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FOREWORD

s land and water resources become increasingly constrained for agriculture in

many 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 man-
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 can 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 hemisphere
and the Middle East have therefore an advantage in dealing with Northern mar-
kets.

In response to the need to be better informed of the technical develop-
ments in protected cultivation and their application through World Bank support-
ed projects, the Agriculture and Natural Resources Department 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

et b

Director Agriculture and
Natural Resources Department
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ABSTRACT

This Paper, “Protected Agriculture, A Global Review”, gives a broad overview of
the three main protective methods of plant coverage and related technologies
for climate control and production techniques, including 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 economic 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 World 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 1 gives the Background in Chapters 1 and 2, PART II deals with the
Protective Materials and Structures in Chapters 3 and 4, PART 1II 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 1V 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 agriculture is the modification of the natural envi-
ronment to achieve optimum plant growth. Modifications can
be made to both the aerial and root environments to increase
crop yields, extend the growing season and permit plant growth
during periods of the year not commonly used to grow open
field crops. Protected agriculture may also indicate compre-
hensive svstems of contr nlled environmental agricnfture (CEA)
in which all aspects of the natural environment are modified for
maximum met gr owth and economic return. Control may be
imposed on air and root temperatures, light, water, humiditv,
carbon dioxide and plant nutrition, along with complete climat-
ic protection and may ultimately make it possible to grow crops
on a lunar base or another planet.
Protected agricul-

ture has enabled
many countries to
greatly extend their
food production

capability. Until now,
such systems of agri-
culture have been
largely concentrated
in developed coun-
tries, but recent
research  develop-
ments have made it
possible to extend
the benefits of this
technology to less
atfluent regions of
the world. Plastic
greenliouses,  row
covers, and mulch-
ing systeins werve first

used  widely in
Southern  Europe,
Japan, and  the

United States: they are now found in other ureas such as the
People’s Republic of China. South Korea. Middle East and
North Africa.

Protected as_,ncultme will pla\ an important role in meeting
the world’s food production requirements for the vear 2025. It
is estimated that, by that year, .5 hillion people will have to be
ted - an addition of more than 3 billion people to the world pop-
ulation in 1990, In the developing world alone, the population
is expected to reach 5 billion by the vear 2025, Already, about
halt of the Third World is 16 vears of age or younger. By the
year 2000, it is estimated that halt the wmld populatmn will
live in cities. Of the 24 cities expected to exceed 10 million
inhabitants, 18 will be i the less developed conntries.

It is clear that if we are to increase the supply of food during
the next centurv. we must increase the output of the land. New

Two hectare greenhouse facility in United Arab Emirates allowed pmducfwn of
horticultural crops under severe climatic conditions.

farming techniques, which incorporate developments in irriga-
tion. fertilizers, pesticides, herbicides and genetics have already
increased production. Morve disease-resistant crop cultivars
have been bred which are responsive to such farm inputs as fer-
tilizer and plant density. The well-known Green Revolution is
an example of how modern technology has substantially
increased vields in some developing countries with severe
}o(x]/popn]atlr)n problems. For much of the world, climatic
conditions have prohibited year-around tarming with crop pro-
duction often limited to only one season. Protected agriculture
can provide new alternatives and economic apportunities in
crop production to feed a hungry world.

This publication describes the potential and application of
protected agriculture
for use in developing
countries. It details
technological advances
used throughout the
world to increase crop
vields. to
quality and to permit
early and out-of-season

tmprove

cropping of food and
ornamental crops.

DEFINITION
OF TERMS
Many methods of pro-
tected agriculture are
used to modify the
environment.  Some
are quite simple and
inexpensive; others are
complex and costlv.
Ideally, crop pmdn(-
tion would take place
in an area not requir-
ing pmtecte(l (Nncultme systems, an area with vear- around
growing temperatures. Becuuse such regions are rare. and often
completel\ lucking in most countries, methods have been
devised to protect crops against the harsh climatic extremes.

Mulching. Mulching is the practice of covering the soil around
plants with an organic or synthetic material to make conditions
more favorable for plant <rm\\th development and crop pro-
dunction (Hopen and Oebker 1976,

Row Covers. A row cover is a piece of clear plastic stretched
over low hoops and secured along the sides of the plant row by
burving the edges and ends with soil. Floating row covers are
wide sheets of clear, perforated, polyethyvlene or non-woven
porous plastic. not supported by hoops but by the plant itself.



High Tunnel. A greenhouse-like unit but
without mechanical ventilation or a perma-
nent heating svsteni.

Intensive Agriculture. This is based on
cropping systems that may require ]urge
amounts of labor and capitul per unit area
of land per year and normally involves crops
ol high valne (Dalrvimple 1973). Such agri-

cultural  endeavors uswally involve the
extension of the growing season by means
of protected agriculture. Multiple cropping,
the growing ()1‘ more than one crop per unit

of Lm(l per vear, is common.

Greenhouses. A greenhouse is a framed
or influted structure, covered by a transpar-
ent or translucent material that permits
optimum light transmission for p]unt pro-
duction and protects against adverse climat-
ic conditions. Such a structure enables a
person to work inside; and may include
mechanical equipment for heating and cooling.

The three major methods of pmtectvd agriculture are: (1)
mulches. (27 row covers, and (3) Uleenhouses The many svs-
tems of choice included in each method are discussed in PART
1L Chapters IT} and 1V

Controlled Environment Agriculture (CEA). While similar
to greenhonse agriculture, CEA systems of protected agricul-
ture are the ultimate in environment control. CEA meuans con-
trol at both the aerial and root levels. Production mav take place
in a greenhouse or in a totallv enclosed structure that permits
control of air and root temperature. humidity, atmospheric gas
composition, light, water, growing medium, and plant nutrition.

Hydroponics. Hvdroponics is a technology for growing plants
in a nutrient solution (water and fertilizers) with or \\lthout the
use of an artificial medium (e.g. sund, gravel, vermiculite, rock
wool, peat moss, sawdust) to provide mechanical support.
Liquid hydroponic systeris have no other supporting medimm

for the plant roots; agaregate systems have a solid medinm of

= ES
support. Hvdroponics systems are further categorized as open
(i.eonce the nutrient solution is delivered to the plant roots. it
is not reused) or closed (ie.. surplus solution is recovered,

replenished, and recveled).
Some regional growers, agencies, and publications persist in
limiting the definition of hydroponics to liquid systems only.
This e\(lusu)n ot aggregate hvdroponics blurs the statistical

data and may result in an underestimation of the full extent of

the tedm()loqy This underestimation then distorts the eco-
nomic implications of hydroponics.

Virtually all hy dmpomm svstems are enclosed in greenhouse-
fype structures in order to p](mde temperature control, to
recluce evaporative water loss, to better control disease and pest
infestations, and to protect hydroponics crops against the ele-
ments. such as wind and rain. Thus, while hvdroponics and
CEA are not svnonvmous, CEA usually accompanies hvdro-
ponics.

INTRODUCTION

Cucumbers grown in a sand culture system with drip irrigation in Anzona. Cucumber yields in
this system exceeded 700 MT/ha.

Drip Irrigation. Often referred to as trickle irrigation. drip
irrigation systems consist of plastic tubes of small diameter faid
on the surface or in the subsurface of the field alongside or
beneath the plants. Water is delivered to the plants at frequent
intervals from small holes or emitters located along the tube,
normally at rates between one and six liters of water per hour.

Technical Production Aspects are being discussed in PART
II, Chapters V to X.

ECONOMIC RELATIONSHIPS

Crop production, using systems of protected agriculture, is usn-
ally more expensive per unit of product than production with-
out such systems during comparable periods of the year. These
additional costs are uﬁudll\ justified if the monetarv return
perunit of product is l]l(Tl]t:‘I this occurs when the pl()duct is of
better quality. if overall production costs are compensated
through better vields or if crop production occurs when local
cropping is lmp()sqble Caleulating the economic advantage is
more complicated when imports from other producing areas
are considered. For example. the cost of heating fuel required
to produce a kilo of greenhouse tomatoes in New York State
during the winter is far greater than the cost of fuel to transport
to New York a kilo of tomatoes grown in the open field in
Mexico at that time.

Economic factors are key determinants of the method and
svstem ol protected agriculture most applicable tor crop pro-
duction in a given situation. If early harvest of one to two weeks
is desired to take advantage of high market prices.then mulches
alone may provide that margin of time and profit. If an advan-
tage of several weeks is desired. a combination of mulches and
row covers may be required. Naturally, the cost of using both
methods in combination are higher than using mulches alone:
however higher market prices mlght more than compensate for
the additional cost. In Japan, all three methods are commonly
used simultaneously to grow crops during winter and edt]\
spring. Tn most cases, dnp irrigation is also used with all other
methods of protected agriculture.



BACKGROUND

While nearly all crops can be grown successfully in any sys-
tem of protected agriculture, onlv those crops which bring a
high vield per unit area of land, as well as high market prices,
are economically viable. Usually, these are perishable crops that
cannot be tramported long distances without expensive pa(k-
aging and shipping costs.

In addition, each method demands specialized knowledge and
presents its own economic risks. For instance, greenhouse crop
production, in combination with hydroponic culture, is possibly
the most intensive method of crop production in today’s agricul-
tural inclustry. It requires high technology and is verv capital
intensive. Every detail of crop production requires close attention.
But excellent management skills in protected agriculture are not
enough: a thorough knowle(lge of markets and the ability to pro-
duce high quality products on schedule are also essential.

Eu)nomlc problems come from many causes: underestimat-
ing the cost of production, including capital and operating cost
requirements; poor management and marketing skills; and lack
of diversification in response to competition from less expensive
imported products. Economic success is highly dependent on
making protected agricultural methods of production competi-
tive \wth svstems of open field agriculture not using any method
of crop protection. whether produced locally or 1mp01‘ted

Economic and marketing factors are l)l()dd]\ discussed in
PART 1V, from Chapter XI onwards.

GEOGRAPHIC CONSIDERATIONS
When considering the use of any svstem of protected agricul-
ture, the world may be divided into three geographic regions:

(1) temperate, (2) semi-arid/arid, and (3) tropical. In the tem-
perate regions, all methods of protected agriculture are often
used for early crop production and to produce summer crops
out-of-season, during the winter. In the temperate regions,
mulches add warmth to the root area: in tropical regions,
mulches protect fruits from the disease or (1l§(0]01dt1()11 that
might occur from contact with the soil.

Row covers are commonly used during early spring in both
the temperate and arid regions. but are seldoml\ used in the
tr oplcs. One e_xcephon to use in the tI‘OI)l(b mlght be the intro-
duction of non-woven materials as protection against chewing
insects or insects which are vectors of plant viruses.

Greenhouse structures are enclosed to pr()\ide temperature
control and opened only to provide ventilation in both temper-
ate and arid regions. In arid regions, during summer and even
winter, evuporative Cooling systems are commonly used to
lower greenhouse temperatures: Closure also provides valuable
protection from disease and pest infestations, and weather
damage. Greenhouses are especially effective in tropical
regions, for these reasons. In the tropics, the sides of a green-
house structure are often left open for natural ventilation but. if
pest infestation is threatening, the sides are covered with
screens.

Soilless/hydroponies culture is commonly used in combina-
tion with (rreenhouses especially where no suitable soil exists
and for more efficient use of water und fertilizer. Hvdroponics
is also used for optimum control over disease and insects.

The major attributes of hvdroponics svstems will be discussed
in Chapter IV.
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HISTORY

The earliest protected agriculture was possibly the growing of

oft-season cucumbers under “transparent stone” for the Roman
Emperor Tiberius during the first century. The technology was
rarely employed, if at all, during the following 1500 vears.
During the 1600's, several techniques were used to protect
horticultural crops against the cold. These included glass
lanterns, bell jars, cold frames and hot beds covered with glass
In the seventeenth century, low portable wooden trames cov-
ered with an oiled translucent paper were used to warm the
plant environment much as plastic row covers do today
Dalrymple 1973). In Japan, straw mats were used in combina-
tion with oil paper to protect crops from the severe natural
environment {Takakura 1988). Greenhouses in France and
England  during the
same century were heat-
ed by manure and cov-
ered with glass panes
(Gibault 1912). The first
glasshouse in the 1700,
used glass on one side
only, as a sloping roof.
Later in the century,
glass was used on both
sides. This glass-house
was used for fruit crops
such as melons.
peaches, and strawber-
ries and only rarely for
vegetable  production
Dalrymple 1973). It
would seem that the
developers of this new
technology kept market
pmhmhl]lt\ mind:
thev produced crops

grapes,

in

which appealed to the
wealthy and privileged. the only people who could aftord the
luxury of fresh fruit produced out of season in greenhouses.
Protected agriculture was fullv established with the introdue-
tion of p()l\ethlene after World War 11 The first use of poly-
eth_\l( ne as a ¢gr eenhouse cover was in 1948, when Professor
Emery Mvers Emmert at the University of Kentucky, used the
less expensive material in place of more expensive glass.
Professor Emmert is considered the father of plastics in the
U.S.. because he developed many principles of plastic technol-
ogy for agricultural purposes t]nowrh his research on green-

houses. mulches and row covers.

EARLY DEVELOPMENT AND STATUS OF
PROTECTED AGRICULTURE

Mulches. Natural mulches such as leaves, straw. sawdust, peat
moss.and compost have been used for centuries to control

Clear po yethylene mu/ch in combination with dnp irrigation, is used extenswe/y n
Southern Cdlifornia, to produce high quality strawberries.

weeds and hold moisture in the soil. None of these materials
have been emploved to any great extent in commercial veg-
etable production (Thompson and Kelly 1957).

It is only in the last fifty vears that svnthetlc materials have
altered the methods and benefits of mulchlng Their potential
for mulching was established through early research projects
with pol\ethvlene foil, and paper.

Paper mulches attracted a good deal of attention in the earlv
1920's. They were not adapted for commercial vegetable pro-
duction because of their short life, as well as the cost of materi-
al and labor. which was not mechanized (Hopen and Oebker
1976). In the late 1950's and early 1960’s, improved formula-
tions of paper - including combinations of paper and polyethyl-

ene. foils and waxes -

stimulated research
and  the use of
mulching  materials.

Petroleum and resin
mulches for arid cli-
mates were developed
at the same time. Of
these mulches. only
those made of polyeth-
vlene are still used
today in the agricultur-
al 1ndu<tr\ The pre-
ferred colors are clear
and black. although a
wide variety of shades
and colors are used for
specific reasons in the
production of food
Crops. Significant
advances in the use of
mulches occurred dur-
ing the early 1960
with mechanization, the invention of mulch applicators and
transplanters which would plant directly through the mulch.

I[nfrared transmitting (IRT) mulches. which transmit most of
the solar heat portion of light radiation but absorb most of the
visible portion, have 1ecentl\' been introduced to the market

(Lov, et al. 1989). [RT mulches provide weed control as does

black mulch but increase the soil temperature, as with clear
plastic mulch. Unfortunately. labor requirements to remove
plastic mulch from the field after the growing season can be
high. New bio- and photo-degradable po]\ ethv]ene and combi-
nations of polvethvlene-paper and polwth\lene starch show
promise in eliminating the need for mulch removal.

Todav, millions of hectares are planted to plastic mulch. In
the People’s Republic of China alone, over 2,867.000 ha. of
mulch was nsed in 1959, a phenomenal increase over the 44 ha.
in 1979. The area and tonnage used in each region of the world
are listed in Table 1.



BACKGROUND

Table 1. Estimated world use of p]astlc mulch (1987-]989)

Area (ha)

Region Min. Max
Western Europe 150,000 200,000
Eastern Europe 8,000 0,000
Africa and the Middle East 8.000 10,000
Americas 180,000 200,000
Asia and Oceania 3,000,000 3,329,000
World Total 3,346,000

3,749,000

Tonnage (mt)

Min. Max.
40,000 50,000
2,000 2,500
2,000 2,500
45,000 50,000
330,000 366,190(*)
419,000 471,190

*In the Prople’s Reprabdic of China, consamnption is ondy 08 miiha becansi the plastic mudel is a very thin fili o8 MM vather than the thicker filncused in other regions

Souree: fnfernadional Conunittec for Plastics in Apricalture |CIPAYL 1989 (Anon .

Row Covers. Row covers, or p]usti(- tunnels, protect crops
from frost and create favorable conditions for plants to achieve
early production. Before the introduction of polyethylene, early
spring crops such as cucumbers were started and grown in
muslin-covered wooden box frames measuring approximately
17 meters square at 0.3 meters in height. This was a costlv Dut
eftective method of producing early fruit from 1935 to 1945
(Hall 1963). In the mid-forties a method using two separate
paper caps replaced the wooden box frame. A small cap, 28 em.
in diameter and 14 ¢m. in height. was used to start the plants.
A second, larger, tent-type paper cover was installed when the
plant filled the smaller cap. This second cap measured 35 em x
25 cm x 21 ¢m in height. This tent cap was constructed so that
one or both ends could be opened. Usually it was the leeward
side which was opened and the plants were trained in that
direction. The paper tent thus acted as a wind break. The early
fruit could develop while the plant had partial protection dur-
ing adverse weather. The double cap produced fruit as early as
the wooded frame method but was less costly. Paper covers are
still used todav in some parts of the world. Paper covers have
one serious llcll)lllt\ while they help protect plants from early
spring frost and wind. thev also reduce the amount of llght
reaching the plant, with the result that plants may be succulent
and weak. In Japan, more translucent materials, such as vinyl or
polvethvlene film are substituting paper as plant covers or Thot-
caps. Such hotcaps not only protect against light frost but also
provide extra heat and protection against (hl”ln(f winds. blow-
ing sand and soil particles.

Plastic row covers were initially used in Europe and the United
States, and especially in Japan. In fact, in 1959, France and the
U.S.A. totaled less than 400 ha. under plastic; Japan had more
than 8,000 ha. (Buclon 1966). Since then, this method of pro-
tected agricnlture has become common throughout the world.

T()(L\\ as in 1939, Japan uses mostly polyvinvichloride (PVC)
film for row covers. In other countries, pol'\.eth_\'lene predomi-
nates. There are historical as well as economic reasons for the
selections of different materials for the same task. PVC films
have a better heat-retaining (infrared radiation) capacity than
polvethvlene but they are also more expensive. Earlv in the
development of row covers it was not possible to produce PVC
sheets wider than 1.6 meters, although polvethylene films of 2-
12 meters in width were available. With government financial
support, Japan was the first country to dev elop wide PVC sheets
(2-3 meters); as a result, Japan selected this material as the pre-
dominant type of film. France and Ttaly found the equipment

1957 ) and Chinese Plastic Mulcle Researcli Assoc. 1989 ( Huan:,

1980

tor the extrusion-blowing process of making polvethylene much
less capital intensive than the PVC equipment, and therefore
selected polvethvlene for use as row covers.

In the United States. the first use of polyethvlene row covers

for early crop production was for a cucumber planting in

California in 1958, With careful venting adjustments for weath-
er changes. plastic row covers produced a margin for marketing
of four to five weeks over that of the two paper cover methu(ls
Hall 1963).
For 25 years there was steady growth in the use of plastic row

and produced good vields as well {

covers. However, no significant increase has occurred in recent
vears (Table 2), with the exception of the People’s Republic of
China where there are approximately 80.000 ha. under cover at
the present time and expectations of greatly expanded use in
the near future.

Throughout the world, a total of some 70.000 ha. are covered
with PVC film: 60-62,000 ha. in Japan, 4,000 ha. in France and
1500 ha. in Ttaly. Low density polyethvlene film, on the other
hand, is used on about 195.000 ha.. of which over 0,000 ha. are
located in the People’s Republic of China (Huang 1959). In
1988, the hectareage increased over 30.000 ha. in China alone.
The total world tonﬁmge amounts to about 74,000-76.000 mt of
polyvethvlene used for tunnels.

Table 2. Estimated world use of plastic row covers

(1987-88)
Region" ) Area (ha)ﬁ 7
Western Europe 60,000
Eastern Europe 20,000
Africa and the Middle East 10,000
Americas 10,000
Asia and Oceania 165,000
World Total 265,000

Sonree: International Committee for Plastios in Agriendture (CIPAL TIST cAnon. 1957)

wml Hie Chinese Plastic Mulels Reseavels Avsoe. JOS9 i Huang 1989

The simplest and most economical form of row covers is the
direct. or floating, covers with no sustaining wire or cane hoops.
First introduced in Germany in 1970, ﬂ()dtlll(" covers then were
adopted by neighboring countries. Perforated olvethvlene film
50 mm th)d\ frenuall\ with 500 holes per m= (i.e. 1% ventila-
tion, 46 U/m“\ now competes with non-woven/spunbonded fab-



ric materials (PP. PA, polvester). which are
porous and much lighter (10-25 g/mg).
These latter materials have been particular-
v successtul in France (2,800 ha. ont of
4,500 ha., and in Japan (100% of 4,000 ha.).
According to the International Committee
for Plastics in Agriculture (CIPA), the 1986
world estimates are:
-Perforated PE film:
MT/ha. = 6,750 MT
-Non-woven veils:
MT/ha. = 2,000 MT
Since the non-woven covers are quite new
in agriculture, many grower and university
experiments are currently underway

15.000 ha. x 0.45

10,000 ha. x (.2

thronghout North America. Europe and
Japan to understand the effectiveness of this
new generation of plastics in modifying the
micro-environment in crop pr()duction. For
instance, scientists at the University of New
Hampshire are studving the use of non-
woven covers in production of a number of
crops; including vegetables, small {ruits, flowers, ornamentals,
tree seedlings in nurseries, turf and the overwintering of vegeta-
bles, perennials and nursery stock (Wells and Lov 1()85)
Greenhouses. The total world area of glasshouses over the last
10-15 vears has been estimated at 30,000 ha. (Anon. 1987); with
most of these found in northwestern Europe.

In contrast to glasshouses, plastic greenhouses have been
readily adopted on all five continents, especially in the
Mediterranean region, China and Japan. Most plastic green-
houses operate on a seasonal basis, rather than vear round, as is
the case with most glasshouses. The estimated area of plastic
greenhouses is shown in Table 3.

Table 3. Estimated world use of plastic greenhouses
(1987-1988)

Region Area (ha)
Min. Max.

Western Europe 55,000 58,000
Eastern Europe 16,000 18,000
Africa and the Middle East 15,000 17,000
Americas 8,000 10,000
Asia and Oceania 91,000 95,000
World Total 185,000 198,000

Sowrce: International Conumittee for Plastics in Agric i CIPAY 1986 (Anon.. 1957), the
Chinese Plastic Mulele Res. Assoc., 1989t Huang. 1959) and Intn. Sendnar o the
Utilization of Plusties in Agric.. 1985 (Park, 19581,

PVC film for greenhouses is still dominant in Asia. especially
in Japan (35.200 ha). and low density polyethvlene is also used
in Italy (500 ha) and Greece. LDPE films cover
149,000-162,000 ha; the average consumption is L5 MT/ha/year,

a total of

HISTORY

In the People’s Republic of China, production of cucurbit crops under plastlc row covers for
early market has increased dramatically.

with a total world tonnage of about 224,000-245.000 MT/vear.

In Japan, the area covered by plastic filn greenhouses
increased 35,000 ha. in just 20 vears (1965-85). In Korea, these
greenhouses increased 6.3 times, from 3,099 ha. in 1975 to
21,061 ha. in 1986. The People’s Republic of China showed
equally dramatic growth: 5330 ha. in 1978 to 34,000 ha. in
1988. The combined growth for both greenhouses and row cov-
ers, in China exceeded 96.000 ha. in just ten vears.
Undoubtedly. China is one of the largest users of agricultural
plastics in the world. where over one billion people - 20 percent
of the world’s population - are being fed from only 5 percent of
the earth’s cultivated land.

Since 1960, the greenhouse has evolved into more than a
plant protector: it is now better understood as a svstem of
Controlled Environment Agriculture (CEA). with precise con-
trol over air and root temperature, water. humidity. plant nutri-
tion, carbon dioxide and even light. The greenhouses of today
can best be seen as plant or vegetable factories. Almost every
aspect of the production system is antomated. with the artificial
environment and growing system under nearly total computer
control. In a research setting, such a totully enclosed system,
with artificial light, is called a growth chamber or a ph}fohon.
In the United States and Japan, such systems may cover large
areas,

Controlled environment agriculture has gained in horticul-
tural importance not only in vegetable and omamental crop
production but also in the production of plant seedlings, either
from seed or through tissue culture procedures.

In the last 15 vears there has been increasing interest in the
use of soilless or hvdroponic techniques for p]oduung green-
house horticultural crops. The future growth of greenhouse or
controlled environment agriculture. where hydroponics is used
for vegetable production, will depend greatly on the develop-
ment of producti(m svstems that are competitive, in terms of
costs, with open field agriculture.
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COVERING MATERIALS

The financial return for producing early crops can be high, but,
so is the risk. Protected agriculture can reduce this risk.

Off-season crop production means more than just early
spring cropping; it includes production during times of adverse
climatic or economic conditions. such as may occur in summer
or winter. For example, off-season production of greenhouse
melon crops in the United States is not profitable due to com-
petition from melons grown in Mexico. The slightly warmer
temperatures in Mexlu) obviate the need for protected agricul-
ture, except perhaps for row covers, while in the United States
the more expensive methods of greenhouse agriculture are still
needed to produce a similar crop. This weather advantage - and
lower labor costs - gives Mexico the economic advantage in pro-
ducing off-season winter and early spring melon crops, despite
the hlgh costs of shipping the crop north.

Of prime importance in offsetting the additional cost of pro-
tected agriculture is a good vield. To this end, many methods
have been devised to protect crops against the cold and frost.
Ideally, agricultural production would be located in areas that
are frost-free; however, in many countries, such locations are
rare or even absent. In addition, increased capital and trans-
portation costs, as well as excise duties on imports. often make
it unprofitable for farmers to produce horticultural crops in
another country for exportation back to the home country.

Farmers have devised many methods of protecting agricul-
ture, with varying degrees of effectiveness. These mclude
smoke, wind machines. wetting agents. chemical fogs. bacterial
spraying, sprinkling, hot caps, and brushing. Smoke, which has
been used by some vegetable growers in the United States to
produce a cloud cover during cold periods, has come into con-
flict with environmental pollution laws and policies. Wind
machines prevent frost by moving air over the endangered
plants. In field trials, a wind nmchme in the 100 h.p. class has
been shown to provide protection of 2°C or more for an area of
3-3.5 hectares on a clear, calm night. Such systems are com-
monly used in fruit orchards in the United States. Welting
agents and chemical fogs have demonstrated their effectiveness
in protecting plants during experiments but are rarely used in
commercial production because of cost and lack of protection
during times of slight air movement. Bacteria sprayed onto
plants give a small degree of frost protection; however, govern-
mental agencies have been slow in granting permission to use
such bio-controls because of uncertainty about the impact of
these bacteria on the overall ecology.

The sprinkling of water - overhead irrigation - at the time of
frost is often used to prevent damage but has serious disadvan-
tages. Water turning to ice releases heat energy. therefore, the
latent heat of freezing water keeps the plant tissue at 0°C; and
even offers good protection to several degrees below 0°C.
However, covering a large area at once with a sprinkler irriga-
tion system can be pmlnbltnel\ expensive hecause of the cost
of pumping and sprinkler equipment. In addition. sprinkler irri-
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gation usually wets the soil more than necessary; this results in
the leaching of nutrients and a drop in soil temperature. As a
consequence, plant development is retarded and the earliness
of yield is affected. Overhead irrigation also requires careful
monitoring of proper rates of water application to prevent dam-
age from ice formation. This occurs when excessive water, with
large droplets, accumulates, followed by a prolonged period of
freezing,

Individual plant covers, or hot caps, made of paper have been
used for many years to protect plants and hills of seeds or plants
in the field, but are not used extensively today. In Michigan,
beginning in the 1920's, covers made of pdra{fmed or oiled
brown paper made it possible to field plant approximately two
weeks earlier than usual. Although these covers helped to pro-
tect plants from the early spring frosts and winds, it was found
that the brown paper used, reduced the light to the plants and
tended to make them more succulent and spindly in growth.
Similar growth occurred when other materials were used, such
as celluloid, glassine. paper parchment, and brown wrapping
paper. After the paper covers were removed, the plants were
easily damaged by a cold wind or a light frost because of their
soft, succulent growth (Hibbard 1926).

Plant covers of vinyl or polyethvlene film are still used in
Japan. Framed with wire or split bamboo sticks, with certain
crops, they produce un earlier marketable product with higher
total yields.

The “brushing™ methods of crop protection consists of lean-
ing shields of l)mwn kraft wrapping paper over the plants.
These shields are attached to a framework of brush, lath. or
wire and placed against supports on the north side of the east-
west rows. With this, a micro-climate is formed and earliness of
vield can be accomplished. A similar system, using palin fronds,
is emploved in the Middle East during the early fall months to
protect horticultural crops from hot winds and direct sunlight.
This method is not feasible for extensive areas since it requires
lurge amounts of plant material, which is often not readily avail-
able Such methods of crop protection are rarely used today,
especially since the introduction of agricultural plastlc

While wind machines are quite common in fruit orchards,
especially in citrus production, none of the above systems of
pmtect‘ed agricultnre is as common as mul(-hing, row
covers/low tunnels, and greenhouse agriculture.

MULCHES

Mulch systems are primarily used to increase soil temperature,
reduce compaction, prevent weed growth and conserve soil
moisture. All of these increase crop growth and production of
saleable product and, in some cases, promote earliness.

Organic Mulches. These types of mulches are not used to
increase the earliness of crop production. with the exception of
petroleum mulches. Straw is sometimes placed over low-grow-



ing crops such us strawberries to give pro-

tection against treezing winter winds that = -

may dessicate the strawberry plants, some-
times causing severe damage. In China,
melon crops are commonly grown in the
stubble of small grain crops. This place-
ment permits fruit to grow and mature on a
bed of straw mulch. which keeps it from
contact with soil-borne fungus, lessening
the incidence ot damaging fungal diseases.

Mulches.
petroleum  mulches.

Petroleum
19507, sometines
called liquid mulches, have attracted a great
deal of attention. These water emulsions of
petrolenm resins are formulated for spray-
ing by adding an appropriate solvent and a

Since the early

snitable surfactant that is emulsified into
water. The formulation produces a gel-like
tilm that is spraved onto the surface of the
soil. Yield increases of as much as 50 per-
cent have been reported with petrolenm
mulch on carrvots, onions, lettuce, tumips and radishes {Milner
1963).

Most of the value reccived from petrolenm muleh is derived
in the first few weeks after planting, during the period of ger-
mination and early growth. Petrolenm mulch is ravely uwd in
agriculture because of its two strong disadvantages: it does not
control weeds and it is a very messy material to mix and apply.

Plastic Mulches. Synthetic mulches such as those made of

polvethvlene are now common throughout the world. Plastic

mulch is available in sheets of various widths. colors, and thick-

nesses. The width most commonly used is 1.3 meters, with a

thickness of 37.5 microns. Black is the most common color of

polvethvlene mulch. However, there has been increasing inter-
est in the use of clear plastic since its clarity increases the soil
temperature. thereby promoting earlier (m)wth and higher
vield than black plastic.

Plastic mulch provides the following advantages {Lamont

1991):

l. Earlier crops. By raising the soil temperature in the
planting bed. plant growth is uccelerated. producing ear-
lier vields. Black plastic muleh can result in 7-14 days
carlier harvest while clear plastic accelerates harvest l)\'
21 davs in many conditions. Cantion must be taken in
using plastic muleh in hot desert regions, especially with
crops such as peppers, that do uot shade the mulch later
into the summer. This results in excessive temperature
build-up in the soil. which encourages certain fungal
pathogens such as Pythiwm spp to thrive and often
destrov the crop. White or white-on-black mulch creates
a cooler soil temperature than either clear or black. This
mulch is preterred for establishing crops such as tall
tomatoes under hot summer conditions.

2. Reduced evaporation. Mulch reduces soil water ioss,
Becunse more uniforn soil moisture is maintained. the
[requency of irrigation may be reduced.

3. Fewer weed pl()hlem\ Black and white-on-black plastic

6.
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In Kuwart, srfawhemes are grown in po. yerhv’ene greenhouses on plastic mulch, greatly
reducing evaporation of drip irrigated water punfied by desalination,

reduces or climinates weed problems, us do other
mulches which block the transmission of most of the
photosynthetically active radiation.

Becunse clear plastic allows nearly full light transmis-
ston. weed growth can be a serious problem: for this

reason, black is sometimes preferred. Application of

herbicides to eliminate weed problems is becoming
increasingly constrained by environmental concerns
mu Iemsldh(m Grey p]dsh( mulch provides some
advantage in weed control. The grev color transiits a
limited amount of light but still ennuﬁh to promote
weed growth. Nevertheless, since much of the infrared
mdmtl(m is stopped at the surface of this plastic film,
the surfuce heat is snfficient to burn weeds when they
touch the filni. With less weed growth under the grev
film there is less loss of fertilizer nutrients and less
water loss from the soil. Since more infrared radiation
permeates the grey plastic than the black, more heat
reaches the soil. resulting in an earlier harvest.

. HE(IUCE'S nutrient lt‘il(‘l]il]” Nih‘()”t’n lll](] p()tussium are

easily leached without pldstl( mnl(lnnﬂ

. Reduced soil compaction. Soil under the plastic mulch

remains loose, friable, and well-aerated.
Root priming eliminated. Cultivation is eliminated.
except for the urea between the mulch strips.

. Cleaner vegetable product. The edible product does not

come into direct contact with the soil, which results in a
cleaner product with less rot and fruit blemishes. The
cleaner product requires less attention in grading. pack-
ing, and processing.

. Aids fumigation. Mulches increase the effectiveness of

chemicals applied as soil fumigants.

. Reduced water-logging of crop. Water is shed tfrom the

row area by the hused tapered bed although not all
plastic mulch is used only on raised beds.

1. Assist in insect management strategies. Use of reflective

mulch helps to repel insect vectors of virus diseases.




PROTECTING MATERIALS AND STRUCTURES

In the mid-1980’s, a plastic mulch called “Infrared
Transmitting”, or IRT mulch, was placed on the market. IRT
occupies a niche between black and clear mulch, affording
weed control as with black mulch and increasing soil tempera-
ture as with clear mulch (Loy and Wells 1989).

IRT absorbs (or blocks) most of the visible radiation, that part
of the solar spectrum which supports photosynthesis and the
growth of weeds. In areas where either purslane (Portulaca
oleracea L) or grass species cause serious weed problems under
clear plastic (without herbicide treatment) there is little or no
weed growth under the IRT mulches. Weeds will germinate
under IRT mulch and will either continue to grow slowly dur-
ing cool weather or will be largely killed by high temperature
under the mulch surface when daytime ambient temperatures
are higher than approximately 27°C.

If properly managed. plastic mulch can produce significant
vield increases. Plastic mulch has increased vields in several
crops, such as tomatoes, peppers, eggplant, muskmelons, sum-
mer squash, cucumbers, watermelons, and strawberries, even
doubling production in some cases (Geraldson 1962; Nettles
1963).

Carolus (1962) has demonstrated that a polyethylene mulch
increased the early vield of planted tomatoes by 50 percent with
a 300 percent increase in growth. In a cool season, muskmelon
varieties increased in vield from 40 to 203 percent. The vield of
early cucumbers was increased by 130 percent and the total
weld by 30 percent. Woodbury (196 3), in Idaho, compared
black plastlc mulch with non-mulch production and got a vield
of 8,733 muskmelons on the black plastic treatments versus
2,994 melons without plastic. The mulch advanced peak pro-
duction by 1-2 weeks.

Lamont (1991) lists possible vield achievements using plastic
mulch systems with drip irrigation:

At the University of New Hampshlre research comparisons
between IRT. clear and black plastic mulch showed that IRT
doubled early melon yields over black mulch with over 33 per-

Fruit decay and b'embhes are reduced mhen plastic mu ch is used to prevent direct contact
of fruit with the soil.
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cent more total vield (Loy 1991). Clear mulch produced nearly
13 percent more early yield than IRT but produced slightly
lower total yield due to weed problems under the clear mulch.
Melon plants growing on the IRT and clear mulch did not
exhibit cold injury as did those on black mulch. In the first
month, vine growth was double that obtained on vines growing
on black mulch.

No doubt plastic mulch can increase yield and improve prod-
uct quality by modifving soil temperature and controlling soil
moisture. A mulch can facilitate fertilizer placement and
reduce the loss of nutrients through leaching. Mulches can also
provide a barrier to soil pathogens.

Reflective mulches have been shown to repel certain insects
such as aphids (Aphis gossypii). The reduction of aphids and
other vectors can greatly reduce the incidence of virus diseases.
In tests conducted by Dudley et al. (1980) muskmelons were
grown on four synthetic mulches: aluminium foil on paper. alu-
minum on black polyethylene, black polyethylene and white on
black polyethylene. All mulches produced lower aphid counts
than unmulched plots with the aluminum foil on paper having
the lowest overall count. The soil temperatures were highest
under the black mulch and lowest under the aluminum foil on
paper. The largest early yield and the greatest total yield was
from the black mulch treatment.

These trials were conducted in the spring when aphids num-
bers were low. During late summer when the aphid populations
may be high in some areas, the incidence of virus may reduce
welds by as much as one-half (Dudley et al. 1980). Using black
mulch in the late summer. during a time of already hlgh soil
temperature, may heat the soil excessively, thereby damaging
plant growth rather than promoting it, as hdppens durma cool-
er penods of the vear. Reflective mulches offer the ad\antage
of not overheating the soil at a time when they are needed to
repel insect vectors of severe virus diseases. Their use has
therefore shown promise in tropical regions where insect pop-
ulations are high year-around.

Early research results with colored
mulches, testing the effect on plant growth,
vield, and insect populations (Decoteau, et
al. 1986; Kaplan 1991) look promising.
While too early to recommend. this new
development is the first major application
to come from the scientific discovery of
phytochrome.

Despite the obvious advantages, the high
cost of synthetic mulches has limited their
use in commercial production. At present,
synthetic mulches are used for crops with
high value per unit area. However, plastic
mulch is increasingly used for the produc-
tion of cotton in Israel and maize in France,
as well as fruit trees and vine crops.

In China, plastic mulch aids in the pro-
duction of forty different crops, includin
cotton. com, rice, transplants, fruit trees.
tobacco. sugar cune, peanuts, and vegeta-
bles, and the Chinese have conducted
research on the use of mulch with more
than 90 different crops. The total area of



mulch in China has reached 2.87 million hectares, with 65 per-
cent in the north and the rest in the south. Figure 1 shows the
breakdown of crops grown on plastic mulch. 7

The cost of mulch has been reduced because the mulch used
is a very thin film rather than the thicker film used in other
countries. -

The material being used for mulch film is mostly low density
polyethylene (LDPE) but some LLDPE (extra low density} and
high density polyethylene (HDPE) is also used. Generally,
LDPE film is 0.014 mm; however, film made of LLDPE,
HDPE and LDPE mixed with HDPE along with LLDPE
mixed with HDPE is only 0.005 to 0.01 mm thick. The very thin
films are very popular with the growers, since the grow th ben-
efits of the thin mulch are the same as the 0.014 mm ones and
cost 30 percent less. Most of the mulch filins are clear although
some silver, black, and white films are used. Herbicide filins
and photodegradable filins are being studied and tested.

Disposal. The disposal of waste mulch is of great concern as
large landfills become overburdened with waste plastic.
Polyethylene mulch does not decompose and must be removed
from the field or it will interfere with future tillage.

In Japan, the handling of waste plastic is one of the biggest
problems vet to be solved. Plastic consumption has increased
dramatically in Japan in recent years (Takakura 1988). In 1983,
the total amount of waste exceeded 165,892 tons, which includ-
ed waste materials from greenhouses and row covers, as well as
plastic mulches. Since 1970, Japan has treated plastic waste
under the law of industrial wastes. Growers are themselves
responsible for handling the wastes and, in the process, must
not produce any air or water pollution. It is illegal to carelessly
discard the waste plastic in a manner that might create obsta-
cles in rivers and other public places.

The three methods used in Japan to discard plastic waste are:
(1) recycling, (2) burial, and (3) incineration. Takakura (1988)
explains the methods as follows:

Recycling. Five types of recycling are used. a)
Generation of pellets and fluff. Collected waste plas-
tics. mostly PVC. are first graded and foreign matter is
removed. After rough crushing, they are washed with
water, finely crushed and dried. The reproduction
ratio of used materials is approximately 50% for PVC.
The products are half-materials for plastic tiles, mats,
sandals and fillers. b) Collected waste plastics. either
PVC, or PE are crushed and then melted without
washing. Plastic exudation makes final plastic prod-
nets. ¢) Collected waste PE is crushed and mixed with
sawdust or rice hulls to make solid fuels whose calorit-
ic values vary from 5.630 to 10,050 kcal/g, which are
equivalent to those of coals and cokes. d) Waste PVC
and PE can be treated to make hyvdrophobic materials
for drainage. e) Oil or gas can be re(\(led by pyrolysis
of wasted PE.

Burial. Waste plastics which are not suitable for
reproduction must be buried according to the law reg-
nlating plastic waste disposal. The place and method of
burial and pre-treatment are regulated by the law.

Incineration. Incineration is also regulated by the
law. Incineration of amounts up to 100 kg/day by an
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authorized system is allowed, although disposal of such
large amount is not recommended. More detailed and
thorough approaches are needed, both technically and
administratively.

Recycling of plastics in Finland (Cornwell 1989) is a major
business for a private company producing heavy-duty plastic
sacks, agricultural films, and construction gmde films. The
company collects used films from the community and returns to
the plant to process them. The film is separated by type,
whether clear, colored. or printed; it is then washed, dried, and
repelletized for feedback into the cycle. Since reprocessed resin
is not of the quality of virgin resin, only 15 percent, or less,
reprocessed plastic is used with virgin raw material. Except for
medical or food packaging, injection molded plastic processors
use half reprocessed plastic and half virgin material for prod-

ucts such as furniture and toys.

Degradable plastic mulches are currently receiving much
attention, especially the photodegradable mulch. These plastic
mulches have many attributes of standard polyethylene mulch:
they are easv to Lu and provide the usual benefits associated
with mulch. The major difference is that photodegradable
mulches decompose after the film has received a predeter-
mined amount of UV light. The chemical composition of the
film determines the amount of light required to initiate break-
down.

When the degradable mulch has received sufficient light it
becomes brittle and develops cracks, tears. and holes. Small
sections of mulch (usually less than 5-6 square cm) may be
torn off and blown away by the wind. The film finally disinte-
grates into small {lakes and disappears into the soil. The edges
of the mulch covered by soil will retain their strength and
decompose very slowly (Garrison 1990). To facilitate qmc]\er
hreakdown of that mulch buried in the soil, soil covering the
edges should be removed betore final harvest. or as soon after
harvest as possible. Exposing the covered edges to light will
initiate the breakdown process. soon enough it is hoped, to
facilitate sufficient decomposition betore field preparation the
following spring.

Each material responds differently to conditions within a
given growing region. There are ledl()ndl variations in light
intensity, air and soil temperature, and soil type. Shading of the
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mulch and the amount of light affects the time of breakdown.
Other factors that influence the time of breakdown are: plant
growth habit (vine or upright), the time of vear the filin is laid
('all\ spring or summer), the time between laving the plastic
fili and planting, the crop vigor. and the use of “double or sin-
gle rows {(Garrison 19901 The most important factor affecting
breakdown is the formulation of the mulch - such as whether it
is u short, intermediate, or a long-lasting film. Becanse of these
considerations, it is best to experiment with the various options
and manufacturers of film before u specific photodegradable
mulch is selected for large-scale application.

Biodegradable mulches are still in the experimental stage.
Resewrch onlv began in the mid-1970's (Otey and \We sstoft
1950}, The most promising film formulations contain about 40
percent starch and 30 percent each of polv (ethvlene-co-ucrvlic
acid) and pobvethylene. In research at the Argonne Nutional

Laboratory, wastes of potato starch and cheese whey are being
put t]m)ugh a fermentation process: the end pmdu(t Jactic
acicl appears to be a viable candidate for conversion to envi-
ronmentally safe degradable plastics (Bonsignore et al 199¢).

When good biodegradable mulches come onto the market a

great breakthrongh will have been made in reducing the cost of
plastic removal from the field and eliminating the problem of

plastic disposal.

Synthetic mulches will continue to be used. particularly in
the intensive cultivation of valuable crops. Certain conditions
accelerate the spread of synthetic mulceh eulture, notably:

o water shortages in arid and semi-urid regions,
¢ the need for increased production. in limited spuce and over

longer seasons.
¢ a shortage of plant nutrients, requiring more etficient fertil-

izer use,

* the need for non-chemical pest and weed control. and
e sunitation regulations for fresh produce which requirethe
crop to be l\ept away from the soil surface.

Research has ahea(l\ demonstrated the degree of improve-
ment that varions mulches make on plant productivity. Future
research will probably concentrate on understanding the micro-
climate provided by the different mulches, with the goal of
determining how each microclimate can be regulated to pro-
vide optimum conditions for specific plant species.

The suggested plant spacing for vegetables on plastic muleh
is listed in Table 4. Suggestions on double-cropping of vegeta-
bles on plastic mulch is listed in Table 5

ROW COVERS
Since the mid-1950's, row covers have become an important
method of protected agriculture. Earlv work in Japan
(Shimokawa and Ono 19547 showed that the nse of vinvl film
tunnels permitted cucumbers to be planted in April instead of
carlv Mav, advancing the harvesting by a period of 10 days and
increasing the vield of 175 percent. E‘ul\ work by Vogal \196
found that the harvesting of spring crops of carrots, lettuce,
cauliflower, kohl-rabi und rhubarb was advanced by an average
of two to six weeks by covering the plants with plactl( tunnels
for a short period in the spring. With these particular crops he
found that while row covers advinced harvesting, they had lit-

tle effect on total vields.

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

In-row Spacing

Single row

cm
Cucumbers (slicers) 30-45
Cucumbers (pickles 30-45
Eggplant 45-61
Honeydew 45-76
Lettuce (leaf)
Muskmelon 45-76
Okra 30-45
Pepper 30
Pumpkin 61-121
Squash (summer) 30-40
Squash (winter) 45-121
Tomato 45-61
Watermelon 61-121
Broccoli
Cabbage
Cauliflower 45
Chinese cabbage 30
Collard 22-30
Corn (sweet) 15
Greens
Onion

Between row

Double row Spacing
cm cm
22-45 30-35
22-45 30-35
45-76 35-40
15-22 22-30
(3 rows)
45 35-40
22-30 30-45
40-61 5-40
20-30 22-30
22-30 30-40
45-61 35-45
22-30 30-35
30-45 30-45
15-30 30-45
15-30 22-30
(2-3 rows)
10-15 10-25
(3-6 rows)



Crop Planted Ist
Peppers

Tomatoes
Summer squash
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Crop Planted 2nd

Summer squash, cucumbers, or cole crops
Cucumbers, summer squash or cole crops
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 pumpklns okra

There are many ditferent methods of using row covers. The
following are systems that have proven viable for those regions
of the world where row covers are currently in use.

California System. In California (Roche 1964) several meth-
ods are used to form the plastic tunnels over rows of food crops.
For cucumber production, two sheets of 90 ¢cm polyethylene
film are formed into the sides of the tunnel. Growers in San
Diego, California tested various types of hoops (Hall and
Besemer 1972), deciding on 9-gauge, galvanized wire, cut in
175 em lengths to support the two sheets of polvethylene in the
formation of tunnels. The wire is bent into an oval shape (or
hoop) spanning 70 to 80 cmn., with the height of hoop estab-
lished at 37.5 to 40 em. The hoops are spaced 1.66 to 2.3 m
apart. The row covers are reinforced hy 2.5 x 2.3 x 70 ¢m wood-
en stukes driven into the ground below the center of the wire
hoops at spacings of 3.5 to 5 m down the plant row. The hoops,
in turn, are fastened to the stakes and wire
to give stability in strong winds. Soil is used
to hold the bottom edges of each polyethyl-
ene sheet. A 16-gauge wire stapled to the
top of the stakes is the connecting fulerum
for the two plastic sheets. Oldmar} spring
grip clothespins secure the two plastic
sheets to the top wire. In areas of high
winds, a second wire hoop is doubled over
the top of the plastic at every second or
third hoop. This is especially important
when the plastic covers are pulled back dur-
ing times of ventilation. When ventilation is
deslred the plastic is simply slid down one
side of the tube between the wire hoops:
and it is either fastened there by the
clothespins or held in place by the com-
bined force of the hoops. The top hoop
secures the plastic between the hoops and
reduces the flapping that may loosen and

thickness and is clear.

For tomato production. the plastic tunnels are formed in the
same manner as for cucumber production except that the
wooden stakes are two meters in length, placed I-1.2 m apart
down the plant row. Two wires are stapled on alternate sides of

each stake at a height of 50-55 ¢m from the ground. Wire hoops
are set at alternate stakes in forming the tunnel shape.
Clothespins are used to hold the two 1 meter sheets to the two
top wires.

Venting is one of the most critical features in using plastic
row covers. In venting the above mentioned tunnels, the plastic
is opened as needed and secured to the wire hoops and top
wires with clothespins.

In Southern California, all of the early cucumber and tomato
plantings started in January and early February are grown
under row covers. Cucumbers planted as transplants in early
February normally begin producing in mid-April, continuing

The "California System of row covers usmg perforated plastic are common for growing early
damage it. The film used is 38 microns in  market tomatoes. As shown, the covers are closed during cool penods.
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During warm days, the covers are opened for ventilation. As plants progress into
the warmer weather, covers are left open and vines trained to wooden stakes.

through June. Tomatoes transplanted in late January will be
ready for the first harvest in late May and continue to produce
through mid-July.

Clear plastic mulch is used in combination with the row cov-
ers, where weed control is economically accomplished through
the use of soil fumigation. The cost and cultural operations
associated with clear plastic have heen a limiting factor.
Fumigation with methyl bromide and chloropicrin lms given
good weed disease., and pest control {Hall and Besemer 1972).

Today, new food and drug regulations in the U.S.A. prohibit the
use of many chemical fmmgants therefore alternatives such as
soil solarization are emploved. In soil solarization, clear plastic
tarps or mulch are placed over the soil surface for a period up to
90 days during a summer fallow period to allow the soil tempera-
ture to rise approximately 10°C above bare soil at a depth of 5 ¢m.
Such solarization procedures have significantly reduced the inci-
dence of disease (Katan 1981).

In another row cover method in
California, a single 150 ¢m sheet of clear
plastic is centered over tall stakes and ?
forced downward. The stakes poke holes
through the plastic. which rides down to
about the 50 ¢ level, where a lengthwise
wire forms a tent ridge. Wire hoops often
are used between the tomato stakes to form
rounded tunnels, giving the plants more air
space. This type of row cover is often used
for rain protection.

Row covers are not commonly used in
strawberry production in California, except
for early January through April production
when early production brings higher prices.
Row covers also provide importunt rain pro-
tection. The cover consists of one sheet that
is secured between two galvanized wire
hoops with the aid of clothespins. For
strawberries, the tunuel is open at the bot-
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tom to allow normal pollination. Clear plas-
tic mulch is nearly always used in combina-
tion with the row covers. Mulch under a
plastic tunnel will increase the day and
night temperatures of the soil, at a depth of
53 ¢m, by 7-10°C and 2-5°C respectivelv
(Tarakanov und Rozov 1962)

The Fernhurst System. This system was
first developed for strawberry production
but is used throughout Europe and the
Middle East for other crops as well, such as
melons, cucumbers, peppers. and eggplant.

The polyethylene sheet. 130 ¢m in width
and 38 micron in thickness, is spread over
wire hoops that are placed at intervals of
60-90 cm in the plant row. Tt is not advis-
able to increase the distance between hoops
since snow loading mav distort or flatten
the tunnels. permitting winds to remove the
plastic cover. The hoops. 180 ¢m in length,
are made of 8§ gauge galvanized wire. Each
hoop has two eves made in the wire by a simple jig made on the
farm. Each eye has a diameter of approximately 1.8 cm and the
length of each “leg™ is 20 cm.

Once the polvethvlene is put over the hoops. the end of each
row has an additional hoop for extra stability and the end of the
poly sheeting is buried in a trench.

Lengths of polypropylene baler twine are cut 150 ¢ni long,
and loopq are tied at each end. These are slipped over the eves
of the hoops to hold the sheeting in place. After securing the
sheeting, the eves of the hoops are pushed into the gr onnd so
that tllexe is no gap between the polyvethvlene and the soll (Figure
3).

Ventilation of tunnels is easily achieved by lifting one edge of
the film away from the soil level and pushing it towards the top
of the hoop. It moves easily between the wire and the twine, but
because it is securely tensioned at all times. it remains firmly in
position even when tl)e tunnels are ()pened {Figure 4)

Hibdiga g

The “Fernhurst System” is commonly used throughout the world for crops not commorily
trained upright to a trellis system of wooden stakes and string.



COVERING MATERIALS

Figure 2. The Fernhurst hoop system

The hoops are spread to a width of 60 cm over the crop, ready for covering with polyethylene. The hoops are spaced 75 c¢m (307)
apart with each "leg” pushed nto the soil to a depth of 20 am (8”).

Figure 3. Side view of tunnel

SUPPORTING HOOP RETAINING TWINE
POLYTHENE UNDER POLYTHENE OVER POLYTHENE

Souree: From Brifish Visgueen (19710,

Securing the polyethylene (Polythene) sheeting is essential in order to avoid any possible displacement by the wind. The securing twine
must be fixed to the eyes in the hoops.
Figure 4. Ventilation of the tunnel

THE POLYTHENE LIFTED
FROM SOfL LEVEL

-

>
= ~ ~ —
—_— x,

Sowrci: From British Visqueen (1971,

Ventilation can either be provided at intervals along the row, or the whole of one edge can be lifted ¢ few inches above soil level
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Figure 5. Wire hoops and ventilation slits

Wire hoop #8 or #9 galvanized wire
63 inches iong center height:
14 to 16 inches
5 feet between hoops

Shits in polyethylene
for ventilation
5 inches long
Yg inch
apart

Soil covenng
edge of cover

Buried edge
of cover

Buried edge of
polyethylene mulch

Wire hoop buried 6 inches in soil
Black polyethylene mulch

The wire hoops are 158 cm (63 in) long, installed at a height of 35-
40 cm (14-16 in)) in the plant row. The slits for ventilation are 2.7
(5 in.) long and 1.9 cm (.75 in) apart.

For spraying against pests and diseases. the tunnels are
opened by lifting both edges of the sheeting to the tops of the
hoops. To prevent the sheetmg from slipping. it can be held in
position by temporarily releasing some of the lengths of
polypropy lene twine, which are wound once around the
bunched film and resecured to the eye of the hoop.

At blossom time, the tunnels are ventilated on one side by
litting an edge of the sheeting about 30 ¢m every fifth hoop. In
England, irrigation by overhead spray line has been used to
protect crops under the polvethylene from frost.

The twine is used instead of an additional wire that was once
commonly placed over the top of the tunnels in order to secure
them during wind conditions. The polypropylene twine is much
lower in cost and does not cut or damage the polyethylene as
wire might.

For general guidance, the wider the tunnel the better will be
the temperature conditions prevailing in the early part of the
vear. However, as the width of the tunnel increases, so does the
likelihood of wind damage. For certain low crops, particularly

radish and lettuce, the base hoops can be spread out to give a
flatter and lower tunnel. A low tunnel offers less wind resis-
tance. Tender crops can be started very early under tunnels and
part of the polyethylene can be cut away later to allow the crop
to emerge. This tedmlque is pdmculdrl\ suitable for runner
heans, squash and sweet corn.

Perforated Plastic Tunnels. High winds remain a problem
with everv method of ventilation tlled A technique has been
de\eloped in France whereby the plastic is perforated in order
to facilitate ventilation (MaMaire, 1964), instead of the conven-
tional method of opening and closing the tunnels daily.

There is a slight difference het\\een temperatures - mini-
mum and maximum - with the perforated and the non-perfo-
rated tunnel. They produce similar results in earliness of har-
vest, and vield. From a practical point of view, the perforated
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plastic tunnels are less labor intensive: solid plastic tunnels
require considerable time to secure ample ventilation in the
morning and evening during an eight week period. Little con-
densation occurs under the perforated film. Ettinger (1964), in
Israel, demonstrated that perforated plastic sheets reduced tun-
nel temperatures by 5-6°C. in comparison to unventilated solid
plastic tunnels and that the perforation in the plastic reduced
the need for manual ventilation.

Perforation can be produced by drilling the polyethylene,
while it is still on the roll, with a low speed twist drill, aiming the
drill at the center of the core. Excessively rapid drilling melts and
fuses the film. The perforations are approxmmtel) 0.625 ¢m in
diameter, spaced S8cm on center in each direction.

Slitted Row Covers. Slitted row covers have a series of cross-
wise slits which provide ventilation on sunny days. Without
these slits. plastic covers would have to be manually opened and
closed to provide ventilation during the day and cold protection
at night. This method of ventilation was first dev eloped at the
University of New Hampshire in the early 1970s (Wells and
Loy 1985). Using research on musl\me]ons they showed that
melons with covers plus black polyethylene mulch produced
yvields three times that of bare soil. having no mulch or row
cover, and about two times greater than with black mulch alone
(Loy and Wells 1974). Row covers and mulch together
increased fruit maturity by 3-9 days with commercial h\ brids
and 12-13 days with e\penmental h\bndﬁ over those grown on
black pol_\,/eth} lene alone.

In New Hampshire, TOW COvers were initiull_v pattemed after
the California system: however,the two piece construction was
found to be very laborious and also subject to severe damage by
wind gusts (W ells and Loy 1985).

While perforated row cover provided reasonably effective
ventilation without appre(-iahly Sa\crificing temperature increas-
es. (Dubois 1978) perforated row covers were not put on the
commercial market in the United States as they were in Europe
and the Middle East. To achieve ventilation, row covers in New
Hampshire were constructed from a single sheet of plastic, 1.5
m wide, 38 micron thick, with two rows of continuous slits, 1.9
em apart and 12.7 ¢ long. Figure 5 shows the design of wire
hoops together with installation instructions for the slitted row
covers.

In the New Hampshire trials, the slitted, one-piece row cov-
ers showed about an 80% reduction in installation labor, were
self-ventilating, eliminating daily manual opening and closing of
the covers and were able to withstand very gusty winds (Wells
et.al. 1977

In addition to melons. other crops such as cucumbers, toma-
toes and peppers are grown with the slitted plastic mulch. Since
the weeds were controlled through the use of black plastic
mulch, the slitted row covers were care-free from the time of
installation until the time of removal, 3-6 weeks later, depend-
ing on the crop and the weather. When ambient temperature
reaches the range of 30-329C, either the covers are removed or
extra slits are made for tomatoes and peppers. For vine crops,
the covers are left on until the appearance of the first female
blossoms or until the vines reach the edge of the covers (Wells
and Loy 1955).

Frost protection with the slitted covers is similar to that with



Figure 6. Structure for air-supported row covers
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the perforated polvethvlene covers but is interior to solid cov-
ers. The maxiinum inerease in temperature is only 1.0 to 2.0°C
above open field temperatures whereas with solid covers, frost
protection of 2.59 to 4°C can he achieved. In view of the advan-
tages of the slitted tunnels over the solid, the use of slitted row
covers is a reasonable compromise between maximmmn frost
protection and a saving in labor. Row covers should not be
viewed merely as a frost protection svstem but as a growth-
intensifving svstem during cool spring weather. Therefore. it is
not a(l\qml)le to plant verv early, hoping to protect these carly
plantings against heavy frost. An earlicr planting dute of 10 days
to two weeks wonld be more reasonable (Wells and Lov 1980).

According to Wells and Lov (1980). late spring frosts are prob-
ablv not the biggest restraint to early culture of muskmelons and
other vine crops. Cool spring soils narkedlv inhibit growth.
water. and nutrient uptake by yonng see(llm(rs or tmnsplants
Row covers. in combination with black plastic mlll(h will usual-
v increase soil temperatures by 396 4.39C. U nfortunately. row
covers will not protect vine crops. especially melon crops.

against the effects of extended periods of five or more days of

cloudy. cool weather. With such weather patterns, the soil tem-
perature drops. thereby preventing the nptake of water by the
plants. Consequently, when sunnv weather does return, the
voung transplants wither as transpiration exceeds water uptake,

Air-Suppurted Row Covers. In an attenipt to achieve a
areater degree of cold protection, Jensen and Sheldrake (1965)
applied artificial heat in plastic tunncls in order to provide frost

protection to crops growing in the more northern latitudes of

the United States (Figure 6).

Tomatoes. cucumbers and muskmelons were grown under
row covers supported by air pressure from a fan located at one
end of the tunnels. The speed of wir movement through the tun-
nels was regulated by adjusting o small door opening at the
opposite end of the tunnel. During periods of hot weather. ven-
tilation or air movement through the tunnel was increased by
fan speed and/or by enlarging the opening at the end of the tun-
nel. During times of frost. heat was added to the air stream
through the tunnels. The smaller the door opening at the end
of the tunnel, the less the air movement through the tunnels,
causing a temperature build-up inside the tuimels during warm,
sunny (Ll\s The larger the opening at the end of the tube. the
faster the air movement or cirenlation, thereby lowering the
temperature inside the tube to approximately that of th(' ont-

|
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Opening o plastic row cover

side temperature. On one occasion the outdoor d'l\' temperu-
ture reached o high of 360C. By fullv opening the ventilation
doors. the temperature at the ‘end of the turmels (50 m in
length) reached u high of only 400C. Temperatures of approxi-
llhltPl\ the same (k‘tfl( ‘¢ were maintained in the wire-supported
covers, which had open slits at the top of the tunnel for ventila-
tion. Early in the tomato trials a low outdoor night temperature
of minus 30C was recorded. Those plants nnder the wire-sup-
ported row covers. with no added heat. were completely
destroved by the freeze. Those plants nnder the air-supported
tunnels were saved with the application of heat.

When heat was supplied to the tubes the temperature
decrcased with the length of the tube. Tt was most important to
have o small opening at the end of the air-supported tube: this
opening allowed some air movemnent in the row cover. ensuring
that the heat entering the tummels would be distributed to the end.

Insect and disease control was accomplished by injecting a
dust into the fan intake, which produced an even distribution
throughout the planting. If the air supported row covers were
kept rigid. thev withstood the weight of snow better than those
supported by wire: however anv snowfull over 5 cm, especially
wet snow, would collapse the pl wtic tunmels. thereby causing
plant breakage. It was also important to keep the covers n(fld
during high winds so that they would not sway and injure the
plants under cover.

Typically, muskielons will matare 9-13 davs eawlier with
wire-supported row covers in comhbination with plastic mulch
than with black plastic alone. In the air-supported trials. due to
the earlier than normal planting under covers supported with
wire, the muskmelon harvest was 20-25 davs earlier than the
normal first harvest date of muskmelons not raised under cov-
ers. Tomatoes were harvested 15-20 days earlier than the nor-
mal out-of-door planting,

While there is nsuallv no significant difference in early toma-
to production between plastic mulch and no mulch. there is
normally a notable difference in the earliness of cucumber and
muskmelon production. In trials conducted by Jensen and
Sheldrake (19671 where air supported row covers were nsed in
combination with plastic mulch, cncumber and muskmelon
crops grown on plastic mualch produced much higher early
7. Todav. if

growers are going to the added expense and effort of using row

vields than those with no mulch (Tables 6 und

covers in combination with plastic inuleh. they should consider
nsing the IRT mulch.
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Table 6. Effect of plastic mulch on marketable yields of
early cucumbers, USA, summer 1965

Treatment Cucumber var. Triumph
(No./ha) Yield (kg/ha)
Clear plastic mulch 161,637 37,569
Black plastic mulch 148,592 33,336
No plastic mulch I |5 507 26,043

Plant population: 13,610 ha.
Fruit harvest. June 29 - Angust 6
Source: Jensen and Sheldrake, 1967

Table 7. Effect of plastic mulch on marketable yields of
early muskmelons, USA, summer 1965

Treatment Muskmelon var. Harper Hybrid
(No /ha) Yield (kgfha)

Clear plastic mulch 13,230 13,362

Black plastic mulch 8,315 9,786

No plastic mulch 755 911

Plant population: 6,505/ha
Fruit harcest: July 19 to August 16
Source: jensen and Sheldrake, 1967

Again, row covers are used in combination with plastic mulch
only when the goal is to gain an advantage in earlier fruit pro-
duction over crops planted only through plastic mulch. While
row covers will increase both labor and expense, they will raise
both the air and soil temperature. provide some frost protec-
tion, and thereby increase earliness and yield.

While earlier \qelds of up to two weeks can be achieved in
tunnels where heat is applied, the capital costs in fan and heat-
ing equipment can be quite high. Operating costs for electric-
ity dnd propane can be expensive as well. The plastic row cover
and mulching material may cost up to
$1.750-2,500/ha.; the capital cost of the fan
and furnace is approximately $1,500-
2,000/ha.; and energy costs for fuel and
electricity may reach $2,000-2,500/ha.
These added expenses must be offset by
higher returns in the market. Unless the)
are, then producing a product earlier does
not justify the added cost of air-supported
row covers. This was the experience in
New Jersey where commercial use of air-
supported row covers was discontinued
after the first year due to the high cost of
operation and maintenance.

Plastic Covered Trench System. In
1967,  Guarrison  (1973)  of  Rutgers
University, New Jersev, USA. developed a
svstem ()f crop protection that pelmltted
edr[\ seeding, promoted early plant devel-
opment. and provided frost protection.
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Polyethylene is stretched over a trench in the ground. The bot-
tom of the trench is approximately 18 cm below the plastic. In
the second method, plastic is laid across two soil ridges 40 cin
in height. A mechanical mulch laver is used when the polyeth-
vlene was applied over trenches.

Weed control is essential under such systems of protected
agriculture, and is normally accomplished through the use of
chemical herbicides. The polyethvlene is removed from the
trenches when the plants first touch the plastic. With tomatoes,
the trenches are filled and the beds leveled by cultivation with-
in two weeks after the removal of the plastic.

Tomatoes produced under this method would come into pro-
duction approximately 1.3 days before those seeded in the open
field.

A similar system is presently used in California and Arizona
to grow early cantaloupe and watermelons. In regions where
there is geothermal activity, frost protection is effected by
dpp]l(.dthll of warn water through drip irrigation lines installed
under the polyethylene. This system has saved melon plantings
down to a temperature of -4.59C.

A plastic-covered trench system is feasible where low tem-
peratures limit early growth, where the danger of frost increas-
es the risk of early planting, and where higher prices are
received for early production (Garrison 1973).

While plastic covered trenches may not give the added
growth response and earliness of yield in comparison to that of
row covers used in combination with plastic mulches, this svs-
tem is far less expensive and becoming quite common in the
desert regions of the United States, Mexico and Israel.

Floating Row Covers. Floating row covers can offer protec-
tion to both cool and warn season crops. The simplest form of
row cover is the fabric or floating row cover, without wire or
cane hoops. First introduced in Germany in 1970, the technol-
Ogy wds soon ad()pted b\ newhborm(r countries. By 1987, more
than 15,000 hectares of ﬂoatmcr covers were in use, mostly in
Austria, England, France, (,enmm}~ Spain, and Italy (Hoag
1988). Their potential in North Africa and the Eastern

NO PLASTIC MULCH

L3

Muskmelons, in Ithaca, New York, transplanted directly to the field on May 5. as
they appeared on June 5.



Mediterranean is being examined. They
were first used in the United States in 1980,
by Wells and Loy at the University of New
Hampshire. Current use in the United
States is estimated at 4,000 ha. (Mansour
1991). Floating row covers are made of
spunbonded or non-woven fabrics:
polypropylene (PP), polyamide (PA) or
polvester. Polypropylene and polyester are
the two fabrics most commonly available.
These covers are made by melting the
appropriate plastic, or combination of plas-
tics. They are sprayed as fine filaments onto
a moving belt which conveys them to a
bonding roller. The roller presses and fuses
the filaments together. This process is rapid
and creates fabrics that are strong, light-
weight, economical, and porouc ranging in
weight from 10-50 g _,/m Fabric durability
is dependent on its weight, the type of plas-
tic. the additives and the method of bond-
ing. Fabric can be made into very wide
pieces, ranging from one meter to about 10 meters in width;
narrower mdths may reach a length of 850 meters. By special
order, fabrics of over 20 meters in width can be accommodated.

The covers can be applied over a single row (Figure 7) either
by hand or by using a modified mulch applicator (Wells and
Loy 1985), or over a number of plant rows with one large cover.
When covering a single row, the material must not be stretched
tightly but left with slack in the center to allow for expansion as
the crop develops. The edges should be securely buried, espe-
cially when using hghtweloht covers, whic h may require
W elghts in addmon to soil, to secure them. The wind will blow
through the material. Using a combination mechanical/manual
method of applying the mdest covers to a field, a team of three
people can cover nearly a half hectare in 40 minutes.

Heavier fabrics can be reused one or more times. Even the
17 g/sq.m material can be reused once if handled properly, if it

CLEAR PLASTIC MULCH

Muskmelons were far advanced when planted through a clear polyethylene muich
as compared to those planted without mulch.

COVERING MATERIALS

In the southwestemn part of the United States, plastic covered trenches are becoming
increasingly popular for the production of muskmelons for early market.

is left on a crop for only a short period of five weeks or less. The
lightest weight fabrics are seldom reused (Mansour 1991).

The llohtest covers, those around 10 g./sqan are used as
insect bm riers. They offer protection against viruses and feed-
ing damage from insects such as apluds, loopers, and beetles
(Mansour 1991, Wheatley 1991). They also prevent or discour-
age feeding by birds and small animals. However, these fabrics
are easily damaged by livestock, dogs, and other animals. They
have minimal effect on temperature and light transmission.

According to Mansour (1991), those covers of about 17
g/sq.m are, by far, the most commonly available. They have the
same applications as supported row tunnels or unheated green-
houses: All these protected systems of agriculture are used to
enhance early maturity, increase early yield and total vields.
improve qudht\ and to e\tend the growing season or nml\e pos-
sible the growing of crops in areas where they are not com-
monly grown.

Heavier covers, those greater than 30
g/sq. m, are used primarily for frost and
freeze protection, and in sitnations requir-
ing extra mechanical strength and durabili-
ty to extend the growing season, and reuse
of materials.
that the heavier fabrics will give frost pro-
tection down to -3.30C. Pol\mtﬂ provides
1-20C frost protection: pol\pxop\lene pro-
vides 2-30C protection (Wells and Loy
1985). Some plant injury may result from

Some manufacturers claim

the use of spunbonded materials as floating
covers. As the plants mature, some plant
foliage comes in direct contact with the fab-
ric. Moisture forms more readilv on leaf
surfaces in contact with the covers; the heat
that is readily reradiated from the surface of
the row cover to the utnmspl\ere causes
more rapid {rost formation on the leaf sur-
face (Wells and Loy 1955). The heavier
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Figure 7. Single p]ant row covered with ﬂoating row cover
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materials reduce light transmission, and are therefore not used

in the sume wav as the 17 gram materials (Mansour 1991).

Mansour (19917 reported the following in regard to floating

TOMW COVETS:

Similar to row tunnels and greenhouses. floating row

covers in the 17 gram range modify the plant microcli-

mate in four major wavs:

1. They modify tempera-
ture. increase heat units b_\'
2-fold or more {(Hemphill et
al 19864, Table 8). and thev
protect plants from light
frosts. Thev help in the con-
version of light waves to heat
energy and trap this heat in
the vicinity of the plants.
Although
vapor. under certain condi-

permeable  to

tions of temperature and
humi(lity. moisture can con-
dense on the inside of these
row covers. This atfects air
temperature as vapors con-
dense to liguids on the cov-

ers. and releuse heat. The water droplets on the inside:

of the covers are also good heat sinks. They store this
heat and radiate it to the crop at night. Condensation
is a factor onlv under certain conditions when humidi-

tv under the cover is high and temperature differences

between the air under the cover is higher than the sur-

face of the cover.

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

Treatment

Main effects
No spray
Sprayed

LSD (0.05)

Reemay

Agronet

Agryl

No cover
LSD (0.05)

Interaction
No spray:
Reemay
Agronet
Agryl
No Cover
Sprayed:
Agronet
Agryl
No cover
LSD (0.05)

Stives symptomatic plants froun field obsercation of foliaw
Ypoind seale.wcith 5 = foliage complete seneseed 1= henlihy arienfoliag

22

No. of
virus
plants/
plot?

