli forisserly grit,
tioni uisder glass or plastic- cover is estimated to be ablOut r7% Of open, such as Isratl's Jorclais \'allC- (CslryaStltclm llmtllls) al(s
the totill vegt-table proliti-tioll area, rilnging firomii as tisuics as wvho xwert successfuil \vlsen mar-kets wer-e less cotispetitixc, are
l()c in tie Netherlands (4.420 Ila.), to .5% in Belgiuim (253.5 noxw conisitietrinig covered proluction in heiatedl plaistic grtee-
ha.), 2% in Italy (9.000 1ia.), 1% in Polanid (1.300 ha.), and( hloIises.
issiel less than 1% in thle U.S. (onlysb about :320 I.it). However, In anyv eveiit. the samise crops growtl with more, less or no pro-
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tective coV'er Coin1pete- withA each othier ini the samte market seg- etables andj flowvers growNn under contract Wvith r-etailers cani also
inieiits, w,here the> arie siiltjec't to similarii n arketing demands he harvesteti at ai more advanced ripening stag,e becaiise the'.N
and consumption tr-end(s regardless of' the technology- used in i l itinot need extraI ti nie to find( hiivers. Mlany uises of c-iit flowers,
their producti0 m. For- tlhis r-eaSon, antid fbi 1_1 t )I)ti upSeS, all frleshi suchl as fbr wveddings andi( fuinerallS, requILire ripe flowers: Since.
v.eretahles and all firesli cutt flowers will lit Considered "protect- howmever, the st'lectioii of special occasion flowers is matle 1y
ed criops". the r-etail flor-ist, this uise does niot affect the gfrower's tlecisionl

about the pr-oper- stage of' ripeness for hiarvesting.
PERISHABILITY Given the highly perishahle inatiure of' frieshi produce aiid
A criitic al ftc-toi- in the inairketing of' friesh i salatil vegretables antI especially' of ci t flowers, post-harvest treatnient anti hantliling
Cut flowers is thieir- high dtegree oif' Leieshalbili V i.e., their i beconmie Cr-itiCall to m aXiMinZii n the preservation of protduct qutail-
extremely Short shielf'-lifeC or vase-li fP. Most of, these jproductits itv. PreServaztion tof cutt flowers ma'. incluide in)mlersionl of, flow-
have a poSt_harvest life raiigintg frlomi on Iv aL few. tlavs (flowers ers in \aruniltitlafehrvs,careful sorting and pat-k-
suich ais ir-ists aid( gatdiolasi to one to two weeks (roises, vinle- ing. pr-e-r-mding. t'tltd transport anti storage. kee ping the flow-
ripe tomi at(oes anti tiCitUinberis), thiree to fouar wveeks (tarnati on s (i-s Vaway fr-oin ethv'lenie-protducing, proudice. atiting floral
anLId Chry-saiitlhentums), and eveni fouri to teni weeks (tomiatoes, prIeSer-VativeCs ttt xaSe watter anIic rene\viii the cuit of the flo'.ver
clicit ibu eis ai d peppers w-Ihen storetd in h vpobartic lo% )\-pressure stems after shipment.
conditions) ( IT( : Bu rgy). Spoilagre oif all prtotlicitts is ichiel Everv.ar-tivitviin the p)rotluction anii( tau-keting thajin must lbe

gTreater aim- 'it tster if they are store-d andt htandtled ill suIli-Optilinal pretisel' tin icdl t spet'iallv if there is a sp)eti fit' target sales tiate
-on di tion s of' t eipt'ratiriie, It uidit\it. antI air jpressm ie, whitcI stit-li as t iml ior hi litia'. as is ofteni tltt tast' with ctit flowers.
dlifft'r for t'ach protducit. Onice h arvested. veactables antid flow.'ers For- both 'i-esl) v.ecetaLHiS and Cti it floweS, tlITt'e iS little: OlOilt1

c-intiilii e toi ripei~ t:liis prociess tan lie tielavt't oni sl 1i gh tl 'v.- for)j e i-oi- oin tiela isnt the ((It' liervy of p rotdi icttion inupiits andl( thle
BAtevond a tertain stage of ripenetss, tite (jim1

ltV and)( uIsaluli t\ of plan ti ng of pr opagat imi in ate-iaLI anti, at a Ilitter stacr. inl lai--

tht'se prtducl tts tdtteriorates r-apidIv. Disaistr-ous qupalitv losses vesting(r shipping aintl handIling the final protlot't.
tan ntcuIl il at ayStageC ii the mnarketing t-itinii frtom giowe'.t' to Ont' tsp r t of the tratdt in lI uighl\ perish ahle fl-eshl vegetatblt's
tcoinsuiiier. anti the total] value of ti e protiiuit may hv e lost, anti tcit flowers whit-h dlif'fe-s fi-on) the tradi(e in Stor-able com-

In ordt'r to initrease tlkte post-hlanest lif'e of ve,etahles andt i odititcs is thtat Iargr'c sorph)[is storks citannot act-unmilatte to lie
flowt'rs i an> pr-otdiitts art'e harveste't bt'fore thiey ripe ii (git'el c arried overi fi noiit oe Sal es period1 to an(otht'r. TI e Dii tt'h
touAtatutes or, flowvers with tcl(tsetl Iitts). The gfrower takt's a Cal- flower aut-tions ar-e tdetermniietl to prevent Suth a disr-uptive sit-
tuilaitedi iisk thazt thle flower or, vegyetahle will ripen satislat'torilv naitionl oit even a slAoi-t-ter-il b asis: it Strit-t polity lb0rhids tarr\-
furlther- alonIg inl tIn'1markt'ting thain, somietjimes -with aissis- ing( ov.er, fimsolti flowers from ev-ci tine tdis to thte i ext, aniti all
tante. \Wiilt' this is counvenit'nt for \who(lesatlt'rs atltld retailer-s. tile oitlsoltd p)rotduitts are tiestirtived and thlereforte remov-etd fiom t the
reCStIlt is thait tonsumers oftenl Ia i\ protiutcts whir-I nevt'r p)rop- ilaurket.
eriv ripen andi( thuis nie'.er stippIv the iintent(let aiid expet-teth fla- W-hile the perish thility of' fr-eshi prince hieliis to nlattirally
vor, atromtiii texture- anId overall satisfait-hion- tcear the miarkt't Oif Srlt[ LiseS, it also affe'cts tI e p Acer i-elation-

Fu thermo re', sinct' fle stta ofi- ..is ant prodtt quai.ty v Shtips I)et\wee'n sellti- xi espet-ially growvers) and liiiers.
tconstanitlv t'lianes, tomiatoes pic-ketd out' tdav with uinifittrmn Transactionn speeti is t i-itictail' impoitrtaint. eveni at thit expiense of
greenCI to ir ay not b ult ilifOrilItIv. red a fe'. tia\s later. Sitir-t dtiff thviwnvar-d prire i-isk. ( imv(is art' placet't iiiiletie grt'at pr-tssutre:
ferei tial rates of' ript icl,( iii fieiishbalte protiireC haS isVeil rIse tilt" anii( otht'r seller-s in thet imar-ketiing chaiiit tcainttt affttrd tto

to tilt intdustry of' resot)imti antI re-pt-kiiig thet pr-oduict ill the htiolt the produtct long antI w,ait f'or hiight'r pirit'ts Thiis sittuittioii
middle of the ar k-eti n carIint.i A StmilIai fiuc ttt i in is periftiv ned leti to tI e establishmin c t oif tI te DotIt-li ati-'ttiioll metho Ittli rt sell-
for- cut fiow-ers in pzti-t In is outquitt-i mak-ers and flotral tiesigfiters i ng perishiablt' fi-eshi vegt'tables. fruIit, tIA itfowerIS aMid ornaiiien-
who r-e-soi-it tlr pirotduct taut tlistcard the flowers which ar-e tal plants. This amirtion itietln ttl gives girow.v's greater t'ou ntt'r-

tiniusable at thatt point in tht marketing chain - vailing poxwer against tIle buver-s bv fortc-ing hiuyer-s to 'omlpett'
Bet-auise of fluc primshltbtimlitv oif fY-esl t prtitu'e. w-holt'salers agafinst ear-I otheri in public-.

antI especially retailers lane it higl pe-rcentage (If' shrink'- Thte peiishabiilitv ouf fre-shA protducit-t aso makes exporters xtLii-

prodtce w.shich dtlett'iorates bitvontd markt'tabilitv anii( iillust lie nlt'able to e-oioisquality t-lai ii ti y Iimpr i'.s.T
tdiscrd-tetd at at loss. Althonigli r etailers Ihaxe always soli ighit to ilhuse otiftest' tclaims rail he tdevastating. espt'ciallv whben tlezal-

iiiiiieshrtinik. s tiefdimstry- protftessionat~ls bielieve that retail- im ing ci flowsers hefore ke\'. 1 L eid, h iiewe
ci-s Sh riiik 5lit)iiltl he ev.-t' gyreater tIhan is geiner-ah- the tast' inl selflei-s expert inn isi ally IligIt pric-es. \Valuab~tle titite t-ailitiot he
or-der to ensure that hnv-qpiality produic-t thoes nut rear-h the lost in resolviig stithl thispuites whieii thev o-tur. It is, tiftourse.

marktet antI ev-emltlltMI thisa)ppiint and titter t-ustom ers frioill al\wasts con'ei\'.alile that frieshirtli poitt' can tdeteriorate iil qi iali-
fu itiirt' pu rt-hases (Prevor h. (O)ie Br-itisl r-etail c-h~in.ii Marks ailti tv eil r-oute frtomi tIme expoi-ter to tile Iimlporter. hil t tilis i tessage
Spent-er, hats evei IIhegimi pri-nting at "sell-hby" da~te ro iinblchues of' is ofteil r-ecei\vetl wvith tdishelief )v the t'xportt'r. For- thiis r-easoni,
ruIt flotwer-s tto -guiai-antet' it post salt' vaLSt-life of at least oine it is trutial tihat tratling pai-tiers establish a pt'rsonlal r-elationl-
w.eek. slAip) of' tri-ist antI hItitest'.' atld a methotdt for chlet'kinig c'laiims

Piotiuce shielf-lifec tiepet tls oit tram sportion, prtojectetd sales beforehiantd inl (irtdtr to avoith pi-obleims atod fat-ilitate the sillootiti
thate. amid initeiltieclh use: vegetablt's anii( flowt'rs pi-oduireth for flow of lo)ng-tiistaincet sales. 3

lotad sale caiii he harv;estetd at a r-iper- stagt'e thaim export protdut-ts Goxermlmient authotrities tan tlsoi exhihoit tIle perishalble
biec-ause tIley reqtjiiire less tranlsport and hantiling tiimt, antI veg- ilatiiie of fresh protiute foi- rhiotec-tionist pui-poses. This oCCt-urS
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ANNEX

whien c-istoriis officials or- plant health inspiectors cautSe unu11Cal- Table 1. Seasoniality of Global (Solar) Radiation ini the
sonlable delaVs att porls of entrv. Onie attemipt to present such Netherlands (average 1950 to 1980)
delays and ilinirniiize Urncertaintv reglardingl the aceceptaiklitv of
high-value long-distance shipoicents hais lbeen the stationing of Period Months kLoulelcm2 % a Annual Total
Japanese planta health inspectors iii the DutCh flowver auic-tionIs I January 6.3 1.7
(at the expense of' the aucitionis) to lprt-inspect shipme-nts IC) 2 Jan-Feb 12.7 3.4
JapaN11. 3 Feb-Mar 21.3 5.8

High perishaLbility atlso makes efficient frleighlt tranSPOr'taltionl 4 Mar-Apr 36.1 10.0
a critical tactor f'or long-distance suppliers of' friesh prodicuce. 5 Apr-May 47.1 12.7
Iigliler- vajlue prIOdticts of'ten julstifY\ theit higher c ist miodes of 6 May-Jun 53.9 14.6

transport wh el ti inch delixvery is patramoiiiuit. For instanlce, 7 Jun-July 54.1 14.6
manv' Moroccan exporiitei-s of wxinter tomiatoes slipj their proi- 8 July-Aug 46.9 12.7
dcLice viai truciks rather thmlixiib seat, event thoughi truck ship- 9 Aug-Sep 39.7 10.7
niienits rni-e four tiniies nliore e xpensive, b-ectnise truck transport 10 Sep-Oct 25.5 6.9
affbrds tIler]]II greater flexil)iihtx mnd pu ctuahlitv (rit aiil I I Oct-Nov 14.2 3.8
V7egetable NMarkets). lit tither casces, exporters ship proidlicts Ix% 1 2 Nov-Dec 7.1 1.9
costl,v arfireiahit to reach the ii iarket before comnpetitors Shipi- 1 3 December 4.9 1.3

pine lbx seit.
Foi- iiitiri-continental supplies, exporters need accetss tolia Total Total 369.7 100.0

Motdein hiilnrwatv nietwocrk anrdl effic-ienit ref'rigcerate-d tr-tic-ki tie

ser%ices~ For, interciontinenital supplies, exporters requlire si iffil 5..... .K(
c rut n arfirei gI it c,apaiwit ant Ii-e gulai-. re-liaible, anId r-eainaOllid

pri edc lli hits. For- this reason, landlo c-kedic cunitriies silc-l its lhe N ethe rlaiids experiieiic-es aL Cr1itiCal Sho rtfidi Of' liat illall
Zjinbl al As-c arc- riot att a great cdisaldaniltagle if' t[i ie r prodiui ction lI(i g t foto Oi(c-tIob eri thi liioeli I i carli andit cspei]tialkl fhiiii1
ar-ca is nlear a xwell-st-nc-c airport. However, coiiintrie-s which Niixemiiler tlirio ig januairxv x lhien solar ratdiatioin lexels
serve ats regri nral air-troi sport hubs, stic-li as Ken\ia, tin hax-e a dclrealsc to ioniIl9x-c o§tft lie leve c It-iclu u gJ iii c-f ilk. II ortici iItnintha

considerli,dle atlv-aiitage bec-ausc- of ac-c-ss to in liitiple flights. tediiiqu1 es (s ic-litas xwitltr spac in i aiid siuppieiiientarv I iglitiiigr)
Growers in c-oruiitries xwitii inort fiiboniic flighits (hiothr fr-eighlt cannot fully coiiipeiisate for thlis dlefic-ieiic-\, aiid thuts xviriter
andI passeige r) antiia c-i-iti c-alii IMSS of liigli -vahinet perishable produchction is hiiint-ti.
export pi-otducts have an xii e\n ret, advlxatagfe ii tli at tlhe\ rie, pr-(IlCCiictio i saC r SiO IIS OVee1etitieS anid filowxers ii aI itioi-ti

Ini axle aIii e to act c-iop erativelv tio iegiotiatc- hkiiel i l\otr ial ic- eri iF iii irpeani c-ui intr\ sci c-itas the Nethel-iarici(s ir-e at c-or ii n a-
firei giit r-~itt-s ai it regcif I di-laiix' flig.it to mna ir irarkets ili tlrc- tiori of each product's r]aturral seasoni arid its possible exteiisioiii
niortlicern wi luiisjplicrc-. T'lis is tl]e situaitioniiin Israel. tliriiiugh Iiirtic-rnltrai tc-clinuirjres. flue siuppiN seasonl fur the

iC]iJi ri salad s eg,etal iles g(rroxwi iii heaitecd grc--idloCisc-s (toi] inaties,
SEASONALITY I)CI I-i]i-5S t -c id CU-iiihers ) 1begiris slowxl\ froniii Fehruanr th rowiig
SeasnaCi]tvl its wi xel]itas pieriShabiL)Ii t\ playIS al c-i-it ic-al ]'ICn ill iii ar- April. ipitaks fromin NI ix tI i -ougl C S eptembi er- ani c Ii clii]]il sies ill

keting freshi proidluc-e. Seasoinaiit incud-h ine ot onIs the riuiii- (Oc-tiiliir anit Niuximbi ir- xwitii xilrtllaiLl>\ IM piCIcOlliioi ill

stoii liiIitx Coiifresh hoICrtic-uilturial p ix CliiICt c-tsIC itllSio tie xaria1tioil Di s )cembile r and ill uar i vin The g1reatest 5Ct5Cona~l itv Coc-c-iri iS lli
ill sc-asciia! l1cialitv, scasoinal clc andut andc the seisiiiiaiitx iif proi- c--iij5rp i\r ffr i r-iniiarik olv litdonolirs - sic icl aspti ti-agriis - Ill this c-~ilsc-
cIli itioiii 8W6" OAi f tire mi[ii ra pIZ K IOIliC-tii ii is cliiic-c-riatoettc ill N\iax anti( iii11

Lik oY-tther ag'r-ic-nlttioiia c-nips. ilortic-iitilirai podithrits have\ at (LE I-CBS.
seasonlC pr od uricrctoi)r c-xc-ie l3iit unilike stliahlfl- co]Ciniodii ities, \Major cuops of cuit flowseis echiibit xxitlC,I\ \vWriing seatsolirii

tic-sir vec-tahic-s rinld cttit flowxxcr5 arc- gc-uic-naiv ax\ailailte ili a si ipp!v p]attcl-riis.hlust-c oli tiicir cilffi-Crut natural seas,ons xwfii-
gixeli ilicatioin (IiiVl hiii t1lCii. Iiatu-tl ]riC I i cOIKtioiri SeaZSOir. tt-r-/S1i-irig, Irir SIli1 it lIl11)fli iwr cCOl)Sips ad sciniiriit-r(u f_Siiriie

Thiiis prodtuIctiCirSti[Se olr cmiI b)e eXteiutleti lIx\ br)ielh rz liex\ xaii- Cithier t\xpeS OiifllixvT-r anid the dliffle-Clit I)S]l)ishiitie-S for e\terlii-
eties anid lix ising( hIlirticunltiir-al tec-liiiiil1ries, iniciihidi]g proltec- iig these sc'rr5suis throwiuh hiortic-nItiural tec-Iriiri1iies. iDutchi-
tise cost-ring. hFi]t- pc-nod of avarilalihtx canlit-e c-xftrrlcd-dc lix gRuxVrII C n islts arC- ilx aailalile x\etr-roliiild hut, thtit tio tile \All]-
imrov]riedl stoirag re irethrtdcs arid us v iflipr-tir ig tiit polthict froiii t si k101111ill SOlCi-t itCdiiittioli. theC riiOiiithIix dltil l

oithiei r-giiiiis li\iitxrr dliffC-rc-it ialrarIcr-t 5(l-CsOiii ( l3itsoin &- jmmiar\ aith Fehrrinar\ is iuni lirie-tiiirtl tin-hex]\-el of' .fnl arid
Sxwi riiikilk. Augulst. aMi1 rose (ijinalit> ill 11irii l-xirtc-r is in it-rioir ti ti t i

Sc-iso iiahitsi i il idlert ulitrral proituictiolr is tile iesnilt of differ- oithecr sc-asiiiis. Ili thic- cast o ri1 sC lit h5\iiix\exer seasirniiitx\ x\\irks
c-iicc-s ill cliimiatic- co-itirrtiirs. xwhic-h atre riilrr-e prionoiuinc-ed inl ti thic 'r-i ixxrs, fh]or-: (tine to it peik ill den]uricll Inir riises ili

hiiigiwr lattituides. (Joblal (siniar) radhiationi is at key c-iriatic- laciltr FPc lI ir1-i\i arIII(l thew ic-chic-cc!\ iif I r SI pp% ix I s xw-i Itas to)I-~ III cl:lICt

ill 1holrtic-ultriral croip prodich ioidIm ii fac-toir xxiic-i is Sril jc-ct tol deliaiiitld iii iriri the il SiC illir pr ices i f DI)rtc-h riisi-s kc-tuaix

ct-xtr Icne SeaLSOina I'liC-tiraltiOris ill ririrthrtrir coliritric's snc-h its fhil- p-ek ill riilld-x\ hil-r. Ini comiparsn iii soi e it ropijs ieuijririigxi
Netlier-ltiricis. ritw,ieI l-ixx O pr,s,i ifs tiw ;3l,l-xa-i. 1950 tIC 198(1 highfi lighit-inrterisit> suichl ils 'xypsopiiiia atiid gidadiioias. c-alr nIll

av\eo'iIrgc- ogirIt 1tdliiitioli (ili k-jolrie per ciii. plieto fIur-s\-ek p 1]tii- ite pr(iicir-td ii flu Neth11 r id nis fr-rimi April/NIav thiiiiigi
od1 ili the( Netherlandrcs: Niixc-riiil ierII')cc(eriii r~-n. \Iaji ri spring, hinilli ix\er cilips Slicit! as

tullips an illI ririicissirs are- lix\; prodcedccc in the Nethtiei-IiiiclIs fYlrom
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December throughi April/May. The lily. another tia~jor the n ztarket. Buit now tl tat teclntologv c-im supply ii tost products
Ituh1ifflow-er, is available vear-rouid, lint xwiiiter production is even ducrin" the traditional of f-seaisoni, affluent cos ieshave

greatI>- chisuiiishiec lbecauise of lack of li,Att nieedled for- floxwernn c-omie to expect xiirtuallv all fruiits andI vegetables to be available
and ti e seasitnial avail abi litv of the propagarition material (Iixv vear-r'ocind (RIitSOl &Z Swinbank ). adblthogh conScInmers tmav still
bulnbs), which is i tot available f'or planting of some spec-ies at a prefer fr-eshier locally produced tprodcicts inl their nlatu ra1 SeaiSOnl.
timie whiichl wvill enable mid-w\inter flowerinic. Fr-esh c-it flowers. in conttrast, still display cojnsiderable sea-

These conditions create the basic narket opportuitit>v for off- SOIIStiaspplyN fIluCtIiIttionIS il Mtost northern hemisphere nmarkets.
season si ipplies tof' firesli pirodhie firon t lower laititud(es and thle I mptorts (10 niot fully comipenSaLte fori seatsonail sltot-tfaills in local
souitherni hemisphere. H owever- flowvering of -certain crops may prodiictioit Sonici procicitS xWith shiort vaise-life, such as
depend on) such variable lighit levels aiid the occurrence of' pennies, are- TInt imported ait all and thiereforec are axaiilabl t oidx '
longer and slit irter clays in cli ffereint periiocds dliuri, t ig the Near. dcrini g a \e ry Ii mtiteci lperiodl As a result, a very seasonal
Thierefoire. grlo\\e is inl etquatorial couiiitti-ies Ihavi ngt nearlx coni- demttand pat tern con tinti ts for- siic-It floh i ral iodlucts. (on sunmeris
staut clay lenghI. light intensity and mild temiperatur es nu> not aret willing to pa>, v-c-i-v ihig preintier prices I'mr the first Smsall

lie Wile to grow certain c-i-ips at all or- iin the abset tee of'sophis- qjuantitites reaching thec inauket: after tI is timie, prices fall g1rad-
ticatecl liorticultcrird tecChnit1u teS. ualdlV as p)IOdCtc i tfon reaches its peaik. Prices uisually r-ise ag4ainl

