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Foreword

Protected agrIculture represents the most mtensIVe and dynamIc fonn of
agrIcultural productIOn In the ArabIan Penmsula, the adverse clImatIc cond1tIons
of harsh weather, scarcIty of water and lImIted land resources neceSSItate the use
of protected agrIculture where enV1ronment and productIOn-tImmg can be
controlled and yIeld can be Improved

Investment m protected agrIculture IS hIgh due to the cost of structures, good
qualIty water, hybnd seeds, speCIalIzed fertIlIzers, and chemIcal and bIOlogIcal
control To achIeve and mamtam h1gh levels of productIOn, well-tramed
technICIans and managers are reqUlred Well-des1gned greenhouses wIth
SOph1st1cated clImate-control facI11tIes can be very expenSIVe, but can prOVIde nch
dIVIdends It IS Important to recognIze that an efficIent greenhouse mdustry can
have a sIgn1ficant effect on the economy of a country

Protected agrIculture-wIth ItS assocIated growmg systems-ean mmImIze
envIronmental degradatIOn m a number of ways Compared wIth field crop
productIOn, protected agr1culture can

1 slgn1ficantly reduce the amount of water and fertllIzers utIlIzed m growmg the
product,

2 reduce and poss1bly elImmate the potentIal contammatIOn of groundwater by
fertIlIzers and pestIc1des,

3 prOVIde the pOSSIbIlIty of economIcally producmg 'orgamc' products,

4 elImmate or mmImIze the use of tOXIC pestICIdes through the adoptIOn of an
unproved mtegrated plant productIOn and protectIOn program a1med at
preventmg mfestatIOn and use ofbIOlogIcal control methods

To reVlew the state-of-the-art of protected agrIculture m the regIOn, thIS workshop,
the fIrst of 1tS kmd, was orgamzed by the ArabIan Penmsula RegIOnal Program
(APRP) and financ1ally supported by the Arab Fund for EconomIC and SOCIal
Development (AFESD) and the InternatIOnal Fund for AgrIcultural Development
(IFAD) InternatIOnal experts m dIfferent aspects of protected agrIculture, together
w1th the regIOnal experts, researchers and speCIalIsts from the Arab1an Penmsula
countrIes attended thIS meetmg to exchange mfonnatIOn and d1SCUSS the present
and future for protected agrIculture m the ArabIan Penmsula

The major aspects of protected agr1culture addressed m thIS workshop were
• Greenhouse deSIgn, structure and covenng matenals
• Growmg systems m relatIOn to water-use effiCIency, fert1gatIOn and

postharvest technology
• Integrated plant productIOn and protectIOn
• RegIOnal networkmg for the exchange of expenence and mfonnatIOn
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The recommendatIOns from thIS meetmg fom1 the basIs for Immediate and long
term strategIes for protected-agnculture development m the ArabIan Penmsula
The Issue of commumcatIOn and exchange of mformatIon was hIghlIghted m the
workshop and as a result a RegIonal Network for Protected AgrIculture IS bemg
developed

The meetmg was mamly supported by AFESD and IFAD The Food and
Agnculture OrgamzatIOn of the Umted NatIon (FAO) contnbuted partIally by
supportmg the partICIpatIOn of two SCIentIsts and fmancmg the edItIng of the
proceedmgs The workshop was orgamzed locally by the Mmistry of Mumcipal
Affairs and Agnculture of Qatar and ICARDA

It was a step m the nght dIrectIOn for the Arabian Pemnsula RegIOnal Program
(APRP) of ICARDA and the natIOnal, regIOnal and mternatIOnal experts to bU1ld a
strong, techmcally sound and effICIent protected-agnculture mdustry m the
ArabIan Pemnsula I trust that the followmg pages and the associated web-SIte WIll
prove a valuable tool for all those mvolved m developmg protected agnculture m
the regIOn as we move mto the 21st century

c
Prof Dr Adel El-Beltagy

DIrector General
ICARDA
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Editors' Note

These proceedmgs are only the first part of the output of the InternatIOnal
Workshop on Protected AgrIculture m the ArabIan Pemnsula, held m Doha, Qatar,
on 15-18 February 1998 In addItIOn to the abstracts of the techmcal papers and
the summanes of the ensumg dIscussIOn sessIOns publIshed here, the full papers
WIll be made avaIlable In fact, thIS publIcation may be seen as a 'taster' for the
outputs of the Doha Workshop