0.47
0.17
0.30

0.00
0.18
0.08
1.00
0.53

0.00
0.20
0.00
1.67
0.00
0.17
0.17
0.33
0.75

Senes-
cence
on

8/8/86Y

35
2.5
04

3.0
33
30
28
NS

38
37
4.0
2.5
22
28
2.0
32
0.7

No.
tubes

per
plot

784
84.6
NS

71.3
80.2
794
95.1
12.1

68.2
763
78.0
91.0
74.5
84.0
80.8
99.2
17.2

Total
yield

(tons/
ha)

154
18.8
1.6

15.8
17.2
14.8
20.5

23

13.7
15.2
12.8
19.6
17.9
19.2
16.8
21.4

33

Mean
tuber
wt(g)

193.5
2175
16.4

2196
2123
181.8
208.4

23.1

203.1
199.6
161.6
209.6
236.2
2250
202.1
206.8

327

Percent tubers

Blossom
end

12.6
12.6
NS

4.0
0.0
0.0
427
93

4.0
0.0
0.0
46.7
1.3
27
8.0
387
13.1

with PVY

Stem
end

13.0
1.3
NS

4.0
20
33
393
1.6

6.7
27
0.0
427
1.3
1.3
6.7
36.0
16.4



COVERING MATERIALS

Table 9. The etfect of slitted polyethylene and polyester row covers on early and total yields (kg/ha) of

‘Goldstar’ muskmelon over a 4-year period

Treatment 1981

Avg.
Early yield
Black poly mulch 3466aY 0a
Polyester & muich 20,929 1453b
Slitted & mulch 21,377b 2560c
Total yield
Black poly mulch 50,099a 4574a
Polyester & muich 67,433b 9453b
Slicted & mulch 65,978b 13,377b

*Yield reduction in all treatments due to fusarium wilt,
YMean separation within columns by Duncan’s multiple range test, 5% level.
Source: Wells and Loy 1955

2. The covers modify moisture by raising the relative
humidity, and reducing water losses by transpiration or
evaporation. Thus, they enhance seed germination by
maintaining higher soil moisture at the surface, and
prevent crusting.

3. The covers can modify gas concentrations around
the plant. They may increase CO2 levels when decom-
posing organic matter is available in the soil.

4, Thex modify light, thereby influencing photosyn-
thesis, flow ering and plant ¢ mowth (Friend 1990

Spunbonded fleld covers do the above things at a
much lower cost for labor and installation than row
tunnels or plastic greenhouses, thereby providing flex-
ibility to the annual row crops grower who may choose
to grow a protected crop one year but not the next.

Research at Oregon State University (Hemphill et al, 1987)
has indicated that floating covers successfully exclude virus
transmitting insects from potatoes (Table 8), and other research
has indicated excellent protection from cabbage loopers. In the
southwestern United States, growers use covers as insect barri-
ers to protect vine crops from virus diseases that are difficult to
control, such as zucchini yellow mosaic virus.

Before floating row covers are used in a region with no histo-
ry in such metho(k of protected agriculture, the system should
be tested first on a trial basis to screen local varieties of Crops
for their response to the covers.

In self-pollinating crops and leafv vegetables, the covers can
be left on for almost the entire duration of the crop production
period. Care must be taken to remove the covers during days
when intolerably high temperatures might occur under the cov-
ers. Some cucurbits, such as muskmelon and watermelon, can
tolerate temperatures well above 300C and are thus well-adapt-
ed to row cover culture. Tomato and pepper foliage is reason-
ably tolerant of high temperatures, but fruit set under covers is
impaired at temperatures over 300C. These crops should not be
grown under wide covers since the action of high winds on the
covers will cause abrasion to the growing points of peppers and
tomatoes. With spinach and lettuce, high temperatures can
cause holting,

Wells and Loy (1985) conducted research on floating cov-

Test year

1982Z 1983 1984

370a 672a 1127
17,473b 6451b 11,577
15,681b 6182b |1,450
40,024a 27,507a 30,551
40,322a 29.478a 36,672
52,420b 21,504a 38,320

ers over a four vear period. They found that muskmelons, a
crop sensitive to low soil and air temperatures but tolerant to
high temperatures, responds well to row cover culture
(Tdble 9).

Their research also illustrated yield increases with pepper
(Table 10). Tomato vield increases were not as dramatic, espe-
cially, during one year when tomato yields under covers were
dmstlmll\ reduced due to high ambient temperature condi-
tions.

Other crops, when grown under covers, have shown yield
increases as well, such as sweet corn, edible pod peas, carrots,
cabbage, leafy lettuce, green beans, squash, cucumbers, water-
melon and root crops such as radishes (Table 11). The covers
have proven to be especially effective in controlling cabbage
maggots on radish and in reducing flea beetle damage as sho\\n
in Table 11.

In the United States, the usefulness of floating covers varies
with location and season. In the northern latitudes the covers
are used in the early spring to extend the growing season by
improving early \1elds as well as qualitv. In Flonda covers are
used in winter pmductlon of tender warm season crops or the
fruiting of crops such as strawberries. At times, they are used to
protect crops from insect vectors.

The greatest benefits from the use of floating covers are real-
ized when row covers and field covers are integrated into a total
production system. This includes the planting schedule. proper
management of the covers with regards to application, the tim-
ing in removal , and the management and use of plastic mulch,
as well as irrigation and weed control under the row covers as
well as the other benefits of mulch. Daytime soil temperatures
are slightly higher with row covers plus black plastic mulch than
with mul(h alone, whereas nighttime soil temperates are only
slightly elevated under slitted mulch and not mgmhcantl\
aftected by polvester covers (Lov and Wells 1982).

In the future. new tec hnolog} may provide row cover poly-
mers which would change properties according to temperature.
An ideal row cover (Wells and Loy 1985) would provide insula-
tion at low temperature but would become more porous or
more opaque at high temperatures in order to prevent excessive
heat buildup. Materials used for row covers at the present time
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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 Early? Total Early? Total
Bare soil 1613aY 5618a 1478a 9704a
Black plastic mulch 5887b 22,499b 1935a 19,864b
Polyester row coverX 12,876c 22,364b 2607b 12,741a
Slitted plastic row coversX 13,763c¢ 24,111b 2124a 11,397a

*Early yicld was first 3 harvests.

U ean separation within colunms by Dinean's nadtiple rawgge test. 5% lecel
YBlack plastic mulel was used with the row cover,

Sepvee Wells aned Loy 1955

Table 11. The effect of spunbonded row covers on the yield (kg/ha) and insect control of ‘Cherry Belle’

radish
No. of Maggot Flea beetle
Treatment rootstha kgtha damage (%) damage (%)
No cover 29,5152 731a 70 100
Row cover
Polypropylene 114,405b 2000b 0 0
Polyester 131,967b 2512b 0 0

SMean sepavation within colanns by Duncan’s mndtiple vange test, 3% livel
Sonree: Wells and Loy 1985

are industrial polymers which have been adapted for agricul- and total production per unit area of growing arca. However.

tural use, rather than polvimers that were designed for specific  row covers alone will not meet this objective.

row cover application. They are only one segment of the overall production svstem.
It is important to remember that the purpose of row covers is Maximum productivity and financial returm will be realized onlv

to increase productivity throngh an economical increase of early through the efficiency of grower management and marketing.
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4

GREENHOUSES

A greenhouse has basically one purpose, that is to provide and
maintain a growing environment that will result in optimum
crop production at maximum yield.

BASIC CHARACTERISTICS

Enclosure. As a structure for growing plants, greenhouse must
admit the visible light portion of solar radiation for plant pho-
tosynthesis and, theleime. must be transparent. At the same
time. to protect the plants, a greenhouse must be ventilated or
cooled during the day because of the heat load from the radia-
tion. The structure must also be heated or insulated during cold
nights. A greenhouse acts as a barrier between the plant pro-
duction areas and the external general environment.
Production is protected from external stresses such as weather
{wind, hail, drought, rain, frost. etc.) und pollution from indus-
trial and other sources (acid rain, particulates, etc.).

Internal Control. Greenhouse agriculture is often termed
controlled environment agriculture (CEA) which implies con-

trol over the internal environment. Through careful control of

light. carbon dioxide (C02), humidity. temperature, water con-
tent of growth medium and nutrient levels, a CEA facility may
be managed for optimum production levels. These factors can
be alteled for ditferent crops to regulate production schedules
and in response to pest and disease attacks.

Product Yield. A greenhouse, or CEA, mav produce vields
tlmt are (lldllldtl(dll\ higher than those of open-field dcrllcllltllw
Table 12) which may result higher per hectare gross revenues.

Table 12. Comparative yield for a single crop grown in
A,b,E‘,Dhal,’,i greenbguses vs. ﬁelé grown

Abu Dhabi Good yield Number of crops
greenhouse field grown per year in a
Type of Vegetable MT/ha MTlha greenhouse
Broccoli 325 10.5 3
Cabbage 1.5 7.5 4
Cucumber 57.5 30.0 3
Eggplant 280 21.0 2
Pepper 325 15.6 2
3

Tomato 150.0 75.0

Sowree: Jensen, 1977

The vield increases result from:

An increased number of crops per vear. For exanmiple, the
number of crops that could be grown in the Abu Dhabi
greenhouses (Table 12) far exceeded open field opportuni-
ties. In most cases the total greenhouse vield per year was

doubled, tripled. or even quadrupled as compared to open
field vields. Those grown outdoors were subject to the high
temperature extremes of summer or the winter cold. which
is especially dangerous to heat-loving crops such as cucum-
ber, eggplant. and pepper.

- An enhanced growing environment (faster growth, longer
harvest) allowing plants to come closer to their phot(mn-
thetic capabilities.

- Diminished losses to weather and other stresses.

- Plant breeding for vield. with an enviromment tailored to
p]unt recuirements.

Reliability. Because of increased control over the factors of
production. CEA production can be highlv reliable. Production
quantity, quality, and schedule are quite predictable; the wide
and erratic fluctuations of open field production can be
reduced significantly . CEA operation is. however. dependent
on an (mmed Guppl\ of material inputs: it is wholly dependent.
for example, on stored water or water supplied from external
SOUTCes.

Scheduled and Continuous Production. In CEA. the sched-
ule of production can be made relativelv less dependent on sea-
son than open field agriculture. The pmductmn schedule can
be planned to take advantage of general market needs. A series
of greenhouse modules cun be coordinated for continuous
operation and pr()(luctlon.

Quality of Produce. Assuming adequate knowledge of plant
science and plant nutrition, CEA can allow the <r1()\\th of tlori-
cultural crops and vegetables that are of consistent quality.
Unblemished vegetable crops of reliable taste. size, and texture
will represent a further advance in quality. CEA presents an
opportunity to ship ripe produce to adjacent markets. instead of
green produce to remote markets.

Input Conservation. CEA requires lower recurring input lev-
els per unit of produce than open field agriculture. This is due
principally to:

- the lower dissipation rates that result from restricting the
flow of the dissipation media (runoff water, air, and soil ero-
sion):

- the capability of end-of-pipe recovery and recvcling of
water and fertilizer;

- the spatial concentration of production (with higher ratios
of exposed surfaces to input diffusion space); and

- increased control over application.

These savings can be offset. however, by higher initial mate-

rial requirements.

Regional Location Flexibility. Physically. if not always eco-
nomically, the regional location of CEA is (()nsulmdb]\ more
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flexible than for open field agriculture. Climate and weather
conditions exert less control over production. and less usable
land is required per unit of produce. In fact, with proper CEA
system design and management, food mav be grown in CEA
an\where in the world. even in outer space.

Urban-Rural Location Flexibility. Because of CEA’s much
higher vields (which greatly reduce the amount of land
required). agricultural production may be either in rural or
near-urban areas.

Non-Food Systems Integration. CEA can be integrated with
other systems, such as energy utilities. sewage disposal, and
water supplies. This is partly due to CEA’s point-source input
and output characteristics, its location flexibility, and the phys-
ical concentration of the fac lllt\ The wastes of one system may
provide the inputs for the other; and shared facilities mayv lower
the initial operating costs of hoth.

The technological status of CEA today includes a number of

innovative schemes covering imaginative efforts to locate CEA
in arid and tropical areas as well as temperate regions, to use
desalted sea water, to produce fish as well as plants, to automate
CEA operations, and to use both liquid and solid growth media.

SITE SELECTION
There are many factors for consideration in determining the
amount of greenhouse space to build. They are: investment cap-
ital av d]lable management skills and training. tvpe of business -
wholesale/retail. crop selection and their environmental require-
ments, market, labor requirements, and personal preferences.

A good building site is crucial to the function and operation
of a greenhouse. A site should not be in the shade of trees,
mountains, or even clonds. In tropical regions, afternoon clouds
often bank against a mountain, which causes severe light
obstruction to crops in a greenhouse. In northern latitudes, a
slope facing south is good for winter light and protection from
northerly winds. Sites with chronic wm(ls should be avoided.
especml]\ in cold regions: winds substantially increase the heat-
ing requirements, and wind breaks can 0111\ be installed if thev
do not obstruct light. In deserts, where No\\mff sand is com-
mon, sand often collects in the region of the greenhouses:
therefore. such sites should be avoided. Good access is impor-
tant in site selection in regions with heavy snowtall.

The selected location should provide for adequate soil

druinage. Considerations include ground slope. the drainage of

surface water. and subsurface drainage; the latter may require
(hdvmg test holes to investigate existing or potenti: al pmhlemq
The availability of a (lependdble and economically etficient
source of energy is also vital to site selection. Greenhouses may
require electnut\ and fuel for heating and mechanical cooling,
An electric power distribution line adjacent to the site reduces
the investment needed to bring the electricity to the greenhouse.
If'a dependable source of electricity is uncertain, a stand- by elec-
trical generator is essential, especmll\' if’ electricity is nec ded to
control the garee snhouse environment, for irrigation, and for stor-
age of hortic ultural products. A short access road to an all-weath-
er road assures tewer problems in maintaining adequate fuel and
areenhouse supplies. The access road is also critical for the trans-
port of greenhouse products to the market, especially one that
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does not cause damage to the product while in transit. Telephone
service is also necessary tor a successful operation.

A dependable supp]\ of good quality water is absolutelv nec-
essary for a successful greenhouse operation. A gmund\\ ater
geologist and/or a local well driller should be consulted to
determine the potential for an adequate water source. A water
sample should be analvzed for its agricultural suitability. The
water must be free of heavy meta]s, low in extraneous salts,
such as sodium. and low in boron or any other elements that
might cause phvtotoxicity to plants if allowed to accumulate in
the growing medium.

In some countries. zoning regulations may control the use of
land: therefore one must consult the appropriate government
agencies before planning the facility. Site selection should con-
sider the possibility of facility expansion.

STRUCTURAL DESIGN

There are many types of greenhouse structures used success-
fullv in prote(ted d(rrlcultme Although there are advantages of
each for particular dpphctitlons in geneml there is no one best
greenhouse.

The structural design of a greenhouse must provide protec-
tion against damage from wind. rain. heat, and cold. At the
same time, the structural members of a greenhouse must be of
minimum size in order to permit maximum light transmission
to the crop.

Design loads for a greenhouse structure include the weight of
the structure itself and. if supported by the structure, the heat-
ing and ventilation equipment and water lines. The load may
also include the weight of crops trained to a support system car-
ried by the greenhouse frame, and loads from wind and snow.
Greenhouse structures should be designed to resist a 130 km/hr.
wind. The actual load depends on wind angle, greenhouse
shape and size, and the presence or absence of openings and
wind breaks.

Frame Materials. Wood, bamboo, steel, galvanized steel pipe.
aluminum, and reinforced concrete are al] materials used to
build frames for greenhouses. Frames often incorporate a com-
bination of materials. Wood must be painted white to improve
light couditions within the greenhouse. but care should be
taken to select a paint that will inhibit the growth of mold.
Wood must also be treated for protection against decay. It is
especially important to treat, with preservatives, any wood that
may come into contact with the soil. Treatment must be free of
chemicals that are toxic to plants or humans: this eliminates
woods treated with creosote and pentachlorophenol. which
must not be used. Chromated copper arsenate (CCA) and
ammonical copper arsenate (ACA} are water-borne preserva-
tives that are safe to use where plants are grown. Even wood
materials, such as redwood or cypress, with natural decay resis-
tance should be treated, especially in desert or tropical regions.
Unfortunately. these woods are becoming more difficult to
obtain at prices competitive with other materials.

While use of reinforced concrete is generally limited to foun-
dations and low walls, concrete is sometimes used in the
People’s Republic of China as support posts for a frame made
of bamboo. Most often. frames may be all aluminum or steel or
a combination of the two materials. Aluminum is comparative-



Iy maintenance-frec as is hot dipped galvanized stecl. In tropi-
cal areas, it is advisable to double dip the steel, especially if the
single dip galvanizing process does not give a complete cover of
even thickness to the steel. Aluminum and steel must be pro-
tected from direct contact with the ground to prevent corro-
sion. 1f there is a danger of any part of the aluminum or steel
coming into contact with the ground it must be thoroughly
painted with bitnmen tar.

Structural Form. A straight sidewall and an arched roof is pos-
sibly the most common shape for a greenhouse: the gable roof
is also widely used (Figs. S and 9). Both structures can be free

GREENHOUSES

standing or gutter connected (Figure 10} with the arch roof
greenhouse.

The arch roof and hoop stvle (Figure 11) greenhouse are
most often constructed of galvanized steel pipe bent into form
by a roller pipe bender. In tropical areas, bamboo is often used
to form the gable roof of a greenhouse structure.

If tall growing crops are to be grown in a greenhouse or
benches are used, it is best to use a straight side wall structure
rather than a hoop stvle house: this ensures the hest operational
use of the greenliouse. A hoop greenhouse is suitable for low-
growing crops such as lettuce, or for nursery stock that might be
housed through the winter in a greenhouse located in un

Figure 8. A straight sidewall greenhouse structure with arch roof

Figure 9. A straight sidewall greenhouse structure with a gable roof
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Figure 10. A gutter-connected straight sidewall greenhouse
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Figure 11. A hoop style greenhouse

extremely cold region. A gothic arch frame structure (Figure
12) can be designed to provide adequate sidewall height with-

out loss of strength to the structure. This form of structure, as
with others, can be used as a single free-standing greenhouse or
as a large range of multi-span. gutter-connected units.

Air supported greenhmlses are used at times as temporary
structures but are not recommended for permanent installation
because of problems of entry, warm weather ventilation, and
possible power loss.

Greenhouse Covering. Glass is still a common glazing mate-
rial. Large panes reduce the shading of crops from the glazing
bars. Dutch greenhouses have panes extending from the valley
to the ridge. These houses have the advantages of few parts und
ease of construction. Large puanes. bar caps and strip caulking
material have reduced the labor required for glass alazing.
Despite the dominant position of glass as a covering for pro-
tected structures in Northwest Europe, glass remains inflexible,

heavy. and expensive. Consequently, the hectarage of

glasshouses on a world basis has remained static (approximate-
Iy 30.000 ha.) during. the last 25 vears. In contrast, the quanti-
ty of plastic nsed for greenhouses is increasing rapidly. Since
polvethvlene sheet film was first developed in England in 1938,

GREENHOUSES

it has been used widely in greenhouses because it is easy to
work with and inexpensive. These structures are primarily used
to increase temperatures during the winter and to protect
against wind. In Northwest Europe plastic greenhouses ure
replacing cold frames. glass cloches and single span glasshous-
es. but not gutter connected glasshouses.

Plastics, other thun polvethvlene, have been used for green-
house glazings. Polyvinyl chloride (PVC) film has a very high
emissivity for long wave radiation (similar to glass). which cre-
ates slightly higher air temperatures in the greenhouse during
the night. The Japanese consider this improvement in thermal
environment w« benefit that outweighs the price advantage
oftered by the less expensive polvethvlene (PE). The disadvan-
tage of PVC is its narrow width as compared to PE, which may
be manufactured to a width of approximatelv 15 meters. The
narrow PVC sheets can be heat-welded together to form a large
sheet, but this adds to the cost of the gluzing material.

The large sheets of PE can be applied us an air-inflated “blan-
ket” over a greenhouse: two sheets of PE are separated by air
pressure maintained by a small continuously running fan. This
arrangement provides approximately 30-40% heat savings dur-
ing winter. The double-laver, air-inflated roof has also proven
valuable in regions with high winds or tvphoons. It offers sta-
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bility during these periods. saving the
greenhouse and the crop during times
vowith
laver of plastic are often lost and the crops
damaged or destroved. PYC filim is not suit-
able tor air-intlated roots becanse the air

when structures covered only one

pressure stretches the film and damages its
structural strength. Because PVC filin is not
photodegradable, as is PE. enviromnental
concerns about disposal may diminish the
use of PVC in Japan in favor of PE

Other plastics have been used for green-
house glwzings, but with indifferent techmi-
cal or economic results. Corrugated fiber-
glags pancls. polyester (Mylar). polwinyl
(Tedlar).
filn, etc.. have proved either more unsuit-

flnoride  film acrvlic polyvester
able, inconvenient. or, in most cases, expen-
sive than polyethylene. even though the lat-
ter may have to be replaced more frequent-
lv. New

acrvlics. double-skinned panels. light-selec-

materials  —  polvearbonates,

tive films laminated to polvethvlence or

Tedlar,

studied. At present. however, their technical merit is offset l)\'

the high costs, and makes them unsuitable for use in dev elop-

ing agricultural communities.
The ideal greenhouse “selective filin™ should do the following

{Anon. 1977 7
L Transmnit. the visible light portion of the solar radiation

spectrum, the only portion utilized by plants for photosyn-

thesis.

Absorh the small amount of ultraviolet in the spectrum

(3~) and cause some of it to fluoresce into visible light, use-

ful to plants.

3. Reflect or absorl infraved radiation { ~9~ of the spectrm),
which plants cannot use and which causes greenhouse inte-
rors to overheat.

4. Minimize cost, and have a 10- to 20-year uscable life.
Such o film would obviously improve CEA performance.
increasing light levels and crop vields and reducing solar heat

etc. are either recently in use or currently being

o

load. "lhe first three criteria present no extraordinary techno-
logical challenge. in the context of the small
American greenthouse industry, the inventiveness of plastics

However,

manufacturers has been inhibited by their understandable
doubts about the market potential for such a product.

ENVIRONMENTAL CONTROL

Light. One of the major determinates of plant growth is light.
hoth outdoors and in protected agriculture. The three light-
re(uiring processes that govern plzmt gro\vth are:

a. photosynthesis

b. photomorphogenesis

c. photoperiodism

Of these, photosynthesis, in which radiant energy is convert-
ed into the chemical energy necessary for the smtheﬁls of car-
hohydrates, is the most important. Ph()t()mmphogenesm is the
formative effect of light, which regulates germination, inhibits
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Greenhouse designs in Holland use |
greenhouse structure.

| S

arge panes of glass, allowing for rapid glazing of the

excessive stem elongation of dark-grown seedlings, promotes
the enlargement of cotvledons and leaves. and starts the pro-
duction of chlorophyll, turning the color of the leaves from pale
vellow to green. letopenodlsm includes several phenomena
that occur in plants which depend on the length of the dailv
light period: such phenomena involve flowering, winter dor-
mancy, and generative reproduction.

Since light is essential to plant growth, it is important in
greenh()use constrie~ion to keep structural material to a mini-
mum, so that incoming light will not be blocked. This is espe-
cially important in designing for vegetable crops grown in
northern latitudes, which require maximum amounts of incom-
ing light.

Photoperiod {the length of the light and dark period) strong-
lv affects the flowering process of many greenhouse plants. For
e\dmple (hnsanthennnns are short (Ll\ plants. requiring 9-12
hours of lwht to tlower. Therefore, gr eenhouses are often light-
ed during the winter to induce ﬂ()\’\&'l formation. In n(nthem
Em()pe it is t’(()ll()]]ll('d”\ viable, in many instances, to grow
vegetable transplants or ornamental plant seedlmgs under arti-
ficial light in the greenhouse nursery durins winter. In these
countries. it is also contmon to prov ide additional light to bring
flower crops to full maturity.

Light can come in many forms: incandescent. tungstenhalo-
gen, fluorescent. and lngh intensity discharge lamps (HID).

High output HID lamps are compact and are increasinglv
popular for greenhouse and growth chamber lighting. They are
efticient producers of photosynthetically active radiation (PAR)
light. HID lamps mmay be mercury, meta halide, high pressure
sodium, or low pressure sodinn.

Uniform distribution of light is impossible without reflectors.
Reflectors should be designed to direct the light uniformly over
the plant area.

The cost of lighting equipment. and its operation make artiti-
cial lighting extremely expensive. and is, therefore. a serious
consideration in detenmmnd the economic advisability of pro-



Figure 13. Continuous air recirculation and motion.

INLET SHUTTER (ciosed)
/ FAN-JET (on)

WINDMASTER EXHAUST FANS (both off)

HEATERS (off}

ducing a particular crop. In arid or tropical regions. artificial
lighting svstems are rarely used. In northern latitudes products
grown under expensive llvhtlnu systems rarely face any compe-
tition from imports, since transportation and lmndhng charges
also inflate the cost of these products. These systems are eco-
nomical only where consumers” buving power is strong enough
to absorb the high cost of imports or of products grown under
controlled environment/artificially lighted agricultural systems.
Unless there is consumers' buving power, out-of-season prod-
ucts will not be available. as is the case in many developing
countries.

Temperature Control.

Heating. While a greenhouse can be expensive to heat. it can be
profitable if high quality, cost competitive products are grown.

The selection of heating equipment depends on the size and
type of operation. the gleenh()use structure, fuel availability
and cost, and the cost of the system componentsi The fuel can
be gus, oil, coal. or wood. A heating system consists of a fuel
burner. heat exchanger. distribution svstem und controls. The
fuel burner can be located within the greenhouse with the heat
delivered to the crops by convection and radiation. These
direct-fired units use either air or water as the heat transfer
fluid.

Central boilers are often used in large operations where gut-
ter-connected greenhouses are used. Either water or steam acts
as the heat transfer unit. Most steam systems use a low pressure
hoiler. with enough pressure to push the steam to all green-
houses in a range.

Air movement in a greenhouse is needed for acceptuble car-
bon dioxide distribution and to maintain uniform temperature
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within the crop zone. Natural convection air move-
ment will develop in a closed greenhouse when
warm, light air rises, is cooled against the roof sur-
faces, and then fulls back to the ground to be
warmed. The result is a warm air mass in the attic of
the greenhons‘c and laroe temperature variations
occurring between the upper part of the greenhouse
and gr ound level. Uniform te mperatures can be
obtained with the use of small fans to create a slow
horizontal imovement of the air mass. In greenhous-
es containing plants that have tall, dense foliage such
as roses, toniatoes. or cucumbers, air movement can
be provided by using perforated polyethvlene film
ducts to dlsnlmwe air within the crop (Figure 13). To
assure leldtlvel} uniform  distribution. total fun
capacity should be equivalent to moving about one-
quarter of the greenhouse volume per minute.

Ventilation/Cooling_ Svstems. Ventilation require-
ments for greenhouses vary greatly, depending on

the crop grown and the season of production. The
ventilation svstem can be either a passive svstem
~ (natural ventilation) or an active system using fans
for forced ventilation. Greenhouses used seasonally
usually emplov onlv natural ventilation; those in
vear- _around pmduchon especially in arid regions of
the world., use fan ventilation. Evaporative cooling is
often part of a fan ventilation svstem.

Ventilation/cooling equipment includes such items as vents,
tans, shading, and evaporative pad svstems. as well as control
components. Passive ventilation on rflllﬁﬁ structures consist of
ridge and side vents that are ()pcned or closed manually or by
modernized vent thermostats. With plastic trleenh()uses pas-
sive or natural ventilation is a key challenge, expe(mﬂ\ without
the aid of exhaust fans.

One of the simplest imethods of ventilation is to roll up the

sides, allowing air to flow across the plants. Narrower green-
house tunnels. (i.e. 4.5 meters) are easier to manage than 7
meter wide tunnels. Roll-up sides are easily accommodated by
attaching a permanent hoard or strip (such as 0.4 em by 2 cm)
on the h(ms (spaced 1.3 m apart) about | meter up from the
ground (Wells 1991). By using a batten strip. a plastic cover can
he permanently attached on the sides below the permanent
board. The upper part of the sheet is attached to the board and
the bottom is buried in the soil. A 0.4 ¢m pipe is then taped to
the lower edges of the plastic sheet covering the tunnel. The
pipe, with a simple hand crank attached to one end. tacilitates
rolling up of the sides to anv desired height. The amount of ven-
tlthlOIl on one side, or both sides, may be easihy adjusted in
response to temperature. prevailing wind. and rain. During
periods of excessive heat. it may be necessary to roll the sides
up almost to the top of the tunnel. When the structure is not in
use, the plastic may be removed to prevent unnecessary degra-
dation by ultraviolet light. If this is done. a UV inhibited l)ldbh(
cover may last for a penn(l of up to 4-5 vears.

Pussive ventilation can also be d((()lﬂ[)ll\ht‘(] by manually
lowering the side wall of the greenhouse with a curtain winch
similar to that used on a h()dt trailer. or by simply raising or
parting the polvethvlene sheeting manud”v On those tunnels
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where ventilation is provided by raising the
plastic sheeting. the plastic is lifted
ground level, at each bow, und held in posi-
tion by friction created by cords or small
lines pld((d over the plastl( cover hebween

each structural bow. Each cord has a
stretch line, or piece of rubber. to provide
flexibility in the line which accommadates
lifting of the plastic for ventilation but pro-
vides enongh tension to prevent damage by
wind.

Opening the ends ol a greenhouse tinnel
docs not provide sufticient ventilation. no
matter what the length of the tunnel.
Ventilation must be provided by side vents
as well. especially during warm periods of
the growing season.

If inscets are common, especially those
which are vectors for virus diseases. the
open vent arcus must be covered with
SCTEETIS,

Such ventilation svstems on plustic green-
houses are only effective on free-standing greenhouses and not
on gl1tter—c()mwcted structures. An exception is a sawtooth gut-
ter connected greenhouse illustrated in Fignre 14: an cight
meter wide shelter tvpe structure designed to utilize natural
airflow for cooling.

A new concept in natural ventilation for quonset (see
Glossary) greenhouses incorporates 4 one-meter continuous
vent into the roof along the entire length of a gutter-connected
greenhonse. The vent can be operated with o modernized vent
thermostat for automatic climate control or by a controller/
computer system.

In the tropics. the sides of greenhonse structures are often
left open for natural ventilation. A tropical greenhouse is pri-
marily a rain shelter, a cover of polvethvlence over a crop to pre-
vent rainfall from entering the growing area and, in turn, miti-
sate the problems of i()lultft‘ diseases. To prevent insects from
entering, especially those which are vectors for virus diseases.
the side areas are covered with scereens. The use of these non-
chemical means of insect control become inereasingly impor-
tant as concerns mount about the long-term cffects of chemi-

cals entering the food chain or the environment. and the expo-
sure ol workers to toxic compounds. Screens must have holes

Figure 14. A sawtooth greenhouse for natural ventilation

Il-up sides on a polyethylene greenhouse is a simple method to prowide natural ventilation
during periods of warm weather.

large enough to permit free flow of air: sereens with small holes
block air movement and foster a build-up of dust. Greenhouscs
can be cooled by using the natural forces of wind and tempera-
ture: however, a mechanical svsten is required for tine tem-
perature control.

For active or mechanical ventilation. low pressure, medium
volume propeller blade funs. both directly connected and belt
driven. are used for greenhouse ventilation. They are placed on
the end of the «rwvnll()use opposite the air intake, which is nor-
mally covered by gravity or motorized louvers. The fan vents, or
louvers, should be motorized, with their action controlled l).\'
fan operation. Motorized lonvers prevent the wind from open-
ing the louvers , especiallv when heat is being supplied to the
(f]eenlmnsu A\ dll vents should e placed continnously across
the end of the greenhouse to avoid hot areas in the crop zone.

Evaporative cooling in combination with fans is called fun
and pad cooling, The cooling pads can be made from a ninber
of materials: most often they are made of a cellulose material,
usually aspen wood. or @ multi-celledhoneveombed material
‘kool-cel.” Evaporative cooling systems are especially
There is increasing

called
efficient in low lmmi(lit_\' environments.
interest in building greenhouses combining hoth passive and

“Sawtooth Greenhouse”’

Sorree: Stuppiy Grecadionse M Ine
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Mechanical ventilation provided by propeller blade jans are commonly used n combination
with evaporative cooling.

active systemns of ventilation. Passive (natural) ventilation is uti-
lized as the first stage of cooling: fan-pad evaporative cooling
takes over when the passive svstem is not providing the needed
cooling. At this point. the vents for natural ventilation are
closed. Initial costs of installation are greater when both options
for cooling are designed into greenhouse construction. Even so.
long-range operational costs are minimized, since natnral venti-
lation will, most often, meet the necded ventilation require-
ments.

Fogging svstems can be an alternative to evaporative pad
cooling. Thev depend on absolutely clean water, free of anv sol-
uble ¢ alts inorder to prevent plumfm(r of the mist nozzles. Such
cooling systems are not as common as evaporative cooling pads
but, as tllt-\ become more cost competitive, may be become
used more hequentl_\. Fogging svstems cun be the second st we
of cooling when passive systems are inade-
(quate.

Energy Conservation and Alternatives.
Investment in energy from petroleum and
electricity permits the production of food
and Horal (I(Jps ont of seuson at vields and
qlmllt_\ often tar .\l,lp(’ll()l to th()su arown
outdoors. However. control of the environ-
ment within o greenhouse may require
large amounts of energv. and energy s,
therefore, a prime factor in computing
profitability. Furthermore, some fuels raise
the spectre of dependence that may threat-
en greenhouse production. In the early
1970°s. the United States bought halt of its
il from abroad. Dependence on foreign ol
has inereased dramatically since that time.
amplifving the threat to t()(ld\ s greenhouse
industry in the United States.

non-food crops. should unother oil embargo

?
particularly P
|

occur.
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Although high fuel costs may be connter-
halunced, to a degree, with new crops or
cropping techniques and higher prices to
the grower. they will not necessarily offset
the continuing rise in the cost of fuel. Since
1972, the cost of greenhouse heating with
natural gas in the United States has risen
three to four times. Many growers using
natural gus are under a curtailment or allo-
cation poliey, and are often torced to sup-
plement their fuel necds with more expen-
sive fuels. T they have heating svstems
designed to use (ml\ natural gas, tllt\ may
need to reduce their growing area or longth
of growing season. The cost to heat with ol
in the State of Ohio may reach over
$100.000 per hectare, a cost that has forced
many grecnhouse vegetables being raised
in the Cleveland, Ohio area and its sur-
rounding counties: now that industry is
below 60 hectures.

Because of the lesson of the 1970°s oil
cmbargo. and the rapid increase in energy cost, the rescarch
community thronghout the world, along with greenhouse grow-
ers. have dev eloped manyv new concepts Lmd ideas  in energy
conservation and alternatives. Today, many of the following svs-
tems are commonplace in the meenlmuse industry.

Thermal Conservation. Signiticant energy savings can be made

in a greenhouse if & grower implements the following sugges-
tions by the Americun (mmul for Agricultural Science and
T((lm()]o(r\ (CAST 1975): 1) tighten up the house, closing all
possible openings. 2) use pnl\eth\lme or fibergluss on the
inside of gable ends. 3) nmmtam the steam or hot water svstem
regulurly to stop leaks. 4) use reflector materials behind hedtmu
pipes to reflect heat ont into the greenhouse, 5) maintain the

bailer for operation at peak (’Hlucn('\, 6) insuliate hot water and

Propeller MeﬂUlGUOﬂ fans are oﬁen placed in the roof of the structure in the middle of the
greenhouse. Outside air is drawn through cooling pads on both ends of greenhouse.
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steam Suppl_v and return
piping, and
intervals,

inspect at
replacing  the
insulation when needed,
7) maintain the automatic
valves in the heating sys-
tem, and 8) check the
thermostats regularly for
proper operation.
Covering a greenhouse
with a double layer of
polvethvlene to reduce the
loss of heat energy was
first reported over three
decades ugo by Sheldrake
and Langhans (1961). Roberts and Mears (1969) were the first
to work out the construction details and inflation requirements

Source: (Takaknura 1988

for the double-layer, air-inflated roof concept, a technique now
used worldwide. Fuel savings up to 40% {Axlund et al.. 1974)
have been observed in New York and California.

In Japan growers place a removable sheet of polyethylene
over the crop and a row cover over each plant row in order to
reduce heat loss fromn the greenhouse during the night (Figure
15). The plastic row cover and inner polyethvlene covers are
pulled to the side during the day to maximize incoming light.
The inside row covers are used pnmdnlv for growing wedlmm.
and are normally removed when the crop grows to maturity.
Opaque sheets also ean be applied at night. Floating mulches
are becoming increasingly more populdr as an alternative to
inside row covers. According to Takakura (1988). more than
90% of the heated greenhouses have at least one layer of mov-
able thermal screen.

In Germany (Strickler 1975). a system made of polyethvlene
tubing is installed which, when the tubes are inflated, seals the
growing area from the roof surface area. Insulation is effected
by two thicknesses of polvethvlene. Including the volume of still

In Japan, crops such as cucumbers are commonly covered with several layers of plastic to
provide additional protection against cold nights. During the day, the row covers and inner
greenhouse cover are pulled to the side.
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Figure 15. A typical greenhouse layout covered with multi-layers of plastic

Plastic house

Inside hovse

air. the system reduces heat loss by 35 percent. The tubes may
be inflated at night and deflated durmg the day. except dunng
periods of bright sunlight: at these times they may be left inflat-
ed to provide shade for crops such as fohage plants.

At Pennsylvania State University (White, et al. 1976); twenty
different materials were L\homton tested for their potential as
heat loss barriers during dark penodq Fovlon, a porous 44 x 55
count (5 o0z.) polvmter aluminum foil h\bnd fabric, reduced
the amount of fuel used in a glasshouse by 537%. Such internal
fabric curtains are certainly eifectl\e in reducing heat loss.
Improvements in curtain materials, resulting in greater reflec-
tive properties, should increase their energy conserv ation
potential while permitting their use for photo period control or
shading purposes.

Interior curtains have two drawbacks: especially in small
greenhouses: storage of the curtains when open, and potential
for augmenting snow accumulation. Unless they are out of the
way when not needed, curtains will shade plants and make per-
sonne] movement inconvenient around the interior perlmetm
of the greenhouse. The initial installation of curtains in an exist-
ing Gleenh()nse could be awkward. depending on the structure
of the greenhouse and the configuration of
the curtain volume. Heavier snow loads
might also develop with the use of interior
curtains. Since temperature of the glass will
generally be lower than without the cnrtain.
snow may accumulate for a longer period of
time, even bevond the (lewrn load of the
greenhouse. This would endanger the
structure, especially if high wind loads also
occur (White et al., 1976). Despite these
problems and the relatively high initial
costs, over a long period of time, internal
curtains can be one of the most practical
and economical methods of energy conser-
ation.

Most energy conservation methods cun
be classified as either modification or main-
tenance techniques. A few methods, also

important, fit into neither category.
Modification and maintenance methods
apply to both the structure and the heating
systent. Structural modifications usually

reduce infiltration and add insulation to the



Movable curtains provide a practical and econorical way to conserve energy during night-
time heating.

greenhouse. eating system modilications seek to optimize the
recovery of heat from burned fuel.

Table 13. Summary of potential annual savings for ener-
) I _ g
gy conservation methods (Badger and Poole

1979)
Annual % Saving
Method Range
Glass 0 (base)
A. Major Modifications
Continuous
l. Double plastic film over glass 40-60
2. Glass lap sealants 5-40
3. Single plastic film over glass 5-40
4. Double layer plastic film 30-40
Periodic
5. Curtains 20-60
6. Polystyrene pellets 60-90
7. Liquid foam 40-75
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
b. Turbulators 8-16
c. Stack heat recovery unit ?
C. Maintenance
I. Structure 3-10
2. Heating system 10-20
D. Miscellarreous Factors
|. Windbreaks 5-10
2. Greenhouse orientation 5-10

The energy conservation methods in Table 13 are listed for

ease in gathering potential cost and fuel savings. Table 13 is
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based on the stundard glass greenhouse as a
reference.

“Continuons™ methods indicate 24 hour
use; “periodic methods refer to nighttime
insulation onlv. The actual annual savings
realized will vary with location. twpe, and
conditions of the greenhonse, und weather
conditions. It is possible. with ideal condi-
tions. to observe sa\'ings greater than those
listed. The figures must be carefully evalu-
ated for unknown conditions, espeuall\ if
based on sl]mt time intervals (Badger and
Poole 1979

Solar Energy. The potential of solar energy
tor greenhouse heating received great
attention in the carly 1970's when the cost
of oil started to
Greenhonses are inherently good solar col-

increase  rapidly.

lectors when sunshine is available: in fact,
excessive davtime heat is often a problem.

On the other hand. oreenhouses can have a
high thermal loss at night. when over 75% of all supplemental
greenhouse heating is leqnnod Therefore. solar heating mav
not be a total substitute for greenhouse energy nee ds.
Indications are that it would not be economically feasible to
provide tor 100% substitution of the greenhouse energy
requirements with solar energy: however, up to an estimated 80
percent of these needs may be satisfied by solar energy. Most of
the application problems are distinct from those t-n((mntered in
heating and cooling of resivences or oftice buildings.

Studies were conducted at Cornell University using the
greenhouse itself as a solar collector rather than tln(mah use of
e.\temttl collectors (Price et al. 1976); this saves the cost of addi-
tional collectors and the equipment necessary to transfer the
heat to the greenhouse. Unfortunatelv this appll(atlon is rela-
tively inefficient for greenhouse pmdll( tion since plants cannot
stand the high temperatures necessary to store large amounts of
heat energy. In addition. at present it is not practical to tilt a
greenhouse to the south at steep angles to collect the energy

Figure 16. Concentrating hot water solar collectors
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etficiently. For these reasons. manv investigators have directed
their efforts to greenhouses heated by collectors separate from
the greenhousc.

Bdsudll\' there are two major classifications of external solar
collectors: concentrating collectors and lat-plate  collectors
(Peck 1976). Concentrating collectors can involve reflective
mirrors that concentrate the sunshine on a line or point (the
reverse of a car headlight). The intensitied sunshine strikes a
target, which might be a pipe containing a moving tluid. such as
water (Figure 16).

Very high temperatures can be attained in this way, However.
most of these devices must be moved to o certain extent to track
the sun. Also. because they utilize only the direct sunlight, their
performance is quite low on hazy davs. Direet sunlight forms a
shadow when it strikes an ()l)w(t and its apparent source is the

s while diffused sunlight has its source in the hemisphere of

blite skv and does not form a shadow.

Another twpe of concentrating collector uses an extruded
acnvlie plastic Fresnel lens that concentrates sunshine on a pipe
below. This collector s simply an ordinary convex lens corn-
pressed onto a flat sheet: it resembles the headlight on a car.
Because concentrating collectors do not appear to be economi-
cally feasible for greenhouse heating, they are not being con-
sidered for nse to any great extent.

Flat-plate collectors, as the name implies, are flat sheets of

glass or plastic throngh which sunshine passes. The sunshine is
absorbed by the dark surface beneath the glass and is convert-
ed to heat. Teat is lost mainly through the clear materials that
cover the dark surface, These (le‘\lces can also be tilted to face
the sun squarely during the en-tire day. but this is a complexity
that is generallv avoided. The tilt. with re spect to the horizontal
plane, controls the amount of heat collected. Hence. in place-
ment it is important to ascertain the most effective tilt of the
collector relative to the sun. Most collectors face dne sonth,
althongh they mav vary by as much as 10_to 20 to the east or
west.

There are two types of flat-plate collectors those in which
water or a water misture is the collection fluid (Figure 177 and
thosc in which air is the collection fluid (Figure 15).

At the
Center. In Alubaina. hot water flat-plate solar collectors were

Lockheed-Thmtsville  Research and  Engineering

tested to heat w greenhonse (McCormick 1976} A collector
shed honsed the instrumentation. storage. puimps. and controls.

This system was designed to provide 75 pereent of the energy
needed from the solar collectors. hut actial pclhnm.m(e

exceeded expectations, providing approximately SO percent o

the heating needs of the greenhouse. The remaining 20 pereent
of the energy needs were provided by an auiliary svsteni using
fossil fucl.

The Lockheed tests indicate that significant amounts ol heat
tor night in a greenhouse can be supplied by solar energy, bt

they point out that the performance and teclmical \Illlpll(lt\ of

solar heating systems for greenhouses disguise a veny ditfienlt
CCononic pml)l(m Because of the relatively short atilization

period for a greenhouse solar heating systen, onlv a fraction of

the vear-round available solur energy: may be collected and
nsed. This canses  mneh reduced \elll\ return on the initial
investment compared to home ||e.ltm§H and water heating. for
exaniple. In most parts of the United States. a solar collector is
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Figure 17. Flat-plate hot water collector
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Figure 18. Fin type hot air collector
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worth onlv about $+. 30/m> per vear for heating greenhonses.
This means that a svstem cost of more than d[)()l]t $53.50/m2 of
collector area will require a prohibitively long time to recover
the initial investment. However, t)picul exXpenses are more than
this for the collector alone, not including heat storage, prmps.
cte. This seemis to rule out prefubricated collectors under pre-
sent conditions.

Research at Rutgers University has involved the design of col-
lectors of Tow initial cost. Such collectors are made of polvethyi-
ene and are seemingly well suited for use with polvethvlene tilm
greenhouses (Roberts et ul. 19761, Figure 19 illustrates the basic



Figure 19. Cross section of a sloped flat-plate hot water solar collector made of
polyethylene
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design of the warm water solur collector which is 3 m high and
7.3 m long. Ttis designed so the angle can be adjnsted. Four lay-
ers of 150 micron (lean liraviolet stabilized plastic and one
black laver are arranged to provide structural stability and some
insulation. The black laver is sandwiched between two air-inflat-
ed sections of clear tilm, Water is pumped to the top of the col-
lector where it leaves the 3 em pipe through boles spaced 10 cm
apart. Water flows down between the inner layer of the front
inflated section and the black laver, is collected in a trough and
returned to storage. Sheet flow occurs by forcing the clear film
aguinst the black film by a static pressure of ahnut 0.64 ¢m of
water. A small quantity of detergent added to the water increas-
es sheet flow. Flow rates have \(mf*d from 1.9 to 2.5 liters per
minute per 30.5 cm of collector. Temperature records obtained
on u clear November day are shown in Table 14.

From these data. it is evident that, for a modestly insulated
collector, efficiency decreases with increasing water tempera-
ture due to an increase in heat loss. The total insulation avail-
able for tlns five hour period on November 28, 1975, was 3,252
K Cal/m2. Assuming an average collector (*Hmen(\ of 55%, the
energy absorbed by the collector was 39,798 K Cul. Outside
ambient temperatures ranged from 15 to 20°C. The collector
has withstood winds of over 96 kph and several snow storms
structural supports. hardware.
x 23 m collector were $120 or

without damage. The Tumber.
and plastic film costs for the 3

L) L
22X 4 FRAMING
NENBERS

ADJISTABLE

GREENHOUSES

$1.61/m2 of collector. The annual
cost of hlm replacement would be
$1.61/m2
Among the many disadvantages of
external solar collectors is the difficul-
ty of integration into a greenhouse
location. especially in lar ge green-
house complexes (Price et al. 1976.)
An external collector located too close
to a greenhouse will shade the green-
house or the greenhouse may shade
the collector. A collector too distant
from the greenhouse may resalt in
excessive, heat loss in transit, friction
pressure drop and material expense.
Distunt placement also  requires
increased allocation of land space
since a 1,000 m?‘ Uxeenhouse requires
at least 500 m= of collector. Another
disadvantage is that covering a green-
house with heat collecting (opuqgue)
panels eliminates the light essential
tor proper plant growth.
Prefabricated collectors
long-lasting materials are prohibitive-
ly expensive: polyethvlene collectors are inexpensive. These

made of

low-cost collectors, however, require an annual expenditure for
labor and materials to replace the polvethvlene.

A solar collector, as well as the storage and distribution sys-
tem, may be placed within the greenhouse walls (Liu and

Carlson 1976), Placing the collectors inside would decrease
their heat loss and increase their efficiency (Figure 20}, but may
reduce the nsable space. Tall-growing crops. such as tomatoes,
may shade the collector, depen(hng on the angle of the sun and
the location of the crops.

Once the air or water is warmed by solar energy. the chal-
lenge is to store that heat energv for nluht use. Heat is trans-
ferred from a solar collector to the storage area by water or air.
Usually water storage is used with water collectors. and gravel
or rockbed storage with air collectors. The volume ol water
needed to store u given amount of heat is approximatelv one-
third of the volume of gravel or rock: however, because the
water svstems present pmNems of corrosion, they require
more maintenance than gravel or rockbed storage. Therefore,
as gravel bed heat storage techniques improve, air svstems will
become increasingly popular.

A najor drawback to using the greenhouse itsell as a collec-
tor is the lack of an eu)nmmmll\ feasible design for storing low-
arade heat for night nse. In the mid-1970’s, research at Cornell
Um\elslt\ Lt‘llt(’l?(] around two tedmlques for storing heat:

Table 14. Performance of a solar collector made of polyethylene (Roberts et al. 1976)

TIME
Flow rate Temp. Temp.
liters/min. in°C out®C
10:00 54 25 28
11:45 54 36 38
13:45 54 40 43

VARIABLE
Insolation KCal-hrim?2 Efficiency
Available Collected %
648 404 62
718 404 56
564 282 60
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earth storage and rock storage. The
earth-air concept was examined for
both long-term and short-term stor-
age (Price et al. 1976). For long-term
storage. the large block of soil under

house

the greenhouse would be warmed
during the summer and thus become
a source of heat energy into the late
fall and early winter. This system has

/

y
e =
/

the pntentml advantages of not
requiring obstructions within the
house, and improved plant growth,
especially where plants are grown on
the warmed ground suriace rather
than on benches.

If there are benches in the green-
house. the rock storage may be locat-

/ z‘

/ HEAD HOUSE \\\\

Figure 20. A proposed new concept for maximizing solar energy use in a green-
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ed under each bench. Dunng the day,

the rock would approach the temper- = —= 3=
atures maintained in the greenhouse. - AIRDUCT

At night, air would be forced through

the rock units. the number of units

depending on the heating require- .

* GRAVELFILLED *©
WATER TANK &

ments of the greenhouse. Such sys-
tems would need auxiliary heat dur-
ing periods of cold, cloudy weather.
To date, neither earth nor rock sys-
tems are utilized in commercial pro-
duction in the United States. In Japan, when winter tempera-
tures are not excessively cold, the earth storage system is used.

Source: i Lin and Carlson 1976

There the system blows warm air into underground pipes dur-
ing the day, storing the excess heat in the soil. During the night.
the air is warmed when it passes through the undel(ﬂound
pipes. Crops having low temperature requirements, 5uch as let-
tuce, usually require little or no supplemental heating.

Storing the collected heat from solar collectors in water or in
a rockbed outside the greenhouse is expensive due to the cost
ot insulating the water storage tanks or rock beds. Early in 1970,
research was initiated to create a system of storing heat in the
floor or under the benches within a greenhouse, in a manner

different from those systems being studied at Cornell.
Rutgers University, storage systems have been designed into a
porous concrete floor \Vlthm the greenhouse rRoben‘s et al.

1976). The porous concrete. with a 10(]\ aggregate mass under—
neath, provides space for storing 14 liters of water per .028 m*
and ofters a solid surface on which to walk (Figure 21).
Insulation might be required only in those areas where the
water table is within 3 m of the floor surface. Warm water from
the collector would circulate to the floor and return through the
collector during periods of sunny weather.

At the University of Florida, another svstem was designed as

an under bench water storage/heat e,\change (Mears and Baird

Figure 21. Cross section of porous concrete floor used for storage of warm water for heating a greenhouse
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Figure 22. Cut-away view of under bench water storage/heat exchanger
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Sentree: Mears and Baird 1976,

1976). If it is a part of the storage structure, the heat exchang-
er reduces costs as well as equipment requirements. The entire
system must fit under the greenhouse benches and not inter-
fere with normal cultural operations.

The basic components of the Florida svstem are a plastic
water bag, which runs beneath the bench for its entire length,
and an insulated arch over this bag to provide an air plenum. A
fan with a thermostat control blows greenhouse air to be heat-
ed into the space between the arch and the water bag. The air
absorbs heat and then exits under a slot the length of the bot-
tom of the arch (Figure 22). 7

Warm water from a collector would flow into the plastic
water bag under the bench and would circulate continuously
through the collector and storage tank during periods of sunny
weather.

Geothermal Energy. In the U.S. there is increasing interest in
the use of geothermal energy for heating greenhouses. Several

installations in the western U.S. now utilize this energy source.
In Iceland, geothermal energy is much more extensively used as
hot water for heating. In Hveragerdi, Iceland, approximately 12
acres of greenhouses are currently utilizing this natural heat,

and the Icelandic Government is considering the installation of

as many as 80 acres of glasshouses in this region for vegetables
and ornamental plant production.

No doubt geothermal installations present abundant oppor-
tunities for creative environmental engineering {Axtmann and
Peck 1976). As may be expected, this promising energy source

FAN

AIR IN

INSULATION
SHELL 3/4 IN

STYROFOAM
1/2 IN. SLOT

is not without its problems, especially those of corrosion and
sealing. While these problems vary with each site, attention
must be paid to the amounts of gaseous effluents produced by
a geothermal well, such as hvdrogen sulfide, mercury, radon,
ammonia, and H3BOs, as well as aqueous emissions containing
heavy metals. These, plus the possible complications of silica
deposition in the equipment and the disposal of the used ther-
mal fluids, must be carefully assessed before such an energy
system is designed into a controlled-environment agriculture
installation. The environmental impact of the geothermal sys-
tem also should be studied.

Waste Heat. A major alternative heat source for controlled-
environment agriculture is the rejected heat from large indus-
trial units, such as thermal power electrical generating stations.
In 1976, Skaggs et al reported that about 2 kwh of energy were
rejected via condenser cooling water for every kwh of electrical
power produced. In 1975, the annual quantity of waste heat
available in the U.S. was more than 1016 BTU, equivalent to 1.6
billion barrels of fuel oil (Madewell et al. 1975). This number
represents slightly less than 20 percent of the annual energy
used in the U.S. in 1971. Approximately 95 percent of the water
used in cooling electric generator condensors was returned to
streams or estuaries. One nuclear power plant composed of 3
generating units, each having a generating capacity of 1.270
megawatts, rejects at full load approximately 10 x 109 BTU/hr.
This is sufficient net energy to heat almost 4,000 ha. of conven-
tional greenhouses.
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It is difficult to economically utilize the waste heat energy for
heating greenhouses becanse of the low temperature of the
rejected water, although svstems have been tested to extract the
heat from the warm water of large industrial units.

In 1977, a one-half acre greenhouse was constructed at the
TVA Browns Ferry Nuclear Plant in Alabama. A portion of this
greenhouse was heated with condenser water from the power
p]ant. The design of the svstem incorporated heating concepts
conceived and tested by the Ouk Ridge National Laboratory,
Tennessee Valley Authority and the Environmental Research
Laboratory of the University of Arizona. The cost to connect
and install the hot water delivery svstem from the power plant
to the greenhouse was extremely expensive and therefore the
system was not cost effective for application in the greenhouse
industry.

Similar projects have been tested in France and England, as
well as in the United States and other countries. With rare
exceptions, none of these programs has been expanded into
commercial use. due to the high cost of connecting the green-
houses to a power plant and the unreliability of a heat source
from a power plant, especially during times of plant repair and
maintenance.

Atmosphere Control. The gaseous makeup of the greenhouse
environment is important if crop vields are to he maxnm[t*d

Carbon dioxide must be maintained at ambient levels, o
greater, and toxic gas build-up must be prevented by prow’ding
adequate combustion air for the heating svstem.

Carbon Dioxide Enrichment. Photosynthesis — the production

of carbohydrates from carbon dioxide (COg) and water in the
presence of chlorophyll, using light energy — is basic to plant
growth and reproduction. The rate of photosynthesis is gov-
erned by available fertilizer elements. including water, COa,
light, and temperature (Figure 23).

Under normal conditions, COg exists as a gas in the atmos-
phere at a level slightly over 0.03 percent or 330 parts per mil-
lion (ppm). During the day, when photosynthesis occurs under
natural light conditions, the plants in a greenhouse may draw
down or reduce the level of COy to below 200 ppm. Under
these circumstances, COgy levels are increased by infiltration
into the greenhouse. or if ventilation is prowdt‘(l outside air
may be b]ought in to maintain the COg at ambient levels. If the
level of COg is maintained at less than ambient levels, COg may
become the factor limiting for plant growth.

In cold climates, maintaining ambient levels ot COg by pro-

viding ventilation may be uneconomical, due to the necessity of

hmltmg the incoming air in order to maintain proper growing
temperatures. In such regions growers commonly enrich the
greenhouse with added C Oq The exact COg level needed for a
given crop will vary. since it must be correlated with other vari-
ables in gr cenhouse production such as light, temperature.
nutrient levels, cultivar and degree of maturity. Most crops will
respond favorably to COg at 1.000 to 1.200 ppm.

In the early 1960's. pure CO5 was supplied from cyvlinders,
drv ice. or tanks of the low pressure liquid. Some of these meth-
ods of application may still be used. More prevalent today is the
use of combustion units of varving degrees of refinement,

emploving fuel oils, propane or natlual gas. The burners can
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Figure 23. Conditions necessary for plant growth
(Badger & Poule 1979)
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either be within or outside the greenhouse. In recent vears. the
Dutch have developed a new concept in COg enrichment using
a centralized COg generator.

The records of costs and returns have demonstrated an
increase in yields and financial returns, otten far beyond the
costs of COg. But COy enrichment is not always practical. In
regions where ventilation is required, even on many winter
dd\ s, such as in the desert areas, added COg is lost tlmmch the
ventilation systems. Becuuse it is not contained within the
greenhouse, added C Og does not affect plant growth. In such
situations, COg enrichment is not advised and does not show
any economic ddmntagj )

If ventilation is not needed for any period of time, whether
the greenhouse is located in a desert region or in cooler cli-
mates where COg enrichment is not used, outside air should be
allowed into the greenhouse periodically either by a ventilation
fan drawing fresh air into the greenhouse unit or b\' opening the
vents sholltl\ to allow air E-\(-lmnge that will maintain levels of
ambient (()o (330 ppm). A forced-air distribution system.
using pe]lomted plastic ducts separate from or in combination
with the heat distribution svstem. should be operated continu-
ously in order to distribute the COg evenly within the plant
canopy. This movement of air will prevent the COg from
becoming lower than ambient within the canopy.

Above a concentration level of 5,000 ppm. COg is hazardous
to workers. Most plants also have a maximum tolerance level,
depending on the enltivar.

Contaminate Gases. Proper installation and maintenance is
crucial to prevent contuminate gases in a greenhouse.
Inadequate heating equipment and opemtl(m will endanger not
only the health of the plants but also those persons working

within the areenhouse. Annual maintenance inspections and



Figure 24. Provision of combustion air and sufficient
chimney to prevent contaminated gasses

one square inch per
2,500 Btu furnace
capacity
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Sewree: Badger awd Poole 1979

adjustments are a minimal requirement for efficient and safe
operation.

Inadequate combustion air within the greenhouse prevents
complete cambustion and proper venting of combustion gases.
The prodacts of incomplete combustion mav be (ll\(lullﬂe(l
into the arecnhouse from the draft diverter on the heate T'It‘
vnburned gass carbon monoxide, and other chenical gases, will
create an unsade environment for plants and workers.

To prevent hazards. it is important to instilt lonvered fresh air
intakes from outside. near the heating unit. These intakes will
assure complete combustion of the fuel within the fimauce
{Figure 24).

Tlns is extremelv important in greenhouses that are of tight
construction, espeua“\ those covered with plastic film. Allow
one square inch of louverced air inlet area from outside for each
2500 Btu of furnace capacity. Louvers made of differing mate-
rials require different amounts of free area: wooden louvers
usually have omly 20 percent free arew; metal louvers cormmon-
Iv have 6O percent free area when open.

Incomplete combustion also canses soot buildup within the
turnace. which reduces heat transter and lowers heater etfi-
ciency:,

Chimmney air leaks chill the gases and reduce the draft, and
pollution from furnaces und chimney leaks mav injure plants.

Computer/Data Acquisition Systems. Todayv. computer con-
trol systems are common in gr eenhouse installation thronghout
Europe. Japan, and the United States. Compitter svstems can
provide fully-integrated control of temperature, hmm(ht\ irri-
gation and felhluah()n. carbon dioxide, light and shade levels
for virtnally any size growing facilitv. Precise control over a
growing operation enuables growers to realize savings of 15 - 50
percent for energy. water, chemical, and pesticide apphmtlons
Computer controls normally result in greater plant consistency.
on-schedule production. hwhel overall plant qualitv. and envi-
ronmental purity.,

GREENHOUSES

A computer can control hundreds of devices within a green-
fans. hot water mixing valves. irrigation

valves, curtains, lights. etc.) by utilizing dozens of input para-
meters, such as outside and 1m1de temperatures, humidity. out-
side wind direction and velocity. carbon dioxide levels and even
the time of day or night.

Computer systems interrogate all sensors. evaluate all condi-
tions. and send appropriate commands every minute to each
piece of equipment in the greenhouse range thus maintaining
ideal conditions in each of the various 111(lependent sreenhouse
zones defined by the grower.

Computers collect and log data provided by greenhouse pro-

house (vents. heuters.

duction managers. A computer can keep track of all relevant infor-
mation, such as temperature, humidity, COy, light levels. etc. It
dates and time tags the information and stores it for current or
later use. Such a duta acquisition system will enable the grower to
gain a comprehensive understanding of all factors aftecting the
quality and timeliness of the product. A computer will produce
aruphs of past and current environmental conditions both inside
and outside the greenhouse complex. Using a data printout
option, growers can produce reports and summaries of environ-
mental conditions such as temperature, humidity, and the COg
status for a given dav, or over a longer period of time.

Scientists are (lmentl\ dev clopmtr plant growing models in
which computers d(hldll\ make decisions for the greenhouse
arowers, These “artificial mtelhgonce svstems integrate the lat-
est knowledge about greenhouse growing theory, actual man-
agement practices, md en\nmnnenta\ conditions inside and
outside the greenhouse. The computer will be taught to assess
all the variables. make a decision. and give instructions for
application. The decisions made by the computer in climate
contral can provide the grower 24 hour-a- day assistance in the
management and production of gree nhouse crops. A svstem
cun |)e so reliable that. even if it should fail, it will not ()nl\ call
the grower on the telephone but will also turn key components
over to local control.

Unhnhumtel\ such computer systems are t‘\pt‘ll\l\(‘ and
mainly limited to large meenh(mse facilities operating vear-
round. The crops grown are usually of high value and are those
that respond to precise control over the environment.
Computers are not economically feasible for protected agricul-
tre situations that are seasonal: the added costs outweigh the
economic benefits unless used throughont the year.

Despite the attraction of computer systems, it is well to
remember that the success of uny p]()(hl(tum system s totally
dependent on the furmer’s know ledge and his management
skills. Compnters only assist by A(ld\ng precision to these skills.
A computer is onlv as effective as the person who feeds it the
data.

As computer costs continne to decvease and as farmers
become computer literate, computers will beconmie increasingly
p()pulur in pr()tected ugriculture. In de\'eloping countries.
where farmers lack formal education. financial resources, and
the skill to operate computers, the utilization of these systems
in pr()te(-tcd ugricnlture is remote.
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GROWING SYSTEMS
IN GREENHOUSES

There are numerous greenhonse production systems. Many are
applicable only in some regions of the world. Those systems
using m(hgen()us materials are likelv to be more economical
than those requiring imported materials. Systems of production
must be carefully evaluated before any is selected. Plastic cov-
ered greenhouses are the most popular structures used in pro-
tected agriculture.

TISSUE CULTURE
Tissue culture is a relatively new method of plant propagation.
It is available to growers for two major purposes:

(1) mass production and (2) to establish and/or maintain “virus
free” stock (Kyte 1987). With one sinall piece of plant. numer-
ous replicas, or clones,
can he produced. The
term “cloning” is syn-
OnYmous with “tissue
culture™. “micropropa-
gation”, or growing “in
" In vitro (Latin,
“in glass™)

vitro.
Means sepa-
rate from the whole
Vegetative
reproduction, or “clon-

individual.

ing”, be accom-

plished by taking cut-
tings, making divisions,

can

by layering, Umftm;ﬁ or

b\ tissue culture,
Tissue culture begins

in a laboratory, which

consists of a media
preparation room, a
transfer room. and

culture growing room.
The plants are started
in the tiniest of green-
a test tube — in a sterilized growing medium con-

houses
sisting mainly of agar (a polvsaccharide gel derived from a cer-
tuin algae). femlwm elements, vitamins, and growth regulators.
Once the plant tissue has developed into a plantlet. it is trans-
ferred to w soilless media: any combination of peat moss.
sund,perlite, pnmice, or vermiculite. The plantlets are moved to
a greenhonse and begin the process of acclimatization. Once
au]nmltlzed, r hardened off, they are placed under normal
}freenhouse (-(m(htl()m to growing out.

The genetic makeup ()i mets which are cloned or vegeta-
tively repm(lu(ed is identical to the parent. They are therefore
undamenmll\ ditferent from plants propagated from seed:
secds Iesultm" from sexual reproduction have their own unique
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Tissue culture laboratones are becoming increasingly popular as a method of plant
propagation. This method dallows for mass propagation of plants and establishment
of virus-free plant stock.

genetic makeup, a misture from hoth parents: the overall genet-
ic muke-up of the seed is different from that of either parent,
and differs from one secd to another,

In nature, vegetative repmduction occurs nutumll}' in multi-
plication of stems. True bulbs such as tulips and daffodils are
modified stems. Another type of undergronnd stem is the corm
which is complete with nodes, internodes, and lateral buds. but
does not have scales. as do true bulbs. Gladiolus and crocus are
corms. Other modified stems are tubers. such as potato; rhi-
zomes, which are common for most perennial grasses. and run-
ners, or stolons. as with strawberries. Stolons are above ground
vegetative reproductive stems, while rhizomes are below
around.

Roots and leaves can
also serve as vegetative
reproductive  organs.
Examples of plants
that reproduce by
roots are sweet pota-
toes and dahlias, while
those reproducing
leaves are Rex
and  African

from
hegonia
violets.
In the horticultural
in(lnstr_v, tissie culture
practices nsually in-
volve the use of meris-
tematic tissue.
Meristematic
are located at the top
of stems and roots, in
leat” axils. in stemns as
cambium. on leat mar-

cells

gins. and in callus tis-
sue (Kvte 1957). The
tissue is composed of
cells which have not vet been genetically programmed for their
ultimate development.
The factors involved in meristematic tissue culture have been
well-ontlined by Kyte (1987):
“Under the influence of genetic make-np, location.
light. temperature, nutrients. hormones. and probablv
meristematic cells differentiate into
stems, roots. and other organs and tissues in an

other factors,
leaves,
organized fashion.

Some differentiated cells tusnally parenchyma cells)
have the capability of reverting to a meristematic or
dedifterentiated state to initiate growth of new and dit-

ferent tissue. Dedifferentiated cells often account for



adventitious growth. Adventitious growth refers to the
leaves from
unusual locations. Examples are aerial roots, buds

growth of new shoots, buds, roots. or

from roots, plantlets from leaves, shoots and roots
from callus of cuttings.

Dedifferentiated cells can also create callus. Callus
is usually defined as a mass of undifferentiated cells, or
parenchyma cells proliferating in response to wound-
ing, as appears at the union of a graft, or at the base of
cuttings. In tissue culture vocabulary callus is defined
as an unorganized, proliferating mass of cells. Some of
the cells may be differentiated, so the mass may con-
tain embnmds (embrvo-like structures capdble of
becoming normal pldnts or the mass may contain
shoot or root primordia, or there may be cells with an
abnormal number of chromosomes. For example,
many asparagus plants differentiating from the callus
culture may be tetraploid (double the normal chromo-
some number in vegetative cells), but plants cultured
from shoot tips, without a callus stage. do not show this
variability.

Whenever cells divide there is the possibility o
genetic variability. There are two kinds of plant ('t‘ll
division, meiotic and mitotic. Meiotic division relates
only to sexually reproductive cells. Mitotic {(somatic, or
vegetative) cell division is the division of a vegetative
cell to produce two cells each of which usually has the
same number of chromosomes as the ougmal cell. If a
mutation - a change in chromosomes -occurs during
mitosis, it is carried in all future divisions. Some somat-
ic mutations go unnoticed because future cells are not
affected: if @ mutation for aberrant flowers occurs in a
leaf bud, there will be no flowers to exhibit the muta-
tion. Most mutations produce undesired effects: mis-
shapen fruit or abnormal shoots, for example. Growers
discard such plants when they appear. Occasionally
mutations are desirable so scientists induce mutations
with chemicals and radiation in a search for better
plants.

Plant diseases transmitted from parent to offspring can often
be eliminated through tissue culture procedures. External
infestations. such as bacteria, fungi, and insects, may be
removed when cleaning the tissue to be cultured. Many inter-
nal viruses are eliminated by using the apical meristem as the
explant. Apical meristem, the new, undifferentiated tissue at
the apex, or very tip of a shoot, is usually virus-free in diseased
plants, since the new cells normally grow more rapidly than the
viruses, which lag behind in the older tissue. These few cells
that make up the microscopic portion of the apical meristemn
are removed from the plant and placed in culture; they will
grow and produce healthy, disease-free plants. This technique,
known as meristem culture. is used extensively both in research
and commercial laboratories to generate virus-free plant mate-
rial {rom lilies, dahlias, carnations, citrus, potatoes, and berries,
particularly strawberries (Kyte 1987).

Tissue culture, or micropropagation, proceeds today through
application of many advanced techniques, such as somatic
emblyogenesis, protoplust isolation. and protoplast fusion.
Along with haploid cultures, which are derived from pollen by
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way of anther culture. these techniques are mainly used in
research facilities where genetic engineering is 11nde1way
While these procedures are not commonly used by plant grow-
ers, they are potentially important to the future of food pro-
duction: they may produce plants resistant to frost, drought,
salinity. insect pests and diseases, control nitrogen fixation in
grasses.

TRANSPLANT AND PLUG

MIXTURE PRODUCTION

Excellent crops of high vield begin with seed that is disease-free
and of high quality. Since good seed is probably the biggest bar-
gain in plant growing, it is better to pay a little more to a seed
supplier of known dependability than to get a supposed bargain
from an unknown company.

Plant Growing Media. A good plant growing medium should
be friable, moderately fertile, of good aeration, and well-drained,
yet have sufficient water- h()l(hng capacity to prevent excessive
drving. It should also be free of weed seeds, and diseases. eco-
nomlcal and relatively easy to obtain. Plant growing media vary
from just topsoll to combmatlon\ of topqml mnd peat moss, ver-
miculite, perlite, rock wool. rice hulls, compost, or other addi-
tives. Plants may be grown in completely artificial media.

Due to 1)101)]611“ of diseases, weed seeds. drainage, aeration,
and inconsistency in physical conditions, pure topsml as a seed-
ing and transplant media is not recommended. If pure soil is
used, it must be a smldy loam with high organic matter content.
Adding peat moss or a combination of peat moss and sand to
soil uﬂmllv improves the water-holding capacity and physical
condition of the medium. Most soil mixtures of this nature will
need additions of limestone. superphosphate and a 5-10-5 fer-
tilizer mix. The rate of application would be 1.5 to 2.5 kg. of 20%
superphosphate, 4.5 kg. ground limestone and 1-1.5 kg. of 5-10-
5 fertilizer per cubic meter.

Any plant growing media containing soil should be fumigated
or steamed to destroy weed seeds and disease-causing organ-
isms. Fumigation with methyl bromide is effective 1fdnect10m
are followed but this fumlgant is highly toxic. A 2% mix of
chloropicrin or tear gas added to methyl bromide should be
used as the chloropicrin serves as a warning agent in case of gas
leakage in an inhabited area. In some countries, such use of
fumigant gases is illegal for sterilization of plant growing media;
therefore it is important to check the local and federal regula-
tions before use.

Steam is an effective method of treatment; however, because
the cost of fuel to operate the steaming apparatus has become
expensive, steaming is currently less attractive for use in green-
house operations. If steam is used, the soil mix may be steamed
in concrete bins, dump trucks, or other suitable containers. It
should be covered with a material that will contain the steam.
For effective disease and weed seed control, the soil should
reach 82°C and remain at that temperature for 30 minutes.
Over-steaming should be avoided: excessive heat may result in
the breakdown of organic matter and buildup of materials in
the soil to levels which might cause plant injury. Soil should not
be used within two weeks after steaming,.

Artificial media and mixtures are finding more favor with
growers because good topsoil is increasingly rare, regulations
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ture is lightweight and. when thoronglils

mixed, will produce uniform. high- ({ll(llll\

plants. Mix the ingredients on a clean floor

other greenhouse vegetable crops.

place nereasing restrictions on the nse of fromigants, and el
Artificial
media should be sterile, of known mitrient concentration. casi-

costs lor steam sterilization continue to escalate.

Iy stored and Tight in weight. Mixtures of peat and perlite or

peat and vermiculite have these attributes, Tinsome cases. ver-
miculite alone has proven asatisfuctory imedinm for certain
directhv-seeded vegetables and flowers.

In tropical regions of the world. where peat is not indigenons
and very expensive. other materials such as shredded coconut
husk or rice hulls are often used in combination with vermi-
culite and sand. Rice hnlls should be carbonized with high ten-
peratoare in order to prevent rapid breakdown by microorgan-
isms.

I desert regions, where peat is also expensive. vermiculite
mixed with sund will provide an excellent plant growing medi-
.

Caonsiderable rescarch has been condncted at two stte uni-
versities in the United States, the University of California and
Cormell University. on artificial plant-growing mixes (Schales
and Massev 1965). The growing mixtures developed by these
institutions are far superior to soil in acration and drainage
characteristics.