A dc-aree (if' seasonal c-ci tplcmientattat between northe-rn toward thte coil( of tltc- siuppb\ seatsont as c1iantitities dimtinisht.
Ecirop-(I' itcld fhuc-i'gl procduc-ers cIties cexist. Tlic Di itchi suppl>' idthLtoigIl they aLrcn iit likely to ic-ac-h the - Iugh levels cif the
peaks finom NIarchI through September and the pirimary' import bcgilniliic, oif thleSesn
season e-xtencls ft-om November through May. This ci-eates ait Aitotleier factor affec-titig thie pric-iig of fIot\t-rs is the fiic-t that
uved 1.ap ill the- Sprinig in niitlths tif' NlI i-c-h throtugh NI a>. TIhic year's trios t floralPd iclciu-ts ai-e still ctset I prim iat-ily as gi fts fbi special
largest tottal niontthtv su pply thlie-cforc' tic-cuts M rh ittNl- It.an ociccasiotns atid itot f'or everviday personal u sc-. A iliajoit- -xc-eptiott
i-c-stilts ilt a sharp clirop iti prices 1mmoii Fe rctarx tt to N-atch. As is the Nethterlancds. whcIcre 42§{' of'c-it flo\Nt-rs .ire piuitc-Ihase-d for-
IITitcitittiOlecl caitlier i-Stilt te pt icdIICts, -siCI ic-taS s p iticlati1 c-at-- c-iottstinters' ossi u sc- ( HalobniLitk-F)- Th ereforeic demn d at t

1 ht

naticiis, are pimai l t t-l impor~ itecl itt thte xvi ittei ti iititths at a ti iiie c-crtain flcuweris peaks at-ount ti)C1 pccific- htid t ay anS cI SeaLSOTI tSlI-1st -l
wheni tI ie e is tio cli rec-t C-omi pctitittn betwx't-c- imiiitrts andI ltic-al ats Chtristinats-Nexw Year (mid Dec-c-tber to carly [tnmiarvlk St.

prodceico Tis ft ptotential it arket opportuiiitie-s f'or f'oreigni- suip- Valentiries lDiv (FPc-riuars 14). mid( tradcitional wcddlcing seasonis
p)1ects oif'othitetr produ tcts, s tic-li its rosc-s and c-Imrsati Idic-Ii is ius is ( atc- Spring' -. SiIC t Iicc IIIt Ot-xtf' tICS tcSpeilOCSOI Ctrilt
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ANNEX

(2101) to bloom in timie f'or thlese Specific occasions. Wholes-alers the buy.er, antlI thiereforec slborter- stenis c-lose to thle desired
and iimp1 orters begin to puricblase larger qpitantities of flowers, lenth(tl (about 50 cm.) coax' ac-tually- receive a Iiigbier price tblai
especially of' tile less perisbable varieties, about twvo weeks longer lenguth stemis (about .55 or- 60 cm.) (Batt, IFB).
before a given hiolidayi to allow timie for- re-export and distribui- Qo d1itV cai in lso be a seasonal conceept. with "good" quality

tioni to tlbeir n tiire dliStanTt customers. Heavy p~irchases for dis- lbeim', delfied accordingT to the point in themarzitketjina chain and(
tribfition to increasingly nearby mariikets, as we121 as higher the tnt te of tile year. lBecause vegetables and flowers inati r att

pii-s usually contionue unitil shiortly before the holiday. vart] ites dependinga oni climiatic coniditionis, they ittuist be
Auictioni atil wholesale prices generally peak a few diays before hairvestedl i-iper., or raw,er, at dliff'erenit timies of the year inl Order
tlie actual holiday and then dleclinie slightlv: tble fall in pr-ic-es to uiltimaItel -lv ttainii the samiie degree of' ripeness by the tunle
r-eflec-ts the need to ailowv tilt te f'or distribution of the prodiict to thev reawit tbe finlal consuimer. For- example. tbe minimnum
retailers. GoodI wholesale dlemiand( and hiigh prices ofteti cointinl- c-olor- standards fOr blocks ('lots) of tomiatoes int the DLttltC ea'-
tIe (diring the sveek af'ter- at iniaior holidlay since traders and c'table auctions clbange tli rotigaliouit tile year. Sinice tomatoes
retailers tteedl to replenish thieir- stocks to levels suifficienit for rip)en faster in suiimiier- titani in winter, grecener tomatoes are
tileetingc evet-vdav non-holiday related needs. 4 allowed to be soldI in tlhe summiiier anctionis because tliev w,ill

r-ipen before consumnption. bitt matv not be sold in thle \\vinter-
QUALITY because tihey will niot be able to r-ipeni sufficiently (Grower).
Quahitvx as we li as tottsumter preference. is critically imipor-tant
ill talarketincr fi'eslit vetetabtles and cut flowers sinice tliev at-e MARKETING IMPLICATION S
intetnded for durett (tiia conislttmption. Butt since these itemls Matrketitig htgit-italttv produce begtits xxitli consistently bi,t-
r-esuilt froti a hioulogic al production process subject to vaniabie queali ty prodiuctiotn. For- ft'esli vegetadles andi( cut flo-wers. tlhis

clitmatic condtion....s aIIcL are uismItalit- lit at otecit tthroumgh a tong and (ftciti reqe uirecs soill e degree of protective covering atid chltate
unicoordiniatetd niarketing chlanniel. mlatlv of thleir- key qu1ality control. Protected artric- iititure is i ncreasintgi necessary to it teet

attt'ibUttes ia\ bxie xaritable aiici unstable. Afut rSOutRCt Of' the growing cdetmand bNr atffluient coinsotiiiers for- qutality prtodutcts
co mpiexity is that mutch oif the appeal of' f'reshl produce is, aes- mid ini otrder for producetrs to dliffer-CtItiatC tltei r_ pr-odCt1S ilt the(
thletic amld ettotional anld, therefore, miati imiportanit qutality txvlt aitd competitive maiiss iiarkets. In the catse ofCult flow-
attribu tes Of fru-tits, vegetables mid floxvers wviil lii subjective, cirs. DultCh niarikct research has demt onstrateed that gr'owtlt ill

intang~ible, invisible, itndescribabile antii immi leasurabie qitanti V is outpac'ing pr-ic-e increases, anid su,ggests thait product
(Melamecd). differeiutiatioit and tile crieattioti oif itewe mlarket sc'gmettts is the

The concept Oif qutality' in fresh vege'tables and cutt flower-s oniv was' to saeiliiisiicrpoiaiiy(3an)
cullibotlies a iiii iltititil(e of diverse aspects whicih ate perceived Unttil (ui ite r-ecetiitl v, the pirotliicti(oii aticiti(I eprt ttfprotected
dliffer-ently att tlif'fereiit stages inl the iiiarketing clhaini. MIanyv pro- crocps was cdttminatted bV tdvelotpeed c)tuitrv\ producers. si ch ais
cduce quality tIharactenisties iiie clitfficuilt iiiltl sdlilieti iites exvin the Nethcerlandcs atuc the U.S. These counttrites dievelolpedi t-o\

imipoissible tot tiefitie tint1( agree uploni ( Melatliedl). It is inievitablet eredi hitutictiltutral itletlioltIs andl teebhiology~ inl Order toi extetit1i
Jh.podcswilb itlitial jugdb h ir pearailce atidl if' tliteir- otnvii atiiital prodtlic'tioti seasoits anit imtprove qi alitv. tou

Wotl(tuiler itif'uiriiiationl is offet eel conlsitimers wxill deduct' good better supply thieir oix'ii domtiestic mlarkets. They tlieil biegat
taste anti mltd inlternal qut litx f'roi ii gcitd, visible characteristics texpotrtinig these proitiicts to exploit simiiilar of'f-seaisoil arid hl~i-b
(Deters, Aivet sieben iiclI Nit it r These ititlu de tile product's quality itiar-ketiuigc tppourtiunities ini neighbmdtin( coutnttries. suich
Cetlor, tiliformiity atue fi ee(loin) ft out) blemoishles, piests atnd edis- as Genrullan, France', LJ. K. titId Canada. UJitil r'cenitlv\, odltvx
eases as evaluated aa'iainst sdttlie idleal coticejpt (Ifthat particular protduicers iii these cievehopeti comiititries had the expterienic'e.

prcocutct/varietyv. Appearance (fitalitV aistO inlCUdeS tilt plOdulCt mletiioclology. ttchtolotdlugx ainc1 capital to pr-aCtice proltectecd agri-
pirtesenltationi ii thte sailt's uitiit (cartoni, bunlch. etc.). atui)( its sor-t- c-itititr-e oil a large scaic'.

iiia c. i-adint and packing whic is ofrmiA morac to the uIOLC'ers itt d1evehtping, coutritiiesekn to expor't protettct-
wholesaler. edi cirops tii developed coIi ii try ' iiarik-ets w-ill, fir-st anic fore iiiiost.

Size is aniothier key externaizl chlaractenstic' of the prodeuct. hlave to comlpete directly xvitlt suchl hiigh-teclitolocg anid ihighl-

whiichl cati be mteasuied ailtl valued dliff'erenitlv in clif'fer-ent miar- qUtalitV hc'al production. e'specially if' suich prodcuc'ti(t is avail-
ket s. Vegetable size, is ililostiv i ileatsutiecl by eithier the dliatiteter- abie- dutritig the sattiie season. Loc'al proiiclcts ila\ b~ave htighler

or- ciicircunifrenlce Ouf the fr'uit, the coutit per cartonti -u weilght. protductioni costs. butt thlis will b~e comlpenlsateci byv entire t'ffi-
BtithighrtileasLiit'es (loIot ncsai o--elate w,thl gireater c-ietit labor. chteapter inpeUtS, rese'arch'liiclw extenlsicon advice'. latc

eleilianii( and highfler pr-ices: U.K. c-otisuiier-s pr-ef'er illechiiuiil-size recdiueed tr-atiSport ceosts. Moreover, loc-al producers cani suippi
tomlatties (471-57 milt . I whvlie Germianl aill Fr-etic-il con5is tielles frieshier prodclcts, ar-e familiiar xvithltoiIatl trading, practices. Soil-

prefer larger toillaitoes (.57'-671 ilmt. ) (Seker). sitiller- preferenic'es antii illarfket oppo(rtuitities atuicl cani better
Flower size c-aii be mleasuredi by the stemi lenigtih steill weighllt c'iilulcacwith local c'ustomiers.

or, the numober ofbhucocnis per stc'ni. A certafit stemi leilgtli ini cut In fact, prodtucers ini developing c-ounitries miax titt nlecessar-
flowvers is pireferrecd, beut theutre are nlegligibile differtenc'es inii 1 eiljov fa-ecost adatgscomlparedi tio produtcers5 itt devel-
price betw,een those that fit tilis ideal aicld those that did tiit: the opc 1edleilres hsle i all factiors are conlisidlere(d. Ft i- examlple. it

various sltiriter- steills are aWI too shiort for- the inltenlcletl misc mid is estjititatedI that per tiiiit production costs olf \egetaiblcs ill

the loitcger leniiglis Jiiiist all be cutt down tt tile clesiredc leiigith. Mexico anii( the LU.S. miie ofteil comlparable. elite to lomse \i selcds
SoilIle loniger leillatlis mlav receive a siai 1il premiumii, lint (otleiers inl Mexic-o andmiianyv (If the above adv antages fot- U.S. piroduc-
iliav be so]ii for less: loniger lengthis require work-cutttitg---bv ers (Ame'ric'an FaIrmi Bei'-eau). Furtltermiodre, produce buyers
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and consiuiiners often prefer local pro(Iticts over imports opecl anni developing nomiitries for hiigh quality, ofi-season pro-
because of' presumeni greater f'resiniess (Brooker. et al. dnuce. a nlenianid whiichi often caniniot be su)pliedl by local pro-
Brumfield acnd Adelaja)-a critical factor in the case of perishi- duicers. It is also helped bvy the reduction or eliiniTiation of many
ables. Experience in the Dutchi flower auctionis innlicates that an trade harriers.
importedI product miuist be of better (Liality thian the e(uivalenit Prodiucer-s of protected crops face several decisions whiichl
Dutchi produict in order to receive the same price, and of sig- directly affect their ability to pro(duce high-quality proclucts. A
nificanitlv better qualit to receive a higher price (IFB). correlation exists between per-uinit prodtictioni costs and( higb-

One wav for foreign suLpplier-s to overcome such a bias qLuality prodcuction: there cmli also be a trade-off between pro-
towards local prodlucts is to becomile integrated into the market- dcuctixity and high-qualitv. Three major produtictioin factol-s are
ina networ-k of a local supplier, wlichl gives the imipor-t product all obtaiiied at the expeense of lhighier- qtiality: lower investimenit.
the highler-quialih' reputationi of the local pronluct. Israel's cut larger scale, an( higlher- yieldis.
flower sector (does this effectively by selling most of its products As discuissenl earlier, highel- and imore conisistenit (qualitv p0o-
tI i roi igih the Dutchi auctior is. These produicts are theni mostly Ire- diic-tion requires greater control of the growing envi .ronment.
exporte(d by the initial buyers andl presenited as Dutchi pronlucts. This in turn-i necessitates inore tightly sealed structures (higher
whlichl is triue to the extent that they now inciltile the value- quality plastics or glass), more precise temperatur-e and hunid-
acled serxic'es prmidledl by Dutch exporters. An ironic resiult of ity control, possibly artificial growxing media and( suipplemental\
this practice was observed in the mi(id-1980's, whien carnationis lighiting and imiprovedI post-har-vest facilities. The constr-tictioll.
fronn the Netherlands (rnost of which had been iinportenl fi-riom operationi and miainitenianice of sucih facilities adds significalitl
Israel) received higher prices in mid-winiter in Cermany' thian to the cost of produiction.
carnationis iniportedl directlv from Israel (Staal). However, Producers also ititst ndecicle on the scale of production.
whien garower/expor-ters miarket through local ncorthier-ni lhemli- Investors withi sufficienit capital aLind in countries with little
spllere suppliers, most of the profits are made by imilporiters andcl intra-inldistry cooperation wvill findl large scale production
distribUtor's, with only indlirect benefits to grower/exporters. teniptii rg since it perlmits themil to achieve certain econoimies of

Anothier possibilitv for overcomiing local procdiuct bias is joint scale and( thtis lower average per-unit prodction costs.
venture production andl marketing with a partner froiii a devel- However, due to tIre extreme sensitixitv of the product. horti-
ope(d colintry. In this case, a hri h-quaility pronlucer or tra(ler in cuiltiural pro(huction is a very intensive and dlelieate process
a developed couinitryi contracts with specifie growers in a (level- which i'eqiiires the constant iioniitoriinay of miuitite details. It
opincT, country to produce andl pack products accornling to the also nlenianidis exper-t management and supervisioni, and that
former's high standards in his off season, whliehl he cani theni (lis- manual tasks be execirte(i with a pe rsonal touch, Inevitablv.
tribute to his established eistomilers. One SuIChI successfuil exaim- sonic dearee o(' q-uality w,ill be sacrificed in a large-scale oper a-
ple is the Moroccan-Frericb joint venitiure company Man-aissa, tion.
whliCI grows tomlatoes in Morocco oni 100 hla. for export to Tre third ai(lI per-hiaps imost nritical production-quality tranle-
Etiurope. The toiiiatoes are gIowii sortenl and packedl according off is that oIi highier- Nieldl per uniit of production area versus
to the stanclards and un(ler the strict supervision( of the Frenchl higlier product qualitx. If' tie price systeiii nioes riot adequatel,-
partiner. S.M.O. f'ronil Brest (Brittany). They are thien marketed reward pronducer's for higher quality (or penalize theiii fo-r lower
in France in the winter unider the Azura brandl name, filling the quality), theln an incentive will be createnI to maximize the
ral) between the seasons of S.M.O.'s Saveol bran(i from noltlh- quantity of production per unlit of area (subject to miara,inial

er France and Soproina brand f'romil soutiler-ni France costs) in or-der to maximize revenuLie aiid profits. This higher
(Nuniniluk). Similar owneriship or long-term conti'-aetuia links productivity can be aeihievecl in horticultural productioni bN
have also been an imporltant part of the dlevelopiment of Kenva's su chl practices as manipulating ntitrienit and ir r igationi levels and
off-season f'ri it and vegetable trade with WVesterin Europe conicleiisiimg planit spacing. But these same practices will alsso
(Jaffee). lower the qiiiality of' the proniuce: the result will be watery, less

A long-distance supplier's rep)utationmi coicerning the f'reshl- mieatt and less tasty' tomatoes and ciut flowers withi weaker and
ness of liis prodUct is especiallyx pr'oblemiatic if lie lacks access to lighter-weight steiiis. The Dutch glasshouse indubstry boasts of
dailn transport. If, ftor exaniple. a geriven comitrv has oliiI) twvo its tecihnical achievement of'producing as iiiuich as .50 kilograms
flihlits penr week to a certaiii niarket. aii importer caiinot know of tomatoes per squlare meter between Mareh and( November
whlichl fovers in the slhipmienit hav(' beeni in transit fOr oile (.lay (Ministry of Agriculture-1992), but stuchi liiah yielcls miay have
andl w'lich for four (lays. One canilnot simplv calculate an aver- comtie at the expenise of highier- quality and ma'y explain the
age age f'or the produce in the shipmenit because the four day recent decline in sales anl prices of Duthel tomatoes in key
ol( flowers deterior(ate before those picked le(onne recentlv. In markets like Franiee and the U.K.
this cast', the iniporter iniust relate to thie whiole shiipmient as if Producers for mass-miarket retail customers can i'ealize high-
it were four cday s old( aid(l pay a redlucedl price for all flowers. n'r prices wvhen they supply services which acidd value to thieir

Ti e complex qualitfy factors, combine(l witi the seasonal produicts. Dtutcli exporters, foir instance, receive premiui
nature of veg'etable and flower prochuctioni, creates a iniiltitticle prices for freshest vegetables anld flowers in iiany European
of tranle opportunlities. soiiietiiiies in unlikely nhirectioiis. Some miar-kets (Tradstat)-dlespite the frequienit wezakniess in proIluict
pro(ldicing ani(l expoirting couiiti'ies are now' iriiportiiig signifi- quality. This is so because the Dutclh proxi(le coiisisterit andh
callt and increasintsg (iqanitities of freshi vegetables aLind cut flow- r'liabule sortinu annl grading. high-quality packaging, a wide
crs in their- local off-season and even thibruighiout the year. Tbis :nssortn ent of' prodlu ets ann( gnoocl customer seivice.
is happening in rcsponse to corisuliier- delilaiici in both dcn'el- One studlx estimiates that the market for prn'millinir quality
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fieshI toliiatoes anill othel- xeg(etahlles is onlY 1%, to 15%C of thle ixampl)l one iOiit 'jor Eiiropeaio rose llreedler is loe atedl i0 11o1tl)-

totaJl Illaikt. Ciiis-(ipiientiv. lalre glowei-s wh()o supply Iiass- e('ll ( i-iall\ antdiajiotlier in soitliern Fraic-e with its

iLa-kset retail Clains p)refer to pr holite iil\imimii \iel(ls of Nied(literraneiion eliimate. BHot in Israel's Mediterrai eainil settiiir.

iiiedioere (jiilitv prodlicts. aIt least lor tile tillic w illc . Nl sm of tie ( ;ei-alln varieties tiid( ilot tiie- Freiici i, actuiilv growm betterl

tile Samlie gtiiwers also b(elieVe that the mairkets of the fitiire sill an1(1 have ilbeeill I the b)acjkholle of tile Israeli rose illdistrv.

dl mand olst] high -u iiyalith produiee. anld this a rle thereftOr Coil- As inito)lriliitioil retuiirelliiets have (grIo l So h lIds tlit (cost of

staiitlv testilng le \v Vstrieties lor lietter tatste 1il1(1 reasonabtl)le p1ro- .gelleriltill andl( (lisseiiiitiatiiig tile needed di(ita--t itih the resillt

dlietivits ill order to be ptriiepir ll \5iie Ililmaket enOllditiolls that ihf)llriatiol haits l)eColle even less availahle. G rimnllleCiits

liange (Scker). While tlhe belief tlhLat liger qualit\ will ill biotIh deveeloped ndit1 tdevellplig er oiiitries hitv( (l1raStiealis

beeoiile 11 iliiiiitiiii req{iiiremelt to ciiipete ill fititire prodlice i-(cloIet (l SulI)ppolt for agLieiiltrl<aI anlld( lltiCor lteoitral reSearch.