For those wIshmg to obtam more mformatIOn on the techmcal presentatIOns of the
Workshop, the ArabIan Pemnsula RegIOnal Program (APRP) of the InternatIOnal
Center for AgrIcultural Research m the Dry Areas (ICARDA) has made the full
papers aVaIlable on Its HomePage For those WIthout Internet/World-WIde Web
access, the word-processed files (m MIcrosoft Word 97) are aVaIlable from the
APRP Office m DubaI At the time of gomg to press, the APRP HomePage had yet
to be establIshed InformatIOn on how to access the mformatIOn can be obtamed
through the DubaI office

The APRP DubaI Office may be contacted bye-maIl at eIther
<zcdub@emzrates net ae> or <A Moustafa-t@cgzar org>

We hope that you WIll find the mformatIOn on the HomePage both easy to access
and relevant to your needs Look out for the dIscussIOn forum for matters of
relevance to protected agrIculture m partIcular and to APRP m general

The Edztors
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Introduction

John M Peacock
APRP, ICARDA, Dubal, UAE

The Project

In May 1993, at an ArabIan Pemnsula RegIOnal Program (APRP) meetmg held m
Abu DhabI, UAB, the partIcIpants stressed that the APRP must serve and be
responSIve to the principal needs of the seven countrIes ofthe ArabIan Penmsula

More effort should be made m the research areas of specIfic mterest to the regIOn
such as salt tolerance, heat tolerance, drought, dIsease and pest reSIstance, weed
control, water conservatIOn and management, water-use effiCIency, IrngatIOn
technIques, Imgated and perennIal forages, forage shrubs, horticulture and
protected agriculture, m addItIon to on-gomg cooperatIve actIVItIes such as
networkmg

Out of thIS meetIng, Phase II of the APRP was born-Strengthemng Agrzcultural
Research and Human Resource Development In the Arabzan Pemnsula-wIth the
Arab Fund for EconomIc and SOCIal Development (AFESD) and the InternatIonal
Fund for Agncultural Development (IFAD) as the two mam donors

In late September 1996, at the first RegIOnal Steenng CommIttee Meetmg of
Phase II of the project, the pnonty areas of research were establIshed, and at the
fIrSt RegIOnal TechnIcal MeetIng held m Aleppo m early March 1997, the four
mam research themes for Phase II of thIS project were determmed

1 Rangeland, shrubs, Imgated forages and lIvestock
2. Protected agriculture
3 AbIOtIC stresses
4 On-farm water use and ImgatIOn management

Countries

The project covers the countnes of the Gulf CooperatIon CouncIl (Bahram,
KUWaIt, Oman, Qatar, SaudI ArabIa and the Umted Arab EmIrates) and Yemen,
combmmg a total area of 246 mIllIon hectares

Climate and Soils

The ArabIan Penmsula IS charactenzed by an and and semI-and clImate Ramfall
IS hIghly erratIC m space and tIme -annual preCIpItatIon generally ranges from



less than 50 mm to 250 mm m the agncultural areas (although some areas of
Oman and Yemen receIve much more ramfall), there IS an accompanymg vanatIOn
m the duratIOn of the growmg season, from 0 to 150 days Temperatures are
generally hIgh, reachmg 50°C at tImes m some places m summer-the mam
problem IS prolonged hot penods (over 35°C) through the summer, when the
relatlve humIdIty IS also often hIgh

The soIls of the regIOn are fragIle and subject to erOSIOn by wmd and water, as
well as degradatIOn through sahmzatIOn Over 95% of the total land area m the
ArabIan Pemnsula suffers from some fonn of desertlflcatIOn, of WhICh 44% IS
severely or very severely degraded, wmd and water erosIOn account for over 60%
of the desertlflcatIOn

Population

The regIOn's populatIOn was estlmated at 43 mllhon m 1995 and-wIth average
annual natIOnal growth rates rangmg from 2 2 to 4 2%-It IS expected to more
than double, to 92 mIllIon, by the year 2025 The total commodIty demands
resultmg from populatIOn growth m the ArabIan Penmsula has caused a rapId
mcrease m food Imports Food Imports are expected to more than double by 2010,
If per-capIta consumptIOn remams the same and domestlc productIVIty IS not
mcreased