The University of Caditornia (U.COmiseure is basicallv avari-
able formula of sand and peat moss with several ])(l\\l])lb‘ fertil-
izer combinations. A mixture that is popularis the following:

U.C. Mix Amt. per cubic meter
Fine sand (0.5-0.05 mm) 0.5 cu. m.
Shredded peat moss 0.5 cu. m.
Potassium nitrate 45 g.
Potassium sulfate 45 g.
Dolomitic limestone 4.5 kg.
Calcium limestone 1.5 kg.

20% superphosphate 1.5 kg.

The Comell "Peat Lite”
and vermiculite or perlite. This peat moss and vermiculite mis-

miNes are Ill:l(l(,‘ up \\‘it]l Pl‘ill [RRTOAN
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The floor arca
and all the tools shonld be washed with o

or in a mechanical mixer.

disinfecting solution such as one part
Clorox bleach to ten parts water. (The
active ingredient in Clorox is sodimm
Iapachlorite, also comnon to other brands
ol bleuch.y It is casier to handle a peat-lite
mix it the peat moss is moistened prior to or
during mixing, Peat moss may he diffienlt to
moisten. especiallv il verv dive Peat will
take np moistare il the water is hot or il the
wiatter is added in combination with a wet-
ling  avent

tAvra-Grow  granmlar, 330

et After anixing thoronghihve use
immediatel or store under a plastic sheel
to retain the moistire. A moist medinm
absorbs water more imitormhv and readily
than wdiy one, Peat-lite mises have heen
stored satisfactorih up to one vear.

Cornell Peat-Lite Mix Amt per cubic meter

Shredded peat moss 0.5 cu. m.
No. 2, 3, or 4 horticultural

grade vermiculite (or perlite) 0.5 cu. m.
Limestone, dolomitic preferred 3.00 kg
Superphosphate (20% P, Og) 1.20 kg.
Fertilizer (5-10-5) 3.00 kg.

I another medinn is substituted for peat moss andd peat s
not used in the UL Comin or the Cornell Peat-Lite mix. Tine-
stone is not vequired. as Time is used mainly to raise the pil ol
the mixture.

I those cases where the plant is physically pulled by the stemn
from the plant container, the root ball is more like v not to
break apart it peat is in the artificial growing miedia This bap-
pens because the root growth within the peat moss fibers tends
to hold the roots ind media together as a unit. With mistires
not containing peat moss the root mit will Fall apart more cusi-
e therefore care mnst be taken not to damage the root svstem

at the time of transplanting.

Seed Germination. Sced cun be sown direetlv into individual
plant containers containing arowing micdia into grow cubes of
rock wool or Oasis root cubes. or as rows into wooden or plas-
tic NMats containing a plant growing mix or pure vermienlite. 11
Mats are to be reused. they should be thorouglihv cleaned and
rinsed in Clorox tsadinm ||\11()d|lnnl<-‘

Fertilization. 1t is reconmuended that no supplemental fertil-
izer be added to the mix or the vermienlite intil the seed Teaves
ceotvledons are Tillv expanded and the triee Teaves are begin-
ning to nntold . e rtilization should he in lipaick form with the
lertilizer. 20-20-200 mised at the rate of 0.35 to 043 kg per 200
liters ol water and nsed over an arca of 20 square imeters. The
lenath of time hefore the seedlines are ready to be spotted ont



into individual con-
tainers will depend
on the species of
plant grown.

The plants will
need to be fertilized
either with a very
dilute fertilizer
solution with each
watering (for exam-
ple, 110-175 grams
of 20-20-20 per 200
liters of water) or
fertilized approxi-
mately every two
weeks at a rate of 500-700 grams of 20-20-20, or similar fertil-
izer, to each 200 liters of water. In the latter procedure, to pre-
vent fertilizer bum of the leaves, the leaves will need to be
rinsed with pure water after each liquid feeding. Fertilizers
used for liquid feeding should be 100 percent water soluble.

Strip Tray

Containers. Growing containers come in many forms.
Individual containers or growing blocks may be made of paper,
plastic, clay, peat moss, styrofoam, rockwool, or a synthetic
foam. Growing trays, plug flats, cavity seedling trays, styrofoam
planter flats, and multipot plug trays, and others are all multi-
ple seedling trays common in today’s industry. In Figure 25,
several types of trays used in the transplant industry are illus-
trated.

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

Once the flats are seeded they may be manually transported
to the greenhouse or transplanted by monorail trolley convey-
ors. The same system of transport is used in taking the trays out
of the greenhouse in preparation for shipment to market.

Watering. There are many methods of watering transplants.
Where plants are hand-watered. round sprinkler heads deliver
a greater amount of water and do less damage than fan-shaped
sprinkler heads.

Each watering should soak the soil thoroughly. Water should
be applied unitormly over all plants to avoid uneven growth.
Plants should be watered early enongh in the day to permit
foliage to dry betore dark.

Overhead irrigation systems save considerable time but have
difficulty obtaining completely uniform water distribution.
Today. it is common for growers to use programmable travel-
ling irrigation booms.

GREENHOUSE VEGETABLES

Growing greenhouse vegetables is one of the most exacting and
intensive forms of all agriculture enterprises. In the controlled
environment of a greenhouse. high vields of excellent quality
vegetables can be produced.

Soil. The standard method of growing greenhouse vegetables
throughout the world is in soil. A successful grower who grows

_ GROWING SYSTEMS IN GREENHOUSES

Figure 25. Types of trays used in the production of transplants

Pot Tray

Mechanical seeders are simple and inexpensive to operate. (Photo
courtesy Growing Systems, Inc. Milwaukee, Wisconsin).

Monorall trolley conveyors and movable benches quickly and efficient-
ly move stock 1 and out of greenhouses. {(Photo Courtesy of Growin
systems, Inc. Milwaukee, Wisconsin).
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Fully programmable travelling irrigation booms for outormatic uniform
watering, fertilizing, etc. (Photo courtesy of Growing Systems, Inc.
Milwaukee, Wisconsin)

in soil nsually has a good knowledge of horticulture. soils. plant
pathology. cntnm()l()tr\ and met physiology. as well as the
engineering (d])d])lllt\ to provide an environment best suited
for plant rrm\\th Many persons who establish a greenhouse
operation fail because the\ lack the education and training in
one or more of the ubove dlsuphnm

A major problem in growing crops in soil are soil-borne dis-
eases. Growing pl;mts (-ontinuousl'\'~ withont crop rotation or
interruption in production, as in open field production during
Northern winters, can lead to an excessive build-up ot soil
pathogens. Because of environmental and health restrictions.
there is currently a lack of soil fumigants available for green-
house use This problem, added to the high cost of fuel to steam
sterilize. is focusing attention on methods of hvdroponic con-
trolled environment agriculture (CEA}.

HYDROPONIC/SOILLESS CULTURE
Hydroponic culture is possibly the most intensive method of
crap production in today’s agricultural industry. In combination
with greenhouses or protective covers. it is 111"]1 technology and
capital intensive. It is also highly plodmtne, conservative of
water and land, and protective of the environment. Yet. for
most of its emplovees. hvdroponic culture requires only basic
agricultural skills. Since regnlating the aerial and root environ-
ment is & major concern in such agricultural svstems, produc-
tion takes place inside enclosures designed to control air and
root temperatures, light. water. plant nutrition. and adverse cli-
mate.

During the last 12 years. there has been increasing interest in
hyvdroponics or soilless techniques for producing greenhouse
horticultural crops. The future growth of hvdroponics depends
greatlyv on the development of production svstems that are cost
competitive with open field agricultnre.

There are many types of hydroponics svstems, as well as
many designs for (fleeu]muse structures and many methods of
c(mtml ¢} tlw environment. Not ev erv svstem is cost ¢ Hective in
each location. While the te(lmlques of hvdroponic culture in
the tropics may be quite similar to those used in tempmate
regions, guenh()use structures themselves and methods o
environmental control can differ greatly.

Hydroponics is a technology for growing plants in nutrient
solutions (water and fertilizers) with or without the use of an
artificial medinm (e.g. sand. gravel. vermiculite. rockwool. peat
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moss, sawdust) to provide mechanical support. Liquid hvdro-
ponic systems have no other supporting medium for the plant
roots: aggregate systems have a solid medium of support.
Hydroponic systems are further categorized as open (i.e.. once
the nutrient solution is delivered to the plant roots. it is not
reused) or closed (i.e., surplus solution is recovered. replen-
ished, and recycled).

Some recflonal growers, agencies, and publications persist in
confining the definition of ]I\(]IOP()H]L\ to liquid svstems only.
This exclusion of aggregate hvdroponics serves to Dhiur statisti-
cal data and may lead to underestimation of the extent of the
technology and its economic implications.

Virtually all hvdroponic systems in temperate regions of the
world are enclosed in gleenh()use-t_\pe structures to provide
temperature control, reduce evaporative water loss, reduce dis-
ease and pest infestations. and protect crops against the ele-
ments of weather. such as wind and rain. The latter considera-
tons are especially valid in tropical regions. While hvdroponic
and controlled environmental agriculture (CEA) are not svn-
onvmous. CEA usually accompunies hvdroponics. Their poten-
tials and problems are inextricuble,

The principle advantages of hvdroponic CEA include high-
density maxinnum crop vield, crop production where no suitable
soil exists, a virtual indifference to ambient temperature and
seasonality, more efficient use of water and fertilizers, minimal
use of land arew. and suitability for mechanization and disease
control. A major advantuge of hvdroponics, as compared with
growth of plants in soil. is the isolation of the crop from the
underlving soil. which often has problems of disease, salinity,
poor structure and drainage. The costlv and time-consuming
tasks of soil sterilization and enltivation are unnecessary in
hvdroponic svstems and a rapid turnaround of crops is readily
achieved.

Hydroponics offers a means of control over soil-borne dis-
cases and pests. which is especiallv desirable in the tropics,
where infestations are a major concern. Most temperate regions
have climatic changes. such as cold winters. to break the life
eveles of many pests. In the tropics. this life ¢vele continnes
umntenupted as does the threat of infestation. Unfortunate v.
less is known about many of the diseases that occur in the trop-
ics than those in temperate regions. In compuring three nmajor
food crops grown in the tropics and temperate regions of the
world, the incidence of disease is much greater in the tropics.
as illustrated in Table 15.

Table 15. Number of crop diseases

CROPS TEMPERATE TROPICS
Rice 54 500-600
Corn 85 125

Beans 52 250-280

Sonrec (\Witheer 14851

The principle disudvantages of hvdroponics, relative to con-
ventional open-field agricnlture (OFA). are the high costs of
capital and energy imputs. and the high degree of management
skills required for successful production. Capital costs mav be
especially excessive if the structures are artificially heated and
evaporatively cooled by fun and pad svstems. svstens of envi-



ronmental control which are not alwavs needed in the tropics.
Workers must be highly competent in plant science and engi-
neering skills. Because of its significantly higher costs. success-
ful llpl)ll(dtl()lls of hydroponic techmology are limited to crops of
high economic v value to specitic regions, and otten confined to
specific times of the vear, when comparable OFA is not feasible.

Because with CEA. capital costs are so much higher than for
OFA, it is economically rational to grow onlv a few food crops.
Field crops are totally inappropriate. A dec ade ago, it was cal-
culated that the luﬂhest market prices ever paid would have to
increase by a factor of five for hydroponic agronomy to hreak
even. Since then, CEA costs have more than doubled, while
crop commadity prices have remained constant. Indeed. in the
United States. open-field agronomic crops are usually in sur-
plus. and a signiticant percentage of the available cropland is
deliberatelv idled. Repeated pricing studies have shown that
only high-qualitv. garden tipe vegetables - tomatoes, cucum-
bers. and specialty lettuce - can provide break even or better
revenues in hvdroponic svstems. These are, in fact, virtually the
only h_\(h()p()m( CEA food crops grown today in the United
States. In Europe and Japan. these vegetables, und eggplant,
peppers. melons. strawberries. and herbs. are grown commer-
cially in hvdroponic svstems.

Liquid (nonaggregate) Hydroponic Systems. By their
nature, liquid systems are closed systems in which the plant
roots ure duectl\ exposed to the nutrient solution, with no other
growing medium. and the solution is reused.

Nutrient Film Technique (NFT). The wntrient film tech-
nique was developed during the late 1960°s by Dr. Allan
Cooper at the Glasshouse Crops Research Institute in
Littlehampton, England (Winsor et al. 1979); a number of sub-
sequent refinements have been developed at the same institu-
tion (Graves 19531 NFT has given rise to several moditied svs-
tems and appears today to be the most rapidly svolving type of
liquid hydroponic system.

GROWING SYSTEMS IN GREENHOUSES

In anutrient film system. a thin filn of nutrient solution flows
through plastic lined channels, which contain the plant roots.
The walls of the chunnels are flexible: this permits them to be
drawn together around the base of each plant. excluding light
and preventing evaporation. The main features of a nutrient
film system are illustrated in Figure 26.

Nutrient solution is pumped to the higher end of each chan-
nel and flows by gravity past the plant roots to catchment pipes
and a sump. The solution is monitored for replenishment of
salts and water before it is recveled. Capillury material in the
channel prevents voung plants from drying out. and the roots
soon grow into a tangled mat.

A principle advantage of the NFT svsten in comparison with
others is that it requires much less nutrient solution. I is there-
fore easier to heat the solution during winter months. to obtain
()ptimum temperatures for root (V]'()\thl and to coc Tt (hlrimf
hot summers in arid or tropical regions. therebv avoiding the
bolting of lettuce and other undesirable plant responses.
Reduced volumes are also easier to work with it"it is necessarv
to treat the nutrient solution for disease control. A complete
description on the design and operation of an NFT svstem is
published in Horticultural pages 144,
Following are additional comments important to the design of
NFT svstems for the tropics.

The channels should not be greater than 15-20 10 in length. In
a level greenhouse.

Review. volume 7.

longer runs could restrict the height avail-
able for plant groscth. since the slope of the channel Ublld”\ has
adrop of Tin 30 to 1 in 75. Longer nms and/or channels. with
less slope. may accentuate problens of poor solution aeration.
To assure good aeration, the nutrient solution could be intro-
duced into channels at two or three points along the length The
flow of nutrient solition into cach channel should be 2-3 liters
per minute, depending on the oxvgen content of the s()lntmn.
The the 300,
Temperatures above 309C will adversely atfect the amount of

maximum  temperature of nitrient  is
dissolved oxvgen in the solution. There should be approximate-

V5 ppm or more. especially in that nutrient solution flowing

Figure 26. Main features of a nutrient film hydroponic system

. et
1 pH controller 9 pH, "C and cF sensors AT
2. Temperature controller 10 Water supply [P
3. Salinity controller 11 Healing coll \'R2 4
4-6. Stock solution pumps 12, Circutaling pumps 13 ART
7. Stock solution supply 13 Hot waler control valve {58 N
8. Aerator B

15. Gully liner

14. Rockwool cube

16. Capillary malting
17. Insulahion
18 Metal trough
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Tomato producuor. using the nutrient fm technique, a growing method devel oped in England

over the root mat in the channel.

In tropical regions it is important that the chanoels be col-
ored white in order to mitigate the problems of heat build-up
from direct sunlight. Normally a white on black plastic is nsed
tor the channels. High air temperatures are common in the

tropics. A NFT svstem may permit econoniical cooling of

plant roots. avoiding the more expensive cooling of the entire
greenhonse aerial temperature.

Tn research conducted by Jensen (19851 it was found that
root temperatures of lettuce must not exceed 209C, especially
when aerial temperatures wre 32-359C or greater, to avoid the
problem of bolting (formation of seed stalk). Cooling the nutri-
ent solution (1hl||hltl(‘l”\ reduces bolting and lessens the inci-
dence of the fungus Pr/r/num aphanicdermatun, which also
affects the establishment and vield of hvdroponic tomato and
cncinber crops.

[n 1953, the capitdd cost of an NFT growing systeim was esti-
mated at $81.000/ha.
cost of construction fubor and the green-

fnot including the
louse enclosing the svstem); the annual
aperating cost was $22 000/ha
1953) for replacement of plastic tronghs

Van Os.

and other items. TTigh installation costs and
the introduction of rockywool have dimin-
ished the popnlarity of NFT.

Modified NFT.

Cast Conerete. Covering a greenhouse
loor with cast concrete shaped into NFT
channels is one type of modilied NFT sus-
tem, Capital investient is higher, bt
maintenance is reduced compared with
standard system, Tnactypical installation for
Ve weronmd Tettuce production (Lauder
1977). the conerete was formed into paral-
lel channels 1O em wide, 2.5 em deep. and
45 ni long. onacslope of 1o 50. The surlace
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of the concrete was painted with epoxy
resin to isolate it from the nutrient solution.
In such an installation in
England {Jensen 1952). 4 ha of concrete
NFT channels have permitted a high

Cheshunt,

degree of mechanization in planting and
harvesting. with resnlting lower production
costs ($.145/head in summer: $.270/head in
winter. higher due to heating costs).

Movable Channels. T a modilied NFT svs-
tem first proposed by Prince of al. (1951
for lettuce production. the channels can be
spread apart in response to plant growth
and size. This variable plant spacing tech-
nigue maximizes space utilization and leaf
interception of radiation. There are limited
uses of this system in Canada and the
United States.

Movable benches covered with corrugat-
ed sheets have been used as lettuce planti-
ng troughs in some experiments in the United States and
Denmark. Plants are set in the corrugations, through which
nutrient solution flows, at close internals when young, and
spread out as more growing space is needed. Benches are mov-
able to ullow access to growing arcas.

Flat sheets of expanded polvstyrene. approximately 2 m x 4 m

2.5 em. which can be tmnspoﬁe(l on movable benches, have
hecn used for lettuce production by Varley and Burrage (1951},
The sheets, framed in wood, are covered with pld\tlt film to
torm a wide water trough: additional pol\ st\u ne sheets drilled
with holes for lettuce seedlings 20/n2) are fitted into the
troughs. This svstem has been furthes s'nnplifi(-'d in a Dutch
application.

Schippers (1982) has suggested that tomato and cucnmber
production could be maximized in a limited area by mounting
channels on casters and arranging them without intermediate
pathways. This would increase plant density by approximately
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Figure 27. Lettuce production in modified NFT system with movable belts in troughs stacked two high
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25%. When cultural operations are required, channels may be
moved and separated to create a pathway.

Giacomelli developed a design at Rutgers University for
planting tomatoes in flexible plastic tubes suspended by a mov-
able svstem (Giacomelli et «l. 1982), thus transferring the
weight of the rows to greenhouse structural members. Such
easilv moved rows would permit close spacing of young plants
and wider spacing as plants mature, with a potential 25 percent
increase in annual vield per unit area of greenhouse space.

Van Os (1983} has described a Lomplete]\ mechanized NFT
svstem to })I()dll((“ cut chrvsanthemums: mobile planting tables

tmnsporte)s are mo\ed from room to room for metmg,

growing. and machine harvesting. with a reduced number of

interior pathwavs. Potter and Sims (1975} have also referred to
a system of movable channels for such crops.

Multicropping. Tn Holland, research engineers at Wageningen
are using NFT in a svstem to nmltl(mp lettuce with CEA toma-
toes. The system is n()rmall\ used to grow tomatoes, but during
winter months. additional 25-cm-wide tronghs in each bav of
the greenhouse ure used to produce antomated-harvest NFT
lettuce. The heads are planted through holes in a flexible plas-
tic material that covers cach trough. At harvest. a winching
machine pulls the covering material, lettuce and all. up an
incline to be rolled up on a spool as the plastic moves upslope
toward the winch, a cutting mechanism severs lettuce heads
from roots. The lettuce moves off on a conveyor helt toward the
packing station, as the roots are removed on a ditferent convey-
or and the plastic cover is slowly wound up on the driun (Jensen
19852).

Similar. i less mechanized, multicropping svstems have been
developed in England (Starkev 1950). Tomatoes or cucumbers

are grown in 35-cm-wide NFT channels during spring. sum-
mer, and fall; double rows of lettuce, celery, or Chinese cab-

buge are grown in the same troughs during winter months.

Pipe Systemns. An A-frame svstem developed by Morgan and Tan
(1982} provides for high- (lcmlt\ lettuce pmductlon Seedlings
are planted in sloping (drop of 1in 30) plastic tubes, 30 mm in
diameter, arranged in horizontual tiers resembling A-frames in
end-view. This svstem. developed for use with Dutch Venlo
glasshouses, eHech\el\ doubles the usal)]e growing surface and
accommodates a pldl]t density of 40/m2. Another A-frame svstemn
of tiered NFT channels, dev eloped or strawberny production, is
reported to facilitate spraving and picking, with quick crop tum-
around and reduced fubor requirements (White, 19501,

Schippers (1978 developed a vertical pipe svstem in which
small-diameter plastic pipes. 1.3 1 long, are squen(led bv over-
head wires above a nutrient soluhon collecting channel.
Germinated lettuce plants are squeezed into holes ( .2()—25/1)11)6)
in the sides of the tubes. and nntrient solution is pumped into
the top of each pipe. to drip down through the tubing and plant
roots. A similar svstem with dhlmmnm irrigation piping has
been nsed in Israel to produce vegetables and flowers. Vertical
NFT systems using plastic or aluminum piping wre relatively
costly, and thev have not been widely adopted in commercial
Upﬂdtums.

Moving Belts. To maximize lettuce production in a limited area.
Whittaker Agri-Svstems developed a highlv mechanized NFT
system (Rogers. 19831 in a 0.8-ha CEA u)mple\ in California.
T\\ent\ (1(1\ -old seedlings are transplanted into movable belts
in NFT tl()ll('fllb stacked two high and mechanically harvested
after 19-35 (Ll\\ of growth: convevor belts transport the lettuce
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Figure 28. System layout of floating hydroponics at Ohkubo Engei
Seediing insert

L~ =) il

Nutrient solution
circuistion pump

to packing stations and refrigerated storage. The upper tiers or
troughs obviously shade out plants on the lower tiers, causing
some reduction in vield and quality of the latter: this effect
could be reduced by eliminating some of the upper tiers to per-
mit more radiation to enter. This ('apital—intensive system is not
vet in widespread use; its economic viability remains to be
demonstrated.

A self-contained CEA module called the Ruthner System is
being marketed in Austria. Two vertical conveyor belts move
within a prefabricated, artificially lighted steel structure that is
insulated and lined with reflective material. Plants are moved
up and down within a three-dimensional light grid and supplied
with nutrient solution at the bottom of the unit. As is the case
with earlier CEA systems based totally on artificial light
sources, it is difficult, despite marketing claims. to imagine a
competitive advantage for such an energy-intensive technology
in the everyday world.

Deep Flow Hydroponics. In 1976, a method for growing a
number of heads of lettuce or other leafy vegetables on a float-
ing raft of expanded plastic was developed independently by
Jensen (1980} in Arizona and Massantini (1976) in Italy. Large-
scale production facilities (Figure 28) are now common and are
quite popular in Japan (Jensen 1989). In the Caribbean, lettuce
production has been made possible by combining this svstem of
hydroponics with cooling the nutrient solution, which stops the
bolting of lettuce.

The production system consists of horizontal. rectangular-
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shaped tanks lined with plastic. Those developed by Jensen
(1985) measured 4 m x 70 m, and 30 c¢m deep. The nutrient
solution was monitored, replenished, recirculated, and aerated.
Rectangular tanks have two distinct advantages: the nutrient
pools are frictionless conveyor belts for planting and harvesting
movable floats. and the plants are spread in a single horizontal
plane for maximum interception of sunlight. In the Arizona tri-
als, four commercial cultivars of lettuce were grown in the
floats: a short-day leafy type (‘Waldemann's Green’) and three
cultivars of summer butterhead (‘Ostinata’, “Salina’, and
‘Summer Bibb'). In comparing these cultivars to similar types
grown under OFA they exhibited the best tolerance to bolting,
tip-burn, and bitterness, common physiological disorders which
are common in warmer climates such as the tropics.

Two- to three-week-old seedlings were transplanted to holes
in the 2.5 em thick plastic (polystyrene) floats in staggered rows
with approximately 30 conv/plant. (The original idea was to plant
more heads with narrower spacings and to transfer them in
mid-growout to floats with fewer holes and wider spacings. This
concept was modeled but not executed.) Under the high light
conditions of Arizona, raceway growout time to harvest was 4-6
weeks. As a crop of several floats was harvested from one end
of a raceway, new floats with transplants were introduced at the
other end. Long lines of floats with growing lettuce were moved
easily with the touch of a finger.

Growth rates of all cultivars correlated positively with levels
of available light. This correlation held to the highest levels
measured, even though radiation levels in the Arizona desert



are two 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, when daylight hours are
decreasing, used available light two to three
times 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 when evaporative cooling systems
are ineffective, the combination of high-
temperature and high light levels caused
lettuce to bolt. Chilling the nutrient solu-
tion reduced bolting.) The best predictor of
lettuce growth in the prototype raceway
system was the product of daytime temperature and the log of
radiation (Glenn 1984).

Concurrent with the operation and modification of the race-
way production systems, packaging and marketing experiments
were conducted. Packaging individual heads in air-sealed plas-
tic bags extended shelf-life up to three weeks and provided pro-
tection during transportation. This procedure has also been

Figure 29. Main components of the DRF hydroponic system

. pipe house 2. culture bed 3. aspirator 4. pump 5. reservorr 6. nutrient level adjuster 7. nutrient
exchange box 8. panel 9. nutrient outlet plug 10. upper nutrient tank | 1. lower nutrient tank 12. float-

ing switch.

In Nrway, the interception of sunlight is maximized in the deep flow hydroponic system
developed by the University of Arizona, Tucson.

GROWING SYSTEMS IN GREENHOUSES

e o -

effective in

Norway (Lawson 1982). (Sealing the heads in a COg atmos-
phere had no apparent beneficial effect.) The lettuce was also
sealed with the roots intact, as researchers at General Mills
(Mermelstein 1980) had reported, such packaging keeps plants
alive and unwilted for extended periods. This procedure has
also been used by ICI in England (Shakesshaft 1981). In the
Arizona experiments, however,
the roots-on package did not
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.

Deep flow hydroponics for
lettuce production is technically
sound but uneconomical in the
United States, because lettuce
can be grown year round in the
open field at less cost per unit.
Such a system may be better
suited to tropical regions, where

local open field production does
not occur during the warmer
months. In these areas, such
production systems, in combi-
nation with root cooling, cer-
tainly deserve consideration.

Dynamic Root Floating
Hydroponic System (DRF).

This system of hydroponics is
similar to the deep flow hydro-
ponic system but is designed
specifically for hot, tropical
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regions. The major difference is the air space provided between
the polystyrene growboard and the level of nutrient solution
maintained in the gutter of the culture bed. Small, fluffy feed-
er roots, which develop in the air space, are able to absorb
much of the plant’s necessary oxygen requirements, as opposed
to roots in the nutrient solution which is often low in dissolved
oxvgen. Once the temperature of the solution rises above of 25-

OO , it becomes increasingly difficult to maintain the neces-
sar) dissolved oxygen in the solution. This method of providing
optimum oxygen levels to the plant mav be more economical
than chilling the nutrient solutions to temperatures below
259C. (To date, there has not been a cost comparison made
between the DRF system and deep flow hydroponics where the
nutrient solution is cooled.)

In Taiwan, the dynamic root floating method has been cou-
pled with a low-cost growing structure. This system of protect-
ed agriculture is recommended for growing regions that experi-
ence a high number of typhoons, heavy rainfall, high tempera-
tures, and high insect populations (Kao 1990). The DRF hydro-
ponic system was designed to include a gutter-shaped culture
bed, an aspirator, nutrient level adjuster, nutrient exchange box
and a nutrient concentration controller plus a tvphoon-proof
low height plastic film greenhouse (Figure 29).

The framework of the typhoon-proof low height plastic
greenhouse is made of galvanized tubular iron pipe. The stan-
dard size of the plastic house is 2.13 m wide, 1.80 m high and
7.2 m in length. The length of the structure may be enlarged
depending on the market demand of the produce grown. In
Taiwan, the roof of the greenhouse is covered with a dew-resis-
tant transparent PVC plastic film to prevent rain water from
coming in contact with the horticultural crop. On the sides of
the house, a white polyethylene plastic net prevents entry of
insects. When greenhouse temperatures exceed 30°C, a black

Figure 30. Aeroponic A-frame unit, developed at the University of Arizona,

makes better use of greenhouse space

STYROROAM PANEL

PLASTIC LINER

Source: ( Jensen and Collins 19%5).
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polvethylene net. providing 40% shade, is installed 10 cm above
the plastic house.

Because few, if any, chemical pesticides are used, horticul-
tural products are most often free of any chemical residue.
Products also exhibit fewer problems of insects and disease.
There are currently 70 DRF hydroponic installations in Taiwan
covering more than 10 hectares. Interest in the DRF hydro-
ponic system has extended to Thailand, Malaysia and Singapore
(Kao 1990).

The economic feasibility of the DRF system appears promis-
ing. In Taiwan, the capital cost of the hydroponic system,
excluding the greenhouse, is $116,000/ha. The pipe greenhouse
itself is an additional $208,000/ha. Economic return approxi-
mates an annual net profit of over $100,000 per hectare.

Aeroponics. In an unusual application of closed system hydro-
ponics, plants are grown in holes in panels of expanded poly-
styrene or other material. The plant roots are suspended in
midair beneath the panel and enclosed in a spraying box
(Figure 58). The box is sealed so that the roots are in darkness
(to inhibit algal growth) and in saturation humidity. A misting
system sprays the nutrient solution over the roots periodically.
The system is normally turned on for only a few seconds every
2-3 minutes. This is sufficient to keep roots moist and the nutri-
ent solution aerated. Systems were developed by Jensen in
Arizona for lettuce,spinach, and even tomatoes, although the
latter was judged not to be economically viable (Jensen and
Collins 1985). In fact, there are no known large-scale commer-
cial aeroponic operations in the United States, although several
small companies market systems for home use.

The A-frame aeroponic system developed in Arizona for low,
leafy crops may be feasible for commercial food production.
Inside a CEA structure, these frames are oriented with the
inclined slope facing east-west. The
expanded plastic panels are standard
size (1.2 m x 2.4 m), mounted length-
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, which
J.H 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
on center. The roots are suspended in
the enclosed air space and misted
with nutrient solution as described
previously.
4 ft An apparent disadvantage of such a
system is uneven growth resulting
from variations in light intensity on
the inclined crops. An advantage of
this technique for CEA lettuce or
spinach production is that twice as
many plants may be accommodated
per unit of floor area as in other sys-
tems; ie., as with vine crops, the

3
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cubic volume of the greenhouse is
better utilized. Unlike the small test
systems described here, larger planti-

DELIVERY pirg
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Figure 31. Nutrient introduction in an open hydroponic system. Plan A uses a
fertilizer proportioner; Plan B uses a sump mixing tank.

ngs could utilize A-frames more than
30 m in length, sitting atop a simple.
sloped trough that collects and drains
the nutrient solution to a central
sump.  Greenhouses  could  be
designed to be much lower in height
(Figure 30).

Another  potential
application of aeroponics, in addition

commercial

to the production of leafy vegetables
in locations with extreme space
and/or weight restrictions is the root-
ing of tohage plant cuttings. Such a

rooting system works well to control WATER SUPPLY

folmge diseases, and is especially ANTONATIC mBNA
important if export requirements dic-
tate that roots of cuttings be soil-free
at the time of shipping. While the cut-
tings require heavy shading at the
time of rooting, overhead misting is
not required. Tlns greatly reduces the
problems of fungal diseases and the
leaching of nutrients from the foliage

of the cuttings.

Aggregate Hydroponic Systems. In aggregate hydroponic
systems, a solid, inert medium provides support for the plants.
As in lignid systems, the nutrient solution is delivered directly
to the plant roots. Aggregate systems may be either open or
closed, depending on whether surp]m amounts of the solution
are to be recovered and reused. Open systems do not xeude
the nutrient solution; closed systems do.

Figure 32. Open aggregate system using above ground, water-proofed

troughs and drip irrigation
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Open Systems. In most open hydroponi(- systems, excess nutri-
ent solution is recovered; however. the surplus is not recycled
to the plants. but is disposed of in evaporation ponds or used to
irrigate adjacent landscape plantings or windbreaks. Because
the nutrient solution is not recycled. such open systems are less
sensitive to the composition of the medium used or to the salin-
ity of the water. These fuctors have generated experiments with
a wide range of growing media and the development of more
cost-efticient designs for containing them. In addition to wide
growing beds in which a sand medium is
spread across the entire greenhouse floor.
open systems may use troughs, trenches,
bags, and slabs of porous horticultural grade
rockwool.

Fertilizers may be fed into the proportion-
ers (Figure 31. Plan A) or may be mixed with
the irrigation water in a large tank or sump
(Figure 31, Plan B). Irrigation is usually pro-
grammed throngh a time clock. In larger
installations. solenoid valves are used to irri-
gate ()nl\ one section of a tfret‘l]ll()llbﬁ' at a
time. This permits the use of smaller sized
mechanical svstems.

Trough Trench Culture.
aggregate systems involve relatively narrow

or Some open
growing beds. either as above (mmnd troughs
(Fizure 32} or subgrade hen(hes whichever
are more G(()]]()l]ll(dl to construct at a gm n
site. In both cases, the beds of growing media
are separated from the rest of the green-
house Hloor und contined within waterprooft
materials. For case of description, this svstem
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't
Cucumbers. along with tomatoes, are the brincible crops growr in i rockivool @1 method
origmating in Denmark.

will be referred to as trongh enlture.

Conerete has been traditionally nsed for construction of per-
manent l]'lmgll installations. (Sometimes it is covered with an
inert paint or cpoxy resin). Fibergluss. or plvhoard covered with
fiberglass. is also used. Polvethvlene filne at least 0.01 cmoin
thickness. is now commonly used to reduce costs. The filin, nsu-
allv in double Lvers to avoid leakage (pinholes in either laver
will seldom mateh upiis placed atop a sand base and support-
od In- either planks. cables. or conerete hlocks,

The size and shape ol the growing bed are dictated by labor
efficiencies rather "than by cugineering wnd l)l()]l)'rlt‘l' Con-
straints. Vine crops snehas tomatoes nsmadhv are gonn i
tronohs wide cnongh for onlv two rows o plants: this permits
case in pruning. training, and harvesting, Low srawing I)I;mts'
are raised nsomewhat wider bedswith aomidpoint a worker
can conveniently reach at arnds length. Bed depth varies with
the type of growing media: abont 25 ¢ is a t)'l)i(-;ll minit,
Shallosver beds of 12-15 ¢mare not nncommon. but these
rt-qnir(‘ close attention toirr igation prac tices. Le n”th ot the bed
is limited only by the czlpal)lht_\ of the irrigation svstem. which
must deliver ymiform amounts of nutrient <olution to cach
plnt, and by the need Tor lateral wallovass for work aceess. A
t\]mal bed le ngth is about 35 m. The sl()lw should have a drop
of at least 15 e per 35 m for good drainage: theve shonld he
well-perforated drain pipe of mmu;lhu v acceptable niaterial
inside the bottom of the trough, hencath the growing inedinm,

Becanse open systems are less sensitive than closed svslems
to the tvpe of growing medium used. theve Tas heen nch
regional ingennity in locating low-cost inert materials for trough
cnltore, Typical media inelnde sand. vermicnlite. sawdust. per-
lite. peat moss, mixtures of peat and vermienlite. and sand with
peat orvermiculite,

Bag Culture. Bag culture is similar to trough culture, except
that the growing medium is placed in plastic hags. These bags
are placed in lines on the greenhonse floor, thus avoiding the
costs of tronghs or trenches and of complex drainage svstens.
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The bags mav be used for at least two vears
and are much easier and less costly to steam
sterilize than bare soil.

The bags are tvpically made of UV-resis-
tunt polvetinlene, have a black interior and
will lust in w CEA enviromment for two vears.
The exterior of the hag should be white in
deserts and other regions of high light levels:
this will reflect radiation and inhibit heating
of the growing medium. Converselv, a dark-
er exterior color is preferable in northern.
low-light latitudes
Bags wsed for horizontal applications are
usually: 30-70 liters in

to ubsorh winter heat.
capacite. Growing
niedia for hag culture include peat, vermi-
culite. or a combination of hoth. to which
heads, small

mav be added polvstvrene

waste pieces ol p()]\ stvrene. ol ]wrlite to
rechuce the total cost. In Scotland. prre per-
lite is being nsed increasingly in bags. When
placed horizont: v bags are seai -~ ath
ends alter heing filled with the medinn,

It is beneticial to cover the entire floor with white polvetli |
cue film betore placing the bags. fensers demonstrated with
trongh enlture in New Jersey that S6% of the radiation fulling
on a white plastic floor is reflected back up to the plants con-
pared with fess than 20% of the Tight striking bure soil (Jensen
and Colling 19531 Such o covering may also rednce relative
humidity and the incidence of some fimgal diseases.

Paired rows ol bags are nsuallv placed flat. 1.5 m apart from
center to center with some separation between bags: .o cach
row is end-to-end. This is the normal row spacing for vegeta-
Dles. Holes are mnade in the apper surface of each bag tor the
introduction of transplants. and two small slits are made low on
cach side for drainage or leaching, Some moisture is introdeed
into cach bag betore planting. Less conimonly, the hags are
placed vertically with open tops for single-plant growing. These
]mg'\' wre less convenient to h';mspm't_ reqnirv more water, and
maintain less even levels of moisture.

Drip irrigation of the nutvient mixowith a capillany tube lead-
ing from the main supply line to cach plant, is recommendued.
Plants arowing in high-light. high-temperatare conditions will
require up to 2 liters of nutrient solution per dav. Moisture near
the bottom of the bageed medinm shonuld be examined often.
and it is best to err on the wet side.

The most commonty grown crops in bag culbure are tomatoes
and encimmbers. as well as et Nowers. When tomatoes are
growin, each bag is used for two crops per vewr tor at least 2
vews. 1t has not vet been established how niany crops miay be
arown hetore the bags must be replaced or steam-sterilized, hut
the sterilization can ln- performed by moving the hags together
mder a tarpanding at an estimated cost of less than $1.000/ha.
The nse of bug culture is greatly dependent on the availability
and cost of growing media. To import such materials can be
cost prohibitive.

Rockweool Crlture, Horticultural rockwool is becoming increas-
inglv popular as wgrowing medivnn in open hvdroponic svs-
tems. Rockwool \\\tt s now receive more research attention



than uny other
Cucumbers and tomatoes are the
principle crops grown in rockwool: in
Denmark,

originated in

tvpe in Europe.

where rockwool culture
1969, virtuallv - all
cncumber crops are grown on rock-
wool. This technology is the primary
reason for the yupid expansion of
Holland. n
There. the systems increase has been
from 25 ha in 1978 to S0 ha in 1980,
to more than 500 ha by the end of
1952 (Van Os 1983).

In the Westland region of Holland.

hvdroponic  svstems  in

§
polythene
sheels <

which has the highest concentration
of CEA greenhouses in the world, soil
was nused and steam sterilized as nec-
essary until the late 1970%. Until /
then, inexpensive natural gas was
availuble for sterilization. When fuel ’\

costs i]](']'GilSt‘(l.
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Figure 33. Typical layout for rockwool culture. Rockwool slabs are positioned
for ease of drainage and use of bottom heating.
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Westland  growers
turned to methyl bromide as a soil
fumigant. However, when bromides

began to build up in the gronndwater
fand salinity increased due to salewa-  Sowee: dianger 195200

ter intrusion  trom expansion of
regional slnp canals). so the Dutch government began to cartail
the nuse of methvl bromide (Van Os 1953).

pensive means of soil sterilization., i increasing numbers of Dutch

Lacking other inex-

operators turned to hvdroponics, experimenting first with such
growing media as peat and even bales of straw. with NFT and
bag culture. wntil the rockwool culture was developed.
Rockwool is manufactured by specialized companies and made
from molten rock or slayg (see Glossary).

As u growing me (lmm rockwool is relatively inexpensive,
inert and hl()l()ﬂl(a]]\ nondegradable. It ubsorbs up water easi-
l}. is approximately 96 percent “pores” or interstitial air spuaces,

Plants in small rockwool blocks are set atop holes cut in plastic covering of rockwool slabs.
The plant 1s drp irrigated with nutrient solution.

VIEW ALONG ROW

has evenlv=sized pores (which has important consequences for
water retention), lends itself” to simplified and lower-cost
druinage systems. and is easv to bottom-heat during winter. Its
\(Alstlh]lt\ is such that rockwool is used in plant propagation and
potting mixes, as well as in hydroponics. A typical lavout for
open-svstem rockwool culture is shown in Figure 33.

Rockwool has several inherent adv antages as an aggregate. It
is lightweight when drv. casily handled, snnplv to bottom heat,
and eusier to steam-sterilize tlmn many other tpes of aggregate
materials. Tt can be incorporated as a soil amendment after
crops have been grown in it for several vears. In addition, an
open svsiem with rockwool permits accu-
rate and uniform delive v of nutrient soln-
tion. requires less equipiment, fabrication,
and installation costs.and entails less risk of
crop failure due to the breakdown of pumps
and reeveling cquipment. The obvious dis-
advantage is that rockwool mav be relative-
Iv u)stl\ unless manutactared within the
region. Becanse it is nondegraduble, rock-
wool  presents  disposal  problems.  In
Holland. researchers are seeking wavs to
mix the used rockwool with cement for the
munufacture of lischtweight building blocks.
The rockwonl may also be reconstituted tor
rense in crop pr()(luctiml. There is a great
deal of emiphasis on developing a cultural
svstem that requires less rockwool. as
explained in the upcoming section entitled

“NFT and Rockwool.”

Sand Culture.
ning of rockwool culture in Denmark

Concurrent with the begin-
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Greenhouse pepper plants grow in pure sand in a facility designed by the University of
Arizona on Kharq Island, Iran. Plants are drip irrigated with nutrient solution,

1969, u type of open-system aggregate hvdroponics, initially for
desert applications and using pure sand as the g growing medi-
um, was under development by researchers at the University of
Arizona (Jensen 1973). It was logical to investigate such poten-
tial. Because other types of growing media must be imported to
desert regions and may require frequent renewal, they are
more expensive than sand. commodity usually available in
abundance.

The Arizona researchers designed and tested several types
of sand-based hvdroponic svstems. The growth of tomatoes
and other greenhouse crops in pure sand was compared with
the Lm\xth in nine other mixtures (e.g. ,sand mixed in varving
ratios with vermiculite, rice hulls, redwood
bark. pine bark, perlite, peat moss. etc.).
There were no significant differences in
vield (Jensen and Collins 1985). Unlike
many other growing media. which undergo
physical breakdown during use. sand is a
permanent medium. It does not require
lepla(ement every 1 or 2 vears.

Pure sand can be used in trough or
trench culture. However,
tions, it is often more convenient and less

in (leselt loca-

expensive to cover the greenhouse floor
with polvethvlene film and a system of
drainage pipes (PVC pipe 5 e¢m in diame-
ter. cross cut one third through every 45
em down the length of the pipe with cuts
faced down) and then to backfill the area
with sand to a depth of approximatelv 30
em. If the sand bed is shallower, moisture
conditions mav not be uniform and plant
roots may grow into the drain pipes. The
areas to be used as planting beds mav be
level ar slightly sloped. Supply manifolds

for nutrient solution must be sited accord-  Sgnora, Mexico.

58

ingly.

Different tvpes of desert and coastal
sands with various physical and chemical
properties were used successfully by the
University of Arizona workers. T he size dis-
tribution of sand particles is not critical,
with the exception of very fine materials.
such as mortar sand, which does not drain
well and should be avoided. If calcareous
sand is used, it is important to maintain a
nutrient solution of neutral pH. Increased
amounts of chelated iron must be applied
to the plants. Sand growing beds should be
fumigated annually because of possible
introduction of soil borne diseases and
nematodes.

Irrigation practices are particularly criti-
cal during the high-radiation summer
months. when irrigation may be necessary
up to elght times per da\ Propel irrigation
is indicated by a small but continuous
drainage. 4-7 percent of the application.
from the entire growing area. Evaporation
of water around small summer tomato transplants is often
high, which can lead to a slight buildup of fertilizers in the
planting beds. Extra nitrogen causes excessive vegetative
growth, thus decreasing the number of fruits. This can be
avmded by reducing the amount of nitrogen in the solution
from the time of tmmpldnt until the appearance of the first
blossoms. Drainage from the beds should be tested frequent-
ly, and the beds leached when drainage salts exceed 3000
ppm.

The principle crops grown in sand culture systems are toma-
toes and cucumbers. and vields of both crops have been high.
Seedless cucumber productlon has exceed 700 MT/ha.

Greenhouse eggplants are grown on beach sand along the Gulf of California in a cooperative
research project of the University of Arizona and the University of Sonora, Hermosillo,



CLOSED SYSTEMS

Gravel, Closed systems using gravel as the aggregate material
were commmonly employed for commercial and semi-commer-
cial or family hydroponic CEA facilities 20 vears ago. For the
most part, these installations have been supoueded by NFT
svstems or by the newer, open aggregate systems described in
the previous section. As in all closed systems. a water agricul-
tural suitability analvsis must be done. Great care must be taken

to avoid the buildup of toxic salts and to keep the system free of

nematodes and soilborne diseases. Once certain diseases are
introduced. the infested nutrient solution will contaminate the
entire planting. Such systems are capital intensive becuuse they
require leak proof growing beds. as well as subgrade mechani

GROWING SYSTEMS IN GREENHOUSES

cal systems and nutrient storage tanks. Gravel is not recom-
mended for use as an aggregate in a closed systen.

NFT and Rockwoaol. A more recent development in Europe is
the combination of NFT and rockwool culture. which is a
closed aggregate svstem. In this application, phants are estab-
lished on small rockwool slabs positioned in channels con-
taining recveled natrient solution. Compared to the open
rockwool svstem previously described | this procedure
reduces the amount of rockwool required. a great advantage
when discarding the used rockwool. The roc ]\\\(m] in combi-
nation with tlw NFT systemns. acts as a nutrient reservoir in
case of pump failure and helps to anchor the plants in the
nutrientchannel.

The pnnc:pfe greenhouse crops grown in Abu Dhabi, Unrted Arab Lmzrores were tomatoes
and cucumbers. The facility was developed by the Unwersity of Arizona, Tucson.
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FLORICULTURE CROPS

As with vegetable production. the growing of floricultural crops
in ¢ leenh(mses is high technology and often capital-intensive.
The mijor greenhouse foriculture crops in the United States
are potted chrysanthemums, poinsettias. and Easter lilies, as
well us fresh cut flowers for loral designs. Over 135 different
species are grown as cnt Howers: many of these grown as imipor-
tant export crops. Potted perennial and biennial crops. torm
another part of the florienltural industry. In the past decade,
bedding plants have become an increasingly important florien)-
tire product.(Tavama and Roll 19891,

Every Horicultural crop has its own specitic cultiral and man-
agement requirements; these inclnde stock plant management.
propagation, nutrition, light intensity and photoperiod. temper-
ature, carbon dioxide. irvigation, water quality, erop scheduling,
and pest control. plus muny other cultural areas.

Possibly the best of the many excellent publications on pro-
ducing Noricultural Crops is plll)l)sht «d by Ohio State University,
Colmbns, Ohio.

In general, the growing media requirements for all florieul-
tural crops is lmslcall\ the same., whether it be the production
ot cut flowers or l)()tte(] plants. For potted plants there are sev-
cral different methods of irrigation. The greenhouse designs
and environment control svstems are basicallv like those svs-
temis nsed in arec nhonse vege tuble p]()dn(tum exeept growing
benches are conmon in foriculture production und not in veg-
ctuble production.

GROWING MEDIA AND MIXING
Selection of the appropriate growing media tor floricultural
crops is important. not only for the grower but for the consumer
who ultimatel pm(hases the plant. The choice of a growing
medivnm, whether mineral soil hased or a soilless misture, can
mean suceess or failure in producing quality plants. A soil mix-
ture mnst be light, porons. well-drained. of moderate nutrient
content and easy to manage.

When selecting an appropriate growing medinm., the advan-
tages aud disudvantages ot cach of the factors listed in Table 16
must be considered.

Table 16. Characteristics to consider when selecting a
growing medium (Tayama and Roll 1989)

Mixing
Pasteurization or

Availability

Versatility

Physical characteristics sterilization
Uniformity (reproducible) Storage
Chemical residues Potting ease
(herbicides, salts)
Ease of use
Weight

Equipment needed

Growing ease
Fertilization requirement
Soluble salts tolerance
Cost

It is easv to underestimate the cost of mixing a growing medi-

60

a. For example. a LEL mixtare of mineral soil. sphagnum peat
moss,and perlite mav be guite expensive. But cost alone shonld
not determine the selection: all properties of the growing medi-
um are importunt to the success of production.

Theve is no one recipe for the ideal growing medinm. The best
mixture is that one which meets specific needs and is suited to the
operation. Most mineral {field) soil based and soilless mixtures
contain either sphagnum peat moss, vermiculite or perlite, wouod
by-products. or calcined clay to increase the water holding capaci-
tvand aeration. and to prevent the growing miedium from hecom-
ing c(m'lpuctﬂl. These varions constituents have certain advantages
under difterent circimstances (Tavama and Roll 19891,

When preparing aomineral soil-based mix. a sample of the
proposed mediim should be sent to a Taboratory {for an analyv-
sis. The analysis should indicate the pIHand nutrient status and
provide recommendations for any needed corrections.

According to P. Allan Hammer of Purdne University in a
publication edited by Tavama and Roll (19891, the suggested
proportions for u mineral soil-hased niivture are:

L. In heay. clav type field soils. o 2:3:3 or 3:5:5 (soil:sphagnnm

peat moss: pel]lte or calcined clav, by volunie) works well,

2. In lighter field soils, @ 1:1:1 or 1:1:0 isoilsphagnium peat
moss:perlite or caleined clay. by volumie) may have better
water holding characteristies.

A mineral soil based growing medinm shonld be pastenrized
betore use. Steam or aerated steam is the hest method of miedi-
um pasteurization or sterihzation. Heat the mixture to 719 for
30 minutes. Chloropicrin or methyl hromide-chloropicrin mix-
ture can be used for sterilization of the growing media. These
cheniicals require special application equipment: the proce-
dure must be done ont-of-doors during warmn (16°CT weather.

In the production of potted plants, a growing medinm con-
taining a field soil has proven beneficial. Mixes with niineral soil
do not drvont as quicklv and are not as top-heay when han-
dling as (()lnpdlt(] to soilless miedia

Although some growers will purchase premixed growing
media, muny growers prepare their own, Thev can be mived by
Fandd, or with the two bpes of equipnent which are available:
bateh and continnons fow,

Conerete and drum mivers are available in capacities of 1 to
10 cubic meters. A revolving drim or agitutors snpply the nec-
essary mixing action. Tt is advisable to have o mixer that will
enable sell-unloading and steam pasteurization. and has vai-
able speeds. Care ninst be taken to insure a homogencons mix
withont excessive pulverization, especially that of vermiculite.
or ball torination ithe forming of wsmall ball of miz). Complete
mixing should be accomplished in less than two minutes.

Shredders are often nsed for mising. A disintected. paved
Hoor or pad area is desirable for ease in handling, Shredders
lave the disadvantage of producing fine particles. Roto-tillers
can be used for mixing by placing alternate lavers of components
ona paved surtace and (ln\nw the tiller slowly over the pile sev-
eral titmes. 1t is generally ditfienlt to get a anifornt mix with this



system, especially if small amounts of micro-elements are nsed.

One svstem that provides a continuons quantity of mix for a
flat or pot filling line uses feeder bins, an open-ended drum
miver and belt convevors. One to five cubic meter bins are
available. The mixer receives the metered camponents from
the feeder bins at one end, mixes it with a tnmbling action and
discharges it to a convevor at the other end. Rates of np to 50
cubic meters per hour are possible.

Manv flat and pot filling svstemns are wvailable. All machines
cunt be adapted to various container sizes, within certain limits.
Filling rates vary but are generally in the range of 10 to 30 {lats
per minute and 20 to 50 pots per minute. Most machines
require 2 2to3 pe()ple to operite them efhuentl\ Large grow-
ers can vealize sionificant savings by using these me(h.mlc t
fillers. since the production rate per man hour can be three to
four times greater than when filling by hand.

CUT FLOWER PRODUCTION

Cut Howers may be produced in the open ficld or in a green-
house. Open field production is mosthy seasonal: gree nhouse
production can be vear round for both warm and cool season
lorienltnral crops. Greenhouse production is much more effi-
cient and predictable than open field plantings. which are fust
disuppearing because of a lack of control over the growing emvi-
ronment. The problems of rain, discase. insects and weeds have
served to make such plantings very disappointing in conmparison
with products produced in greenhouses.

Growing Systems. Cut llowers are grown in either ground
beds or in raised 1.3 to L7 m wide Denches. The benches may
either be Jevel or Voshaped. water tight or non-water tight. In
general, the water tight beneh reqnires the V-shaped bottom,

with a drainage svstem installed at the bottom of the V. The

drain may be PVC pipe, tile, or just aravel. With this tvpe of

beneh, the crops can be irrigated })\ maintaining a constant
level of water in the bottom of the bench. or by nnming water
through the drain pipe or tile or throngh an above ground irri-
aation svstem. The non-water tight bencly is vither Vashaped or
flat and requires a laver of sand or gravel at the bottom.
Greenhonse producers in the United States are currenth facing
increasing pressure from egul.lt()n agencies to insure th.lt
drainage water from the growing beds does not enter the open
soil. to prevent contamination ot ground water from leachate
containing agricultiral chemicals.

Several hpes of above gronnd irrigation systems are used
depending on the crop requirements. These niay be overhead
sprinklers. or spray tipe nozzles, mist or fog sesteins. Mist or fog
svstems are primarily used for propuagation or for cooling, Another
choice conld he a system of surface irrigation: spot-spitters or drip

irrigation. These svstems are usually antomated through the nse of

solidd state electronics, clectric timers or even computers, Such
irrigution equipment may be too expensive for many developing
cormmmmities. Hand watcering may be necessary in these areas. but
care must be taken in wetting the plants. Wetting the tloral por-
tions of the plant may enconrage discases and poor qualitv water
will spot both Teaves and ﬂ()\\(h Wherever p()ss]])lc growers
should use drip lines or emitters for irrigation.

For the sides of gromnd beds or raised henches, several types

of nateriads are used: wood. conerete. transite (aomixture of

FLoricULTURE CROPS

ashestos and concrete compressed into thin sheets), aluminum
allov, steel, tile. or fiberglass. In most countries, the wooden
hench is the most comman, the least durable. and in the long
run. the most expensive.

The post-harvest handling und prepackaging of floval crops is
most important. The fundamental processes concerned are: (1)
water absorption and transpiration and (2) respiration. The
principle environmental factors are: (Dtemperature, (2) rela-
tive humidity, and (3) air-movement. Since cut flowers can
absorb water onlv through the stem. the area of absorption is
exceedingly sm; all compared to the area of transpiration. Thus.
the lltlll[dtl()ll of environmental factors that reduce the rate of
transpiration will simultaneously reduce water deficits and pro-
long the lite of the cat flowers. Certain formulations are nsed as
treatments to extend the lite of the Nower. These consist ol bio-

cides, floral preservatives, sugar solutions, and silver thiosulfate.

POTTED PLANT PRODUCTION

The growing of plants in pots and similar containers ditters
from the growing of plants in the greenhouse bed or hench.
The volume of soil in the container is relativelv small. the root
svstem s restricted. and the natural nntrient supply limited.
The necessity for frequent watering must be skillfullv managed
to provide uniforin water and nutrient ailubility for optimum
plant growth and development.

Onee pots for planting were made of clav. but today most are
plastic. The types of pots are: (1) standard (width of f the top and
height wre the same), (2) pan theight equals one half of the
width). (31 uzadea theight cquals three- quarters of the width,
and (41 rose theight equals one and one gquarter of the widthh.

in general. plants growing in pots and other containers mav
he divided into two gronps: (1) those grown prinarilv for their
Howers and secondarily for their toliage, and (2) those grown
for their foliage onlv.

Growing Benches. On occusion. plants will be grown on the
greenhonse floor, of solid or porous concrete. in which hot
water pipes are instulled to give hotton heat. Heating pipes are
especiadlv important in northern latitudes during winter
months. Sometimes u floor of plasticAin material replaces the
concrete. Porous concrete makes @ very good floor surface for
areenhonses becanse it allows water to pass throngh. thereby
eliminating the puddies or standing water common to floors of
regular conerete. sand. or gravel. Potted plants. or anv t\l)(‘ of
container. should not be placed on imsterilized soil, sand. ¢
aravel, to avoid soil-horme diseases.

Plants are usually grown on benches to facilitate casier han-
dling and diseasc control. Movable, or rolling. bhenches are
commonly used today for maximum utilization of greenhonse
space (Figure 340 Inwddition to inereasing wrowing space by 10
to 25 percent. movable benches reduce labor in greenhouses
ased tor potted plants. nursery stock, and bedding plants,

Narrow folding convevors are available to move plants to and
from the growing arew. s are monorail trolley convevers, as
illnstrated on page 47, Both svstems work we A An alternate
design utilizes pallet travs 1.2 to 2.6 mwide by 2 to 2.5 m long
that are handled on roller comvevors. tracks, or with alift trock.
The travs nay be moved to o work arca for transplaating. pot-

ting, and shipping.
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Figure 34. Movable benches. Left to right: center aisle open, interior aisle open

the plant has already
un(lergune water stress,
which  decrease  the
growth rate. In the pust.
before the advent of
growth regulators, water

stress was used as a

growth-regulating  tool.
espeudll\ with media con-

taining field soil. With

soilloss media. it is possi-
ble tor the plant to be

lo B -

The basic concept of the movable benceh system is to convert
all except one aisle to growing space (Fl("lllt‘ 34). The bench
tops are supported on pipe rollers and allowed to move side-
wavs 7 to 10 ¢, the width needed for a work aisle. When there
is a need to get to a particnlar bench, other benches in the
house are pushed together, leaving the aisle at the bencl. Only
one side of the beneh can be worked on at a time. Becanse the
henchies move, connections for water, heat. and electrical sys-
tems that are attached to the bench are made flexible. Benches

as long us 63-70 meters can be moved easily by turning one of

the support rollers with a crank at the end of the hench. By con-
verting to a moveable bench svstem and allowing the usable
space to be 80 percent of the total floor area. energy inputs per
unit of product are greatly decreased in comparison to the unit
cost of products from trmen]n)uses with stationan benches.

There are many variations in bench design. T he beneh can be
fabricated of wood or metal with either a solid or mesh bottom.
Benches have been made by using conercte blocks us support
legs with snow fenee materic il: 1th strips bound by wire) laid on
dl]("](’ iron supported by the blocks. Bench tops are also mude
fmm cormgated cement asbestos board, there where cement
asbestos lumn d. along with galvanized steel angles. are used for
side bourds on the sides of the benceh, as
well. Several manutacturers make an alu-
minum extrusion that ;1(lupt< to an c\'pand—
ed metal bottom. A molded polvethylene
grow tray which fits into the angled alu-
minum bars is also available.,

Irrigation Systems. [rrigating greenhouse
Horiculture crops remains the most difticult
task for production managers and is diffi-
cult to teach to emplovees. Deciding when
to irrigate is still an art needing a “green
thumb,” rather than a science. Growers
still make decisions based on sensory crite-
ri, such as touching the medimn (dry to
the touch). looking at the medium (appears
dry), and foliage color {(bright und shinv-no
need to irrigate: dull-need to irrigate)
(Tayama and Roll 1959).

Unfortunatelv, most floriculture crops
are irrigated, when the grower notices that
the leaves are wilting. When this happens,
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under  stress  before it
exhibits visible signs of
wilting. The practice of
withholding water to control plant height is not recommended
because of negative side effects hoth to the plant and to soilless
wedia, which may be verv difficult to rewet once it is ullowed to
“dry out.” A wetting agent niwy have to be added to the media
or irrigation water.

The serions problem of over-irrigating has virtually becen
climinated with soilless media.

According to Hackmann and Tavama (Tavama and Roll 1989
the main pr()l)lems associated with the irrigation of potted
plants are (1} allowing the plant to undergo stress repeatedls.
even though it has not wilted. (2) root l()ss on susceptible vari-
eties cansed by over-irrigating or allowing the medinm to dn
ont, and (3) excess soluble salts build- up caused by not « )pl\mtT
enough volume of water/fertilizer to leach throngh the growing
medium at each irrigation.

Varions methods are used today to irrigate growing media
The mujority of growers are using “spaghetti” tuhes for irrigat-
ing and applving fertilizer. A increasing munber of growers are
using svstems that conserve water and reduce run-off. Ebb and
H(m/ﬂood trongh/nutrient  film,  capillary nats. and
overhead/saucer systems are just some of the methods used to

irrigate floricultnral crops.

Drip imgated potted foliage plants fill much of the greenhouse space, maximizing production
of high quality plants.



Overhead Mist or Fog. These systems
are used primarily for plant propaga-
tion, designed to keep the leaves of

and the environment
plants
humid. Such a systermn is not recom-
mended for the actnal irrigation of
potted or container plants as these
systems do not {and should not) ade-

cuttings wet

immediately around the

quately wet the growing mix of a crop
getting ready for sale.

Overhead Sprav and Drip. Spray noz-
zles on hanoels booms. and stakes wet leaves. While these svs-

tems may be suitable for irrigating crops early in their Growth
it is not advisable to use such overhead watering systems later
in the growth of the crop. normally after the leaves of the plant
cover the entire pot. Wetting the leaves of most floricultural
crops promotes the development of diseases and poor quality
water will spot leaves, especially bracts of poinsettias and the
floral parts of many flowering plants. Overhead watering is
often used after propagation immediately after panning, the
time when rooted cuttings are planted into the pot or contain-
er. Drip emitters wet leaves less and are soinetimes found in
hanging baskets.

Drip/Trickle Tube Irrigation. Tt is estimated that 80-90% of the

pots produced today in the United States are irrigated by a
trickle “spaghetti” tube systent. Trickle tubes e\tendm;,, from a
header-pipe to individual containers and held hy weights.
stukes. or other devices, do not wet leaves and are currently the
preferred irrigation system used by both pot and basket pro-
ducers (Figure 35).

There is a tendency to ignore day-to-day maintenance of auto-
matic systems such as these because it is so easy to irrigate entire
benches or areas at one time. Constant maintenance is required
to ensure that all pots have tubes in them and that the tubes are
not clogged. Good filtration of the incoming water is essential in
order to remove particulates which may plug the tubes.

Subirrigation Systems. Trough, ebh and flow, nutrient film and
capillary mat irrigation systems wet the growing mix by drawing

water through capillary action from a source at the bottom of

the container. Considerably less water and fertilizer are uscd
with subirrigation systems than with overhead spray and trickle
tube irrigation. Excess water {from trough. ebh and flow, and
nutrient film systems can be recveled. without water lost to the
enviromment. This is especiallv important in arcas with laws
prohibiting runoff of excess solution containing chemical pesti-
cides and fertilizers possible of contaminating the soil and

ground water. Subirrigution svstems also have the advantages of

being labor-saving, and keeping the foliage drv and the water at
room temperature, since the nutrient solutions are generally
stored for re-use in holding tanks heneath the bench.

Since there is no leaching of subirrigation svstems, excess sol-
uble salts may build up easily in the growing medinm. This can
be especially true if the irrigation water has a fairly high content
of extraneous salts. such as caleinm. sodium. sulfur, ete.. salts

which are not used by plants or used in fairly low amounts.

~ MAIN- ~LEADER TUBES— ~POTIS—

FLORICULTURE CROPS

Figure 35. Trickle “spaghetti” tube irrigation system showing main (header
pipe), tubes and pots

Single Main

Multi-Main

now -
~MAINS~ ~LEADER TUBES— ~POTS

Excess nitrogen in the foliage at harvest may give a poor post-
production quality plant, one which has a poorer flower quality
in comparison to those plants which are less vegetative. To
counteract the build-up of soluble salts and to pi‘&\‘&ﬂt crop
losses. it is essential to use concentrated, low residue fertilizers
with subirrigation svstems.

Another disadvantage. as all hydroponic systems, is the
potential {or rapid <predd of soil pathogens car ried by the nutri-
ent solution which feeds plants on the same bench. Algae may
also be a problem. The initial costs, especially for the ebb and
flow system, are high because of the elaborate benches and
computer controls. These costs are justitied. in situations where
(1) advanced automation and monitoring of irrigation and fer-
tilization are desired. and (2} it is necessary to contain runoft in
order to prevent soil and ground water contamination.

BEDDING PLANT PRODUCTION

The quality of the water applied to bedding plants can greatly
affect plant growth. Bedding plants suffer salt damage from
water containing a large concentration of dissolved slllts, there-
fore. it is important to know the chemical make-up of the irri-
gation water.

Bedding plants can be grown either on the floor of the green-
house or on benches. For floor production, warm water pipes
should be installed. in solid or porous concrete, to heat the
floor. This is especiallv necessary in the northern latitudes, for
use (hlrin(f winter months.

If' growing benches are used, it is advisable to consider
rolling/movable benches: these benches permit maximum uti-
]izuti(m of the greenhouse space. Such benches are illustrated
in Figure 34.

Irrigation Systems. ITund watering is certainly a satistactory
svstem. but the requirements of cost and time make it unrealis-
tic. During periods of hot weather and rapid plant growth, it is
almost impossible to satisfv irrigation needs mamually.

While the hand method of water application is still conimon
throughout the world. it has many disadvantages. It is time-con-
swning. requires personnel well-trained in irrigation principles
and the application of water is rarelv uniform. When possible.
mechanized drip/trickle irrigation svstems should be nsed.

Most bedding plants we uwrdted by an overhead svstem.
are on the market. Most
6 meter

Many different. satisfactory mul(\
nozzles produce a relatively flat spray pattern in a 3-
diameter pattern. Even the best of svstems requires the use of a
hose for some “tonch-up” irrigation of edges and ends of bench-

63



PRODUCTION ASPECTS

s, An overhead svstemn should be designed for the areain which
itwill he used. Such equipment should be purchased from a veli-
able sonree who will provide installation information. To check
the imiformity and water application rate of the svsten, space
several containers helow the sprinklers for a timed interval. and
then measure the amount of water collected in cach.

Probabh the best and most unifornt system ol irrigating is
with a moving boom type of equipment. This type of svstem is
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usually placed on an overhead trolley which moves hack and
forth over the entire avea. [t is propelled by an electric motor,
Such irrigation svstems are extremely effective bat costly to
install.

All irrigation svstems require maintenance. Nozzles must be
cleaned and replaced when they show wear. No svstem is com-
pletely antomatic: they all require judgment in nse and careful
monitoring.
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WATER SUPPLY, WATER QUALITY
AND MINERAL NUTRITION

WATER SUPPLY

A correctly designed water system will supply the precise
amount of irrigation water needed cach (hl}' thr()ngh()nt the
vear. 1 u fan and pad cooling svstem is to be used. the amount
ot water required for evaporative cooling purposes must be fac-
tored into the design.

The quantity of water needed will depend on the growing
area. the crop. weather conditions, the time of vear and
whether the heating or ventilating systen is operating. Water
needs are also dependent on the type of soil or soil inix und the
size and type ol container or bed.

In some cases it may he important to inerease the estimated
amomnt of water by 10 percent. so that leaching will reduce or
prevent the aunnletl(m ol extraneous salts. s dt\ not quned
by plants, such as sodinm or salts not required in large amounts.
Such salt build up from irrigation water is a special problen in
arid regions of the world. Water should be sufficient to thor-
oughlv wet the growing medinm and to facilitate good fertilizer
(l]xtnl)utu)n tlm)ugh(mt the root zone. Frequent light irrigation
induces shallow rooting and may increase soluble salt concen-
tration. Table 17 lists the estimated maximum duilv water
requirements for different greenhouse cropping svsteins.

Table 17. Estimated maximum daily water requirements

{Aldrich and Bartok, 1986)

Crop Liters of Water Remarks

Bench crops 5 I/m? Based on twice daily
watering (2x7.5 I/mz)

Bedding plants 20 im?

Pot plants 20 I/m?

Mums, hydrangeas 60 l/m?2 Based on 3 times daily

watering (3x20 I/m?2)
30 I/m? of bed
10 1/m?2 of bed

Roses
Tomatoes

A growing bed. 30 e in depth, witlea light medium requires
approxinmi 1te]\ 16 liters of water per si. meter, per irrigation to
aive 10 percent leaching. Heavier growing mixes require more
water. Shallower beds lmtumll\ need less water with each ivri-

gation. but nay require more he(im nt (Lul\ waterings.

Pot plants (15 ¢m. pots) necd about 144 liter per watering.
Greenhouse tomatoes. growing in a sandy loam field soil. will

vet a vood souking from 20-30 liters per square meter per
watering. 11 the plants are growing in beds of pure sund,

liters per square meter may be sufticient {or each irrigation but
1 1 ) ‘

]

the nmber of waterings niav reach 6 to S per dayv. Plants grow-
ing in field soil mav onlvne wd 1to2 irvigations per week.

The maximum amount ot water re (lllll(’d per 100 square
meters will vary from about 1000 liters to 6.000 liters. for rea-
sons mentioned carlier, The irrigation svstem for a greenhonse

should be able to apply the total dailv needs in  6-8 hour peri-
od. 1 evaporative cooling svstems are used. the water require-
ments, added to those amounts required for irrigation. may
more than double. especially in desert regions of the world with
low ambient humidity conditions.

The peak use rate is the maxiimim flow rate of water during
a 6-S hour period. Peuk use rates are needed to determine well
capacity, pump capacity, pipe size, bpe of distribution svstem,
and storage tank size.

I peak use rates exceed the maxinuun water snpply or if
there is a possible curtaitlment of the water supplv. intermedi-
ate storage should he created us w back-up measure. Ponds
often serve this purpose for larger growers in rural areas.
However. it is crncial to imake certain that the water does not
contain pesticide chemicals coming into the pond from water-
shed ramoff. Conerete or steel storage tanks should be large
enough to hold at least one dav's water needs. Tanks can be ele-
vated or placed on a il to supply water by gravity or can he
connected to a pressure tank and second pump to supply water
under correct pressure to the point of use. In lLot climates,
especially areas with strong sinlight. elevated tanks should be
puinted white to prevent high water temperatures. This is espe-
cially important if such storage is called wpon during times of
peak water use. Water temperatures over 30°C will damage
plant growth it used for prolonged periods.

WATER QUALITY

Irrigation water should nndergo an agricvdtural suitability
analvsis during greenhouse site selection. All water from nat-
ural sources contains some impurities: some are beneficial to
plant growth; others are harmful.

Water quality has become a major concern of greenhouse
arowers. especially where large amounts of water are applied to
a restricted volume of growing medium. Plant growth is atfect-
ed by the interaction of the dissolved chemical elements in the
water supply, the chemical properties of the growing medium to
which the water is applied. and the fertilitv program emploved.

Several chemical properties ol water mlfr])t cause problems
lor greenhouse arowers: pH., alkalinity, soluble salts. calcium,
magnesium, boron. fluoride. chloride, sulfates. sodinin. carbon-
ate, and iron.

The Tevels of pIT and alkalinity tmeasured as carbonates and
bicarbonates) of irrigation water atfect the pH levels within the
growing media. These pH levels. in turn, affect the absorption
of certain nutrients by the roots and thus the health and vitali-
tv of the plant. Water pll evels above the desirable vange (5.0
to 7.0} hinder absorption of some plant nntrients; pH levels
helow this range permit excessive absorption of certain nutri-
ents. which mav canse toxicity.

The total concentration of salts in the water is a problem
common to many geographic locations. Water containing high

65



PrRoDUCTION ASPECTS

salt levels _ especially sodium, and the buildup of these soluble
salts with the growing medium. results in a poor growing medi-
w structure und reduced plant growth. The salts inhibit water
uptake by the roots. While the composition of the dissolved
minerals mu,ht vary according to location or source, the eftect
of clevated salt levels in water is the same. Boron, fluoride.
chloride, sulfates, and sodium, when present in irrigation water
at elevated levels, not only reduce plant quality but inight influ-
ence soluble salt levels in water and growing media.

High levels of iron in irrigation water. especially in hard water
containing elevated levels of calcinm and magnesium. might
cause brown. rusty residues that remain on leaves when over-
head irrigation is practiced. This is especially detrimental when
ornamental plants are grown In these sitnations, drip irrigation
systems must be considered.

Table 18 lists the desirable ranges for specific elements in
irrigation water. These general Umdelmeq were formulated by

_[(Jlm Peterson and lem Kramer of the Department of

Horticulture at The Ohio State University in Columbus. Ohio
{Tavama and Roll 1990).

Evaporative cooling systems also require water of good qual-
ity. The alkalinity and soluble salt content of the (()()hncr water
should be determined beforehand to design the hest operation
and maintenance program. In evaporative cooling, the salt con-
tent of the cooling water increases in concentration as the water
is evaporated. Therefore, it is important to drain a prescribed
amount of water from the system to keep the salt content below
the level specified by the manufacturer. The amount to drain
off (referred to as “blow down rate™) depends on the salt con-
tent of the water.