Im arkets is widekl sihiaredi hitsoii & SwirnilhankK io mie ean pie- cliseti eNx)eriielnilt statioi ns. pihiased olut lIlijisersi ts researiel I))-

tiiet wiheii this ilinrllt ocetir. Ill thillem antiie, cse po Ip dl cer grlamillS alld hills or partialv elillillnated public uxtetilsioll 1(1\ iso-

tl(l e\porter noiiist dec-ide alboulttile silort d(1 loig-terill ilil)ol- 1n servieis (ii eases svliere these ever e\isted). In thte earls

tanlee ol investing in (Ilaiitvi a1d deve lit ai dlol)(l Ililagwe t1wil- -i ep- 198S0 's. the U.S. stoiippet Ilifndii tue coll eetion ll fot criciltilt e

tiittioiis ec-iirlii is. statistics at service \wlieh Ilans since resimii ned. TIhe largest flowcr

aictiiol ill the Netilerlawiils, tile \VBA ill Aaisiiieer. eiteti hligl

INFORMATION NEEDS publiii cation costs ill ceasilng lpo bieatioin I its statistical seal-

(.iNen th et'e t le c lillexit\ oil mlarl ketiln fieshl i egretables lio k. wilieh did lut. ill alN (seiltt iiielicide sltificieilt dletatils (i

aili(t cnt f1 vie rs ther r is t grIeat lIec
1

fitf Woil11Vl i C- 0s e aild liii ost iilterest to rgowcverIS dildl triid cis (A aIs ils e r Nie i s).

ip-to-dalte in -miain tioii abiouit eseiv aispect otf proluctioll an Eniurthermiioire the acceleerate(d iiiteg(ratioti of tlic- Eon ipeail

matrketim'g. NLEirket-orienltedl producltionl rtequIires conltinuTous ( ollllllllit\ illtO aI sili' d ecollOlilic enltitv. (limillaltincg illt( rnalE

llarlket research atindi a snl)i itli fi t i- illforimiatitl ill ordletr to blodcicrs hIIIs raised cili-eli0s aiii it ti lc iltilre asai ilbjilits f,l

k-ep ci) pwitil chiian gi 114 Siipplv am iii tlemilalnidc. c-i siiillu er tastes illtrai-E( trai(le dit t.

aid icl iiiarket reglolations. Prt)cilc-c-rs also ileec(l iietliotis thlat suit l tither wodlds. svhlile the ilifollatioll needs of proclic-ers ill
their -al clO\ming cowlitim research i to soide toUtiirc p rob- p ritectetI c-i)ps c-instlltlit nc-reats-- tie b)1ad t dlissc-mnilliatiol (I

ctis ailn to dcivelotp it 1nd atdiiipt iiesv piillii-ts andll iai i atlvisol siic-li ilowillnatiol is Ibt ii4 cm-iitailed -l a ri-ket participanots ou,

sei-ic-c to c)cliimill iinictate reseail-cll ri stilts to g-iow leS i-s n (i gi-i - iici-casingr tleit pri-iate tilic-tiot s of such inhlli;aitiol-aii

cu-s n'i-els to resl-llelrs. )ten c-tistlv ldileasir. To dhissemllilulate the requiisite illt0liaoU-

ILocal iesearc-i is especial lv imiptor1 itanto piotec-te-c Cror \ijivr- tiollt 1 ii itipr uc-esall triatlers aciic ss dii ffrtellt c-i iltties a11lld coll-
ctics whic tl ic sere bled ad t eselo pc ill iht rc-i otiit ies aiici ft tilielits liiiist cto( ie rate aidl oI lladi)rate (:( G lliien0ts ill Uolii-

otiher iprodi-t tioi i cll c(litiiins -Fjirst (l aill pritolict sele(cttioll is triis \itli ne\ p irodiiceis ot pifp tectic C-o ps \will 11hav to ellsiire

ittenl dliffic-olt blttcaoUSC C i tc-il piti((Ict c-ategYona llila c-iitaill a lew the p-lpoisioli ol t(ltad(u;itc iliftrniim tioll allitt (illlt-stic Illrikets.

to a fC-w Ihudred c(l cililae l \iii a strieties. Eatcli iOse. eCallI;ltioll, anti dssist cxpirters ini gathieiilig the nec-essan\ data atbout dtieel-

c-hrv-saiithiemuili or "eibe;ai c-lli iIe its otwl life c\c-v it- s wehi lioi-ile ts in fbreign tuitrlk-kts. Ill the illenitimie. tih- illfoiillatioll-

as sopplv and tile ltici aiid tiell(is -slsic-hl c-il tiiemselvs t ii He ill g.atherilig cayability if tlle sectoi i ti)(ri/iatiims in D)iitc-li hi-ti-
eat-li miajoi marak-t- Sec-midui it is diiffticult to piedhict wIic-l sari- cultre i- ill I acl( to the atlreacd suibstalitial cot palp tt;iie ;t(ltll,-

eties sw toripeifiri s\ell ill IlI-s antil iitested c idlitions. For tauc-s ol' [)iutc-li t'(poiters tifproteCti-il er 1s.
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MARKETS AND TRADE
OPPORTUNITIES FOR
PROTECTED CROPS

Tile locil dlomostic- marktet isa im otat-mdot1 ludr It Ic colltr's o-\ol colptiti\eiicss Ijat'f'c). A. dk'\etopud

iliw lile (d15cilIpiliw comitries. Nearki c5iir5 couititi's las it', 055I1 pr'odllcti(ll a111d pIrd(l(ltillll if[ pecnods f;illiiigr outlsideic larrltlw
.5sol'5 ai produ(1ct 11ion olmt ations its \\ell (its1 its Im 155 dtie\cii p iiig ex'polii 1 market \5l 1(1indow Is- u 5 \\il as produc whiiitt hl docs1 (i iz oII t illcet

se cli it of 111ir 11all middtle-cIlass anid I ~)''-litp i ioill a'C-olisliilo i- 111 \poit stan dards. E\ti i \51h1211 domestitc prices12 a111 l'Qltiveh lo w.

\01 lIII~ bes It iOItel'12St1'C ill iiff-SCaisolii lug1
i(IT (IUi t\ iaidv d Iii(Iie] d1cr ii i]lstic' sa1 ca (111 still be It'1112jlol- prfital le t ilitii 12-Kpo is due11 to

priict-t fiitsi pr1)od111ce. If' thi mia01rkct liias I s\ell- tilctt 10nill g 1CdII('11 p Cd INc ing und1 tra111spoilli colsts (Ni 1i)11iiik . ill a111 evel2t. aI

price't 5\stiill., 511s1a1o1l pri'd(lctil llSll sortfalls 1111d fiIlslitisfiQ(d 512121-d1251\c j2Ioc locatl miarki t 101' protected crop1 catll illdlir't'tl\

demand( for hii' i wir tiali lx pirioilici 'sill create tilom0estic 1 ma rket illiplm r i 52a 2)1 dl'tVs0 repl itati( ii as a I idiA -qJIalitv su ppier I1'sinlt'

as c'\p) it po ssi illitits. FlrIIll Sp-alin ill 1(12c2 nt '\car11' ilhi 1st ralte this proess.

tio NIi'\ico, tile domilestitc iiirkeut has c-illenwdill s tile pr'inc1ipal D)oiiestic markets also illso151 less risk ilout c\peiise tiliao

51k\oltictI fMl producer121s w51o pl'v'' 0115s1 'ol-llt ra21 t11td1 o1n 12\p)lrtililg wi'th iliiclti .siimpler logristics. t'0i1liIlt11iiiclLtIOil. p15\-

t"I( iii lfsl l ttfteshisiltlls Ateir joiliiius., tihe (ATT m1clit collectioni alit betteir atcces.s tii imarket iitlorlutiali _ll-;

i~5.% po lls 0 WI i't'lI'5Cii1( 1d 1I OLo loit'il 1_55d!(11l
t ddCdi coilmoiotrics,. tloiaiestic' m arkets lIlt iOfteii Solilt'5stlat p)rotTt'ctt'd

sililcl scildii, sicc. ollw-,tic"rovIli, olliil111115t ( cite- Io m ot.L clpolcc. ilslacfl potli\t i

io>lp1)citlhl\dl idtwiloli%ald'I)\ n th(f ti-I-is tplir f 1ul-ult roIiet cpiem re

Mo:\io's1(~Iilh eI)I_tIlifkH,tlt- .S l~isrciitedil pic-" od o nik etalih tei C IM--toll iIl WIlIZLi0IS 3it
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INTERNATIONAL MARKETS:
NORTH AMERICA

U.S. MARKET TRENDS: VEGETABLES concerns as well as to comiipetitioni froim fol'rzen anid cannecd veg-
The U S is the single largest miar-ket in the woi-ld foi fresh veg- etables by creating a wliole new ranige of pre-cut and pre-
etables, with sales in 1991 valtied at nearlv $36 billion. Siniee packed freslh fruit and green salads. Tlhese, in tuiri, have raised
1987, the value of fresh vegetable sales in the U.S. hats gTrownvi issues of possible conitaminiiationi in the preparation of such
ichl laster in real terms (+±19%) thian the increase in overall products hbut new lal)elling gui(lelinies whichl reassurie con-

consumiier spenidiig oi food (+3%c), which reached $619 lillion soimers also promote the healthiy aspects of pre-cut salais.
in 1991. In terms of voltime however., U.S. per capita con- Fresh produce still dominiiates the market for friiits and vegeta-
smimilptioin of f'reshi vegetahles increasedl bv 6.2% (luring the bles in the U.S., accouniting for 83:3% of sales in 1991, versius
samite period, indicatinLi a rise in ieal prices. Spendiling onl food onlv 9.1% for canned, 5.2% for frozen andcl 2.4%7 for dr-ie(d pro-
in the U. S. has continiued to dcl cine as a proportion of total coni- (lice (Euromionitor).
suimer expen(liture, clroppinlg to less tlian 16%l in 1991, wlhile Tomiatoes are the leading product in the U.S. fresh vegfetable
the share of spending on fresh procluce as a propiortion of the ma.trket both in terimis of sales vaxlue ($3.7 hillion in 1990, o0
total spending on foodl has ilicreased, reaching .5.8% for fiesh 12%) and nomninal sales arowth (-42% fromi 1987 to 1990).
vegetables (i.e., less than] 1% of total consuimer spenlidinr) and Potatoes are the seconidl lea(linu prodlict ($3.35 billion), followed
2. 7% for fresh frnit (Euronlmonitor). bv lettice ($2.9 billion) and onionis ($1.4 billion). In terims of

Protectecl agricultuiral procluctioni and greenhouse prodliice )er- capita con0s0iuimption of fiiesh veetables, the mnarket leader

arle mlulc'h less COmmIllIOnI in the U.S. than in manyI Ither devel- is potatoes (21.5 kilograms in 1990), followed at some (listLtice
opecl couinitries. This is dIue to several l:aetors: the J.S. is a large hv lettuce (12.6 kilos). onlionls (8.4 kilos) andl tomatoes (7.0
anid open internlal mnarket xwith a well-developed roadl-tralls)olt kilos) The evolition of T.S. per capita consumpticon of fresh
system ancl its own warim-weather winter produictionm regiois. veaetal)les (exClucdinIg potatoes) fromi 1970 to 1990 is presenltedl
sIchI as Floridla and Soutlierni California. and U S regullations in Tabhle _ In total. U.S. f'resli vegetable colisutiiiptioni (includ-
han the use of inalny chlemiiicals considlere(d essenitial for green- in,g potatoes) reaclied 86.5 kilos per capita in 1990. which was
houise prodluctioni. Greenhouse proluce is estimitated at less almost twitce the rate in nor-thierin Europe of' 50 kilos hlut less
thatn one percent of total produce sales in the U.S. The per tlu zi f hill sontlier-ni Europe's ratte of 00() kilos (Euromonitor.
capita coinsi imoptionI of greenhouse-produiice(l cuumhllbers, for Rahohank-V).
instance, is only aboiit 45 gramis inl the U.S.. comipared to 450
gramis in Caniadla and 4,500 g(ratnis (4.5 kilograms) in the Table 2. U.S. Per Capita Consumption of Fresh
Netherlands. In contrast to the U.S., neithier Caiiada nol tlke Vegetables (excluding potatoes), 1970-1990
Netherlands has year-round supplies of inexpeiisive field-grownl (in kilograms-farm weighit)
saladl v(-etathles, andcl greenhoiuse production is iiorc' compl)eti-
tive xith imported products (llue to transpoirt costs and(l customis 1970 1975 1980 1985 1990
dluties. As a resilt, tlhe Canadian province of Ontario has thle Lettuce 10.2 10.7 11.6 10.8 12.6
largest concentration ohf protected1 \eettable p)rodluictioni in Onions(l) 5.6 6.1 6.0 7.5 8.5
Northi America (Neff). Tomatoes 5.5 5.5 5.8 6.8 7.0

Greenlihose p)roduce has liceen solcl in t.S. supermarkets Carrots 2.7 2.9 2.8 3.0 3.6
since the early 1980's and retailer-s report sntilll hb it (growing Celery 3.3 3.1 3.4 3.2 3.3
conisumiler interest. Hovever, they hav'e had to invest iii edlica- Sweet Corn 3.5 3.5 3.0 2.9 2.9
tion campitigns to explaini the higher prices of' greenhouse veg- Broccoli 0.2 0.5 0.6 1.2 1.5
etables. Somie greenhouse itemis aire becoiniig inccreasinglTv Cauliflower 0.3 0.4 0.5 0.8 1.0
popular because thiexy Ill certain ich('s: 'vitnter ll\(lropo l lie Honeydews 0.4 0.5 0.6 1.0 0.9
toi natoes are viewed by U.S. conSiumeirs as tlit' tastiest alterila- Asparagus 0.2 0.2 0.1 0.2 0.3
tive xlhen field-g'oWnl VilIC-rip)e tomiatoes are unavailahle. The Other (2) 18.1 15.5 15.7 19.3 20.3
U.1.5. nowx illports imiore thlain $40) llillionl il TO'(1-ii1ouLse \e'retai-
bles froin the NethieI-laInIs, consisting imainly uiofp(4ppers (S9(Y TOTAL 50.2 48.9 50.3 56.5 61.9
toiitatoes. edlivc. CuCUmbil)eris aiL(I i ovelties siicl1 U as wxi tile (e -

plants ( Neff, Rabobank-\V. sm,,,u I S E) .I'm , ,, " . r,II n/i I -i,

Fr-eshi prochuce satles iii the U.S. and ot(h tl deve (loe p lotey (l / _,ii mt.r II.I'I .1 l 1b, p,i 1p,s. I ' I'l, 1b mi,, ', ' 't'iim

ilam'kets have )been m ifluienced bv consuinirders it'ei u'iicl tIm -desiieii'h isth

icr (liets and the convenience reqiuireinents of ntiodm'ur
lifestyles. The fresh produce in(Iliistryv has rt'spoinided' to thie-Se
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Production of frieshi vegetables (exclUdingL p)otatoes) ilk the Table 3. U.S. Imports of Major Freshi Vegetables, 1972-
U.S. inicrieaser1 in soluime byv 18% friomi 1986 to 1990. fromi 9.2 1992 (in metiric tons)
miillion o letric tonis in 1986 to miore than 10.8 miillioni tonis ini

1990. Iceberg lettlic-e continues to be, the leading vegetable (972 1977 1 982 1987 1 992
Cr1op prIOdUced in the U.S., and is of fart greater im por-tance in
the LU.S. thiaiin iii an othier eouintrv'. Fromt 1986i to 1990, lettuce Cantaloupe 70.5 83.1 82.9 135.7 219.2

pr-odCLItion, increased by 26%. fr-omi 2.6 miillioni tonis (.29%7 of Cucumbers 77.1 114.1 106.7 213.0 196.6
total vegretable pro(dliction) to :3.3 miiiiiolk tonis (31%/ of' total Tomatoes 266.7 359.9 223.9 414.1 196.5
pro(llction). Onions svlcr tIle second( largest crop) (luiniiig this Onions (all) 27.9 65.5 75.3 168.7 189.7
period. increasinga 2104 to 2.4 miillioni tonis. Ini contrast to thecse Watermelon 72.3 79.7 107.9 139.8 96.1
two l)ro(lu(ts and to its owii increase in sales vailue,- the prlo- Bell Peppers 29.5 55.2 76.7 89.1 88.8
duction of toioatoes---the third-c latrgest crop)-increased onl, Squash I17.5 30.8 47.4 69.6 85.8
791" sinice 1986. stabilizing at around 1.5 miillioni tonls Carrots 23.2 33.0 47.8 45.3 61.0
(FIIIo iromo tor). Asparagus - 2.0 7.3 12.9 26.2

Although imports acecounit for less thani :3% of frieshi vegetable Celery 0.9 0.6 4.6 1 2.4 14.9
Sales hi thie U.S., in 1992 the', comp)rised 1.6 miilloion tons vai- Lettuce (all) 0.6 1.7 6.6 8.3 12.3
tied att abouit .8730 mlillioni. The leadingy iml)ort p)rodiuct hias Broccoli - - 0.1 10.3 9.4
grenerally been tomatoes, in miost vears accouintingI for- between Cauliflower 0.1 0.6 4.9 6.5 8.1
2(0% and :35% of' both the total valuie andl total fialantity of
impo Irted 'lies1 i veg,etables. In 1992. the secon d iios t vab iaNle USDAr VR 1LS (. Gwn,n ' oen, er" 131Been on /Ic('ee

ilnllort wvas oniions I.15e/r ). follosved by bve11I pepper-s (I12%)~o alId
cIlcunlmie s I 0%). fIn otlvl fIllost poutflie-tiiate T U.S. is iloa la- uplier of fr-eshi vegetables to thte

\.ie, llI Irn \1 val to ver~, (IC p)ldItling oill (lollmestic 511ipplN Coll- wor(ld maiirket. exportillg niearly 1A iflillioii tonis of fl-esh \ege~ta-

ditlllIlls. A\s at i-esiilt. thei larg ,st in 11y)rtedl cro ) in teroils (If v(l- bles in 1991 valued at a)ouit 876.5 miillioni. Canada is. natoirallv,
Ill II)il II 9925 \%as caIltaIlIlII)l I I4', ol the total:, filllos ed 1 tIe It-largst exl)ort iaruk-et 101i the U'.S.. iw(collntinlT for01% Jl' of,

[0iIJ IlIlIS. Mdcl 111i Il(l iollols 1' ri eaclh:. waterlIlIloi a/Il U.S. exi\Iorts IvY vXIolume alld 76%, byv valule. JaIpan was thle secoIn(l
I/Ill fItp)l5cr (l~iQ eallI). q(iisllNi ~i ;, 111(d cirl'l)S /4%4 1. Tiillk ICt-tlilIg destinationl foll U.S. frleshi vegettable eworllts ill 1991 (6%,_
:3 slo\\s sthle evolultiorn ofIthe U.S. hI 111t \IlilIws( ofth tll'tad- 11 5 (lOlmie, 9`9` bv vahie). f(IlIoIwe(d byv N'lexicol (3.6% byv volume.,

in, frecsh veaetithles silice I 972 Flr (om(1 iiitI rl, USDA) -EIRS, 2 6%! 1k valuc). TI Ie leading LU.S. fresh serretiblel exports are
U SDA-FAS). lettuice. toina)Itoljes- b roect oI. oni/Iioi 5 i al aR I m aragls 1.which

Mlexico, the worlrds secon big11 agest exporter (If freshi vegeta- tolgether account for- (Ier hialf' the toltal expIol-t vol1u me and(
Ibles ( labobank-V,) alul( tIle do)1 minnt souIrct Iof illipIorts to the vailuie. The USDA I lelieses thazt U.S. fresll vo.getablle cxiorts

UI.S., rcglularlv sullpphes ilno)re than (/1 it' illili tIn 6 s1 Iof fresh svg- has\e gYrownI recelltl dueI to gr~eatcr trade Iliberalizationl. U.1.8
etabl les toI the U.S., aeclouInti 119 fot r 10or-e th an SO914 of to tal U .S. advall1tages in thet areas of ted h01)1ogy. t ran sl-ortatio an1d1( c-oIn -
ill] oreta ( Alneri can Flt-i Buln131reanl ). This sup1)1l IV is 121 cie I) t raltedl intin1icati on links, aind I1igb ll lualitY P lro(ductionIl ( PorItcr)
dor11ing tIle xvillter/sprillg PerCiod. whichl rollighy cl/rrespIoIld(s to
Floridla's m1am PI)rodtlttio)n periol(l a1nd comIplem Ients Cadifornia's U. S. MARKET TRENDS: CUT FLOWERS
peak suimmlier/l'all produlction Season. TIe U.S. iS tied W5itlI Japal I as tIle largest single mar ket f'oi (lit

Direct Florida-Mexico U on1 1 etitio)n is redluced h Ily iffcterences flowsers in the svorld, with sales ill 19911 of abouit $6 bsillio n.

in tIe Itregion al si iIspl Vpatterns hi mi awjoIr U.S. II arkets . Flo ridal is FloIradl iurch ases ar~e still con sid ered a hiixu rs, t 1o(11gb being,,

the leadincg wvinte r suppIIlier to cities oni thte East Coast and in thle common for- onIv a smal!l percentagre (If' the popullationl andi
Mlidwest; Mexico is the Ieadiink \vilIiter suppflier tol thle \-,(.St ilItelIe(lec largely f or speciad olccasio1ns. Average per cap)ita clIC-
(Co ast. DIIilliig all lof' 1991, Florida supl)iehd 48%'( o f tI e fresll slimiption (If' cut filowers ill the UJ.S. is estimitted1 tCo be 11111 14
tomInItoes arriingr ill Ioth) New Yorlk-NCwvark and (Chicagto. coIn- strIms pter velur. which is by fair tile lowest o)1 111 v I /aiof imai'ket.

ptarcd to 20%~ andI 27%~ respIectively' in these inarkets fro/nIt l CI prsIl o lmr urhs 1 tus(ffoes(ll

Cldifilwnia and( o1n1 1:3%- alidI1]1 frjoj llMexico. Iln boti tliese XCIIr ill [11pa11, .50 stenISi in) the IT. K., and 1.5( stelilis ill tIle

mariik-ets. 14% to 1914 (If til e freCsh tonlaittIes arrlivedI frll II1 (Ither N etherlands. LI.S. c-ollsIiilptioin is domninated 1) a the three tr_a-

fti't of' origill. 1)r1 iIliiri I fOloIi th oitlie Iit-i U.S stiites of lit o1111 f1 11)'lowe t 5\)(c5-cilIliItionls, oe n .1-slie

V'irgrii ia, Tennkessee anld So11lth Carolin a and fi'xo Il local in-statte oi lliis-iilldI tIle Share of1 other" flowecr types in tIle U.S. mlar-
I) rodI ItionII. m1aini v in tl I I)eiX'1d1 frI-o11It linie to Septei l/hcr I. InI ket is s 11iallCir thlai ili ai1) othter1 ii m CII flowr O//l10flTClIl 

coInpai-titrsoIn M -exi co wa~ s the 1 argest S1lpIl ieI r f tolllIto eS arriV- tiv (Rtabioban k-F)
iing in tlir Los Ang(eles imiarket (4'0%-) followed iw C"alifornlia Because (If its curr-ienit low per cap)ita c-onsulioptilI/I. loiw ralte

(:38%,` 1' aind Florida (21% ). with 111115 t '4 olrigii nating( Iewhes r ew of market pelletraitlloii all infrequencye ofItifprchlsing ciai fIl w-

(USDA-AN-S). Mlorc\es-er toI Inatoes fioIi nFIlo rida consistentlx l'rs, the U.S. is exp)ected to increase its neilil nld h or (l]It flowecrs

rcceive ai $2 price piremiulm1 comnparedl to tool azto Is iloix 1 Sinaloa11 at a faster rate (8% a11111itallY) th an oItl lel IlMaJor Ma rkets (16/ jin

iii N1ic\ ic (All lericalli Farmii Bureau), fiirtltier uicdlttingF thait Jap)anll Id 4% in -western Eurjope). In fact. denioail.I is expeccted
toIllatlIes frloill Florida a111d Mexico (lo i[CIt (0o11)tt' dIiiectlY ilk to doilHelwhCek\ecl the s\eiirs 1990) 1(d 2000 toI $12 b)illion (anzl

theC Samel( (luA-ditV SegIlelCit. DIlesbulirg. Increcased supercimarket sales lifie expIctedl tol (I/n-
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ANNEX

trihiitt' stronlwk to U.S. floral colli iso pt'onl; sichi sales, whlich, exporter of cot f'oliagre ($92 mnillionI), tile fifthi largrest exporter of-
greatl>N ninnItipi lv the niiin her ofp oint o5(f'sale, ctiien 'vacount planits ($S4 miillioni), and the 15.thi-raniketi exporter of colt flow~-
f'i r only ' ah'oi it 1(0% of' totatl flower puircliases. Supermarkets er-s ($14 mnillion') 1 Pertwee).
ei icoulraclt imipiilse purcliases 1) off'Criing flowers at relatively Sinice the early' 19-