Land Uses

Of the total 246 mIllIon hectares, 120 mIllIon hectares (49% of the total land area)
IS under pennanent (natural) pasture, mostly m SaudI ArabIa and Yemen In 1995,
the area under arable land and lITIgated crops was less than 2% (5 2 mIllIon ha)
Desert dommates the rest of regIon In locatIOns where natural vegetatIOn IS
suffICIent It IS used for lIvestock grazmg In 1992, the regIon supported 19 mIllIon
small rummants (sheep and goats) and a further 840,000 camels

Water Availability

GIVen the lImltatlons m ramfall and the lack of avaIlable surface water (only the
UAE and Yemen have sIgmflcant surface-water resources), most of the cultIvated
areas m the ArabIan Pemnsula depend, to a large extent, on IrngatIOn from
groundwater, spnngs, aflaj canals and a senes of small dams WhICh harvest run
off water

Because of the mcreasmg demand for water, several countrIes m the Penmsula
have establIshed large projects for water desalmatIOn and for recyc1mg of the
treated sewage effluent (TSE) for agrIcultural use Such non-conventIOnal sources
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now account for 16% of the total aVaIlable water resources m the regIOn
However, estImates for 1990 of the annual reqUIrements of water for self
suffiCIency, mcludmg agnculture, of 24 bIllIon CUbIC meters (bcm), far exceed the
total water aVailable, 14 bcm Estimated actual water use m 1990 exceeded the
aVailable water by 1 4 bcm (eqUIvalent to 43 m3 per capIta), attnbutable mamly to
the large defiCIts m SaudI ArabIa and Yemen, thIS defiCIt IS forecast to mcrease to
8 4 bcm, or 185 m3 per capIta, by the year 2000

The mvestlgatIon of both tradItIonal and mnovative water harvestmg and
conservmg technIques, Improved IrngatIOn technIques, and water management
and water-use effiCIency IS, therefore, an Important component of the project

Agricultural Production

Almost 70% of the total avaIlable water m the regIon IS allocated to agnculture It
IS estImated that 22% of the total land area IS potentIally cultIvable CulttvatIon
expanded from 1977 to 1993, WIth the area under arable and permanent crops
mcreasmg by 60% (from 3 3 to 5 3 mIllIon ha) and the Irngated area mcreasmg by
75% (from 0 8 to 14 mIllIOn ha) However by 1995, the Irngated area was down
to 1 1 mIllIon hectares, largely due to a 54% reduction m Irngated area m SaudI
Arabia

There IS consIderable heterogeneIty m the countrIes of the ArabIan Penmsula WIth
respect to agncultural production The countrIes WIth a substanttal agncultural
sector, m terms of agncultural area, productIOn and proportIOn of the populatIOn
mvolved m agnculture, are Oman, SaudI ArabIa and Yemen

The countrIes WIth a modest agncultural sector are Bahram, KUWait, Qatar and the
UAE The cultIvated areas m these countrIes are relatively small and scattered,
and support a mmimal proportIon of the populatIon Per-capIta food Imports are
consequently hIgher than m the more agnculturally onented countnes, and
demand for cereals-partIcularly wheat and wheat products-IS met almost
entirely by Imports Agncultural productIOn depends mamly on lITIgatIon from
groundwater and, to a lesser extent, on ramfall dunng the wmter (November
February) Agncultural productIOn m these countrIes, as m the countrIes WIth
more substantial agrIcultural sectors, IS constramed by severe bIOtIC and abIOttc
stresses mcludmg heat, salImty, lack of Improved culttvars and cultural practices,
as well as lack oftramed manpower

Protected Agriculture Workshop

The pnonty research areas under Protected AgrIculture m the APRP are

1 Improved deSIgns of structures mcludmg covenng matenal and coolmg
systems
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2 Improvmg water-use effIcIency through effIcIent growmg systems and
techmques mcludmg fertlgatIOn

3 Improved management or mtegrated dIsease/pest management systems

A mam aIm of thIS workshop was to reVIew the state of the art of protected
agrIculture m the ArabIan Penmsula wIth partIcular reference to the research
pnonty themes Each theme was thoroughly revIewed by the mternatIOnal and
regIOnal experts and the vanous country representatIves, provIdmg a synthesIs, a
senes of recommendatIOns and a strategy for the next decade As a result of thIS
productIve mteractIOn between the vanous mternatIOnal, regIOnal and natIOnal
experts, It was deCIded that a network for protected agrIculture m the ArabIan
Pemnsula needed to be set up to mamtam thIS exchange of mformatIOn and
Improve future communICatIOn