In Kuwait. the author has seen cooling pads completelv
plugged with carbonates, similar in appearance to concrete. This
blockage ocenrred during a period of several months with the
use of (onlmd water high in salts and without a blow-down pro-
gram. The auth(n has 511((‘essfu]l\ used pure sea water for cool-
ing with a blow-down rate of 100 percent. In other words, none
of the sea water was recirculated through the cooling systems.
The C(')oling water coming from the sea water well was returned
to the bay once it pussed over the cooling pads. In this case it was
more economical, from an energy standpoint, to pnmp the water

throngh the evaporative cooling system at a 100 percent blow-
down rate thun to desalt the sea water first before using it for
cooling, even though desalinization would have required little or
no blow-down of water from the cooling system.

MINERAL NUTRITION

Many nutrient formulas have been developed. In general, they
are quite similar, differing mostly in the types of crops grown in
[tis nn]ll\el\ there are any “secret ingredients” that
Almost all recommenda-

greenhouses.
make one formula better than another.
tions are based on the early work of Hoagland and Arnon (19501

There can be a significant difference in the cost, purity, and
solubility of the chemicals comprising a nutrient solation.
depending on the grade {pure. technical. food. or fertilizer)
used. Small greenhouse operations often buy readv-mixed
nutrient formulations: only water need be added to prepare the
nutrient solution. Larger facilities prepare their own solutions
to standard or slightly modified formulae. The commonly used
weight factors in grams required to make 1000 liters of | ppm
solution are given in Table 19: multiplying the factor for a
chemical by the number of ppm desired in the formula will
vield the number of grams to be used per kiloliter. The local
availability and cost of fertilizers often determine the composi-
tion of the formula. Using Table 19, one can easily prepare vir-
tually any formula: if a readily available chemical is not listed.
its weight can be calculated from the atomic weight.

Greenhouse Vegetables. The preparation of typical nutrient
solutions for tomato and cucumber culture in open or closed
hydroponic svstems is outlined in Table 20. A micronutrient
solution designed to supplement these basic solutions s
described in Table 21 (Ellis ¢t al. 1974). For larger hvdroponic
systems, chemicals are weighed ont individually to an aceuracy
of 5 percent (smaller deviations generally have no apparent
eftect on plant growth) and arranged near the mixing tanks in
manner that precludes double-weighing of any component.
The chemicals are simply added to the hm]\s and stirred vigor-
ously: the order of addition is not important. but it is easiest to
dissolve the most insoluble salts first (monocalcium phosphate
and caleium sulfute).

Table 18. Desirable ranges for specific elements in irrigation water (Tayama and Roll 1990)

Sulfates (SO4) ovvimreeiririmnisniniriseisennienns less than 240 mg/|
Phosphorus (P).... * 5.0 mg/l
Potassium (K)....... * 10 mg/l
Calcium (Ca ......... “ 120 mg/l
Magnesium (Mg) .. “ " 24 mg/l

Manganese (Mn) .. * 2.0 mgll
iron (Fe).... *“5.0mg/l
Boron (B)..... * 0.8 mgfl
Copper (Cu) .. * 0.2 mg/
pH..... 50070

ALKAINIEY ettt Iess than 200 mg/l CaCO4

SAR*,

Soluble Salts ..o less than 1.5 mmhos
ZiINC (ZN) oo . 5.0 mg/l
Sodium (Na).. . 50 mg/l
AlumMinum (Al ..o, e 5.0 mg/i
Molybdenum (Mo) ... L 0.02 mg/l
Chloride (Cl). o 140 mg/l
Fluoride (F).... . 1.0 mg/l
Nitrate (NO3) ... L 5.0mg/l
Ammonia (NHy) Undetermined

less than 4.0

“The SAR value refers to the Sodine Adsorption Rutio. This value quantifies sodivo levels i relation to caleiwn and magnesion devels in e water 1 s wsed o cvaluate poteatial for

srorcing wmedinn perneability problems after long-term wse of the ivvigation water in grestion.
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Table 19. Weight factors for calculating the amounts of
chemicals (in grams) needed to prepare 1000
liters of a 1-ppm hydroponic nutrient solution

Grams in
Principal essential 1000
Chemical Compound! element supplied liters
Ammonium sulfate(21-0-0) Nitrogen 476
Calcium nitrate (15.5-0-0) Nitrogen 6.45
Calcium 4.70
Potassium nitrate (13.75-0-36.9) Nitrogen 7.30
Potassium 2.702
Sodium nitrate (15.5-0-0) Nitrogen 6.45
Urea (46-0-0) Nitrogen 2.17
Nitro phoska (15-6.6-12.5) Nitrogen 6.60
Phosphorus 15.00
Potassium 8.30
Monopotassium phosphate Potassium 3.53
(0-22.5-28) Phosphorus 4.45
Potassium sulfate (0-0-43.3 Potassium 2.50
Potassium chloride (0-0-49.8) Potassium 2.05
Monocalcium phosphate Phosphorus 4.78
(triple super)(0-20.8-0) 13 ca
Monoammonium phosphate Phosphorus 478
(11-20.8-0)
Calcium sulfate (gypsum) Calcium 4.80
Boric acid Boron 564
Copper sulfate Copper 3.91
Ferrous sulfate Iron 5.54
Chelated iron, 9% Iron 11.10
Manganese sulfate Manganese 4.05
Magnesium sulfate (Epsom salts) Magnesium 10.75
Molybdenum trioxide Molybdenum 1.50
Sodium molybdate Molybdenum 2.56
Zinc sulfate Zinc 442

T hemical corpownds cary in pereentage of ingredicuts These fignes are within the
workalle toleranec of wost available fortilizers or cheival Bsted. Figuves e paventlneses
indivate percentages of NP and Korespecticely

22 T RNOy i 1000 fiters of water vquals 1 ppic Kand 036 ppie N

Closed Systems. Closed systems (such as nutrient film svstemns
or NFT technique) use nutrients economically but require fre-
quent m(,)nit()ring and -.ul_justment of the nutrient solution.
Electrical conductivity is a convenient measure of the total salt

concentration, but it does not indicate the concentration of

major clements or the quantity of trace clements present. Thus,
periodic chemical analyses are required, usnally every 2-3
(N.P.K.Ci,Mg.S) and every 4-6
weeks tor micronutrients (CLB.Cu.Fe Mn Mo.Zn){Graves,
1983). It is essential that the relative concentrations of nutrients

in the nutrient solution uppr()ximate crop uptul\'e ratios: other-

\\‘t‘t"\h ‘()] ]]hl]()l (‘](’Illt‘l]t.\

wise, some nutrients accumulate while others are depleted.
Chemical additions to the nutrient solution may be required
weekly or even dailv to maintain a proper balance.

Many operators pdltlcnlml\ of smaller closed systems. find

such a schedule of monitoring, analysis, and chemical adjust-

ment undesirable. They prefer to l)e}_;m the week with a new

solution; add one-half of the original formnla at the end of the
week, dump the remaining mixture from the tanks or sumps at

WATER SUPPLY, WATER QUALITY AND MINERAL NUTRITION

the end of the second week and begin the process again. This
procedure has a simplicity that may compensate for lack of pre-
cision.

Open Systens. Since the nutrient solution is not recovered and
1eucled in open systems, it does not require monitoring and
‘l(lv]l,l.\hll(‘ﬂt. once mixed. it is generally used nntil depleted. In
addition. the quality of the irrigation water is less eritical than in
closed svstems. Up to 500 mg/kg of extraneous salts is easily tol-
erated: tor some crops (tomatoes, for example), even higher
extraneous salinities are pernissible. althongh not desirable.

Though the nutrient solation per se d()cx not require moni-
taring in apen svstems, the growing medium may need to be
monitorec. This is particularly true if the irrigation water is rel-
ativelv saline or it the hy d]()p()mc facility is located in a warm,
high- sunlwht region, To avoid salt accnmulation in the medi-
. cn()u‘gh frrigation water must be used to allow a small
drainage from the planting beds. This drainage should be col-
lected and tested periodically for total dissolved salts. 1f the

salinitv of the drainage is 3000 ppm or above. the planting beds

must be leached free of salts (using the in- place irrigation svs-
tem), or at least to a point equal to the salt content of the water
used.
Fetilizer Proportioners {injectors). An automatically controlled
open system utilizes fertilizer proportioners. manufactured
devices that inject spe(l‘rl( amounts of nutrient solution into the
irrigation water. For such nsage, the solution must be highly
concentrated, Tt is prcpurcd in two separate mixtures: one con-
taining calcium nitrate and iron. the other contuining the bal-
ance of the dissolved chemicals. Separate preparation prevents
the combination of caleinm nitrate and magnesium sulfate to
precipitate into caleimm sulfate. A twin-head proportioner is thus
required. A standard desien is illustrated in Figare 31, Plan A.

The rate of injection by the proportioner heads determines
the necessary concentration of the nntrient solutions. For
example, it each head injects one liter of stock solution into
each 200 liters of water passing through the irrigation system.
the stock solutions must be 200 times the concentration listed
in Table 22.

Twice weekly. the total dissolved salts of the nutrient solu-
tionAwvater actually delivered to the plants must be checked: the
lwnp(,)rti(mm' pumps must be examined Sepumte]y to \'erif:\f that
the pumps are operating correctly. Merely testing for total salts
at the end of the system is not sufficient: if one head is ejecting
too much solution. and the other too little. total salts may
appear to be appropriate. but the ratio of elements may be
badly skewed.

Nutritional Disorders. Generallv, nutritional disorders relating

t() ll\(ll()l)()]ll(b are similar in cause and eftect to such disorders

1 field agriculture. Nutritional disorders are more likelv to
ocenr in closed hvdroponic svstems than in open systeins: impu-
rities or unwanted ions in the recveled liguid. or from the
chemicals nsed. may more eusily destl()) the l)dldl](t‘ of the tor-
mulation and accumulate to toxic levels.

Nutrient-related disorders of crop plants can be prevented by
maintaining careful control of the compaosition of the nutrient
solution, particularly in closed svstems (Graves. 1983).
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Table 20. Preparation of nutrient solutions for tomato and cucumber culture in closed or open hydroponic s_vst(;'msl

Tomato

Soln. A
Seedlings to
first fruit set

Chemical compound Principal element

(fertilizer grade) supphed (g/1000 Itrs)

Magnesium sulfate Mg 500
MgS04.7H,O
(Epsom salt grade)

Monopotassium phosphate K,P 270
KH,PO4 (0-22.5-28.0)

Potassium nitrate KNO3 K,N 200
(13.75-0-36.9)

Potassium sulfate3 K,S5O4 K 100
(O-0-43.3)

Calcium nitrate? Ca(N)3), N, Ca 500
(15.5-0-0)

Chelated iron® FE330 Fe 25

Micronutrients® 150 ml

I Final vatrient concentiations in mpike: Soln.
K130, P2 N Cai 1651 aned Fei 25 Solin, D-Mue5t:

KilS4 P62

3 The e of potussinn sulfate is optional.

£ Adjust N levels o 200 ppa for leafy vegetables suel as letiuee.

5 Upte 50 <1000 liters nay be necessary if @ calearcons growing meeinm is useel.
6 Sce Table 21 for preparation of wicronntrient solution.

Table 21. Preparation of micronutrient solution for
tomato and cucumber culture in closed or
open hydroponic systemsl

Element Grams
Chernical compound supplied to use?
Boric acid (H3BO3) B 7.50
Manganous chloride (MnCl2.4H20) Mn 6.75
Cupric chloride (CuCl2.2H20) Cu 0.37
Molybdenum trioxide (MoO3) Mo 0.15
Zinc sulfate (ZnSo4.7H20) Zn 1.18

 Final antvient concentrations in gtk B FE, A 0.62 Moch.030, aned
Zn .04

2Add water fo mivture of micronutrients teomake 450 ud of stock solution heal (o dis-
sofve e 2
P Table 200

Cuf)03),

S0 mf of this inicronutrient solutiow with cach 10GO liters of vt vicut solution

The most common nutritional disorders in hydroponic svstems
are caused by too much ammonium and zine and too little
potassium and calcium. While high levels of ammonium. which
cause various physiological disorders in tomatoes. can be avoid-
ed by providing no more than 10% of the necessarv nitrogen
from armmonium, it is best to completely avoid ammoninm in
nutrient solutions. Low levels of potassium (less than 100 ppm
in the nutrient solution) can affect tomato aciditv and reduce
the percentage of high-quality fruit. Low levels of calcium
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A-Meht Kel99s, P2y, NopE3 Cas 1220 and Jei 2.5
; Ne260r Car 350
2 Solution Ceanbe wsed for other vegetable crops: adjust N fecels 1o 200 ppne for feafiy vegetaldes as lettuee,

Cucumber
Soln.B
Fruit set to

Soln. C2
Seedlings to
first fruit
(g/ 1000 ltrs.)

Soln. D
Fruit set to
harvesting
(g/1000 ltrs)

harvesting
(g/1000 hrs)

500 500 500
270 270 270
200 200 200
100 — —
680 680 1357
25 25 25
150 mi 150 ml 150 ml

Sofu B-Mg 500,

and Fe2

RKi 199 PR2 Nl 1, CaclB3 and Foe2 500 Sohe C-Mpcdon,
S Asolutions are sapplomented witle micromnt vients,

induce blossom-end rot in tomatoes and tipburn on lettuce.
Zinc toxicity. caused by dissolution of the element from galva-
nized plpe\\ml\ in the irrigation svstem. can be avoided by using
plastic or other materials suitable for agriculture.

Floriculture Crops. To naximize growth, tertilization of tori-
cultural erops during production is extremelv important. Fach
crop requires a specific rate of fertilization. Poinsettias and
chrvsanthenmums require refatively large amounts of fertilizer.
pdm(uhnl\ during the vegetative (Tm\\ﬂ] phase, while Easter
lilics. which are started from bulbs, demand a different program.

Bedding plant species differ greatlv in their fertilizer
requirements. Those which will ultimately produce fruit, such
as tomatoes and peppers. require lower nitrogen rates in order
to minimize the potential problem of poor fruit set: ornamental
species of bedding plants may require a higher rates of nitrogen
fertilization.

With all ornamental crops, it is advisable to use tertilizer
injector svstems. devices which inject a small amount of fertil-
izer into the water line each time the plants are irrigated.
Fertilizer injectors require a high level of management. which
is often unavailable in many developing nations. Becanse injec-
tors ure subject to mechanical difficulties. they require period-
ic calibration and service. In some places, spare parts may he
yuite difficult to obtain.dn these situations. it would be advis-
able to use bulk fertilizer solution tanks which also facilitate

application of fertilizer with each irrigation.



Table 22. Amount of commonly used fertilizers applied
to plants at different concentrations using a
1:100 injector. The rate is doubled for a 1:200
injector. (Tayama and Roll 1989)

Injector
Concentrates
**Pounds/
Gallon of
ppm Concentrate
Fertilizer N P K 1:100
20-10-20 200 44 166 0.8344
250 55 208 1.0430
300 66 249 12516
20-20-20 200 87 166 0.8344
250 109 208 1.0430
300 132 249 1.2516
|5-16-17 200 93 188 11125
250 109 235 1.3907
300 141 282 1.6687
15-15-15 200 87 166 L1125
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 04315
+ +
calcium nitrate 0.6278
250 0 250 0.5394
+
0.7848
300 0 300 0.6471
+
0.9417

*Asowrie of phosphoris shondd be added 10 these naves, Phosphioric acwl ix an oxeellent
sowree of phospliorns and canalseo be nsed o acidify watee in those aveas wish highe pt
water Oue aud one-half (8 120 fluid ounees of 755 plosphorie acid per 100 gallons of
waler=H ppm phosphors

<o f ponnd = 35860 prawns o = 28335 cnons { gallon = 3755 hters

WATER SUPPLY, WATER QUALITY AND MINERAL NUTRITION

However, if the growing operation is extensive, the fertilizer
sohttion tanks may be large and expensive to construct and will
require frequent lehlhno Thus, the operation of snch a fertiliz-
er system requires more labor than growing operations using
tertilizer injectors. Each fertilizer application system is illustrat-
ed in Figure 31,

With injectors, approximately 200 ppm each of nitrogen and
potassium are generally apphed in the irrigation water for a
Tavama and Roli 19591
20 percent nitro-

growing medinm containing field soil ¢
For a soluble, complete fertilizer containing
gen, this equals 13.4 ounces of tertilizer per gallon. or 41
pounds, 12 ounces per 30 gallons of concentrate for o 1:100
injector and twice these amounts for a 1:200 injector (]
ommee=25.35 grams. | pound=454 grams! gallon=3.785 liters).
If the fertilizer contains 25 percent nitrogen, 10.7 ounces of fer-
tilizer would be used per gallon and 33 pounds. 6 ounces per 50
gallons of concentrate for a 1:100 injector and twice these
amounts for u 1:200 mjector. For a soilless. or artificial. inedi-
um a higher ppm of nitrogen and potassinm might be applied.
depe nding on the floricultural crop.

The amounts of commaonly nsed fertilizers applied to orma-
mental crops are shown in Table 21. Since eacl crop has u spe-
cific fertilizer program. including an optimnm range of pH_ it is
advisable to follow the recommendations closely.
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DRIP IRRIGATION

Drip irrigation. often referred to as trickle irrigution, consists of

laving plastic tubes of small diameter on the surtace or subsur-
fuce of the field or greenhouse beside or heneath the plants.
Water is delivered to the plants at frequent intervals through
small holes or emitters located along the tube.

Drip irrigation syvstems are commonly used in combination

with protected agriculture, as an integral and essential part of

the comprehensive design. When using plastic mulches. row

covers. or greenhouses. drip irrigation offers the onlv means of

applving nniform water and fertilizer to the plants. Drip irriga-
tion pr()\i(los maxinmum control over environmental \';ll‘i;ll)ilit}'z
it assures ()1)timum l)rodll(-ti()n with minimal uses of water,
while conserving soil and fertilizer nutrients: and controls
increasing water. fertilizer, labor and machinery costs.

Drip irrigution is the best means of water conservation.
Generally speaking. application efficiency is 90-93 percent.
compared with sprinkle at 70 percent and furrow at 60-80 per-

Figure 36. A typical drip system layout

7.
8
Q

[. Pump

2. Pressure reiief valve

3. Arvents (at all
high points)

4. Check valve

5. Rifter injector/tank

6. Mainline valvelgate
or butterfly

Pressure gauges
F

. Fi

. Flow meter

10. Mainine

I'l. Submain secondary
filter (onfy if required)

I 2. Field control valves
manual or gutomatkic
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i 3. Submains

1. Drip tape laterais
5. Lateral hook up
6. Dran/flush valves
I'7. Systern controller

cent. depending on soil tpe, level of tield, and how water is
applied to the farrows. Drip irrigation is not only recommend-
ed for protected agriculture but also for open field crop pro-
duction. especially in arid and semi-arid regions of the world.

Drip irrigation is replacing surface irrigation where water is
scarce or expensive, the soil is too porous or too impervious for
gravity (flood or furrow) irrigation. land leveling is impossible or
very costlv, water quality is poor, the climate is too windy for
sprinkler irrigation. and where trained irvigation labor is not
available and/or is expensive,

Many types of drip irrigation systems have been developed.
Row lengths may varv from a few meters on a mountainside to
a thousand meters on level Land, Row widths can range from
one meter or fess in row crops to six meters or more for
orchards. The irrigation water may he relatively elean. may be
drawn from open ditches with large amounts of impurities, or
come from sources with high salinity. In other arcas where drip
irrigation is emploved. water allot-
ments may be insufficient to irrigate
all the land by conventional methods.
In some places. crops depend entire-
v upon irrigation: in others. crops
require only supplemental irvigation.

Along with reduced water use. drip
irrigation reduces power reguire-
ments. A t_\pi('al svstem operates at a
main line pressure oft 20-30 psi or
uppr(')ximutely [.4-2 utm()splun'cs.
The low operating pressures permits
the svstem to he pressurized by a
deep well turbine pump. Less power
means reduced energy for pumping,
Since drip irrigation requires approx-
imately half the water as compared to
other irrigation methods, soluble salt
concentrations will also be halved.
Applving water along the plant row
directs the salts away from plants to
the furrows. as opposed to furrow irri-
gation. where salts are pushed into
the root zone. Rain or a heavy irriga-
tion will then wash the salts out of the
soil profile.

Since the irrigation water is applied
directly to the plant row and not to
the entire field as with sprinkler fur-
row, or flood irrigation. weed growth
is reduced. Because the turrows. or
aisles, between the plant rows remain
dry, a farmer can easily enter the ficld
with labor or tractor equipment tor
sprayving, cultivation. or harvest.

Placing the water in the plant row



increase the fertilizer efficiency since it is injected into the irri-
gation water and applied direc tl\ to the root zone. Plant foliage
d]sPdses may be lessened since the foliage is not wetted durmu
irrigation.

One of the disadvantages of drip irrigation is the initial cost of
equipment per acre, which may be higher than other svstems of

irrigation. However, these costs must be evalnated through
comparison with the expense of land preparation (and contin-
ued land maintenance) often reguired by surface irrigation.
Land leveling and canal and drain digging require heavy equip-
ment, skilled operators, and a considerable infrastructure. Drip
irrigation requires a higher level of management. not onlv to
operate the drip svstem but also to maintain the fertitizer injec-
tor equipment and to keep the system properly flushed. A crit-
ical delay in the operation of a drip svstem may cause a decrease
or a loss of crop. Frost protection that can be pl()\]ded by over-

head sprinkler systems cannot be achieved with a drip systen.
Rodents. insects, or human damage of drip tubes may canse
leaks and repairs.

Muaintenance of good filtration is an absolute must. since the
small openings in a drip system are easilv clogged. Both screen
and sand fitters must be checked dailv and (]edned if necessary.

Sand filters are easily backflushed; this operation can be auto-
mated through the use of pressure gauges located at the inlet
and outlet hl(lES of the filter. Also. precipitates that form in or
on the drip lines must be eliminated: an acid flush used period-
ically will dissolve any mineral precipitates that may have
formed in the system.

Bacteria, dlgtle and “slime™ in lines can be removed by apply-
ing chlorine or other commercial bacterial control agents
applied through the fertilizev (fertilizer injector) svstem.

FIELD LAYOUT

Basic equipment for drip irrigation consists of a pump. a main
line. delivery pipes. manifold. and drip tape laterals or emitters.
The head. between the pump and the pipeline network, nsunal-
Iv consists of control valves, couplings. filters. timeclocks, fertil-
izer injectors, pressure regulators, Hlowmeters, and ganges.
Since the water passes through very small outlets in emitters, it
is an absolute must that it be screened. filtered. or hoth. before

Figure 37. An electrically operated piston pump

DRiP IRRIGATION

it is distributed in the pipe svstem. A tvpical drip system layout
is illustrated in Fignre 36. 1 If the dri ip tape is buried, the ends of
the tape should be connected to un additional submain to fucil-
itate tlushing of the lines. This is necessaryv because the drain
flush valves are designed for surfuce installation of drip tape. It
the system is hooked into an additional subniain for flushing, it
can be engineered to feed the drip tape from both submains
{(both ends of drip tape) during the time of irrigation. This facil-
itates better equalization of pressure thronghout the entire
length of the tupe. especially with long runs.

The initial field positioning and ld\()ut of a drip system is
influenced by the topography of the land and the cost of various
svstem u)nhgumtlons Design considerations should also
include the leldtmmlup hetween the various svstem compo-
nents and the farm equipment required to lent. cultivate,
maintain, and harvest the crop.

CHEMICAL AND FERTILIZER INJECTION
EQUIPMENT

Basically, there are five ways to introduce chemicals into a drip
system. These are injection pumps {operated by electricity,
gdsolmc or diaphragm, and water-powered). venturis, pressure
differential tanks. bladder tunks. and gravity. Injection pumps
are normally used in greenhouse operations where a constant
liquid feeding of fertilizer is required with each irrigation. The
remaining four methods are not as constant and accurate in
their deliv erv of fertilizer concentrates. but are adequate where
the fertilizer or chemical is added only weekly or intermittent-
Iy, Adding fertilizer or chemicals to irrigation water is often
called fertigation or chenigation.

All injection pumps require energy to run. In remote areas
where electricity is not available, gasoline engines and water
power niay be nsed. Piston and dmphmgm injection pumps are
available in various water-powered configurations (Figure 37

A venturi injector is a tube with a constricted throat \\'hich
de\'clops a negative pressure (vacuum) at its suction port when
wilter is pdswd through it at a minimum velocity. The vacuum
pulls the chemical solution into the venturi port. where it is
mixed with the passing water and introduced into the svstem
(Figure 38).

PISTON PUMP
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Figure 38. A differential pressure tank and a venturi type of chemical injector

DIFFERENTIAL PRESSURE TANK
(BOME TANK)

The pressure ditferential tank provides a simplitied method
to distribute fertilizer and other chemicals through a drip irri-
gation system. A small pressure differential created by the use
of w valve or other restrictive device ereates a parallel flow
throngh the tank. The water passing through the tank dissolves
and/or mixes with the material and carries it into the svstem

(Figure 38). The only drawback is an uneven injection rate, The
initial solution ((mwd into the nntnltl()n svstem is more con-
centrated, and is gradually diluted.

Gravity feed, when combined with a constunt head device, is
avery accurate way to feed chemicals into an open system. The
constant head device is nothing more than a plastic box with a

foat valve in it. The float valve maintains a constant level of

chemical which drips ont the bottom through a preset metering
vahe, Such a svstem is more commonly nsul with furrow or
{Tood irrigation than with rip irvigation.

A Dladder tank. sometimes referred to as a proportioning
tank. injects liquid materials more consis-
tently than a pressure differential tunk. The
bladder tank is a pressure vessel with an
inlet and an outlet opening. Inside the tank.
attachied to the outlet. is a bag or bladder.
The bag is filled with the liquid to he inject-
ed. Water \
into the tank, squeezing the bladder and

from the svstem s introduced
forcing the liquid throngh the oatlet port.

FILTERS

Media filters are tanks which contain a
sandfilter bed. Sand Filters are an absolute
necessity with an open or surface water
sotrce. Sund filters are installed as pairs of
sind-tilled containers. They can be back-
fInshed to easily clean themselves.

The necd to clean or flush the tilters can
be determined by the loss of pressure
through the filter.
wauges on cither side of the lilter are neces-

Therefore, pressire
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In Morocco, sand filters and fertilizer injectors are set on skids to fucilitare ease of move-
ment of the system to a new locaton.

sary to indicate aloss of pressure
and the need to clean or flush
the filters.

I lowing water from streams
or rivers is used, 4 sand separa-
tor filter is usuallhy needed to
remove sand from the water
before it enters the sand filter.

Screen filters can be either an
apen or pressure bpe ol filter,

Aun open scereen filter removes
trash and other orguanic material
from the water before it passes
through the media filter. A pres-
stre sereen filter is used primar-
ily to remove inorganic contam-
inants such as undissolved fertil-
izer salts or sund that may have
tilters.
Normally water soluble tertilizer

escaped  the  sand

is injected into the irrigation
water hetore it passes through the sand filter. Pressure screen
filters are not suited for removal of algae or sticky organic mate-
{ilters that
remove inorganics from the svstem betore the water travels to

rial. Often these filters are called “polishing {ilters™.
the drip tapes or emitters.

PRESSURE REGULATORS

Most drip tubing is designed to operate at 0.35 to 0.65 atmos-
pheric pressure (5-10 psi) pressire. with 0.54 utmospheres S
psit being the standard operating pressure. It is important to
maintain even pressure to allow uniform water and fertilizer
application and to avoid anyv chance of rupturing the drip
tubes.

A spring-type (nsed on smaller systems) or a diaphragm-type
pressure regulutor can he pmdmxed to maintain a steady water
pressure in the drip svstem. These are inexpensive and reliable:
both adjustable tvpes or preset types are available.

-



MAINLINES

The mainline distribution lines to the field
mayv consist of underground plastic. pve
pipe or above gronnd aluminum pipe. For
the submain line (header line) it is common
lav flat”™ hose. From the sub-
main, the irrigation water flows to the drip

to use vinyl ©

lines, which can be cither a polvethvlene
drip hose with inline emitters or drip
tube/tape.

DRIP EMITTERS AND
TAPE/TUBE

There are manv tyvpes of drip emitters. In
the United States there are at least eight
different basic drip distribution systems.
each with one or more of the following
characteristics to achicve slow water dis-
charge: tinv orifices. low pressure, or out-
lets with flow resistance. The eight hasic
svstems include a flow resistance tube. a
spiral resistance  dripper. a porous wall

fiose asmad-orifice dripper an adjustable flow dripper. a selt-
cleaning orilice dripper. aomultiple ontlet Toop svstem and w
two-pressiire tnbe,

Ve aesioned to redace the autflow of water to o trickle or
drip. The flow resistnce tibes are st polvetlivlene tubes.
often called “spaghetti™ tubes. Comected to one end ol cach
tube is a plastic or lead weight which anchors the tabe o the
container or to the base of cach plant. Spaghetti tubes are com-
monh used for potted plants. Another common tvpe of emitter
is the spiral vesistance dripper. which looks like a plastic cap
over o bolt. This emitter is designed to reduce water pressure
by cansing the water to move .1]()110 a tortuons elongated helical
path. Th(‘ spiral resistance dnppel can be set to emit only 6 to
8 liters per hour. This type of emitter is commonly used on [ruit
and nut trees, on vinevard erops. and on ornamental landscape
plantings.

l)rip tape or tubes are used most often on row crops such as
vegetiahles, sngarcane. wnd even cotton. The most common
design consists of an imner and outer chamber (hvo-pressure
tuhel that distributes water evenly. The tubing is shipped {lat-
tened on a roll. Most tape is black polvethylene. 4-15 mils {100-
375 microns! thick, with emitter holes at preset intervals of 20-
60 ¢, In general, the sandier the soil. the closer the spacing
between holes. A 30 ¢ spacing is most commonly used in veg-

ctable production. Most drip tapes will emit water at a ratio of

100 liters per 30 meters per hour when ()p('rut(‘d at a pressure
of approxinmately .65 (10 psit atmospheres. Only tapes with a
turbulent flow emitter mtegmtﬂl into the (lnl) tube are recomn-
mended. The turbulent How design has larger passagewavs.
which are less likelv to clog and provides more wniform lis-
charge of water on nnduldtmg terrain than tapes with conven-
tional laminar fow de signs, or designs that regulute flow
through the size of the ()ut](t orifices or by oozing through
porous walls. The drip tape is most eftective when buried to a
depth of 20-30cm. There are drip lines in Arizona which have
heen buried for over ten vears and are still in nse. However,

DRiIP IRRIGATION

In Mo:occo tomato crops grown on drrp imgation used 45 percent !es; water than sprinkler
irrigated.

whiere soils will freeze during winter. burving is not advisable.

DRIP IRRIGATION SCHEDULES

Drip irrigation and fertilization schedules will vary with location
and crop. With each irrivation. only a small amonnt of water is
applied as needed by the plant. often on a daily or more fre-
quent basis. This ensures a more economical use of water while
obtaining maximum p|;mt pr()(lllcti()n. As the plant grows, it
requires larger quantities of water hecause root systems
become more extensive and more foliage growth is present.
Therefore, water needs are increased as the growing scason
progresses, especially during periods of dnv. hot weather.

INCREASE IN CROP YIELD

Because both water and fertilizer can be applied on a timely
basis, plant stress is minimized and vields are maximized. Since
drip irrigation uses less water than furrow or flood frrigation.
inore hectares can be watered with the same supply of water.

During irrigation trials in North Africa, it was found that drip
irrigation could produce twice as many tomatoes than sprinkler
irrigation using the sane amount of water. In Southern
California, u comparison hetween the eftect of furrow irrigation
and twin-wal drip irrigation on tomate vields indicated that
drip irrigation could produce a 26.5 percent increase in total
vield and a 137 percent increuse in fruit size (Hall 19713,

Other rescarch carried out in California has demonstrated a
12.5 percent increase in Stl';l\\'l)(’l'l'_\' pr()(lnction on (lrip irrigat-
ed plots over furrow plots.

Drip irrigation is also becoming part of an entirely new pro-
duction svstern for crops such s lettuce and sugarcane. For
€N llll])lt’ in the state of Hawaii. over 32.000 ha of Sugar cane are
now planted to drip irrigation. Tt has been demonstrated that
sngarcane growth can be inereased by 30 percent as compared
to furrow irrigated felds. U n(l()n})te(”\ due to its precise con-
trol of both soil moisture and nutrient levels, drip irrigation
holds great promise for orchard and row crops in the future.
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DRIP IRRIGATION USED IN COMBINATION
WITH PLASTIC MULCH AND ROW COVERS
Drip irrigation should be installed under plastic mulch. Early
trials in New Jersev, have indicated that much higher vields of
eggplant can be achieved when plastic mulch and drip irrigation
are used in combination (Table 23) with each other.

Table 23. Effect of plastic mulch and trickle irrigation

on eggplant yield in New Jersey

Tregtment kgtha
Unmulched, no irrigation 66,113
Unmulched, irrigation 85,575
Plastic mulch, no irrigation 89,400
Plastic mulch, irrigation 112,912

Source: Unpub. data, James W Patterson and N Smith. New Jersey Agvienlture
Experiment Station. Rudgers Undversity, New Brunswick, New fersey, U.S.AL

When drip irrigation is used uinder plastic mulch for single
row crops such as tomatoes, cuncumbers, muskmelons, ete.. the
drip tube/tape should be placed 10-12 em from the center of
the bed and 5-8 cm decp with the emitter holes facing upward.
On double row crops of summer squash, okra, eggplant, and
peppers, the drip tube should be placed directly between the
rows. also buried at a depth of 5-5 ¢cm.

Manv tapes are designed to prevent root growth into the
emitter holes, thus eliminating this problem. Roots that do find
their wav into the emitters are normally removed by the flow of
water during the frequent irrigations.

When laving the mulch. the soil must have sufficient mois-
ture for seed germination. Soil to be fumigated. should be at
least 100C. be well-worked and free from undecomposed plant
debris. A fumigant is used primarily for nematode control.
Multipurpose humgants ofter good control of nematodes as
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well as soil-borne diseases. Fumigants (e.g.. Vapam) can also be
delivered via the drip irrigation tubing under plastic mulch.
Researchers are currently exploring the use of frmigants not
only to resanitize the area under the plastic mulch hut also to
dpply herbicides to kill the first crop betore a second crop is
planted through the mulch {Lamont. 1991). 1f both the weath-
er and soil are warm. the fumigant should escape through the
plastic mulch in 12-14 days.

The combined use of dnp irrigation and plastic mulch is even
more important w hen using row covers. Furrow irrigation wets
the soil under the mulch, but the capiflary movement of water
is not sufficient to assure good water distribution in most soils.
with the possible exception of a heavy clay foam.

Experiments with tomatoes. at Corell in 1965. demonstrat-
ed the effectiveness of the combined technologies (Table 24).
Tomato crops do not alwavs respond to a warmed soil.
However, the tomato plants pldnted through black mulch pro-
duced greater vields with the addition of dnp irrigation. Drip
irrigation, when nsed in conjunction with all systems of pro-
tected agriculture. helps to create an environment that is ideal
for maximum crop growth. while being environmentally sound.
since it conserves water and inhibits lea(lnn(r of chemicals.

Table 24. Early marketable production of
tomatoes—kg/ha.” Cornell Uni., Ithaca, N.Y,,
U.S.A. (Jensen and Sheldrake 1965)

Air Supported Row Covers
No drip Irrigation Drip Irrigation

Mulch Treatment

Black plastic 23,827.90 36,034.57
Clear plastic 18,130.85 26,916.54
No mulch 19 954 67

20,441.70

“12.000 plantsthectare - from four hareests with fist harvest on July 22 and last Angust 6
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DISEASE AND INSECT
CONTROL

It is commonly assuimed that protected agricalture svstems are
relatively free of plant diseases and insect pests because the
te(lm()]()g\ is mostly enclosed. Unfortunatel. this is not true.

Pathogens and insect pests may be introdnced when grecr-
house doors we opened and Hnough the movement of pt()ple
and materials. Indeed. pest populations can increase with
alurming speed in same protected agricnlture installations, such
as greenhouses, becanse of the lack of natural environmentat
checks. Conversely, the enclosure of the growing area makes it
casier than in open field agriculture to control discase.

For the past 50 vears. crop diseases and insects have largelv
been controlled by chemicals. This is especially trme in Earope.,
andd in most other regions where protected agrienlture is wide-
I practiced. Tor both greenhonse and field crops. In these
areas, inany apparently effective pesticides and chemicals (none
produced specitically or exclusivelv for protected agriculture!
are available and le gal

[However, in the United States.
acricultural chemicals have heen invented. few chemicals are

where so many of the world's

leanl for nse in greenlionses. The effects of chemicals inside
CEA stractures mayv be different and more dangerons than thev
are in open- ticld Crops, and their \dlet\ mst he (hulllnent((l
hetore federal and stute governments will certifv their use.
However, hecanse of the linited use of CEA i American tood
production — with such a small potential market — nanatac-
tirers are nnwilling to spend the large stms necessary to obtain
snch documentation and certification.

The frightening abilitv of some insects to develop resistance
to chemical pesticides has revived worldwide interest in the
concept of hiological control: the deliberate introduction ol nat-
nral encemies of inscet pests, particudarhy when nsed in associa-
tion with horticultaral practices. plant geneties. and other con-
trol mechunisms. This combined approach. called integrated
pest management (TPMIis of particnlar interest to Americans
i CEA becanse of the pancity of pesticides with legal elearance

for nse in greenhonses.

It is absoliutely imperative that grosers nsing any svstem of

protected agricnltnre have a thorongh knowledge of those dis-
cases and insects specific to the crop grown. Successtul crop
production regnives botlr the identitication ol possible evop dis-

cases and insect problems. and the ability to properly integrate
discase and inscet prevention and control practices into a total

maagement plar.

ROOT DISEASES
Most horticultural crops are susceptible to root discases, some
more than others. Connnon root fungal diseases are Frsesiion

Lspp..

A\ ninber of othier root (11.\(';15("5 also exisl.

and Verticitlin_spp. Pythio aad Pyt ma

Rluzoctouia spp.

Some funai wre \'pvciﬂv ta certuin crops. Some craps have cal-

tivars resistant to specific root discases: Tor nstanee, e toma-

to is resistant to Pusariune and Verticillivm spp. Other root dis-
eases are caused by bacteria and nematodes. A medinm free of
soil-horne pathogens is essential to snceesstul greenhouse pro-
duction.

Closed hydroponic systems permit a rapid spread of root dis-
cases. With tomato. the most common crop. some root death
occnrs naturally swhen the extension growth of the roots ceases
as the first fruits hegin to swell. At that time of natural stress,
the plant is vulnerable to root pathogens (Evans, 1979) which
may be introduced by contaminated seed. infected propagating
mixtures, or even adjucent greenhouse soil.

FOLIAGE DISEASES AND INSECTS

Theve wre no folinge-damaging plant diseases or insect pests
associated exclusively with any system of protected agrienltnre.
Some disenses und insects infect any one crop whether grown
in the open fickl or ander row covers or within a grecnhouse.
Althongh many chemicals have been approved in the United
States for use on tood crops in open tield agricultive, Few are
registered {or greenhouse applications on food crops. Many
more chiemicals are available for use on greenhouse floricultur-
al crops than for ureenhonse Tood crops.

Most disease and insect species wre commaon throughout the
world. Althougli some are specific to certain regions. in gener-
al. the problems and challenges wre similar. o addition to those
root diseases already mentioned. common foliage discases
include viruses and several other bacterial and fimeal discuses.

Inwcts common lho \\()rl(l OVET. e 1 whi«ls‘ i family ‘\l)/ll'(/([('

lllt‘(l]}l)llgh_ cater) n”m.x ‘lij_fﬁ’j_/uﬂ"- s ntlu TS,

A protected e-n\‘imm‘nt*nt is ideal tor t]u* rapid prohiferation of
nnwanted pathogens and inscets. Greenhonse operations are
normally [rec of pests for several me\ alter initial construction.
bt ne ml\ ahvavs become infested after a period ol operation.

INTEGRATED PEST MANAGEMENT (IPM)

There is no stundard definition or technique ol TPAL It general-
I consists of o carefully stmctured wind monitored combination
of biological controls, plant gencties, enltinal practices, and use
of chiemicals. TPAL guidelines are that iuscets can he controlled
krgeh by enconraging theiv natnral predators and parasites.
using resistant cultivars, and by nising proper plant spacings anidd
other cultnral practices. and by using pesticides only s lust

resort. Pesticides are woided, iF at all possible. hecause thes ure
expensive. often rednce masiimmu possible vield ol tood ¢rops
(Burgess, 1970 md niy lead to the evolution af pesticide-resis-
Lant insect spee ies. Inte arate (| pest manageme ntis also cimviron-
mentally sound sinee it wininizes the dispersion of tonic wate-
viads and is consistent with the cnrrent interest in the « OIS
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tion of “natural” foods. The individual com-
ponents of TPM are discussed in the remain-
der of this chapter.

Biological Control. The use of biological
control with greenhouse crops was first
reported in England in the 1920s, Whiteflv
infestation ol tomatoes was countered I)\
the introduction of the parasite Encarsia
Jormosa Gahan: results were mised. and
the practice was discontinued after the
(1(\(]()17!:1(11( of svnthetic orgunic pesti-
cides after World War 11 (Gonld ¢t al.
I?):-)?,

By the 1960s. Targe populations of two-
spotted spider mites (4 severe cucumber
pestl becamie resistant to many pesticide.\‘.
Whiteflies also beaan to show the same
characteristic (Wardlow ef «f. 1972). The
predutory mite Phvtoseiulus persimilis was
used successtully to control spider mites
(French et af . 1976: (
Encarsia once again was used against whiteflies (Gould
al 1975
trol pests in CEA (Bravenboer 1974} Most current procedures

Gould et af. 1975}, and
. Several other natural predators and parasites now con-

were developed by researcliers at the Glasshouse Crops
Rescarch Institute in England and the Resewrch Station: for
Vegetubles and Fruit Under Glass in The Netherlands.
Scientists i this Held mect every three vears and publish a vol-
mme ol conference procecdings.

Anohvious difficulty with TPA is the integration of biological
controls with even limited pesticide use: the chemicals usualle
Kill the introduced eneniies as well as the target pests. requir-
ing reintroductions. In addition. it is improbable that growers
conld keep at hand, or have access to. predators and parasites
tor all iajor pests, or be trained to nse them. Tn part. biological
control resembles hvdroponies itsell: it is an attractive concept.
casier to promole than to practice.

I fovientture production, it is difficult to produce foliage

free of inscet damage while maintaining low populations of

pests. prv(lumr,\ and parasites. Theretore, biological control is
not as common in foricndture as in vegetuble production,

Cultural Control. Ven close spacing of plants inhibils aiv ¢ir-
culation and Jight penctration: this fosters the growth of insect
popilations und restricts aceess to them, Wider spacing facili-
tates monitoring and control of inseets. as does ageneral pro-
dead ])I;ml

arant o greenhouse sinitaion: removing trash,

material and other debris that may shelter pests,
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The predatory mite is cornmonly

- used n Qreenhouse crops in the control of spider mites.

Physical Control. A CEA lighting svstem should be designed
and placed to avoid attracting insects into the greenhouses.
Certain interior lights such as UV or vellow mercury vapor. act
as insect trups.Objects painted certain colors and spraved with
adhesive materials serve as traps for some pests. For example.
boards measnring approximately: 30 em? and painted vellow
i Rustolenm No. 6597 attracted whiteflies in Arizona.

Genetic Control. For ])r()lt‘('led agriculture crops, as well s
OFA crops. cultivars hiave been developed for tolerance oy resis-
tance to certain insects. viruses, and tungi. Disease tolerance to
Fusariton and Verticillinm in tomatoes has been a hig boost to
productivity. However, theve are instances where greenhouse
cucumbers, tolerant  or resistant o powderny mildew
iSphacrotheea fuliginea). have tailed to produee maxinnun vields.
For the grower, w trade-ofl mayv be necessary between vield
potential and resistance: sele (tm‘fuﬂtl\m s should be done case by

case. taking into aeconnt region, locud pest popalations, ete.

Chemical Control. Chemical controls are used as a measure
of last resort i an IPM program. This is wore casilv done in
OFA with so many approved pesticides and chemical proce-
dures. but ditficalt in CEA since so few materials are certitied
for wrecnhonse use, Timeliness and uniformite of application of
chemicals in CEA operations are ericial to the success of 1M
prograns. Greathy reduced amomts of pesticides are possible
with jndicions wse.
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PROPAGATION AND CULTIVAR
SELECTION

With higher plants, there are two modes of propagation: (1) sex-
ual {(propagation by secdt, and (21 asexual (vegetative propaga-

tion). In sexual propagation. specialized reproductive cells,

called gametes, are formed in the flowers of plants. Fusion of

the male and female gametes leads to the development of an
embrvo and eventually the seed. In asexial reproduction. new
plants arise from specialized vegetative orguns such as tubers.
rhizomes. rers, balbs. cornis. or by various means ol propa-
aation such as rooting of plant cuttings, grafting, or kwering.
Most
Flovicultural and nursery erops. depe n(lmlf on - species. are

vegetable  crops  reproduce by sexnal means.
re l)m(ln(e(l [)\ either sexual or asexual wl)m(ln(tum

\When \t‘lt(hll” any food or tloricultural crop, it is nnp()rtunt
to properlv nmt(ll the enltivar (variety) to the growing environ-
ment. The environment inchudes tlle temperature.

nutrient supply. light (duration and quality)

moisture,
. carbon dioxide,
soil reaction, oxvgen. wind. und pests.

OFall the factors. temperature is possibly the most important
in cultivar selection. Cultivars vespond very ditferently i dit-
lerent climates.

Licht is also crucial to cultivar selection. While most plants do
not respond to seasonal variation in licht. the growth and How-
ering of some enltivars are affected by the length of dav. This
response (o davlength is called pllu{()])( Tiodisin.

Plants can he classificd into three aroups with respect to pho-
toperiodisin:

1 Indeterndnate - plants whose time of flowering is not greatly
affected by duration of light.

2. Short-clay - plants that flower during short days tlong nights).

3. Long-day - plants that flower during long deavs (short nights).

In gencral. the eritical dav length for long- (]d\ plants is 12-14
lours. The day length for most short-dly pl.mt\ ranges [rom S-
10 hours. Under natural conditions. the length of dav varies
with the month of the vear, and with Tatitnde. except at the
cquator.

Before introducing any cultivar into a new region. it should
be tested by orowing it onca triad basis, fivst on the plant breed-
er's experimental arca, and then in aseries ol field trials. T this
wav, the grower can ascertain the cultivin’s adaptability to the
region’s environmental [actors, such as temperature. Tight. soil.
cte. He should compare the new and old cultivars side by side.

Since viell and crop quality are so important in determining a
urower’s income. the grower mnst be alwiys on the alert to nse
new and better cultivars, Althongh nich of the testing can be
performed by the plant breeder and the company developing
the new enltivar, the grower must make Wiads on his own L,

VEGETABLE CROPS
Good secd iy essential to success in vegetable production.
whether in protected or open field agricnltnre, Since CLEA

costs can be high itis imperative to live seed which possess-

es the genetic characters suited to the environment in which
it is grown.
Seed Selection. Good vegetable seed must be true to name.
viable, discase and pest free, free from weed seeds. dirt and
other loreign matter, and be fairlv priced from the standpoint
ol both seller and buver. The buver of seed should insist on a
statement of the percentage of germination: he should reinem-
ber also that many kinds of seed lose viubilitv in a relatively
short time when hield under imtavorable conditions,

Cultivar Selection. Cultivirs suituble for open tield produc-
tion are usually suitable aso for production with mulches and
row covers. Some crop cultivars may be niore tolerant ol cold
temperature; these would be preferved for earlv spring planti-
ng. Inonorthern Jatitudes, relatively rapid matoring enltivars
should he selected.

In Enrope, tomato and cucnmber cultivars are specifically
bred for greenhouse production. These cucnmber cultivars are
unigue in that they nsually are only female Howering. with dark
green parthenocarpic (seed treed frait which are free of bitter-
ness. Becanse the skin of the cncumber is smooth and sncen-
lent. it is eusily scarred when mbbed against the rough stem of
the cucumber plant. Therefore. it the fruit is to remain unblem-
ished. it must be grownc in an enviromnent withont high wind.

In the United States. some tomato cultivars are arown both in
greenhonses and the open field. Tomato cultivars for green-
lionse use are indeterminate. since the plant is grown upright as
a single stem rather than a hush.

Certain lettuce cultivars are preferred for areenhouse pro-
duction sinee ”l(‘}' can tolerate the higher temperatures which
sometimes ocamr within a protected strncture with inadeqguate
ventilation, especially: diring davs of warm outdoor tempera-
tures. Where high temperatures arve Tikelv, it is important to
choose eultivars with vood resistance to halting tgoing o sced).
tiphur, and plants that are bittertree. These are all plivsiologi-
cul disorders which are enconraged by high teniperatare,

Crops such as pepper and cggplant are grown interchange-
ablv hetween the open lield and in (mnlmmtlon with svstems of
protected agrienltare.

Cultivars that are tolerant to high tewnperaturechigh teniper-
ature-lmmidity: environments, commion to the tropics or
deserts. we often quite different from those conmonly grown
in temperate regions. The University: of Avizona Las - done
estensive triads onseeds from varions companies to determine
the greenhonse cultivars most suitable for production in the
tropics ensen 19723 The results ol these tests are toimd in
Table 25, The Tisting of sced companies does not imply
endorsciment. More recent eultivars than those listed, or from
other seed companies. inay have similar or hetter cnltivars fora
specilic vegion. Caltivars from other seed companies. especial-
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Iv those conducting programs in tropical regions, and the com-
panices listed in Table 25, should be compared.

Table 25. Cultivars suited for greenhouse vegetable
production in the tropics

VEGETABLE CULTIVAR SQURCE
Cantaloupe Perlita Petoseed Co., Inc
Chinese Cabbage Saladeer Takii & Co., Ltd.
W-R Super 80
Cucumber Corona De Ruiter Seeds
(Long Dutch Type) Toska 70 Nunhems
Eggplant Black Magic Harris Moran
Seed Co.
Head Lettuce Minetto Burpee
Bibb Lettuce Ostinata De Ruiter Seeds
Salina Len de Mas Zaden
Summer Bibb Harris Moran
Seed Co.
Leaf Lettuce Waldman's Green Harris Moran
Grand Rapids Seed Co.

Takii's Ace Takii Seed Co.. Ltd.
New Ace

Tomato N-65

Pepper (Bell Type)

Takii Seed Co., Ltd.

Whatever the svstem of protected agriculture. it is advisable
to occasionallv contact commiercial seed corpanies to learn
about newh-developed cultivars which might be worthy of tri-
als. Tt is important to carelilly describe the growing sustennand
all factors of the cnvironmment. Seced companies are usually quite
willing to cooperate in such triads. providing they receive the

resilts.

FLORICULTURE AND NURSERY CROPS
Floricnlture and norsery types ot horticnltural crops encompass
nearlv all methods of reproduction. When purchasing vegeta-
tive ¢ ]‘)I()(lll(h\t‘ met parts. it is nnl)()lhmt to lm} Iron areli-
able sales orzanization,

In cases where the plants from sced do not resemble the par-
ent l)l:ml.\', veoelative or asexual propagation is nsed. For exam-
plesif seeds from a “Delicions™ apple are planted. the trees
which would develop wilb hear apples quite imlike those ol the
parent. They wonld varv greatly in size, shape, color. qualits.
season of nrduritysand manv other characteristies. But.ita bod
from the tree is gratted ona picce of apple root. the tree which
would arow [rom this bud wonld he identical to the tree from
whicli the hud camie, The siune sitnation exists with many other
Frait crops. and with many Mowering, ormaniental |)](mt\ anl
with cortain vegetuble crops as well,

It is more cconomical to propagate certain pl;mts vegetative-
K than by producing plants from seed

Propagation ol floricalture and most narsery crops oecirs i
grecnhonses, Inwirmer climates, nrsery crops may be propa-
gated in open air nurseries or within sl wle strnetnres: inns m
cold climates. apples and pearsare propagated thvough aratting

diring winter in the open field.

Because propagation technigqnes vane greallv s cich granp ol
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crops will be discussed brielly as they pertain to greenhouse
production.

Bedding Plants. Bedding plants are mainlv produced from
seed. Becanse the cost of seed is less than five percent of the
total cost of growing bedding plants, only the verny best secd
shonld be purchase . Ine spensive seed may result in poor ger-
mination. causing delavs in production and Tack of marketable
crop during periods of peak demand.

Rupid germination of most bedding plants occnrs when soil
temperatures of 279C are maintained, provided soil moistire is
J(lequ e, At temperatures ol 159C ar less, germination is slow
and damp-ofl diseases can be troublesome. There are bedding
plants species which germinate best at lower temperatures. In
anv case, the need for exact temperature control underscores
the reason for producing hedding plants within a controlled
environmment greenhounse,

The selection of hedding plant endtivars specific to a region is
not as critical as in vegetable crop production. What is critical
to the region are the dates the seed is sonwn. Bedding plants for
ontdoor plantings in the southern regions of the United States
would he seeded sooner than those for use in the northern lat-
itndes.

As a gnide to planting dates, the United States is divided into
1T plant hardiness zones. according o weather conditions,
Each bedding plant cultivar is planted according to dates spec-
ilicd in the p]:lntint_: zone. Comtries not divided into planting
zones conld ateh their climatic conditions to similar zones in
the United Staies and plant accordingly.

Foliage Plants. Most [oliage plants originate v low light envi-
ronments, vnder o canopy nl trees and vines. They grow i

Mam ol
these plants wre casily propacated vegetativelv. and make ideal

warm temperabures, at varving levels ol hnidity

houseplants. There are o mumber of mannfucntred media to
stitnulate the rooting,

The Toliuge plant business is a major greenhonse industry in
the United States and Enrope. Rooted cnttings of foliage I)Lmts
frequently enter the United States from tropical regions in the

Caribbean and Latin America, whoere they are propagated with-
in shade honses. There are strict ](‘lrllldht)ll\ against the impor-
tation of soil or plants infested with pests. With proper care.
these problens can be prevented.

Flowering Potted Plants. As with loliage plants. the propaga-
tion and growing of potted plints is @ major indnstv in the
United States and Northern Enrope. Most plants are propagat-
cd from vegetative enttings: others like Faster lilies. are fron
bulbs. In ne;ul_\ 21l regions of the world potted plant prodne-
tion ocenrs in agreenhonses.

Flower growing teclmology is changing rapidly through tota
control ol the greenhonse emvironment. Camnputers. robotic
trimsplnters. chewigation. and hiolodical controls all to help
insnre hetter quality al Tower cost of production,

Plant propagation requires very specialized attention o the
temperidire, li:‘||l levels, drowing medin nutrition, and meth-
ods of irrigation. The growing technology ineludes the use of
rooting hormenes, bmaicide drenches.and erowth reoalators.,

as well as special cquiprient o provide bottom heat to the



propagation beds. and lighting and shading svstems to control
photoperiod along with misting systems.

Many companies specialize in the production of propagated
plant material. Each company has well-defined programs for
growing pnttod pldnts and wmmml representatives to assist
growers.

Potted Perennials and Biennials. Most species of potted
perennials and biennials are propagated by seed, although a few
are propagated by vegetative cuttings and by bulhs.

Nursery Crops. Horticultural mursery crops can be divided
into two groups: (1) voung fruit and nut trees. grapes. and small
fruits, and (2) young ornamental plants. The former are grown

PROPAGATION AND CULTIVAR SELECTION

to establish fruit and nut orchards and small truit plantations:
the latter are grown to landscape or beautity homes. public and
private buildings. schools. highways, parks. and industrial arcas.
Most species of crops are propagated within greenhouses. In
warmer climates. lath or sereenhouses are used instead
areenhouses. Most species are pmpuguh'd as vegetative cut-
tings althongh a few are grown from seed. According to the
species of plant, the cuttings can be classitied as herbaceous
cuttings. deciduous softwood. and hardwood cattings. ever-
green cuttings and root auttings. The program of propagation
can involve hoth budding und gralting of plants. A desired fruit
cultivar might be budded or grafted onto a root stock resistant
to a spf'uh( disease. Some fruit species have cultivars that can

be grafted onte dwart root stock to produce dwarf trees.
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11

ECONOMICS OF PROTECTED
AGRICULTURE

Regardless of the type of system, protected agriculture can be
extremely expensive. These equipment and production costs
may be more than compensated by the significantly higher pro-
ductivity of protected agricultural systems as compared with
open field agriculture.

The costs and returns of protected agriculture vary greatly,
depending on the svstem used, the location and the crop grown.
For instance, on a per hectare basis, the costs for mulching and
row cover svstems are insigniticant when compared to green-
house plodu( tion. Furthermore, published greenhouse costs
are often deceptive. Figures may include only structural and
equipment costs, withont d(leqndte allowances for the expense
buildings

packing
equipment and stor-

of service
and offices,

age, construction
labor, utilities. roads,
fences. lighting, tools,
vehicles, \\'m'king capi-
tal, etc. A 1993 esti-
mate of such a totul
turnkey cost in Arizona
for a modern and
sophisticated CEA sys-
tem, exclusive of land
and the interior grow-
ing system, is $S5/m

If costs of a hvdropon-
ic system are included,
the turnkey expense. is
between $90-100/m2.

A Clobal Review of
Food

Greenhouse

Production {Dalrymple 1973} contains an excellent chapter

which outlines the economic factors to be considered in plan-
ning for greenhouse agriculture. These factors remain valid:

h()we\ er, actual costs - especially for labor - for all systems of

protected agriculture, have escalated over the last 20-30 vears.

Following Dalrymple. this chapter will give an overview of

issues to be considered in assessing the economic viability of «
given system of protected agriculture.

By dcswn, all protected dgncultme systemns of cropping are
intensive in use of Jand. labor, and capital. Greenhouse agricul-
ture is the most intensive system of all.

LAND USE FACTORS

The intensity of land use is greatlv dependent upon the system
of protected agriculture. Intensity, for cconomists, indicates the
labor and capital requiremnents per it of land. Year-round
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greenhouse crop production is therefore much more intensive
than seasonal use of mulches and row covers. Coinciding with
intensity are yields, which are normally far greater per acre
from year-round than from seasonal svstems.

Multiple Cropping. Multiple cropping indicates more than
one crop grown per unit area of land in « single vear.

Mulches and Row Covers. Mulhple cropping is more common

In Norway, lettuce crops are planted through white plastic film to maximize reflection
of sunfight on the crop.

in southern than northern latitudes. In Southern California.
spring tomato crops may be followed by cucumbers, planted
through the same p]dstl( mulch, with dnp irrigation installed
beneath the mulch. In
the desert regions of
the United States, mel-
ons are often planted
in trenches covered
with clear plastic in
early January. followed
by lettuce production
in late summer or early
fall. Prior to seeding
the lettuce, the plastic
cover used initially for
the melons is remaoved.
The drip irrigation sys-
tem is permanent. In
China, it is common to
I)lant watermelon
crops  through plastic
mulch after  winter
wheat.  The wheat
stubble is left for the
melon vines to grow
over: fewer fungal problems are encountered if the watermelon
fruit rests on the wheat stubble.

In Norway. earlv spring lettuce crops are commonly planted
through black plastic mulch for weed control, and a second
crop is planted through the same mulch later in the summer.
For the first crop. a floating row cover may be used in combi-
nation with the mulch in order to create a warmed micro-cli-
mate around the lettuce plant. stimulating plant growth for
carly harvest in summer,

Suggestions on double-cropping of vegetables using plastic
mulch are listed in Table 24.

Greenhouses. Several methods of multicropping have been
developed to take maximum advantage ot light conditions and
to respond to challenges from open field agriculture. In north-
ern latitudes, double or triple cropping is common: in southern



regions, b more erops mav be
grown annuallv, depending on
the crops selected. In Avizona,
where winter light levels are
high, cight to ten greenhonse
lettuce crops have heen pro-
duced in one vear. In some
selected  situations. ornamental

crops wre included in the pro-

180 — 160 — 140 — 120 — 100 =17

- . »
duction cvele. Bedding plants \ 24
mav be grown during spring, and - 20— »
tomatoes produced in the fall. \
For vegetable crop production. 40— n3
several different multiple crop- L
ping svstems are used in the \’
United States. Eight mujor pat- 0z
terns of greenhonse vegetahle

) ' Soirvei Chyanee 19700

aperations are ontlined in Table
26 for the northern regions ol Americi. The seasonal breuk-
down is onlv approximate. especiallv for the spring season.
where there may be earlv. midseason. and late crops.

Tomatoes wid encrinbers are often produced throngh a svs-
tem ol monsculture. A tomato erop may be planted in Febrnary
or March and repeated until Tate Tall. Soch monoenlture sys-
tems may entail a substantiallv hisher discase risk, With other
Crops, the rotation p:lttums i be somaoewhat mived.

Table 26. Greenhouse vegetable rotation patterns for
northern latitudes (Dalyrymple 1973)

Pattern Fall Winter Spring

| Tomatoes
2 Tomatoes Tomatoes
3 Tomatoes Cucumbers
4 Tomatoes Lettuce Cucumbers
5 Lettuce Tomatoes
6 Lettuce Lettuce Tomatoes
7 Lettuce Lettuce Cucumbers
8 Lettuce Lettuce Lettuce

Spring crops of tomatoes and coonhers normally vield more
than Fall crops becanse of miore B orable light conditions in the
spring. While fdl cvops iy be anprofitable. thev are grown to
keep lTabor emploved. The introduction of new Earopean seed-
less cuctmiber cultivars into the United States has made the
menoctiture ol cinenmmber crops inercasingly connnon becanse
theyv are cost competitive in the market. Standard seeded
cncnmbers we usuadyv arown in the open ficld, When grown in
w greenlionse, they do not bring the vwarket price regnived to
oflset the higher cost of greenhouse production in competition
with open field cocinmbers imported from sonthern Tatitades.
Norndle, bwo cuctimbier crops are grown ammeall . one in the
Falland the second diring springfearly simmer: i sonthern Tat-
itndes three crops are usually prodnceed wmnallv.,

Lettnee is the only crop that does well diring iidwinter in
the northern regions. 1t tolerates hoth Tower Heht and lower
tenperature conditions, although maturity time is inercased. T
Hollind. a winter crop ol lettuce may take 90 davs 1o matnre:
mnder the higher lieht intensitios o Arizonas a winter lettnee

TR
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»
»
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Figure 39. Average annual potenlial photnsynthesis - grams per square meter per

mattres in 40-45 davs. o the United States, greenhonse lettuee
competes divecth with open field production from Arizona.
California and Mexico. Only greenliouse lettace erops grown in
the Fastern part of the United States. that produce Tor the sur-
ronnding market. can marginally: compete with the normallv
exeellent open field Tettuce shipped i frome long distance.
Euwropean greenhouse growers do not face suclr similar open
field competition during winter.

Rotation patterns in southern latitudes, where light levels
(Fignre 391 wre Fo higher than in the northern Tatitndes, espe-
ciadlv during winter. mav be somewhat ditferent,

Rotation patterns (-()Innn)nl_\' used in desert regions, or in
souther regions of the world, are shown in Table 27,

Table 27. Greenhouse vegetable rotation patterns for
southern latitudes

Mid-summer/fall Winter Sbringlearly summer
Pattern (July - Oct.) {Nov.-Mar.) (April - June)
| — Cucumbers — /— Cucumbers -/ — Cucumbers —
2 {—————— Tomatoes
3 Tomatoes / Tomatoes ——
4 — Cucumbers — /— Cucumbers —/ —— Tomatoes —
5 Lettuce (8 - 9 crops)

In Lich Tight vegions of the world, winter l)mdll('ti()n N
include tomatoes and cncumbers and lettuee. In southern
Enrope, peppers and other vegetables may also be grown. In
Arizona, tontoes are planted into the greenliouse in Lite siin-
mer and allowed to produce antil Jime or July of the following
vear. The packaging mnd gualitv are superior. campeting well
with produets of Tess gualin . gromnin the apen fields ol Nexico
and Florick.

I southern latitudes. ven high vields of all vegetable crops
are achieved during winter ind may bring gl niarket prices.
especiaddly in narkets Tocided in densely poprdated arcas of
northern United States.

Since the introduction of rackwool. crop rotation, especial-
Iy ol lettnee with cucinmbers and/or tomatoes, is less conmon,
This is due to the aet that manv of the greenhionse Tettnee sys-
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muleh, the vield may double again.

In Chapter 3. tables 4 and 5 detail the
vield (hih rences between clear and black
polvethvlene mulch when cucumbers and

melons are grown under row covers. Tables

intercropping lettuce with tomato crops will help maximize the production of a greenhouse

jeaciity.

tems are liquid media svstems. designed specifically for this
crop.
crops bt these methods of production are becoming less pop-
slars especially in many indunstrialized countries where Tabor
costs are high, To compensate Tor high labor costs, growers

arc using more automation, computers. and new systems of

climate control,

In the United States. the intereropping of lettuee and toma-
toes was quite common years ugo in grecnhonse production, In
those cases where three or fonr crops of lettuce were grown in
soil. the Tast crop was often intercropped with tomatoes in late
winter and earvly spring {Dalnmple 197353 With the expansion
ot'open ficld lettuce production in the western part of Amcerica.
such companion systems of production have become rare in
greenhonse agriculture. However, intercropping lettuee with
tomatoes represcnts i comproniise as to n[)tinml temiperatinre
tor cach crop.

Iitercropping or companion cropping is more conimon iy
Asia than in Evrope or the United States. Tn Chinae open field
vegetahle crops, such as tontoes. peppers, and egeplants, are
often planted through plastic muleh and intereropped with trel-
lised encrbit crops. Later in the simmer, the vine crop shades
the vegetables and protects the frudt Trom sunbim. However,
even it Asia intercropping is hecoming less frequent becanse it
is Tabor intensive, With increased family planning in mainland
Clima, many farmn commumities are experiencing a decline i
available Tabor.

YIELDS

Higher vields are nermal henetits of protected agriculture over

tprotected open lield production. Just how el hicher the
viclds depends on the systenm nsed and the region of production,

Mulches and Row Covers. Mulches and row covers may sub-
stantialy increase carly vields: althongh total vields miay not
nece: \mm]\ he orealer. Plastic mulches often more tan double
carly _\1(*1(].\': and. il row covers are nsed in combination with
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Growing in open soil beds tacilitutes the rotation of

Yand Lo
the bpe of row cover.

show the vield results according to

In many cases. carly vields bring greater rev-

enue. This adv: mtage st be weighed against
the cost of using plastic imuleh and row covers.

Greenhouses. Balanced against the high
capital ind operational costs of greenlionses
is the significantly higher productivine of
such svstems in comparison with OFA.
Yield data have heen reported in the litera-
ture for vears: tvpical vields for crops grown
& d()p()m(ull\ in desert greenbouses in the
American Sonthwest and in the Middle East
are compared with tpical “good™ vields for
open field crops in Table 28,

Table 28. Yields of vegetable crops grown hydroponically
in desert greenhouses (CEA) and in open
fields (OFA)

Hydroponic ceal OFA?
Yield/crop No. Total Yield Total Yield

Crop (MTiha)  cropslyear  (MT/halyear)  (MTlhalyear)
Broccoli 325 3 97.5 10.5
Bush beans .5 4 46.0 6.0
Cabbage 57.5 3 1725 300
Chinese Cabbage 50.0 4 200. —
Cucumber 250.0 3 750.0 30.0
Eggplant 28.0 2 56.0 20.0
Lettuce 313 10 3130 52.0
Pepper 320 3 96.0 16.0
Tomato 187.5 2 375.0 100.0

PSeweree . Unin o stly of Aetzona sgmiblished vesults 1S 5
“Nonrees Kool U6

As the data indicate, the vield per crop s usuallv higher in
grecithonses thuan in OFA becanse of the optimal growing con-
ditions. balanced plant nutrients. cte. provided in- controlled

cnvironments, Furthermore, depending on the vegetable
arowis. from 2 to 10 crops ammally are possible with CEA.
whereas only one crop per vear is generally possible with OFA
The more precise the control over the envivomment the more
one is asstred naxinmm p()t(‘ntiul vield. Tomatoes. tor exanmi-
ple have exaet growing teniperatires for nasinam vield -
159C night, 23-259C on sy davs and 17-209C on L]()H(l\
davse Any deviation from these temperatnres. will diminish the
lmtentml vield., Olten during simimer, in low desert regions. it
is dilficult to maintain 15°C night temperatnre due Lo the
warmer ontdoor temperatures. Temperatires above 130C
cises excessive respiration rates within the plant, therefore.
fowering the vield With absolute maintenanee of proper grow-



ing temperatures, current _\‘iclds on tomato
crops may reach close to 300 MT/haAvear.

Optimum temperature control is made
easier by locating the greenhouse at a prop-
er altitiide. To assure proper night temper-
atares during the hot Tate spring and carly

fall nights of the desert. greenhonses should

be placed in the high desert regions. It is
important to select an altitude that permits
the desired degree of cooling during most
times of the growing period. If evaporative
cooling is used. a region of low hmidity
should be chosen for maximmmn efficiency.
Even though it is casicr to heat a green-
house than 1o cool one. a grower must be
careful not to locate at too high an altitude
to wvoid excessive heating costs during win-
ter.

In Arizona. tomatoes should not be
arown during the summer. Tomato prices
are low during summe
ficld tomato prodnction in maost of the United States, and dav

r.as a result ol open

and night summer temperatures are high, The summer is a
good time to remove the old crop. clean the Facility and ready
the greenhouse tor the upcoming fall. winter, and spring pro-
dnction eveles.

I the growing incdia is free of discase and pests and the
proper soil moisture and plant nutrition maintained, there will
be little difference in the vield perfornimcee from one produe-
Lo system to another. Stll(llt s in Nova Scotia, Canadua showed
insignificant vield differences in tomatoes and cncumbers when
using rockwool. perlite, and the nutrient film technigque (NFT).
Tuble 30 Tists the results of these trinls conducted in the spring

of 1991, The rockwool was ol the granular type. The plants of

each svsten were placed in tronghs with recirenluted ntrient
solutions. In the 1990 cucumber trials, perlite also produnced a
slightly greater vield than those plants growing in the NFT svs-

EcoNOMIcSs OF PROTECTED AGRICULTURE

Tomatoes grown in a sand culture system with drip wrgation have exceeded 350 MTlhadyr

tem. Rockwool was not inchided in the 1990 Nova Scotia trial
(Toms and MacPhail 1991).

Sand mav he used as a growing media in desert regions,
where organic materials are not plentifnl and most conven-
tional artiticial media. such as rockwool, are costly to transport
becanse of their low bulk density. Early tests at the University
of Arizona indicate that crops grown in pure sand doas well as
those grown in artificial media of peat moss and vermienlite or
in various mixtures of sand and vermiculite, rice hulls, red-
wood bark. pine bark. perlite. or peat moss (fensen 19751

Unlike manv other media which undergo physical hreakdown
during use. sund is a permanent medinm: it does not require
wpla(elncnt everv b or 2 vears. In comparing rockwool with
sand cultire, it has been demonstrated that each svstem will
prochice erops ol excellent vield (Table 291 the difterence in

selecting a svstem lies in the technological capubility of the

Table 29. Yield comparison between growing svstems, Truro, Nova Scotia, Canada (Toms and MacPhail 1991)

TOMATO

Yield % Size
Growing System Kg. per plt Kg. per M2 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

Culth s i \ie

CUCUMBER

Total Marketable
Growing System Fri/Pit Fre/Plt Frtim? %sm.
N.F.T. 51.4 44.7 62.6 19.7
Perlite Bags 537 473 66.5 18.4
Rockwool Bags 612 534 748 18.3

Carltire: \is

e Capellos Sceded: Ja 10 Transplautod - Maelo 1 Spacing: ';(‘A///'VH: Liest Hlicvvosts Moy 150 Tevngerd ol Nasst 14

Size Grades

%med. %lg. %ellg %cull
49. 17.1 .1 13.0
493 19.7 1.0 1.5
48.8 18.5 1.5 12.9

< Coren, Mastiars Sceded Feho To Franspleodded: My 21 Spacizs. | I/'//’m: Cinst Hevvost A 20 Fevidiiod - e 20
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arower and the economics of the production and distribution
svsterns.

Table 30. Winter vield comparisons on tomatoes growing
in rockwool and sand, Tucson, Arizona, USA

Marketable Ave. wt./ Culls/
Treatment Yield/plant(kg) fruit(g) plant (kg)
Sand 2 168.0 0.33
Grodan Rockwool 5.1 172.5 0.32
Domestic Rockwool 49 68.0 0.30

Criltivnr: Coldspiith 203 Sceded. Oct 301985 Transplandd: Ot

Harvist: fan T 1986 Terminatid- Apr. S {456

29, JUNS. Firs

Rockwool is replaced after eveny two to four crops. although
a newlv-developed rochwool from France can be nsed to pro-
duce up to eight crops. Sorme growers steam sterilize the rock-
wool each vear by covering the growing beds with tarps and

sterilizing the rockwool in place. Theretore, the number of

crops grown i the rockwool is strictlv np to the grower. T
Furope. the rockwool is often retimed to the manufacturer,
reconstituted wnd reused for production.

sand does not need 1o be replaced but must be finigated
once cach vear I sand is nsed continnoushy for the praduction
ol one kind of vegetable, vields will g adn dlv decrease over a
period of vears. This has Deen observed in tomato production
and may he due to the aradual acenmmulation of root exudates.
I sand s used. a erop rotation program is reconnnended. 1 this
is not feasible. then a svstean in whicl the mediunm is periodi-
cally changed should e nsed. as is the case with rockwool,

T()(]‘l\ tomato vields from rockwool will approuch 500 tonnes
per hectare pur vear. or approsimately 18 kee per plant. This
viceld is from a \nufle* tomato crop with a ||km(wt period ol 7-8

months, Cnenmber viclds may exceed 700 tonnesshadr this

vield is an accumal: ted vield from 2-3 3 crops over a period of

ONe Ve,

Ly addition 1o the correct growing svstenn, absolute control
over the greenhouse covironment and Lighlv skilled manage-
ment are necessany to produce high vields.