7 0's the U, S. has dle\elopedl inito tIle(

Iiow prnrt's to coiisi iinrs whTlo mlight ioti piiiposelv enter a florist worltls secontli largeCSt impoirtei of cuit flowers (after- Germlans)\
sliop RI oI ahoank--F). wvith anillial im)ports in- exc-ess of' $3(00 miillioni. Ta lk 4 illi is-

The U.S. htas a large and dIverse florictilti ire sec-tor- witicic is traztes the developimitnt oif' U.S. imipor-t qpiantities of' iiiajor cut
located in vanions regions to take advantage of favoraHle chimiat- flowers frlomi 1982 to 19922 niipoirt growthi was especially irapitl
itc c'oiitlitionis and/or proximini to niajorf coil1stili]ptionl centers. In ini the tearlv 1 980's. ats tile U.S. dollair increased in v~alue irelatise
1992, tue top :36 flor-ic-iiltorie protdicing states hiad iiearlv I 0:300 to othier currenicies. reachiing at peak in 1985. Sinice 1985. thte
coinmieircial 1ciroucveis of flowers antI plalnts svitlh a pirocduction cdollari f'ell relative' to EuroI)eain cuirrenices antcI UI.S. impoirts cif'
area of'20.0001 lcectares (40% under c'ovcr) and wvholesale rev'- miost flowers grew miore slowly, stal-ilizetd. or- in somle c-ases
enote of alinoist 82.9 hillion. Thle states withi the largest prodotc- even tdeclinetd. espetciall v focir flo\wers fr-omi thie Nethierlandi(s and(
tioni area i incler- cover aire located in the mii]lder climatic zonies, Israel I Rah)ohank-F, F-S Mlarket News, Si iiitli)
suichl as Florida (:3,500 c-over-etil eetaires-8.5%~ cif whichl is
shiade tIothi anid teniporaryi etover) and California ( 1.500 covered Table 4. U.S. Imports of Major Cut Flowers, 1982-1992
lhectar-es). By comparison. Michiguan. at northierni state withi the (in million stemi-s, btunclhes (bti) or bloom-s (hi))
third-c largest covered prodoction area, hias onlv 2'N2 covered
luectares. In terms of' 1992 production value, tile leat(linia flori- 1982 1985 1988 1992
cuilftorie prochicing stattes art California ($666 miillioni) and( Standard Carnations 497.6 715.4 934.5 1,154.8
Florida ($526 miillioni), followed Ihv Nesv Ycourk (,$230 miillioni), Pompon Chrysanthemums (bu) 53.0 68.6 84.8 93.8
Texas (8S15(1 miillioni), Ohijo ($128 m iillioni) anti NIicliigfan ($128 Roses 90.1 1 73.2 288.8 574.6
miilliu in) (US DA-NASSI). Spray Carnations (bu) 9.5 8.5 23.5 32.0

Certaini states tdomninate the production if'some ty-pes of' flori- Chamaedorea (bu) I 6.5 I 7.8
cultiire prTd,loctS: cot flower-s (58%1 in Californ ia) foliaige plants Gypsophila (bu) 2.2 5.2 14.4
(156% in Floricda), andc coit Foliage' (76%r iii Florid&t) BY c-onti ast. tile Alstromeria 33.1 81.6 92.3
procluctioin of potted flowering planits anii( heddming plaints is iiioi'e Statice (bu) 3.4 6.5 7.6
evenly clistrihoitedI t1hroimgotit the comuntrv, wvith siumhst ntia4 pro- Tulips 13.3 59.0 41.9 61.6
chiction of potted flowering planits and h)eddinc 1) pinits iii popiilotis Lilies 20.1 34.6 32.6 36.4
niorthiern states suchi as Newv York anid Michi"i am (UiSDA-N ASS). Gerbera 19.0 33.1 34.8

The valuie (of U.S. floricuilturie produiction lIas cdoiht iN ini real Standard Chrysanthemums 26.2 40.1 26.4 34.2
terills sinice 1981t. Dcmrinig this per-iod 01ialoi shiifts liaice occ or-reci Freesia 10.4 35.7 33.1 26.1
iil thec prochictioni pattern of eachi inajiorci (op catecTorv: ctit flcow- Miscellaneous Greens 74.6 14.7 6.7 24.4
er's, poittedl foliage plants. pottedI flowc'r mg plants, amci h)eddiing Other Orchids 4.2 12.0 14.1 23.1
plants. These devc'lopiments hiave h)eei acceleratcd ci) lix li rapid Iris 9.9 30.1 26.5 22.2
grioixdt of' cot flower iimpcorts anti I v tile piritetcticve effiects of' Leatherleaf 0.7 0.1 0.9 19.1
U.S. quiarantiniie restrictions oil imipor-ted potted plants ant(i )ecd- Gladiolus 0.8 3.9 3.2 5.1
cling plants. As a resuilt, h)ecicing planits are- ciwoN thec leadliing UJ.S. Cymbidium Orchids (bl) 1.2 2.7 3.4 4.9
florictiltore sector, withi sales in 1992 reachiing $1.1 hillion, fbi- Daisies 36.4 16.7 20.2 4.8
lowed lI)v jpottedi flowering p)laints and tlieni co t flowers. Becdcing -

plants iioxv accociilt for :38.8%.c of'tile total v aluit of UI.S. flor-ieol- S,nc 'SO-A F-S.tarkct Net.,

torie prodluctioin. coni]pareci tci oinly 2.5.3% in 1981. Potted flow-
er-iilg planits. tiic' next largest mnarket sector, hat] 1992 salles of Miore thian 710% of U.S. cot flowver imiports ar-e suippjliedi lix,
$7.54 mtilicin. Fr-omi 1981 to 1992. the shiare of pottedI flocwerinig Cu iliomWia cvhic'hi sinice tile 1 970's, hias developed iilto tile
planits in tlilt total vaiiie of U.S. floriculture produiction grew worldls second( lar-est t'xl)orter of coit flowers (after thec
froim onlx 17.8%~' to 26.3%. Dmr-ilmig the samuut period, the pro- Ncttilerlalndls). Thic iimp1 ort supply pattern amid the effec-t of cut
du cticii valiue slilaie of' cut fliowers detcreased shiarply. fr-omli flovver riiports oil U.S. productioni havt' variedl accordling Ito
24.492c to 16.0/, fcir a 1992 valoc', of' $455,) miillioni. The shiarpest tWpe. WViile imports of' poilpoii chrssantheimiinis increased
cleclIimie iil prodcltion value sharite withiiim U.S. floricimltuirt' has fr-om just 2 illillioji hiiicches (of' If) stemns eachi) ini 197-1 to near-
I ieein expciieiienetd In' `0di igc plaints, wvhiie i diecrtea sedt its pro- IN 94 iniiillion i kinchies in 1 992 (8%fioilll CololiNi ia), (doimestic
Itioctioin \alue :32.2%7 in 1981 to onmis 14.9%; iil 1992. s\iti I a U.S. productio n wvas stalhit' fr-omi 1971 tii 198(1 at ah)out :3.5 illil-

wlioilesale \~ itiiie of $427 illiiillion. (Jot foliiiagie prod iimetioil \ altie. lioii 1 h i lci its. aind thieil dec i iiedl lx\ .56% to on lv 15.4 ill (liii il
0IiI tlic' itiher il1iaind, li 11s nilamint~iie let] stead I sliziare (if' htwee it Iiincix i cs in 1 992. Couinseqiieintl v. tile illarkt't shiame of domiics tic'
4`% anti 4.5%( sinice tlilt mid- 1980's i USIJ.A-NASS. Smitlh). production (decreasedl iet'tween 1971 toi 1992, frloill 94.4%7 ili

Tue U.S. is alsou a mnaJor expiorter of flor-ic-iilt irie priduclcts. 1 971, ti 47.6%~, iii 198(1. ti ionily 14. 1 %I ill 1992.
Withi sales iin 1991 iofovt'r $191) miillioni, tdic' U.S. wa.s tile fourtim A slightlyth dififert'nt 1 iatternI cleseliopu'd for roses: altlloi gli
laigest ovc'rallI expoiterm of' floIrici lituirme p riodu cts, fi diuowi ii tl ic i ii pout growstl i was eq ia iiv dri'aimati c. cdioinest it prioidiuct ion act ii-
Netllerlamlds ($31 Iuilioii). )eniniairk (8458 milioix), and til\> aniauiet toi increase (omt at at sloswer raite thlail iiilpiiits).
Cuilounhia (8:3:32 imiliion). Tlic' U.S. was tile siiigie large'st WhIile i'osc himpoits girexcv fiim onilk I imiillioni stems in 1971 toi
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niearly .57.5 in illioiin ste iiis in 1 992 (69% friloiii Colomb1in ia. 1.5'% Ther-'foire impopiirtedI tomi1atioes wviil still 1haxe to abide 1) n t le
f'ix)oin i Ecuador I), diomiestice prodncietn In va s stablle frjoii 111197 1 to piiovxisimils of' Flor ida's fc derial imark-eti i I orderi fo r tomiiatoe's,

1 980 ziat aibi iit 428 i nillnioii ste ins awli( thieii in creased b\ 2.5 t/ to xwh ich is inl eff'ect fol- ii0 cti bel' 10 to 1111 a' :3O. C a!ifori'Iia hias its
.5:34 niiiiloion steiims in 1992. As a r-esuilt, tie 1markeCt Shari' Of owni State imarketii ig ordcer- for fr-eshi tonutoes, adminiistiiered b\
(1o111estic' produictjion deei'eased oni ix slic gitixv fio i 99.8~(4 inl the Cali liiri iia Tomaito Bo(ard, whIici'h alrieadx' cover M' ie \icaiI
1 971 tio 90).6(% ii 1 980 aii tithen iiioIre shlai'plv (b)1t iiI nCel IcS'S tilom1atioes griowin in Baj a C'al tifwna anti liand led across the LU.S.

thlan tile fall iii cih r'sanithe i] i01si]are) to 48.2"Y in 1992. 1)o rder ilC'in(al iforniiia. B3a~ja pr)i'c eri 'is. n ilan>' of' wio 01] re joinit
Hiow'ver, UTS. iimports ( iof' es hae een gr'owiilg especiallye1 ti> partIci'S xxitlI SonIthern1 Caiif'ornlia rlowers, haeIpe

F'ast ill r'ccel]t vear's, inearlv doubliing in] qJi a1tiLt' bet-weel 198S8 senltatives 01n the Califoi'niai Toi ilitto Bioarid Ž1nd pariticipaŽte' fil
nild 1 9929 (F-S Mai'ket News, Smiithi) allocating tile Boar'd's i'eseairch and nlfai'ket dexelopmnent filltids

Colom)1bia ailso domin)1)ates U~.S. im)]ports cif Staindarci carnations (Al)]ei'ic'anl Fain) B ilri'ean)

(97% 1 11nd( spray carnations (8.8%7 ). but other Latiii Amilerical I Otbcir 1J.S. gox'eniniieilt policies exert Ccoi]flicting infli inciccs on
c'untiries have dexelopedi as imilporitanit siipl)i) rs' oIf ither types f'i'eshi proidu c'e sales. I-ihe National Cancer Inistitiute and1 the
of' cia flo-wers to the U.S. Ecuador. xvlic'e Coilombhian produc- Calif'oriiia Depai'tn icnt (If Healthi Serv'ic'es ibegain a large pi'omio-
ci's ai'e cuirreiiti niaking suilistantial iiwv'stni]]ilts. is ncIvy the tion]al campaign called tile "Five-A-Day Progriami for Better
leading( source (If LJ.S. guxpsoph ila imlpor'ts (41%, veisus 739% 1Ilalthi", wxith the anmbititius goal of indnciing Allienical 5s tio doiu-
f'i'iiiii Colomibia) and the sec'oiicilieadiing souice (IF'rose imports b]ie their cdailx si'rvinigs Fofrfiesh fi'niits aild vi'getables fronm 2.5 to
(1.5%() . Costa Rica is tile le'acding suipphier to the U.S. oIFiipforit- five. Produlce indulstrv orgainizations are now tnrxil tio extend( tile

ed c'cit leathericaf' fet'rs (93%)/c) ai11(1 the second laraest soutrce cif' initiative tlhi'ii h iglrSeMarc andi c'duicationi. I lowvever. for- per capi-
pomIi pon c'lrxysaritlhemlu111 (11%-(). The Netiherland.s renmains hi clei iiadtil do(ouble byI Ntile year 2000.,iti1111isti (i- tcraeli\ 7%~ per
thle dominianlt si ipplier- tol tie L) .S. of cuit I]iilbilowers sii its] x1 ear. whecreas aic'ti cii p('r capita t'oinsiIip]tioni growth1 over ti]e latst
inises ( 99%c), tillip]s (97%3/) ziid( lilies (.82%) (F-S Martiket New's). 21) vears c1970 to 1990) averaged tInli 1.3% per year. This devel-

(lpmlIent silIc-e 1970 (and particularly silIcec 1980) liias lbeenl ciie to
U.S. P0OLI CY ENVIRONMENT ii]c'r-easiiigf conisumner inlc'om]es aiid i'ghteilelaxaels ftl

Tl]e rec'eintlx negiitiated Northi Aim'irican Fi ee Trade Agreeiient hlealth] beinefits frIll ii eatiti]g( f'reshi prioduce'. Exell if thiese tr-ei]d5s
( FT )betx,v'ein tiit U.S., CŽianada aid NMexico, whlichl takc's xxert' to) c-oiltinile at the sam]i rate fi'cil 1991) to 200(1, ecilicatiol]

ef'fec-t ii] 1994, c-ould( af'fec't trade ill pr-otec-ted c'r'ops. Lliilter- aiid promolitionlal actixities w'viild have to genlerate' an additional
NAFTAN. agrieudtnral tradle atgreemnents are ibilateral. Since a and illprece-clellted '5.7%, annlulal inicrease iF' U.S. consumption is
U.S. -tCiianaŽ Fi'ee Tradce Agrcem'ent was prex'ioislv cestab]lishled tol doublec withiin 10 vears-a pirospect xwhichl is c'onsidrerd higfh-
ill 1988, NAFTA wxill have separate niiles for U.S.-Mexicani trade lv miiliikc]'i (Love). Meanwhile, thie UI.S. Environmental
ailtI Camiadian-Mexic'ai tradle. NAFTA will generally elininiiate Pr-otec-tioln Aglency aLal( tile Foodi aiidI Dintg Adiiinisti'ation have
all tai'iff and( inon-ti'iiff lbarrier's to lhoitic'ultui'al tiaicie between the initrodcIic'd' nexw f'ood saf'ety' mleasuire's whiich mlax' c'oiisti'aiil fututre
U.S. Ž0 id Mexico, eitl ier inim]e(diateiv ill 1994 (IF dmintll a phase- pi'Odclce Salt's I Eiil'11oiiitor').
oiiit pe i]diit to exee 1yerfo-iiost products aini 1.5 Nears~ U.S. imlpor'ts of' freshi c'it flowNei-s ar'e i'elatively ni]i'iestr-ic'tecd.
For- ceritaini ihighlx sensitivi' pi'ocluc'ts (Th]om]psoi-13). xvithi 11ost products F'rom illoIst siippliier's sti]jec't tol Ži .8% tar-iff.

M'exicani tomIatoes aire onle mIafjor pirodu c't c'o)isi(lei'tet im1po1 rt- (_'ut floIwers fi'odli] il]Žl cdeveloipilcg 'omiitricis. iii'ncluiing Mexico.
senisitiv'e bv' tile UJ.S. andic sub~ject to safeguard prolvisioInS ;md a enter tile U.S. dnth-f'i'ee undi(er tilt Generalized System (If
10-year phaiseouit in the foiriri of a tariff' i'atte quota. Tile U.S. wvill Preferences scileilic'. wihichi was rei'ewxecl in iulvx 199:3. The
ChargeIIlt a preferential N AFTA tari'ff'Fotin Mexic'ain tomaŽtoes up1 to Anldeanl Pact c-oiiiitr-ies weire r'ec'entiv granttedI special ditx -fi'ee
a spet'ific'd qoitai Žiil]i uoit ( 172.:300 toils FI'-oi I Nove'mbler 15 tio access to) tile U.S. ii iii'-ket in) orider to cic'oura'age tlieil' f'arniers tol

thie end (IF oFebrnar'v and I 65,5O0 toils from M'ai'c'h I to) Max 14) find( alterlliatives tol ilarcltiCS prOidliictioll. Special access wvas
andl( th[e lowxxest mo](st-favor'ed natirli tai'if't' (ciiri'ieiltiy 4.6 cents cieiiieol to) Co lom]bianl c'arnaŽtions. chrxsailthlel 1m1illS and ii)ses oIil

per- kilogram fr-om Novembletr 1.5 tol theci'('1( oIf Febriuarv and :3:3 the basis tli at tihex' (lo1 iiot intecl such trade c'onceSsions I Niller).
cen]ts po' r kilIogr'aml fl-oili Nii-Ia'cli 1 ti i a NIax 14) oIl aimoulints Possil!]le illIll-taoifT b]Žr'iieris to UI.S. florail im Iports inclu1 de ti'aice
exceedlllIg the quota )Thlomlpsonl-B I. Sini ce till cu rreint tariff, legiSlationl whlichi perilliits tiic U.S. I ilteirnaitiolilal Trade
rate is re ne rally c('(iivalenlt ti I\xell iiii(llei' 11% (If' tile x'ie io(f' Comissioii ~ n tol impo~i se couni iterxail incg du ti es againI]st f'oreigni siii-
frieshi tomlatoles anz iii(Sic'e NAFTA \xiii on1vl reoliice (IF elitill]ate pliers judgi'd toi be Subsidizing expoiits aiitl selling( produc'ts at
this ad ready low' tŽii'if'f', it is ilot expected to ha\ e a n1 atj IFi p t iis-la]fi-ai c ("umipinlg') ii] tlit' U.S. CSoniiies peiizil-

onl Me xicaii- U .5. triaide pat tern'is aid mari] 1ke t slhti'cs . izei I ini i'ec-eilt veal's lhixe iic I iti(ed(I Coiombiihia, the N etiler'lan(fs
Fur ithlerim iore-' sptci fit' hortic'uiiti indi cro'ips illI cer i't 01 pai'ts (If' ti e aniLC IS rae1 . TI 0\x\'ere, thic mi]ain1 factoris accoi iti 1 for' tile h eax'x

U.S.. si it'llias asparagus antd frlozei i xvegetabies, aireadxV fatiCe Still' U.S.-oriieiltŽtiO ni Of'C010oiib arl floral exj]oits aire niot prchfi'reiitial
comii]pet it h ion fro1 N-Icx ieii xwitli till tctui'ient tai'iiftf'. Metxit'an prio- alc1cess, or 11ii r fi ii' ale pirac'ticc's. b1ut raitiher Co lob lŽia's p rcixi iiit
(Ii it-tioIi aireas cii rci'iiit flice siic'li sc\xe i'probi]emils ciiinccrni'i i] to tithe U.S. iiaŽrki t ant1i its cilost' tic's vi th flo(Inl illmporteris. odistribi-

I ii i'I'trOlsti a tlt'ii ciiit'111 xa (f' ill''c iit anfi x iiiil tb lIt touP u's id cietaiiienS tiltri.. Siminilariv. ti e pri'iin rv' fa cti rs acciun lt-
ei nowi i to trans form thic' iii toI5 g sirilfit':ant export prodi1 u cts ii i Ii'm the c cieclIilie ill Doitc'lian Žlsl i Isreli floral cxpiiirts tol the U .S.

iAu c'ric'an Fai'nii B3iii'etiui). l imixe ii ot 1been~ AuI'ieiC'I lt':i-it(iae Sal iCtioIllS. illit rŽithCr i ti ie high ('1 c1st
NAFTA xxilii hit c'haiige thic UI.S. i'euIIJi'CinC'nt that Fresh prO- (If' tranlis-Atlanflic a)iri'rek gut anti the thi'Žiiillitic' reailigilliii'lt oI'

dui ce im ipor'ts f'rom Niexico coi iplv with LU.S. staiidaid'cifo F iF l I- tCXChalng,e rate's sinice 198.5 x\ihich w'eakenedi tile pmiiichaiŽsinlgpx''

imumni gate xwcigfilt, size antlI quiaiitv )iillIimpsoil-lB). oftl't' U..S. dollar irilŽitmxc tol Euro'peanI curi en'i esIli'.
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Western Enropveai countries together fori the largest siniale tioci in the E(' in 199. ILI/. tal vi was aaini the leader *with 10.4 1mil-
potential iiiarket ill the northl. i nl iemisph ere xwvith over :35( Ind- lioti toils. f1Ollowved hv Spaini (7.5 ci illioi1 toills). France ( 5.2 n lii-
lioni cOnsumtier-s, It market that is nearly e(Iijtal to tlie U,riitedl lioci toIis). the l. K. (3.7 m illion tonis). \West Germany (3._ mIn-
States (alboi t 260 it illion) aind Japan ilb(aOIt 125 million) co)]- lio1 toisi) acd the Netherlaniclds ( 1.3 iiiillioci toills). Altholigii total

)inedl. Ilovever, Europe is divided inito different tradling EU(. vegetal)le c oisi iliiptioli wVas larger tlhan in the LJ.S.. it
blocs-the Europeani (ioniniinity ( E(' and the Eiurop)eani Free increased I)v cils\ 6 .n ft-oil] 19.S5 to 1990l) cotpilparedi to a 1:3.39`

Tra(le Are a (EFTA)-wlielh are finrther sbcli0ded illto 12 acid inerease iii the U.S. t(laobaink-V i\.