The strategy presented WIll be consIdered by the Steenng CommIttee of the APRP,
as a gUIdelme for the next phase ofthe project research work

4



Opening Addresses

Opening Address by Mr Ali Bin Saad AI Kuwari

Undersecretary of the Ministry of MUnicipal Affairs and Agriculture, Qatar

All praIse be to God, the Lord of the worlds, the blessmgs and peace be upon the
noblest of all messengers Peace, grace and blessmgs of Allah be upon you all

HIS Excellency, Prof Dr Adel EI-Beltagy, respected guests, dear audIence

It gIves me great pleasure to welcome you all on my behalf and on behalf of the
Mmlstry of Mumcipal AffaIrs and Agriculture It also gives me pleasure to convey
to you the greetmgs of HIS Excellency Mr Alt Bm Sa'eed Al Khayareen, the
Mlmster of Mumclpal Affairs and Agnculture We wish you a happy stay amongst
us

The Mlmstry of Mumclpal AffaIrs and Agriculture has made a practice of
cooperatmg wIth regIOnal and mternatIOnal orgamzatIOns m supportmg
agrIcultural actlvlty and ItS vanous branches locally, regIOnally and
mternatIOnally, proceedmg from emment mstructIOns and enhghtened pohcles of
HIS HIghness Sheikh Hamad Bm Khahfa Al Tham, Emir of Qatar and HIS
HIghness SheIkh Jassem Bm Hamad Al Tham, the Heir Apparent m supportmg
Gulf, ArabIan, regIOnal and mternatIOnal cooperation for the common benefit of
all

Today, the InternatIOnal Workshop on Protected AgrIculture m the Arabtan
Pemnsula IS held as a result of the contmued cooperatIOn between the Mlmstry and
the InternatIOnal Center for AgrIcultural Research m Dry Areas (ICARDA), which
has kept on supportlng the agrIcultural sector m different countrIes of the world

Provldmg food to the world populatlon has become a major Issue, the
consequences of whIch are becommg more senous day by day The effort to
mcrease productlon has become an Important struggle between sClentlsts and
vanous factors of nature Perhaps protected agnculture, WIth all ItS technologIes,
can be one of the best solutIOns, espeCially m areas which are suffermg from the
trIangle of natural ImpedIments namely sod, water and weather From thiS pomt,
benefitmg from world expenence m supportmg local programs IS conSIdered
mevltable LIkeWise, regIOnal cooperatIOn-preventmg doubltng of research work

5



wIthm the countrIes of one regIOn-Is a matter of pohcy m acceleratmg the
process of problem-solvmg, and effort and money-savmg both of whIch serves
the mterests of all

No doubt, the expenences and mfonnatIOn that are put forward and the
meanmgful sCIentIfIc dIScussIons held WIll ennch thIS meetmg and strengthen our
mutual cooperatIon

In conclUSIOn, I would hke to assure you of our strong deSIre to support the
actIvItIes of thIS Workshop and that the MmIstry WIll serve fully to achIeve
success

Lastly, I express our gratItude agam to ICARDA and the donors for theIr generous
fundmg and support m holdmg thIS Workshop on tune and m selectmg Qatar as
the venue

I would also hke to thank very much all the members of the Jomt Orgamzmg
CommIttee who worked hard actIvely and earnestly m the arrangement of thIS
Workshop

Thanks to all those who contrIbuted at any stage of the preparatIOn and executIOn
of thIS workshop

Peace and blessmgs of Allah be upon all
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Opening Address by Prof. Dr Adel EI-Beltagy

Director General, ICARDA

Mr All Bm Saad Al Kuwan, The Undersecretary of the Mmlstry of Agnculture,
colleagues and frIends