Anv method of protected agriculture should Tirst be put
l]nnlwh w trind period. hoth horticaltorallv and ecomomicallv.
belore it is recommended or adopted for nse,

LABOR REQUIREMENTS AND SKILLS

Labor Inlensity. The intensite ol labor difters aceording to the
svstem ol protected mfn(ulhu(‘ used. Greenhonse vegetable
lm)(hl((um is imuch imore Tabor intensive per mit of Tand than
open field agriculture. The use of plastic mleh daes ot snb-
stantiallv increase Tabor requirements sinee. tor the most part.
maleh laving is mechunized. Removad of the nodedis generally
done by hand. ¢ spectdyin smaller aperations. This |<)|) i e
lahorions: vines cove ring the plastic can make it guite diffienlt
to vemove, especiallv when the edges are bavied in the soil. On
larger operations. non-degradable molelies can e removed
with conmercially designed cauipment. 13 is not. the plastic

can be renmoved as in smaller operations by rinming aconlter
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down the center of each row and picking it up from cach side

Row covers arc usually installed over plastic mulch using a
combination of mechanical and hand labor application.
Equipment that will cover the rows in one operation is crirrent-
Iv being developed. At the present time. however, farmer-
(](*\l(fllt‘d cauipment. used in conjunction with hand labor, is
the most prevulent svstent. On small furms, the plastic covers
are generallv applic L and removed by hand.

In l"l(’é‘ll]l()ll\( production. labor requirements for flovicul-
tural crops are quite similar to those for vegetables. except in
bedding plant production. Bedding plants require about four
pm'sons/lm.; L-]n}'xunthelnums require L1-12 persons. Poinsettia
and Euster lilv production are less Tabor-intensive than potted
chrv santhemums, re quiring onlv 6-7 persons/ha,

Greenhouse vegetable operations will normally employ 7-12
persons per hectare. depending on the management ot the
work program. To rednce on-site labor l'cquir(-mvnts‘ TrOWeTs
may contract with ontside companies to perform a varicty of
cultiral operations. Growers may belong to a local froit p uknw
covperative. Ancindividial grower who does not pack his bt at
the site ol production reqguires less Tabor on his personal pavroll.
Often growers purchase their transplants and contract with pes-
ticide applicators. often termed “custom applicators™ for mach
of the pest control.

Normallv, more fabor is required in the prodnction of toma-
toes. lettuce. and cuctmbers than in harvest, Production will
regnire 57-63 percent of the labor needs while the remaining
needs are attributed to harvesting and packing,

Cucnmber production may requive more fabor than tomato
production. Naturallv, the lnﬂhel the vields, the more labor
necded to harvest and pack the fruit. Tomato size also alfects
lubor needs: small chern tomatoes require 12-15 times more
picking labor than the I(u”e frmited caltivars.

Increasinglv, the pucking and/or wrapping of certain vegeta-
bles is being witomated. Even it not antomated, mechanical
didds are heing incorparated into the packing process to inereasce
labor efficiency and to expand the ontpnt of the facility.

Labor Skills. \Vith limited training. aperson can gain the nec-
essary skills to work with plastic mnlehes and rone covers: By
comparison. the skill requircments for grecnhionse svstens of
protected agriculture can be quite hight especiallv when fertil-
izer injector prunps. compnters. cte. are included. Workers
require both engineering and hortienltural skills Tor maximion
monetany return from sach svstens of ligh capital investient.

Training and Educational Needs. Most lesser-developed
conntries do ot have personnel trained in protected agrienl-
ture — rescarchers. estension personnel and Tanmers. For sie-
cess. it is imperative that all persons associated with protected

agriculture have the necessay skills,

Rescurcliers, The success of a progran i protected agricaltare
sturts with a rescarch progrant. Conntries wishing to establish
amy program ol protected agriculture mast invest the finds
necessary to train their vescarch personel and - estabilish
rescarch and demonstration programs. Rescarch personnel
nst have a “hands on™ work experienee with pmtu-t(‘;] e
cultnral svstems if thev are to develop asnecessiul reseaveliand



development program for their own country. They may attend
conferences and tour established programs in regions with sim-
ilar climates and markets. Outside experts should be emploved
to assist in the design and operation of rescarch facilities until a
program is well-established, and the findings applied to the
farming community. The research staff must consist of horti-
culturists, pathologists, entomologists, and soil scientists,
Economists are also imp()rtlmt to the research team: a given
system of protected agriculture may perform well horticultural-
l\ but be eu)n(mnm”\' unviable. l\lm]\etmg experts ure critical
to the program.

Extension Staff. Extension workers ensure the correct applica-
tion of new technologies to the farm. Therefore thev must not
only he know ledtfeahle about the system being recommended,
the} must also have the “hands on” skills to demonstrate and
assist interested farmers. To do this, thev must work with the
research staff to understand the svstems being studied, the eco-
nomic factors involved, and the methodologies of implementing
the recommended systems on the furm.

A demonstration program must be established in combina-
tion with a research program. Extension workers will demon-
strate new technologies during visits by farmers to the research
and demonstration facility, and assist farmers in establishing
new programs on the farm site. Descriptive literature should ])e
available which details the methodology of protected agricul-
ture; this information should be illustrated. especially in com-
munities where farmers are not literate.

A successtul program of protected agriculture is most suc-
cesstul when it is established by the government as a national
priority, either through its own initiative or in partnership with
a hank and/or lending agency or, on rare occasions, an agricul-
tural products company. Because the profit margin in selhnu
agricultural plastics is usually very low, such companies do not
()ften finance and train pmsmme] in protected agriculture and
to markets.

Farmers. Without continuing help from extension and
research personnel, farmers, especially small farmers. are gen-
erally unwilling to try new systems of protected agriculture.
This Ielmhmce is understandable: for many farmers failure
meuns no financial resources for family support. Farmers will
be more ready to try new technologies if they first plant a small
triul area before making a large investment. Thev must also
have the reassurance of access to authorities on pmte(ted agri-
culture.

ECcONOMICS OF PROTECTED AGRICULTURE

CAPITAL REQUIREMENTS AND
ECONOMICS OF PRODUCTION

The capital requirements differ greatly among the various sys-
tems of protected agriculture. Mulching is least expensive while
greenhouses require the most capital per unit of Tand.

The fixed capital costs include land, fixed and mobile equip-
ment. and grading. packing and office structures. The fixed cap-
ital costs for greenhonses clearly exceed those of other systems
of protected agricultnre, but vary in expense according to type of
structure, and the environmental control and g growing systems.

The operating {or variable) costs and fixed costs are annual
expenditures. These can be substantial. Fixed costs include
taxes and maintenance; operating costs include labor. fuel. util-
ities, farm chemicals. and packaging materials. Annual costs
may correlate to some extend with cupital mvestinent: a more
intensive culture is possible in a more advanced or intensive
system of protected agriculture. Since systems of protected
Nncnltme ditter greatly. each svstem, and its cupital require-
ments, will be discussed sep: lratel\

Plastic Mulch and Row Covers. Plastic mulch normally cests
$385 to $3585 per hectare, depending on the row spacing, tvpe
of mulch, and the supplier. Mulch which transmits only the TR
radiation and not the visible light costs approximately 25 per-
cent more. In estimating the ¢ dplhl] requirements, the farmer
must include the cost of the entire svstem as well as the mulch.

The University of New Hampshire, a leading institution in the
United States on the use of plastics in agriculture, has conduct-
ed extensive research on the economics of protected agriculture.
Table 31 shows the budget for the production of muskmelons in
1992. While the fixed and variable costs will differ by locabon
and country. the budget in Table 32 serves as a model, listing the
different cost categories, or sections, which must be included in
any cost analvsis when considering protected agriculture.

Table 30 shows that the material cost of the black plastic
mitleh was $585/ha. The cost to remove the plastic from the
field was S140. Row covers would add an expense of $875-
1.000/hectare: this includes the cost for the wire supports as
well us plastic covers. In the United States applving and remov-
ing the row covers from the field was approximately $1250/ha.
It floating row covers are used, the cost of materials might reach
$1750-2.000/ha. Labor costs for applying and removing the
floating covers are less than for polvethylene. Material costs for
ﬂ()(ltm‘g row covers would be reduced if’ thev were reused,
which often happens. Polvethvlene covers are not reused.
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Table 31. Muskmelon - costs and returns of production (1992 New Hampshire Cooperative Ext. veg. crop budget)

Section $tha (US)
I. FIXED COSTS
Machine Insurance,

Housing, Taxes $ 50.00
Machine Capital

Recovery &

Interest 567.50
Management 1,875.00
Land Charge & Taxes 375.00
Total $2,867.50

Il. VARIABLE COSTS

Seed $ 225.00
Rye Seed 37.50
Fertilizer 236.25
Lime, custom applied 50.00
Black Plastic 585.00
Herbicide 157.00
Insecticide 33.50
Harvest Supplies 1,125.00
Misc. (remove

plastic, 20 hr.) 140.00
Fuel and Oil 80.00
Machine Repairs 145.00
Hard Labor - plant,

weeding (80 hr.) 560.00
Hand Labor - harvest

(250 hr.) 1,750.00
Machine Labor

(50 hr.) 467.50
Operating Interest 491.25
Total $6,083.00

Sowive o Sevaharvasi aaned \Wells 14920

Using row covers often results inan carly harvest. whicl nor-
mally bring w bene (it i higher market prices. Without this ben-
efit, it may not be e((mmm(dll\ advant: Wweons to use row covers

l)Llstlt mulch.

In Connecticut, farmers use tloating row covers to obtain

carh harvest in late July and Augnst. when the retail price of

red ov vellow peppers remaing about $5/kg. These prices drop
to $1.25 to $2.50ke. in September when local production
reaches its peak. Thus, the economic benefit of floating row
covers is correluted with production of ripe colored peppers in
July and August. An estimate of increased gross income was
obtained by minftiplving the difference in retwl price between
Augnst and September, $2.50/kg.. by the ditference in mar-
ketable vield as of mid-August. between peppers planted carly
and grown under row covers and those grown ((H]\H\h(m.\l]\'
{Gent 1989). The benelit ol early hm\(st is possible. however,
only through an additional investment in sprinklers — o cost
which must be added to the calculations. Floating row covers
do not provide good {rost protection which nay be needed tor
seedlings planted in April. before the {rost-frce period.
night or covering

However, sprinkling throughont  the
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Section $/ha (U.S.)
Hl. MARKETING COSTS
Retail $9,375.00
Wholesale —_
Total $9,375.00
IV. TOTAL COSTS
Without labor
and management $14,140.50
With labor and
management 18,325.50
V. GRQOSS RETURNS
Rertail
(34.0 tonnes/ha.) 37,000.00
Wholesale — —
Total $37,000.0C
VI. RETURNS BY CATEGORY
Gross Returns $37,000.00
Returns Minus
Market Costs 28,125.00
Returns Minus
Market and
Variable Costs 22,042.00
Returns Minus Al
Costs (Profit) 19,124.50
Returns to Labor
and Management 23,359.50

overnight with a sccond impermeable cover will provide frost
protection. Using sprinkler irrigation for frost protection will
increase the cost of production by an estimated $1.250/a.
With these precuutions. Connecticnt farmers can produce a
crop of peppers starting as earlv as late July, continning until a
killing frost in the fall.

I Calitornia, where over 3200 ha. of vegetables are devoted
to plastic-covered trenches, the 1989 costs for 23 niicron polv-
cthvlene film was abont $260/ha. Labor costs to Tay the plastic
trench were $75/la and to remove the plastic the costs were
about $45/ha. plus a fee for disposal e Mavberry 19581 In addi-
tion to providing earlier melon harvest. the plastic barrier also
offers carly season inseet exclusion, delaving the onset of virus
transmitted by aphids.

Greenhouses. While greenhouse prodnction svstems mav be
far more expensive than open field svstems of equal land area,
open field svstems of protected agrienltiure are normally niore
estensive in field area than in o greenhouse production.
Therctore. capital and operational costs for each growing oper-
ation nray be (quite similar,



Open Field versus Greenhouse Culture, A typical greenhonse

operation is one hectare; o farming operation, using [)()l\'('th\'l—
ene mulch and row covers. typically totad at least 40 hectares.
The ope rating cost for a one hectare “]t‘t‘llh()ll\(‘ growing
cncnnbers mav reach more than $400.000 per vear: the opera-
tional cost for the 40 ha open lield operation, growing a similar
crop or a variety of vegetable CTOPS, My also total $S400.000.
The open field costs are for one season only: the greenhouse
costs are for a vear.

These furming methods are equally expensive to operate and
miy even be similar in-capital investment. Depending on the
location and cost of land, @ one hectare greenhouse may equal
the cost of 40 hectares for open field dqn(u]tme plus the sup-
port facilities and cquipment. It the capital cost is included as
depreciation in the overall operational cost. the $400.000 to
operate a one heetare greenhiouse”or a 40 ha. open field opera-
tion. mav reach nearly 8500000/, when taxes and debt ser-
vice are added in.

The net return on the investment mav also be similar, hut the
risks may he different. Cost per unit of output is inuch higher
from a greenhonse than from open field agriculture. Crap fuil-
nre in a greenhouse can cause greater financial suffering than a
similar loss in the field.

There are many factors involved in selecting a svstenr.
Sometimes land costs are prohibitive dl](l the onlv option, eco-
nomicully, is a greenhiouse fucility. This certainly s the case in
The Netherlands. €

single unit. high tunnel polvethvlene structures used seasonal-

Greenhonse costs also van ll((mdlmf to type.
v are far less expensive than the lurge gutter-conmected glass
structures with snpllisticutcd environmental control svstems

llSt‘(l Year-arom IL].

High Tunnel Polvetlnlence Structures. High. narrow polvetliv-

cne Ul‘ven]muwx‘ meusuring ul)pm\'im'tt(*]\ 4.3m x 29.3m are
becoming increasingly 1)()[)111 . especially in Euarope,  the
Middle East, and Asia Thev are often termed hoop honses,
walk-in tunnels, or inheated greenhonses (Wells 1991, While

not precisely greenhouses, thev operate on

-—

the same principle.

The quonset-shaped stroctures are made of
metal bows connected to pipes that are driven
into the ground and covered with clear plastic
(Wells 1991). The ends are enclosed; there is
no supplemental heat or mechanical ventila-
tion. Water is provided by trickle irrigation.
Ventilation is .1(((nn1)l|s|u «d by rolling up or
lifting the polyethlene on the sides of the
greenhouse. Since the strmeture is nsed pri-
marih in the early spring to provide an early
harvest, the filn can be rolled up to the ridge
of the greenhouse roof in summer. covered
with Dlack plastic to prevent degradation of
the plastic by the sim.and stored there nntil
the tollowing scason.

Trials conducted at the University of New
Hampshire (Wells 1991 show the cost of
constriction to be (11)1)1()\1111 ml\ $1700 for o
126m2 structure ($13. 48/m2) ln(ln(lnw the

Plastic cover, black plastic inulch on the floor

In Arizona, cucurnbers in sand culture are g
controlled through the use of narural gas “76‘(,1[6‘!5 and fan and pad evaporative ceoling.

EcoNoMics oF PROTECTED AGRICULTURE
and trickle irrigation. Tuble 32 Tists the cconomic analvsis. com-
piled by Wells and Sciabarrasi i 19911 of the high tunnel toma-
to production svstem.

Wells (19917 was uble 1o advance the planting dates by three
to four weeks, I the planting dates are earlier, twvo Lm 15 of
plastic shonld be placed over the strmctare to contain in more
heat during cold periods. A portable heater could he ualso
installed. hut at this point @ grower wonld have a greenhonse
Table 31
I the tmmels totaled one

rather than an inexpensive high tmmc] (Wells 1991, T
shows a good return per 126m2.
hectare, the net returm would e nearly $113.000. The selling
price of the tomato fruit, $3.527ke. in Table 31 is excellent: but
this may not be the case in other regions of the United States at
this time of vear. A grower must investigate the market betore
commnitting any large sums of monev to any method ol protect-
ed agricultore, ‘

Controlled Environment Greenhouses. Greenhonses are

expensive, (‘SI)H(‘i:l”_\' it the environment is controlled through
the use ol heaters, fan and pad cooling svstems and computer
controls.

The fixed capital. production costs and returns are ontlined in
Table 32. The costs are for greenhouse ciicumber production
and tomato p]'uducli(m are quite similar with regional varia-
tions. In the Tast 20 vears. greenhonse construction and opera-
tion costs have risen \luupl\ 11 1972, the cost to build a one ha.
areenhouse Tor tomato production in California was approxi-
mately $275.000. The total production and marketing cost of
such o it was about $42.000 (Dalrvanple, 19731 Today. the
constrnetion cost is three-five times greater. with some
glasshouse ranges approaching $140/m2

Since 1972, fixed capital costs. labor and encrgy have all risen
substantiallv. cansing a dramatic increase in the operational
costs of a new greenhonse. When. labor reaches $10 ULS. or
more per hour, growers the world over tum to mechanization.

During the past twenty vears also, new vegetable enltivars
have been improved. These cultivars. nsed with new growing

grown in greenhouses where the environment is
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Table 32. Economic feasibility of high tunnel tomato production, 19921

l. Structure 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
$1.346.62
lI. Plastic and Trickle Irrigation (amortized over 5 years)
A. Cover, | 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
$351.89
Ii. “Annual” Expenses and Returns Per tunnel
Receipts 910 kg @ $3.52/kg. $3,200.00
Marketing Costs (25% of receipts) 800.00
Production Expenses
A. Plants, 0.65m2/plt,
192 ples/ @ $0.15 $ 2880
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
I. Operating Interest @ 5%
$656 (A thru H) 32.70
Subtotal Variable
Expense (A thru l) $ 688.59
J. Annual Capital Recovery
and Interest
Structure ($1,346.52,
10 years, |1%) 228.66
Plastic & Irrig. ($351.89,
5 yrs,11%) 59.75
Subtotal Fixed Costs $ 288.4\
Variable and Fixed Production Costs $977.00
Net Returns (Receipts-Mkt.Costs-Prod.Costs) $1,423.00
TOne el @ 4301 x 29500 = 126m7
Soerees Otho Wells and Ak Seiaharvasi. University of Newe Hanpshive, Durlam, N TECUSA Personal conanmaeation
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$10.70

Per m
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systens, better environment control, and computer manage-
ment, have helped to nearly double both tomato and ¢ nunnl)( T
vields.

High timmels are used scasonallyv: controlled environment
grec nhouses are norni: allv in use vear- -around. Tomato vield
h(nn high tunnels, as illustrated in Table 31, are 41)])1()\1nmtel\'
72 tonnes/ha, an excellent vield considering that there is little
control over the environment and so little investment.
Controlling the environment during the entire vear is costly but
results in h]trh vields. especially in the higl Iwht regions, where
tomato _\wld.s may sometimes approac Jh 500 tonnes/ha.

Floricultural crops are generally grown in the United States
in the more expensive enviromnent-controlled  greenhouses
hecause of the (Tuctuations in climate. In Colombia, Howers are
grown in greenhouses that are hasically onlv rain shelters. I o
cooler temperature is desired. the growing wnits are simply
built at a higher altitude. This is powl)]e because the dav to day
temperatures in Colombia are relatively constant.

While the fixed capital costs for grec nhouse floricultiral pro-
duction are similar to those of vegetable crops. the fixed und
variable operational costs are verv different.

Because production costs. rebirns and recommendations for
each oricaltural crop vary so greatly, persons interested in
Noricultural crops are advised to contact their agricultural uni-
versity or a regional company representative knowledgeable in
the specific lower crop. Recommendations will depend on cli-

matic region. among other considerations. An excellent series of

publications on floricnltural crops is available from the Ohio
Cooperative  Extension Service, The Ohio State University,

Colinmbus. Ohio. These publications cover nearly all aspects of

potted Easter Tilies, poinsettias. bedding mets chrysanthe-
mums. and the growing of perennial and bicnnial Qoricultural
crops.

While the recommendations for a given ¢rop grown in Ohio
may be different than for another region, the Ohio publications
will provide a valuable. basic knowledge of this intensive agri-
cultnral industry.

Costs. Prices. and Profits. It is clear that greenhouses may
require a lot of capital. Dalrvmiple (1973) quotes Liberty Hvde
Builev that as early us 1897 the cost structure of uwcnh(mxos

was wc()ﬂnwe(l as hemtf high:

“The person who desires to grow vegetables imder
glass for market must, first of all. count up the costs
and the risks.

- Glass houses are expensive and they demand con-
stant attention to repairs,

- The heating is the largest single item of outlay in
maintaining the establishment. Moreover, it is an item
upon which it is impossible to cconomize by mcans of
reducing temperature, for a reduction ol temperature
means del: aved maturity of the crop.

- Labor is the second areat itent of expense.... This,
however, may be economized if the proprietor is will-
ing to Ientft}l( 0 his own hours, but economy which pro-
ceeds so far that each one of the mets does not
receive the verv best of care is ruinous in the end.”

Since Bailev's time. wages have risen more than heating

costs. In Table 32 under variable costs, wages account for

ECONOMICS OF PROTECTED AGRICULTURE

$175,000 of the $319.000. While these figures represent i pro-
duction svstem in the Arizona desert. wages would still far
exceed heating cost. even in the colder northern regions of the
United States. Wages are certainly the greatest single expense
in grecnhouse production, followed by amortization costs and
then energy costs, especialh where hhl[]ll” Is necessary. In

Table 32, about two-fifths of the expenses are fived costs and
about three-fitths are variable (operatingi costs. Depreciation
and interest on investiment accounts for most of the fixed costs.

Gross returns from greenhouse vegetables must be high. This
is accomplished by high prices for the product and/or high
vields. There is little room for error: therefore. it is imperative
that there are no shorteuts in envirommental control, competent
management. or anv other factor of production. Today. in the
United States. retailers commonly double their sale prices over
the wholesale price ta the grower. Such a high mark-up can
cause great consumer resistance, In Europe the tvpical mark-
up is a more modest 30-40 percent. In Ohio in 1961 {Dalnmple
19731, it was connnon to have a retail margin of only 30- 32 per-
cent, and greenhouse toinatoes in the United States were usu-
ally of mud\ areater value thun open field products. Today this
is not necessarily true. Quality control, packaging and trans-
portation of open lield tomatoes has improved. and. new vari-
cties ure better uble to withstand shipment. At the sume time,
greenhouse tomatoes and peppers are being imported into the
United States from Holland: Duteh growers package tomatoes

l)d(]\ lU'ln” (llI)S tIIH\

of absolutelv imiform size and color i ¢

Slllt‘lrlll](llll” each tomato against lmuxmo during slnpmcnt
This new marketing strutegy will be further discussed i
Chapter XIL Such new strategies better the position of the
arcenhounse vegetable industry to compete in the marketplace.
The seasonal variation in prices presents a tremendous eco-
nomic challenge in the production of greenhonse crops during
a period of high demand. The tnunh(mw grower is very vil-
nerable to price changes: he does not have much short-term
production flexibility when faced with low prices. High over-
head costs mean he cannot casilv let his house lie idle during
periods of Tow demand. Growers are constantly working on
wavs to reduce ope rating costs in order to increase 1)1()ht\ such
as 1(%]11(111(T labor costs by using hees to pollinate tomatoes for
fruit set rather than labor with hand pollinators, ar by insulating
a greenhouse against heat loss.
Conditions Influencing Returns. A number of variables
which may not show np in the vearly financial balance sheet
influence the retirs to greenhouse operators: econmnies of
scale, physical facilities, cropping patterns. and govermnent
incentives (Dalrvmple 1973

Economices of Scale. The size of any system of pmte(ted aeri-
culture will depend on the miarket oh|e(t1ves of the farmer.
Most protected agricnltural endeavors are family operated.
Often the products are retailed directly to the consnmer
through a roadside market at the farmsite. Farmers comnionly
use severdl svstems of protected agriculture, both gr cenhouse
and open ficld operations where ¢rops are mu](hul and cov-
ered with row covers. Farners also diversifv their erops in order
to ofter an wrray of products for sale at a farmsite market.

In the (le\c]()pvd world. greenhouse operations tend to be of
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Table 33. Greenhouse cucumbers (1 ha.) - estimated capital, operating costs and returns (Tucson, Arizona

1991 - 3 crops)

I. Fixed Capital Costs Cost/ha Annual Production Cost & Returns
Greenhouse
Structure (polyeth. Il. Gross Sales
roof, polycarbonate Boxes of Cucumbers
sides and ends) $193,578 (16 cucs/box) 87,500
Heating and Ventilation 176,778 Gross Revenue
Elect. and Plumbing 62,000 $9.50/box $831,250
Sand Culture 57,500
Irrig. and Fert. Equip. 24,000 Il. Variable Costs
Construction Labor 75,000 Nursery! 28818
Sub-Total $588,856 Greenhouse 122,817
Packing2 117.792
Service Building Energy (Heat/Cool) 49,363
Structure 63,960 Sub-Total $318,790
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 13.600
Trucks, etc. 46,500 Sub-Total $ 36,600
Ancillary Systems Total Costs
Well, fuel storage, (N+IV+V) $521,640
roads, pipe and wiring, Net Operation
runs, sewers, fencing, Profit (NOP) 309,610
etc. 90,000 Less interest -31,000
Less depreciation
Total $889,816 (10 years) -90.000
($88.69/m2) Taxable Income
(NOP-Int.-Depr.) $188,610
Income Tax 56,583
Debt Service
(10 years) 90,000
Post-Tax
Net Return $163,027
Clllr'/llt/,'\ labor ST, plant propayation. pest condrol. fertilizers, ite
=Includes Inbor ST Doves and shrank filu.
i size tlmt can be operated by one family — from 4.000 to increased size of the operation. Indeed. labor costs niay rise sig-
8()()()m In Canada, for instance. gree nhouses 1 arelv exceed nificantly if it is necessary to recruit labor outside the hmnl\
1.000m2 (D: drvmple 19731 In Hollund, where pa(tluxhu Greenhouse owners who hire a highly qualified manager mav

emphasis is placed on Jabor eH](u ney, the d\t‘]d“t‘ heated
greenhouse holding is about S, 000m2. A unit of 4. 000m? can be
operated by two to three luborers. with additional help at peri-
ods of peak activity. This amount of labor can usually be pro-
vided by the owner and his familv. Moreover, the owner will
pav close attention to management - a most important factor,
Discconomies of scale in cooperative greenhouses mainly
result from inefficient decision-making. (Dalrymple 19730
Since Tabor and energy accomnt for a large propovtion of annu-
al expenses. these costs remain generally proportionate to the
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have to operate a farger than ‘mnnl\ -size greenhouse in order to
olfset the expert manager’s salarv.

Economics might acerue with increased size when i 1) there
is a unique opportunity to mechanize certain operations, (2)
Jabor can be more efficiently utilized. {31 low cost capital is
availuble, (4) there are cconomies in the prirchase of packaging
materials and in marketing, or (5) some special management
skills wre available (Dalrvmple 1973) Another consideration is
the size of the greenhonse in nlmnn to fixed capital cost.
Economies of scale mav ocenr where larger greenhouse units



cost less per m2 than smaller units, A snmlc four hectare green-
house under one roof may cost less per in™ 2 than a four llt'(hl]e
greenhouse complex. (()mpuse(l of four-one hectare units.
because of tewer sidewalls in the single unit.

Market demand may require the arecnhouse to be larger
than a familv unit. BU\ ers of hmh(ultuml produce often deal
with 1(]\mg houses because they want greater quantities of a
product than is available from a single familv unit. However.
packing houses are cooperatives made up of myv growers.
each with a different cultural program and possibly differences
in fruit or flower quality. Tt is therefore an advantage to by
from one large producer promising a reliable product of consis-
tent gualitv. Such large greenhouses are being constructed in
the Southwestern part of the United States and in Northern
Mexico; there growers are building extensive greenhouses in

high Tight regions to produce high quality, large quantity of

CTOps t]ll()ll("ll()llt the vear.

In Eastern Europe. large units were built more for ideologi-
cul commitment to large scale agrienlture than for economic
reasons.

As technological advances in ereenhouse agricultiure contin-
ne. family-sized greenhonse units are getting larger. The aver-
age size of Dutch vegetuble houses hus increased substantially;
tllt‘ optimum-sized. three person unit. is now one hectare.
Similar modest increases in size will continue in Holland and in
other countries {(Dabrvmple 1973),

Physical Facilities and Location. Another variable that infli-
ences the retum to greenhouse operators is intensitv of pro-
duction.

Intensity can be determined by the tvpe of structure and the
degree of environmental control equipment. When a grower
constructs a new house, should it be complex or inade as sim-
ple as possible? Should it be a high tunmel greenhonse
($13. 5()/1112“ or a controlled environment
($55.70/m)? The major factors for consideration include the
availability and cost of capital, land. construction and operating

greenhouse

costs, climatic factors during the anticipated production scason
and the existing price structure,

The high tunnel growing umit. a simple strocture with little
environmental control equipment. is less expensive to build.
Selecting such wmit rednces the amount of capital needed and
the amortization costs.

The rore complex structure, with a inore complete environ-
mental control svstem makes vear-around production and early
harvests p()s\lble thus elml)lm(f the grower to realize the hl“h—
er prices of earlier or late nunl\et.s, and/or to increase the tre-
quency of cropping. Year round production offers vear round
emplovment of Tuborers who. over time. will become highly
skilled and of great value to the snccess and continnity of the
business.

As Tubles 32 and 33 A
trolled greenhouse produced only one-third more revenne than

demonstrate. the environmentally con-

the high-tummel strocture. This differential is slight. especially
when comparing the construction costs on @ m= basis. Other
common considerations in selecting a areenhonse are site and

market specific, as well as the personal preference and goals of

the furmer.
The various factors influencing selection of greenhonse tvpe

EcoONOMICS OF PROTECTED AGRICULTURE

also influence the regional location of greenlionse production.
In the past. greenhouses were built near urban areas. in both
Europe and the north-central and northeastern United States.
In China, large greenhouse operations wre located within the
city houndaries.

With iniproved roads and transportation fucilities it is less
important to locate greenhouses close to large population cen-
ters. In recent vears, new greenhouse constrietion has been
more widelv diffused tln()lwll(mt the United States. The newer
areas of p]()(lll(tl(,)ll combine at least several of the tollowing
tactors. which contribute to lower costs {Dalrvmple 1973):

- high sumlight intensity undiminished hy air pollution.

- mild winter temperatures,

- infrequent violent weather (tornadoes, high winds. Tail.

excessive snow),

- low humidity during the stumner for air cooling,

- a good water supply. low in salt.

Other desirable factors are cheap fuel, such as nuturul gas
ot bottled propane); cheap electricity. availability of labor
In the United
muny of these above factors are found in New Mexico.

with agricultural experience. and low tases.
States.
Arizona. Nevada and California.

The sitnation is similar in Enrope: much of the new con-
struction is in southern Europe. where the weather is milder.
Most of the new structures are of plastic as they are in the
United States. The greenhouses built in southern Europe are
verv inexpensive. with little or no environmental contral, Most
are in Ttaly — especially Sicilv. and southern Spain. A large part
of the production is shipped to northern Europe. In England
there is no one low-cost area of production. Tn the 1960°s and
T0's. there was u pr(nmun(-ed expansion of gree-nlmuses in eust-
ern Europe.

Cropping Patterns. The tvpe of greenhouse structure will have
bearing on the cropping pattern. In the United States, a high
tunnel structure or any’ stracture not fitted with environmental
control equipment for heating and cooling will be used only on
a seasonal basis. This is true for (rleenh(mses in most of the
world. with the exception of those in the more tropical regions
such as in Colombia. Singapore. ete. The iore claborate facili-
ties, which provide some control over the environment. inake
multiple cropping possible. The increased cropping alternatives
in turn make possible more choice in crop selection.

The question of which are the most cconomical cropping pat-
terns tor any given region ol the world has not received a great
deal of attention. Tn the United States there have been few
alternatives in cropping patterns. especially in greenhonse veg-
etable production. In the U.S.. for reasons of cconomics. it is
common for greenhonse vegetable operations to change to
Hower production. especially in structires with more elaborate
envirommental control svstens.

Growers throughout the world are cln'renﬂ}‘ (‘\l)t‘l'ill\(’lltil]f_{
United States. and
Nornway, and bell peppers in avariety of colors, in Holland.

with alternative evops. such as herbs, in the

Each cropping patter requires different management skills and
resonrees for cach fum. As eating habits chunge — especiallv in
the United States where comsimers are iniereasingly conscious of
diet and the nutritional value of fruits and vegetables — growers
must continually look for alternatives to existing cropping patterns.
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d. Governnent [neentives. Financial retiens nay be influenced

by government action. Governnments in England, Treland. and
France have stimnlated the greenhonse industry by providing
crants or low interest loans toward construction  costs
(Dalrymple 19730 i Holland, the price of fuel was subsidized
by the government,

[n China, government assistance has led toarapid inerease in
protected agricultire and, in turn, Jood stability.

The government assists growers by providing a subsidy on the
cost ot plastic for mulches, row covers. and greenhouses. In
countries where quality plastic is not imanulactured domestical-
o growers face high import taritfs on plastic nnilches. Without
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subsidies, the cost of such mudches is prohibitive, and agricnl-
tural plastic has not heen used to increase Tood production.

The attitudes of farmers toward investiments in- protected
agricultire, with or without government incentive programs is
not filly understood. Exactly why governments provide incen-
tives 1§ not ;1\\\";1_\'5 clewr. Tt may he Just a wav to stimulate avri-
enlture or the government may be concerned with reducing
imports or exports. or other factors, such as political inflnence.
What is wmderstood is the result of govermnents placing high
tariffs on the importation of agricultural products. such as plas-
tics. on the growtls of protected agricnlture. The growth results
are nil.
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MARKETING AND
DISTRIBUTION*

The process of marketing and distribution is a key factor in
determining the success of any system of protected agriculture.
One reason for this is the special nature of pmte(ted agricul-
tural crops.

Most crops are of high value and perishable. Often termed
luxury crops, they are hthIv regarded for the variety they lend
to meals in the form of vitamins and minerals, and the be(mt\
provided by Roricultural crops. Few crops produced by protect-
ed agriculture provide the basic food ingredients for human sur-
vival, as do cereals. An exception to tlns is the use in China of
plastic mulch to produce not only horticultural crops but also
agronomic crops such
us cotton, peanuts, etc.

How-ever, plastic
nlch. row covers, und
areenhouses  usually

are used to pr()(lu(e
high vaJue/perishable
food und floricultural
crops when local field
production is not read-
ilv available.

The added ex-pense
of using any of the pro-
tected agr icultural Svs-
tems results in hlg]]er
retail costs. Any devel-
opment which lowers
the cost of products
from protected agri-

cultural  systems  or

purchuses of these products (Dalrymiple 1973).

INTRA-NATIONAL COMPETITION

Protected agriculture taces a wider range ot intra-national com-
petition from domestic production than mav be evident. Major
competition comes from both fresh and processed products
grown in open field production or by other protected agricul-
tural systems.

Field Production. Open field production is the most serious
competition. particularly in countries with a wide range of ¢li-
mates. This is especially the case with food craps. Because flori-
cultural crops are most often grown in some type of structore.
competition from open field production is not a significant mar-
ket factor.

Protected agricutture. especially greenhouse food crop pro-

increases  the  con-  Greenhouse tomatoes are packed into contamners with individual pockets to prevent
sumer’s  level  of  severe brusing of the fiuit in stipping.
income  encourages

duction. rarely competes with local field production of the same
crop during the same period of time unless 1) the crops from
svstems of protected agriculture have a market quality advan-
tage or 2) field production is a marginal system of production
due to climatic conditions.

Producing food crops of better quality with systems of pro-
tected wn(n]tuw provides few henefits over field production.
except fm Horicultural crops. Although some U.S. hvdroponic

vegetable growers have claimed qlmht\ advantages of tomatoes

and kttnce this superiority has not been demonstrated.
Through improved cultivars and packaging techniques. open
field p]'(,)(lu(‘ers can
market an  excellent
auality product.

The situation is dif-
ferent for greenhouse
cucnmbers.  As  dis-
cussed earlier. produc-
ers in North America
toduy are growing the
long. seedless cultivars
from Europe. which
are distinetly different
from the short, open
field seeded types. The
European cucnmbers
have not been grown
successtully outdoors
since the cucumber
abrasive leaves damage
the fruit during peri-
ods of wind and polli-
nation by bees is not
Many  con-
simers strongly prefer greenhouse cucumbers because of gual-
ity differences.

In the maost northern countries of Europe. there is little or no
field production of tomatoes and cucumbers because of cool
weather conditions. In these regions, greenhouse production
does not face competition from local field production. except
for competition from pmdunts m\p(ntt-(l from southern
Europe. In France and Great Britain, row covers are conimaon-
v used for many vegetable crops and compete with similar

wanted.

greenhonse prodncts.

Systems of protected agricalture mav compete with each
other. For exarple, early market tomatoes produced in the
field throngh use of plastic innlch and row covers may compete
directly with greenhouse tomatoes.

Since pr()te(,ted agricultiral systems are used, for the most
part. to produce crops out of the focal season. the major form

*For mere up-to-date information see atltached oo " Marketing wal Distribation of Protected Crops™ by Alan | Malier.
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transportation svstem. and the vapid escala-
tion ot fuel costs in 1972, due to the Arab
oil erbargo. which increased the cost of
greenhouse heating. with natural gas. 5-6
times.

For these reasons. the southern regions
of the United States became a major
source ol fresh produce to the north.
While the cultnral energy inputs are sini-
lar {for both open field and greenhouse
auriculture, the eneray input tor heating
and cooling }_{l(enh(mses is Tar different
Table 3410

It takes nearly 35.000 more Kealkg, of
tomatoces to srow in a conventional Ohio
greenhiouse over the open ficld. New ener-
gy saving technology might greatly rednee
the heating and (()()111]” energy inputs for

arcenhouses. but until now this has not

Tomatoes of uniform size and color are sent to markets with lirerature identifying the frur as

being greenhouse grown.

ol competition usually comes from imported produce. In the
northern hemisphere, the imported produce has come from
the more southerlv regions in the same country or continent.
The reverse would, of course, be true in the sonthern hemi-
sphere.

When the first greenhouses were built in the northern
United States.
Since the construction of excellent interstate frecwavs and the

good interstate transportation did not exist.

development of Targe semi-trailer trucks capable of hauling
Leavy loads over long distances, most northern greenhouse pro-
ducers have been unable to compete with produce shipped in
from the southern hemisphere. In 1965 Ohio Lad more than
240 ha. of glasshouses used for vegetable production. whicl:
accountted for 75 percent of the total U.S. production. In 1982,
onlv 64 Tl remained. accounting for onlv 25 percent. The
decline came for two reasons: The much improved interstate

In the L)

96

nited States. it is comirmon for horticultural products to be shipped across the cor

ocenrred to the degree desired.

Table 34. Total energy inputs - MKcal/tonnel

Open Field (Ohio) Greenhouse {Ohio)

Energy Input Processed Fresh  Conventional Possible
Cultural Energy 0.28 0.29 0.20 0.15
Processing and

Containers 2.27 0.60 0.50 0.50
Storage 0.13 — — —
Transportation 1.26 277 — —
Heating and Cooling — — 35.28 441
Total MKcal/tonne 3.94 3.66 35.98 5.06
Kcal/lkg. of tomatoes 4,334 4,026 39,578 5.566

“Eneray and the Food Chain™ by Warron folfer
Ohio Auriendtral Besewrele and Developpsit Cender.

Lok in part from paper entitled.

Possibly the most interesting comparison
is to look at the ¢ METEY T (ilmmnentx to \Illl)
horticultural commoditivs produced in tlw
southern latitudes to the north. In Table 35.
the Keal required to ship ene Kilogram of
tomatoces 2.000 km. is given. Shippin(f one
ke, 5.000 ki north by semi-truck. expends
1865 Keal ol
Growing one I\U of tomatoes in a 1n)1t||( S
region takes nearly 40,000 Keal of heat
cnerov. I other words. chiring the winter it

approximately Cneruy.

is nmdl chcapr to arow tomatoes m a
sonthern latitude, in an open field. and dis-
tribute the produce in the nortl.

stirent



Table 35. Energy use by mode of
trunsl)ortation

Mode Kcal/Kg.tomatoes/2000 km
Rail 236
Semi Truck 746
Air 4542

l.\':-ul‘r:. 0N Dept of Trvnsportation, ~\ Prospecins fon
Clingis in the Vreight Bailvoad Industog ™ po 1061975,

Vegetable cultivars developed for ship-
ping and new transportation technigues will
continue to give consumers in the northern
hemisphere horticultural commadities as
good or better than those grown Tocallv in a
greenhionse.

The ditterences hetween open ficld and
areenhouse crops, with the exception of
cucnmbers and Horieultural crops. mav add
up to only subtle visual differences at the retail store.
Greenhouse products are seldom labeled. nor can thev he dis-
tinguished by packaging .

In lesser developed countries. internal transportation svstems
are often poor. thus making long distance shipping of quality
perishable products difficult or impossible. In countries having
a wide range of climutes. like Chinu. protected agriculture in
the northern regions is making a major impact on the produc-
tion of out-of-scason crops, as was the situation vears ago in the
United States.

Competition from processed products grown by means of

protected agriculture is virtuallv non-existent. Nearly all food
crops produced by means of protected agriculture are con-
sumed in fresh form. except gherkins. or pickling cucambers, in
Ewrope. As production expands into other crops which have
processed counterparts, such as frozen strawberries, this issue

Along with extending the shelf hife of the lettuce, the bag identifies the grower and method
of production.

MARKETING AND DISTRIBUTION

A variety of greenhouse vegetables, packaged to extend the shelf Iife, on display in a food market.

ol competition could become of greater importance.

Table 36. Comparative greenhouse vields and energy

usage
Energy Input
State Yegetable Tonnesthalyr. Kcallkg.
Arizona Cucumber 525 6,855
Tomato 300 11,997
Ohio Tomato 300 39,578

Protected Agriculture Production. As mentioned earlier in
this chapter, different systems of protected agriculture may
compete, such as earlv spring crops produced under row covers
similar — crops in greenhouses.
Competition may also come from green-

competing with grown
house crops groswn at different locations
within a country.

As previously discussed, in the winter,
the energy requirements to heat a green-
house in the northern regi(m are far greater
than the energy used for greenhouse pro-
duction in warmer southern regions. In the
northern region. most of the energy is used
for heat; in southern latitudes, the energy is
used for fan and pad evaporative cooling. as
well us heating.

Tuble 36 compares energy usage between
Arizona. in the arid south. and Ohio. in the
north. The energy to grow a kg, of tomutoes
in Ohio is more than three times greater
than that energy needed in Arizona.

INTERNATIONAL
COMPETITION

Undoubtedly, the greatest competition for
protected agriculture in many countries
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comes from imported produce, both greenhouse and field
grown.

The percentage of exported fruits and vegetables that are
praducts of protected agriculture is unknown for today’s mar-
ket. In 1983-55. h())twultuml products constituted about 12
percent of world agricultural trade (Istam 1990). The develop-
ing countries accounted for 37 percent of these exports, with an
absnlute alue of US $9 billion. Maost produce was imported by
the developed countries, which consumed 83 percent of workd
imports of horticultural products during 1983-85. The United
States and Japan were the fastest growing import markets dur-
ing 1975-95. The developing countries share in this import mar-
ket increased from 14 percent in 1975-77 to 17 percent by
1985, Western Europe remains the largest inport market,
about 80% larger than the United States market.

Most world trade in horticultural products was among the
developed countries. During the early 1980%s, 72 percent of
their horticultural imports came from other developed coun-
tries; 50 percent of their produce was exported to these conn-
tries. The developing countries send about 20 percent of their
exports to other developing countries. Since 1973, fruits have
comstituted the major portion — some 70 percent — total hm-
The growth «
import demand, (specnll\ in the developed countries, mll

ticultural exports by developing countries.

determine the future of horticultural e xports (fruits and vegeta-
bles) of developing countries (Islam 1990),

World trade in
reached U.S. 819 billion in 1987, a 17 percent increase over the
previous vear (Morrow 19890, The Netherlands. the world's
largest flower supplier, produced more than 71 percent of il

florienltural crops, such as cut flowers,

exports. CoJombia. the second Jargest exporter, lagged behind
with 9 percent. The two major markets for cut flowers are
Europe and the United States: Europe iraported 8O percent of
the total import value in 1957 and the U.S. 15 percent. Japan is
the dominant importer in Asia. a growing third market. with 3
percent of cut flower imports in 1957,

Each of the three major markets is dominated by a different
mix of suppliers. The major suppliers of the Fmopu an market
are the Netherlands, Israel, Italv, and Spain, which account for
S8 percent of the imports. Colombia and the Netherlands dom-
inate the (.S market with 82 percent. The Netherlands.
Thailand, Taiwan. Malaysia, and New Zealand supply a com-
bined total of 80 percent of flowers imported by Asia.

Colombia, Thailand.
developing countries to have market shares of 1 percent or

and Keuyva were, in 1987, the only
more of Ulobal cut flower exports. Mexico and Turkey may
hecome more important exporters of ent tlowers in the near
future.

Future demand for eut flowers is uncertain. Industry experts
predict strong growth in the U.S. market, which still demon-
strates significantly lower per capita consumption than many
European countries.

Statistics for cut decorate greens, live plants and bulbs are
similar to those for cut flowers. The Netherlands is also by far
the greatest producer of this floricultural crop (Johnson 1990).

Issues of trade and competition are different in North America
than in Europe; therefore the two regions will be discussed sep-
arately. More compreliensive and updated information is provid-
ed by Alan J. Malter, in the Annex to this publication.
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North America. Mexico provides mujor competition in food
crops in the United States and Canada. In the United States.
wore than over 50 percent of the vegetables consumed during
winter come from Mexico. In 1987, 98 percent of all the fresh
market tomatoes imported into the United States and 96 per-
cent of the cucumbers came from Mexico.

The percentages of vegetables on the American market
which were grown in Mexico are:

Cucumbers............ 43% Cantaloupe............. 15%
Eggplant.....ccoeeneeees 33% Watermelon............ 4%
Peppers.......cccoeceeu. 28% Honeydew.............. 13%
Tomatoes............... 22% Asparagus................ 9%

The American nmports of Mexican fresh market tomatoes
increased from 165,000 tonnes in 1963-64 to 291,000 tonnes in
1969-70 (Duh}fmple 1973). In 1987, the tonmage was approxi-
mately 400,000 tonnes

Some American consumers think that domestic
tomatoes are of finer quality than Mexican imports and are will-

greenhouse

ing to pay higher prices for them. Because of lower production
costs in Mexico — lubor, fuel, and water — U.S. greenhouse
growers have had difficulty in competing with the Mexican
imports. In his 1973 book on greenhouse vegetables.
Daloymple noted the rapid increase in acreage of greenhonses
in the American Southwest, a vegion, he felt. that might sufter
the most severe competition from Mexico. His warning was cor-
rect: wll the greenhiouses built in that region in the 1970s are no
kmger in operation.

Today. Mexican growers are rapidly emploving the technolo-
gies of protected agriculture. mainly plastic covered trenches.
for ewly crop production. as well us greenhouses for both
cucumber and cut Rowers — predominantly roses — produe-
tion. In time. Mexico will also export potted floriculturad crops,
once quarantines 1o prevent soils from entering the U.S. from
Mexico are lifted. One day, potted plants with artificial soils will
be permitted into the Uuited States
Cuanada.

as thev are presently from
The present quarantine will Qelhllll]'\ be wbolished
when the upcoming free trade agreement between Mexico,
Canada, and the United States is concluded.

Paralleling the new interest in Mexico in growing greenhouse
\feg('tnb]es is a renewed interest in growing grvenlmuse vegeta-
bles in the American Southwest. Owners of greenhouse veg-
etable operations in the north are building operations in the
Southwest in order to supply preferred buvers on a continuons
busis.

With use by Mesican growers of the various svstems of pro-
tected agriculture. they \\ﬂl be able to extend their growing sei-
son and their ability to supply buvers of praduce over a longer
period.

Imports of tomatoes from Israel are increasing each vear,
although only sporadically. The tonmage of tomatoes c\pmted
from Isruel to Ewrope and the L‘mted States has more than
doubled in four years - 3600 tonnes in J985-56 to S400 tonnes
in 1989-90. The cost to air freight tomatoes from Israel to
Europe is $400/tonne and $600/tonne to the United States. The
Netherlands is also rapidly becoming an exporter of certain
products. such as tomatoes and colored hell peppers, ta the
United States.



Europe. Competition in Enyope is much fiercer thun in
North America. The Netherlands is, by far, the greatest
exporter of vegetables and flowers. mainly from <Tleenh(mxes

Holland has about 7,000 greenhouse \regct‘ll)le farms with
4600 ha. under glass. About 80 percent of the production is
exported: the principle export markets being Germany. Great
Britain, France and Scandinavia. In 1990, Germany imported
the largest amount of Dutch produce. 24 percent of the Dutch
pm([nce exports: Great Britain received 7.4 pereent. The
United States absorbs less than one-third of | percent of the
Netherlands produce. Colored bell peppers, the largest volume
Dutch commodity to reach the U.S. market. accounts for S per-
cent of that figure.

The winter market in Eumpe (ﬁ[)(J(l 1]1\ tomatoes, is 1 un]\
supplied by the Canary Islands and Spain. Through the 1960°
the meenlmuse area in Belginm and northern France expand-
ed. somewhat increasing competition { Ddlnlﬂple 1973).

Other Greece, Turkey,
Morocco, and Egypt all have an expanding ¢ rreenhouse indus-

conntries such s Ttaly, Israel,
try, and all fook to Evrope as a market for their produce Many
ol these countries have historical relationships which give pro-
ducers somewlhat privileged access to markets. Since the early
colonial days, Frunce has had a close association with Morocco.
Becanse of this relationship, France is a premier market for
Moroccan greenthonse products. Similarly. Cyvprus has close
linkages to Great Britain. as does Tsruel to all of Europe. Such

MARKETING AND DISTRIBUTION

relationships do not break down easily once established over a
period of vears.

Competition trom produce coming into Europe from south-
ern Europe, North Africa and the Middle East will continue to
grow us cultural marketing practices improve.

In Eastern Europe. during the years of commmist rule. the
greenhouse industry e\pandul mpull\' especially in Hungary,
Romania, and Bult_&nm Many of the gre senhouses were state-
owned and controlled. und were not built to compete with the
free market economy. With the collapse of communism and the
opening of markets in Eastern Europe, manv of these green-
house complexes are not competitive with pxodu(tl(m in
Western Europe. As a result. greenhouse horticultural prod-
ucts, flowers and vegetables. are flowing in from Holland.

Until the U)cenh()uw industry in Eastern Ewrope is able to
modernize, there will be opportinities for other nations to
expand their export market in that direction. It may take a vast
amount of monetary resonrees to rebuild the industry in
Eastern Europe: however. because growers already have the
horticultural expertise in place, they should be cupable of
recovering quickly.

A more comprehensive and detailed Ammex on “Marketing
and Distribution of Protected Crops.”
Malter,
Market

Agriculture.

is written bv Al .
market researcher for horticultural products in the

Research Department ol Israel’'s Ministry  of
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TECHNOLOGY TRANSFER
BETWEEN NATIONS

Systems of protected agriculture are used throughout the
world. even it only a polyethylene roof to protect the crops from
tropical rains. This chapter will concentrate on those countries
in which such agricultural svstems are important to the region-
al economy.

It is very ditticult to obtain any statistics at all for many
nations. Alth(mﬂh the following discussion will not cover ev: ey
nation using pmte(ted agriculture. it will give a reasonable idea
of the size and nature of protected agriculture production
around the globe.

Table 37. Nations serving as major sources or recipients
of protected agriculture technology.

Sources of Technology Recipients of Technology

The Americas
Chite
Colombia

The Americas
Canada
United States

Western Europe Western Europe

England Belgium
France Greece
Netheriands Portugal
Italy

Spain Eastern Europe

Most countries
Eastern Europe

Hungary Africa and Middle East
Algeria
Canary Islands
Africa and Middle East Egypt
Israel Morocco
Turkey Tunisia
Iran

Asia and Oceania Asia and Oceania

Australia People’s Republic of
China

South Korea

Japan

Since neighboring nations often share stwilar climatic condi-
tions as well as programs in protected agriculture. the countries
discussed have been placed in regional groupings: the
Americus, Western Europe. Eastern Europe. Africa and the
Middle

further divided into nations which serve as major technology

Fast. and Asia and Oceania. These regions have been
sources of information pertaining to protected agrienlture and

those nations which are major recipients of information.
In the following discussions, a distinction is made between
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major sources and major recipients of protected agriculture
technology. This distinction is hased on an examination of a
nation’s history of private and public sponsored rescarch and its
record of publications in national and international trade mag-
azines and journals. China. for example. has vast areas devoted
to protected agriculture, but does not vet have w signiticant his-
tory of rescarch and publications. Therefore. China is catego-
rized for the purposes of this discussion. as a major recipient
nation, while Frunce, Japan, and the United States are techno-
logical sources.

Statistical data on the hectarage devoted to plastic mnlch.
row covers, and greenhouses for cach region is detailed in
Chapter 1L Table 37 lists the major sources and the major
recipients of this technology.

The following review of those nations listed in Table 35 will pro-
vide kev examples of the use of protected agricultural svstems.

THE AMERICAS
Canada and the United States are niajor sources of information.
while Chile and Colombia are major recipients of teclmology.
While it is difficult to obtain precise statistics for each country,
Table 38 lists the approximate hectares of plastic greenhouses
used in the Americas.

Table 38. Plastic greenhouses in the Americas: 1990-91

Country ha. Country ha.
Canada .....ccoee.e. 250 Costa Rica cooeeene.e. 200
Chile ..o 1600 Ecuador ..., 80
Colombia .............. 2600 USA 4250

Seittver. CIPA

Canada. Cunada has more than 400 ha. of areenthouses
(Ingratta ctal. 19583} located primarilyv in British Colombia.
Alberta, Nova Scotia, Ontario. and Quchec. Ontario alone
acconmts for more than 250 ha., with some 621 growers. Less
area is devoted to vegetables. Floricultural crops predominate:
In 1983, there were approximately 600 grecnhouse vegetable
growers producing mosth tomatoes and cucumbers valued at
$45 million versus 1.000 flower growers producing a value of
$225 million.

Chile. Details about the use of protected agricultnre in Chile
are scurce, but the steady increase in the quantity of fruits and
vegetubles exported to North America during the Chilean s
mer (winter in North Americal snggests stepped-up green-
house production. Some 1.600 ha. are inder plastic greenhous-
escand more than 9,000 ha. have been converted to drip irriga-
tion for the production of vegetable and fruit crops.



Colombia. In Colombia. greenhouses are
hasically only rain shelters to aid in the pro-
duction of floricultural crops. Colombia
ranks second to the Netherlands in the
export of cut flowers, accomting for 9 per-
cent of the world market in 1989. Together,
the Netherlands and Colombia dominate
the U.S. market. with an 82 percent share.

Countries such as Colombia, which can
grow flowers under cover without heating
and cooling requirements, enjoy si(rniﬁ(-mﬁ
energy an(l investment savings. F()r exim-
ple. ‘Colombian grower has mlmmdl ener-
av expenditures compared to a typical rose
grower in the United States where. in 1988,
energy costs constituted 25 percent of total
expenditures. Colombia's flower produc-
tion got a boost in the 1970°s when the sud-
den increase in cnergy prices serionsl_\'
inflated production costs in Europe and the
U.S. Counterbaluncing low energy costs,
however, are shipping costs to North American markets.

Economies of scale are not significant. although Colombian
growers believe the ideal size of a flower operation is 13 to 40
hectares, with some economies in grading and sorting. There
are now more than 400 Colombian Hower growers. $0 percent
of whom are in the Bogota area (Morrow 1989). Tt 1981 the ten
largest producers possessed more thun 50 percent of the land
devoted to floriculture, each holding trom 100-150 ha. Almost
70.000 people are directly empl()\e(l full-time in the industry
and another 50,000 in .mule industries such as

packaging and transportation. Flower production has provid-
e(] emplovment to many of the poorer people in Bogota, most
of whom are untrained rural women.

Colombia is well Tocated for access to North America’s large
market. By air. it is only a couple of hours from Bogota to
Miami. Tn Miami. an overland transport system was already in
place when Colombia began exporting flowers to the US. This
system transports Florida- produced flowers thronghout the
conntry: tving into this network gave Colombia mmplete aCCess
to the entire U.S. market.

United States. While the U.S. has a long history in protected
agriculture, the industry itself is inodest in size. The wide vari-
ation in growing conditions in the U.S. makes outdoor culture
of food crops feasible almost any time of the vear. Furthermore,
the well-developed transportation svstem pel mits casy distribu-
tion of fresh produce within all regions of the Unite d States.

Becanse of the relatively small scale of the protected agrienl-
ture m(lnstn statistics on use of plllstl(s ¢ \pf‘(hl”\ TOW COVETS,
lave not been svstematicallv compiled.

Over $0.000 ha. are wnlched. mosth lor vegetable prodie-
tion: the exceptions wre in Culifornia, where muleh is used for
strawherny production, wnd in Hawaii. for pineapples. Florida
has more than 40,000 ha. of mulched vegetubles. In the upper
midwestern states. most of the mulched crops are high value
vegetables grown on familyv-owned farms tor local roadside and
ity markets {Schales 1990, The principle crops mulched are
listed in Table 39.

In Colombia, structures
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covered with polyethylene protect flower crops from rain damage.

Table 39. Principle crops mulched in the United States

Crop Hectares
Cucumber 1,283
Eggplant 1,145
Muskmelon 6,948
Pepper 10,200
Pineapple 6,500
Specialty melons 40
Strawberries 9.234
Summer Squash 406
Sweet corn 456
Tomato 23371
Watermelon 10,024
Other vegetable crops 15,343
TOTAL 84,947

Sotcrce. Schides, 1990

The trend in row covers shows increasing use of wide non-
supported or “floating”™ covers. These are mostly lightweight
spun-bonded or non-woven fubrics in widths up to 12.8 meters.
weighing as little us 8 grams per square meter. They are used to
favorably modify the microclimate and to protect crops from
insect vectors of crop diseases.

For greenhouse production, excellent records are kept by the
United States Department of Agriculture, which dociment the
munber of growers and the major growing areas by state
(Johnson 19901, Statistics for floricultural production show that
in 1988, Florida and California cachi had more than 1.000 grow-
ers. The averwge grecuhouse size per grower in the US.
approximated 0.5 ha., with Calitornia growers averaging 1.1 ha.
Data was not available from all 50 states: however, the major
states were accounted for, totuling 3.730 ha. of grecnhouses
used for floricultural erops production. Of this area, 726 ha.
were ulass. 1,028 ha. fiberglass or other rigid materials. and
L976 ha. of plastic film, excluding structures used for bulbs.
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secds, ground covers, ete. In 1958, the total value of floricul-
tural crops in the U.S. approximated $2.3 billion. Bedding
plants totaled 8755 million. followed by potted flowering plants
($508 million), foliage plants ($482 million) and cut flowers
($458 million).

Pata on vegetable production in the United States shows that

1987, 185 ha. of greenhouses were nsed for this purpose,

mostly in California, Ohio, and Florida. The 1987 arca was actu-
allv a slight decline from the 191 ha. under production in 1952

In 1971, according to Dalrymple (1973). there were nearly
600 ha. of gr eenhonseq devoted to vegetable production. The
continuing decrease in the gwenhouso vegetable industry in
the U.S. is in response to the rapid increases in the cost of ener-

gy during the early 1970

Conv ersely. the area devoted to greenhouse {loriculture and
nursery pr()dmtnm doubled from 1967 to 1987 In 1987, 21.055
farms had 71 million square meters of area imder protection,
compared with 13,674 farms in 1969 with 30.5 million square
meters. The greenhouse and nursery industry in the United
States hus indeed experienced dramatic growth, due to the
higher value of floricultural crops per unit area of greenhouse.
in comparison to greenhouse vegetable crops.

WESTERN EUROPE
England. France. the Netherlands, Ttaly, and Spain all have a
long history of protected agriculture. Table 40 lists the number
of hectares in ne arly all those countries where plastics are used
tor protected Agrl(u]hne

Nearly all the greenhouses in the Netherlunds are made of
glass, as are many in England. Plastic predominates in France,
Spain and Ttaly. due to their greater amounts of winter l]ght
Much of the tnnl\ research on the use of plastics in agriculture
was conducted in France. Spain, while coming late to the use of
plastic greenhouses, today leads Europe in the area planted to
areenhouses.

Table 40. Plastic greenhouses in western Europe
1990-91 (ha.)

Country ha. Country ha.
Belgium! .o 175 The Netherlands ..300
Cyprus refand! oo 50
Denmark! ltaly

EnglandI . Norway

Finland Portugal

France ... Spain

Germany ! Sweden

Greece .. Switzerland ...

Ltusshonses are either as common or more connon than plastie greevibonses,

Sonree: CHPA

Belgium. Belgium has a relatively large protected agriculture
industry. As mth the ’\Iethmlamk much of the pmdmtmn is
e\pnrted Belgium currently has more than 2.200 ha. of glass
greenhouses but is demonstmtma increased interest in the less
expensive plastic. Glasshouse I)I‘()(l[l(tl()n in Belgium has shift-
ed from fruit to vegetable production. for the most purt; 1.600
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ha. are planted to vegetables and the remuaining 600 ha. are
planted to ornamentals.

As shown in Table 40. plastic greenhouses cover 175 ha.
Approximatelv 500 ha. of the greenhouse vegetables are plant-
ed to soilless media, 470 ha. to rockwool and 30 ha. to NFT.
Plastic greenhouses are generally used for the forcing of straw-
berries, followed by cucimmbers. or a late strawbern: crop.

Most of the muldnmr is with black polvethy lene. covering,
2.000 ha. Row covers are used on about 300 ha. and there ure
2.500 ha. of ﬂ(mtmu row covers, niostly .05 mm polvethvlene
with 500 holes/m2 f()l ventilation.

Exports. principally to France and Germany, consist mosth
of lettuce, followed by tomatoes and then cucumbers.

England. British growers have long used glasshouses and have
been slow to recognize the potential of plastices in agriculture.
The 350 ha. of plastic greenhouses in England represent only
about 10 percent of the total area covered.

The greenhouse industry started in the late 1800°s with sim-
ple wooden structures covered with glass. In 1982, the green-
house area was approximately 2,718 ha. Of this. 797 ha. were
used to grow tomatoes, 233 ha. for cucumbers, 1.375 ha. tor let-
tuce, and 313 ha. for other vegetubles. Of this area, 24 percent
of the greenhouses were built betore 1960. 52 percent between
1960 and 1973, and 25 percent between 1974 and 1982 (Girard
19%4). Since 1992 growth has been muainly in plastic structures,
with increasing usage of plastic for semi-forcing of vegetable
crops and winter protection of nursery stock.

England has been a leader in d(l()ptm(r energy-saving tech-
nicques to oflset increased fuel costs since the early 1970%.
Thermal screens have been widely adopted with the use of
polvester/aluminum materials. Since the first use of perforated
polvethyvlene film in 1982, the area covered has increased annu-
ally by more than 1,000 ha. By 1990, the area using floating. or
direct covers, was nearly 10,000 ha. Most of these covers are
made of polvethylene, but the use of non-woven materials is
increasing (Brighton 1990).

The \vh()lesale markets still plav a very significant role in the
distribution of praduce. These markets are sited principally in
or near large towns or citics. They receive local and imported
produce which is consigned to them to be sold, on commission.
to secondary wholesalers and retailers. The role of these mnar-
kets has been declining. however, as u greater proportion of
produce is going directly from the grower to large supermarket
chains.

France. Since 1965, France has been a major developer of pro-
tected agricnlture techmology. France's leadership. and growth,
in all aspects of protected agriculture are illustrated in Tal)]e 41.

Due to the advances in climatic control under cover, the use
of soilless techniques has brought more area into the cultivation
of greenhonse crops.

Greece. Since joining the EEC. Greece has experienced sub-
stantial growtlt in the greenhouse industry. In 1970, the area
devoted to plastic structures was 1.200 hectares. Twenty years
later the greenhouse industry grew to over 4.200 hectares.
Glasshouses are expensive in Greece. Because of this, and the
low income of the vegetable growers. nearly all of the green-



houses are of plastic. They are usually very simple in construe-
tion, consisting of a wooden frame with vertical supports or
tubular cunvilinear frames (high tunnels). The structures are
unheated (Dalrymple 1973).

Table 41. Growth of prgtectgg! agriculture in France

Year/hectares
System 1965 1975 1985 1988/89
-hectares-

Plastic mulch 2,500 35,000 80,000 100,000
Row Covers

Supported 1,600 7,000 22,500 24,850

Floating — 20 4,500 8,000
Greenhouses ! 100 1,700 5,540

5,000

Iplastic greenhouses - Source: Brun and Printz, 1990

The main crops are cucumbers and tomatoes. Other crops
are eggplant, peppers. squash. and strawberries.

A large area is planted to row covers. Recent data is scarce:
20 years ago, Greece had some 1.266 ha.of protected agricul-
ture. used primarily for watermelons (Dalrymple 1973).

The Netherlands. The Netherlands has a long history in the
greenhonse industry. Almost all houses are of glass: plastic
mulch and row covers are rarely used.

While many growing te(lm()logles have been invented in
neighboring countries, the research community and farmers
of the Netherlands are experts in putting new ideas into prac-
tical use. A good example is the use of rockwool as a growing
medium. Rockwool was invented in Denmark. [t was perfect-
ed for use, on a large scale. in the Netherlands. The
Netherlands™ large research community provides valuable
technology that has made the Dutch fanmers some of the
largest pl()(lll(E‘lb of vegetables and flowers. for export. in the
world. The growth of the Netherlands greenhouse industry is
shown in Table 42.

Early in the century, the greenhonuse area was modest. After
1912, it grew rapidly. eqpeuall\ in vegetables and fruit produc-
tion. Thew was little change between 1940 and 1950, due to the
recovery period after the war; since then, the industry has
e\pande sharply in vegetables and tlower production.

Table 42. Estimated utilization of greenhouse area of
the Netherlands, 1912-19901

Year Total Vegetables Fruit  Flowers & Ornamentals
-hectares-

1912 194 109 85 —

1940 2367 1214 866 287

1950 2342 1270 789 283

1960 4048 3077 474 498

1965 5960 4742 316 902

1970 7249 5374 211 662

1990 9600 4800 NAZ 4800

]f\lu.\-llg/ taken from Dealrymple (1973
ENot acadlable.

- TECHNOLOGY TRANSFER BETWEEN NATIONS

Until the 1980°s, much more area was devoted to vegetable
production than flowers. Since then. increased competition
from southern Enrope and North Africa has caused many grow-
ers to switch from vegetables to flowers, especially from 1975-
1980 in the Westland region of the Netherlands. The moderate
climate in the Netherlands is excellent for high quality flower
production. This climatic advantage over mami' other countries
in Europe gives the Netherlands a competitive edge in floricul-
ture which it lacks in vegetable production, which requires
higher light levels. This is especm]h so in tomato and cucumber
production.

Since 1940, the area of fruit production bas steadily dimin-
ished. Grapes and tender tree fruits such as peaches und plums
were once the major fruit crops. Increased competition from
imported produce and obsolescence of the glasshouses used to
grow the fruit has made fruit production unprofitable. It was
not economical to replace the structures and plantings when
cropping alternatives existed. Also. it was a problem to obtain
suih(lent labor for the short period involved in grape thinning

(Dalrymple 1973). Fruit production in glasshouses therefore is
tast becoming a thing of the past.

Of the 9,600 ha. of greenhouses, 4,800 ha. are tor vegetable
production (Table 43). In all there are about 7,000 greenhouse
vegetable farms growing tomatoes, Boston lettuce, cucumbers,

radishes and bell peppers in a dozen colors. accounting for 50

percent of the total production. The remaining 20 percent of
production includes 120 vegetables, such as 1(el)ercr lettuce,
bok choy, eggplant. Chinese cabbage, fennel. zucchini, broc-
coli, and radishes {Anon. 1992).

Rockwool was introduced in 1975, after being used on a lim-
ited scale in Scandinavia in the early 1970%. In 1958, 3.500 ha.
of greenhouse crops were grown on artificial substrates; 2,500
ha. were vegetables and cut flowers and 1.000 ha. were pot
plants on peat mixtures. Rockwool was used, therefore. for 40
percent of the total greenhouse area. The transition from soil to
rockwool, espeual]\ with cut flowers, is expected to accelerate
in the near future (Sonneveld 1988).

About 80 percent of the vegetable production is exported.
Primary markets are Germany. Great Britain, France, and
Scandinavia. In 1991, a total $18 million kg. of vegetables were
e\pmfed Germany receiv ed 24 percent and Great Britain 7.4
percent.

The U.S. is a growing market for Dutch produce. especially
peppers. Pepper Shipments have grOown from 4.000 tonnes in
1956 to 10,000 tonnes in 1991. In 1991, the Central Bureau of
Fruit and Vegetable Auctions in the Netherlands dedicated
one-fifth of the Bureau's $1.4 million pepper promotion to
developing the U.S. market.

Nearly all the growers sell through the Dutch auction system,
which is snceessful because of a calehll quality grading svstem.
By January 1992, all the auctions were connected by a comput-
er svstem. Buyers, representing many wholesalers and retailers.
bid against a clock that starts at : 1]11Uh price. As the clock nee-
dle falls rapidly across descending prices, huyers punch a but-
ton with split-second timing to ensure the\ get the desired
quantity at a pnce the_\ are wlllm(g to payv.

The anctions constantly test products tor shelf life and post-
harvest durability. Auction cooperatives are funded by grower
fees based on a percentage of sales. Growers are also charged
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tor specitic semvices, such as precooling. Grower-member dues
pay for all the national promotion and rescarch projects. The
growers receive pavment on the Wednesday of the week fol-
lowing the sales of their products.

le anction burean produces daily and weekly reports on
auction volumes and pn(es It also tuu]\s hurvest expectations
three times a vear. .Lettmg data from growers about area pltmt—
ed and planting date information.

Greenhouse flower production and narketing in the
Netherlands is the most advanced in the world. ITn 1957, the
Netherlands supplied 71 percent of the total world exports, up
from 66 percent in 1980, In general. the Duteh have focused all
their resources on a strategy to p]o\u]e a (‘()uxmntl\ expandmg
range of top quality flowers to the world marke tpld(t* (Morrow
1989). Dutch success is attributed to a number of factors:

- A strong domestic industry with a long history of flowers

l)m(ln(‘tinn.

- An economy that is historically export-oriented.

- Year-around av ailability of a broud variety of flowers.

- Continual innovation as a result of extensive research

and development.

- Geographical location,

- A sophisticated flower auction {Aalsmeer).

- Promotionul efforts.

The Dutch floricultural industry provides considerable
emplovment. with more than 16,000 small producers growing
flowers on as little as one-tenth of a hectare of land. and many
morce emploved in related activities. Such farmers are able to
net more than $45.000 U.S. per vear as a result of technologi-

cally sophisticated and intensive p]()ductl(m pructices.

The 1987 value of the export cut flower market to the
Netherlands was $1.3 billion U.S. (fob). The value for
Colombia. the world's second largest exporter. was $17-4 million
U.S. Tuble 43 shows market shares for these and other flower
exporters.

For the Netherlands to maintain its position as the precemi-
nent flower and vegetable exporter of the world, the producers
have had to be innovative and responsive to market changes.
Technological improvements have allowed the Dutch growers
to produce flowers previously unavailable in The Netherlunds.
and in other countries. and to greatly extend the growing sea-
son despite adverse climatic factors.

Continued success is also due to vewsly trade fairs, advertis-
ing, horticultiral exhibitions, and educational programs.

Italy. Although it is not well known, [taly has the second largest
arca under cover in Europe. The greenhouse industry expand-
ed tfrom 624 ha. in 1960 to over 3.000 ha. in 1970, and then to
15,500 ha. in 1990. Most of this tremendous growth has been
under plastic. More than 50 percent of the total area is heated
and most of the production is in vegetable crops.

Nearly all of the expansion in vegetable production has been
absorbed inte rnally, Imports were ledn( ed and exports showed
no particnfar | (fm\\t]) Dalrvmple 1973). Ttaly is also o large user
of plastics for mulching and row covers. Data on exact area cov-
ered by plastics is not available.

Portugal. Tn 1970, protected agriculture in Portugal consisted
onlv of low plastic row covers for vegetable production and
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approximately S8 ha of ureenhouses nsed exclusively for Mow-
ers (Dalrvmple 1973). In 1990 the International Committee on
\lm(n]hne Plastlcs in Paris. estimated that P(ntmml has more
than 2.500 ha. of plastic grecnhouses.