6 eotitntries respectivel. Planis eall for somne CocLintries to sIlift European cotistiti ption o(f freshi vegetales per capita ralnlgrs

from EFTA to the EC: in the ecoming years. Signiificanit cliffer- froiii alloit .5() to 6) kilograims per year ill Germani\ acid othier

el ces also exist iil the pro (Iictioll aid eonstinl iptiol of fresil pro- itorthier-i Etrotpean ot elilltries to it] ot t 20)0) kilogranis ill soitih-

dlilce Irotin coi nitiv to eoiintrv and especiallv betweten niorthierin en-i] Enir-opeati cotiiti-ies sutch as Greece and Italy B thoU ink-

acid southern Europe. \While the EUC: eonltries lhave accelerat- O) n 011e tihe listorting ctfeets of potato Celisumip)tioii are

e(I tile paee of' th(ir econondc inlte(Etio)ll ill maniy resp)eets rem Iove(l l'f-oici thte imtalsis, tl)e different naticnal 1 x\els of'ee-

they leitiiI i IL aCOglW it i1erIatioll of clistiltet nat tiotral mi arkets. etable colusi iption ci e slitowvn to Ihbe even greater) ti)e stijd\l

Since Inally vtpes of prodlitetioll ait i m -ket data lhia, tiot vet shoiws per erapita co(Instilutptitii of fresh vegretLl)les (exeltIdlill
lleelh ai- liii o eize( ftor all EC' eonountries. tliis seetioil twill coneel- potaitoes) ratwringi fnoi iIt i eli i of 65 kilogrami s in Sp tili ti ald
traitte 0it SOIule getl e il Euti ropean t rends iat il soIille specific F ran ce to :36 kilogIletas iii the U. K. atdcl to o11' 7 kilograetcS ill

develolpmttents itt the mtajor itimporticig euouiltries. Germiiwn (bEiriotionitor). Atiotlier- study sluh\ts that while oyer-

E iste i. ELi iopCaMi Coun ttries. esl)ecial lv Poltndat tlhe- (UZech all per capita ctsI mpllolifrutii llfresh Iro(htce int]tc EUCis i lolre
lRep libi it i d Hlcit igar\. ate hi avillg itil ilwreajsij, ngffect cic tile or less Static, chaltli es Ihiavc I eell ocettiic-iit g ailloii differeilt

Eu11op1eani] p rodi ice market. imth as consitters is atl siupp)1lieis. coiuttties at dl xWit iill tile l) i.tIL1ct raii ew ( itso it a cd Swinitltnk)

Howcver, Easterii Eulrope is h)evondc thie scope of tliis section. Table 5 prese its per capita cionistmpit)t(tion dlati for all ftreslli

XecCtaNlles and(l for toilattoes i)) nllmaor E(: eOnntrie.s Iro)i

EUROPEAN MARKET TRENDS: 196S/69 to I989/90:

VEGETABLES
ThIe t fi-arienitedl aiatuce of the Europeait prodlclce imiarket cre- Table 5. Per Capita Conisumption of Fresh V%egetables
ates maina metllhodological dlifiecilties iii attemiptilig aiO gelner- in the EC(in kilograims)

al aitalvsis. B3ecaiise clata cilist lIe' aLgtrr(egatted froit (liverse All Vegetables 68/69 73/74 80181 84/85 89/90
nitiola1l soturees coverinig tan\ colunltrties and prtotltiets. lio two Germany 59 67 69 72 82

studies present tIle sat te figgures. Esti mates of inarket \vhilte are France 129 113 I 17 118 124

partieclitdlr triekv. givcn the different exehanigge rates bectweelt Italy 165 152 165 174 167

aitional Icttrrencies, tleir ftilettlatiolis over tim te anitid lifferenst Neth. 80 83 86 91 97

iatioital rates of fvalue-added tiax (V\AT) Tlhe E(U repolrts staltis- Bel-Lux 85 86 60 85 90

ties iin Europleatn Uttreiewv Uniits (EXU). ]lnt tiese are rarrely U. K. 61 70 78 85 65

uisedl ii specific iiLitr-ket attalvses lecause tle E(A. is not vet Greece - 215 217 194 225

actitally emtiplo\eci ascicrretcevini trade. ler. ciita ettisi titiii Spain - 160 150 223

dlta is (lifienlilt to CO1ttfpire aICeIOSS COLiitr-ieS aiild oer titile (di e Tomatoes

to the ellatginig compositioln of p)rodlliets I beitIg mleasuirel. Germany 9 1 3 13 14 15

Nc\vertheless. SIlile glleieral Col)ctetisiolis can h]e dlraivl alolit the France is 15 19 21 23

Eiropeaii market trell(ns for segctaNles Italy 36 36 41 41 43

E iilope is estiiii ttecl t I t a largc rci n sililler offifesh prolduiee Neth. 8 1 3 15 16 20

(all frilits and \egetablles) tItaln the U.S.. itlh tIte eiii tillnel Bel-Lux 18 24 15 21 25

market in thI teie largest EC. couintries (Gerittans. ItalV. U.K. - 16 12 14 is

France. the U. K. ad( Spaitil) salted in 1991 at aboiit $83 illiti. Greece - 116 128 92 76

Tl te eCOtuipalHC' miarket -altie in tIe 1U.S. was alitott $52.5 I)il- Spain - - 33 27 40

lioii, with a siiilar- inuml)er of colnsuiters-alliotut 2(i() to 28(1
iiiillioii-itt the U1S. at i i these scfiveE(E coiitlities. Italk is the s,,, 'id .... /. .

largest sitilc EDiroipeatin proldltc cinisittimer ini terit|s cf vallue

($29 1billiot1. ftollohwed b France atcd (Ueriiaiiv altblolt $11T hil- It geiteral Eriopepli eoticutries have e\x)erieneedl clevclopu-

liomi each), aud the U lK. atin Spaitill tabtt $11) billio tn ehll) Illetits fil the conlisitttt)timip tiof fesui prodctee sinicilar to tlotse ii]

(Euironionitorl. Ili terlis otf tiC noliltie of segCetallNC t OIcc stiiiIl)- tile U.S. \\hile thle trend( toward healthier eatinug lhas hleigilt-
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eoed the clenlliad for fresh produce, andl specifically for leafanld EC. countries. The leading non-EC suipplier was the Canary
saladl vegetables, a coincurrent clesire for greater conx'venieice Islandcls (wlhiclh is now palrt of the EC) vith $2.50 million. f0I-
has incr-easecd the demTiand(I for fiozen an(d canniedl veetables. In lowed Iby Morocco w..ith $1.50 million, andl Kenva with $42 rmil-
an attempt to reconlcile these conflicting demands, a niew indicts- lion (Thompson-C).
try of'pre-packed salads has dlevelopedl in sonice Eiuropeani coton- Table 6 shows thle iimport trendcs for tIre 16 Wadinia produccts
tries. Meanwlhile, traditionial vegetables have generallv been in the three manjor importing coutnies of' the EC, Germllay,
tin(ler pressure fiom new and more exotic varieties as well as France andl the U .K.. fromii 1988 throoglh 1992. Tomiiatoes are,
other substitute food pro(dtucts. For instance, the consumllption hy fa-, thle most important imlport prodcuct, accounltinig for about
of' oniions (perceived as unhealthyl) andl potatoes (replaced by 25%k of' the total, followed by oniois, cuciurimers. Icell peppers.
rice and pasta) lhas dleclined in most European countries. carrots, lettirces. cauliflowers and courgettes (zucchinlis).
Geriarnv is tlIe exceptioni to this trend, since constumiiers in for- Imports of imost products increasedl clhiinic tlris period. arid(
mer East GerrnanY haIve greatly increased their purchlases of especially in 1991, (Ine to the consumilption boom follo wing tlle
potatoes andl other vegetalbles along w\ith other prod(rcts which reuniiificationi of Germany (PGF, Fniit and VXeaetable llariets).
wxere hard to obtain before German iuinificaittion. Another anom-
aly is the 1U.K., whliclh is the onlV maajor market wvhere root veg- Table 6. Fresh Vegetable Imports in Major EC
etahles suichi as carrots are conisurnledl in greater volumlne than Countries (Germanv, France and the U.K.),
tomiiatoes, the leacling fresh vegetable produclet in the rest of bv leading products, 1988 to 1992
Euirope (Enrroinoinitor).

More andcl iore often, Errropean corisuiimier-s ar'e dlemanding ii (1011IMii'inI (1( )()( ton

highler iqrralit- ve'egtahles and new versions of famtiiliar products 1988 1989 1990 1991 1992
sluch as torimatoes, )ell pelppers and lettlice. sxitli hetter color, Tomatoes 969 1019 1009 1078 1136

shape ari(l flavor. As a resuilt, the miarket segml1erits for hcrlk veg- Onions 681 662 685 700 605
etable commullodlities and lower quality products solcl for process- Cucumbers 380 385 426 485 496
irig have b)ecome saturatecl, wlichl paarticularlV affects Eurropeain Peppers 268 267 270 308 343
farmers grroyinoa veaetiables intleopen fielcl\(RAuouuunk--). Tie Carrots 314 303 288 338 333
NAdk segments have come nAder fUrther supply pressulre as Lettuce 210 243 236 249 270
French arid othier orthier Errrol)eai farriiers hecomle interest- Cauliflower 235 195 168 171 209
ed in open Hieldl vegetable pro(lurctior followxinig the (Im-p in Courgettes 78 74 80 116 97

prices for g;riains atlic othier mnaljor Comiroioi Agriculturatl IolicY Leeks 46 55 55 64 75

(CAP) proclircts (Fririt & Vegetable Markets). Celery 58 64 59 60 68
Europeain pro(lidce sales, pziitic'illarl- of pre-piacked and p1re- Mushrooms 39 44 55 60 66

paredl salads. are being hooste(l by the furthter lde relolueient of Endives 68 68 68 62 65
nrltitples (siperroarket chailis). This tr-eil(is especially lnotable Br.Sprouts 50 47 52 46 60

in France. the LT..., the Netherland(s and Belgin.In tli contrast. Gherkins 54 46 53 74 44
in soirtlieri- Eirlr'oeari cournrtries siic'lh as Italy and Spaill pro- Aubergines 42 41 40 44 43

(lhire sales are still (loririnated 1wv smaill green-griocers arid- onit- Asparagus 26 30 30 34 38

(door' ri u arkets (Eiurom onniitor). Others 573 601 627 665 733
Prodicretiori of, vegetabtles if thle EC' Ias irrcreasedl 1)b an aver-

aigle of 1.P/ per year f'rom 1981) to 1991, or liv aboit 25%(. over TOTAL 4091 4144 4201 4554 4681
tlie whole periocl. This lias b)een achieve(l 1)y illpni'ing pro-
(lIuctiitx, since the total veyetable 'rrowinrig areit has remidiri nedl S£ 'wi- ('C . FCit & r 1i/'A-uk.i

stable at arori(l 1 .9 irrillioin heetares. The fear that veretahle Be-export is an irnportalint puewiinieioni in the Euiropeani eg,-
frodlicetioll would shlift to sorutierri Firopeal countr'ies has n0t ettalHe trale. A signiiificanit proportion of tle fresh Neaetal)les

miaterialized: cultivatio lias explandie(d ii the nortier'r states imroported irito soniie EC couritri'es is re-exportecl ther'lex silup-
(run ich of it iii gr'eerirhorises) atir( i i Spa iin- hot hIas (liriii isile(i il p Ring exp)orter s (riring the xviriter airlI otlier' pet'iodIs wli hcl lc(-al
Ital\, Portugral arid Greeee. Soutlrern Errrope I as, ini fact. devel- sr ipplnis are f iriavailable. TIe Nethierliads is a pr'iriie exar nlJe of
oi)e(l iti i a strong market fol vegreta)les fror a nor1theril al(l tihis trendl, havinig( re-exported exactly 50% of tIre 522.10))() tonIs
central Eu l'ofieall colilrtries itith Frxrnce, Be Iriguii) alild tIhe of' f'i-es li vegetalileq it iiiipotrtedl ill 1992_ or' 261 0)0) tons, Foui
Netherlands exportimug considerlable qrranitities to tihe souitli soiue pr'rodrets, sirelr as tomiiatoes. the re-expu-ort ratte was as high
(FIr nit ardl Ve(getalbe Nlark-ets). as 88(4 (PCF).

)f' tle urearl 5.2 liiillior toiis of liresli vegetalhle s (excluid inri Sinlce' tomr atoes a r'e aii iliportanitI pi)art oif Eurrol)eall Cliets arId
otatoies) ilrlporte(l in 1992 b)y the five larest EC country rar- srice thCeV a r a ithi (listict ehe in offS'it wi-

kets-(;errmarv, France, the t K., the Nethlerlandlcls aid( Italy ter plro(hirctioi, it is iatrrral that they sliorrld l)e the leading
(PCF, Fri'rit & \egetalle Narkets)I onilv S53,000 toiisz or 16%. iilpiort crop .. An(l. hecarise toi uratoes are tihe iiiost imipor'tarit
vall rre at $81.4 1ilillioii'l came fromir on -EC suppliers. liniports xe-gtal)ie en-o ) in teriims of' prod u ction r ali e in Euirope tIle
frNill llon-EC crirntries 'have b)een gro\%ii rig slowl, incricoasini g growinrig rate of' tlilato illrports is close

1
monitoredl. Bapidlv

I)Nr I 1 ( 1betwvce rih 988 (768,1)100 tonis) anrid 1 992. Ili 1992, the incr'asintri tomiiato uinl torts to tihe EC I ias raised great concer'ni,

thtree largest rion- E C slrpplie rs ou i'fresli \egetahl es acroluilr rted( cspciall tlite extetnsio n of tile irnpo't seaSiirI iotli earlier all(l

for .55'.- of' the valute of' tottal EIC vegetailhhe irl-i rorts fl'o r i111- laiter thIi an in rimst years, whichi t lirs oueerlaps xwith lo.tI
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ANNEX

'rot.'le:lse uipliai'jilv :1 1 99 2t tolaj or is deI-lope' Md tor 0s itdhip it't \o IItitlpal a l:t'em t'to plcaslitcl' ssofslp i tiltos iiite (:l:l s tl l l Spato.

tomit iii ts to Eiml'opje. Fra11cc', B71-lgrilifli 1111d tie Nt'tlICiiltIdStis 1:W receltlx est:iidislhedl
F'rimI Nmleml i cr tio March, tlhe pr'illtipall SlIppliel' o)1 Ni)na- it('011111tiittee, Api-'tomii .Atoii )i4hit su ig-istioiis liii114'oilisitdtti'd

lties to Eiirope hais becii the (Caitrx Islanits. \xhicll xxoiulci ciii- lY Apt-toutl is to reiqiesl Morocco to adopt \Voilittar' i\31cslr:i:it
tail Sihipmen'lts tifter April in atcc-ordance \%till the E( rt'l'llrlti-c' .Amti'ciiiejnts liii litiog( Morocco's \xilltcr tcmiii tti exports: oitihir
price sticliie. Fi-oi)i A\pril tliiowiil ( )ctiilwi' lit'e Nethe-rlandls xit-gestioiis illchlthl ut'\ell(lillg, tiit ttii iatii lt'h'rl'llc-c pritc 5\S-

di itil(oterl' hi':1 prdie' ii iiStlx\ ('o1itroillt'd the lllatrktet tiiercli teoii to elixr the- xholoc x\c':r (Ix the EC (ioIllillissiotl) aiii itisti-
elijo0mll especial!> lli(4i piremier prcscarl> f10 their slippk> tittii illrm illillii prices atit pr)l hiilctioll Ijilotas lIm Fi'eiiii
scatsoli. Now., ihoxxcxcr the maritket is illcdergllho cllalletwIes grjo\k,ers5 i'-oi licallx, iio\\wexer artiViciall> ghid tomalito pie i

Iloilt St'\CIA('lI L ltlS Il atrs l( PA 11ma\ well t'llwoml age g,roxwers iniEFaSt Filloju)C to itlel( asi'

TIle ( an:Ian islandis is Im lii\ lleltil)lg Strtmg comlIpetitionlI'l o1111 their toIllIlato prodlictioll. \xxlc it'l l (1 d1 thleo fil-tlhel' exaceiriate-

1i Ill ccii. 81i11cc Ilillillgr tile (ATT ill 1987. Miorocci'll k-an1 I()xx- the i xrslilppl* prioib'le . .- l ti is hi! ic. tmIll 111'iior p lie> cliallges
('rilig im or (Ilities oIi lrliciltltitll i111iplhs. libiel'aliviig laVCS oII h:\c belieli illstitiltt'ti Frujit &i \V'ret'tblic \1:trkcts-A.B' DAIe Kri'ij

Sutpplier oii xxiliter tiiiiatoes tii tlic EC, exp)irtfilg 167.000) tolls EUROP EAN MARKET TRENDS:
in 1992/9:3 Icoimipartd' to li itloilt 23) 100( tiiis fi)1o In' (li Xnl:lrx C UT FLOW ERS

Morcico4 has b (1 g!il expoirtill exeli eaxrliert'l' 11:1 10l tile past Ix the largest in tiiw w(irili. x\aiduedit .812.5 bil 0ii~O Iill 1991)O in'

toIlltig prodilictioll i areas 111t'hllr slitlit Ilear Agr:lcli '. Mi il-Oiccal I sligditl l:lrgl'r that1tll' the 1comb1IliAc! Si/colt'iiitI1 LI .8. and( japatcusc

g"oxxt'rs lax e aisi itipt'txeti pr)lic-ti0\ itx li Yroiixitgr 1IiAW \Lll'i- mar~ike~ts. Aithil i i g tih' Ei Rlt'W1)01 itiarket is exp'ctedi tti gol,\\ ait
etiex. t'xp:lildillg tile gllix\iIlig area llll(it'r prltectixi colx' anid al sliixer ImimiIl ri'te-4Y i thial eitherl the jap:lp:tes or ' S.5

lmpri1 il'il iplilalit> tlrol'illg more1( si'ieclixt'( sortiw ngd11 pactkiilg. imarlkets (6(4' aild YQ t I'xl)tc,ctixel eLi it is shill expected to teach
Tie (Ca:llan' Islatilds 11:1s flaced till ilic'el't'dic'c o'mlpetitioill it'i0ltl mixr 819 luillioll I li till xe a 21i. )0)) 'Ixatt Doeshlilrci \Vestcrii

Mioiocco liv joiiitllit lit'e EC12 wxicli t''iixicd rustrictixe 1r21(1'- Flroip' is till telitIr I(o xxuriu fliixxlr tr:tlt., ioiitaihtiiiii till

M pr 1(eixes lx i iiod flingdiii( tl o'il e \1u0't S iiS1 tilitI' lWil illids lV:l 4'gt' l-st lixe'I\importll"(illlt' t NeteI.l'a ods). and ho lt'1,

'tIil effe cHC t ii tI s d1 exebitinios l tIC_e\)ItSill' allrs ial(, Idlnls :11 iiog :1 f1:11r4(2 )llportiiii I h m h t' xNi'is(' thfi lixmt' s111 il dtil litc

b1Iple S.\ 1itIx 1990 iilesd xi irsdix511992iiI 99)h x Du(Itch itir tick) Thestem iegtix reili tse tI[':_L tie .ix .11 C~lt)iil siii ILk tii ile

pTili effect oflltilk-ws IA d G'lop t'lltcl the u 'imat i\ SURSDi Hlltcilt hirge iixt pt' tl Liolrop)t':IO woldtixxt loer loilxtm x 1 d1 11r11li:Iit'

)oresciit Iin 99.s i 1993rwi iltr gp 'iiuters flt'ttite d N tielt'npdttitnt til pliv. ti trad f\irtl Six eI alldtli o c 199c.N tit ilfox' iitk'

jno lther:I5(tl tile:f2iif C-11t'-iitllli2' 1cli-c c compeitl itix n 24 or i11c 1989)r Th e ptti t1o ii til' il id st' r\11 it
1

beomi) ]f992ot/1\11til
perth it' iitreueild-pp'' ie +prem(ilt' prices thc re:l iu:S di ii'e tpiii In- Se 991r till Europixs-hii ii1thrt'icit it) tirt p1 ix I ct IlltIt 1'- Pc-i
thiulduielavSi'a 1989)\ ['cit ' lilt'e lrostatiulit' f gllasst'xtt sei xtomatios l\\t'iiiih'e xs an xrdutiec :t xet 3.)o ohiii liiiti( 'Sxxisad iits 8e\.3opid

trohit' ct ixx Eiii'opt:tIpet't' pxice ft'
1 u h:ixet:iost' tiflt'p1icato it'' 1)'ilt'5 Ntt i titid ithxipats'dedi siig Ito dWirii Rce1 il\lo metsfit h iw-

t)Iif It'oiixxil-i'tOCS hu s hti lii ei\iixxb hu'o l t'iist til' andihi'tit Fi'iiitco txiiii'att'i. iT tu tli t'i iii iti'ti hdtl:t 91(C4MC Oh t)itCtl 1lIIixx C1' 'x1iiit'd

Manad144 is(itfctfom teC lavIln s sas fowh h ie ifIm riltl ilctoi u d lkdcesdb
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The IlliiOI r OII-E C'otmiitrics' c\pliiliniii to tlie EC-Israel. 5W4, of tlh non-VK(: imiports to tle ll.K. cowiistecl otiir latilils

( ionlhl i.i Keiivit iil( Th aiilandl- clcoilit tor 75% otft ftdl lFrnil C loiil ii, oi\( ri (655( ol iurll-- ii ilipolts to It.alk \%jri
filil ls 1rom1 iioin-FE( soulirces. All other iinii-E(C coiinitres (o11- orllills 1o11 lHiil.iTail. aidl lini oet 5aO' oll tii iioii-f( ii iports tii
lbilled siplidI onilx 4.6` ol total clit flowter imiports ill the EI- Fraiie xx c ro ies lioni Mlorol o $ AlI 1'l
\\itli 11o sillgle coillitr\ hi illi4 ali illmporlt sblire greai':ter tlait 0).% TheIi t-i - is ini ox\ ci 11 cuit I'li\Sl'r imprllts to E( (' coliitries lix \
(AIl pti. \\lile tliese ioipot \oltiili|ses ii b e i isiniicitiitlliie \trid 5\id(llx (or tho e t ii d i-ci t iFjllitiitjor Ctii \S)er Tt's. le S

o\(erall Isarket pictiire e tlii\ im lie \i'\ 5i(iiIi'iit ti (lie lix i- illistr':it(-s t(le di'\clopil iot of 1111port 91 miities if tlh leillii 1
Ipiog(r eiliiitr'iex1 bciise oi tle relaitivelx siilist;iliti:il l4rci(r)lie - t\(p)s of cit Ilo\\is hrs tlo thr E( .nii ii E n (iilld iiiiii-E( : Soiiie's
rei i'! tarilngl the\ rIllpesiit. Fui'thierimio'.re, siilsuil 1 nllos- ti4l'tlr. ( ioill l)86 tlhrloidl 199132 Siice I1)88 tit.l clitliixx-
EC siuipliiers are siolnille'ilit xxithlil tleir slmlall prodlict liellis, ill1ti0i-ts iiiCeTesL(l lid -123 . NIoren spl'eificill o. uoses icrc-is(I'l ini

sulci as solitl AhriiiL f lite;F s muIS NIdM iliitillis il aitl itii ii s. x-oli iiiic \li :31'<1. earis;i tiiiis aill t pes) 11) 1b)'I a . d Ii rli\s siitle -
Tiilule7shiowstix' (tle clingiiini-E(Cciit Ilo\\xersuipliersp r totI EC( : nnnn Is lIY1 8 . Of(t t)le sni;illr xili pirodliicts. impiorts of

ill 1')1. riaiskill lixle b\ i il d perc'ilt shiaiu ofttoiiil E( impiois ori( liids Igre li)\ 45a', \x ljili tli;it ololal(liol.is i(ic(ii;i''(i(l lis i2' 4.
'l .icetttegl i sin illx i tile lill-'st ilei'i'tsi' sill( c118 Wias all

Tabile . Leading Non-EC Cut Flower Suppliers to the itleL eiit fio\\r x s'. xxliicl I 'xx +x 65%,z :AIPI I. Tnulstil
E(: 19916allnes in million Swviss frincs; share
of total EC imports in percent) Tabhle S. Import Trenidis of Cut Flowers in the EC,

Supplir Value % share 1986-1992 (by lealding floweir types,
Israel 166.2 5.0 in millions of stems)
Colombia 132.7 4.0 1986 1988 1990 1992
Kenya 66.8 2.0 Carnations 1673 2055 2083 2446
Thailand 44.7 1.4 Roses 914 1143 1355 1500
Canary Islands 22.8 0.7 Chrysanthemums 480 502 611 594
Zimbabwe 22.2 0.7 Orchids 135 106 ISO 154
Morocco 18.6 0.6 Gladiolas 80 69 53 47
Turkey 17.0 0.5 Others (1,000 tons) 122 161 204 265
South Africa 13.1 0.4
Peru 9.7 0.3 TOTAL (1,000 tons) 251 323 382 461
Ecuador 5.8 0.2 % of others 48% 50% 53% 57%
Brazil 4.6 0.1
Mauritius 3.9 0.1 S (U lii % 11'1 i,F,I,lul

Singapore 3.5 0.1
U.S.A. 2.5 Sihrilicaiit lilfereli ces e\ist ill the iinpiort \ox ili aiild illilpl-
Ethiopia 2.4 taiice ol tlii' difloerelt t(pes lit cut flohxirs xxitl iii thle ild idilial
Zambia 2.3 VC coiintn' miarkets. As slioiwn ill Tahle 9). (criiiii\ is lix tar
New Zealand 2.3 tihe Iladiinig (C iliiporter ol hiiost t!pi i ol cut flo\\ers. inicldill Fg

Ivory Coast 2.1 -' rOSes. eCiffliitioiis. elii'\s:ilit!liciiiiiis anId gla(liols. Tl[i'
Australia 2.0 Netlierlaisds is the scioiid Ilargest imipiorter of ml ajor thpes siali
Other non-EC 8.8 0.3 as cal'atioi's aEid rolses. takiiir IliiJdrc(s ot hllilliolis ut stteliS Of

each. The lJ.K. is tlh F( ts secolnl dlrgest iilipoirtcr of elursas;il-
TOTAL non-EC 553.8 16.8 tle1nillus anLt1 thIe thlird l.a-rgest iinportcI' uti cirilititiios alS l dloses.