It IS my pleasure and dehght to be present here wIth you m thIs meetmg thIs
mornmg, m thIs fIrst workshop wlthm the context of the ArabIan Penmsula
RegIOnal Program of the InternatIOnal Center for Agncultural Research m the Dry
Areas The Workshop WIll be addressmg a tOPIC of great Importance not only to
the Gulf, but also for other areas m the world Protected agnculture IS the most
dynamIc agrIculture system worldWIde The dIfferent components need a lot of
mampulatlOn and a lot of understandmg, for several avenues of sCIence are
mvolved and m thIs Workshop we are gomg to address them The system Itself IS
the art of optnTIlzmg productIOn per umt area and per cubIC meter of water ThIs
optImIzatIOn IS the mam Issue and It covers water-use effICIency and fertlgatlOn
Dunng thIs week, a lot of colleagues and experts from around the world are gomg
to share theIr expenences wIth those of our colleagues from the Gulf

The Important Issues of phySIcal structure, mtegrated pest management and other
management techmques wIll be addressed m thIS Workshop The postharvest
aspect IS also Important, because It starts early m the process of the other
management systems

I hope that you WIll have a very fruItful meetmg One Issue whIch we are hopmg
that we could achIeve IS networkmg We hope that a network between colleagues
who are mvolved m thIS process WIll eXIst m the Gulf, therefore, exchange of
mformatIon WIll be a baSIC Issue

I would lIke to thank the people of Qatar who are known for theIr hospltahty,
whIch we are all enJoymg, and on behalf of all of you we would hke to thank HIS
Royal HIghness SheIkh Hamad Bm Khahfa al-Tham, Pnnce of Qatar I am sure
that we are m very good hands Also, let me specIfically thank HIS Excellency the
Mlmster Ah Bm Sa'eed Al Khayareen, and our colleagues from the Mmlstry of
AgrIculture and thanks to the Government of Qatar for hostmg thIS very Important
meetmg We look forward to heanng your recommendatIOns Thank you
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Opening Address by Mr Abdulrahman AI Mahmoud

Director, Department of Agncultural and Water Research (DA WRy

Your Excellency, Prof Dr Ade1 EI-Beltagy, DIrector General, ICARDA, dear
brothers

The Agncultural and Water Research Department has the honor to welcome all of
you on the openmg of the InternatlOnal Workshop on Protected Agnculture m
ArabIan Penmsula whIch IS one of the most Important activitles of the APRP It IS
of our pleasure to assure you that, all of our resources are at your dIsposal to assIst
your workshop

We hope that the dIScussIon wIll mclude all aspects of protected agnculture,
lookmg for the benefIts from the gathenng of experts and partlclpants Fmally, we
wIsh that the APRP wIll fulfill ItS goals to serve the agncultural sector m the
patiIClpatmg countnes wIth the cooperatwn of the Internatwnal Center for
Agnculture Research m the Dry Areas (ICARDA)

Best wIshes for a successful workshop and I WIsh you all a pleasant stay m Qatar
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Opening Address by Dr Mahmoud B. Solh

Director of InternatIonal CooperatIon, ICARDA

Your Excellency Engmeer Ah Bm Saad Al Kuwan, Undersecretary of the
MImstry of MumcIpal AffaIrs and Agnculture, Prof Dr Adel El-Beltagy, the
DIrector General ofICARDA, dIstmgUIshed delegates, colleagues and fnends

ThIS Important actIVIty IS part of the ArabIan Penmsula ReglOnal Program, whlCh
IS supported by the Arab Fund for EconomlC and SocIal Development as well as
the InternatlOnal Fund for Agncultural Development At the first Steenng
CommIttee of the Second Phase of thIS proJect-m late September 1996-, the
pnonty areas of research were IdentifIed In the FIrst ReglOnal TechnIcal
Meetmg-whlCh was held at ICARDA's Headquarters m early March 1997-It
was agreed to focus on four major themes for agrIculture development m the
ArabIan Pemnsula These are rangeland rehabIlItatlOn and management, lITIgated
forages and lIvestock, protected agrIculture, ablOtIc stresses, and on-farm water
use and IrngatIon management ActivIties m these themes are conducted m
collaboratIOn among the natIonal agrIculture research systems m the countrIes of
the ArabIan Pemnsula-Bahram, KuwaIt, Qatar, SaudI ArabIa, Oman, the Umted
Arab EmIrates and Yemen-as well as ICARDA