Table 43. Cut flowers - market shares (%) of values of
worldwide exports

Suppliers 1979 1381 1983 1985 1987
Netherlands 64 64 62 65 71
Colombia 7 0 it 12 9
ltaly i 7 8 5 5
Israel 8 8 7 6 6
Spain I I 2 2 4
Thailand 2 2 | 2 |
France 2 | | | !
Kenya I | | | I
USA | | ! ! 0
TOTAL 95 95 92 93 97

Sonvee. Morvowe, JYST

Spain. The Canary Islands. off the coast of Morocco, and the
S.E. Mediterranean regions were the first Spanish regions to
wse protected agriculture. For years, the Canaries have been
major supplier of horticulture products to Europe during the
winter months. Plastics were first introduced for agricultural
use in Spain in the late 1960°s. Plasticulture was quickly adopt-
ed in the province of Almeria. where previous attempts to
develop the region for agriculture were unsuccessful. The
ground was practically uncultivated, and vegetation was scarce
and often devastated by grasshoppers. While the climate is
warn, water is scarce. the soil is often saline and strong winds
frequentlv bultet the area.

Grecnhouses. Almeria today has been transformed from a ven
poor region into ilmmense sea of 14,300 ha. of plastic green-
houses. This region produces the earliest crops in Europe, some
of which are consumed internally and the remainder exported.
While the region was nonproductive, residents often migrat-
ed to other areas of Spain. Today, 90.000 people reside
Almeria: and more than 60 banks and savings orzanizations
operate in the arew, which is an indication of new prosperity.
Lack of water for irrigation hus inhibited the rate of increase
in Almeria. However, in the adla(ent provinces of Murcia,
Alicante. and Granada, with more abundant water and a similar
climate the area covered by greenhouses is rapidly increasing,
In 1970. there were only 300 ha. of plastic covered structures
in Spain (Dalryimple 197 33, Almost 30 vears later, this area has
agrown to more than 25,000 ha. (Table 44,
Mulches. Polvethylene film coverage has risen dramatically as
well, In 1983, mulch was used over an area of 32,800 ha.: by
1987 this figure exceeded 53.000 ha., for an annual growth rate
of 16 percent. Almost all cotton and melons are grown on
mulch, and other produce, such as asparagns, are also being
grown ou a mulehed soil.



Table 44. Growth of protected agriculture in Spain,
1967 to 1990

System 1967 1971 1976 1980 1985 1990
- hectares -

Mulch — 4,000 17,000 26,000 40,000 56,000

Row Covers —- 2,500 3,500 4,500 11,000 19,000

Greenhouses —- 2,000 5000 10,500 20,000 25,000

Sotveer fobledo de Pedve, TYSY

From 1983 to 195S. the use of row covers

increased 40 percent per vear, from 6.200 hi to 16,750 ha. This

Row Covers.

increase is due to two factors:

- The growth of strawberry cultivation and the use of low tun-
nels inside greenhonses for the production of crops such as
carly: melons and watermelons, which are planted
January,

- Wide climate variations in January during the preceding
three vears: ]I("l\\ frost and severe (]mps in temperatures
(s Tow as -6°C in 1983) in warner regions ol Spain cansed
considerable erop damage.

Dip evication, The most inportiant ase ol (iril) irrigation in
Spancis b brait G esoe ith 65000 Ta under caltividion, Citrs
Bonit accammt for 30,000 heeand vegetables are i third place,
wiliy 27.000 L. of which 15.000 i o
areq inside these yreenbouses is watered it drip irvication.

cinerecnuhonses. Al the

There are several reasons Tor the vapid crnci of protected
agriculture in Spain. Firstathongh Spain has wariny and simmn

agriciltural regions. many arcas receive less than 200 mm of

v per vear,

Drip irvigation has proven the most efficient means of apply-
ing water in water-deficient arcas. Plastios permit the produe-
o ol very early cops, such as owers. strawberries, asparagus,
and other vegetables, The use of plastics is greatest along the
Mediterranean.

Other factors contributing to the urowth of protected agri-
cnlture in Spain ave the veny high rate of domestic consimption
ol vegetables and the close proximity of w ready market for
Spain’s high valne winter crops.

Thanks to improved tecdmology, less profituble crops Tave
heen replaced by more profitable ones.

Land once nsed entirely for cereal production is now nsed to
arow crops of higher valne. snch as strawberries, melons.
asparagns, and even cotton. In the sonthern provinee of Hnelva.
over 4,000 ha. of strawherries have replaced cered crops.

Undonbtediv, Spainis the Enropean leader in the application
of protected 4(’11(11|t111(1| systems i the production of hoth hor-

ticultnral and agronomic crops.

EASTERN EUROPE

Since 1960, there has been a sharp expansion of greenhonse
construction in the areas of the former the Soviet Union and
the other nations of Eastern Enrope. Table 45 lists the approx-
imnate hectares ol ])I:l.\'ti(‘ greenhonses in Fastern Errope.

Hungary. O all the comntries in Eastern Europe. TTungary
mav he the most active in the rescarch and developiment of pro-

TecHNOLOGY TRANSFER BETWEEN NATIONS

Table 45. Plastic greenhouses in Eastern Europe 1990-

1991.
Country ha. Country ha.
Bulgaria ..oeceeriiieerrrcrennenns 1,350 Romania ..., 3,500
Former Czechoslovakia ........ 750 Former US.S.R. ... 4,800
Hungary ... 5,500 Yugoslavia ....ccoceveeenn 440
Poland ..o 1,500

Sonree, CIPA

tected agriculture. Such research began in 1958 and Hungarian
scientists have worked closely with the plastics industry ever
since.

Because [Hungary lacks fuels for heating greenhouses,
rescarchers have developed a method using groundwater and
thermal water as an economical way to warm greenhouses. The

“Hvdrosol” ilm greenhouse has a double wall of polvethvlenc.
Grommdwater from surrounding wells is spraved between the
film Tavers at the peuk of the structure from a perforated pipe.
The water Nowing down the plastic fihn loses its encrey
between the Tavers ol plastic, thus forming a heat insulating
laver. Vegetables can be kept frost-free in these honses even in
the coldest of Flungurian winters. The tonmato trait ripens is 30-
W davs carlier using this svstens than in a single film honse
without heating,

Tu (965, Hungan had a greenhonse area of 670 ha, By 1956
by 1990, to 5.500 ha.
Onlvabout 100 b e glass. The major crops grown in the plas-

this had grown to more than 43500 b

tic ”I'(‘(‘Illl()ll\'(*' are tomatoes. peppers, lettuce. s‘pinzwh_ pars-
lev. and sorrel (Dalnvmple 19730

Since the mid- 1970, loating row covers have been widely
adopted for lettuce. cabbage. ((mhl]()\\(r kohl-rabi, and eal]\
potwtoes. as well as those crops needing more warmth. such as
pepper. tomato. cuciunber, wnd miclons, Ly 1990 it was esti-
mated that over 1.000 La. of
Hangan,

“Hoating covers were nsed

Other Eastern European Countries. Recent statistical
information is not available for most of the countries.
Dalnmple (1973) reported that the greenhouse indnstry in the
tormer Soviet Union grew from 479 ha in 1965 to 2166 ha. in
1970, Plastic stractures are common, and maost ol the green-
houses are located in the central and northern regions.

During the 1960
operation on large stute or collective furms close to the larger
cities. The largest of these. the Moscow State Farni, has nine
wnits, cach nearly 6 haes for actotal arca of 54 ha, Other large
arcenhonses are found outside St. Petersbure (Leningrad? (40
ha.r. Kislovodsk. Simferopol. Minsk, and Kiev, Several simaller
Moscow

s. oxtensive creenhouse facilities were in

specialized farms 1391 were on the ontskirts of
(Dalrvmple. 19730, The most advanced greenhouses were pur-
chased from the Netherlands.

In the tormer Czechoslovakia, now the Czech Republic and
Slovakia. many of the greenhouse Tacilities are state-owned.
Large grecuhouse complexes were connected  to - electrical
power plants, with warm water from the generating plant nsed
tor hieating the greenhouses. The facilitios were not designed
for competition with w free market econonmiy, sinee they were
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In Ching, re<earch tuals are Conducted on the use of prot ecred agriculture systems.

heavily subsidized by the state. Since the reconstruction of the
Czech vovernment and the opening of the borders to imports,
the Dutch have Hooded the market with greenhouse vegetables
and flowers, products cheaper to ])l()(]l,l(t‘ abroad than in the
two republics.

The state operates 350 ha. of plastic greenhouses as well as
300 ha. of glasshouses, which are used mainly for the produc-
tion of ornamentals {(Anon. 1990).

The private sector will be more ready to modernize the
greenhonse industry and position the industry for free market
competition. The private sector already accounts for more than
half of the area of plastic greenhouses — the 400 ha. located
mainly in south Slovakia.

Floating cover (35 ha.) is also expected to help with the devel-
opment r)i protec ted urn(ultuw in a free market.

Recent agricnltural advances in Bulgaria, especially in hor-
ticulture and tobacco production. have been closely linked with
the increased use of protected agriculture. Low density poly-
ethvlene and PVC are the materials most widely used for cov-
ering crops (greenhouses, low tunnels. and floating covers). for
mulch, and thermal screens. In 1986, the total area for protect-
ed agriculture was 2250 ha. Plastic grecnhouses account for
some 1,300 ha. and produce more thdn 130.000 tonnes of fresh
vegetables. t.e., 14-15 kg. per inhabitant. In addition to plastic
greenhonses, there are 50 hae of glasshouses (Tzekleev etal.
198S). The dl)l)]l(..lfl()l] of plastics is rupidly extending into
flower production, fruit tree nurseries, viticulture. forestry. and
other crops.

Current information about Poland, Romania, and
Yugoslavia is not readilv available. except for those statistics
listed in Table 45

AFRICA AND THE MIDDLE EAST

Israel is the only country in this region which has had un exten-
sive research and development program in protected agricul-
ture. Table 45 lists the approximate hectares of plastic green-
houses in Africa and the Middle Eust.

106

Israel. Israel has a wide range of horticul-
tural crops under plastic. The greenhouses
range from very simple structures (high
tunnels) to houses with highly sophisticated
climate control equipment, which are used
almost entirely for flowers. Much of this
praduction is exported to Europe.

In 1987, Israel was the third largest cut
flower exporter in the world (approximatels
U.S. $122 million). Given the country's
favorable climate, Israeli growers were able
to produce flowers at lower price by using
protective netting or plastic rather than
energy intensive glasshouses (Morrow
1989).

Today, production is dependent on over
3.500 growers who work un average area of
2 to .4 hectares. Most growers live in coop-
erative villages, or " These pro-
ducers are served by a well-organized

“moshavs.”

extension service and a marketing and dis-
tribution network co-owned by the government and the pro-
ducers. To remain competitive in the world market, Israelis
will have to continue to reduce the labor input and other pro-
duction costs, diversify into flowers with higher returns, main-
tain close contact with their markets, and continue their
research and development efforts to produce new and better
markets.

Table 46. Plastic greenhouses in Africa and the Middle
East, 1990-1991

Country ha. Country ha.
Algeria . .5,000 Libya ... 1,000

Egypr . .1,000
Israel . 1,500

Morocco ...
South Africa .
Tunisia . 1,100

Turkey ...

Sonrie: CIPA

Turkey. While it is not widely recognized, Turkev has a large
and expanding greenhouse industry. Turkey constructed its
first greenhonse at the coastal citv of Antalva in 1‘)4(')
Dalrvmple 1973). In 1965, there were 600 hectares of pro-
tected agriculture, by 1972, 2.000 ha.; and by 1990, more than
9.500 ha.

Since 1968, Turkey has received substantial assistance from
the United Nations Development Program. with emphasis on
determining the most applicable svstems of greenhouse pro-
duction for local conditions. This inv estigation led to improved
methods of construction, heating, and watering.

Middle East Countries. Algeria, Morocco, Tunisia and Egypt
have all demonstrated great increases in the use of protected
agriculture, The only statistical data available are the estimates
in Table 46,



ASIA AND OCEANIA

Asita is by fur the largest user of protected
Lm\cultuw In China, whether in a rural or
urban setting, one sces thousands of
hectares covered with plastic as mulch, row
covers, and greenhouses.

Table 47 lists the hectares of the different
systems used in each of the major users of
protected agriculture in the regions of Asia
and Oceania.

Australia. Australia’s protected agrienltur-
ab industry is small, primarily becanse of the
comntry’s low population. Nevertheless,
Australia has had an extensive research pro-
gram in greenhouse agriculture, mainly
through the government-operated CSIRO.
National data on protected agriculture is
not available,

TECHNOLOGY TRANSFER BETWEEN NATIONS

Cucumber cultivars, specifically bred for greenhouse production, are grown mostly m soil.

China. Approximately 2,567,000 hectares

ol plastic mulch are used in China on all

tpes of vegetable crops, as well as cotton, sugarcane. corn, and
pesurits. China fias more than S0,000 ha. of plastic row covers
and 43000 ha. of plastic greenhonses.

Table 47. Protected agriculture in Asia and Oceania,
1990-1991

Country Muich Row Covers Greenhouses
-hectares-

Australia Nal NA 600

Japan 195,000 61,000 42,000

China (PRC) 2,867,000 80,000 48,000

South Korea 267,585 9,500 22,000

ENar an atlable

Another 5.000 ha. wre covered by traditional Chinese lean-to-
wall type greenhouses, nsed for the most part to grow vegetable
scedlings. However, only 50 ha. of large modern glass green-
houses presently exist in China, mainly in the nmtheaslem SCe-
tion of the country. With this exception. all greenhouses are
unheated except for some of the lean-to wall structures used for
transplant production. Bamboo is commonly used for green-
Louses in most areas of China. since monev for steel pipe is lim-
ited.

Plustics are used privarily to extend the growing season, both
in the spring and the full. In many areas of China. S0 percent of
the farmers use plastic mulch; some farmers have over 70 per-
cent of their crops planted this way. In the spring. up to 30 per-
cent of the vegetable crops are covered with plastic row covers.
Many vegetable crops are commonly started in plastic green-
houses: the plastic is removed in the early
summer to facilitate ventilation. Plastics for
greenhouse use are either p()]\et]n\]em- or
\m\] The muleh is normally made of poh-
eth\]ene in a variety of { colors, with clear
pwdonmmtmg The Clinese government
subsidizes the cost of the pld\h(s to the
farmers.

The use of plastic row covers for veg-
etable production began in 1972 und plas-
tic mulch was introduced in 1978, This
innovation sprt-ud quickly in the next con-
ple of vears (Tuble 48). The rapid growth of
the _Q]t‘t‘llh()u.\t' industry has made it diffi-
cult to maintain accurate. up—to—date statis-
tics: however, in some regions, the use of
plastics for greenhouses nearly doubles
annually.

Various hydroponic methods, such as the NFT system, are being tested m China for green-
house vegetable production.
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Table 48. The development of L)lz}stﬁicﬁ lhll!ch in C“ﬁ‘?a,

Year Area (hectares)
1979 44
1980 1,666
1981 20,920
1983 629,133
1985 1,500,000
1987 2,266,666
1989 2,867,000

Sotree: Huang, 1959

The government of China has an active, on-going research
and development program in protected agriculture, not only on
the federal scale, but also at the provincial and municipal level.

Japan. In Japan, the first methods of protected cultivation
were developed in the 1600°s when il paper and straw mats
were used to protect crops from the severe climatic conditions.
After the Meidji cra, approximately 100 vears ago. the first
European type glasshouse was imported and built at the agri-

cultural experiment station in Tokvo. The commercial use of

glasshouses was limited to partlcuLu crops in areas near large
cities.

Tt was not until 1951, after the introduction of PVC film. that
protected cultivation became widespreud and its benefits to
agriculture fullv appreciated. Paper covered tunnels were
rapidly repl: wed by tunnels of PVC film. Traditional wooden or
bamboo frames were first replaced by steel. then aluminum.
and in some cases, plustic.

Today the area of Japanese greenhouse cultivation exceeds
42 000 ha. The energy crises in the ewly 1970's severely aftect-
ed the growth rates of greenhouse \(’O’Ptdh]e pl()du(tl()n how-
ever, thlb was offset by the rapid increase in pomiculture {fruit
crops).

In 1976, the area of pomiculture surpassed floriculture. This
growth is expected to continue, eventually to more than twice
that area devoted to floricultural crops. T()(la\ the total green-
house area in fruit crops is 7.500 ha. This includes 1.9 percent
of the total area of pomiculture as well as the hectarage plant-
ed outdoors. Viticulture accounts for 84 percent of the total
area in greenhouse fruit production: oranges and pears account
for much of the rest.

This rapid increase in greenhaonse fruit production is because
of: 1) increased vields, 2) better quality froit. and 3) blueprint
planting and harv esting. Yields and fruit quality, in particular.
are dramatically improved becanse of better control over dis-
eases. insects. rainand wind.

More than 60 percent of [apanese greenliouses are unheated:
thev depend on the large heat mass of soil and thermal insula-
tion propertics of various filins. Takakura (19991 describes the
very high emissivity of PVC film for long wave radiation {simi-
lar to glass). which creates slightly higher night air temperatures
in the greenhouse. This improvement in the thermal environ-
ment gives PV ilms a competitive advantage over the lower
price o polvethlene.

In Japan. the big advantage of plastic greenhonses is that the
“filin can be removed dmm'«ﬁr the warm summer months. With
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plastic, also. thermal insulation can be improved by multi-laver
coverings.

The inside row covers are primarily used for growing
seedlings; thev are usually removed when the crop matures.
Opaque sheets can also be applied at night. Floating mulches
are bec()ming a p(,)pl,lhu' alternative to inside row covers.
According to Takakura (1988). more than 90 percent of the
heated greenhouse« have at least one laver of thermal screen
which is movable.

Temporary protective structures, called “rain shelter green-
houses™ in Japan have rapidly become as popular in Japan as
they are in Korea. In Japan. they have tound special application
in fruit and leafy vegetable 1)1()(111( tion. Of the 2.400 ha. cov-
ered this way in 1983, 85 percent was planted in tomatoes and
spinach. These structures have drastically reduced the inci-
dence of disease and fruit injury. e<pt‘udll\ bacterial canker on
tomato and downy mildew on spinach.

Greenhouse agriculture covers less than 1 percent of the total
arable land in Japan. Despite this low percentage. greenhouses
provide most of the main vegetables consnmed in Japan, with
signiﬁcunt pl‘oduvtion of tomatoes. cucumbers, green peppers,
and strawberries (Table 49).

Table 49. The percent of vegetable production in
_greenhouses to total production (1984)

Crop. 1975 1979 1983
Eggplant 32% 35% 37%
Tomatoes 34 40 54
Cucumbers 49 53 57
Pumpkins 31 37 37
Green Peppers 60 66 65
Strawberries 81 85 89
Watermelons 63 73 77

Lettuce 28 30 32

Source: Takakura, 1985

South Korea. In Korea, the cultivation of crops in protected
structures began in the 1920°s with the use of oil paper and
accelerated mth the introduction of PVC film in 1952 and poly-
ethylene in 1955 (Anon. [983). In the last ten vears, crop pro-
duction in plastic covered greenhouses has multiplied six times
over, from 3100 ha. in 1975 to 21.000 ha. in 1986. The area cov-
ered with plastic row covers totals 9.500 ha., an increase of 290
percent over the acreage in 1975 ( Park 1985). Most plastic cov-
ered greenhouses are constructed with steel or plastic pipes
that are fabricated into single- or multi-span type structures.

Crops are mostly vegetables — tomatoes, cucumbers, mel-
ons. and cabbage. A variety of ornamental crops are produced,
especially cacti and orchids, as well us several temperate and
tropical truit crops.

Plastic film is particularly valuable for temporary protection
in fruit production. These structures provide protection against
adverse weather. including low temperatures, rain, and strong
winds. They also prevent disease and damage by insects and
birds. thus improving fruit quality. Korean pl wstic greenhouses
are widely used for such crops as grapes. oranges, and pears. To



force grapes for carly maturity, the structaral frames are
installed in Noveinber, before the arrival of cold temperatures.
The plastic films are added in late February or early March.
Normally a system of double glazing is used. When the inside
temperatures reach 30°C, the houses are ventilated by opening
the covered films. The plastic filin is removed in fate May or
early June, in order to allow more sunlight to reach the crops.

TECHNOLOGY TRANSFER BETWEEN NATIONS

This procedure has resulted in earlier harvest and better fruit
quality.

An alternate method of top covering for viticulture is to build
a plastic quonset-type structure over the grape vines. This
method is particularly useful during the budding and flowering
stages to give temporary protection from heavy rainfall and

wind.

il b .
P T L v

In South Korea, vegetable production in plastic tunnels has mncreased six fold from 1975-1986.
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DEVELOPMENT CONSTRAINTS,
RESEARCH NEEDS AND
THE FUTURE OF
PROTECTED AGRICULTURE

In the next decade. there will be many new developments in
protected agriculture. We can look forward to fascinating new
techmologies in mulching and covering materials, as well as new
energy conservation methods and wavs to control environments
tlmm(rh the use of computers. artificial intelligence. and robot-
ics. Genetic engineering and biotechuology also promise excit-
ing developments.

Kev focal points for research and development will continued
to be pest und diseuse control. better product nutrition and
appearance, improved shelf life. and new methods of harvest.
rapid transportation, and marketing.

A countrv’s competitiveness — dcspitt,' increases in lubor,
production. transportation and marketing costs — will d('pend
greatly on its willingness to invest in research and extension.
and to search for new. innovative ideas and technologies.

How communities and countries not enwwed in uny system
of protected ugriculture imight enter the m(nket place is indeed
a major challenge which deserves utmost analysis and attention,

This chapter dmls with imany of the deve I()pmcnt constraints.
the research needs. and the future of protected agriculture.

DEVELOPMENT CONSTRAINTS

In many regions of the world. it is difficult for any svstem of

protected agriculture to compete with open field a(rn(ultme
(OFA). E(()]l()llllLd”.\, for example. greenhouse vegetable pro-
duction in the United States is almost prohibitive for five sepa-
rate hut interdependent reasons:

1. The diverse climate in North America (nnlike the fairlv
homogencous climates of Japan and Enrope) permits con-
ventional field production of vegetables somewhere on the
continent during any time of vear at relatively Tow cost.

o

LA rupi(l and effective nationwide transportation svstemn
makes local food production for individual regions or com-
nmimities nnnecessary.

3. The already high capital and energy costs for greenhouse
agriculture has nmeased al: mmn‘rl\ since the mid-19707s.
\\lth no concomitant lncakt]n()ug]ls in CEA design or
materials to mitigate these costs.

4. Few chemicals for diseuse und pest control have been
cleared by the U.S. government lor use in greenhousces.
and the market is too \nm” tor mannfacturers to undertake
the expense of registration.

. The technical and economic perils of greenhouses reqgnire

)

an unusual management mixture of hiological and engi-
necring sciences. as well as informed and aggressive mar-
keting. Such combinations are rare.

The impact of the climate is significant. and the least possible

1o

to manipulate. Were no other vegetables readilv available in the
United States at low prices during domestic “off seasons,” the
higher costs of greenhouse \'e(retal)le production would not be
xn(h @ competitive disadvantage. Parts of the southern United
States and northern Mexico can and do grow winter vegetables.
During the past 10 vears, Mexico greatly increased OFA off-
seuson exports to the United States, pdlh(llldtl\ of tomatoes,
one of the most profitable greenhouse crops. These Mexican
imports have reduced American off-scason peak prices. leading
to even smaller profitability margins.

Probably the most iimportant aspect of the American truans-
portation svstem, for fresh produce, is the interstate highwavs
and related networks.  Low-cost. rapid. frequent. precise l)—
timed delivery of open-field vegetables from any growing area
to any nnulw-t region dn\\\lle]e in the United States is now
taken for granted. Since no community must provide its own

vedel: lblm the potential tor off-season. local greenhouse pro-
duction is greatly blunted.

The third reason for the static greenhouse vegetuble industry
in the United States - the high cost of capital structures and
energy inputs - has remained technically intractable because of
minimal market demand. Few answers have been found
hecause few have been sought. T the last full-scale techinology
assessinent of CEA (Anon. 19771, a theoretical new design was
postulated to reduce capital costs 60-S0 percent, while reducing
inputs of purchased encrgy to newrlv zero by utilizing solar
energy. No such structure has been built, The most significant
technical improvement required. @ longer-lived, lower-cost.
sclectivelv-transparent plastic film, is believed to be within the
capability of manufacturers. No such filin has been made avail-
able.

The fourth reason requires no further explanation. While
European greenhouse operators use a variety of chemical con-
trols for plant discases and pests. and while a large number of
pesticides and herbicides are cleared for OFA use in the United
States. lew chemicals have been approved for American green-
honses. Chemical manutacturers are wnwilling to spend the
large sms necessany to obtain clearance as long as the market
is small.

The fifth reason for a dormant U.S. greenhouse vegetuble
industry - the lack of interdisciplinary s'upport and management
- is not nerely a contemporany “hard times™ phenomenon. This
is evident by a review of hvdroponic CEA commercial fuilures
called that) of

American hydroponics during the late 1960°s. At that time. mar-

during the Trief “golden™ cra (il it could be
ket dentnd was growing, pmchase(l encrgy was cheap, strie-

lll](ll materi: l]\ were lllt‘\l)t‘l]\l\ﬁ L()l]ll)b‘tltl\( ht’](l (l()l)\ were



not extensively imported, and high-risk investment funds were
readily uvailuble. Even then, the failure rate was high.
vdmpom( s is an inherently attractive, often ov emlmphfled
technology, which is far easier to promote than to sustain. A
\ve.lh)es> in any of a number of technical or economic links
snaps @ complex chain. And weaknesses due to management
inexperience or lack of scientific and engineering support have
been common. The list of problems plaguing hvdroponic oper-
ations is long: low vields. nutrient-deficient and unattractive
crops, plant diseases. insect infestution, summer overheating,
winter chilling, undercapitalization. odd promotion schemes,

indifferent cost accounting and, the most lethal, ignorance of

the subtleties of produce nhuketmw The energy crunches and
embargoes of the early 1970°s were less a mortal wound to
many hydroponics operators than merely a coup de grace.

Given this background. one of the most surprising things
abont U.S. greenhouse vegetable hydroponics is that it exists.
There are still strong lewls of popular and corporate support.
During the past five vears, several American corporations have
developed new prototype commercial hvdroponic svstems.
Thesc do not appear to have been economic successes, vet at
least three other large corporations, undannted. are known to
be planning projects of their own.

Some of the same constraints may exist tor growers in less
developed countries (ILIDC), as well as a number of additional
issues which may hinder many nations from entering the mar-
ket place.

Many of the common problems outlined by Morrow (1959)
for LDC growers in entering the market place include:

- poor reputation.

- inadequate market information. and

- lack of market presence.

A common problem is inadequate technology on the particu-
lar system of protected agriculture and the lack of management
and business  skills. Mdm countries do not have trained
research and extension persmmel in protected agriculture.

Poor reputation is most often based on problems ol quality
and reliability, including unreliable grading standards and con-
sistency in l()llo\\mtf the even good standards, H Harvesting and
pac l\mﬂ procedures lmln(hm1 containers. refrigeration, and
adequate transport vehicles and roads may also be deficient.

Fxperience has shown that even if pl()(lu(tmn harvesting,
and packaging ure letter perfect, all might be lost in the trans-
port of the commodity to market. For example, air [reight deliv-
eries are often in: ulequate indirect. and unreliable. Designated
freight companies may lack experience in handling of perish-
ables; cargo spuce from an LDC may be limited. or govern-
ment-controlled shipping rates may muke certain Pt‘ﬂ\])llbl(’
products less desirable cargo when compared to traditional or
familiar conodities. In addm()n gaps in communication and
information - on market prices. supplies. or trends - commonly
result in missed market opportunities.

Lack of market presence may be maj()r problem. since buy-
ers may be unfamiliar with the contry’s products and particu-
lar exporters. In the malketmu svstem. pe]smml ‘lu]ulunmnw—
ships and reputation are very important. Unless a country has a
representative in the mar ket, Jit can be extremely difficult to find
buvers. Countries must set up their own import offices in given
in order to

countries, making direct contact with retailers

THE FUTURE OF PROTECTED AGRICULTURE

expuand sales and establish a reputation for quality and reliability.

Finally, it is important for countries to have good ongoing
research and development programs, with a medldmsm to
reach the farmers with new and recommended technology.
This can be accomplished through a good extension service,
trade fairs. and exhibits.

RESEARCH NEEDS

As plastic consunmiption has increased dramatically in recent
vears. waste plastic has become one of the biggest problemq in
protected agriculture. In China, large waste sites accumulate
used I)]d\tl(s Land fills are rapidly l)e(ommg full, and few eco-
nomic alternatives exist to recycle the plastic. Incinerating large
amownts of plastic without produun(T air and water po]hm()n is
ditticult and not recommended. Incentives to recycle plastics
are needed along with viable ideas for the reuse of plastics.

Photodegradable mulch {ilms are being used increasingly,
but the buried edges, which are not e\p()sed to light, do not
degrade. The cftects of residnes of photodegr adable films after
vears of use on cultivated ground must be studied.

There is a definite need for the developiment of biodegrad-
able films which will be technically and economically competi-
tive. Photobiodegradation seems to be an answer for mulch
film, because recovery und/or recycling methods are underde-
veloped und very expensive.

Recently, a group of botanical researchers reported the
dev e]opment of a genetically engineered plant to produce plas-
tic resin. This is the newest entry in a world-wide competition
to develop biodegradable plastics. Researchers estimate 10-15
vears of further development before we see such plastics in the
fields in commercial crops.

To reduce the cost of plastic mulching, thinner films are
thickness und  strength.
Researchers must continue to study the influence of the mulch

needed that are consistent in

color on crop growth and repr()(hlctmn. and to develop mulches
which are wavelength-selective. snch as those which transmit
the infrared radiation and not the visible light.

In spite of the constraints in the use of protected agriculture,
the future is promising. For countries not vet using any svstem
of protected agriculture, the future does not require dramatic
scientific breakthronghs but rather u series of relativelv modest
technological Improvements in comparative econonics,

For grecnhouse crops. research should concentrate on. but
not be limited to. the tollowing:

1. Design engineering of a l(,)\\'est—c()st CEA structure to be
ventilated. heated. und cooled as much as possible by solar
and solur-effect phenomena, und other alternative energy
SONTCes.

o

. Materials engineering, particularlv in the development of a
low-cost, long-lived. selective transparent film tor CEA
roof structures.

- Development of lower-cost nighttime insulation devices

o]

and technigues.

4. Design of a plant bioengineering program to develop new,
temperature-tolerant. machine-harvestable. disease-resis-
tant greenhouse cultivars.

3. Root temperature studies to determine influences on
growth rates and plant development.

6. Discase control of waterborne pathogens in closed hyvdro-
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ponic systems (filtration. UV radiation, cte.).
T lntegmt(’(] pest management svstems tor gr('('nhnuse
applications in order to minimize the need for pesticides.
S. The development und govermnental approval of chemicals
for disease and pest control in greenhonses.
Y. Noew
European rockwool for Tower-cost installation and miain-

aguregate material(s) (c.g.. a counterpart of
tenance.

10. Wider ntilization of industrial waste heat for greenhonse

Lieating.

While research is being conducted on most of these voals,
such work is very limited and underfunded. To the extent that
these improvements increase crop vicld and qualitv and reduce
it costs of production, protected agricultire will become
more competitive.

As consmmers become inereasingly aware of’ quality differ-
ences, the demand for products of protected agricultnre will
increase providing they have the buving power to purchase
such commadities.

THE FUTURE OF
PROTECTED AGRICULTURE
There seems to be a kind of teclmological imperative driving
development of protected agriculture. Like manufacturing, it
generally imoves toward higher-techmology, more capital-inten-
sivee solitions to problems. Protected agrienlture is highly pro-
ductive. suitable for antomation. conservative ol water and
land, protective of the environment wnd vet. for most emplov-
ees, requires only basic agricultural skills. 1t can be argued tand
has beenl that protected agricultnre is “the nest logical step”
after traditional OF A

Given present circnmstances, however, there seems to he no
rational basis for anticipating a much wider and taster diffnsion
of technology than is presentlv occurring. The futire growth of
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protected agricultnre depends greatlv on the development of
systems of production that are cost-competitive with those of
open ficld agriculture.

Continuing research and development. for example, may Tead
to more cost-cfticient structures and nmaterials: to reduced
requirements of purchased energy: to new cnltivars more
appropriate to controlled environments and mechanized svs-
tems: to hetter control (including improved plant resistance of
diseases and pests. To the extent that these improvements
increase crop vield and reduce mnit costs of production. pro-
tected agrienlture will become more competitive.

The  economic prospoects for pl'()te('te(l ugricn]ture mayv
chunge it sovernmental bodies determine that, in some cir-
cnmstances. politically desirable effects of protected agrienl-
tire merit subsidy for the public good.

Such beneficial effects niay include the consenvation of water
in regions of scarcity or food production in hostile environ-
ments: governmental support for these reasons has ocenrred in
the Middle East. Another desirable societal effect can be the
provision ol income-producing emplovment for chronically dis-
advantaged segments of the 1)()pnluti(m t‘l]f]'ilppt‘(l in economi-
callv: depressed regions: such emiploviment prodnces tax rev-
enues as well as personal incomes. redncing the impact on wel-
fare rolls and improving the quality of Tife.

Protected agriculture is w technical realite. Snch production
svstems are extending the growing seasons in muny regions ol
the world und producing horticultioral crops where ficld-grown
fresh vegetables and ormamentals are unavailable for mnch of
the vear. The cconomic well-being of many commimities
thronghont the world has been enhanced by the developient
and nse of protected agricultnre. Sueh svstems offer many new
alternatives and opportunities tor tomorrow’s p()plllution_ new
svstems that enconrage consenvation and preservation ol the
environment rather than the exploitation ol the Tand and water,



REFERENCES

Aldrich. Robert A and | WL Bartok, Jr. 1986, Greenhonse engi-
neering. Dept. of Agric. Eng.. Univ. of Conmecticnt. Storrs.
Anon. 1971, Low tunnel crop protection. Grower Bulletin No.

3. British Visqueen Linited. p. 1-5.

Anon. 1977, An assessment of controlled environment agricul-
ture technology. NSF Contract C-1026. Intern. Rescarch &
Technology Corp.. MceLean, Va.

Anon. 1987, LDPE Agricultural films - worldwide plasticulture.
CIPA, 65, rae de Prony. Paris. France.

Anon. 1990, Making the most of available space. The Packer.
M 28, . 5E-6E.

Anon. 1990, Czechoslovakia - Vegetable growers take up plas-
ties. Plasticulture No. 85,

Anon. 1983, Plastics for agricultural uses. Korea Puacitic Chem.
Corp. Plastic News. 70.

Axhind, 1. SS5. T, Besemer and A, Brown, 1974 Greenhonse
insulation experiment. Sun Dicgo Gas and Elec. Co.

Axtmanmy. RO Coand L. Bl Peck. 1976, Geothermnal chemical
engineering. Amer. Inst. Chen. Eng. J. 22:817-828.

Badeer. P Coand TI0 AL Poole. 1979, Consenving energy in
Ohio Greenlionses. The Ohio State Univ. p. 42,

Badger. P C.oand . AL Poole,
Ohio wreenhonses. The Ohio State Univ, p. 41

Bonsicnore. POV R DL Coleman, W WL Schertz, TS, Tsai.
and S. P, Tsai. 1990, Potato peels t() degradable plastics. Proc.
Nual. Agric. Plas. Cong, 22:230-23

Bru\'(-nhn(l, . BdD 1974 Inte }_{l'zltv(l control in greenhouses,

de Lutte Biologique/S. RO

1979, Conserving energy in

Oryumisation Internationale
Antibes. Franee

Brighton, €. AL 1990, Plastics in agriculture und horticulture in
the U.K. Proc. XI Intn. Plastics Cong. 11 [49-]32.

Bron and Printz. 1990, A sector which is ever-developing in
France. Proc. X1 Intn. Plastics Cong. 11:]16-]19.

Buclon. Francis, T966. Comparisons of agricultural uses of plas-
tics in France, Ttalv. Japan. Russia wnd the United States.
Proc. Nat. Agric. Plastics Cong. 7:21-35.

Burgess. 111, 1974 Modern pest control in glasshonses. Span
[7:32-36.

Carolus, R, 1.

mulching on belavionr and productivity of warm season

1962, Mico-climatic nfluence of polvethylene

crops. Proc. 16th Int. Hort. Cong. . Brussels. Vol 13T

CAST. 1975, Eneray conservation in agriculture. (,.\ST Report
4.

Change. Jen-lm. 19700 Potential photosvathesis and crap pro-
ductivity. Anmuals of the Assoc. of A, Geographers. p.96,
Cornwelll 0T, 1989, The receveling of plastics inagricultore.

Proc. Nat. Ag. Plastic Cong. 21:60-64.

Cotter. D, J.and €
houses: The  problems,
HortScience 2011 7-9,

Dalyrnple, DG 19730 A global review of greenhonse food
production. USDA Rpt. 9.

Decotean, DR DLDL Daniels. M.

> EL Chaplin, 1967 A review of plastic green-

progress. and - possibilities.

Kasperbaner. and .

Himt. 1986, Colored plastic mulches and tomato morpho-
aenesis. Proe. Nat. Agrie. Plastios Cong. 19:240-2.46.

DuBois. P. Applied Sci. Pub.,
London.

Fauns, S. G,
when grown by the natrient fil technigne «NFTL Plnt
Path. 2801 1:45-45.

Ettinger. M. [. 1964, The use of plastic tmmels andl plastic
meenh(mws in lsrael, Comite des Plastignes en Agrienlture.

197S. Plastics in agricnlture.

19749, Susceptibilitv of plunts to fungdd puthogens

:th(xﬁlnqnnn p. 31
French, NoWL L Parrs 1L Gould! [ )0 Willizons. and S. P
Slnmu)n(l\ l‘) 6. Development of biological methods tor the
control o Tetranychus  urticae on - tonmatoes
Plugtoscinlus persindlis. Ann. Apl. Biol, 83:177- 1S4,
Garrison, S AL 1973,

using

A plastic-covered trench systen for

increasing the earliness ol vewetables. Proe. Nut. Agric.
Plastics Cong, 11:1-12,
Carrison, S, A, 1990, Managing degradable mulches, Amer.

Veo, Grower. 350351 T3.76.

Gent, PN ML 1989, Row covers Lo praduce red or vellow pep-
pers. The Conn. Acric. Fxp. Sttion, New Thaven, Bul. §70. p.
13.

Geraldson, CML 19627 Growing tonmatoes and cuerimber with
high analvsis fertilizer und plastic mudeh. Proc. Flao Hort,
Soc. TH:253-260.

Gincomelli, GALWL |- Roberts, DR Mears,and 1AV Janes.
1954 Greenhouse tomato production in a movable cable sup-
ported system. Acta Hort, HS.S.‘J 95.

George. 1912,
Iorticole. Paris. p. 367-368.

Girard AL [ 9S4 An overview of the United Kingdom green-

Amer.

Gibault. listorie des Legnmes. Librarie

house vesetable  industinv. Proc. Greenhouse
= .

Vedgetuble Growers Confl Amer. Greenhouse Veg, Growers
Assoc. p. 29-38.

Glenm, E.P. 1984 Seasonal etfects of radiation and tempera-
tures on arowth of greenhonse Tettuee ina hich isolation
desert environment. Scientific Horticulture, 22:49-21,

Gouldl TE LWL L Parrs L CoWoodville and S0P Simmionds,
1975. Biological control of glasshonse whitetlv (Trialcurodes

vaporariorunty on cncombers, Entomophaga 20: 255-2492,

Graves, C. 1983, The nutrient film technigne. Horticultural
Review, 5: -4

Pdl Be |0 19630 Continuous polvethvlene tube covers tor
cucnmbers, Proe.Nal, Az, Plasties Cong, 4:112-132

Hall, B, 1971, Comparision of drip and Tovrow irrigation lor
market tomatoes, Proc. Nat. Ag, Plasties Cong. 10:19-27.

Hall. B. ) and SO T Besemer. 19720 Agrienltoral plasties in
Calil. HortScience 764 373-378.

ITanger, B, 19920, Rockwool in horticulture-a review,
Hort. SH(31:7-16.

Hemphilll DD e G Reed and O Guthrod 1957 Floating
FOW COVCTS pPrevent virs transimission ine potato seed stack.
Proc. Nat. Aar. Plasties Congress 20:117-121

Anstral.

113



REFERENCES

Hibbard. R. P. 19‘76 Frost protectors for early planting. Mich.
Quart. Bul. 7(4):150-153.

Hoag. P. 1988, \\ ide row covers prove cost eftective. The
Grower 21(1): 38-39.

Hougland. D. R. and D. 1. Amon. 1950. The water-culture
method for growing plants without soil. Cir. 347. Cal. Agric.
Exp. Station, Uni. of Calif., Berkeley. 7

Hopen. J. H. and N. F. Oebker. 1976. Vegetable Crop
Responses to Synthetic Mulches. Univ. of Hlinois, Spec. Publ.
42,

Huang, Zhenbu. 1989. The research and application of plastic
films in China. Chinese Plastic Mulch Research Assoc.

Ingratta, F.J.. T. J. Blom and W. A, Straver, 1985. Canada:
Current research and developments. Proc. Hvdroponic
Worldwide, Intn. Center for Special Studies, Honolulu. T p.
95-102.

Islam. N. 1990. Horticnltural exports of developing countries:
past perform;mces. tuture prospects, and poli(-.\; issues. Intn.
Food Policy Res. Inst. Wash, D.C.

Jensen, M. H. und R. Sheldrake. 1965. Concluding results of air
supported row covers for early vegetable production. Proc.
Nat. Agric. Plastics Cong. 6:100-112.

Jensen, M. H. and R. Slneldm]\v 1967, Air supported row cov-
ers for early vegetable production. Proc. XVII Intn. Hort.
Congress 111:3689-378.

Jensen, M. H. and H.M. Eisa. 1972, Controlled Environment
Vegetable Production: Results of Trials at Puerto Penasco.
Mexico. Environmental Research Lab. Univ.
Tucson. 117p.

Jensen, M.H. 1973. Exciting futiire for sand culture. Amer. Veg.
Grower 21{11); 33-34, 72

Jensen, M. H. 1975. Arizona research in controlled environ-
ment agricalture. p. 13-S2.In: Proc. Tenn. Vallev Greenhonse
Veg, W ml\shop Chattanooga, Tenn., USA.

jensem Merle H. 1977, Five vears of intensive vegetable pro-

of Arizona,

duction on a desert seacoast. Proc. Intn. Agric. Plastics Cong.
T:24-32.

Jemsen, MUH. 1952, Review of greenhouse lealy vegetable
industry in Holland. England. Norwav, and Denmark, Env.
Res. Lah Uni. of Arizona, Tucson.

Jensen, M.HL. and W. L. Collins. 1985. Hvdroponic vegetable
production. Tlorticultural Review 7. 453-558.

Johnson, D.C. 1990. Florienlture and environmental horticul-
ture products. GSPDA, Bul. No. S17.

Kuo, T.C. 1990. Development of a hydroponic vegetable facto-
ry system. p. 387-390. In Proc. of 1990 Chinese American
Academic and Professional Convention. Chinese Amer.
Academic and Prof. Soc. N.Y.. N.Y.

Kaplan, J.K. 1991. Dress-tor-success mulch. Agric. Research,
USDA-ARS 39(9):10-13.

Katan. J. 1951. Solar heating (solarization) of soil tor control of
soilborne pests. Annu. Rev. Phytopath. 19:211-236.

Kite, L. 1987, Plants from test tubes. Timber Press. Portland,
Oregon. p. 160,

Lamont, W. 1. 1991, The use of plastic mulches for vegetable
production. Dept. of Hort., Kansas St. Univ. p. 13.

Lauder. K. 1977. Lettuce on concrete, Grower (8718:40-41, 44-
46.

Lawson, G. 1982, New air filled pack extend shelf lite to three

114

weeks. Grower. 97(26):47-48.
LeMaire. M. 1964. Semi-forcing under perforated tunnels.

Comite des Plastiques en Agriculture. 7th Colloquium pp. 9-
14.

Liw. R.C. and G.E. Carlson. 1976. Proposed solar greenhouse
design. Proc. Solar Energy Fuel-Food Workshop. Univ. of
Arizona, Tueson. p. 129- 141.

Lov. J.B. und O.5. Wells. 1974. Response of hybrid muskmel-
ons to polyethvlene row covers and black polvethylene
mulch. Scientia Tort 3:223-3

Loy, J. B.and O. S. Wells, 19‘57 A comparison of slitted poly-
et[nlene and spunh(m(led polvester for plant row covers.
HortScience 17(3): 405-407.

Lov, B.. J. Lindstrom, 8. Gordon, D. Rudd. and O. Wells. 1959.
Theon‘ and development of wavelength selective mulches,
Proc. Nat. Agric. Plastics Cong. 21:193-197.

Lov. T. B and 0. S. Wells. 1989, IRT mulch: high-tech at
Wmun(l level. Amer. Veg. Grower 37{11):14, 16-17.

Madewell, C. W.. L. D. King, J. Carter, J. B. Martin, and W. K.
Furlong. 1975, Using power plant discharge water in green-
house vegetable production. Progress Rpt. Bul. Z-56, Tenn.
Valley Authority.

Mansour, N. S. 1991. The use of field covers in vegetable pro-
duction. Proc. of Intn. Workshop on Tmp. Veg. Prod.
Through the Use of Fert., Mulching and Irrigation, Chiang
Mai Univ., Thailand.

Muassantini, F. 1976, Flouting Hvdroponics; A New Method of
Soilless Culture. 91-98. In: Proc. Intern Working Group on
Soilless Culture, 4th Intern. Congress on Soilless Culture,

Las Palmas, Canary Islands. Spain.

Mavberry, K.S. 1988. Plastic covered trenches for cantalonupes.
Calif. Cooperative Ext. Service, El Centrol, Calif. p. 2

Mears, D. R, and C. D. Baird. 1976. Development of a low-cost
solar lteating svstenr for greenhouses. Proc. Solar Energy
Fuel-Food Workshop, Uni. of Arizona. Tucson. p. 88-109.

Mermelstein. N.H. 1980, Innovative packaging of produce
earns 1980 IFT food technology industrial achievement
award. Food Technol. 34(16):42-48.

Milner, H. G. 1963. Petroleum Mulch. Nature. 197(45641: 241-
249,

Morgan, ].V. and A. Tan. 1982, Production of greenhonse let-
tuce at high density in hvdroponics. p. 1620 {Abstr.). In: Proc.
21st Intern. Hort. Cong.. Hamburg, Vol. 1.

Morrow, F. 1954, Flowers: Global Subsector Study. The World

Bank Indnstry and Energy Dept. Paper No. 17

Nettles. V. F. 1963, Pl anting and mulching studies with cucur-
hit. Proc. Fla. St. Hort. Soc. 76:175-152.

Otev, F. H. and R. P. Westoft. 1980. Biodegradable starch-
Dased plastic films for agricultural llppllnah(ms Proc. Agric.
Plast. Cong. 15:90-93.

Park. Young D. 1988, The use of plastic {ilms in agric. Proc.
Intn. Sem. on the Util, of Plastics in Agric.. Rural Dev.
Admin. Smweon, Republic of Korea, p. 3.1-3.15

Peck, J. F. 1976, Basic solar collector design and considerations.
Proc. Solar Energy Fuel-Food Workshop. Univ. of Arizona,
Tucson, p. 13-27

Potter, BRI, and T. Sims. 1975, New ([L'\'el()pments in (‘Il]’_\'.\"d]'l-
themum culture in nntrient film. Nat'l. Chrvsanthemum Soc.
Bull. §7:13-15.



Pricc. DR, G, E. Wilson, D. P. Froehlich, and R. W, Crump.

1976. Solar heating of sreenhouses in the Northeast. Proc. Solar

Energy Fuel-Food Workshop. Univ. of Az.. Tucson, P 173-190.
Prince. R, P.o W Giger. Jr: |- W, Bartock. Jr.; and T. L. Logee.
1976. Controlled environment plant growth. Dept. Agric.
Eng. Univ. of Conn.. Storrs.
Roberts, W. J. and . R. Mears. 1969, Double covering a tilm
greenhonse using air to separate film lavers. Trans. Amer,
Soc. Agr. Eng. 12:32-33.38.

Roberts, W.J..J. C. Simpkins and P. Kendall. 1976, Using solar

energy to heat plastic filim greenhouses. Proc. Solar Energy
Fuel-Food Workshop. Uni. of Arizona, Tucson. p. 142-159.
Robledo de Pedro, F. 19589, Spanish plasticulture: soncsump-
tion and applications of plastics. Plasticnlture $2: 13-22.
Roche, HAW. 1964, Nudging nature for early profits. Amer,
Veo, Grower. 12(41: 9, 10, 11, 50
H.T. 1953. Greenhonse ot the future.
Grower 1¢ l' 72,74, 76,

Rogers, Greenhonse

Schales. F. €. and P. I1. Massey. 1965. Starting early plants.
Cire. 7()4. Ag. Ext. Sn.. Virginia Polv. Inst.. Bl wksburg,

Virginia. p. 15.

Schales. F.D. 1990. Agricultural plastics in the United States.
Proc. XTI Tntn. Plastic Cong. 11:354-356.

Schippers, P.A. 1978, A vertical hydroponic svstem. Amer. Ve,
Grower 26(5):20-21.

S('hil)pers‘, P.A. 19582, I,)e\'e]()l)mcnts in ]'1_\'(11‘()1)()ni(- tomato
growing. Amer. Veg, Grower 30(11):26-27

Shakesshatt. R.G. 1981, A kitchen harvest of living lettuce.
Amer. Veg, Grower 29011 10,12,

Sheldrake. B, und R. Langhans. 1961, Heating study with plas-
tic greenhouses. Proe. Nat. Hort. Plastics Cong, 2:16-17.

Shimokawa. A.. and H. Ono. 1954, Studies on the
cucumber cultare in vinyl film tminels. Bul. Hort. Branch
Kanagawa Agric. Exp. Sta. 2:33-40.

Skaggs, R W., D. €. Sanders, and C. R, Willev,
waste heat tor soil warming in North Carolina. Trans. Amer.
Soc. Agr. Eng. 19:159-167.

Sonneveld. C. 1988, Rockwool as a substrate in protectd culti-
vation. Hort. Tn High Techn. Eva. Tokvo, Japuan. p.173-191.
Strickler. P. M. 1975, The use of plastic for heat insulation in

agreenhouses. Plasticulture 25: 41-53,

Sturbev. N. 1950, Station aims for more flexible NFT cropping,
Grower 94(4):S.

Takukura, Tadashi. 1988, Protected cultivation in Japan. Svmp.
on Iigh Tech. in Protected Cult. Acta Hort. 230:29-37.

Tarakanov, G. T.and N. F. Bozov. 1962. The improvement of
micro-climate imder plastic tmnels on unheated ground.
Dobl. Mosk. sel'doz. Akad. K. A, Tinirjuzera. No. 77, pp.
2097-306.

forcing of

1976. Use of

REFERENCES

Tavama, 11 K. and T. [ Roll. Ed. 1959, Tips on growing bed-
(lnm plants. Ohio Cooperative Extension Semvice, Ohio State
Uni.. Cohunbus. Ohio.

Tavama, H. K. and T. ], Roll. Ed. 1989, Tips on gowing potted
chrvsanthemums. Ohio Cooperative Ext. Service, Ohio State
Uni.. Columbus. Ohio

Thompson, 1. C. and W. C. Kellv., 1957, Vegetable Crops.
Fifth Edition. McGraw-Hill Book Co.. Tne. NY. Chapt. 7:86-
106.

Toms. B. and B. MacPhail. 1991, Greenhouse tomato/cucim-
ber trials. Nova Scotia Greenhouse Newsletter No. 3. Plant
Ind. Branch. Nova Scotia Dept. of Agric.. Truro.

Tzekleev, G, Y. Solakov and S. Stailov, T9SS,
Plastics in The People’s Republic of Bularia. vie tiealture
75:19-27

Van Os. EAL 1983, Duteh developmients in soi"
Outlook in Agr,

Varlev. M., and S.W. Burrage. 1981, New solution for lettuce.
Grower 95(15):19-21, 23, 25.

Vogal, G.

tunnels on the croppings of some vegetables arown in spring

L. Guzelev.

< cnlture.

1963. The effect of short-term covering with plastic

and summer. Arch. Gartenb. 11:27-146.

Wardlow. L. R., F. A. B. Ludlam, and N. French. 1972,
Insecticide resistance  in greenhouse Nature
{London) 239:164-165.

Wells, O.S. and J. B. Lov. 1950 Slitted row covers for intensive
vegetable production. Coop. Fxt. Service, Uni. of NJH. p. 4

Wells, O.S. and J. B. Lov. 1955, Intensive vegetable production
with row covers. HortScience 20051 §22-526.

Wells, O. S.. T B. Loy, and T, AL Natti. 1977 Slit muleh film

at’l. Agric. Plast. Cong. 13:445-

whitefly.

used as row covers, Proc. N
452.

Wells. (0.5, 1991, High tunnels shelter earlv erops. Amer. Veg.
Grow. 39(20:44-47.

Wheatlev, J. C. 1991, Row covers act as insect barrier,
Ve, Grower, 39(4): 21-22,

White, 1 1980, NFT in the air inakes for easier management.
Grower 94(2):28.31-32.

White, J. W., R. A Aldrich, Ko Vedam. o T Duda, S0 M.
Rebuck, G. R, Mariner, and J. R. Smith. 1976. Eneruy con-
servation systems for greenhionses. Proc. Solar Energy Fuel-
Food \\mksh()p Uni. of Arizona, Tueson. p. 191-212.

Winsor. G. W R G TTard, and . Price. 1979. Nutrient Filin
Te(']miqnc. Grower Bulletin, 5. Glasshouse Crops Rescarcl
Institute, Littlehampton, England.

Wittwer, S.1H. 19S1. The 20 crops that stund between man and
starvation. Farm Chemicals. 8:17-15. 23, 26. 28,

Woodbury, G W 1963, Research shows muskmclons grow bet-

Amer.

ter inder plastic muleh. Idahio Agric. Sci. 48(313.

115






GLOSSARY

Compiled by: James E. Brown and Lisa B. Jacks
Department of Horticulture, Auburn University, Alabama

Reprinted by permission of authors.



GLOSSARY
ABRASION - Damage caused by sculfing or {riction.
ABSORPTANCE - Abilitv of a aterial to absorb eneryy.

ACRYLIC (or acrylates) - Thermoplastic formed from
polymers of acrvlic acid or its derivatives, particularty methyl
methacenlate. known for it's light transmission and weather
resistance.

ACRYLONITRILE - A monomer with u structure
(CHo:CHCONI Ttis most useful in copolymers. It copolymer
with butadiene is nitrile rubber. It is also used to make SVIN-

thetic fiber and as a chemicul intermediate.

ACRYLONITRILE-BUTADIENE-STYRENE
(Abbreviated ABS) -

Acrvlonitrile and stvrene liguids

and butadiene gas are p(ll\men/ed together ina variety of

ratios to produce the funily of ABS resins,

ADIABATIC - An adjective used to describe a process or
transtormation in which no heat is added or allowed to escape
from the system under consideration. It is used, somewhat
incorrectly, to describe a mode of extrusion in which no exter-
nal heat is added to the extrnder although heat may be removed
by cooling to keep the output temperature of the melt passing
tln(m(fh the extruder constant. The heat input in such a process
is developed by the serew as its mechanical energy is being con-

verted into thermal eneray.

AGEING - Changes in o material due to time and environ-
mental conditions which degrade or improve it.

AIR MASS - Puth length of radiation through the atios-

phere, considering the vertical path at sea level as unity,

ALLOY - Composite material made up by blending polvimers
or copolvmers witlt other polvimers or clustomers under select-
resins

cd conditions, e shorene-acrvlonitrile copolvmer

blended with batadicucaerslonitrile mbbers.

ANTIOXIDANT - Formulation ing;r(—'(lient which prevents

or slows down oxidation of plastic material exposed to air.

ANTISTATIC AGENTS

tic electricity in plastic materials. Such ugents are of two hasic

Methods of minimizing sta-
tvpes: (1) metallic devices which come into contact with the
plastics and conduct the static to earth. Such devices give com-
plete neutralization at the time. but because they do not modi-
fv the surfuce of the material it can become prone to further
static diring subsequent handling: 2) emical additives which,
mixed with the compound during processing. give a reasonable
degree of protection of the finished products.

ARTIFICIAL AGEING - The accelerated testing of

plastics specimens to determine their changes in properties.
Carried out over a short period of time. such tests are indicative
of what may be expected of u material inder service conditions
over extended periods. Tvpical investigations include those for

dimensional stability; the cftects of immersion in water. chemi-
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cals and solvents; light stability and resistance to fatigue.

ASTM - Americun Society for Testing Materials.
AVERAGE MOLECULAR WEIGHT (Viscosity
method) - The moleculur weight of polvmeric materials
determined by the viscosity of the polymer in solution at a spe-
cific temperature. This gives an average molecular weight of
the molecular chains in the polvmer independent of specific
chain length. The value falls hetween weight average and num-
her average niolecular weight,

BEAM RADIATION - Solar radiation received from the

sun without change of direction.

BLACKBODY -

By deflinition. a perlect absorber and
emitter of all radiation. The perfect bluckbody will absorb and

emit all incident radiation regardless of wave length or direce-
tion.

BLEED

solvent; indersized movement of cortain materials in a plastic

To give up color when in contact wit 1 water or a

(c.g. plasticiers in vinvD) to the sirluce of the finished artic e or
into an adjucent material. Also called Migration.

BLISTER - A rised arc on the surface of a molding caused
by the pressure of gases inside on its incompletely Tardened
surlace. TN FRP this is a dull surface area created })\ the break-
ing ot the hond between the cellophane/polveste l.p()]_\\lll)] fn-
oride film and the Taminate. This is the direcet result of excess
vapors trving to escape during the monomer ross-linking,

BLOCKING -

lavers of a material, such as ocenrs nnder moderate pressure

An undesired adhesion between touching
during storage production or use.

BLOOMING - The process of material components migrat-

ing to the surface.

BLOW MOLDING

cles by expanding a hot plastic in the internal surfaces of a

- The process of forming hollow arti-
mold.

BLOWN TUBING (Blown film)
film which is produced by extruding a tube, applving a slight
internal pressure to the tube to e\pdud it while still molten and
subscquent cooling to set the tube. The tube is then Hattened
through guides and wound up flat on rolls. The size of blown

A thermoplastic

tubing is determined by the {lat width in inches as wound rate
than by the diwmeter as in the case of the various rigid tipes of
tubing,

BREATHING - When referring to plastic sheeting,

“hreathing™ indicates permeability to uir.

BURNING RATE -

plastics articles to burn at given temperatures. Certain plastics,

A term describing the tendency of

such as those hased on shellac, burn readily at comparatively

low temperatures. Others will melt or dlsmt&-(fmte without



actually burning, or will burn only if exposed to direct flame.
These latter are often referred to as self-extinguishing, the rel-
ative speed that plastics burn under given conditions.

CALENDAR (v.) - To prepure sheets of materials by
pressure between two or more caunter-rotating rolls. (n.) - The
machine performing this operation.

CALIPER - Thickness or gauge, usually expressed in mils
(thousandths of an inch).

CARBON BLACK - A black pigment produced by the
incomplete burning of natural gas or oil. It is widely used as a
filler, particularly in the rubber industry. Because it possesses
useful ultraviolet protective properties, it is also much used in
polyethylene compounds intended for such applications as cold

water piping and black agricultural sheet.

CELLULOSE - A natural high polvmeric carbohydrate
found in most plants: the main constituent of dried woods,
jute flax, hemp, ramie, etc. Cotton is almost pure cellilose.
CLARITY - Freedom from haze; transparency.
COEFFICIENT OF EXPANSION - The fractional
change in length (sometimes volume, specitied) of a material
for a unit change in temperature. Values for plastics range from
0.01 to 0.2 mils/in. °C. This is the number of mils expanded for
each inch of total length when the temperature rises one degrec
centigrade.

COMPOSITE - A plastic structure consisting ol two or
more different materials intimately mixed together. (FRP is an

example)

CONDENSATION STRENGTH - Crushing load at
the failure of a specimen divided by the original sectional arc of
the specimen.

CONDENSATION - A chemical reaction in which two or
more molecules combine with the separation of water or some
other simple substance. If a polvimer is formed, the condensa-
called

tion  process s Polveondensation. See also

Polvmerization.

CONDITIONING - The subjection of a material to a stip-
ulated treatment so that is will respond in a uniform way to sub-
sequent testing or processing.  The term is quuentl\ used to
refer to the treatment given to specimens before testing,

COPOLYMER

tinct monomers.

= A polvmer of two or more chemically dis-

CRAZING - Fine cracks which may extend in a4 network on

or under the surtace or through a laver of u plastic material.

CREEP - A change in shape of material wnder load over a
called

peri()(l of tine. Crcep at room temperature is sometinies

Cold Flow.

GLOSSARY

CROSS-DIRECTION or

Direction.”

‘IC-D-)’ -

“Transverse

CROSS-LINKING - Applied to polymer molecules, the
setting-up of chemical links between the molecular chains.
When extensive, as in most thermosetting resins. cross-linking
makes one infusible super-molecule of all the chains.

DEFLECTION - The bending or

because of a load.

sagaing of a material

DEGREE DAY -
and time used in estimating fuel consumption and specifying
nominal annual heating load of a building,

A unit based on temperature differences

DELAMINATION - The separation of a material into lay-

ers or sheets.

DENIER - The weight {(in grams) of 9000 meters of synthet-
ic fiber in the form of continuous filament,

DENSITY - The weight of a material per cubic unit.
Pounds per cubic foot, gramns per cubic centimeter, ete.

DESTATICIZATION - Treating plastics materials to
minimize their accumulation of static electricity and. conse-
quently, the amount of dust picked up by the plastics because
of such charges.

DIE LINES - Vertical marks on the parison caused by dam-
age of die parts or contamination.

DIE-CUT

sharp tool.

Punched out or cut in a pattern by means of a

DIFFUSE RADIATION - Solar radiation received from
the sun after the radiation’s direction has been changed by

reflection and scattering.

DIMENSIONAL STABILITY - The ability of a plastic
part to retain the precise shape in which it was originally
formed under changing conditions of temperature and humid-
itv.

DISCOLORATION -
color, often caused by overheating. light exposure, irradiation,
or chemical attack,

Any change from the original

DISPERSION - The finely divided particles of a material

in mspmlsinn in another substance,

DUROMETER HARDNESS - The hardness of a mate-

rial as measured by the Shore Durometer.
ELASTIC DEFORMATION - The temporary (‘lmngt‘
in shape caused by a load which is recoverable when the load is

removed.

ELASTICITY - That property of a material by virtue of

9



GLOSSARY

which it tends to recover its original size and shape after defor-
mation. The tendeney of winaterial to recover its natural size

and shape when delorming load is removed.

ELASTOMER - A wuterial which at room temperature
stretehes inder Tow stress to at least twice its length and then
snaps hack to its original length npon velease of the applied

stress.

ELECTRONIC TREATING

filnn of polvethvlene to render it prlntal)]u by passing the film

A method of oxidizing a

hetween the electrodes and subjecting it to a hwh voltage coro-
it discharge.

ELMENDORF TEST - A mcthod of testing film resis-
tunce to tear. h\ which the \\elrfht re qlmt(l to tear one or Ssev-
eral notched ]d\l rs of film under test is mcasure. Results are
ustally l(pnltul in arans for both nachine's direction and

across the web.

ELONGATION - The increase in lenath ot o material

heing loaded in tension.

EMBOSSING - Techniques used to ercate depression of a

specitic patternin plastic film and sheeting.

EMITTANCE - The giving off of eneray by a material.

EMULSION - A suspension of line droplets of one liquid in
another.

ENVIRONMENTAL STRESS CRACKING
(ESC) - The appearance of network of fine cracks on or

mder the sartuce ofa thermaoplastic cased by the exposnre ta
weather,

ETHYLENE-VINYL ACETATE - (()l]()l\lll“l\ From
these two monomers fornra new class of plastic materials, The
relain vy of the properties of polvethvlene. but have consid-
erable increascd Mesibili itv for their density - elongation and
impact resistance are also inereased.

EXTRUSION -

die to form a continnons shaped article.

Forcing molten plastic wateriad throngl a

FABRICATE - Towork a material into a linished form by
machining.forming. or other operation or to make flesible film
ar sheeting into end products by sewing, enttingsealing. or
other operation.

FIBERGLASS REINFORCED PLASTIC (FRP) -

Low pressure thermosetting or thermoplustic luninate consist-

ing of a resin svstem strengthened by reinforeing strands off

fiberalass.

FILAMENT WINDING - Roving ar single strands of

alass. metal. or other reinforcement are wound in a predeter-
mined pattern onto - snitable mandrel. The pattem is <o

desioned as to give maximum strength in the directions
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required. The strands can either be run from ereel through
resin bath before winding or preimpregnated materials can be
used. When the right number of lavers hus been applied. the
wornd mandrel is cured at room temperatures or inan oven.

FILLER

make it less costly,

- A cheap. inert substance added to o plastic to
Fillers may also improve physical proper-
ties. particularly hardness. stitfness. and impact strength. The
particles are usnally small. in contrast to those ol reinforcement
(g but there is some overlap hetween the functions of the
twao.

FILM - A thin skin. laver, sheet or coating with a thickness
less than 0.010 inch,

FILM, NON-FOGGING - Filinwhich does not hecomie
cloudy from condensution of moisture cansed by temperatire
drops or lnmiidity changes.

FILM, ORIENTED -

ture is aligned mechaicallvin one or more direction.

Fili inowhich the mole ! ANTTES
ing the filin more strength while introdneing shrinkage chae
teristics.

FISH EYE - A Lt in transparent or translucent plastics
materials, such as filin or sheets appearing as asmall globular
mass and cansed by incomplete blending of the imass with s
rounding material.

FLAME-RESISTIVE - Commonl. that property of a
material or combination of materials that will improve its” abil-
ity to resist ionition when exposed to flame.

FLAME RETARDANT RESIN - A resin which is com-
ponnded with certain chemicals to rednce or eliminate its ten-
deney to burne For polvethvlene and similar resins, chenicals
sl as antimony trioxide and chlorinated paraffins are nseful,

FLAME SPREAD CLASSIFICATION - A relative
nuniber. hased on comparison with red oak and cement-
ashestos. ol the time elapsed and distance traveled by a flame
[ront on the surface of a specimen tested inaccordance with
ASTM E-S4 iTwmel Test—also desienated UL 7230 UBC

Stanclard 42-1 ete,

FLAME TREATING -

moplastic objects reeeptive to inks lacquers. paints. adhesives.

A method of rendering inert ther-

ete. inwhich the object is bathed inan open flume to promote:
oxidation of the surface of the article.

FLAMMABILITY - A neasure of a material’s abilitv to
sipport combustion. usuallv deterniined by one or more stall-
scale Taborator tests.

FLASH POINT - The lowest temperature at whicl a com-
bustible Tignid will give of" @ annnable vapor that will b

momentarily,

FLEXURAL STRENGTH - The strength of aomaterial



in bending, expressed as the tensile stress of the outer most
libers of a bent test sample at the instant of failure. With plas-
tics, this value is usnally higher than the straight tensile
strength,

FOOT CANDLE - The amount of illumination obtained
when a source of 1 candle power illuminates a screen 1 foot

HAVHAN

FORMING - A process in which the shape of plastic pieces
such as sheets, rods, or tubes is changed to a desired configura-
tion. The nuse of the term forming in plastics techmology does
not include such operations as molding, casting, or extrusion, in
which shapes or articles are made from molding materials or
liquids.

FRICTION WELDING - A method of welding thermo-
plastics materials whereby the heat necessary to soften the
components is provided by friction.

GAS TRANSMISSION - The movement of gas through

tilm materials. The gas transmission property (permeuability) of

a filnis measured in terms of volume of gas (ut standard tem-
peratnre and pressure) transmitted through a given area of film
of u given thickness within a given time.

GAS TRANSMISSION RATE - A meuwsure of the per-

meability of w il to vases.

GEL - In polvethvlene, a small amorphous resin particle
which differs from its surroundings by being of higher molecu-
lur weight and/or cross-linked. so that its processing character-
istics differ from the surrounding resin to such a degree that it
is not easily dispersed in the surrounding resin. A gel is readi-
I discernible in thin films,

GEL COAT - A thin.surface laver of resin, sometimes with
pigment, applied to a reinforced plastics panel or molding, 1t
provides additional surface weather resistance. and improved
appearance.

GLOSS - Term used to express shine. sheen. or lustre of a
filin surface.

GUSSET - A tuck placed in each side of a tube of blown tub-
ing as produced to provide a convenient square or rectangular
package. similar to that of the familiar brown paper bag or sack.
in subsequent packaging.

HARDNESS - The resistance of a plastics niaterial to com-
pression and indentation. Aimong the most important wmethods
of testing this property are Brinell hardness. Rockwell and
Shore hardness.

HAZE - The clondiness ina transparent material or the por-
tion of light that is not transmitted throngh o material in a

straight line.

HEAT DISTORTION TEMPERATURE - The

GLOSSARY

temperature at which a material starts to lose its mechanical
properties and eusily becomes distorted.

HEAT-SEALING - A method ol joining plastic films by
sinmiltaneous application of heat and pressure to areas in con-
tact. Heat may be supplied conductively or diclectrically.

HEAT TRANSMISSION - The allowing of heat iener-

v to pass through a substunce.

HERMETIC SEAL - A seal that will exclude air and be
leak-proof.

HOMOGENEOUS - Uniform structure or composition

through the material.

HOMOPOLYMER - A polviner consisting ol incglecting
the ends. branch junctions and other minor irregularities) a sin-
gle type of repeating unit,

HORIZONTAL/VERTICAL BURN TESTS - For
materials which are entirelv consumed in such tests, a rate of
burning (centimeters or inches per second) value is reported.
For those materials whicli do not continue to burn, two values
are reported: Le. Average Extent of Burning (AEB-burn length)
and an Average Time of Burning (ATB). These small scale tests
measure combustibility.  Lower values indicate greater resis-
tance to hurning,

HYGROSCOPIC - Having the property of readilv absorb-

ing moisture from the atmosphere,
1.D. - Inside diumecter.

IGNITION TEMPERATURE - The temperature at
which a material will start burning withont an external {lame
(Self’ Ignition Temperature).  IMigher values indicite greater
resistance to burning,

IMPACT STRENGTH - The ability to resist breakage by

flexural shock.

INDEX OF REFRACTION - The ratio of the velocity
of light in the first of two media to its velocity in the second as
it passed from one to the other. The closer the ratio, the more
visual similarity of the media.

INHIBITOR - A substance that slows down chemical reac-
tion.  Inhibitors are sometimes used in certain twpes of
monomers and resins to prolong storage life.

INJECTION BLOW MOLDING - A blow molding
process in which the parison to he blown is formed by injection
molding.

INJECTION MOLDING - A molding procedure where-

by a heat-softened plastic material is forced from a evlinder into
arelatively cool cavity which gives the article the desived shape.
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INSOLATION - acronyin for INCOMING SOLAR
RADIATION - a term describing the level or intensity of sun-
light measured in Langlevs.

IZOD IMPACT TEST - A test that imeasures the ability
of a material to withstand impact (instant loading). The speci-
men is held in jaws and struck with weighted pendulum.

“K” FACTOR-(THERMAL CONDUCTIVITY) -
This factor indicates the amount of heat in BTU’s transferred in
one hour through one square foot of homogeneous material [”
thick, with a temperature difference of one degree F between
its two surfaces.

LAMINATED PLASTIC - Multiple lavers of plastic

bonded together.

LANGLEY - A unit of solar radiation equivalent to one
gram calorie per square centimeter of irradiated surface.

LIGHT-RESISTANCE - The ability of a plastic material
to resist fading after exposure to sunlight or ultraviolet light.
Nearly all plastics tend to darken under these conditions.

LIGHT TRANSMISSION - The percent of total avail-

able light that passes through a material.

MACHINE DIRECTION
the majority of the molecules tend to align themselves in a
direction parallel to the direction of travel through the
machine.

- In the manufacture of filim

MANOMETER

- An instrument for measuring pressure.
MEGA-JOULE - A unit of measurement of energy.

MELT INDEX - The amount. in grams. of u thermoplastic
resin which can be forced through a 0.0825 inch orifice when
subjected to 3160 grams force in 10 minutes at 190 degrees C.

MELT STRENGTH - The strength of the plastic while in
the molten state.

METALLIZING - Applving a thin coating of metal to a
nonmetallic surface. May be done by chemical (lep(mtmn or by
exposing the surface to \aponzed metal in a vacuum chamber.

MICROMETER CALIPER - An instrument for mea-
surements in terms of minute dimensions, usually in 0.001" or
0.00017,

MICRON - A unit of length equal to 171000 of a millimeter.
MIL - A unit of length equal to 0.001 inch. often nsed for
reporting film thickness. To convert mil to millimeter. multiply

l)y 0.0254.