\ Idile It;aI is lh\ I.ur tile lairgist I:( imi porter of' orehids. Ta! Ic
'Si# 11"' = /, liii,, lilt Ix '''h1i 5 ''=''l 2' ' ' i) aklso iiidieats tlhat Spaini hias iiix limcoulu tIle Eli s foiutli

Tlhe EC:'s ipo)rt \olimti oilcut (liuxr''s 1l,iili lioll-F iolilitriies Ia igist iIil)ptIer oi ;ill;an tiolis A ( lAiil
iiicr'i'ased Lb +7(0% hetxx-eii 19)S anid 1t992). tar c\xee(lin- the
w'oxxtl iiEi UN: iiupiirts titsiiresh gettilcls friii iso -F( enit tries Talle 9. EC Cut Flower Imports, 1992, bh N Market and
diiirimgtiie saili' pci'iidl ( + I In 193912. eN cot floxer imipiorts Type (in millions of stems)
h1on ion-Et couinitiies reatlihel $454) isillioiiiu (Tluiimpson-Ci. Importing
The N et rla lwk aUi il ra4e\linii n xexe tie III ost sigislicallt Country Roses Corns Chrysonth Glodiolas Orchids
impoirtirs ot flouxers floulil 11Oll-E(C coliltries. The Nctrlicriuids Germany 1034 913 375 37 45
led il i niplpots fri ill tcsc coiunitries, \xitli :34/ ot' t ic Et: tot al. Netherlands 234 753 is 2 21
dleslitc tlitt hwet ti ntt it is Olils tilet (iiliths largest clut flow Ir U.K. 80 627 152 1 8
iipl)oiltr ini the F: xxitlh 8c of the total iluiport xallie. Cerln ili\. France 42 26 5 1 2
tlhe l( ixt ilost s541 i(fici'lit inmprte' ot lloiers Iriioi -Fi-( colilO- Italy 10 3 4 -- 73
ti'ies :aeouniited for 05'( 0Itie total. Tliese tx\oC01uitli(triu a'e also Spain 13 73 11 - I
tIle olils PA: ciouitries to iipnort al xxide rainie oif flowers fiou II Bel-Lux 49 37 21 4 3
iuiM liox -E( : eoiiiiitries. In cuonitratst. the cult flo\ixer supplies to Denmark 39 14 11 I -

othl. E(. comltlijs fl'o111 non1-EC. ,om-ces \\t r( tisajill\ d}ondilit-

ccl 1s iii' on ieii) i' siirisr'e ld ohue lliijol pilluiliict. Fit e\dlllple Sli 1"" 1, 't'it 1
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In recenit years, important dlevelopments have occurred in thle comlpensation att a pre-dletern]inedi buy-in price) and( destroy it
dlistribuitioni of cuit flowers in Europe whiichi will affect the malir- (isuially), in order to snpport a minimumiiii price level during 
ketingc clecisionis of' new,N supplying counttries. The Duitch anti- peak local prodUCtion l)eriodls. For- examiple. the eligtible market
tionis are ani attractive optioni for necw' suippliers, offer-iai-ng ansv withdrawal period for- tomratoes is Junie 11 thriouigh November
potenitial advantages hot somie disadvantages as well. On onie :30. Somie commodities, suich as tomiatoes, also hiave stabilization
hiand, thie auictionis offer uniparalleled inistanit exposurie and schemes whiichi stipuilate that if withdraxvais in a giveni seasoni
access to htindrietds of the leadIina flower wholesalers in Europe. exceed miore th ini i given percent of total produictioni (for-
Wheni sellina throtulh the auictionls, it is uniiecessarv to conduItct inistancee, 10%), thien the buy-lug-in prices for the following sea-

individual ineaoti litionis aboiut price or payvmenit termiis, and son xxwil autorinatita il b)v i-educed. Jn this way, it is hroped, the
promipt payment is guairanteed. Furthermrore, ti-i larger auic- continuiiationi of' Euiopeain overproduction xx'ili he dliscouiragedI
tionis are currently developing niew' sales miethiods to bretter (Ritsori and Sxxinbank).
ser-ve new' andc developing miar-ket segmiients, such as large r-etalil Reference 1p1-ices are also set for many fr-esh vegetahles.
chains and or-ganiic flow'rs- Ref'erencee prices dleteriniiie a minimuim wholesatle pr-ice level

These advantagres miav he imitigat iofd espc'cially for nexv and( for marketing i inportedl prodiuce. The r-efer-ence pr-ic'es for each
smai-ll suppliers, by' the I'att thiat the auctions have growxn very cr01o) x'ary throughout thieir- period of' applicability, fin order to
lacrge in recent v'ears and muiist constantly c-onifrlont the escailat- pr-eser-ve higher earls season prices for local produicers and( to
ing costs of their massive louistrcad infr-astructure. The auictionis enisurie that non-EC suppliers leave tlhe miar-ket xxvhenl EC p)ri)-
bave recenitly introduced dliffermential commiiissionis and charges cduction begrins. Toma-ltoes illuistr-ate the wyorkina of variable r-ef-
based oni the srdtes costs incurredc by each suipplier., wbich xxiwi er-ence prices: thle ref'erenice price (in ECUi per 100 kLu. rangued
x,vork to the diiscdxarut Se of'smiall and irregular suppliers. Thie fr-omi 19 7.27 iii Apr-il toi 13(1.7.5 in Max' and ais low as 41.90 frOml
iioictiorns havs strict quality standards. which scimie ne\w Jl itiArut'1l rr nraigaant 64 fromi

exp)orters imax niot lit ihle toi satisfV., and( thev reveal publicly October 1 to De ceirbei 20, af'ter- which thiere ar-e nio reference
xvhichr suippliers havex such'i problems. lii addition, imported prices unitil the f"OllmOng April (Ritson anti Sxvinbank).
flowers are ouruills soldi after Duitch flowers, to the imiprirt SupI- The refer-eixc e pirice sx'stcem xvorks as foiitows: when thrt

pliers' cdisadvix atagre, anti Du1tCh brivc'rs generally prefer local wx'loesale price ofi nmiii F(C supjplier. niet the t'ommon101 C-rStrrmS
piclr hicts iofc tirix ut t or- hetter qnalitx- xvben they alre avaiflable, tariff'(wbrtther ori iiot thr t COr 1 try Ipax'S thel tariff'or hias at C-on-
However, since miost rexw anti sinall-scale expor teis tIn niot lhax'e cession) fails hexvord at certain ii rargin below the ref'erenc-e
the resources tro markLet tlie ii flowe-ves clircctly to othler price', for a cecrtasin numbier of c'onisect'itixe class or- class in a
Er riopeani corintri'es tihev erthenr sell throrighi the antctions or- pay xweek, and fOr itsi,nificarut ai iount of tha,t t'oritnt'v's protduce
a hligh comm111issionl tor a Dritclh oi- Germran import r(enit. scud ini the EC rusua lls ahout :30%). tlirc' the EU Commission

Srupplier's choosiria i iot to scell thr roriglr the ant(tinrS in y elect x,viii lexy er int co itervalina Ii its of ai amncunt wyhich xxi1i raise that
to deal dliriec'tiy wit tii titrncrecasinii n urnber' of sin illici xxwiole- con nti'ys "eir\ t prx1 ice" to the level crf the refe-rence price. This
saler's ai it]omnetimnes ex en xxt airinge'r retailers. Oneitix avntage dliitxv wiil only be r emrnred alter tiic noii-EU su pplier again
for thie e-xpor'ter is tI rat it spi-eascis his sales antI fiiianc iii iisk over ahidles by thc' reft rereinte price foir a miiinimum r periiodl of' ti i-ne.
a (tr,eater numbrl er irf customer s DeaLlingc \Witir smaller and iliore Strirre inin-EU c-oriiiitries hax'e liten g,ranted Iii initecl r'ef'erenrc'e

spetc'ializedc'ttrstronrers also an es tlhe exportc-r rel-ativelsy greatcer price c'int'tssiorns, suich as Nviorocicci in the cast- of c-itruis and
le\c'rage anti allIoxvs himi to chargi e iiigher' ina i-fir s, e r. 20% toi r u toes (ilitso im mand Sxv-in ran k) 
inste'adl of' I1% hr less. Iminpiort tar-iffs ar'e ni iotihe r' pol icys iiistir iin c-ri triset1 to con rt r'oi

Tlicit Er r-iOpc'Lnr (Commrnih ha,s adocptedl a diiftfreren porlicNx for- imports tio tine EU'. As with ref'ert-nc-e prices, tar'i ffLs are gC-rreai-

fresh x-ege tables and cunt flossers tl arr fur rrrcst otiteri ar itcrltur- IN, s-t fuixver fin thic off-season (ursu allx- xvin t-r) anti higher in thie
a] c-Imriririchtic's (stircit ar'e co\vred i-ctil the (CAP) in r eco-1iaitiori lon cal pc-aik priodiuittio s i caisorCn usruails- sriir1mne r ) Fo- in starnrce 

iif tire stasonaut anti perishable ne iature oirf thrtse pi-otlric ts. Fnr thei - c-rmrmo nn c ris tro ins tarl-i If' for r'tomin tties is 11% frho ii

xi-etabies, this poui-v trikes the finrm oiiiirter've tri rr by prxordncrc- Novexeirrh I ti r -Iix 14 (wxitli a rrirrir imum i 2 ECU pe'r' 100 (1
c-r grrp ij)xxthtldrxxawis, rather thanl ptn-Cli StCS bx offic iii FEC inter- ntet) anti 1 891; f r our NMai 15 to ()cttober :31 (xxiti a mrinimrurnm :3.5
xerntiorir agt- cies. arid conntrollinrg rirrpiorrts tihrmrrulr se isnir aIls E(C:U per 100 k1-" rrrt ( fitsorr ardt Sx\vir banik)- Duities on c-rd
xariiibl e cnristoriris clritics anti ref'ere'nce pricites hirrsteadt of im nport flrrwxrs rainge Firom 17%' to '24% drriing tire s airre ptcriods.
lexies aird e-xporrt sruisitlies (Ritsrrrr trd Sxs'irbrir rk). Thie EC's Htiwctver, i rn the- case oifcunt fir rxers, in iost r f the significant rnmu-
poriic-x- ftrr cr it flowvr-is is iless c-iom prelic-nsivt thran th at f'onr xegretat- EU si ppliers eithetr enjoirv dtinr-fr-ee ror retliic-etdi rhi ac-tess ti
frIes arid it aff'tec-ts rt-lritiely fesw oif tlit mrajrrr noir-EC Supplier-s. thcit E( thro inrir imiilti-latc'rlni or i-latc-ral c-ion cetssionrs agr'ee-
This set-tionri ext minies tirest-poii ic-ts als xx,(t- its thec-poss ibhle impiirp- irrerits f'r rrtev-eliopinig anrt -ietlite rrar crii ci icrin tries -
tatitriS Hiflte rc'c'c'tlx' c-nac-tc'd Euro'cpeanr Sinigle Miar-ket. A ir a~jor c-i ange in tire Euirpci-ar poriicv erwirormreirt xw'iici

Foi I'-esi xgetble oC,il fi. ithrwa oa tiodc-cr' iim a- ec producec imrpo r'ts is tihit enractmenit of' tire Single

a- imr tax xvithrdraxv pinch ice:( Irn-iuiri it- marm'kets xwitir scoirre Euriroeamr Market hc'gimrniira in 199:3 omjrcilg-I
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expected that will affect fresh vegectables and (-Iit flowers, sinlce 1990). The eff'ect of this polik-v change will he felt Willmediiati-I

a single Eiuropeanii i iark-et \vit]out iiitcriiad hiorder taxes or- silb- inl ci it f'lower prodluctionl: it \\ill require crops aiid niiist flowers
sidics has beein in ef'fect pr-ior- to 199:3. H owxever, thle enhanced thait are- ti be growni ill artificial siilstraltes (i.e.. II ltri)ptinicallh)N
tieglee ofdeconinl]ic- in teurationi will Ih an iioniize d iv-ieise natiioinal wit! \watt r n-ccia--illatioi i to he ti-ilnsfecrred ti the inc\w culitivxatiion

Standards and ineltitlel h:ornliiitiiitv-xx'idc adoption o f the svstems 1 (sill) iets v-et iimdeveloped) \xithinii it-\er shii rt periiid of
strictest ex-istiiig staindards, all of whichi mightlit egatively affect tine. i istii-tx.the Doitchl have had to) redlirect ii lost i i
im porits fr-oml son] e non -E (1 c-oiiiit i-ies - TI i iminpact iof' these tlIiei -r rieseairc-h i-esci ces to I H ndi ngy so-llit io wh15 xiichi %xil! siltis lv

changes m-ight he ft-It especially o)11 pesticicle levels oni produce thtese new, ret-illatioins. It is assumei d that scic-li SOiition]s -wii! he
ali]d pakgigic c iii -egfiilaitionis (RBitsoni and Swi nb ank). fiiiiid for- ciliost crops. lint the\ will ricciiiire liiigre additional

Aniother key atrea wh'ic-h n)iav he adverselv affecte-d Inv post- invt-stiiienits 1Lv cro-wers \xithlict nec-ess~iri-i iinproxing proidiic-
1992 hiarinoli i iztionl of' oiathioii[al policit-s is p IN-tSi iaL itMan -g I t xitvi ori-i pialitv ( ani Imnav ext-n ad-erise affect t le se goxis)
thinls xx-l iic-I iji ipste in ore rt-stricti\e i-egoLlaitioii is on c-ertain i partvi- t l s ai res iilt cif t iiis I icw s~itlIlilt ioll ai11nd I ligl it of F oi i-terno

t>pes of impoI]irts. A iw\vx systeml of plaint "h ealth passpoirts xwas iiidostrv- ti-end(s, the Di itc-li IAgricultural Ec-onomiiis luistiti ite
ach)optetl ill Jtll]e 199:3, w'hic-i iiowv requiire-s pi-oltlic-eris of plaint expects 1 51% tci 2514 of Diutchl flowver groxx-trs to Icixt- th[le scc-

mi ateirial ti ibit certified liv EL, iiispec-tcirs iii thi-- priidcicing tcir inl the iie~iri filitiu-c (Kijine et. al.)
c-on i]tnl rat!her thain in tl ic EC] market or, at the Ec- H boriider, as A potnte tiailIv sigynificant ef'fect of EC polic-\ mii i rticiilIti iall

fprCvioISI is happened. Imlpor-ted prcitucts xxhic-l i il-c present!> tiadi(e in tlit 1990's is the ii)c-ll isicin of 1Ib)eria iii tI IC EL,.
baimi ieti ii Ionie EL-, c-i iti r\ t m iax ni)xx be bannied fhioiii en ti i-e cci- (O)ii-iiiiaIk' sc-litdoulet! fiii 1996, the priioc-tss of' taiiIfii-if rt-dutioi)s
lo gicial rt-gio s Such s it-l s allIc of stiuthern) Eurcipe - Ini addlitioun c-i-r- anld fotllIlinembi erishIiip 1(1r Spiill anid FOr-tI gll xv ic- CCl-c(-elc tac-c

tilil) priodutcts wvliic-I \ x'c-(-c prev-iucslY ac-ctptab Ile in] smlii EL: lix the E(, (2om lc-il Iwxi th fori] di atdmiiittanice ef i-ct i-t in jan iiu an

C-otIIIirtS. sIt-h its c-itr-i is pillS (even fi fr oni~iiameititlI pulrlpocist-sl 1993. Ill tlit- i1iCIt itillIt, SI ali illld Pi irttIl~ll benef'itttcd Irloiii

art-' HOxx c-i pl)]itt-I balnniedC firomi iiiipciu-t (EIlllanalzli). rethitc-cl r-ates of c-otuiter illlig tLcitics (xx it-il ilpl-ietCl) aiiit frMilii
In be nect it of Ihartii on izat ii n fcii 1)111- EL cottiti )tries Iiisl [bet-I il fax rtdbIt in]Co s-i Ihttlit xbIetwxeen tleit'r sp)ec-ialltui]il

thte termini a~tioni of' 51)tc-ific national~l imIpoirt re-stric-tionls. Thicse Of,fer Prices- andlC tlit (dici a iIl E(: refer--ic-c- plc-es. Exeii sci. a

Iinchtdld- for examiiple -5 il]]l]ler allit autuim1111 imiporit Ibains tin redu c-c-t ircf,erc- iic-t priic-ic- - tpe in cc-Ih~imisil tci COA-i0to Ibheii lilI

CuMlciiteS, Mlit fiiliil]lili)ll priites itr tiiiiato ii]]ptilts iii Fan-LICC ill NcxerthlcIss, Spain prx-seiitl u-spur-tS OIll iLbllll It (f04 ill itS

Nocvxt-ei lit-iintI D ct-cmberC i. Oither r estriciot (ls iiw elx't
1 iminaI ]ted to tal x\egi-tabl le prodit!ut-tim1)1 ald it] ce1 C-C oiii i)IIig tIhit ECL w-xvles

xx-ii-t lic-ensii]a requniremlenlts f'or im)polrtiiig siniliiier- tomalItoles iln hiixc i-iseii subIstiliitialll. 0One r-esilit lidis blec) thilt SIp,iii]S

Den ark antd Ireililt] (Hi tsii in dil] SwxinIlhan k ) dome ii cCtic- liairkt-Ithas ab sorbit-d illist ii da ivii I-incrleas I pridiic-

A t-iilti-it -SpecCifitC poIiC-> chaiige that sxill Imixe aL hci-rC-ac-hing, tiiici ailtd hlis cxe i-l )tgtlll aIttl-ictiiig, pritOdltte imlportts.

im)Ipac-t onil ilrtic-illt ill-C- -tlicl pij]lr-tiCuII rix oii] f l-ric-nlture t- is lit- PiiuctlitIionl c-i sts fil Spaiiil ar-t expc-ttetl ti i rise andit Iwici lie c-ioill)-

Duitt-l govtl-ri 1iiiI-t bI)ls set tarigets fur su bstanitiall rediuc-tionls in Sp~IMillS C-iost iltlVilt1lges -S SiilitC- S paniiS]I 1101-tir ut mi-C iS hacking1 ili
thei cise of agric-ilturlal c-hemic-als hx- t]e lohd- 1990's aiil( tIe vtar iniliix atiiiis. highifilquality illfracstruc-ture, ecIiic-atioli. illormiatioul.