The major goal of our Important activIty today IS to develop a strategy for the
Improvement of protected agrIculture m the ArabIan Penmsula for the commg
decade We WIll be focusmg on greenhouse deSIgn and management, water-use
effICIency and fertIgatIOn, mtegrated plant productIon and protectIOn, networkmg
both wlthm the ArabIan Penmsula and WIth centers of excellence of all over the
world, and human-resource development ThIS Workshop IS provIdmg us WIth the
opportumty to know the state of the art m protected agrIculture m the ArabIan
Penmsula, as well as m centers of excellence all over the world We all look
forward to the delIberatIOns of thIS Workshop

In closmg, I would hke to thank Your Excellency and the Government of Qatar for
hostmg thIS meetmg AppreCIatIOn IS expressed to the donors for theIr support and
theIr encouragement

WIshmg you fruItful delIberatIOns and a successful meetmg
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State of the Art of Protected Agriculture in the
Arabian Peninsula

Overview of Protected Agriculture in the Arabian Peninsula

Ayman F. Abou-Hadld
Am Shams Umverslty, Cairo, Egypt

ThIS reVIew covers the countnes of the Gulf CooperatIOn CouncIl (Bahram,
KuwaIt, Qatar, SaudI ArabIa, Oman and the UnIted Arab EmIrates) and Yemen-a
total area of 246 mIllIon hectares

The mtroductIOn of greenhouse actIVItIes to the ArabIan Penmsula (AP) started as
early as the 1960s m the Gulf area The protected-agnculture area has mcreased
substantIally smce then The types of protected agrIculture (PA) range from low
tunnels to sophIstIcated glasshouses WIth heatmg and coolmg capabIlItIes The
most common house type IS the smgle-span tunnel plastIc-house covered WIth
polyethylene sheets of 200 /lm thIclmess

Low tunnelj WIth lllseGt-ploojing net,
Mlrak Agrzcultural ServIces Co, UAE
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The cost of plastIc houses vanes from
one country to another, but the
average IS about US$13 per square
meter ClImate modIficatIOn of
greenhouses vanes accordmg to the
needs of each country In general, the
specIal reqUIrements m the ArabIan
PenInsula countrIes are related to hIgh
temperature and, m many places, hIgh
relatIve humIdIty, whIch reduce the
potentIal of usmg evaporatIve coolmg
systems IrngatIOn systems m
greenhouses are mamly localIzed and
are predommantly pressunzed systems
such as dnp or tnckle IrngatIOn, low
pressure spnnklers and mIst ImgatlOn

Most of the countnes use SOlI-based
cultIVatIOn technIques, although some
SOIlless culture and hydropOnIC
systems have been mtroduced on a
commercIal baSIS The mam crops
grown under PA are vegetables-such



as tomato, pepper, cucumber, cantaloupe, green bean, squash and eggplant-and
frult-such as watermelon and strawberry Some ornamentals are cultIvated m
many countrIes but on a lImIted scale The prOductIVIty of the crops vanes wIdely
from one country to another, dependmg on the cultIvatIOn technIque and the
mfrastructure used for productIOn. Some crops are produced at levels comparable
Wlth PA elsewhere m the world, whIle others are below the mtematIOnal average
yleld

The mputs of PA are largely dependant on Imported matenals such as seeds,
fertIlIzers, pestICIdes and sOII-dIsmfectIOn chemIcals, whIch pose constramts on
the economICS ofproductIOn

The productIOn of hIgh-qualIty fruIts that can compete on the mtematIOnal
markets could be Improved The most Important constramts, needs and problems
related to PAm the ArabIan Penmsula can be summanzed as follows

• The deSIgn and constructIOn of structures that can protect plants under the
long hot season and relatIvely short, mIld wmter

• The avaIlabIlIty of SCIentIfic and technIcal personnel, and laborers for
productIOn practIces

• Solvmg the problems of natural-resource management such as water
desalmatIon and the utIlIzatIOn of wmd and solar energy m the productIOn
systems

• Problems related to the applIcatIOn of pest- and dIsease-control measures,
and the ratIonal utIlIzatIOn of water and fertIlIzers

• The use of soIl-based versus SOIlless culture and the lImIts of technology
utIlIzatIOn m the lIght of cost and returns of the products and theIr
compatIbIlIty m local and mternatIonal markets

• The qualIty of products to SUIt the Increased qualIty demands of local
markets and the aVaIlabIlIty of good-qualIty products from InternatIonal
markets