MODIFIED - Containing ingredients such as fillers. pig-
ments or other additives, that help to vary the physical proper-
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ties of a plastics material.  An example is oil modified resin.

MODULUS OF ELASTICITY - The ratio of stress to

strain in a material that is elastically deformed.

MOISTURE VAPOR TRANSMISSION - The rate
at which water vapor permeates through a plastic film or wall at
u specified temperature and humidity.

MONOMER - A relatively simple compound which can
react to form a polymer. See also polymer.

NANOMETER - A unit of length equal to 1/1000 of a
micron.
NONWOVEN - A textile made of tibers held together by

interlocking or bonding (e.g. spunbonded. meltblown, bonded
carded web).

O.D.

- Qutside diameter.

OPACITY - Resistance of material to transmission of light.
OPAQUE - Descriptive of a material or substance which
Materials
which are neither opique nor transparent are sometimes

will not transmit light. Opposite of transparent, g.v.

described as semi-opaque. but are more properly classified as
transhicent, q.v.

ORIENTATION - The alignment of the crystalline strue-
ture in polymeric materials so as to produce a hlgll]\ uniform
structure by cold drawing or stretching during fabrication,

OXIDATION - Reaction of a substance with oxygen. The
breakdown of the surface of a material due to plol()nrred expo-
sure to oxvgen.

PARISON - The hollow plastic tube from which an item is
blow molded.

PERMEABILITY - 1) The passage or diffusion of a gas,
vapor. liguid, or solid tlmmg]l a barrier without ph\ﬁlcall\ or

chemically affecting it. 2} the rate of such passage.

PHOTOSYNTHETICALLY ACTIVE
RADIATION - The P.A.R. range is that portion of sunlight
ranging in wavelength from 400 to 700 nanometers. This wave-
band is also defined as visible light. i.e. those wavelengths seen
by the human eve.

PINHOLE - A verv small hole in an extruded resin coating
of film.

PITCH - The distance between centers of two adjucent ribs
or corrugations.

PLASTIC - Any of numerous organic, svathetic, or
processed materials that are molded, cast extruded. drawn. or
laminated into objects, films, or filaments. At some stage of the



manufacturing process. all plastics are capuble of flowing.
under heat and pressure, if necessarv, into the desired final
shape.

PLASTIC DEFORMATION - A change in dimension
of un object under load that is not recovered when the load in
FENIOVes: ()pp()sed to elastic deformation.

PLASTICIZE - To soften a material and muke it plastic or

moldable. either by means of u plasticizer or the application of

heat.

PLASTICIZER

make them softer and more flexible.

- Chemical agent added to plasties to

PLASTICIZER MIGRATION - Undefined move-
ment of the plasticizer to the surface of a plastic. or from one
plastic to another, or from a plasticized substance into the

atmosphere.

POLYESTER - A longchain high-molecular-weight resin

commonly used as base for glass- hhel reinforced plastic.

POLYCARBONATE -

polyvearbonate is known for its clarity and t()ll”hness

One of the many thermoplastics.

POLYETHYLENE

ferent chain structures:

There are two inajor tvpes with dif-
The stiffer, stronger, lincar material,
sometimes called high-density (HDPE) or low-pressure and
the more flexible, lower- meltmg branched polvethyvlene,
known as low-density (LDPE) or high pressure polvethylene.
More lecentl.\_lmcal low-density 1)0]) cthylene (LLDPE!

became a major product.

POLYMER

natural or synthetic, whose structure can be represented by a

A high-molecular-weight organic compound,
repeated small unit. the mer s e, polvethylene, rubber, cellu-
lose. Synthetie polvimers are f()] med by addition or condensa-
tion pol\'menmtlon of monomers. If two or more monomers
are involved. a copolymer is obtained. Some polvmers are elas-
tomers, some plastics.

many repeating units joined t()gethe] end to end.

A chemical reaction in which the

POLYMERIZATION
new molecule’s molecular weight is a multiple of that of the
original substance. When two or more monomers are involved,
the process is called copolymerization or heteropolymerization.

POLYPROPLYENE - One of many thermoplastics,
polypropvlene is known for its versatility and toughness.

POLYSTRENE - A thermoplastic material derived from
the p()l_\fmerization of styrene monomers

POLYURETHANE - Used in foams, fibers, elastomers,

and coatings.

POLYVINYLCHLORIDE (PVC)

of the monomer vinvl chloride. Ttis a rigid clear thermoplastic

A plastic polymer

A long-chain compound made up of

GLOSSARY
and has good impact resistance. A colorless solid with out-
standing resistunce to water, alcohols, and concentrated acids
and alkalies. Tt is obtainable in the form of granules, solutions.
latices. and pastes. Compounded with plasticizers, it vields a
flexible material superior to rubber in aging properties. It is
widelv used for cable and wire coverings, in chemical plants.
and in the manufacture of protective garments.

POLYVINYLFLUORIDE

tic with good weather properties. (Tedlar).

A filmi-forming thermoplas-

PREPREG

mean the reinforcing material containing or combined with the

A term generally used in reinforeed plastics to
full complement of resin before molding.
PS1 - Pounds per squarce inch.

PURLINS

common rafters.

A horizontal member in a roof supporting the

PYRANOMETER - Instrument for meusuring the total
hemispherical solar radiation. usuallv on o ]10114()1]&11 surface.
Measures both beam and diffuse radiation.

QUON-SET - Trademark for prefubricated shelter set on
foundation of holted steel trnsses and build of a semicirceular
wehing roof.

RECYCLE - The ground material from flash and trimmings
which, after mixing with a certain amount of virgin material. is
fed back into the molding machine.

REFRACTION
cul medium which causes a reduction in velocity and direction.
The ratio of these velocities is known as the refractive index of
the denser medium.

Passage of light from air to a denser opti-

REFLECTANCE

or absorbed.

Energy that has not been transmitted

REINFORCEMENT
material to improve its strength, stiffmess. and impact resis-
To be effective. the reinforcing material must form a

A strong material added to a base

tance.
strong bond with the buse material.

RESILIENCY

after being struined or distorted.

Ability to quickly regain an original shape
) | Yy reg £ I

RESIN - A solid or semi-solid, complex mixture of organic
compounds. Usually a polyvmer. Sometimes used interchange-
ably with the word “plastic.”

“R” FACTOR (RESISTANCE) - The reciprocal of
conductivity (K) or conductance (). Divide the known K or C
factor into 1.0 -the unswer is the R factor.

RIB - A stiffening member of u fabricated part. Having a
sh'aight section as ()pp()sed to arched corrugations.
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RIGID PVYC - Polwinyl chloride or a polyvinv
chloride/acetate copolvmer characterized by a relatively high
degree of hardness: it may be formulated ‘with or without a
small percentage of plastlcuel .

ROCKWELL HARDNESS -
testing a plastics material for resistance to indentation in which
a diamond or steel ball, under pressure, is nsed to pierce the
test specimen. The load used is expressed in kilograms and a
10-kilogram weight is tirst applied and the degree of penetra-
tion noted. The so-called migjor load {(60-150 l\ll()tfhll]]\’ is next
applied and « second reading obtained. The harduness is then
calculated as the difference between the two loads and

expressed with nine different prefix letters to denote the tvpe of

penetrator nsed and the weight applied as the major load.

ROCKWOOL - Mineral wool made by blowing a jet of

steam throngh molten rock (as limestone or siliceons rock) or
throngh slag.

ROVING - A form of fibrous glass in which spun strands are
woven into a tubular rope. The number of strands is variable
but 660 is nsual.

SELF-EXTINGUISHING -

term describing the abilitv of a material to cease Innnm(r once

A somewhat looselv-used
the source of ﬂ ine has been removed.,

SHADING COEFFICIENT - The ratio of solar heat
gain through u glazing svstem under a specitic set of conditions,
to the S()Lll ]I((lt gain t]n()utfh a single pane of double-strength
sheet glass under the same set of u)n(llti()ns.

SHEAR STRENGTH - The ability of a material to resist
shear stress. The maximum load required to shear the speci-
men i such a manner that the moving portion has completelv
cleared the stationary portion.

SHEET (THERMOPLASTIC) - A flat section of a
thermoplastic fihn with the length considerably greater than
the width and 10 mils (0.013 or greater in thic kness.

SHRINK WRAPPING - A technique of packaging in
which the struins in a plastic film are released by raising the
temperature of the filn thus causing it to shrink over the pack-
age. These shrink characteristics are built into the film during
its manufacture by stretching it under controlled temperatures
to produce orientation. ¢.v.. of the moleenles. Upon cooling,
the film retains its stretch condition, but reverts toward its orig-
inal dimensions when it is heated. Shrink film gives good pro-
tection to the products packaged and has excellent clarity.
SLIP ADDITIVE - A moditier that acts as an internal
lubricant which exudes to the surface of the plustic during and
imme(liutl'l_\' after processing.  In other words. a nonvisible
coating blooms to the surface to provide the necessary lubricity
to reduce coefficient of friction and thereby improve the slip
characteristics.
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A common method of

SLOT EXTRUSION - A nicthod of estruding film sheet
in which the molten thermoplastic compound is forced through
a straight slot.

SMOKE DENSITY - The amount of smoke generated

while a material is buming.

SOFTENING RANGE - The range of temperature in
which a plastic changes from a rigid to a soft state. Actual val-
ues will depend on the test method. Sometimes erroneously

referred to as softening point.

SOLAR ENERGY TRANSMISSION
centage of total solar energy which will pass through a materi-

al.

- The per-

SOLAR INFRARED ENERGY - That portion of sun-
light ranging from 700 to 2500 nanometers wavelengths, often
infrared. “Far™ infrared., or “hlack bodv™ radia-

2500 to 10,000 nm.

called “near”
tion. ranges from 2

SOLAR RADIATION - The entire energy spectrum (all
wave lengths) created by the sun. The wavelengths reaching

earth range from 300 nm to 3000 nm.

SOLVENT

stance.

A liquid or agent that dissolves unother sub-

SPAN - The distance between supports such as rafter or
Pl

purlins that a material must cross.

SPANISHING

or embossed plastics film.

- A mcthod for depasiting ink in the valleys

SPECIFIC GRAVITY - The densitv {mass per unit vol-
umed of a material divided by the density of water. Since the
de nslt\ of water is 1.0 Uldl]]/(lll)l( centimeter, (]t!l].\lt_\' n grams

per cubic centimeter is numerically equal to specitic gravity,

SPECTRUM -

arated and arranged in the order of some vanving characteristic.

An array of components of an emission sep-
{(Wave lengths).

SPLICE - Townite or join the end of voll material. The hond
may be accomplished by mechanical or electrical means, or by
an adhesive.,

SPUNBONDED - A nonwoven textile formed of extrnded

continuons high denier fibers and bonded by thermal. chemi-
cal. or mechanical means.

STABILIZER - An ingredient used in the formulation of
some plastics, especially elastomers. to assist in maintaining the
physical and chemical properties of compounded naterial at
their initial values throughout processing and service lives of
the material.

STORAGE LIFE - The period of time during w hich a lig-
uid resin or packaged adhesive can be stored unde] specified



temperature conditions and remain suitable for use.
life is sometimes called Shelf Life.

Storage

STRESS CRACK - External or internal cracks in a plastic
cansed by tensile stresses less than that of its short-time
mechanical strength. The development ot such cracks is fre-
quently accelerated by the environment to which the plastic is
exposed. The stresses which cause cracking may be present
internally or externally or mayv be combinations of the stresscs.

The appearance of a network of fine cracks is crazing,

SURFACE TREATING - Anv method of treating a poly-
olefin so as to alter the surface and render it receptive to inks.
paints. lacquers and adhesives such as chemical. flame, and
electronic treating,

TENSILE STRENGTH -

expressed in psi, required to break a given specimen.

The pulling stress, usually

THERMAL CONDUCTIVITY - The abilitv of u sub-
stance to let heat pass through a nnit cube of the inaterial. (See
K-Factor).

THERMAL RADIATION - That portion of the spec-

trum encompassing all of the infrared and visible portions of

the spectram. as well as a small portion of the ultra-violet.
uppm\imutel_\' 0.3 to 1.000 microns.

THERMOFORMING - Anv process of forming therimo-
slastic sheet which consists of heating the sheet and pulling it
1 : . I g
down onto a mold surface.

THERMOPLASTIC - ()

sottened by heat and hardened by cooling.

Capable ol being repeatedly
Y \ (b A material that
will repeatedly soften when heated and harden when cooled.
Tvpical of the thermoplastics fumily are the stvrene polviners
andd copolvmers, acnlics, ce Aulosics. p()]\(tll\lenes vinvls,
nvlons. and the various flnorocarbon materials.

THERMOSET - A materiul that will undergo or has under-
gone a chemical reaction by the action of heat, catalvsts, ultra-
violet light, etc.. Tivpical
of the plastics in the thermosetting family are the aminos

leading to a relatively infusible state.

(melamine and urcal, most polvesters. klllﬂ(ls epoxies, and phe-
nolics.

TOLERANCE - A specified allowunce for deviations in
weighing, measuring, ete.. or for deviations from the standard

dimensions or weight.
TOXIC - Poisonous.

TRANSLUCENT - Descriptive of material or substance
ulp;ll)le of transmitting some [ight, but not clear ()n()uqh to he
seen through.

a material

TRANSMISSION - The amount of energy

allows to pass throngh itself.

GLOSSARY

TRANSPARENT - Descriptive of a material or substance
capable of a high degree of light transmission {e.g.. glass).
Some polypropylene films and acrvlic moldings are ontstanding
in this respect.

“U” FACTOR - The total or overall transmission of heat
in one hour per square foot of area that will pass through a com-
bination of materials and air spaces. (Expressed in BTU's),
ULTIMATE STRENGTH - Term used to describe the
maximum unit stress a material will withstand when subjected
to an :lpp]ie(l load in a compression, tension, or shear test.

ULTRASONIC SEALING - A

which sealing is accomplished throngh the application of vibra-

film sealing method in

tory mechanical pressure at llltmsumc heqn(nu(s (20 to 40
ke Electrical energy is converted to ultrasonic vibrations
through the use of either a magnetrostrictive or piczoelectric
transducer. The vibratory pressures at the film interface in the
sealing area develop loc: dized heat losses which melt the plastic
surfuces. effecting the scal.

ULTRAVIOLET - Zone of invisible radiations bevond the
violet end of the spectruni of visible radiations. Since UV wave-
lengths are shorter than the visible, their photons have more
cnergy, enough to initiate some chemical reactions and to
de m.tde most plastics.

ULTRAVIOLET LIGHT - That portion of sunlight
wavelength  from 200 to 400
Wavelengths below 300 nm do not pass through the atmos-
phere in appreciable amounts.

ranging in nanometers.

“U»” YALUE - Overall rate of heat transter through a mate-
rial. “R-value™ (17U
commonly used in consumer advertising. These values are cal-
cnlated by the ASHRAE method.

value), resistance to heat transfer is more

UV ABSORBERS - A cliemical compound with the abili-
tv to selectivelv absorh UV radiation. When incorporated into
plastics it reduces the degrading effects of nltraviolet.

UV STABILIZER (ULTRAVIOLET) -

cal compound which. admixed with a thermoplastic resin. selec-

Any chenii-
tivelv absorbs UV ravs.

VERTICAL/HORIZONTAL BURN TEST - S5ece

Horizontal.

VISIBLE LIGHT - The band of colors making np white
light. Al radiation that can be sensed by the human eve.
Apprnxin'l:lle]y (.35 to 0.785 microns.

WATER VAPOR PERMEABILITY - The abilitv of

a material to permit transmission ol water NApor.

WATER VAPOR TRANSMISSION RATE
(WVTR) - Mcasure ol permeability of a material. often stat
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ed in terms of grams of water passing through 100 square
inches of material in 24 hours at 100 degrees ¥ and 90%
humidity,

WEATHERING - Tl effects of outdoor exposiure on a

inaterial, including water. UV radiation, oxidution. ete.
WEATHEROMETER - An instrument used to subject

materials to accelerated weathering conditions. Example: Rich
UV source and water spray.
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WINDOW - A delect in a thermoplastics film, sheet, or
molding. cansed by the incomplete “Plasticization™ of u piece of
material during processing. It appears as a globule in an other-
wise blended mass. See also Fish Eve.

YIELD - Arcaper unit of weight, usually expressed as square
inches per pound.

YOUNG’S MODULUS OF ELASTICITY - Stress

divided by strain.
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1

INTRODUCTION

As deseribed in the main text of “A Global Review of Protected
Agriculture,” almost any horticultural crop can be grown under
some torm of protective cover, thereby increasing pmdmtmn
improving quality and extending seasonal av: .ulal)ﬂlt\ Such pro-
duce primarily consists of seabonal]\ produced, non-storable
products. The large and expanding northern hemisphere mar-
kets appear to oife] plentiful export opportunities for manv
developing countries with complementary growing seasons.
Countries such as Morocco, which supplies fresh vegetables.
and Colombia and Kenya, which produce fresh cut flowers.
illnstrate how suppliers with complementary growing seasons
may successfully establish themselves in the northern hemi-
sphere market.

Despite such specific successes. imports from external sup-
pliers into northern hemisphere countries remain relatively
limited. The more developed countries still supply the over-
whelming pmpmtlon of their own produce needs, even during
their oif seasons™: in 1990, imports accounted for only 16% of
the market value of cut flowers in the United States (U.S.). 7%
in the European Community (EC) und about 5% in Japan
(Rabobank-F). In mid-winter, db()ut 75% of the cut flowers
sold in the Dutch auctions—the major intermediate market for
floral supplies to the whole of Europe—are grown in the
Netherlunds (VBN).  Similarly, 86% of the fresh vegetable
imports into EC conntries in 1990 came from other EC coun-
tries and only 5% came from the Canary Islands (now part of
the E( ), 4% from Morocco and 5% from other non-EC coun-
tries (Rabobank-V).

Thls section discusses the marketing of protected agricultur-
al crops. primarily fresh vegetables and fresh cut flowers. The
first half of the section examines the complications of horticul-

tural marketing which arise from the high degree of perishabil-
ity of these produ(t< the infinite combnmtlon of possible pro-
duction variables, an inc reasingly blurred concept of seasonali-
ty. the critical importance of quality and consumer preferences,
and the need for comprehensive and timely information about
production and market developments. The second hall of the
section examines the basic trends, opportunities and trade pol-
icy environment in the homul]tuml markets of the United
States. Western Europe, and ]apan

WHAT ARE “PROTECTED CROPS”?

From a marketing standpoint, all vegetables and cut Howers for
fresh consumption will be considered “protected crops™. since
many of these products are grown with some degree of protec-
tive covering, and since the production volume and value of
such crops is much greater than the total covered production
area would indicate. In developed countries, vegetable produc-
tion under glass or plastic cover is estimated to be about 7% of
the total vegetable production area, ranging from as much as
10% in the Netherlands (4,420 ha.), to 5% in Belginmn (2,535
ha.), 2% in ltaly {9.000 ha.), 1% in Poland 3.300 ha.), and

mich Jess than 1% in the U.S. (only about 320 ha.). However,
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since covered production results in much higher productivity
and quality, glasshouses in the Netherlands account for 52% of
the total quantity and 75% of the total value of Dutch vegeta-
bles—aon only 10% of the total production arew. In inany coun-
tries., covered production also predominates for most salad veg-
etables which are grown for fresh consumption, such as toma-
toes. cucumbers. peppers and lettuce (Rabobank-V, Neff),

A much larger proportion of the world’s cut flower growing
area (approximately 30%) is under cover than is true for veg-
etable production. The figure is considerably higher in north-
ern countries and in countries produ(mg prlman]\ for export,
and Jower in countries with mild vear-round climates and in
those producing mainly for the domestic market. Cov erage of
the production area ranges from almost 100% in Colombia
{4,000 ha.) to 71% in the Netherlands (4,050 ha.). 65% in Israel
(1,200 ha.), 61% in Spain (1,400 ha.), 54% in Italy (4.130 ha.)
40% in the U.S. (8,000 ha.. including pot plants), 33% in ]ap(m
(5.500 ha.). and 10% in Kenya (55 h W)

Some countries, such as Germany, are expanding their flower
growing area in the open, because growers believe they cannot
afford the high cost of glasshouses. By contrast, the area under
cover is increasing in countries such as Italy. Spain und
Colombia because growers in these countries feel that they can-
not produce high quality products and thus compete in north-
ern markets unless they cover their crops. Still other conuntries.
such as the Netherlands, Israel and Kenya, are increasing both
covered and open growing areas as part of a general expansion
of their floriculture sectors (Rabobank-F, USDA-NASS). In
Israel, for example, crops which require greater light intensity,
such as waxtlowers and gladiolas. can be grown more extensive-
lv and without cover (but with irrigation); most other flowers
are grown in plastic greenhouses, some of which are heated
(especiallv for roses). Kenya's climate is so mild that a wider
variety of crops can be grown without cover. including carna-
tions, spray roses and statice.

Local climatic conditions, as well as cost and ultimate quali-
v. affect decisions about whether or not to produce crops
under cover. In general, a higher degree of protection and cli-
mate control is required for higher value crops, such as roses
and propagation material. and for most crops in harsher cli-
mates. For t"xumple, to produ('e a certain crop Dutch growers
may need heated glagshouses with supplementary lighting, arti-
ficial growing media, COg enhancement and water recircula-
tion. while growers in warmer regions may need onlv unheated
plastic greenhouses, shade houses or no cover at all. Even in
relativ t‘l\ mild climates, however, higher vields and consistent-
Iy high ({lhl]lt\ production may require investment in protective
structures. Growers in regions which formerly grew crops in the
open. such as Tsruel's Jordan Valley ichrysanthemnms), und
who were successtul when markets were less competitive, are
now considering covered production in heated plastic green-
houses.

In anv event. the same crops grown with more, less or no pro-



tective cover compete with each other in the same muarket Sey-
ments, where they are subject to similar marketing demands
and consumption trends regardless of the technology used in
their production. For this reason, and for our purposes, all fresh
vegetables and all fresh cut lowers will be considered “protect-
ed crops™.

PERISHABILITY

A critical factor in the marketing of xesh satad vegetables and
cut flowers is their high (IL‘LTlt‘(’ of penslmblht\ i.e.. their
extremely short shelf- life or vase-life. Most of “these pmdu(tx
have a post-harvest life ranging from only a few davs (flowers
such as irises and Q\‘]d(ll()l‘ls) to one to two weeks (roses, vine-
ripe tomatocs and cucumbers), three to four weeks (carnations
and chrysanthemumis), and even four to ten weeks (tomatoes,
cucumbers and peppers when stored in hypobaric low-pressure
conditions) (ITC. Burg). Spoilage of all products is much
areater and faster if the\ are stored and handled in sub-optimal
conditions of temperatire, humidity and air pressure. which
difter for each product. Once harvested. vegetables and flowers
continue to ripen: this process can be delaved only slightly,

Bevond a certain stage of ripeness, the qu l]lt\ and usll]n]lt\ of

these products deteriorates rapidly. Disastrous uality losses
can oceur at any stage in the marketing chain from grower to
consumer, and the total value of the ploduct mav be I()\t

In order to increase the post-harvest lite of \e"elal)leﬁ and
flowers. many products are harvested before thev ripen (green
tomatoes or flowers with closed buds). The grower takes o cal-
culated risk that the Hower or vegetable will ripen satistactorily
further along in the marketing chain, sometimes with assis-
tance. While this is convenient for wholesalers and retailers. the
result is that consumers often |)|1}' products which never prop-
erly ripen and thus never supply the intended and expected fla-
vor, aroma. texture and overall satisfuction.

Furthermore. since the stage of ripeness and product quality
constantly changes. tomatoes picked one dav with unitorm
green color miay not be unitormly red a tew da\s later. Such dif-
ferential rates of ripening in penx]ml)]e pmduw has given rise
to the industry of re-sorting and re-packing the product in the
middle of the marketing chain. A similar function is performed
for cut flowers in part l)\ bouguet-makers and floral designers
who re-sort the pmdud and discard the flowers which ure
unusable at that point in the marketing chain.

Because of the perishability of fresh produce, whaolesalers
and especially retailers have a high percentage of “shrink™—
produce w hich deteriorates bc_\ond marketabilitv and must be
discarded at a loss.  Although retailers have always sought to
minimize shrink. some industry professionals helieve that retuil-
ers’ shrink should be even greater than is generallv the case. in
order to ensure that low- quaht\ produce does not reach the
market and eventually disappoint and deter customers from
future purchases {Prevory. One British retail chain, Marks and

Spencer. has even begun printing a “sell-bv™ date on bunches of

cut flowers to guarantee a post sale vase-life of at least one
week.

Produce shelf-life depends on transportion. projected sales
date. and intended use: vegetables and flowers produced for
local sale can be harvested at a riper stage than export products
because they require less transport and handling time, and veg-
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etables und Howers grown under contract with retailers can also
be harvested at a more advanced ripening stage because they
do not need extra time to find buvers. Many uses of cut flowers,
such as for weddings and funerals, require ripe flowers: since.
, the selection of special occasion flowers is made by
. decision

however
the letdll florist, this use does not affect the grower’s
about the proper stage of ripeness for harvesting.

Given the highlv perishable nature of fresh produce and
especially of ent flowers, post-harvest treatment and handling
hecome critical to maximizing the preservation of product qual-
ity. Presenvation of cut flowers mav include immersion of flow-
ers in water immediately after harvest. careful sorting and pack-
ing, pre-cooling. cold transport and storage. keeping the flow-
ers away from ethylene-producing produce. adding floral
preservatives to vase water and renewing the cut of the flower
stems after shipment.

Every activity in the production and marketing chain must be
prec lse[v timed. especiallyv if there is a specitic target sales date
such as a major holiday, as is often the case with cut flowers.
For both fresh vecremhlvs and cut flowers. there is little room
tor error or delay in the delivery of production inputs and the
planting of propagation material and, at a later stage. in har-
vesting. shipping and handling the final product.

One aspect of the trade in lnﬂhl\ perishable fresh vegetables
and cut flowers which differs from the trade in St()hl])lt‘ COM-
modities is that large surplus stocks cammot accumulate to be
curried over from one sules period to unother. The Dutch
flower auctions are determined to prevent such a disraptive sit-
uation on even a short-term basis: a strict policy forbids carrv-
ing over unsold flowers from even one day to the next. and all
unsold products are destroved und therefore removed from the
market.

While the perishability of fresh produce helps to naturally
clear the market of surpluses. it also affects the power relation-
ships between sellers {especially growers) and  buvers.
Transaction speed is critically important. even at the expense of
downward price risk. Growers ave placed under great pressure:
they and other sellers in the marketing chain cannot afford to
hold the product long and wait for higher prices. This situation
led to the establishment of the Dutch auction method for sell-
ing perishable fresh vegetables, fruit, cut Howers and ornamen-
tal plants. This anction method gives growers greater counter-
vailing power against the buvers by farcing buyers to compete
against each other in public.

The perishability of fresh produce also makes exporters vul-
nerable to erroneous quality claims by import agents. The
abuse of these claims can be devastating, especially when deal-
ing in cut flowers before kev holiday peli()ds. the time when
sellers expect unusually hwh prices. Valuable time cannot be
lost in resolving such dlsputes when thev occur. Itis. of course,
alwavs conceivable that fresh produce can deteriorate in quali-
ty en route from the exporter to the importer. but this imessage
is often received with disbelief by the exporter. For this reason,
it is crucial that trading partners establish a personal relation-
ship of trust and h(mest\ and a method for checking claims
betorchand in order to avoid problems and facilitate Hle smooth
flow of long-distance sales. 3

Government authorities can also exploit the perishable
nature of fresh produce for protectionist purposes. This occurs
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when customs officials or plant health inspectors cause unrea-
sonable delayvs at ports of entry. One attempt to prevent such
delays and minimize uncertainty regarding the acceptability of

hlgh value long-distance .slnpments has been the stationing of

Japanese plant health inspectors in the Dutch flower auctions
(at the expense of the anctions) to pre-inspect shipments to
Japan.

High perishability also makes efficient freight transportation
a critical factor for long-distance suppliers of fresh produce.

Higher value products often justify the higher cost modes of

transport when timely (lt‘li\"&‘l"\' is paramount. For instance,
many Moroccan exporters of winter tomatoes ship their pro-
duce via trucks rather than by sea. even though truck ship-
ments are four times more expensive, because truck transport
affords them greater flexibilitv and punctualitv (Frait and
Vegetable Markets). In other cases. exporters ship produets by
costly airtreight to reach the market betore competitors ship-
ping by sca.

For intra-continental supplie-s, exporters need access to a
modern highway netwvork and efficient refrigerated trucking
services. For intercontinental supplies. exporters require snfti-
cient air-freight capacity and regular, reliable. and reasonably
priced flights. For this reason, landlocked countries such as
Zimbubwe are not at a great disadvantage if their production
area is near a well-served airport. However, countries which
serve as regional air-transport hubs, such as Kenva, do have o
considerable advantage because of access to multiple flights.
Growers in countries with more inbound flights (hoth freight
and passenger) and a critical mass of high-value perishable
export products have an even greater advantage in that they
may be able to act cooperatively to negotiate highly favorable
freight rates and regular daily ﬂl”[lt\ to major mar kets in the
northern hemisphere. This is the situation in Isracl.

SEASONALITY

Seasonalitv, as well as perishability, plavs a critical role in mar-
keting fresh produce. Seasonality includes not only the non-
storability of fresh horticultural pmdu(ts Dut also the variations
in scasonal quality, scasonal demand and the seasonality of pro-
duction,

Like other agricultural crops, horticultural prodicts have a
seasonal production cvele. But unlike storable commadities,
fresh vegetables and ent flowers are generally available in
given location onlv during their natural n()(]mtl()n SCASON.
This production season can be extended by lnet-(lm” new vari-
eties and by using horticultural te(lml(lue\ m(lu(hng protec-
tive covering. The period of availability can be extended by
improved storage methods and by importing the produet from
other regions having ditferent natural seasons (Ritson &
Swinbank).

Seasonadity in horticultural production is the result of differ-
ences in climatic conditions. which are more pronounced in
higher latitudes. Global (solar) radiation is a kev climatic factor
in hortienltural crop production. a fuctor which is subject to
extreme seasonal fluctuations in northern commtries such as the
Netherlands. Table T helow presents the )() vear {1950 to 1986)
averuge global radiation (in KJonle per e per touraweek peri-
od in the Netherlands:
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Table 1. Seasonality of Global (Solar) Radiation in the
Netherlands (average 1950 to 1980)

Period Months Kjoule/cmZ % of Annual Total
] January 6.3 1.7
2 Jan-Feb 12.7 34
3 Feb-Mar 21.3 5.8
4 Mar-Apr 36.1 10.0
5 Apr-May 47.1 12.7
6 May-Jun 539 14.6
7 Jun-July 54.1 14.6
8 July-Aug 46.9 12.7
9 Aug-Sep 39.7 10.7
10 Sep-Oct 255 6.9
I Oct-Nov 14.2 38
12 Nov-Dec 7.1 1.9
I3 December 4.9 1.3
Total Total 369.7 100.0

Seree. TRC

The Netherlands experiences u critical shortfall of natural
light from October through March and cspeciallv from
November through Jannary. when solar radiation levels
decrease to only 9% of the level during June-July. Horticultural
techniques (such as wider spacing s and supplementary lighting)
cannot {ully compensate for this deficieney. and thus winter
production is limited.

The production seasons of vegetables and flowers in a north-
ern Kuropean country such as the Netherlunds are a combina-
tion of cach product’s natural season and its possible extension
througlt horticnltural techinigues. The supply season for the
major salud vegetables grown in heated greenhouses {tomatoes,
peppers and cucinbers) begins slowly from February through
April, peaks from Mav through S(*pteml)el and diminishes in
October and November, production in
December and Janmuary. The greatest seztsonulit_\' oceurs in
crops grown primarily outdoors, such as asparagus. In this case.

with virtnallv no

S6% of the annual production is concentrated in Mayv and June
(LEI-CBS).

Mujor crops of cut flowers exhibit widely vaning seasonal
supph patterns, based on their ditfferent natural seasons twin-
ter/spring lor some bulbflower crops and summer tor some
other tvpes of flowers) and the different possibilities tor extend-
Dutch-
arown roses are now available veur-ronnd but. due to the win-

ing these scusons throngh horticultural techniques.

shortfall in solar radiation. the monthly production in
Jannary and Febrmary is onlv one-third the level of Julv and
Angust. and rose (1lmht\ in mid-winter is inferior to that in
other seasons. In the case of roses. however, seasonality works
ta the growers” favor: due to w peak in demund for roses in
Februanand the reduced winter supplv, as well as to redneed
demand during the smmmer. prices of Duteh roses actually
peak in mid-winter. In comparison. some crops requiring ven
high Tight-intensity. such as gypsophila and gladiolas, can ()n]\
he pm(ln(((l in the Netherlands from April/May tlm)utfh
Noventber/December. Major spring bulbflower crops such as
tulips and narcissus are now produced in the Netherlands from



December through April/Mav. The lily, another

bulbflower, is availuble year-round, but winter production is

major

greatly diminished because of lack of light needed for flowering
Lmd the seasonal availabilitv of the propagation material (111\'
bulbs), which is not available for planting of some species at a
time which will enable mid-winter flowering.

These conditions create the basic market opportunity for off-
season supplies of fresh produce from lower latitudes and the
southern hemisphere. However. flowering of certain crops may
depend on such variable light levels and the occurrence of
longer and shorter dayvs in different periods during the vear.
Thmehnc growers in equatorial countries having nearly con-
stant day lenﬂth light intensity and mild temperatures may not
he able to grow certain crops at all or in the absence of >ophls—
ticated horticultural techniques.

A degree of seasonal camplementarity hetween northern
Europe and tforeign producers does exist. The Dutch supply
peaks from March through September and the primary import
season oxtends from November through Mav. This creates an
overlap in the spring months of March tln()nqh May. The vear's
largest total monthly supply therctore oceurs in March. and
results in a sharp (11()1) in prices from February to Murch. As
mentioned carlier, some products, such as Lr\pxoplula and car-
nitions, are pmnlull_\ unp(nte(l in the winter months at a time
when thiere is no direct competition between imports and local
producers. The potential market opportunities for toreign sup-
pliers of ()thel products, such as roses and chrvsanthemnms, is
curtailed by increasing Dutch production of most varieties even
in mid-winter due to recent technical innovations (VBND.

The present suppl\‘ pittern results from the combination of

seasonal production possibilitics and scasonal market opporto-
nities in an open and competitive market. Originally. the sea-
sonal import supply pattern for cut flowers in Enrope was lim-
ited by the restrictions imposed by the Dutch auctions and by
{(November-May and
May-October). Now. however. the anctions permit some high-

seasonal differentials in EC tarit! rates

er-qualitv import flowers even during the summer months, and
most major non-EC suppliers of flowers pav either reduced
duty rates (Israclt or no duties at all (Spain, Colombia. Kenva
and Zimbabwe .

Seasonality should produce higher prices ontside of the nat-
ural peak pm(\uctmn season. Such price patterns create the
economic incentive to invest in methods ot exte ndln‘gr the nat-
ural production season or to import produets from regions with
difterent natural seusons. However, EC scasonal import con-
trols (reference prices) have distorted this price pattern for
many fresh vegetables, causing market prices in the peak
Ewropean pmdmtmn season to actually be higher than prices in
the off=scason. One study found onlv three p]()(lu(ts—nwl(ms
strawberrics and conrgcttes— in the U.K. market which exhib-
it a traditional, prolonged off-seuson characterized by signifi-

cantly higher prices and o fourth product—asp: u‘urux——\\lth

two shorter off=scasons. Fairly steady vear-ronund supphes of all

other tresh fraits and \e(fetal)lts from a combination of local

production and imports, leave only very narrow “windows of

opportimity™ in which higher prices are sustained for periods
lusting up to a tew weeks (Ritson & Swinbank:,

At one time, consimmer demand for fresh fruits and vegeta-
bles also shifted with the scasons as different products came on
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the market. But now that technology can supply most products
even during the traditional off-scason, affluent consinners have
come to expect virtually all fruits and vegetubles to be available
vear-round (Ritson & Swinbank), d]thouvh consumers may still
plefer fresher locally produced products in their natural scason.

Fresh cut flowers. in contrast, still display considerable sea-
sonal supply fluctuations in most northern hemisphere markets.
Imports do not fully compensate for seasonal shortfalls in local
production. Some products with short vuse-life, such as
peonies, are not imported ut all and therefore ure available only
during a very limited period. As a result, a very seasonal
denmnd pattern continues for such floral products. Consumers
are willing to pay verv high premier prices for the first small
guantities reaching the market: after this time, prices fall grad-
uallv as pl()(lnch(m reaches its peak. Prices usnally rise again
toward the end of the supply season as quantities Jdiminish.
although thev are not likelv to rcach the high levels of the
beginning of the scason.

Another factor atfecting the pricing of flowers is the fact that
most floral products are still used primarily as gifts for special
occasions and not for evervday personal use. A major exception
is the Netherlands., \\ln( re 42% of cut flowers are purchased for
consumers’ own 1use (Rabobank-F). Therefore, demand for
certuin flowers peaks ar()un(l specific holidays and seasons, such
as Christimas-New Year (mid December to carly Jannarvi, St.

Valentine’s Dav (February 14) and traditional wedding seasons
tlate spring). Since iy of these special occusions occur in the
winter oft-season ol northern hemisphere production, prices
usnally reach their annual highs at these times.

There is also a traditional seasonal preference for certain col-
ors and types of flowers in northern hemisphere markets.
Oranges and golds (“fall” colors) ure preferred for All Saints’
D: 1\/[L1”()\\een (October 31-November 1), reds for Christimas
and St. Valentine's Dav. softer colors—pink. white and espe-
ciallv vellow—for Easter {Marcl/April} and Mother's Day (May
in most countries). Bulb flowers are traditionally associated
with the coming of spring. especiallv daffodils (narcissus) in the
UK. and tulips in the Netherlands. Roses. the leading cut
flower in Europe. sell well throughout the yvear, but their
romantic image makes them especiully popular for St
Valentine's Day.

The United States exhibitsess strongly developed scasonal
preferences than Europe, except tor a few flowers. This is part-
v due to the fact that the U.S. has a less well-developed culture
of (loral consumption and partly becanse affluent urban
Americans now expect virtuallv all products to be available 24-
hours-a-day, vear-round. Furthermore. the major supplier of
the most p()puhu cut tlowers in the United States (roses. carna-
tions and chrysanthennunsy is now equatorial Colombia. which
has steady vear-round production and exports. Nevertheless.
the U.S. still exhibils extreme scasonal demand preferences for
some products such as poinsettias (for Christmas) and potted
longitlormn lilies (for Easter). Some American {loral industl)
leaders strongly believe that to develop stronger consumer
denund for flowers natural seasonality: should be respected,
and not all products should be made wailable veur-round
[‘(,thllt"\ I

Peak periods of demand for cut Towers have important impli-
cations for the trade and for growers attenpting to force their
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crop to bloom in time for these specific occasions. Wholesalers
and importers begin to purchase larger quantities of flowers,
especially of the less perishable varieties. about two weeks
hetore a given holiday to allow time for re-export and distribu-
tion to their more distant customers. Heavy purchases for dis-
tribution to increasingly nearby markets, as well as higher
usually continue until shortly hefore the lm[iduv
Auction and wholesale prices generally peak a few days before

prices,

the actual holiday and then decline \hcfhtl\ the fall in prices
reflects the need to allow time for distribution of the product to
retuilers. Good wholesale demand and high prices often contin-
ue during the week after a major holiday since traders and
retailers need to replenish their stocks to ]ew]s sufficient for
meeting evervday non-holiday related needs.?

QUALITY

Quality, as well as consumer preference. is critically important
in marketing fresh vegetables and cut flowers since they are
intended for direct fmal consuniption. But since these items
result from a biological production process subject to variable
climatic conditions and are usuallv handled through a long and
uncoordinated marketing channel, many of their key quality
attributes may be variable and unstable. A further
complexity is ‘that much of the appeal of fresh produce is aes-
thetic and emotional and, therefore, many important quality
attributes of fruits, vegetables and flowers will he subjective,
intangible, invisible. indescribable  and  immeasurable
{Melamed).

The concept of quality in fresh vegetables and cut flowers
embodies a multitude of diverse aspects which are perceived
difterently at different stages in the marketing chain. Many pro-
dnce (illdllt\ Llnuacterﬁh(s are difficult and sometimes even

impossible to define and agrec upon (Melamed). It is inevitable

that products will be initially judged by their appearance and. if

no other information is offered. consamers will deduce good
taste and good internal quality from good, visible lem(teushu
{Deters, Al\emlel)en and Mcier). These include the product’s
color, nniformity. and freedom fromn blemishes, pests and dis-
eases as evaluated against some ideal concept of that particular
productivariety. Appearance quality also includes the product
presentation in the sales unit (carton, bunch., ete.]. and its sort-
ing. grading and packing, which is of primary iinportance to the
wholesaler.

Size is another kev external characteristic of the product,
which can be measured and valued differently in different mar-
kets. Vegetuble size is mostly measured by either the diameter
or circumference of the truit, the count per carton or weight.
But higher measures do not necessarily correlate with greater
demand und higher prices: U.K. consumers preter medinm-size
tomatoes (47-57 mm.). while German and French consumers
prefer larger tomatoes (57-67 mm.j (Seker).

Flower size can be measured by the stem length, stem weight
or the number of blooms per stem. A certain stem length in cut
flowers is preferred, but there are negligible differences in
price between those that fit this ideal and those that do not: the

various shorter stems are all too short for the intended nse and
the longer lengths must all be cut down to the desired length.
Some hmqw lenrrths may receive a small premium, but others
may be sold for less lon(rm lengths require work—cutting—by
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source of

the buver, and therefore shorter stems close to the desired
length (about 50 ¢m.) mayv actually receive a higher price than
Batt, IFB).

Qua]m can also be a scasonal concept, with “good™ quality

longer length stems (about 55 or 60 cm.) (

being defined according to the point in the marketing chain and
the tine of the vear. Because vegetables and ﬂowws natire at
varying rates depending on climatic conditions. they must be
harvested riper. or rawer, at different times of the vear in order
to ultimately attain the same degree of ripeness by the time
thev reach the finul consmmer. For example, the minimum
color standards for blocks {lots) of tomatoes in the Dutch veg-
etable auctions chunge thronghout the vear. Since tomatoes
ripen faster in summer than in winter, greener tomatoes are
allowed to be sold in the summer auctions because thev will
ripen before consumption, but may not be sold in the winter
because thev will not be able to ripen sutticiently {Grower).

MARKETING IMPLICATIONS
Marketing high-quality produce begins with consistently high-
quality In()(lu(tum For fresh \edehlhles and cut flowers. this
often requires some degree of protective covering and climate
control. Protected agriculture is increamingl\' necessary to meet
the growing demand by affluent consumers for quality products
and in ()l(lt‘l tor pl()du( ers to differentiate their products in the
crowded and competitive mass markets. In the case of cut flow-
ers. Dutch niarket research has demonstrated that growth in
quantity is outpacing price increases, and suggests that product
differentiation and the creation of new market segments is the
onlv way to escape diminishing profitability (Blauw

Until quite recently. the pl()dugtl()n and export of protected
crops was dominate Nl by developed country producers. such as
the Netherlands and the U.S. These countries dev eloped cov-
ered horticultural methods and technology in order to extend
their own natural pr()dnction seasons and improve quulit}' to
better supplv their own domestic markets. They then began
exporting these products to exploit similar off-season and high-
uality marketing opportunities in neighboring countries. sn(h
France, U.K. and Canada. Until recently, only
producers in these developed conntries had the experience,
methodology. teclinology and capital to practice protected agri-
culture on a lurge sc d](‘

Producers in develaping conntries secking to export protect-

as Germany,

ed crops to developed country markets will, first and foremost.
have to compete directly with such high-technology and high-
quality local 1)1()duct1()n. especially if such p]odmtl(m is avail-
able during the same season. Local products may bave higher
production costs. but this will be compensated h\ more effi-
cient labor. cheaper inputs, research und extension advice, and
rednced transport costs. Moreover, local producers can supply
tresher products, are familiar with local trading practices, con-
sumer preferences and market apportanities and can better
commumicate with local customers.

In fact, producers in developing countries may not necessar-
ilv enjov large cost advantages compared to I)mducels in devel-
()Pt‘(l countries. when all factors are considered. For example. it
is estimated that per unit production costs of vegetables in
Mexico and the U.S. are often comparable, due to lower vields
in Mexico and many of the above advantages for U.S. pmduc—
ers {American Farm Bureau). Furthermore, produce buvers



and consnmers often prefer local products over imports
because of presumed greater freshness (Brooker, et al.
Brumfield and Adelaja)—a critical factor in the case of perish-
ables. Experience in the Dutch flower anctions indicates that an
imported product must be of better quality than the equivalent
Dutch product in order to receive the same price. and of sig-
nificantly better quality to receive a higher price (IFB).

One way for foreign suppliers to overcome such a bias
towards local products is to become integrated into the market-
ing network of a local supplier, which gives the import product
the higher-quality reputation of the local product. Israel’s cut
flower sector does this effectively by selling most of its products
through the Dutch auctions. These prodn(tq are then mostly re-
exported by the initial buyers and presented as Dutch products
which is true to the extent that they now include the value-
added services provided by Dutch exporters. An ironic result of
this practice was ohserved in the mid-1980s, when carnations
from the Netherlands (rnost of which had been imported from

Israel) received higher prices in mid-winter in Germany than
(Staal). However,
when grower/exporters market through local northern hemi-

carnations 1mported directly from Israel

sphere suppliers. most of the profits are made by importers and
distributors. with only indirect benefits to grower/exporters.

Another possibility for overcoming local product bias is joint
venture production and marketing with u partner from a devel-
oped country. In this case, a lurfh quality producer or trader in
a developed country contracts with specific growers in a devel-
oping country to pmdu(e and pack products according to the
former’s |110h standards in his off-season, which he can then dis-
tribute to lm established customers. One such successtul exam-
ple is the Moroccan-French joint venture company Maraissa,
which grows tomatoes in Morocco on 100 ha. tor export to
Eumpe The tomatoes are grown, sorted and packed according
to the standards and under the strict supervision of the French
partner. S.M.O. from Brest (Brittuny). They are then marketed
in France in the winter under the Azura brand name. filling the
gap between the seusons of S.M.O.s Saveol brand from north-
ern France and Soproma brand from southern France

(Nunnink). Similar ownership or long-terin contractual links
have also been an important part of the development of Kenya's
off-season trmit and vegetable trade with Western Europe
(Jatfee).

A long-distance supplier's reputation concerning the fresh-
ness of hm product is especiallv problematic if he lacks access to
daily transport. If. for example, a given country has only two
flights per week to a certuin market, an importer cannot know
which flowers in the shipment have been in transit for one day
and which for fowr days. One cannot simply calculate an aver-
age age for the 1)10(]11@ in the shipment because the four day
old flowers deteriorate before those picked more recently. n
this case. the importer must relate to the whole shipment as if
it were four davs old and pay a reduced price for all flowers.

The cmnple\ quality factors, combined with the scasonal
nature of vegetable und flower production, creates a multitude
of trade opportunities. sometimes in unlikely directions. Some
producing and exporting conntries are now importing signifi-
cant and increasing quantities of fresh vegetables and cut flow-
ers in their local off-season and even throughont the vear. This
is happening in response to consumer demand in both devel-
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oped and developing countries for high quality, off-season pro-
duce, a demand which often cannot be supplied by local pro-
ducers. It is also helped by the reduction or elimination of many
trade barriers.

Producers of protected crops face several decisions which
directly affect their ability to produce high-quality products. A
correlation exists between per-unit pIOdll(,tl()l] costs and high-
quality production: there can also be u trade-off between pro-
ductivity and high-quality. Three major production factors are
all obtained at the expense of higher quality: lower investment.
lurger scale, and higher yields.

As discussed earlier, higher and more consistent quality pro-
duction requires greater contro] of the growing environment.
This in turn necessitates more tightly sealed structures {higher
quality plastics or glass), more precise temperature and humld—
ity control, pos@lbl\ artificial growing media and supplementary
lighting and improved post-harvest facilities. The construction,
operation and maintenance of such facilities adds significantly
to the cost of production.

Producers also must decide on the scale of production.
Investors with sufficient capital and in countries with little
intra-industry cooperation will find large scale production
tempting, since it permits them to achieve certain economies of
scale and thus lower average per-unit production costs.
However. due to the extreme sensitivity of the product, horti-
cultural production is a very intensive and delicate process
which requires the constant monitoring of minute details. It
also demands expert management dlld supervision, and that
manual tasks be executed with a personal touch. Inevitably.
some degree of quality will be sacrificed in a large-scale opera-
tion.'

The third and perhaps most critical production-quality trade-
off is that of higher vield per unit of production area versus
higher product quallt\ If the price system does not adequately
reward producers for higher quality (or penalize them for lower
quality), then an incentive will be created to maximize the
quantity of production per unit of area (subject to marginal
costs) in order to muximize revenue and profits. This higher
productivity can be achieved in horticultural production by
such practices as manipulating nutrient and irrigation levels and
condensing plant spacing. But these same practices will also
lower the quality of the produce: the result will be watery, less
meaty and less tasty tomatoes and cut flowers with weaker and
lig shter- weight stems. The Dutch glasshouse industry boasts of
its technical achievement of pl()ducmg as much as 50 kilograms
of tomatoes per square meter hetween March and November
{Ministry of Agriculture-1992), but such high vields may have
come at the expense of higher quality and mayv e\pl(un the
recent decline in sales and prices of Dutch tomatoes in key
markets like France and the U.K.

Producers for mass-market retail customers can realize high-
er prices when thev supply services which add value to their
products. Dutch exporters, for instance, receive premium
prices for freshest vegetables und flowers in many European
markets (Tradstat)—despite the frequent weakness in product
quality. This is so because the Dutch provide consistent and
reliable sorting und grading, high-quality packaging, a wide
assortment of pmdmts and aood customer service.

One studv estimates tlmt the market for premium quality
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fresh tomatoes and other vegetables is onlv 10% 10 15% of the
total market.

market retail chains prefer to produce maximunm vields

mediocre quality products. at Teast for the time being. Many of

the same growers also beliove that the markets of the futire will
demand only high-quality produce. and they are theretore con-
stantly testing new varicties for better taste and reasonable pro-
ductivity in order to be prepared when market conditions
change (Scker). While the belief that higher quality will
hecome a minimum requirement to compete in future pr()(ln(‘e
markets is widely shared (Ritson & Swinbank),
dict when this lmcrht oceur. In the meantime, cvery producer

no one can l)]t‘-

and exporter must decide about the short and ]()I]f_{—tt‘l m impor-
tance of investing in quality, and develop and manage their rep-
utations accordinglv.

INFORMATION NEEDS

Given the extreme complexity of marketing fresh vegetables
and cut flowers, there is a great necd for comprehensive and
up-to-date information about ever aspect of praduction and
marketing,
market research and a smooth flow of information in order to

I\‘Iill'k(*t-()l'iﬁl]tt‘d 1)]'()(111('ti(1l] l'(‘(]llil'(‘S continuons

keep up with changing supph and demand. consumer tastes
and market regulations. Producers also need methods that suit
their Tocal growing conditions, research to solve future prob-
lems and to develop and adapt new products, and an advisory
service to commimicate research results to growers and grow-
ers” needs to rescarchers.

Local research is especiallv iimportant for protected erop vari-
eties which were bred and developed in other countries and for
other production conditions. First of all. product selection is
often ditticnlt because cach product categorn may contain a few
to a tew hundred commercial varieties. Fach rose. carnation,
chivsanthemum or gerbera can have its own lite cevele. as well
as suppl\ and denmnd trends. which can themselves differ in

each major market. Second, it is difficult to predict which vari-
eties will perform well in new and untested conditions. For
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example. one major Enropean rose breeder is Tocated in north-
ern Germany and another in southern France with its
Mediterranean climate. But in Terael's Mediterrancan setting.
the German varictics, and not the Frencl, actuallv grow better
and have become the backbone of the Israeli rose industiy.,

As information requircments have grown, so has the cost of
generating and disseminating the needed data—with the resnlt
that information has hecome even less availabile. Governmoents
in both developed and developing commtries have drastically
reduced support for agricnltural and horticultural rescarch.
closed experiment stations. phased out nniversity research pro-
grams and fully or partially eliminated public extension adviso-
neoservices (in cases where these ever existedl. In the early
1950%s. the U.S. stopped funding the collection of floriculture
statistics. a service which has since resimed. The Lrgest lower
auction in the Netherlands, the VBA in Aalsimeer. cited high
publication costs in ceasing publication of its statistical vear-
book, which did not. in anv event. include sufficient details of
most interest to growers and  traders (Aalsmeer Nienws),
Furthermore, the aceclerated integration of the European
Community into a single economic entity, eliminating internal
borders. has raised concerns about the futire ay ailabilitv of
intra-EC trade data.

Tn other words. while the information needs of producers of
protected crops constantly increase. the broad dissemination of
such information is being curtailed. Market participants are
increasing their private collections of sneh information—an
olten costly endeavor. To disseminate the requisite informa-
tion. producers and traders across different conntries and con-
tinents must cooperate and collaborate. Govertnents in conn-
trics with new producers of protected crops will have to ensire
the provision of adequate information about domestic markets.
and assist exporters in gathering the necessary data about devel-
opments in foreign markets. In the meantinie, the information-
gathering capability of the sector organizations in Dutch horti-
cultire will add to the already substantial comparative advan-
tages of Dutch exporters of protected crops.
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MARKETS AND TRADE
OPPORTUNITIES FOR
PROTECTED CROPS

The Tocal domestic market is an importat—and often under-

estimated—ontlet for protected crop production in middie-
inconne developing conntries. Nearlv every conmtry as its own
scasonal production limitations as well as its own developing
seament of urban middle-class and upper-income consmners
who mav be interested in off-season, higher guality and higher
priced fresh produce. I the market has o well-functioning
price svstent, seasonal production shorttudls and unsatisficed
demand for higher guality produce will ereate domestic market
()ppm'tnnities for pr()tﬂ'tc(] Crops which are at least as attractive
as export possibilitics.

In Mevico, the domestic market has enierged as the principal
sales ontlet for prodacers who previoushy concentrated on
esporting off=season fresh vegetables. After joining the GATT
i 1956, Mevico's population became familiar withc higher qual-
i Bnports just as renewed ceonomic srowth cnabled acon-
simer spending sprees Domestic grow the combined with sea-

sonal production shortfalls and the matnrity and slow srowth of

Mexico's [e:ulin}_f.e.\'pm“[ market, the U.S. has resulted in prices
lor tomatoes and other fresh produce that are higher on ocea-
sion in Mexico than in the U.S. Such price inversions intensify
the redirection of Mexican export production 1o the domestic
market, In fact. Sinalon—NMexico’s leading horticultural export
state—now sclls more than halb ol its winter tomato production
domestically compared to a decade ago, when 70 ol its pro-
duction was exported (American Farne Burean). Local produc-
ers of high-quality protected crops ure well-positioned to take
advantage of Um\\th in domestic denmand and. il high-quality
inports are also allowed in the market. mav be the onlv domes-
tic producers capable of satishving higher standards and com-
peting with such imports,

China and Turkey are wnong the other comtries which have
rapidly expanded fresh vegetable production. especially under
cover. but which export neglivible or decreasing guoantities.
Both nations are primarily e ngatred in satisfving their own large
and growing domestic needs tor vear-ronnd fresh vegetables. Tn
both countries. however. the domestic market has gencrallv low
standards, which does not stinlate innovation or qualitv high
enongh for exports {Rabobuank-V7.,

The domestic market is an excellent training grommd lor build-

ing w comitry’s export competitiveness (o dlec). A d(\t’l()pul
domestic market is also important in that it ubsorbs surplus export
production and production in periods talling outside  narrow
export “market windows.” us \\'ell as produce which does not meet
export standards. Even where domestic prices are relatively low:.
domestic sules can still be more profitable than exports due to
reduced packing and transport costs (Nnnmink). In any event, a
well-developed local market for protected crops can indirectly
anm\e Q u)untn S e pumtlnn as h](rh qui 111t\ su )ph(l since
onlv the best g lht\ produce will be exported. Carnation exports
from Spain in recent vears illustrate this process.

Domestic markets also involve less risk and expense than
exporting. with much simpler logistics. communication, pav-

ment collection and better access to market
major advantage for protected crop producers. In developing
commtries. domestic markets are often somewhat protected
front imports. Locad producers thus have the opportunity to be
the first suppliers of high-quality produce to a captive market
and to lirmly establish their conmections lmd reputations with
local customers betore the Tuture arrival of imports. On the
other hand, such insulated Tocal producers may have to carry
the burden themselves ot developing wholesale and consumer
denund for higher quality produce.

An eftective wholesale and distribution system is a prerequi-
site for the successtul establishment of ]n(fh guality domestic
fresh produce supplies. Such a svstem must include the estab-
lishment and enforcement of pmdutt guality standards und a
price-discovery mechanism which recognizes ditferences in
prodnet (llmllt\ as well as changes in supply and demand.
Because of the intensity and complexitv of managing protected
crop production. the grower will not also be able to engage in
trading and distribution, vinless he neglects his primany respon-
sibilities. Furthermore, drowers cannot risk receiving the same
price for protected eraps. which require high investment, as tor
open-field crops. Therefore, a price svstem must exist which
offers a premium to producers of higher quality and oft-season
protected crops in returm for their higher investment and risk.
Similwrhe, a market cliannel nst be in place that facilitates the
timely distribution and sale of sneh perishable products while
nunnhunmgthux high-quality.
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INTERNATIONAL MARKETS:
NORTH AMERICA

U.S. MARKET TRENDS: VEGETABLES

The U.S. is the single largest market in the world for fresh veg-
etables, with sales in 1991 valued at nearly $36 billion. Since
1987, the value of fresh vegetable sales in the U.S. has grown
much faster in real terms (+19%) than the increase in overall
consumer spending on food (+3%), which reached $619 billion
in 1991. In terms of volume. however, U.S. per capita con-
sumption of fresh vegetables increased by 6.2% during the
same period, indicating a rise in real prices. Spending on f()od
in the U.S. has contmued to decline as a proportion of total con-
sumer expenditure, dropping to less than 16% in 1991, while
the share of spending on fresh produce as a proportion of the
total spendmg on food has increased, reaching 5.8% for fresh
vegetables (i.e., less than 1% of total consumer spending) and
2.7% for fresh fruit (Euromonitor).

Protected agricultural production and greenhouse produce
are much less common in the U.S. than in many other devel-
oped countries. This is due to several factors: the U.S. is a large
and open internal market with a well-developed road-transport
system and its own warm-weather winter production regions.
such as Florida and Southern California, and U.S. regulations
ban the use of many chemicals considered essential for green-
house production. Greenhouse produce is estimated at less
than one percent of total produce sales in the U.S. The per
for
450

capita consumption of greenhouse-produced cucumbers,
instance, is only about 45 grams in the U.S., compared to
grams in Canada and 4.500 orams (4.5 kilograms} in the
Netherlands. In contrast to tllt‘ U.S.. neither Canada nor the
Netherlands has year-round supplies of inexpensive field-grown
salad vegetables, and greenhouse production is more competi-
tive with imp()rted pro(lucts due to transport costs and customs
duties. As a result, the Canadian province of Ontario has the
largest concentration of protected vegetable production in
North America (Neff).

Greenhouse produce has been sold in U.S. supermarkets
since the early 1980's and retailers report small hut growing
consumer interest. However, they have had to invest in educa-
tion canpaigns to explain the higher prices of greenhonse veg-
etables. Some greenhouse items are becoming  increasingly
popular because thev {ill certain niches: winter hydroponic
tomatoes are viewed hy .S, consumerts as the tastiest alterna-
tive when field-grown vine-ripe tomatoes are unavailable. The
U.S. now imports more than $40 million in greenhouse vegeta-
bles from the Netherlands, consisting mainly of peppers (80%.)
tomatoes, endive. cucumbers und novelties such as white egg-
plants (Neff, Rabobank-V).

Fresh produce sales in the U.S. and other developed coumtry
markets have been influenced by consumers” desire for health-
ier diets and the convenience requirements of modern
lifestvles. The fresh produce industry has responded to these
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concerns as well as to competition from frozen and canned veg-
etables by creating a whole new range of pre-cut and pre-
packed fresh fruit and green salads. These, in turn, have raised
issues of possible contamination in the preparation of such
products, but new labelling guidelines which reassure con-
sumers also promote the healthy aspects of pre-cut salads.
Fresh produce still dominates the market for fruits and vegeta-
bles in the U.S., accounting for 83.3% of sales in 1991, versus
only 9.1% for (dnned 5.2% for frozen and 2.4% for dried pro-
duce (Euromonitor).

Tomatoes are the leading product in the U.S. fresh \eﬂetable
market both in terms of sales value ($3.7 billion in 1990,
12%) and nominal sales growth (+42% from 1957 to 199()).
Potatoes are the second leading product ($3.5 billion), followed
by lettuce ($2.9 billion} and onions ($1.4 billion). In terms of
per capita consumption of fresh vegetables, the market leader
is potatoes (21.5 kilograms in 1990), followed at some distance
by lettuce (12.6 1\1100 onions (8.4 kilos) and tomatoes (7.0
kilos). The evolution of U.S. per capita consumption of fresh
vegetables (excluding potatoes) from 1970 to 1990 is presented
in Table 2. In total, U.S. fresh vegetable consumption (includ-
ing potatoes) reached 86.5 kilos per capita in 1990, which wus
almost twice the rate in northern Europe of 50 kilos but less
than hall’ southern Europe’s rate of 200 kilos (Euromonitor.
Rubobank-V).

Table 2. U.S. Per Capita Consumption of Fresh

Vegetables (excluding potatoes), 1970—1990

(in kilograms—farm weight)

1970 1975 1980 1985 1990

Lettuce 10.2 10.7 1.6 10.8 12.6
Onions(!) 5.6 6.1 6.0 7.5 8.5
Tomatoes 5.5 55 58 6.8 7.0
Carrots 2.7 2.9 2.8 3.0 36
Celery 33 3.1 3.4 3.2 33
Sweet Corn 3.5 35 30 29 2.9
Broccoli 0.2 0.5 0.6 1.2 I.5
Cauliflower 0.3 0.4 0.5 0.8 1.0
Honeydews 0.4 0.5 0.6 1.0 0.9
Asparagus 0.2 0.2 0.1 0.2 0.3
Other (2) 18.1 15.5 15.7 19.3 20.3
TOTAL 50.2 48.9 50.3 56.5 61.9
Sourees USDA Econonie Research Sevvice

T dneludes froshaned processing
20 Artichokes eggplant. carlic cacumbers. bell peppers. cabbage sy beans cantalonge

el weteroelon



Production of fresh vegetables (excluding potatoes) i the
U.S. increased in volume by 18% from 1986 to 1990, from 9.2
million metric tons in 1986 to more than 10.8 million tons in
1990. Iceberg lettuce Lontlnues to be the leading vegetable
crop produced in the U.S., and is of far greater importance in
the U.S. than in any other country. From 1986 to 1990, lettuce
production. increased by 26%. from 2.6 million tons (29% of
total vegetable pm(ln(tlon) to 3.3 million tons (31% of total
1)1()(111(t10n) Onions were the second largest crop during this
period. increasing 21% to 2.4 million tons. In contrast to these
two products und to its own increase in sales value, the pro-
duction of tomatoes—the third largest crop—increased only
7% since 1986, stabilizing at leund 1.5 million tons
{Euromonitor).

Although imports account for less than 3% of {resh vegetable
sules in the U.S. in 1992 they comprised 1.6 million tons val-
ued at about $730 million. The leading import product has
generally been tomatoes, in most vears accounting for hetween
20% and 353% o
imported tresh vegetables. Tn 1992, the second most valuable
import was onions (15%). followed by bell peppers (12%) and
cucumbers (10%). Tmport levels of most products fluctuate
wideh: from vear to vear, depending on domestic supphy con-
ditions. As a result. the largest impnrted crop in terms of vol-
mme in 1992 swas (mlml()llpc (14% of the totall followed Dy
tomataes. cucutnbers and onions {124 cach?, watermelon and
hell peppers (6% each). squash (5% ). and carrols (4% ). Tuble
3 shows the evolution of the U.S. imnport volumies of the lead-
ing fresh vegetables since 1972 (Euromonitor. USDA-ERS,
USDA-FAS).

Mexico, the world's second biggest exporter of fresh vegeta-
bles (Rabobank-Vi und the dominant source of imports to the
U.s.. regularly supplies more than one million tons of fresh veg-
ctables to the U.S. . accounting for more than 80% of total U.S.
imports (American Farm Bureau). This supply is concentrated
during the winter/spring period. which roughly corresponds to
Florick’s main production period and complements California’s
peak summer/fall production season.

Direct Florida-Mexico competition is reduced by differences
in the regional supply patterns in major U.S. markets. Florida is
the leading winter supplier to cities on the East Coast and in the
Midwest: Mexico is the leading winter supplicr to the West
Coust. During all of 1991, Florida supplied 48% of the fresh
tomatoes arriving in both New York-Newark and Chicago. com-
pm'ed to 20% and 27% respectively in these markets from
from Mexico. In both these
[4% to 19% of the fresh tomatoes arrived from other

California and onlv 13% and 11%
markets. 1

points of origin. primarily from the southeastern U.S. states of

Virginia, Tennessee and South Carolina and from local in-state
production. mainly in the period from fune to September. In
comparison, Mexico was the largest supplier of tomatoes urriv-
ing in the Los Angeles market (40%). followed by California

(38%} and Florida (21%). with only 1% originating elsewhere
(USDA-AMS).
receive a $2 price preminm compared to tomatoes from Sinaloa

Morcover, tomatoes from Florida consistently

in Mexico (American Farm Burean). further indicating that
tomatoes from Florida and Mexico do not compete directly in
the same (lllallit)' segment.

f both the total value and total guantity of
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Table 3. U.S. Imports of Major Fresh Vegetables, 1972-
1992 (in metric tons)

1972 1977 1982 1987 1992

Cantaloupe 705 83.1 82.9 135.7 219.2
Cucumbers 77.1 114.1 106.7 2130 196.6
Tomatoes 266.7 3599 2239 414.1 196.5
Onions (all} 27.9 655 75.3 168.7 189.7
Watermelon 723 79.7 107.9 139.8 96.1
Bell Peppers 29.5 55.2 76.7 89.1 88.8
Squash 17.5 308 474 69.6 85.8
Carrots 23.2 33.0 47.8 453 61.0
Asparagus — 2.0 7.3 12.9 26.2
Celery 0.9 0.6 4.6 2.4 14.9
Lettuce (all) 0.6 1.7 6.6 83 12.3
Broccoli — — 0.1 10.3 9.4

Cauliflower 0.1 0.6 4.9 6.5 8.1

Semrer: USDA-ERS. U.S. Departnent of Commeree, Burcan of th Census

The US.
world market, exporting nearly 1.3 million tons of {resh vegeta-
bles in 1991 valued at about $765 million. Canada is. naturally,
the largest export market for the U.S., accounting tor S19% of

is also a large supplier of fresh vegetables to the

U.S. exports by volume und 76% by \alne Japan was the second
lmulm(rdeshndtlon tor U.S. fresh \ecfr'tlhlt- exports in 1991 (6%

In \()Iume 9% by value). followed b\ Mexico (3.6% by volume,
2.6G by value). The leading U.S. fresh vegetable exports are
lettuce. tomatoes. broceoli. onions and asparagus, which
together account for over hall the total export volume and
value. The USDA believes that U.S. fresh vegetable exports
have grown recently due to greater trade lll)emhmtlon u.s.
advantages in the areas of technology. transportation and com-

munication links, and high guality prodnction (Porter).

U.S. MARKET TRENDS: CUT FLOWERS

The U.S. is tied with japan as the largest single market for cut
flowers in the world, with sales in 1990 of about $6 billion.
Floral purchases are still considered a Tuxury, thongh, being
common for only a small percentage of the population and
intended Targely for special occasions. Average per capita con-
sumption of cut flowers in the U.S. is estnnated to be only 14
stems per vear, which is by far the lowest of any major market.
In comparison. cousumers purchuw 40 stems of tlowers cach
vear in Japan, 50 stems in the UK. and 150 stems in the
Netherlands. U.S. consumption is dominated by the three tra-
roses and chrysanthe-

ditional flower types—carnations,

mums—and the share of “other™ flower types in the U.S. mar-

ket is smaller than in anyv other major flower consuming coun-
trv (Rabobank-F.

Because of its current low per capita consumption. low rate
of market penetration and infrequency of puulmsm(r ent flow-
ers, the U.S. is (*\1)ed( d to increase its demand for cut lowers
at a faster rate (8%
Japan and 4% in western Europe). In fact, demand is expected
to double between the vears 1990 and 2000 to $12 billion (van
Doesburg). Increased supermarket sales are expected to con-

annuallv) than other major markets (6% in
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tribute strongly to U.S. floral consumption; such sales, which
greatly mulhpl\ the number of points of sule. currently account
for only about 10% of total Hower purchases. Sllpe]m(u]\t ts
encourage impulse purchuses by offering flowers at relatively
low prices to consumers who ml(fht not purposely enter a Horist
shop (Rabobank-F).

The U.S. has a large and diverse Horiculture sector which is
located in varions regions to take advantage of favorable climat-
ic conditions and/or proximity to major consumption centers. In
1992 the top 36 floriculture producing states had nearly 10,300
commercial growers of flowers and plants with a pmdnctlon
area of 20,000 hectares (40% under cover) and wholesale rev-
enue of ahnost $2.9 billion. The states with the largest l)m(lu(—
tion warea under cover are located in the milder ¢limatic zones
such as Florida {3500 covered hectares—S53% of which is
shade cloth and temporary cover) and California (1.500 covered
hectares). By comparison, Michigan. a northern state with the
third largest covered pl()(hl(tlon area, has only 272 covered
hectares. In terms of 1992 production value, the leading flori-
culture producing states are California ($666 ﬂ]l”l()n and
Florida (3526 million). followed by New York ($230 million),
Texas ($150 million), Ohio ($128 million) and Michigan ($128
million) (USDA-NASS).

Certain states dominate the production of some types of tlori-
culture products: cut flowers (55% in California), foliage plants
(56% in Florida), and cut foliage (76% in Florida). By contrast, the
production of potted flowering plants and bedding plants is more
evenly distributed throughout the country, with substantial pro-
duction of potted ﬂ()wenng plants and beddmﬂ plants in populous
northern states such as New York and l\Ithlgan (USDA-NASS).

The value of U.S. {loricultire production has doubled in real
terms since 1981, During this period major shifts have occurred
in the produnction pattern of each major crop category: cut flow-
ers, potted foliage plants. potted flowering metq and bedding
plants. These de\ elopments have been ac(,elemted by the rapid

growth of cut flower imports and by the protective effects of

U.S. gquarantine restrictions on imported potted plants and bed-
ding plants. As a result, bedding plants are now the leading U.S.
floriculture sector, with sales in 1992 reaching $1.1 billion, fol-
lowed by potted flowering plants and then cut flowers. Bedding
plants now account for 38.5% of the total value of U.S. floricul-
ture production, compared to only 25.3% in 1951. Potted flow-

ering plants, the next lTargest market sector, had 1992 sales of

$754 million. From 1951 to 1992, the share of potted flowering
plants in the total value of U.S. florienltnre production grew
from only 17.5% to 26.3%. During the same period, the pro-
duction value share of cut flowers decreased sharph. from
24.4% to 16.0%, for a 1992 value of $458 million. The sharpest
decline in production value share within U.S. floriculture has
heen experienced by foliage plants. which decreased its pro-
duction value 32.2% in 1951 to only 14.9% in 1992, with a
wholesale value of $427 million. Cut foliage production value,
on the other hand, has maintained a steady share of between
4% and 4.5% since the mid-1980°s (USDA-NASS. Smitli).

The U.S.is also a major exporter of floricultire products.
With sules in 1991 of over $190 million, the U.S. was the fourth
largest overall exporter of floriculture products. following the
Netherlands (83 billion). Denmeark (8438 million), and
Colombia (8332 million).  The U.S. was the single largest
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exporter of cut foliage (S92 million), the fifth largest exporter of
plants ($84 million). and the 15th-ranked exporter of cut flow-
ers {($14 million) (Pertwee).

Since the early 1970°s. the U.S. has developed into the
world’s second Lud( st importer of cut flowers (alter Germany ),
with annual imports in excess of $300 million. Table 4 11111\—
trates the development of U.S. import quantities of mujor cut
flowers from 1982 to 1992, Import growth was especially rapid
in the carly 19507s. as the U.S. dollar increased in value relative
to other currencies. reaching a peak in 1985. Since 1985, the
dollar fell relative to European currencies and U.S. imports of
most flowers grew more slowly, stabilized. or in some cases
even declined. especially for flowers from the Netherlands and
Israel (Rabobank-F. F-S Market News. Smith).