2000)1. Thiese regillati cnis Ibal tile list- of m1 aix c-lt-llic-als - Illanl I- IcSe~ircI Ia tCcihperti icidC0tC'L l xxith iill it-c Setortii. t his stitldv tdoits iiot

daitte the rie]diuc-tiion iii t11e Lisc iof' itlit-i-s aind( i-est 1i ct t Ihe ell) is- c-sptcCt Spainl ti) I)IiI it iCio (01i l]lLllt su pplY lullle ill the fi I iit-r

sioi s if (( -2, niti-its~itifies ]!i( phosph ates ( NhniiistIrv oi fAtgu-i c-idti I-e- ELII-Oi pt-an fic-sh1 produce1 i tic-t-rale(Hl ixcik )-
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INTERNATIONAL MARKETS: JAPAN

As a prosperois co0iuAtrv with a large pop)llatioii wxhich hias Japanese consumers' tastes ini vegetahles are grenerally very

efiove(l lnpaLritlleledI economic success in r-e-elt decades, conserati-ve and consimlers are still verv price consciolls. In
Japau has also devehlopedl into a ui ajor coustimer of Fresh holti- receuit Neairs. however, a cleuiand las been cleveloping for tasti-
cultural products. Despite its hugle local prodliction. exacting er vegetables JETRO-V'. Dutch Source.s report that the
(Ilalitx standards andl repltatioun as an insular ancl highly pro- Japanese prefer slightly smaller toi uatoes of uniforim size. with
tectionist miiarket, japau lhas also hecoume one of the xwcrldr's sweet fleslh and(l a ppastel-red clolor, and red, \ello\v aucd other
largest importers of' horticultmral procdicts. uicluding fieslh veg- colored sweet peppers are preferred to green IF'\N). Jaapainese
etailes antn cllt flovers. JLapanese lhorticiultural iiilpolts ill 1991 xegetable consiiiimption also exllibits a seasonial pattern. Peak
reached neadIv 84.8 billioii including $444 iuillioi in f'iesli veg- CoiSliillptioil olclrs inl the spring (March to jiune) aud(] f'all
etal les and $2543 iilliolno n fresi cilit flovwer s andi otheiri ntirserv (Septemlber to Decemlbl er) (JETBO-\V).
products. The leading htorticiiltural i mpoirt cittegori)ies were \'egetable productioll is thie thirdl imost imilportant sector in
fieshi non-citrus f'ruit ($77 4 nillion) aii(I fresh citilus i'riiit 85:38 Japailese agriculture, f6llowiiln rice and livestock. Most vegeta-
million ) (Thoiilpsoii-A). b)les ill Japall are gTrWicl ill the open Oll small farills avCraugillcg

Tle T. S. su ipplied 29% of tIle Value of Japan's total n orticul- onlv 1.5 hectares. Some salad( v egetables for f'resIh consUillptiolL
tiural imiports in 1991. or nearlv $1.4 billion (citl hut oniys 18'7%. such as tomatoes. cicuumhers, aullergiles ani peppers, are
o1r $78 million, of japan's fieshi veCetlale imlipoirts Amnerican gronL ull(ler cover iii glasshoi ises or plastic tuninlels (ahollank-
exporters have heen successful iil Japan hbv offering consistent V). The total \egetable growving area decreased slidhtl\ froill
a\ailablit-v of lhigh-(quialitv produice an(l 1)1 eilw'auii iil agg0res- 557,(000 hectares in 1984 to 538,9)0l hectaLres in 1989. A more
sive marik-et pfromlotioin aiidl consiiuiier e(diucation They havae ploiio(iiicecl (leclijie was evidenced in root vegetables and
also benefitted greatl firIllo l S -lapan bilatel phvtosanitarv heav vegetables si ih as Cllilese cabbage, cl(ie to labor slhort-
legotiattiolls andl malrke t access agreemeilts which liave receilt- aes and the agYing farim poplilationl The production voluime of'

I! openled uip the Japancese mluarket to aiivy newv horticultural some salad vegetables alsol decreased d(uii-iig thlis period. ilnclud-
pJrodliCts. Tller-e is poteiltial foIr suiistantial ulituIre inmport if ci icu nll)t'ers (from 1.03:3 iuillioni tols to 975(000) toils) and
growth since ulaily teplip rite IlortiCulti iral products iare still toIllmatoes ( f'riom 802.000 toils to 77:3.000 tons) (JETRO-A').
effectively blocked fi'oiii enteirlinl Japan. ilnclucliiig fiesh toina- Jallpn clicl niot imlport fresh \egetables iintil 1969 and.
toes al(l Otihel- salALtl veCetLhiC S Somers anLil Tlionipsoll. althoulgh fresi veegetable imlports litave nearl' (loUihle(l in vol-

Quality. f'iesihness andl ap)pe-a(ance are critical to Japoainese nile f'ioinI ]14 )400)) toils in 1985 to 2_36.000 tons iil 1990. thev'
conIsumLIers. most of whom slhlop lail and are -xvilling to pay pr-e- riemi'ua on1v av el'y small propo ttioii of total onsumiptiol. Most
niuiil] pl)i es f'Oi' lligll-( ialit! pi (ducts. A stin tic ltoin iil the Jaapanese imliiports consist of ve(yetablh s to fill off-season supply
iailket is tlhe Japanese ciistoli of' (gift-riving, whici in receit sh(ortaues (e ar aSpaip a iS ancd \ eaet eables xwlichl either cailnlot
eai'rs has incIt(le(d a groxxinc propo)itioll of fresl piroducie aldl be A(AVX il iil Orl 01I fOi WIh ich (lounlestic pir(lduction is cleclin-

cut flowei's. As a i'esultt althioii(gl 90% iofilillportc Ifoods ( illost- inar Some ve-etahlIles ire nowX imiported year-iouind (carrots
lv 1Im1k iteminsl pass thiroii h Japaiin's lar hge geneilil tridling con- and hroccoli) wxhile otlers aie slpplied on i a spcot-hasis.
pailies, itei us iic'll h icrequiiire Sp)eCial cai'e a1iic( handling. si icIlS (lepel(p imi Olii fliic'tiittioiIs in i,iarket prices (JETRO-V).
f'reslh vegetalbles and c'lit flowers, are u ainlv iinpor-itecl 11by small- 'Tle develoipmenit of'Japla 's vegetabdle iillpoits since 1985 is
e r speclalizled fi i'mis (So(ne is alcd Tlhom ps1l)OII). s5hown in Table 1(). TIle m ori vegetalbles inmIpor'tecl Iby jAapaln

arc' gellerall\' Icss pel'ishabl lIe am(li iiore dlurable. sue1 its piillp-

JAPANESE MARKET TRENDS: kiis (99.00() tolls il 1991)) aild OlliOllS (87,0)01) toils ill 1990).
VEGETABLES bodti of' fllich canl witlistand long-dlistance transpclirt anil f'lilni-
\V7hile Japan'il s c onsuxiimption of f'r eshi veg4etables has heen stag- (ration . Tleir iilpolrt volimii es limaxe inc're'ased slibstan tialv silce
miaimit and eve n cdechii ecd soiewhat fromnl 16.1) llioll tolls in 1985 p(I)ll pki ilS bI 1;5)0f and ii(liOnls by 40%()(. I cililtstrs tIle
1987 to 1.5.6 iiillion tOlils iii 1991. still it i'eiliiilis aIliost 50% lcext iilost sigilificlant imporlrt prod(licts are iliicl saillaler il
laigemr tlIlail tlle laigest single Euri'opeanl cili ointrl iaiket. Italy (qi alntity: aspariagiis-11600) toiis in 1991), uill f'ol 241400) toils iii

Jalan's an ilal per icapita vegetable coilsiii] ptioi of ahouit 1 '8 19S5. azii(1 lbrocoli nearii I 11 0)0))0 tons iii 199). til) froinll oId\

kilogramos riailks bhctveenl that of' sonithelie Ei i0o)e (alblilt 20)0 3X3 tolls ill 1985 .e e ent tc'C'lllologrical adxValCc's ill Illai ntaiiliiig

kilos) ac(I t[le U.S. labouit 7 k1ilos). Sec'tor sia i'es iil Jaalpil's . e t Ile f'i'cs I-( less of leI'N fx e aetabl es Iiave led to in cleased impi)orts

etaille iiiarket have remainiledl rem'iarkalulb coinsistenit ini remit oi sich) plrodluicts is lettuce, hut tIle xilliiiid of' these impliports
Neairs wvitli ioot \eegetalle cloismnailnt, acc'(io tign for alloumt -1%ai, i'IlIuillu relativelv silmall (JETf3O-\'V
oI' total Vol ll c'. fi`llxved Ib\ leaf' veetal les (al oi t :31%) an I
otl i r Neac'tab iles i2.8% Eu ) (Eill1on1ioilitor

148



INTERNATIONAL MARKETS: JAPAN

TABLE 1 0. JAPAN'S IMPORTS OF MAJOR expectedl annual gro%vth in the U~.S. At these rates, the Japanese
V EGE TA BLES, 1 985-1I990 cut flower- illar-ket wvill be valued at about $10.4 lbillioii bv thle
(VOLUME IN I ,000 TONS) Year-2(100. which wNill place it second lbehind the UT.S. at 812 bil-

lioni (vaii Doesbuiirg).
1985 1986 1987 1988 1989 1990 DemiarulI for cuit flowers in japarn hazs iocreased stibstantia:dy

Pumpkins 40.9 46.1 58.4 82.0 81.8 99.2 ini the past decade. stimniiiatiiig thle dofililulrl of' domlestic. pixi-
Onions 61.2 53.0 35.5 112.4 80.8 86.6 duction and the dex'elopment of' a SiCgniFiCalt volme Of

Asparagus 2.4 5.3 8.8 11.9 10.7 11.6 imlpor-ts. Since thle mlid-lYSO's. imlpor-ts of flowers to Japan ha\e
Broccoli 0.4 1.4 0.3 2.2 5.4 11.0 ilearly trijpled in olninne (niwasu red in eithier toils or, steo is) and
Garlic Shoots 2.8 4.5 5.4 6.0 6.2 5.8 inl vailue 'Keni) f'roml 1986i toi 199]. Imports reached alimorst :3601
Garden Peas 3.7 5.7 2.5 1.7 4.9 4.0 miilliont stemis in 199(1 (the latest figuytres for- steniis available) aidc
Carrots 0.1 8.9 2.2 0.8 1.1 3.3 1.5.6(0 toils and 19.2 billion v'en in 1991. ac-couniting fortirla esti-
Green Soybeans 2.6 3.1 3.2 3.0 1.2 2.1 imatedi 7..5Q of japan's total suipply of cut llowvers 3 ETl-O-F).
Okra 0.5 0.4 0.5 0.8 1.4 1.9 Thle Japanese External Trade Resource Orglanization
Cabbage 0.3 7.6 1.3 3.4 2.5 1.7 (JETRO) expects Japanlese c-onsniiinei-s to c-ontiiurie to spenid
Bamboo Shoots 0.5 0.4 1.0 1.2 0.9 1.4 mior-e oni flowers "as lonig as the Japanese cecomiliiv conltinuies to
Cauliflower 0.0 0.0 0.0 0.8 0.7 1.3 grrow" stealdily ii thte conuiiin years .. ) JETRO-F. Rabobialk--F).
Ginger 0.3 0.1 4.8 1.8 0.3 1.3 However. byv nidi--199.3 Japanese econunicir-t grosv,th hiad slowved