Utl!lzatIOn of50lar
power for water
management on the
Hortlcultural and
Greenhouse
Expenmental
StatIOn, Qatar
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• The avaIlabIlIty of mputs such as seeds and chemIcals and the cost
mvolved

• Improvmg the research and teachmg capabIlIty m subjects related to
protected agnculture

• PrOVISIOn of extensIOn and agrIcultural advIce and admImstratlon
• Trammg facIlItIes
• Support serVIces such as coolmg, gradmg, sortmg, packmg, msurance and

transportatlon
• Laboratones for sOlI, plant and resIdue analysIs
• SCIentlfIc and extensIOn publIshmg and the accessIbIlIty of mformatIOn to

growers and mvestors
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Protected Agriculture in the State of Bahrain

Sheikh Mohamed Abdul Wahab AI-Khalifa and Mohammed TAl-Shaikh
MInIstry of Works and Agrrculture, Manama, Bahram

Abstract

Protected agnculture (PA) was mtroduced mto Bahram m 1976 and by 1996 the
total area under protected cultIvatIOn was 59 5 ha Interest m PA among farmers,
and mvestors IS mcreasmg The greenhouses used are plastIc tunnels, the
commonest bemg hIgh (2 5-3 m) smgle-span tunnels, 36--40 m long HumIdIty IS
a senous problem, speCIally from March onwards VentIlatIOn area IS about 10%
compnsmg openmgs m the tunnels SIdes, sometImes WIth electrIc fans Fan-and
pad coolmg has also been used, but IS mefficient m the hot and dry Bahram
clImate Shadmg (25-50%) IS often used m March, after removal of the plastIc
covenng ThIS reduces mSIde temperature, but exposes crops to whIte fly The
meffIcIency of coolIng systems IS the major constramt m PAm Bahram The mam
PA crops are tomato and cucumber, and both are pruned Dnp IrrIgatIOn works
well m PA m Bahram Ground-mulchmg WIth black polyethylene film IS
commonly practIsed SoIl solanzatIon IS used to control SOlI pests for short-season
vegetables, otherwIse pest control IS chemIcal Weeds are controlled by weedmg,
but those outSIde the greenhouse are essentIally Ignored Research and extenSIOn
have covered cultIvar selectIOn, dnp ImgatIOn, ground-mulchmg, plantmg date,
shadmg, plant denSIty, fertIgatIOn, prumng and croppmg patterns Current
constramts to PA development mclude hIgh cost of mputs, lack of skIlled staff,
pests and dIseases, marketmg, and lack of crop dIverSIty The followmg are
needed to help Bahramian PA progress better deSIgns for land-use efficIency,
Improved coolmg, SOIlless technIques, mtegrated and bIOlogIcal pest control,
Improved water-use effiCIency, dIverSIficatIOn of crops adapted to the
enVIronment

Introduction

DespIte lImIted land and water resources and constramts of clImatIc condItIons,
the Government of Bahram has been encouragmg agrIcultural development m both
publIc and pnvate sectors by provIdmg vanous facIhtIes, and strengthemng
research and extenSIOn actIVItIes ThIS comes withm the government's long-range
aIms of achIevmg a hIgher level of self-sufficIency m vanous agncultural products
and m partIcular hIgh-qualIty fresh vegetable crops

Protected agrIculture was mtroduced m Bahram In 1976, and SIgnIficant changes
In the total area of greenhouse vegetable productIOn have occurred The total area
under cultIvatIOn was 5946 ha m 1996 An mcreasmg number of farmers are now
attracted to thIS new system of mtensIfied croppmg Other mvestors WIth capItal

13



and land are also becommg mterested We have also been encouraged by the
tremendous achIevements reahzed m almost all nelghbonng countnes, where self
suffIcIency and even surplus of certam crops for export have been reported

Structure and Covers Used

The structures used for protected vegetable productlOn m the country mclude low,
medmm and hIgh walk-m tunnels (usually called plastIc houses), erected as smgle
spans, wIth frames made of galvamzed steel pIpes about 22 mm m dIameter,
alummum or coated steel pIpes The dommant structures are hIgh smgle-span
plastIc tunnels, 4-5 m wIde, 25-3 m hIgh and 36--40 m long (total surface area
140-180 m2