Table 4. U.S. Imports of Major Cut Flowers, 1982—1992
(in million stems, bunches (bu) or blooms (bl))

1982 1985 1988 1992
Standard Carnations 497.6 715.4 9345 1,154.8
Pompon Chrysanthemums (bu) 53.0 68.6 84.8 938

Roses 90.1 173.2 288.8 574.6
Spray Carnations (bu) 95 85 235 32.0
Chamaedorea (bu) 16.5 17.8

Gypsophila (bu) 22 52 14.4
Alstromeria 33.1 81.6 92.3

Statice (bu) 34 6.5 7.6

Tulips 13.3 59.0 41.9 61.6
Lilies 20.1 34.6 326 36.4
Gerbera 19.0 331 348

Standard Chrysanthemums 262 40.1 264 342
Freesia 10.4 357 33.1 26.1
Miscellaneous Greens 74.6 4.7 6.7 24.4
Other Orchids 42 12.0 14.1 23.1
lris 2.9 30.1 265 222
Leatherleaf 0.7 0.1 0.9 19.1
Gladiolus 08 39 32 5.1
Cymbidium Orchids (bl) 1.2 27 34 4.9
Daisies 36.4 16.7

20.2 48

Setirce: USDALF-S Market Newes.,

More than 70% of U.S. cut flower imports are supplied by
Colombia which, since the 1970, has developed into the
world’s second largest exporter of cut flowers (after the
Netherlunds). The import supply pattern and the effect of ent
Hower imports on U.S. production have varied according to
type. While imports of pompon ('h1}'sz\nthemnms increased
from just 2 million bunches (of 10 stems each) in 1971 to near-
v 94 million bunches in 1992 (88% from Colombia), domestic
U.S. production was stable from 1971 to 1980 at about 35 mil-
lion bunches. and then declined by 56% to only 154 million
bunches in 1992, Consequently. the market share ot domestic
production decreased between 1971 to 1992, trom 94.4% in
1971, to 47.6% in 1950, to only 14.1% in 1992.

A slightly different pattern developed tor roses: althongh
import v srowth was equally dramatic. domestic production actu-
allv managed to increase (but at a slower rate than imports.
While rosc imports grew from only 1 million stems in 1971 to



nearly 575 million stems in 1992 (69% from Colombia, 15%
from Ecuador), domestic production was stable from 1971 to
19850 at about 428 million stems and then increased by 25% to

534 million stems in 1992, As a result. the market share of

domestic production decreased only slightly from 99.8%
1971 to 90.6% in 1980 and then more sharply (but much less
than the full chrvsanthemum  share) to 48.2% in 1992
However, ULS. imports of roses have been growing especiallv
fast in recent vears, nearly doubling in quantity between 1988
and 1992 (F-S Market News, Smith).

Colombia also dominates U.S. imports of standuard carnations
(97%) and spray carnations {8§%). but other
countries have developed as important suppliers of other tvpes
of ent Howers to the U.S. Ecuador. where Colombian produc-

Latin American

ers are currently making substantial investments. is now the
leading source of U.S. gypsophila imports (44% versus 39%
from Colombia} and the second leading source of rose imports

(15%). Costa Rica is the leading supplier to the U.S. of import-

ed cut leatherleaf ferns (93%) and the second largest source of

pompon chrysanthemums (11%).  The Netherlands remains
the dominant supplier to the U.S. of cut bulbflowers such as
irises (99%). tulips (97%) and lilies (82%) (F-S Market News).

U.S. POLICY ENVIRONMENT

The recently negotiated North American Free Trade Agreement
(NAFTA) between the U.S., Canada and Mexico., which takes
effect in 1994, could aftect trade in protected crops. Under
NAFTA, agricultural trade agreements are bilateral. Since a
U.S.-Canada Free Trade Agreement was previously established
in 1988. NAFTA will have separate rules for U.S.-Mexican trade
and Canadian-Mexican trade. NAFTA will generally eliminate
all tariff and non-tariff barriers to horticultural trade between the
U.S. and Mexico, either immediately in 1994 or during a phase-
ont an'(')(l not to exceed 10 vears for most pr(')dn(-ts and 15 vears
for certain “highly sensitive”™ products (Thompson-B).

Mexican tomatoes are one major product considered import-
sensitive by the U.S. and subject to safegnard provisions and a
10-vear phase()ut in the form of a tariff rate quota. The U.S. will
(lnugv a preferential NAFTA tarift on Mexican tomatoes up to
a specified quota amount {172.300 tons from November 15 to
the end of February and 165,500 tons from March 1 to May 14)
and the lowest most-favored nation tarifl (currently 4.6 cents
per kilogram trom November 15 to the end of February and 3.3
cents per kilogrun from March 1 to May 14) on amounts
exceeding the quota (Thompson-B).

rate is generally cquivalent to well under 10% of the value of

fresh tomatoes and since NAFTA will only reduce or eliminate
this already low tariff, it is not expected to have a major iimpact
on  Mexican-U.S. patterns  and market
Furthermore. specific horticultural crops in certain parts of the

trucde shares.

U.S.. sich as asparagus and frozen vegetables, already face stitt

competition from Mexico with the current tariffs. Mexican pro-
duction areas currently face such severe problems concerning
other crops that the mere removal of current tariffs will not e
enough to transform them into significant export products
{American Farm Bureun),

NAFTA will not change the U.S. requirement that fresh pro-
duce imports from Mexico comply with U.S. standards for min-
imum - grade. {Thompson-1B).

weight, size and  quality

Since the current tariff
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Therefore, imported tomatoes will still have to abide by the
provisions of Florida's federal marketing order for tomatoes,
which is in effect from October 10 to June 30. California has its
own stute marketing order for fresh tomatoes, administered by
the California Tomato Board. which alreadyv covers Mexican
tomnatoes grown in Baju California and handled across the U.S.
border in California. Baja producers. many of whom are joint
venture partners with Southern California growers, have repre-
sentatives on the California Tomato Board and participate in
allocating the Board's research and market development funds
(American F;u'm Burcau).

Other U.S. government policies exert conflicting influences on
fresh I)I()(lll(t‘ sales. The National Cancer Institute and the
Culifornia Department of Health Services began a large promo-
tional campaign called the “Five-A-Day Program for Better
Health™, with the ambitious goal of 111(luun<f Anericans to dou-
ble their daily servings of fresh fruits and \('Uehll)leﬁ from 2.5 to
five. Produce industry organizations are now tryving to extend the
initiative through msedldl and education. However., for per capi-
ta demand to double by the yeur 2000, it must increase by 7% per
year, whercas actial per capita consumption qmwth over the last
20 yeurs {1970 to 1990) averaged only 1.3% per vear. This devel-
opment since 1970 tand particularly since 19501 has been due to
increasing consumer incomes and he]ghtened awareness of the
health l)t‘llt‘htb from eating fresh produce. Even if these trends
were to continue at the sume rate from 1990 to 2000, education
and promotional activities would have to generate an additional
and wnprecedented 5.7% annual increase if U.S. consumption is
to double within 10 vears—a prospect which is considered high-
v mnlikely (Lovel.  Meanwhile, the U.S. Environmental
Protection Agency and the Food and Drug Administration have

introduced new food safety measures which may constrain future
produce sales (Euromonitor).

U.S. imports of fresh cut flowers are relatively unrestricted.
with most products from most suppliers subject to a S% turiff.
Cut flowers from many developing conntries. including Mexico.
enter the US. duty-free under the

Preferences scheme. which was renewed in Julv 1993, The

Generalized Svstem of

Andean Pact countries were recently granted special duty-free
access to the U.S. market in order to encourage their farmers to
find alternatives to narcotics production. Special access was
denied to Colombian carnations. chryvsanthemums und roses on
the basis that they do not need such trade concessions (Miller).

Possible non-tarifl barriers to U.S. floral imports include trade
legislation which  permits the U.S. International  Trade
Commission to impose countervailing duties against foreign sup-
pliers judged to be subsidizing exports and wlhna 1)!()(111Lt5 at
“less-than-fair-value™ ¢ dumpmu yin the U8, Countries penal-
ized in recent vears have included Colombia, the Netherlands
and Israel. However, the main factors accounting for the hewvy
U.S ~orientation of Colombian floral exports are not preterential
access or unfair trade practices, but rather Colombia’s proximity
to the U.S. inarket and its close ties with floral importers. distrib-
utors and retailers there. Similarly, the primary factors account-
ing for the decline in Dutch and Lsraeli loral ¢ xports to the U.S.
have not been American trade sanctions, but rather the high cost
of trans-Athantic airfreight and the dramatic realicnment of
exchange rates since 1985 which weakened the purchasing power

of the ULS. dollar relative to European currencics.
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INTERNATIONAL MARKETS: EUROPE

Western European countries together form the largest single
potential market in the northern hemisphere with over 350 mil-
lion consumers, a market that is nearly equal to the United
States (about 260 million) and Japan { {about 125 million) com-
bined. However, Europe is divided into different trading
bloes—the European Community (EC) and the European Free
Trade Area (EFTA)—which are further subdivided into 12 and
6 comntries respectively. Plans call for some countries to shift
from EFTA to the EC in the coming vears. Significant differ-
ences also exist in the production and consnmption of fresh pro-
duce from conmtry to country and especially between northern
and southern Europe. W hile the EC countries have accelerat-
ed the pace of their economic mtwrldtmn in many respects
they remain o conglomeration of f distinet national markets.
Since many types of production and market data have not yvet
Been harmonized for all EC countries. this section will concen-
trate on some general European trends and some specific
developments in the major importing countries.

Eastern European countries, especially Poland. the Czech
Republic and Hungary, are having an increasing aftect on the
European produce market. both as consunmers and suppliers.

However, Eustern Europe is bevond the scope of this section.

EUROPEAN MARKET TRENDS:
VEGETABLES
The fragmented nature of the European produce market cre-
ates many methodological difficulties in attempting any gener-
al analysis. Becanse data must be aggregated from diverse
national sources covering many countries and products. no two
studies present the same fignres. Estimates of market value are
particularly tricky, given the different exchange rates between
national currencies, their fluctuations over time and different
national rates of value-added tax (VAT). The EC reports statis-
tics in European Currency Units (ECU), hut these are rarely
used in specific market analyses becanse the ECU is not vet
actnally emploved as currency in trade. Per capita consumption
data is difficult to compare across countries and over time due
to the changing composition of products being measured.
Nevertheless, some general conclusions can be drawn about the
European market trends for vegetables.

Europe is estimated to be a larger consumer of fresh produce
(all fruits and vevetables) than the U.S.. with the combined
market in the five largest EC countries (Germany. Ttalv.
France. the U.K. and Spuain) valued in 1991 at about $83 billion.
The comparable market value in the U.S. was about $52.5 bil-
lion, with a similar number of consumers—about 260 to 250
million—in the U.S. and in these five EC conntries. Halv is the
largest single Enropean produce consumer in terms of value
($29 billion), followed by France and Germany {about $17 hil-
lion each), and the U.K. and Spain (about $10 billion each)
(Euromonitor). In terms of the volume of vegetable consump-
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tion in the EC in 1990, [taly was again the leader with 10.4 mil-
lion tons. followed by Spain (7.5 million tons), France (5.2 mil-
lion tons), the U.K. (3.7 million tons), West Germany (3.2 mil-
lion tons) und the Netherlands (1.3 million tons). Althongh total
EC vegetable consumption was larger than in the U.S. it
increased by only 7.6% from 1985 to 1990 compared to a 13.3%
increase in the U.S. (Rabobank-V),

European consumption of fresh vegetables per capita ranges
from about 50 to 60 kilograms per vear in Germany and other
northern European countries to about 200 kilograms in south-
e European conntries such as Greece and lta]} { Rabobank-
VY. Once the distorting cffects of potato consumption are
removed from the analvsis, the different national levels of veg-
etable consumption are shown to be even greater, One study
shows per capita consnmption of fresh vegetubles (e\(]u(lmtf
potatoes) ranging from a high of 65 kll(,)gmms in Spain und
France to 36 kilograms in the UK. and to only 7 kilograms in
Germany { Enromonitor). Another studv shows that while over-
all per capita consumption of fresh prodnce in the EC is more
or less static. changes have been occurring among different
countries and within the product range (Ritson and Swinbank).

Table 5 presents per capita consumption data for all tresh
in EC countries {rom

vegetables and for tomatoes

L965/69 to 1959/90:

nuiyjor

Table 5. Per Capita Consumption of Fresh Vegetables
in the EC(in kilograms)

All Vegetables 68/69 73/74  80/81 84/85  89/90
Germany 59 67 69 72 82
France 129 113 117 118 124
Italy 165 152 165 174 167
Neth. 80 83 86 9l 97
Bel-Lux 85 86 60 85 90
UK. 61 70 78 85 65
Greece — 215 217 194 225
Spain — — 160 |50 223
Tomatoes

Germany 9 I3 13 14 15
France ) 15 19 21 23
Italy 36 36 4] 41 43
Neth. 8 13 15 16 20
Bel-Lux 18 24 I5 21 25
UK. — 16 12 14 15
Greece — 16 128 92 76
Spain — — 33 27 40
Sewrrees Ritson and Srweindank

In general. Enropean countries have experienced develop-
ments in the consumption of fresh produce similar to those in
the U.S. While the trend toward healthicr eating has height-



ened the demund for fresh produce, and specifically for leafand
salad vegetables. a concurrent desire for greater convenience
has increased the demand for frozen and canned vegetables. In
an attempt to reconcile these conflic tlng demands, a new indus-
trv of pre-packed salads has developed in some European coun-
tries. Meanwhile, traditional vegetables have generally been
under pressure from new and more exotic varieties as well as
other substitute food products. For instance, the consumption
of onions (perceived as unhealthy) and potatoes (replaced by
rice and pasta) has declined in most European countries.
Germany is the exception to this trend. since consumers in for-
mer East Germany have greatly increased their purchases of
potatoes and other vegetables along with other products which
were hard to obtain before German unification. Another anom-
aly is the U.K.. which is the only major market where root veg-
etables such as carrots are consumed in greater volume than

tomatoes, the leading fresh vegetable product in the rest of

Europe (Euromonitor).

More and more often, Enropean consumers are demanding
higher quality vegetables and new versions of familiar pmdu(ts
such as tomatoes, bell peppers and lettuce, with better color.
shape and flavor. As a result, the market segments for bulk veg-
etuble commodities and lower quality products sold for process-
ing have become saturated, which particularly atfects European
Rahobunk-V). The
bulk segments lm\e come under further suppl\ pressure as
French and other northern European farmers become interest-
ed in open field vegetuble production following the drop in

farmers growing vegetables in the open field

prices for grains and other major Common Agncultuml Policy
(CAP} products (Fruit & Vegetable Markets).
European produce sales, pdltl(\lldl Iv of pre-packed und pre-

pared salads. are being boosted by the further dev. elopment of

multiples (super market chains). This trend is especiallv notable
in France, the UK. the Netherlands and Belginm. In contrast,
in southern European countries such as Italy and Spain, pro-
duce sales are still dominated by small green-grocers and out-
door markets (Euromonitor).

Pm(lu(h(m of vegetubles in the EC has increased by an aver-
¢ per year from 1980 to 1991, or by about 25% over
the whole penod. This has been achieved l)_\ improving pro-
ductivity, since the total vegetable growing area has remained
stable at around 1.9 million hectares. The fear that vegetable
production would shift to southern European conntries lm.s not

age of 1.79

materialized: cultivation has expanded in the northemn states
(much of'it in greenhouses) and in Spein. but has diminished in
Italy, Portugal and Greece. Southern Europe has. in fact. devel-
oped into a strong market for vegetables from northern and
central European countries. with France, Belgium and the
Netherlands exporting considerable quantities to the sonth
(Fruit and Vegetable Markets).

Of the nearly 5.2 million tons of fresh vegetables (excluding
potatoes) nnpmted in 1992 by the five largest EC comntry mar-
kets—CGermany, France, the U.K , the Nethellands and Ttalv
(PGF, Friit & Vegetable Marke tsl nnl\ $53.000 tons (or 16%.
valued at $504 million} came from non-EC supplicrs. Timports
from non-EC countries have heen growing slowly, increasing
by 11% between 1988 (765,000 tons) and 1992, In 1992, the
three largest non-EC suppliers of tresh vegetables accoumted
for 55% of the value of total EC vegetable imports from non-
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EC countries. The leading non-EC supplier was the Canary
Islands (which is now part of the EC) with $230 million. fol-
lowed by Morocco with $150 million. and Kenya with $42 mil-
lion (Thompﬁon Q).

Table 6 shows the import trends for the 16 leading products
in the three major importing countries of the EC, Germany,
France und the U.K.. from 1988 through 1992. Tomatoes are,
by far, the most important import product, accounting for about
95% of the total, followed by onions, cucumbers, bell peppers.
carrots. lettuces. cauliflowers and courgettes (zucchinis).
Imports of most products increased dmmﬂ this period. and
especially in 1991, due to the consumption boom following the
reunification of Germany (PGF, Fruit and Vegetable l\Im]\ets,.

Table 6. Fresh Vegetable Imports in Major EC
Countries (Germany, France and the U.K.),
by leading products, 1988 to 1992

(eolime in 1000 tony)

1988 1989 1990 1991 1992

Tomatoes 969 1019 1009 1078 1136
Onions 681 662 685 700 605
Cucumbers 380 385 426 485 496
Peppers 268 267 270 308 343
Carrots 314 303 288 338 333
Lettuce 210 243 236 249 270
Cauliflower 235 195 168 171 209
Courgettes 78 74 80 116 97
Leeks 46 55 55 64 75
Celery 58 64 59 60 68
Mushrooms 39 44 55 60 66
Endives 68 68 68 62 65
Br.Sprouts 50 47 52 46 60
Gherkins 54 46 53 74 44
Aubergines 42 41 40 44 43
Asparagus 26 30 30 34 38
Orthers 573 601 627 665 733
TOTAL 4091 4144 4201 4554 4681

Sources, PCYF, Fruit & Negetalle Markets

Re-export is an important phenomenon in the European veg-
ctable trade. A significant proportion of the fresh vegetubles
irported into some EC countries is re-exported. rhmeh\ sup-
plving exporters during the winter and other periods w hen local
supplics are unavailable. The Netherlands is a prime example of
this trend, having re-exported exactly 50% of the 522.000 tons
of fresh veget tables it imported in 1992, or 261.000 tons. For
some pmdu(ts, such as tomatoes, the re-export rate was as high
as 88% (PGF).

Since tomatoes are an important part of Eur()pea‘m diets and
since they are a crop with a distinet decline in “off-season” win-
ter production, it is natural that thev should be the leading
iniport crop. And. because tomatoes are the most important
vegetable crop in terms of production value in Europe. the
growing rate of tomato imports is closcly monitored. Rapidly
increasing tomato imports to the EC has raised great concern,
especially the extension of the import season both earlier and
later than in past vears, which thus overlaps with local
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ANNEX

Erropean supplies. Tn 1992 tomato prices and profitability
decrcased sharphand a major erisis developed for suppliers ol

tomatoces to Eumpe.

From November to March. the principal supplier of toma-
toes to Europe has been the Canany Islands. which would cur-
tail shipments after April in accordance with the EC reference
price scheme. From April through October. the Netherlands
and other Tocal prodncers mostly controlled the market there hy
enjoving especiallv high. premier prices carlv in their suppl\
season. Now. however, the market is undcwmnlf challenges
from several quarters.

The Canary Islands is now mecting strong competition {rom
Morocco. Since joining the GATT in 1987, Morocco hegan low-
cring import duties on agricnltura inputs. liberalizing Lovs on
lorcign investment and enconraging the development of horti-
cultire. As aresult, Moroceo has become a major thivd conntry
supplicr of winter tomatoes to the ECL exporting 167.000 tons
in 1992793 (compared to abont 230,000 tons from the Canany
(PGF. Groenten + Friit. Nunnink-A.B1. Recently,
Morocco has beanm exporting even earlier than in the past by

Islands)

moving production areas turther south near Acadir, Morocean
arowers have ulso improved 1)1‘()(1||(-ti\it} by growing new vari-
eties. ('\pun(lingr the growing area under protective cover, and
improving quality through more selective sorting and packing,
The Canary Islands has faced the inercased competition fron
Moroceo by joining the FC twhiich removed restrictive refer-
ence prices?, and extending their export season into April and
May. cffectively doubling their exports in these nonths
between 1990 and 1992,

The eftect of these developments in the Canary Islands and
Moroceo has been serions for producers in the Netherlands and
other Furopean conntries. Increased competition, for a longer
period. has reduced the premier prices they reecived in April
and May

p]()(hl(h(m Flll()l‘)(dn prices for summer tomatoes have felt

a kev fuctor in the profitubility of glasshouse tomato

still further pressure from French and Belgian growers, who
have greatly expunded production and export of the tastier.
more aromatic tomatoes. By November, high quality and lower
priced tomatoes are again available from Spain and Morocco.
Muinlund Spain tas distinet from the Canary Tslands) s also
becoming a major plaver in the market for Evropean tomato
supplies, having increased exports by 55% from a 1990 Tow-
point (PGE, Numnink-A.B. Groenten + Fruit),

As aresult. Duteh anction prices for glasshouse tomatoes

the
flagship product of the Dutch glasshouse produce industry—Iell
by 30% in 1992 as compared to 1991, Profitability, espeual]\ h)l
uul\ season plantings. deercased by similar (!t‘”l(t and,

some cases. even becamne negative, Due to such dl.\lppmntmg
results in 1992, in 1993 Dutch growers reduced the planted
fand by 23% sinee 19893, and
m(l(nlxed the area of cucumbers by 9% Gnd by 24% since 1989)
and of bell peppers by +17% (the pepper area has more than
doubled since 19891,

Duteh glasshonse arca for cut flowers and pot plants Lias heen

slasshonse tomato arca by 9%

For the first time in several vears, the

expanded. partly becanse some vegetable growers switched to
these crops in 1993 Moroccan growers have also heen Tt by
the: low Enropean prices, which have caused the producer prices
of even well-run Lanns to fadl below the cost of production (Frnit
& Vegetable Markets-B, PGE. Nienhuis et. al.h,
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In an attempt to case the cerisis of smplus tomatoes in the
Enropean market, producers in the Canary Islands. Spain.
France, Belginn and the Netherlands have recently established
acommniittee, Apetom. Among the suggestions heing considered
l‘.}' Apetom is to request Moroceo to ;1(]()1)t Voluntary Restraint
Agreements limiting Morocco’s winter tomato exports; other
sugaestions inclnde (\tt‘ll(lll]‘r the tomato reference price svs-
tem to cover the whole vear wl)\ the ECG Commission) and insti-
tuting  minimum pll(es and lnodudl(m quotas (h\ French
arowers). Ironicallv, however. artificiallv high tomato prices in
the EC may well enconrage growers in East Europe to inerease
their tomato production, which could then further exacerbate
the oversupply problem. At this time. no major policy changes
have been instituted (Froit & Vegetable Markets-A.B, De Kreij
and Qosterhont?,

EUROPEAN MARKET TRENDS:

CUT FLOWERS

The western Enropeun market lor cul flowers is estimated to be
valned at S12.5 hillion in 1990, or
slightlv Targer than the combined size of the U.S. and Jupunese

the largest in the world.

markets. Although the Enropean market is expected to grow at
i slower wnnnal rate—+4% —than either the Japanese or US.
markets (6% and S% respectivelvi, it is still expected to reach
over 19 billion by the vear 2000 tvan Doeshurgl. Western
Ewrope is the center ol world flower trade. containing the
world's Targest importing conntry {Gernany ). the world's
largest tlower exporting country ithe Netherlandss, and the
Dutch auction svstem. w unigue inlrastrmcture capable of lan-
dling a Lrge proportion of the world's cat Hlower and ornamen-
tal plant trade with speed and elficiency.

The Noriculture industry has become one of the miost dy nam-
i sectors in Enropean Lufncultulv as Evropean demand for cut
Howers und production techiologies have steadily: developed
and expanded since World War . Recent deve ]npments h()\\—
ever. have somewhat shaken assumptions about this indusery.
Since the earlv 19705, the average anmual growth in tirmover on
the Duteh Hower anctions had been increasing (but ut a decreas-
Then in 1992, after decades of such iminterrupted
Qr()\\'tll the sales turnover in the auctions suddenly decreased by

2.3% from 1991, while cut flower auction prices fell by 7.5%

me rate).

(He ndl ick). These negative results came as a major shiock to the
Dutch and overall European flower industrv, which had made
large capital investiments based on the assuinption of continued
future market expansion. Substantial devalnations of the British
pound and other major European currencies relative to the
Cerman mark late in 1992 further destabilized the induste and
put mamy Duteh Hower exporteravholesalers into financial diffi-
In the
(ll)()\l(l a slight rebound in the Dateh anctions, np +2.2% as

culty first six months of 1993, the eat Hower miarket
compared to the same period in 1992, 6
In 1991},

commtries was valued at over 3.3

the cross-border trade in ent tlowers in the 12 EC
hillion Swiss {runcs, 8S3% of
which was supplicd Iy EC countries and only 17
from non-EC sonrces. OF the imports originating in BC coun-
Netherlands. (Althonglr the
Netherlands s itsell” @ signilicant iimporter and a mjor re-

o by fimports

tries. 93% came lrom  the
exporter, it must be noted that Q0% ol Dutch flower exports

comes trom Duteh production and only 10% from re-exports.



The major non-EC countries exporting to the EC—Israel.
Colombia, Kenva and Thailand-—accoimt for 75% of total
imports from non-EC sources. All other non-EC countries com-
bined supplied onlv 4.6% ol total cut flower imports in the KC.
with no single countre having an import share greater than 0.7%
(ATPLD. While these import volumes inay he insionificant in the
overall market pictire, they can be very wrnlh( nt to the devel-
aping countries hecause of the relative ]\ substantiad foreign enr-
rency carnings thev represent. Furthermore. some small non-
EC suppliers are significant within their small product niches,
such as Sonth Africa for proteas and Manritins for anthuriuns.

Table 7 shows the leading non-EC cut {lower suppliers to the EC
i 1991 ranked Invalue and percent share of totul EC inmports.

Table 7. Leading Non-EC Cut Flower Suppliers to the
EC, 1991 (values in million Swiss francs; share
of total EC imports in percent)

Supplier VYalue % share
Israel 166.2 5.0
Colombia 132.7 40
Kenya 66.8 20
Thailand 44,7 1.4
Canary Islands 228 0.7
Zimbabwe 222 0.7
Morocco 18.6 0.6
Turkey 17.0 0.5
South Africa 13.1 0.4
Peru 9.7 0.3
Ecuador 58 0.2
Brazil 4.6 0.1
Mauritius 39 0.1
Singapore 35 0.1
US.A 25 *
Ethiopia 24 *
Zambia 23 *
New Zealand 23
lvory Coast 2.1 *
Australia 2.0 #
Other non-EC 8.8 0.3
TOTAL non-EC 553.8 16.8

Sotprees AIPU > = ess than 0 1 1 US dollar = 104553 8]

The ECs import solume of cut Howers fronm non-EC conntries
increased by +70% hetween 1988 and 1992, far exceeding the
growtliin EC iimports of fresh vegetables from non-EC countries
during the same period (+T1%). In 1992, EC cat Hower imports
Fromy non-EC countries reached $450 million (Th()mpson—(l?.
The Netherkuds and Germany were the most significant
importers of fowers from non-EC conntries. The Netherlands
led incimports from these conntries, with 34% of the EC total.
despite the fact that it is ouly the fourth Targest ent flower
importer in the EC with 8¢ of the tota) import valne. Germany,
the next most signif'icunl importer of lowers [rom non-EC coun-
tries, accounted for 25% of the total. These two countrics are also
the onlv FC comntries to import a wide range of Howers {ron
many non-EC comtries. n contrast, the cut flower supplies to
other EC countries from non-EC sonrces were usnallv dominat-
ed by one major source and one major product. For exaniple,
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500 of the non-EC inarts to the UKL consisted of carnations
from Colombin, over 65% ol non-EC imports to Jtaly were
orchids from Thailand . and ahmest 30% of the non-EC imports to
France were roses {rom NMoroceo (ATPTD,

The trends inoverall eat Mower imports Lo FC countries have
Table S
illustrates the de velopment of tinport gquantitics of the Teading
tpes of ent flowers to the EC drom EC
tocethery from 1986 thr(nwh 1992,
imnports incre (l\("(l b3

varicd widely for the different major cut Hower l\ln 5.

and non-KC sources
Since 195S. total eut Hower
- More speciticallv, roses inereased in
undd clivsanthie-

volime by 31%. camations tall types) by 19%

mus by l%’ . OF the smadler volume products. imports of
orchids grew ])\ 43% , while that ol gladiolas decrcised Iy 324
The categony .\h()\\l]ll_" the Targest increase sinec T9SS was ‘l”
“other cnt Bowers™ which grew by +63% (ATPHL Tradstat !,
Table 8. Import Trends of Cut Flowers in the EC,

1986-1992 (by leading flower types,

in millions of stems)

1986 1988 1990 1992

Carnations 1673 2055 2083 2446
Roses 914 1143 1355 1500
Chrysanthemums 480 502 611 594
Orchids 135 106 150 154
Gladiolas 80 69 53 47
Others (1,000 tons) }22 161 204 265
TOTAL (1,000 tons) 251 323 382 461

% of others 48% 50% 53% 57%

SOURCE. NIPH. Trudsiat,

Signilicant differences exist in the import volmne and impor-
tance of the ditferent tpes of cut flowers within the individual
EC comntry markets. As shown in Table 9. Gernany is by far
the le 1dm(f E.C inporter ol most tbypes of cut flowers, m(ln(hnrf
aladiolas. The

Netherlands is the second largest importer of major tpes such

roses.  carnations,  chrysanthemums and
as carnations dn(l roses, taking hundreds of millions of stems of
each. The U.

themums und the third largest importer of camations and roses.

T t]l( (s \t‘(()]l(l Icll“( st Illll)()lt( v ()f L]ll'\\ -

while Italy is by far the largest EC importer of orchids. Table
9 also indicates that Spain has now hecome the ECs fonrth
frgest iniporter of carnations (ATPH L

Table 9. EC Cut Flower Imports, 1992,
Type (in millions of stems)

by Market and

Importing

Country Roses Carns  Chrysanth Gladiolas Orchids
Germany 1034 913 375 37 45
Netherlands 234 753 |5 2 21
UK. 80 627 152 1 8
France 42 26 5 | 2
Italy |10 3 4 — 73
Spain 13 73 t — I
Bel-Lux 49 37 21 4 3
Denmark 39 14 [ [ —

SOULCE. Trudstad.
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In recent years, important developments have occurred in the
distribution of cut flowers in Europe which will atfect the mar-
keting decisions of new supplying countries. The Dutch auc-
tions are an attractive option for new suppliers, oftering many
potential advantages but some disadvantages as well. On one
hand, the auctions offer unparalleled instant exposure and
access to hundreds of the leading tlower wholesalers in Europe.
When selling through the auctions. it is unnecessarv to conduct
individunal negotiations about price or payment terms, and
prompt payment is Luamnteed Furthermore, the lar ger auc-
tions are currently developing new sales methods to better
serve new and de\el()pm}, market segments, such as large retail
chains und organic flowers.

These udvantages may be mitigated. especially for new and
small suppliers, l)\' the fact that the auctions have grown very
large in recent years and must constantly confront the escalat-
ing costs of their massive logistical infrastructure. The anctions
lltl\e recently introduced (hfferentml commissions and charges
based on the sales costs incurred by each supplier, which will
work to the disadvantage of small and irregular suppliers. The
aunctions have strict quality standards. which some new
exporters may not be able to satisfv, and theyv reveal publicly
which <upplwxs have such pmhlems In addition, imported
flowers are usnally sold atter Dutch Hlowers, to the import sup-
pliers’ (llﬁnld\dl]t(l(ft', and Dutch buyers generally prefer local
products of equivalent or better qlmllt\ when they are available.
However, since most new and small-scale exporters do not have
the resources to murket their flowers directly to other
Enropean countries. they either sell through the auctions or pay
a high commission to a Dutch or German import agent.

Supphem choosing not to sell throngh the auctions may elect
to deal directly \\lth the incrcasing number of smaller whole-
salers and sometimes even with Lug(l retuilers. One advantage
for the exporter is that it spreads his sales and financial risk over
a greater number of customers. Dealing with smaller and more
<pumhud enstomers also gives the exporter relatively greater
leverage and allows him to charge higher 20%
lI]SfL‘(l(] of 10% or less.

The Enropean Community has adopted a different poliey for

Hldlg]ll.\, €0,

fresh vegetables and cut flowers than for most other agricultur-
al (ummodltu (which are covered by the CAPL in recognition
of the seasonal and perishable nature of these products. For
vegetables, this policy takes the form of intervention by produc-
er group withdrawals, rather than purchases by official EC inter-
vention agencies, and controlling imports tln()uwh seasonally
variable customs dutics and reference prices. instead of import
levies and export subsidies (Ritson wand Swinbank). The EC's
policy for eut flowers is less comprehensive than that for vegeta-
bles and it aftects relatively few of the major non-EC suppliers.
This section examines these policies as well as the possible impli-
cutions of the recently cracted Enropean Single Market.
For fresh vegetables eligible for withdrawal, local producer
aroups iy withdraw produce from the markets Gwith sorue
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compensation at a pre-determined buy-in price) and destroy it
(usually), in order to support a minimum price level dunmY
peak local production periods. For example. the eligible mar l\et
withdrawal period for tomatoes is June 11 thlough November
30. Some commodities, such as tomatoes, also have stabilization
schemes which stipulate that if withdrawals in a given season
exceed more than a given percent of total production (for
instance, 10%), then the buying-in prices tor the following sea-
son will automatically by leduced In this way, it is hoped the
continuation of European overproduction will be discouraged
{Ritson and Swinbank).

Reference prices are also set for many fresh vegetables.
Reference prices determine a minimum wholesale price level
tor marketing imported produce. The reference prices for each
crop vary throughout their period of applicability. in order to
preserve higher early season prices for local producers and to
ensire that non-EC suppliers leave the market when EC pro-
duction begins. Tomatoes illustrate the working of variable ref-
erence prict‘%' the reference price (in ECU per 100 kg.) ranged
from 197.27 in April to 136.75 in May and as low as 41.90 from
July 11 to August 31, before increasing again to 46.47 from
October 1 to December 20, after which there are no reference
prices until the following April (Ritson and Swinbank).

The reference price system works as follows:  when the
wholesale price of a non-EC supplier, net the common customs
tarift (whether or not that conntry pays the tariff or has a con-
cession) falls bevond a certain margin below the reference
price, for a certain number of consecutive days or davs in a
week, and for a significant amount of that countrv’s produce
sold in the EC tusually about 30%¢), then the EC Commission
will levy a commtervailing duty of an amount which will raise that
country’s “entry price” to the level of the reference price. This
duty will only he removed alter the non-EC supplier again
abides 1 Oy the reference price for a minimum period of time.
Some non-EC countries have heen granted limited reference
price concessions, such as Moroceo in the case of c¢itrus and
tomatoes (Ritson and Swinbank).

Import tariffs are another policy instrament used to control
As with reference prices. tariffs are general-
) and hl«rhe] in the
local peak production scason umm]l\ summer). For instance.
the common customs tarift for tomatoes is 11% from
November 1 to May 14 (with a minimum 2 ECU per 100 kg,
net) and 18% from May 15 to October 31 (with & minimum 3.5
ECU per 100 kg net) (Ritson and Swinbank). Duties on cut
flowers range from 17% to 24% during the same periods.
However, in the case of cut Hlowers, most of the significant non-
EC suppliers either enjoy duty-free or redneed (lut} aceess to
the EC through multi-lateral or bi-lateral concessions agree-
ments for developing und Mediterrancan countries.

A njor change in the Eurapean policy environment which

imports to the EC.
Iv set lower in the off-season (usuallv winter)

may affect produce imports is the enactment of the Single
Eump&m Market beginning in 1993, No mwjor change s



expected that will aftect fresh vegetables and cut flowers, since
asingle European market without internal border tases or sub-
sidies has been in effect prior to 1993. However. the enhanced
degree of economic integration will harmonize diverse national
standards and include C ommunitv-wide adoption of the
strictest existing standards, all of w hich might negatively affect
imports from some non-EC countries. Thv impact of these
changes might be felt especially on pesticide levels on produce
and packaging/re-cveling regulations (Ritson and Swinbank).

Another kev area which may be adversely affected by post-
1992 harmonization of national policies is phytosanitary regula-
tions. which impose more restrictive 'c(fuluti(ms on certiin
tvpes of imports. A new system of plant * Tealth passports” wus
adopted in June 1993, which now requires producers of plant
material to be certified by EC inspectors in the producing
country. rather than in the EC market or at the EC border, as
previoushy happened. Imported products which are presenthy
banied in one EC country may now he banned from entire eco-
logical regions. such as all of southern Europe. In addition, cer-
tain products which were previously acceptable in some EC
countries. such as citrus plants {even for ornamental purposes),
are now completely banned from import (Elhanan).

Once benetit of armonization for non-EC countries has been
the termination of specific national import restrictions. These
included, for example, summer and autumn import bans on

tomatoes in France, Belgium and Greece from a number of

countries. and minimum prices for tomato imports in France in
November and December. Other restrictions now ¢liminated
were licensing requirements lor importing suinmer tomatoes in
Denmark and Ireland (Ritson and Swinbunk),

A country-specific policy change that will have a fur-reaching
impact on horticultire. and pmh(nl(u v on floriculture. is t]u
recent environmental levislation in the Netherlands. The
Dutch government has set targets for substantial rednctions in
the use of agricultural chemicals by the mid-1990's and the vear
2000, ﬂlese regulations ban the use of many chemicals, man-
date the ledmtum in the use of others and restrict the emis-
sions of CO-2_ nitrites and phosphates {Ministry ol Agriculture-
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1990). The e
in cnt flower production: it will require crops and most flowers

flect of this policy change will be felt inmediatels

that are to be grown in artificial substrates (i.e., hvdroponically)

with water recirenlation to be transterred to the new cultivation
systems (somie as yet undeveloped) within a very short period of
time. Conseque ntl\ the Dutch have had to redirect most of
their rescarch resources to finding solutions which will satistv
these new regulations. It is assimed that such solutions will be
found for most crops. but thev will require huge additional
investients by growers without necessarily improving produc-
tivitv or ({lldllt\ tand may even adversely affect these goals).
Pdlt]\ as a result of this new situation and in light of ]()n(f term
mdustn trends. the Dutch Agricultural Economics Institute
expects 15% to 25% of Dutch flower growers to leave the sec-
tor in the near future (Kijne et. al.)

A potentially significant effect ()i EC policy on h 1t1(ulhlml
trade in the 1990's is the inclusion of Iberia in the
Originally scheduled for 1996, the process of turiff rvdu(-tir)ns
and full membership for Spain and Portugal were uccelerated
I the EC Council with formal admittance effected in January
1993, In the meantime, Spain and Portugal benelitted trom
rednced rates of countervailing duties (when applied) and from
a fuvorable inconsistency l)et\ve‘en their special “Community
Offer Prices™ and the official EC relerence prices. Even so. a
reduced reference price-type mechanisin to control Iberian
exports to other EC countries remained in plu(-(- !

Nevertheless. Spuin presenth exports onlyv about 105 of its
total vegetable production, and sinee joining the EC. wages
have risen substantiallv, One result has been that Spain’s
domestic market has absorbed most of any increased produc-
tion and has even begun attracting produce  ninports.
Production costs in Spain are expected to rise and become com-
purable with those in other European conntries. eliminating
Spain’s cost advantages. Sinee Spanish horticulture is lacking in
inmnovations. high (lll(lllt\ infrastructure, education, information,
research and cooperation within the sector, this study does not
expect Spain to play o dominant supply role in the future

European fresh produce trade (tRabobank-\',
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INTERNATIONAL MARKETS: JAPAN

As a prosperous comntry with a large population which has
enjoved unparalleled economic success in recent decades,
Japan has also developed into a major consumer of fresh lmltl—
cultural products. Despite its huge locul production, exacting
quality standards and reputation as an insular and highly pro-
tectionist market, Japan has also become one of the world's
largest importers of horticultural products. including fresh veg-
etubles and cut flowers. Jupanese horticultural impdﬁs in 1991
reached nearly $4.5 billion. including $444 million in fresh veg-
etables und $243 million in fresh cut flowers and other nursery
products. The leading horticultural import categories were
fresh non-citrus fruit ($774 million) and fresh citrus fruit ($53$
million) (Thompson-A).

The U.S. supplied 29% of the value of Japan's total horticul-
tural imports in 1991, or nearly $1.4 billion (cif), but only 15%

r $78 million. of Japan’s fresh vegetable imports. ~\mencan
e\p()ﬁm s have been snceessful in Japan by offering consistent
availability of high-quality produce and h\ engaging in aggres-
sive market promotion and consumer education. Thev have
also benefitted greatly from U.S.-Japan biluteral phytosanitary
negotiations and market access agreements which have recent-
Iy opencd up the Japanese market to many new horticultural
pmdll(ts There is potential for substantial future import
growth since many temperate horticultiral products are still
effectively bloc ked from entering Japan, including fresh toma-
toes and other salad vegetables (Somers und Th()mpsun).

Qualitv. freshness .m(l appearance are critical to Japanese
consumers, most of whom shop daily and are willing to pay pre-
mium prices for high-guality pmducts A strong factor in the
market is the ]apdnese custom of glft—g'l\mg‘ \&ln(‘h in recent
vears has included a growing proportion of fresh prodnce and
cut flowers. As a result, althongh 90% of imported foods (most-
Iv bulk items) pass throngh Japan's large general trading com-
panies. items which require special cure and handling. el as
fresh vegetables and cut flowers. are mainly nnpnﬁe(l by small-
er spe(mlln(] irms (Somers and Tln()mpson

JAPANESE MARKET TRENDS:

VEGETABLES

While Japan's consumption of fresh vegetubles has been stag-
nant and even declined somewhat from 16.0 million tons in
1987 to 15.6 million tons in 1991, still it renains almost 50%
larger than the largest single European comntry market, Ttaly.
Japan's annual per capita vegetable consumption of about 125
kilograms ranks between that of southern Europe (about 200
kilos) and the U.S. (about 87 kilos). Sector shares in Japan's veg-
etable market have remained remarkably consistent in recent
vears with root vegetables dominant, accounting for abont 1%
of total volume., followed by leal vegetables {abont 31%1 and

other vegetables (28%) ‘Elll()lﬂ()l]]t()l ).
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Japanese consumers™ tastes in vegetables are generally verv
conservative and consumers are still VETY price conscions. In
recent vears. however. a demand has heen dev eloping for tasti-
(JETRO-V). Dutch sources report that the

Japanese prefer slightly smaller tomatoes of nniform size. with

er vegetables

sweet tlesh and a pastel red color, and red. vellow and other
colored sweet peppers are l)Ib‘f(‘]](‘d to green UHFW). Jupanese
vegetable consumption also exhibits @ seasonal pattern. Peak
consumption occurs in the spring (March to June) and fall
(September to December! (JETRO-V).

Vegetable production is the third most important sector
Japanese agriculture, following rice and livestock. Most \egetd—
bles in Japan are grown in the open on small farms averaging
only 1.5 hectares. Some salad vegetables for fresh consumption.
such as tomutaes. cucwmbers, aubergines and peppers, are
grown under cover in glasshouses or plastic tunnels (Rabobank-
V). The total vegetable growing area decreased slightlv from
557.000 hectares in 1984 to 538,000 hectares in 1989, A more
prononnced decline was evidenced in root vegetables and
heavy vegetables such as Chinese cubbage, due to labor short-
ages “and the aging farm population. The production volume of
some sulad vegetables also decreased during this period. includ-
ing cucumbers (from 1.033 million tons to 975,000 tons) and
tomatoes (rom 802,000 tons to 773.000 tons) (JETRO-V).

Japan did not import fresh vegetables until 1969 and.
although fresh vegetable imports have neur v doubled in vol-
ume from 124.000 tons in 1985 to 2 236.000 tons in 1990. thev
remain only avery small proportion of total consumption. Most
Japunese imports consist of vegetables to fill off-season supply
shortages (e.g.. asparagus) and vegetables which either cannot
be grown in Japan or for which domestic production is declin-
ing.  Some vegetables are now imported year-round (carrots
and broceoli), while others are supplied on a spot-basis,
depending on finctuations in market prices (JETRO-V).

The development of Japun's vegetable imports since 1955 is
shown in Table 10. The major \e(“t‘tdl)]€§ imported by Japan
are generallv less perishable and more durable, such as pump-
kins (99.000 tons in 1990} and onions (S7.000 tons in 19901,
both of which can withstand long-distance transport and fumi-
gation. Their import volnmes have increased substantially since
1985 (purnpkins by 150% and onions by 40%). Tn contrast. the
next most significant import products are much smaller in
rantity: aspuragns—1L.600 tons in 1990, up from 2.400 tons in
1955, and broceoli—nearly 11,000 tons in 1990, up from only
383 tons in 1985, Recent technological advances in maintaining
the freshness of leafy vegetables have led to increased imports
of such products as lettuce, but the volmme of these imports
remains relatively small (JETRO-\V?D



TABLE 10. JAPAN’S IMPORTS OF MAJOR
VEGETABLES, 1985—1990
(YOLUME IN 1,000 TONS)

1985 1986 1987 1988 1989 1990

Pumpkins 40.9 46.1 58.4 82.0 81.8 99.2
Onions 61.2 53.0 355 112.4 80.8 B6.6
Asparagus 24 53 8.8 1.9 10.7 1.6
Broccoli 04 1.4 0.3 2.2 5.4 1.0
Garlic Shoots 2.8 4.5 54 6.0 6.2 58
Garden Peas 37 57 25 1.7 4.9 4.0
Carrots 0.1 8.9 22 0.8 1.1 33
Green Soybeans 2.6 3.1 32 3.0 1.2 2.1
Okra 0.5 0.4 0.5 0.8 l.4 1.9
Cabbage 0.3 7.6 1.3 3.4 25 1.7
Bamboo Shoots 0.5 0.4 1.0 1.2 0.9 1.4
Cauliflower 0.0 0.0 0.0 0.8 0.7 1.3
Ginger 0.3 0.1 4.8 1.8 0.3 1.3
Total 124 142 126 241 206 236

Senrec: Japan Frosh Produce Dapert Facilitation Association.

Japanese importers have become active in developing over-
seas supplies by providing foreign growers with seeds of the

varieties they handle. In dd(hnom such importers provide tech-
nical advice regarding growing methods and post-harvest han-
dling. The most significant example of such Japanese import
development has been the case of pumpkins produced in New
Zealand and Mexico (JETRO-V).

After vears of being barred from entering the Jupanese mar-
ket by stringent ph\tommtdn restrictions. the Netherlands
reached new agreements with Japan in Februarv 1993 and
l)emm ﬂpmtmg tomatoes and peppers in March ()f that vear.
The Dutch plan to export to Japan fruit and vegetables valued
at $15 million to $25 million by the end of 1993. The Dutch will
sell only high-value products since all products must be shipped
by airfreight (IFW).

In order to convince the Japanese plant health anthorities
that Dutch vegetables wonld not contain Mediterranean fruit
flies—despite the Dutch claim that these insects cannot survive
in the Dutch climate—Westland growers have installed fruit fly
lures in their greenhouses. These lures are inspected leUllldllV
by Dutch quality-control experts together with Japanese
inspectors. Products are also sampled at regular intervals and
then isolated in subtropical conditions to check for pests.
Tomatoes and peppers destined for Japan are also supplied in

special fine-mesh packaging. Althongh such measures are cost-
Iy. the Dutch feel these investiments are necessary to break into
the Japanese market and ensure long-term success (IFW).

JAPANESE MARKET TRENDS:

CUT FLOWERS

Japan is tied with the U.S. as the single largest conntry market
for cut flowers, valued at about $6 billion in 1990. H()\v( ver,
since Japan has only about half the population of the U.S.. the
per capita consumption value of flowers in Japan is about twice
that of the U.S. The total Japanese market for cut tlowers is
expected to grow at 6% per vear in the 1990°s compared to 8%

INTERNATIONAL MARKETS: JAPAN

expected ammal growth in the U.S. At these rates, the Japanese
cut flower market will be valued at about $10.4 hillion by the
vear 2000, which will place it second behind the U.S. at $12 bil-
lion (van Doesburg).

Demand for cut flowers in Jupan has increased substantially
in the past decade. stimulating the doubling of domestic pro-
duction and the d(\el()pment of a significant volume of
imports. Since the mid-1980s, imports of flowers to Japun have
nearly tripled in volume (measured in either tons or stems) and
in valne fyven) from 1986 to 1991. Imports reached almost 360
million stems in 1990 (the latest figures for stems available) and
15,600 tons and 19.2 billion ven in 1991, accounting for an esti-
mated 7.5% of Japan's total supply of cut flowers {JETRO-F).

The Japanese External Trade Resource Organization
(JETRO) expects Japanese consumers to continue to spend
more on flowers “as long as the ]d[)dl](’SP economy continnes to
grow steadily in the coming vears ... (JETRO-F, Rabobank-1).
However, b\ mid-1993 Japanese economic growth had slowed
to the lowest rate in vears. Despite the fact that economic indi-
cators in Japan were still positive when compared to the U.S.
and Europe. the [apanese becanie increasingly concerned
about their immediate economic future. Perhaps as a result, cut
flower imports declined in 1992 by 24% in volume to less than
12,000 tons and 16% in yven value to 16.1 billion ven, following
a decade of steady increases (Vakblad-1993). Part of the
decrease in inmports mav also be attributable to the angmented
production in Japan of many types of cut flowers which were
previously imported. such as lilies and tulips. Japan began
importing considerable quantities of flowerbulbs and other
propagation material from the Netherlands in 1957, In 1992,
Japanese flowerbulb imports from the Netherlands increased
by 35% in volume from 1991. and accounted for nearl 10% of
the value {about $60 million) of all Dutch flowerbull exports
(PVS. IFW, Hendrick).

In terms of volume. Taiwan is now the leading sonrce of flo-
ral imports (3.000 tons. np in 1991 from 1,400 tons in 1956),
surpassing the long-standing leader, Thailand (£,300 tons, up
from 2,000 tons in 1986). The volume from the third leading
supplier. the Netherlands, grew eight-fold from onlyv 335 tons in
1986 to 2.500 tons in 1991 Australia was the fourth largest sup-
plier (1.100 tons in 1991, a twelve-fold increase from only S4
tons in 1956),

In terms of value. the Netherlands snrpassed Thailand in
]989, becoming the leading import source and reaching some

5 hillion ven in 1991, Thailand has remained second in value
()f imports, with 4.2 billion ven, followed by Taiwan (1.8 billion
ven), New Zealand (1.7 hillion vent, Singapore (1.5 blllmn ven),
and Allstldlm (1.3 billion ven} (] ETRO-F). From 1990 to 1992,
the Netherlands™ share of import value decreased slightly, from
35.5% to 32.1%. as did the shares of Thailand. Taiwan and
Australian.  Meanwhile, the market value shares of Singapore
and New Zealand have been increasing (Vakblad-1993).

Dutch cut flower exports to Japan have consisted primarily of
bulbflowers, in contrast to the traditional Dutch export assort-
ment of roses. chnsanthemums, camations and summer flow-
ers. In terms of fo.b. valne in 1992, the leading flowers export-
ed by the Netherlands to ]apun were lilies (44.29%), freesias
(9. 3%, tulips (8.2% 1. nerines (7.9%) and voses (7.8%) (PVS].

Japanesc import statistics show that virtuallv eveny foreign
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ANNEX

snppli(-r of ent flowers to Jupan has (‘Xp(‘rien('e'd a stagnation or
even a drop in export value following their initial attempt to
Then, as thev established relation-
ships with importers. learmed the market reguirements and

enter the Japunese market.

sained more access through trade agreements. manv suppliers
1)(*5_{.111 to recover and surpass their initial trade volume and
some even achieved snbstantial success. For examiple, follow-
ing the Dutch-Japanese agreement in 19585 (TFW), and the sub-
sequent stationing of Japanese plant health inspectors in the
Netherlands (at Dutch expense), Duatch exports of cut flowers
to Japan accelerated rapidly. more than tripling in value in two
vears, from 1.7 billion ven in 1987 to 5.7 billion ven in 1989
(JETRO-F).

There are two channels of distribution for cut flowers in
Japan: the many wholesale markets, or auctions, which account
for an estimated 80% of the flower trade. and another channel
which uses direct negotiations with (mainlyv) retail chains. In
1990, there were 17 central and 229 regional wholesale mar-
kets, with o further S0 sinall-scale independent wholesale mar-
kets (JETRO-F). Tokvo alone has ubout 30 flower wholesale
murkets/auctions (Egberts), compared to only nine i all of the
Netherlands.

CONSUMER PREFERENCES
Japunese preferences for and uses of cut flowers
respects from those in the U.S. and Europe. and these factors

differ in mam

must be considered by potential exporters to Japan. The prima-
v consumers of cut flowers in Japun are businesses (offices.
hotels. restanrants, funerals). accounting for 40% of the market.

Business-related gitt-giving accounts for another 30% to 40% of

the market. Private consumption acconnts for the remaining
20% to 30% of Japanese demand. including 90% intended for
personal gitt-giving and only the small remainder used by con-
sumers in their own homes. In other words, the self-use seg-
went acconnts for anlv 2% to 3% of totul Jupanese de mand,
compared to 35% in the Netherlunds ¢ JETRO-F. Egberts!.

Japancse consumers prefer relatively high- qlmht\ flosvers
and are willing to pav high prices for theni. High quality is
iportant not (ml becanse most Hower pm(lmses in Japan are
intended for lrlft\ but also hecause of the Jupanese flower-
arranging stvle which emphasizes the beanty of o single bloom
or asmall anmber of selected flowers (JETRO-F. Demand for
quality creates higher retail prices since retailers must throw
out a large munber ol past-prime flowers, sometimes account-
ing for as much as 40% of the flowers in a shop (Egherts).

Japanese consumer demand for ent llowers is very seasonal in
nature, in accordance with the Japanese festival calendar, which
differs from the U.S. and Ewrope. Floral demand in Japan
peaks in March and September for the vernal and antumnal
equinoses, traditional times tor plucing Howers on ancestors’
tombs. Demand also peaks in December-January for the New
Year season (both Gregorian and Chinese), when it is custoin-
ary to give business d)ld personal gifts, and in June for Mother's
Dav. when red carnations and pink carnations and roses are
espeua”\ popular (JETRO-F).

Japunese consumers have strong color preferences for flow-
ers depending on the season. the type of flower and even the
region in Japan.  In general. consumers preter subtle colors
such as white, pule pink. pink, salmon pink, light purple and
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red. Brighter colors are gradually becoming more popular. but
still account for & small share of the market. In spring, vellow is
the preferred color, while summer preferences shift to cool
tones such as white and blue. Purple is considered a fall color.
while red is preferred in the winter. Chrysanthemums are pre-
ferred in white or pink: tulips and carnations in pink {except for
Mother's Dav, when red is preferred): roses in red; and stat-
ice/Timonitm and gentiana in purple (JETRO-F, Egberts).

DOMESTIC PRODUCTION

Flowers are produced in Japan by more than $1.000 growers in
an area of 16,609 hectares, meaning that the average size of a
flower farm is only about 2.000 square meters. Between 1985
and 1990, the number of flower growers increased by 10% and
the acreage expanded by nearly 30% {(JETRO-F). as flowers
showed greater profic 1h111t\ than traditional crops such as rice
and vegetables. During this period also. the government
offered incentives to farmers to diversifv away from rice pro-
duction and into Horiculture (E;,hmt.s). Nevertheless. the
income of Japan's foricultnre sector is still relatively small,
measuring only 60% of the income from truit production, 20%
of the income from vegetuble production and only 4.5% of total
agricultural income (()hkma).

In 1990, Japan produced more than 5.3
% from 1956, The major crops grown
in Japan were chrysanthemums (1.9 billion stems: 36% of total
production), curnations (700 million stems, or 12%) and roses
{over 400 million stems. or 11%) {(JETRO-F). These three
crops are still expanding, but the strongest recent prodnction
growth has been in other tipes of flowers such as lisianthus.
limoninm. talips. gladiolas and lilies. Protected production of
flowers is increasing (Rubobank-F. with the majority of carna-
tions and roses, and half the Jupanese chivsanthemm crop.
CTOWTL under cover (Ohlkawa).

ln general. Japan imports cut flowers which are either difti-
cult to grow in Japan, unavailable during Japan's off-season,
cheupcr to grow overscas. or new to the Japuanese inarket. In the
coming vewrs, the role of imports in Japan is expected to shift
from filling these gaps in the market to supplyving large volumes
of the busic floral commadities: this could boost import shares
from their present levels to 15% to 20% of the total inarket.
which itsell'is expected to grow steadily. In order to reach these

hillion stems of cnt
flowers, an increase of 18

goals. foreign suppliers will have to establish long-term rela-
h(mx]nps with Japanese importers. who can gnide them in sat-
isfying Jupan’s stringent standards It‘”dl(hll“ plant health, har-
vesting stage, grading, packaging, lul)ehng and consumer pref-
erences (JETRO-F).

The development of Japan’s import volimes of the major
types of cut flowers (in stems) since 19584 is shown in Table 11
(JETRO-FI. Jupan’s cut Hower imports have primarily consist-
ed of one or two specilic products from each of a few main sup-
pliers. Orchids from Thailand and Singapore. chrysanthemums
from Taiwan and ferns and bear grass from the U.S. comprise
two-thirds of the volume (in stems) of Japanese imports.
Emerging sources of supply and more recent import prodncts
include the Netherlands dilies and other bulbflowers), Australia
(anigozanthos und waxflowers), New Zeuland {zantedeschias
and Colombia

and orchids), Costa Rica (lower-cost ferns),

(lower-cost caurnations).



Table 11. Japan’s Import of Major Cut Flowers, 1984—
1990 (volume in million stems)

1984 1985 1986 1987 1988 1989 1990
Orchid 49.1 632 788 841 1153 1120 1242
Ferns 124 170 284 312 456 506 522
Chrysanthemum 23.3 246 159 277 412 44.1 305
Bear Grass — — 59 9.7 276 264 267
Carnation 2.9 33 7.0 76 115 10.1 12.9
Freesia — — 32 47 119 112 8.6
Anthurium 49 4.6 58 44 42 4.5 5.1
Gladiolas 0.4 i.5 37 3.6 6.5 9.9 6.8
Nerine — — 20 3.0 4.9 6.7 6.2
Lily — — 1.8 3.0 6.0 9.9 9.6
Ornithogalum — — 05 2.1 35 — —
Tulip — — 0.9 2.2 94 10.6 8.2
Daisy — — 1.7 1.8 .1 — —
Ruscus — — — I.4 1.4 2.0 33
Waxflower — — — 1.1 14 32 4.1
Anigozanthos — — — 1.0 24 — —
Leucadendron -— — 0.6 0.8 09 0.9 1.0
Rose — — — — — 9.9 1.0
Others 6.0 9.3 79 106 299 823 —
Total 99 123 164 200 325 357 358

Source: Ministry of Agriculture, Forestry and Fisheries.

JAPANESE POLICY ENVIRONMENT

The Japanese policy environment aftecting the import of fresh
vegetables and cut flowers consists primarily of phytosanitary
import prohibition measures. Despite these restrictions, which
are often viewed l)} e.\pmhn}s countries as pmte(h()mst non-
tarift trade barriers. many countries have succeeded in gaining
greater market access to Japan through a combination of care-
ful compliance, patience and diplomatic pressure. Tarift barri-
ers. on the other hand. can be significant for some crops and

All cut flowers. for example, enter
('/

insignificant for others.
japan duty-free and there is only a 5% tariff on cut leaves and
branches (JETRO-F).

Japanese quarantine regulations prohibit the import of a
number of host plants of pests, pathogens and other materials
not native to Japan and considered to pose a threat to Japanese
agriculture and forestry. Some 15 species are on the enrrent list
of prohibited pests. with the Mediterranean fruit fly. the orien-

tal fruit flv. the Queensland fruit flv and the melon fly causing
the most concern. Other 1)1()])11)1& d pests inclnde the u)dlmtr
moth, the sweet potato weevil, the sweet potato vine borer, Hlt‘
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West Indian sweet potato weevil. the potato wart, the Colorado
potato beetle, the potato cyst nematode, tobacco blue mold, the
citrus burrowing nematode. the hessian flv, and other rice pests
and pathogens. Entry to Japan is also plolnhlte(l for plants and
materials shipped via contaminated areas, unless they are not
unloaded along the way (JETRO-Q).

In addition, entry of soil and plants with soil is prohibited,
except in cases where a country has developed methods of dis-
infection which ensure u)mpletp freedom from the prohibited
pests and pathogens. The import ban may be lifted on an item-
specific basis following the presentation of evidence of the dis-
infection method. on-site inspections by Japanese plant health
experts, bilateral negotiations. public hednngﬁ and subsequent
changes in the regulations (JETRO-Q).

bhlpments of cut flowers found to contain prohibited pests
are fumigated with either hvdrocyanic gas or methyl bromide.
depending on the type of pest found. In 1989, 34% of the total
stems imported were fumigated, 20% of these with hydrocyan-
ic gas and 80% with methyl bromide (JETRO-F). The latter is
considered to cause significant damage to the flowers. As ship-
ment size increases, a decreasing portion of the shipment is
inspected. Japanese flower importers have recently been suc-
cesstul in further reducing the size of the samples required to
be inspected, which will improve the chances for avoiding fumi-
gation (Sugiyamal.

The plant quarantine process can be expedited and the snc-
cess rate increased by establishing a pre-clearance svstem
whereby Jupanese p]dnt health inspectors are stationed in the
exporting country. In order to justify the expense of such an
arrangement, exporting countries nee *d to have sufficient e xport
volume to Japan, a concentration of production intended for
Japan in a limited area and little history of disease and pests in
cut flower shipments. After pre —clearance in the exporting
country, flowers arriving in Japan require only nominal inspec-
tion at ports of entry and, as a result, can be distributed more
quickly (JETRO-F1.

For edible horticultural products, significant market access
has been achieved through international negotiations and
agreements. Under the GATT-11 agreement, Japan consented
to liberalize import quotas on eleven different horticultural
products between October 1998 and April 1990. With the 1998
U.S.-Japan beef/citrus agreement. Japan agreed to completely
liberalize import quotas tor oranges by April 1991 and for
frozen concentrate orange juice by April 1992, While high tar-
itfs (from 20% to 40%. depending on season) remain in place
for oranges, imports from the U.S. have increased since the
quotas were removed and are expected to increase substantial-
Ivin the future (Somers and Thompson’.
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CONCLUSIONS - ANNEX

The production and marketing of protected crops is an infinite-
I complex process. which regnires prospective producers to
tace sets of difficnlt choices. This puper has attempted to pro-

vide a context for some of these choices by describing many of

the important fuctors attecting the marketing of perishable l')r()—
cduee and by highlighting the principal tre s and opportunities

After tuking these
factors into consideration and making the basic decision to ini-

in the mgjor northern hemisphere markets.

tiate protected erop production. two kev strategic issues mnst
be resolved: selecting a primany target market (export or
domesticl and deciding which general product categon (veg-
etubles or Towers? to produce with a given set of production
inputs.

Many projects in protected crop prodaction are established
with the intention of developing an export industrv. and are
hased on the asstmied advantages of lower production costs and
more favorable climatic conditions tespeciallv in winter) com-
pared to northern hemisphere developed countries. But grow-
ing consimer demand for vear-round availabilits and higher
quality is hrgely being met l)\ focad developed conntry prodne-
ers and existing import sonrces. Therefare, opportunities for
new suppliers to fill oft-scason supply shortages and other nar-
row market niches are actuadly diminishing and even disap-
pearing.  Conscqguently, protected crop pl(»([u(tmn which is
um\l(lcml)l\ more complicated and expensive than open-ficld
pu)(lnch()n. docs not i itsell ensioe snecessind exports,

To date. the share ol fresh produce imported fromn develop-
ing comntries info northern hemisphere developed conntiv
markets hus remadned veny snalls Frothermore, the existing
import trade is dominated l)\ a tew well-established and favor-
ably sitnated exporters. sneh as Mevico ttomatoes to the U8,
Colombia tlowers to the U.S.5 dsracl (owers and \eg(’hll)lc.\
to Europe!, Kenva (Howers 10 hum[)v
Iskands and Moroceo (vegetables to Earope). These countrics

1oand Spain, the Canary
possess combinations of many fvorable elements whicl make
it difficult Tor now suppliers to displace or even enmilate then,
Clearly. the success stories in t]w international produce trade
are the result of much more than just low production costs.
mild ¢limate and the ability to purchase technologye and know-

how. A closer examination shows that the industries in most of

the established produce exporting conmtries began developing
together with the mujor northern hemisphere markets more
than 20 or 30 vears ugo. In comntries generallv considered to be
less-develope de -conomically, these indnstries comprise pockets
ol high technological ¢ ]t\e]npm( nt on par with competing pro-
ducers in developed conmtries. Over the vears. these exporters
have built individual repitations as relialle suppliers, gained

considerable expertise and developed invaluable networks of

commerciul relations. Snccesstul exporters have worked close-
v with partners, investors and/or importers in developed coun-
trv arkets, who continuadly help thew fine-tune their procdue-
tion to satistv the stringent requirements of these markets,

Consequentlv, many existing and prospective exporters of
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protected crops in developing countries nmay give more serions
consideration to the potential of their domestic markets. In
many countries. the mereasing emergence of a middle-class and
their growing exposare to higher-quality products creates sub-
stantial domestic market opportimities for higher quality and

oflseason pratected crops. Local sales llxlmll\ involve less
transport wnd handling costs, fewer Togistical and commnmica-
tion problems, and more secnre pavment collection than exponrt
sales. T addition. Jocal supph and demand imbalunces. espe-
clallvin cuses where a conntry has limited inports, often ereate
a price inversion wherehy local market prices are higher than
export prices. These Factors have led to the inereasing re-orien-
tation of horticnltnral producers from exports to domestic sales
in countries such as Mexico and Spain.

OF conrse, there may also he important non-ceonc: oo e
sous for utilizing protected crop production tecdnmiology sincli s
increasing the volnme and reliability of food crop vields to el

feed a expanding domestic p()pnhhnn Greater viekds, conser-

vation of Hmited resources. and vear-ronnd pmdndum conldd
be achicved by nsing protective cover and other hortieninral
techniques. bt would re quire costhy investments and the estab-
lislnent of new infrastructure and suppert services. Since the
necessary technology and methodology mav lave to be import-
ed at ]Il“’]l cost. crops produced inder protective cover and not
sold at market prices conld require subsidization.

The intended market—domestic or export—is a strong fuctor
in determining whether to produce protected crops of vegeta-
bles or ent Nowers. For prospective exporters, prodnct choice
iy also depend o the producer’s geograplic proximity to the
intended market.

For domestic sales it a (lv\‘e]()pmg country market. veeuta-
bles erown under protective cover may otfer greater immediate
pl()llll\(‘ than cut fHowers, Tt niay be easier to encourage con-
sumers to switch to higher (Jlmht\ and otf-season food prodncts
than to develop new consimption habits for a non-essential
product such as cat flowers, Furthermore. although fresh veg-
ctubles are also perishable and require careful hundling, the
may be more durable and better able to withstund sub-optimal
handling conditions than are fresh cut flowers.

While it will be ditficult for new developing country sapplicrs
of cither ent lowers or fresh vegetables to sn((esxhlll\ enter
northern hemisphere developed conntny mavkets, et flowers
have slightly better export prospects than fresh veoctables.
Developed conntiv markets for both cut Howers and fresh veg-
ctables are dominated by local suppliers. and the priman
nnpmt suppliers ure located on the ne arby sonthern periphery
of these markets. However. a sioniticant volume of cut flower
exports has developed Trom more distant suppliers. which hus
not generally heen the case with fresh vegetables.

The relative Iv tworable outlook for ent Hower exports s
hased on certain advantageous product characteristios, market
developments and aceess to market channels which are not

enjoved by fresh vegetables, In general. the demand tor ent



flowers has been growing more rapidly in recent veawrs than the

demand for fresh vegetables. despite the fact that this rate of

increase is itself diminishing through time. Furthcrmore, cut
flowers generallv have o mmch higher valne-tosvolume ratio
than fresh veget tables. whicli is a critical factor in the profitabil-
ity of products that inust be transported long distances by cost-

I\ airfreight. Also, since ent lowers are so perishable in nature.
even producers who are close to the market must use expensive
climate-controlled transport and handling, thus partially off-set-
ting the trunsport cost disadvantage of ](m(r distance suppliers.

A further disadvantage for prospective \t"qetab]e exporters to
Europe is that, unlike with cut Nowers. non-European suppliers
cannot sell their vegetables throngh the Dutch anctions. Such
anction sales have been instrumental in assisting countries such
as Isracl and Kenviin becoming become major suppliers of cut
Howers to Enrope. Another potential disadvantage for smaller
developing commtries contemplating vegetable exporting is that
the leading exporters all have large domestic markets to absorb
second-qualitv and surplus production.

A special complication for vegetable exporters is that, inlike
cnt flower exporters who need only he concerned abont main-
taining good external product appearance. vegetable supplicrs
must also ensure satisfactory product Havor. Consiwners mav
have very subtle flavor preferences which difter fromn countiy to

CONCLUSION
conntrv. Accordinghy . it will be casier to mtrodnee new exotic
ornamental products to the market than new exotic vegetables
since. in the latter case, consumers must be willing to taste the
new product and learn to like new flavors.

It is a ditfiendt task for any prodncer—in cither a developed
or developing conntry-—to consistently supply high-quality
fresh vegetables or ent flowers, The most estublished and expe-
rienced producers of such sensitive biological products have
production and post-harvest handling problems. These ditticul-
ties are a discouragement and an opportunity: while thev neces-
sitate: complex knowledge of production and marketing, they
also provide opportunities for new suppliers to tr to improve
on the performance of existing supplicrs and better satisty the
needs of the trade.

The cliances of new mpp]im's to enter campetitive markets.
find nnexploited niches or displace existing suppliers may be
small, bhut thev do exist. Ultimate success or failure can (ml\ he
judged over time. since cacl season may present special xuppl\
problems and demand developments. To successfully exploit
snch export market opportunities, the new producer nist be
prepared for a long-term investment. be wiliing and able to
continually Tewn abont the potential market and marketing svs-
tem. and be cquipped with much patience and much persis-
tence.
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ENDNOTES - ANNEX

L Alan J- Malter, market researcher for horticultural products in the
Market Rescarch Departinent of Isracl's Ministry of Agriculture.

2 Throughout this section, particular attention is given to and many
examples are drawn from the Netherlands™ glasshouse sector. Due
to its size. concentration, institutional structure and international
orientation, the Dutch glasshouse sector is often the best source of
data on the production and trade in protected crops in Europe and
worldwide. Though the Netherlands itself is a small country with a
population of ubout 15 million, it is the acknieledged world leader
in protected crop technology. production and international horti-
(‘u{mml trade. ’

3 Thus, another great advantage of the European produce auctions
Jor growers and buyers is their objective and professional quality
inspection before every transaction. Such a system eliminates by
ers’ dependence on growers to determine product quality when set-
ting prices and ends growers’ dependence on buyers to assess prod-
uct quality upon receiving the produce.

4 n any case, there is a considerable risk involved with aiming pro-
duction and exports exclusively at peak holiday periods, since pro-
duction and distribution cannot always be precisely timed un(}
other suppliers can flood the market {;urin;: a given holiday, lead-
ingto S'u/)stunfia//y lower prices ina parli(‘ular year than what
might normally be expected. ’

2 The best example of a successfully sustained protected horticultural
industry is the Netherlands. "Dutch glasshouse production is char-
acterized by the predominance of rcﬁzfiz‘-v/{/ small, specialized.
owner-operated production units (i.e. family farms). usually of one
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since

hectare or less. The grower is then free to concentrate almost exclu-
sively on })r()(/m"ing high-quality cegetables and flowers. However
such production specialization can only exist if the overall industry
is large and developed cnough for other firms or public organiza-
tions to .S'p('('iu[i".w in pmui(ﬁng the other necessary support func-
tions, such as research and extension advice. new product develop-
ment, young olant propagation, roduction input .s-upply, inspection
sertices, mar}cd information (m(;)sales and distribution (Ministry of
Agriculture-19921" But ecen in countries where it is not pns'.sib[(' to
duplicate Dutch production conditions, a smaller-scale operation
wiﬁ allow a larger investment per square meter in quality-enhancing
technology and a greater spectalization in high-quality production.

f Supplies from January to June 1993 remained about the same as in
1992, while prices have increased (Vakblad). showing some signs of
nirket recovery. Nevertheless, the European flower trade is now
much more cautious about thc_ﬁlmn’ than it was priorto 1992,

© One study concludes that. since Spain and the Canary Islands were
among the countries most frequently found in vielation of reference
prices for tomatoes and other products. these policies have served as
a significant barrier to the expansion of lw-cost Spanish produce
flows into the EC. Therefore, the authors maintain that Spain has
not yet benefitted significantly from EC membership and still has
enormons potential to expanc trade in the future once the restrictive
offer price mechanism is remored. Such an expansion of Spanish
exports coudd displace third country ii.e. non-EC) produce exports.
The rapid growth in Spanish and Canary Istand tomato exports to
the UK. in the spring and summer of 1992 at low prices is cited as
ctidence that the accelerated phase-in of herian membership was
already beginning to affect the market (Ritson and Su‘inbanl').
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