- ~ ~ -- to) tile howest rate in years. Despite the talct that economric ~indi-
Total 124 142 126 241 206 236 catrirs inl Japan er still positive when compared to the U.S.

- ~~~~~~~and Europe. the japanese biecaimc icrimeasingliv concerned
in'"''-, Japal F 's% h 4 ,In flaph Faifilatuioi As wctui s' alboit their immilediate econontic friiture. Perhaps as a r-esnmlt, cnit

flower- impoirts (dechi ed in 1992 biv 24% iii volrtmire to less thanl
Japainese finporters have becomie active in developing over- 12O000 tonis and( 16%, iii yen valuie to 1(1.1 billion xci], followving

seais suipplies by providing Foreign giowveis with seeds of thle a dcatdcar of' steady incereases (Vakblad-1 993 ). Part of thie
varieties thiey handl(le. Ini addlition., snicli imiporters provi(de techi- dlecriease int imiports mia>' also be attributadble toi tIle augmiented
imical advice regardiing gro\ving iliethiodIs and l)post-lhninvest hail- produictijon fin Japair of many typ)es of cutt flowvers \which were
diniig. The i nost sigyiijficarm it example rif suich Japanense iiniprurt previor isy imnported. sr ich as lilies anld tidlipS. Japaum beganl
developmnent has been the catse of puninpkins produced in New iniportinri considerable quantities of flowerbunlbs and otither
Zealand aitd( Mexico (JETRO-\V). propagation mlaterial f'romi the Netherlands in 1987. Ill 1992.

After y'ears of being barred Friomi enter~ing the Japar iese mar~- Japanese tlowerbr nIb imiports Frjomi tire N etherlailds ircreased
k-et biv stringent pllytosani)tarv restrictions, the Nethier-laildIs bv 3Y/% in volumne fr-om 1991. ar di aCCoun11ted for- nearly 10%q (If
r-eachled inew agreements wvith japail iii Febroiary 199:3 and tIe valrue (about 860 rmillionrm) of'zall Dr itchl flowerburlb expor-ts
begani exportirlg toniatoes arid peppers in Marchi of, that vear. ( P\S. LFWk, Hendcrick).
The Duitch p1an tro export to Japatil fru'tit arm1c vegetables vabled1 Inl terl-1S of \04lunle. TFaiw'an is now' tile leading source (If flo-
att $1.5 miillioni to 82.5 miillioni bv the end( of 199:3. The Dtitcll wvill ral irlipiorts (.5.0(1( tonis, rip iii 1991 frtomt 1.4(11 toiis irl 1986).
sell only Ihighl-value pro(lhicts since all prodricts muiist be sllippedi suirpassing the long-standing leadler, Thailanld (4:3010 toils, rit)
biv airf'reight ( IFWV). Frjomi 2,0(0( tons in 19.86). The yolurme fr-om tIle third leadinga

In oIrcler tin convinice tIme Japanese plan-t hiealtht auithorities sunpplier. the Netheirlanids, grew eighit-foldI froilli only:3:3.5 tolls ill

that Ditch \vegetal)les worl i11 ot contain Mlediterraniiean Fi n'ilt 1956) to 2.500 toils in 1991: Aristralia wvas tile f'orrth largest si ip-

flies-dlesjpite tile Dutch claimi tlhat these insects c-anilot surv ive plier (1.100 toils iii 1991. ai txvelve-fbld increase f'romt only. '84

in tIle Dutch climate-\Westlaild growers have installed f'ruit fly tonls inl 1986)1.
hiries irl their greerlboniscs. Tllese hiries are inlspected regimlarl yN In ten iis of' value, tihe Netherlands sijr-passed Thailanid irn

byN Dultel djlialitv-controd experts togretller- with japainese 1989. becoming the leadiiicrg imiport source andt( reachling soille
inspectors. Prodiucts are ailso samipled at regular intervals anl 6.5 bulloil veil ii 1991. Thailand lizas i-e initiedI sec-ond( in value
thiem isolated inn su btropical duoi)lditioris to check for pests. of imports. xvitli 4.2 billion yen, followed lbY Taiwan ( 1.8 billion
Tomiatoes andi( peppers destinied fo(-r Japaln are also suipplied inl \ en), New' Zealand (1.7 billioni veil, Sinrgapore (1.5 billionl en),
special fine-ri esh packaging. Althioriih srich mienisrires are cost- aind Aiustr~alia (1 :3 billion vein) ( JETRO-F). From 199(0 to 1 992,
IN. the Dutch feel tllese investmenits areC neCeSSarv to br~eak inito tile Nectherlandis' sI are of impiort vabre decreased slightlx , fruorn
thie japanicse iriarket and euisririe hnrlg-terull Success FtRW). :35.5%, to :32.1%. aS dtid thle shares of Thazil&unu(l. TaiNvan arulI

Auistralia. Meanrwhile, the mariiket va1lue sh ar~es of' Singraporne
JAPANESE MARKET TRENDS: and N ew' Zealand havtxe been increasing )Vakblald- 199:3).
CUT FLOWERS Duitchl cut flower expoi-irs toi Japan htave consisted primarily of'
Japlan is tieul xxvithi tI e [T S. as the single largyest cor intrv iriariket buibiloNivers. ini contr~ast to the traditional Dr itch export assiurt-
for cuit flow'ers, x-alued att about 86 brillion fri 1990. h1ow.ever, riieint of' roses. chir\ saiitliemniniis, carninatioris and sinilirlier. flIow%-
sir ce Japanii has oiiilY ab out haltf thec pioplulat ioni o)f the U.S.. tile ers . Ilil ternis if, I.o.bo. vairue ini 1 992. therc le:ading liioweris x\p rt-

per~ (apia tcdOlisi5uiiiptio ul l \irhe of flioAers ri japari is abouiit twice euI I lv the Nethle rlarid s toiJ apam wvere lilies (44.2%/ ), fieesias
thazt if thte U .8. TI e totaLl Japanese niiauket for cuit tloxvers is (9.:3% ) . tullips (82%).ierinles (7.9%/() :uid roses (7.5%YIr S
expected to griwo\ at 6% per vear iii tire 1990's compared to 8%/( Japanese inmpcort statistics show' that virtually evn(-- four'eian
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ANNEX

Suppl1)ier of cut fltowers to Japan hais c-xpc-rienicedl a stagntation or rtcl. Brigl iter colors arte graduallV becominig mior-e popiulitr bitt
C'velii a 1drop inl eXpor1t VadLue fo NiiItii-iltiaLl attemlpt to still ac-count fit- a smiall shar-e of the miar-ket. In spriliw, yellow is
cuiter the Japanese mariiket. Thien, ais theY establishecl relattioni- the preferred color, while summericj preferences shiif't to cool
Ships wXitli inIOltpor Sc r 1hatCc-le the m arket reqilirements aod( tonies such as whiite anti bitui. Purple is considered a fmill color,
cranted mior-e atccess tlrwi i tit ale igremcnts, maim suipplieis whine recis preterrecd in tte iteri. Chrysanthemums arie pre-

Ibn'gin to recovtx c ncd sitr1pass t hei t iiiit ia-l trade vol utie aild fe rred in white oir pjiik: to lips and carnation s iin piniik (except f6Ur
sotitie even acicfesved substantial suiccess. For- examiple. follow- Mother's Day, when red is prefeCrred'): roses in red; mid( statt-
ing the Dutch Jpux gemn n18 IW.adtesb ice/hlmonlium MAtI gntiana in purpic 4 FTBO-F. Egberts I.

Sequ ent stationtin iofi Jaipattese plant health inispec-tor-s in thle
Nethierlands (it Dtciach expense). Dutchi exports of cuit flowers DO MES TIC PRODUCTION
tco Japptn atc-c-elei ittedi rapidlx'. more that tri-pling( iii\value inl txwo Floses cix tre prodtituced iii Japin bx mm oie thanii 81.1000 growers in
c-llnx. from 1.1 biIltio vc sn in 1987 to 5.7 billion yen in 1989 an arieat of' 16.609 hectares, it tanitia thait thie averag,e size cfif 

(JET1RO-F). fhtxver fairim is uinIx about 2.000 sc1ttiire meters. Between 198.5
Ti ieric are hxvo channei ils of' clistribiluttion for ctitt fitoxeris in at icl 1 990) tI e itinumbet- of flower- groweris i ncreaisecd I)v 1(1% antiI

japatt : the iatix wxholesatIe markets, or atuc-tionis, xwlhic-l ac-couttt the atcreag,e expanded by' nerl :30%, (JE1'1(O-F). its floxvers
fir ani estimatedI 80fP c Iothe floxxer trade. andc another cbannitre showecl gr-eater pr-ofitability tItan traclitiotnal ctops suichl as rice
s-h ic-h it ses clii -cc t negoriItiaitiotns wvit h (Ilinail l) c-CtiLi IChatinS - Inl ati \ egetablIcs - Diii i(ftg this pei-iocl al sci t le governi- n itn

1990. there xver-e 171 (ci-trall and 22,_9 rci-egii ma h x leii e lc- mar- offered iniceittives to filrmers fto cdivc-rsifV axav Itvrom i-ic-c pi-o-
k-ets, -wxitI a h'i i-tl teci -80 sinall -sca~le iinclepetideitt wit \ iolt salc m na r- cIittc-tio n aii ad iii to floric-ituIret- ( Egberts) - N eve rthe le5ss tilie

kets (IETI-O-F). Tokx\o altn iti al~s aboitii :30 flowert xwhiillsalt itlci itlc o f, ap i it iflcit I i-c St-ctir iis still t-elafitic-v Small,
tiark-ets/a-uc-tions (Eghberts), c-omtpat-c-cd to oiilv nine in lall of, thc mciasuriog colv 60%4 of the~ inlc-tnt-m ro fioi ttilit proidtn-tion., 2tf%K
Nc-tIiCl-rltiLldS. of thie itnc-ome It-in wisgetable piroltuc-titii aitcd iillv 4-V.5% oftotitll

tgiic-tiltcitl-at i nc-o ltue (01klwkax-~) 
CONS UMliER PR E FEREN CES Ill I 99ff. japati produtc-ecl miore tliitn 5.53 Ibillion iStemus iof c-itt
Japantese predCritcutes fttr and uISeS Of(cIt fio\wi-S cliffc-r ill nattyTi flov rsstts an itic-teatxe iof 18 itl-ohm 1986. TIc majo c I-pgitt
r-espec-ts fri i m thtiose iii the t -S at dc Eu rope - andI these fUtc-titis ill Ja~pan weere c-nsl x atthe imm iis (1 .9 bil lionii ste iiis5: :36% i if ti ita
imis t be c-itns idcIt Inc i poitenitiatl expioitc-rs to j apiin Ihei prima- p tot1 ic-titat), Cl-Icatnitit itn ix Cf ff1n ill ioni steiusiiis,o 12'- ) at cdi rocse
FV c-tInstttttcrS oif c-itt flower-s in Japan at-c buhtiiessc-s (offices. (over 400 ittillitin stems, Orc 11%) ( JET1I(0-F). These thret-
hiotels. restaui rants, ftutierals). a[C-COc11inti Iog r 4t)% cif tile imariikct. ci-ops are still expandicng. bitt the stitoitiest tectut Produc-tioin

B is i t-ss ic-Iat-clgiIt-ix ngacc-ittitsfb- aiolie : oq ti 1 tif gt-rt\stl has bc-c-i in tothet t\ptcs ot flowvers such its lisianthics.
thl( i - tn a-ket - Prctxatc -c-ionsu ti-ctittiolt ac-c-otints hit- tI te cc-in a it igl IiItInI01IlI in- IilpS, altiltiL t kiltsad I il it's Proitc'cte(d pro tiictidi o it

20tk- tit :30% ofif apanese dc alc~td. iic-lttcliitar 9J0oc intitntded fbir flitxers is itncrcitsiiig (Baltoblank-F). xwith the itiziattritv of cariti-
peistittit gift-g~ix'lwig ti]Id oilvI tlhc- Stiatl itnlticlid r used I It cotin- tititix aicld u-ses, altt iclhlf the japanc'se chitsanthlicumii c-i-ll)
Situ ic-i-N inl thel ci.ix't hiomes. Ilt othtir wordistl tlic xclf- se Seg- gnlsi\t t1 tttiilcr c-tei hkwat
inetiit ac-coittits for only\ 2'; tit :3%' cif' tcit l I) ItieSt C (IOMi tld Ilt g~iIC-idtera llX1.p:t imiports c-itt floxwc-s xwhtich ate t'ither cliff>l
comitpauc-c tot :3.5 itt the Nethelaclncds 'EIT fA)-F, 1E betrts c-tilt fto gtroxw ili japait. ottavitilabk- curit-tg Japattis off-seasoin.

.Iitaltitc5c ii isit tiltc-is pieflr ric at iselx 1
ttaltigi tl ityx fit ixi t - -s c-leiLtpc- tO t ri 0tiVOs'i t-cSC-aS, or ciw vi to the j{ipIXttCest imarke't In thlit

titid ate. \s-ilut fto pity high priic-es ft t tlietili hlighl quitlity is coinguit xc itrs the irole of' itiports in Japan is c-xpec-tecl tco shif't
ii I i poi tt-ait iiit mii i be iedatst' most filoler ttptuitchaises ill J apatl i ate from iiii fll ii thI s it'xgaps ili thle in irket toi supplvintig largc'vo unit es
itentc-dilc-cl h rgiftS, hult aSit bttcause iii theC 1I ipttlSe fitO\vc-r- Oif tlic Ibisc hut "al ectuouoclditieS: thiiS ccttlc(l boost imp1Iort Shiarc-s
atr-rniirStgstle xwhic-l etmphausize's tlhc Ibcit otx Ia sitigle bloiom frtm o ieti h ir i presen [(-xcIs toi 1.5%, to 201% of' the totatl itar-ket.
tir i aSmiall numbi ter of'scecc-tedt fitoixers C1 JEIIFT)F). Dc-it titc fo)r xvlich ittsell'is cexpec-ted toi groxw steacdilv. lIn ordc'r tit reatchl thecse
cquca1its c-t-c:ttc's hl(ie ir i-c tail pricucs Sitice retcttilters tiltist thritow goalls, ft itic1r Supp)lier'S xVill have to e'stalblish Icing-terin r-eIa-
out tit arIarc' nitmibir - tti past- prinme f1mt rss i sottie ti iiies ac-c-tint- t it ishiips xwith t apai icsc i mpliorteris. whvlo c-at t guitdel tI icin inl salt-

fiti fur ats miit-t as 40% ofthtte f1oxvers iii a sliip (Egbierts) - istYit i lap JIIII 5SO StFnVeot Staindlairis tea t1-itlng planlt helalth, hat--
taaest' coiiiisitiii ci- readfl C-itt floxw'eis is yeA scv set il inl \estim stag ird x aca-ig ablngal c lsitntr prc'f-

tiat Itt-c-. ini atc-c-ordlance x-vith the Japanese festival taletch Icr. sVIliich c'rencs x(iJETRO) F).
cli fEe i-s fit tin tI te LU.S. -and Euli-iope Floral de ial it-1 in Japanl The cxcliv ipmtnet it ' it f an s i mporit volttinc-s iif thle mi o rj 

pea:ks in Mitt-I and Sc'ptembiher for thc x-ernial anId altttnmtial types tof citt fitvirs cix n steilixs) sfitwe 1)84 is shoxwn iii Ttblt- 11
eqpuinoxes, tracditiional titties fotc placing fluitxers cut amicestors CJIETROF). F ftp inS s(Mit flttx%Cl ilnporttS havle pr'iniatilv Consist-
tiombls. Demtandl alst iepc'tks ini Dc'tembther-Jaiimtri \ for tlic' Nc-xs i-c itftite ir twit spectfic piochuicts fbun etc-l ofiEt fexv min iiu p tl-
Y'ar- season (boi th GrC i-c-iati tt at il Cliinttse C, xshen it is cuti toin - pl icts - Oi-c-hicils hitomn TI t~ilai i c it acd Sitngiaport-c c-Irytsatitiliheliiiums
atty tut gixc business itncl personal gifs, :tiic ii j tine for \-huither-s fromit Taiwvanimda 1'iii frs atitch beir griss frlom the U,.S. c-iotmprise'
Day, xvheit red c-ar-na ticitns atic pi rift ca-itt-it tiii s atd it oses ittc- txwo- thirdis itf thtc- x1uii c it (in st'mis) of it aiphittese imiipitrts -

espec-iallv popuitlar (.JETH0-F). Etiterging stiti-c-es ost ifspply ticv M id utc tcc0-e ti(-lt i itiptirt IrtltcOd tets

JapIii s onuiYN \ Stroit cothir pric-ferei-cit c fcorit fitoxw- ittc-lilt- thite NethIcrilanids Ii lit's iid itothic- bit I flowver;s'- At is tra-liai
ct-s dlepetdinhtg oitit the seatson, the type uof' fitowxx-r andt ext-t thI it- atigtozaitho sa it 1ic x-x:cftwxers ), Next ZetidtiLId (zai1tC'eClcsc-l S
egitfioll ill 9ja tim t iti getierilh - -niis tiimc'i prefet- Subilt1e cotltotis ati nd I ordids) - Co sta 14ict j1oxwei-c-i st Icri-is) - at it C(oltomi biai

sc tic-tas xx-bite - patle pitt k-pitnk - sailtitiini piti k- ligfli t puri-jlt- ati cI ow ier i-c-iost cattnit ioniis)C
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INTERNATIONAL MARKETS: JAPAN

Table I1. Japan's Import of Major Cut Flowers, 1984- XVest Indliani sNveet potatto wee\il, the potato wart, the Colorado

1990 (volume in million stems) potato b)eetle, the potato cy-st nemilatode, tobacco blue mold, tle

1984 1985 1986 1987 1988 1989 1990 citrus blurr-owinau neinttole, the liessian fl, and otiler rice pests
and patiogens. EntrN to Japan is also prohlibited for plants and

Orchid 49.1 63.2 78.8 84.1 115.3 112.0 124.2 mateiials shipped via contaminated areas, inless they are not
Ferns 12.4 17.0 28.4 31.2 45.6 50.6 52.2 unloaded along the way (JETRO-Q).
Chrysanthemum 23.3 24.6 15.9 27.7 41.2 44.1 30.5 In additioni, entry of soil and planits wNith soil is prohibited.
Bear Grass - - 5.9 9.7 27.6 26.4 26.7 except in cases where a co -mtrv las developed imethio(ds of dlis-
Carnation 2.9 3.3 7.0 7.6 11.5 10.1 12.9 infection wlich ensiure coniplete freedom from the prohilbited
Freesia - - 3.2 4.7 11.9 11.2 8.6 pests antI pathogens. The iiniport ban m iay lie lifted on an item-
Anthurium 4.9 4.6 5.8 4.4 4.2 4.5 5.1 specific basis following the presentation of e-vidence of the dlis-
Gladiolas 0.4 1.5 3.7 3.6 6.5 9.9 6.8 infection milethod, on-site inspectionis by Japanese platilt healthi
Nerine - - 2.0 3.0 4.9 6.7 6.2 exper-ts, bilateral negotiations. pilblic bearinigs andl subsequent
Lily - - 1.8 3.0 6.0 9.9 9.6 changes in the regulations (JETRO-Q).
Ornithogalum - - 0.5 2.1 3.5 - - Slhipmients of cut flowers foundl to contain prohibitedl pests
Tulip - - 0.9 2.2 9.4 10.6 8.2 are fuinigated xvith either lhydrocyanic gas or methyl bromide.
Daisy - - 1.7 1.8 1.1 - - depending on the type of pest founl. In 1989, 34% of the totitl
Ruscus - - - 1.4 1.4 2.0 3.3 stems imported wvere fignicated. 20(% of these vith hydroevan-
Waxflower - - - 1.1 1.4 3.2 4.1 ic gas and 80% wNith niethvl biromidicle (JETRO-F). The latter is
Anigozanthos - - - 1.0 2.4 - - conisi(lered to cause significant daniage to the flowers. As ship-
Leucadendron - - 0.6 0.8 0.9 0.9 1.0 wenit size increases, a (lecreaLsinig portion of the shipment is
Rose _- - - - 9.9 11.0 inspected. Japaniese floweer iitpotters have recently lieen sue-
Others 6.0 9.3 7.9 10.6 29.9 82.3 - cessftil in furthel reducing the size of the saimples required to

be inspected, which will improve the chiances f'or axoiding fulili-
Total 99 123 164 200 325 357 358 cration (Sugivamnal)

The planlt qLuarIantine process caii lie expedited andl tile suic-
Sw,el, Amt" 'lof A'nc,ultu, r'. F-,,,- 'a , Fi,hen,-i. c ess r ate iiuc r easeti b) establishinii a pre-cclearance s>steim

wvIlereby Japanese plalnt hlealth inspectors are statioiied in the
JAPANESE POLICY ENVIRON MENT exporting country. In orcler to justify the expense of such an
The Japanese policv envimonnient affecrting the import of fresh arrallgenient. exportingr countries needl to have siufficient export

vegetables incl ciut flowers coinsists primtiarilv of phiNtosanitarx volumie to Japan, a concentration of productioii intetnled for
import prohibition measules. Despite tihese restrictions, wxich Japan in a limlited area aindl little history of disease and pests in
are often viewed lI)v exporting countries as protectionist non- cut flower shiipmlents. After pre-clearanice in the exporting
tariff trade barriers. many countries haxve siIccee(ldc in gaininr colntry, flowers arriving in Japan re(qiiie o(101 iiominal inspec-
greater market access to Japan throulig a coirbiiationr of care- tion at ports of eciti-v anld, as a resilt, can lie dlistriliited more
fmlil comiplianuce. patience andl tliplomatic pressure. Tariff bari- quicklI (JETRO-F).
ers. on the other- hand, can Ile significant for sonu' crops and For eli- l horticmiltuiral products, significant market access
ilnsignlificant for others. All cut flowers, for cxanmple. eiiter has been) achiexe(l tihroug. h international negotiations and
Japain duty-free and thiere is oiily a 5%/c tariff onl ciit leaves mid(i agreements. tLinle the (ATT-1 1 agreement. Japait consented
b)ranches (JETRO-F). to Iib)ertaliZC imlport *l uotaLs on eleveni (lifie ei it h orticiiltu ral

Japanese quarantine regulations proliillit the ilipoilt o(f a products between October 1988 and April 1990. \Vith the 1988
imil)er of host plints of pests, pathicTenis and other niaterials U.S.-Japan beet/citrus agreemient. Japan agreed to completely
liot native to Japan and colsitlered to poset a tllreatt to Japanese lilieralize import u i1otas 7or orialles li)v April 1991 aniud for
agrricuiltiur-e and( forestrx . Soiiie 15 species are on the cuir rent list frozell c clentrate orange juiee by April 1992. \While hligh tar-
of prlohibited pests. with the Medliterraiieain fruiit fly, the orien- iffs (froi 20)% to 40%.n depending oil seas(oin) reeiiatiii iii place
tal frilit fNix the Oimeenslanid fri ut Ily and thie ineloll A\x calisill( g for oranges. imiports froiii tije U.S. hiaxe inicreaseil sinice thei
the miost colicelrn. Other prolhilited pests i ucliuide the colliig (quotas weie rell ved(l and(u are expected to inc-rease sulstalitial-
iiiotli. the sweet potato weevil, the sweect Lotato sille lorer. the l! in tlet fiiti ire (Somiiers and TIhompsonui
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tiut \j)i j poe -ets' cino pr1lr(tt-ic tio ) m c j)i tirii tfiiii in stl itf iisbti inl .Iltln adtitis o-t t .\-bxie aitjIl1ill d (L'It i ffdiIIL.C~CIC

tinpuatst itig irpttst re. itiet-.tpotuii iu tiltiiihj ic-s. licut xx n ll pneiillict) ' fistix exorisilts li tod ilesc sac-sta

iii xx pro ippllei s tit li pofsitectei CSi. prjiS sidlictdgl aes l etatbv id-lished ilomt of i such iiiuitint ieat d si p piit i-riis.Sitet

withthxeliii enthios (di detulapix( tai li tsitit iidi sti \ ext-n (usa1 )- Oe--5~fx tmirc -eiiitit 1111(v1ls iiwti)tiipog tmil I dx t ti tit

hitd ()ItI- tbh 5 tas ut iid fid\lt-it uli,C ditt- ir pi rt-thicttimn coixts it IjI- is lo o itlii u1i iz.xi t iii p ro 1 fit( i)pit p un 1 Lti-tiiciip if)I t( IIoJ )f- x'1-ti

illre ilm abi chllaic.colditoll (epecalk ill\\ lllr~ct i llitr hllt-s ot ttt e ilu itu. ir altlspt--ixlh v-t e.\)it teIs J \iitii-td iito e
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ai iv i t te -poh coliltr em n ii0 iar ri \itd a%aii aili kc to d the dS \atot thin lmtest resesoiii itS aiit-se ittii - tlwited pro)ImiiiL "m-ti-

tlituititid fisti(i-i fit till tso u xi i-i T fir xiirs, opovlitixUthii is I tI.s chiixxici tiitii [)idnte-tirt coxti iii itierc idtiit iaid iihetilt

utw iipp ies t-ti l of-s etlithlsupti shoiitp ei. Fid iltr ujIsr tiili it sxx itew ilftr itrg il iiitx dll offp- scniuu fite.Sll h
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iw,xx~ coeiliisu ix(oilitiatitiutsiix tttti iumttpilstiies inyu ciiitst o V iic i o it fxiii ertt liForti proupit-xx etx-opiiigs pollhtcx cilj oiet

tiipt-e trialeisiti pi-iljttiiit .\t i-j IC\\ii weitultes beglulle ulexeitp iuug it it ierdc c-itftix-k eit. i i-bxgtii- ttsitesuix clt
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:tll(_ stbiii hedli prodice eas rtii g antipll-icspe ictimc espvetr-psiii, tud citl clt fit sit xugot -t sitis l \c, ntJal,- tin ticenist fol c-utr
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CONCLUSION

fi avers 1has Ieelln . i. ll. ore rapidl yv irl rct-e n t eas ia1 th c coi te llilltrv Acc(( In1'k it will lie calSicr to i itltrodli i liew cNotic

-ilei lidil for fresh veretables. despite tile tact thaLt tIliS alte f oo0 cotalillviaid products to tlin' mar)-ket thaii iwew exotic egctabliles

inlc-ieitse is itself (lijiiliislhii( tlllhog ilr ie. Fiirtlicrollo'e. clit silce. ill the latter case. oloSiiluHers iiiiist lie willing to taste the

flowers ei-Cileralls have a m0uc( hiiirier \aliie-to-\roliiiie ratio iieWv iocliet atilI leaLrll to lihe IIe('\ flatvor,s.

tlil freshl \egettlales. sliich is at critical fiactor in the prohitabil- It is ia difficolt tiasl\ for ails piTholicci -iii iitliel at ie eloph ed
itv ol(d [rodlicts tlhalt lloist lie trainsportecl lon,g distaii(e-s b cost- 's oeloing colilitn--ti onlsiste liti> siipiv)ls liiiil-(ii it

Is aiirf-ei(litt. Also, Sincie cnilt flowers itre so perislialle ill latulre. fresil \egetables or clot flosers. The ioiost estbiilishecd and espe

c'\eii prolduicers who are close to tIle MirLl-k-et nioSt uise e\l)eliis'( rieiieed pro(ucers of sicili seli'Jitist' bnl(wical pioldicts liiise

climlnte-ctolitrolke pci tt-iiirodlol ts iiiic a ,I,d an iig tIod ii sati all>- oiffs(t- p roilic tio n and ps ist-lhI an est llaid( 1f ji )l ioblemns. Tl hesei (lfiic il-
till(o tile tr'ainsp)ort cost cdis hactiat<ige of ollg-dlista llcc supplitels. ties arc' i cliscouira(reilent naill ii oppioltililit\ wiilc' tihe\ Iic'es-

A fIiitlicr cli sIhsdimiiaige fir prl-o i5)eti\c \(ret table exporters to sitiate colmplc\s kiowlcd,clg of proc(lictioi I liouid aii i-oketii is thus

Eiuropl)e is that, Jilllike withl icot 11iers. licin-Ei iropea)i Suiippliiers allso pr'ovide oppiiorti Inities fo ur new siipplieris tol tn to impim)1ise

c'iiinot sell thieir- se(retilles thri,iili the Dhutchli uiiic'tiolls. Sluch ()0 tile pleriomillaice of CXistilng slippliers aild better saitist\ tIle

illictiOH sales iave beeli instruciment al ii as'sistillu cuintries si i I we dlc'cis ol tiic' t racle

as Is rac'l aiidci Kevivit inI be minoll ng I li litic mi ojil siuipplie'rs of Cilt TIl ehimi ics oif ie\ siupp lier s ti einto r en li petitive miialrkets-

flowers to Lillrope. Aiothie'r pote'tiai clisadlsatitge for siiiailler ftill(l ille\plouited llicidns iir dlispliiee existilg, silippliers Illi he
dc'eclpillu collitries conteiliplatil, wegetallclc expoirtilg is that soil .il nit tli ic (lo exist. Lltimi atte su(cess oi h (iilure c'ao onis het'

thie' Icadhillg c'\puoirtc'rs ll I have largedt (lo1icestic' miiarkets to a lb5r judip (ucg 'ci osec tiiiie siicc' e'a1ch scaSo His i ma prc'seit speciial siupply

secomiul-quilulit and sill-plus procluctionu. problems andcl delinidil dcx\,elopumiuets. Tri sic'i'cssf'ili>. exploit

A special coioiplic'atiiin f0 \o -retal)lde expourters is that, Iuuulikc' siic'li export miiirket oippiortiilities, tl( uuew puohiucer iiiiist 1)i

ciit flower c\po)Orti is \vlio iiec'd ink, le cociuelleol aLiollt Illitill- prc'pared hl at lohi-terll insestiluneiit lie wiiiiui and ;llic' to

ttilli g (roocl exteiidal prmodi iuappeariluie \e(gc'talble suipplicrs cumitilluls ll l-11 abilt tc'; ipoteitial mal-kct and Illarl,etill sv-

iiiiist also ellSile sitisfilc'tOir v priiiict flax 11r. (Joins mi iers mi ti te'ii. aulii he c('ijiippce'l \\iti ihiuuc'l c patieiic'e inicl ci iiiclu persis-

have \er\ subiltle flaxiir p utereferncs wh iich dii ['r fiiiil ci.00 lltl n to ti (I Icc.
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Alan ]. Maltter. market resclrl lhe rf J)r iorticul ltural prod uc7(Il(1s itn tlin IthcctarIc or less. Tlie grower is then free to coneii t rate itllost 1 11 ll7-

Marke t Research Departillent of L7raels Aiiiistri ofAgriculture. SiCbofdP e(Win 7 Ili-piabth reeity tIc s cihid7zl H o ieeIf
Y f such,prodliction -Sj~~~ccialization r-an on/Ii1y exi st if Il rrl f(ls i

2Tl rough out thlis sectioan par cticular aftteintion is -iven toiraently7( is 1arge aid(letien-loped cleoug"li f;))r othe rfirirns or- public orga7iza-
examples are dra IWn firo titl Netherlands* glas.To se Sl o-. t-liolls to specialtize in providilig the o 'tihcr n eessary .s lppo unrtfue-
to its SiZe. conlcentratirotin imlstitritional struetnure andl intern ationiial tions, suchi s research and Cxtension ad rice. n'Ir t product d 'eelop-
olrien tation, the Dutch glass house sector is ,ftvn thc best source of own t, y'ouni g )1anlt p ro1a'-'agatiOnl ptrodueCtion input suipphy in sp/ectinl
data onl thet prodcit cion (ad trade in protected crops in Eu rope a l1 st7Crices, market inforiatio rI an(i sales anid distribution '(UAlinstryJ (If
teorldicide. Though the Netherlands its-elf is a smnall coun1try tithl a Agrilcultur-1992 Butt evcn in countries where it is niot po"sibli to
polpuation of about 1 5 mtillion, it is tin ackowledged d orld leaer dtplicatte Dutch production condlition.s, a smialer-scale opIeration

inl protcUtedl erop tch n oh0giJ. pci(luctionl (( ii t('n(latn ii(lal b1olti- tilici7 a llow 1c cr inar; rstinuVnlnt pper square meter il qn(nality-Inha ncing
en ltn ral tra(ld. tech nology anXf'a ( reatcr speciaflization ill high-( 1ualitly pr oduction

3 ThIm, another great aidvantaCe of thc Europmea prohlucec auctiois 6Sippics fronm Jamuaril to Junrle 1993 rcniainedl about tin suone as ill
for grCowers and buyiqers is tlicii- objctictw an(1 professional (puilitl 19.92, while p ces lallWU inrzeased (Vakblad). showinlg SOlli Isigns o!f
inispection before iCrele transalctio .n Sulic a systitrrl 'liniltates- lhily/- iarket recorylJ. IV t (l1tlems, thie European floer- trade is nIotc
r. r chpend('if Jce on r-)wleers to) d1 tennminic pr onduet q1llitif wiclen .set- htillI more can ltions aibouit tile filture tlain it la 5 prior to 1992.

tiiig prices all(I l'ld.S growl rs dep1wlunlcllelc on huyiiicrs to as-.e.ss p)rodl- -
neht O/uadiyr/ upon recedicing the )71illiil'l' 'ne y .d Ci onclutdcs thla:tl sine5 Spain aill tihe Canajr Island.s irels

(llaniig the (collbtics 5r7o(st fruplnliitly fion till ill violationi of r1ficrllee

1 (IllT (1 Ca.sl'.1 t1r17' is a 11o7sid(e11 rab iisk inlvroied tUiti Iil iilig pro- priccs fir, toilntoes- (1l(l olther prodtucts. these poiicil's hari .71 i' 'll t(1.S
dluctioll and( explorts cexlcsirely (it pc ak liolilleil pecriods sineb' 4 pl- n signifiehant ban4-n tf) tlmo expansion of lIne-cost Spanis-h prod(lce
(dictioli andl (listributioti catior t alu aris bc pru Ici.lye timicd (1ar1u sil7cc bloirs iilto t11e EC. Tillc7forc. til' aulithors iwifintainl tiit Spain i711s
ot111r suppliu7s c(ll floOId till- tilalrklt trnig 70a (I rii 7 holiday, Ilad- not yet bewllfittell sign iJicaintlh fit-om EC 7i71n7emb11shlip a tidl till has
iiig to sill)staiiti(llJ lolitr pcicr S illn a par)ticlalir 1year tlmaii It liat 1117-i(')11. potclitial to Kupanid( tr(((l iln tic ftfltlrt r iloc tile l stii titc
migiht nlormialily l) expeccted(l. offer price clll'cha17ismil is 7c11701 (1. Siluli (iZ ex5pans7 ion of Spanish

cX}li il- 1071111liTsplacc third coutr7y t iil7. nIon7-EC) prodUl'CC 'PI' .

5 Tlii b)e1t C slaliple of a sulce.s-sfnlhy stistaim'd pirotleIlltIl hio)-ticiUtuil-al T all' i pill groittti iti SpaliiSil (n71 Ca11ary7 [slawln toliluto C spolts to

illilstris till' -75'lt711crlatlds. DudtclD h a(1shi1on1s' pr11d11ctimi, is c('1- till h . K in tlil s-pcting 17(I st5immr 7 of 1.992 (it 11o)1 pril cs iS citcl i as
a7chw iUW b;F vy thec pri'domvrlillarnce of r-vatir c 1y swmall, sptCrieiAi_~d l (.Cr[io'lice tilcit thel acf l'cr'11tfcd p/lasI'-bi of' Iberia2 rn Ill be r Wl ita s
i)t>tll 7711J)lbl 7 ( 1( /l-lrductioll iliit-s (il'. 1(117b t ulsisalu/ 01111 arca(l(dy l)I'gin-ininig t., affect tlii iilkllart 4Ritso'ui (17711 Sic iIilba I
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