) The cover for tunnels IS Imported or locally manufactured plastIc
fIlm of dIfferent wIdth and lengths, wIth a thlclmess rangmg from 38 11m for low
tunnels to 250 11m for walk-m tunnels and wIth ultravlOlet-ray mhlbltor (UVI) to
mcrease ItS durablhty (2-3 years)

Ventilation, Shading and Cooling

HumIdIty IS a major problem m the greenhouse Large quantItIes of water are
transpIred through the leaves and evaporate from the sOlI and the water vapor
cannot escape ThIS results m hIgh humIdIty levels, creatmg optImal condItIons for
mfectlOn by and prohferatIon of fungal and bactenal dIseases VentIlatIon IS
achIeved by openmgs m tunnel sIdes, but IS often msufflclent to prevent hIgh
humIdIty, thIS problem IS aggravated towards the end of the season (March
onwards) when the outSIde temperature mcreases At the present tIme, ventl1atlOn
areas are about 10% There are some thoughts of mcludmg vents m the roof so
that hot aIr can escape by nonnal upward convectlOn ElectrIC fans are sometImes
used to Improve ventIlatlOn

We have taken to removmg the plastIc fIlm claddmg from greenhouses m March
and covenng the frame wIth shade net cover gIvmg 25 to 50% shadmg ThIS
reduces the temperature mSlde the house as a result of heat reflectlOn and reduced
hght mtenslty Shadmg has also been useful for the early productlOn of vegetable
seedlmgs from August to September and for extendmg the season of some
vegetables m the open fIeld However, shadmg does not protect the crop from
whIte fly No doubt, potentml crop yIeld and quahty would Improve by usmg
whlte-fly-proof clear fine mesh

The tradltlOnal fan-and-pad coolmg system was mtroduced to extend the season of
vegetable productlOn through the hot summer Unfortunately, the system loses ItS
effIcIency under the extremely hIgh temperatures and hIgh relatlVe humIdIty
prevatlmg m the country The lack of an effiCIent and economIcal coolmg system
contmues to be a major constramt facmg the development of protected agrIculture
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Participants discussing the productIOn ofcut-flower roses lIZ open willen
system ofsandbags, OUona Research StatIOn (Qatar)

Cultivars

Many productIve hybnds of vanous vegetables have been mtroduced and
evaluated under local condItIons, WIth emphasIs on salt and dIsease resIstance

Cultural Practices

Dnp ImgatIOn performs well under the prevaIlmg water and soIl condItIOns Crop
rotatIon has not receIved adequate consIderatIOn The mam vegetable crops
produced under protected agrIculture are tomato and cucumber Pepper, squash,
snake cucumber, eggplant, lettuce, strawberry, bean and cut flowers have been
mtroduced on a small scale

Ground-mulchmg WIth black polyethylene film IS a common practIce It
sIgnIficantly reduces water evaporatIon, raIses soIl temperature, elImmates weeds,
prevents salt accumulatIon around the plants, and leads plants to early productIOn

Prumng of tomato and cucumber under plastIc IS practIsed Orgamc and chemIcal
fertIhzers and composts have been used Expenmental statIOns apply chemIcal
fertlhzers through Imgahon systems and as fohar sprays

Vegetables grown under protected agrIculture have been subject to severe
mfectIOns by dIseases and msects Common dIseases and msects are whIte fly,
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aphIds, mItes, mIldews and bhght, but VIruses have been reported to be the most
senous and dIffIcult Insects and mItes are controlled chemlCally The solIs of the
country are generally mfested wIth nematodes and SOlI pathogens SolI solanzatIon
IS apphed successfully to short-season vegetables ContIol measures agamst these
pests compnse apphcatIOn of chemIcals, mcludmg Basamlde, Vydate and methyl
bromIde fmmgatIOn, as well as the use of resIstant cultIvars BIOlogIcal pest
control IS not practIsed and, because of the frequent chemIcal treatments, natural
enemIes are almost absent m greenhouses although they may be found on fIeld
crops

Weeds do not cause a senous problem m protected vegetable productIOn Annual
weeds are the most common and theIr control IS almost exclUSIvely cultural, no
herbICIdes have been used other than on a tnal baSIS Weeds outsIde the
greenhouse may be Important secondary hosts for pests and VIral dIseases, but are
generally Ignored as such

In general, consIderable research has been done on the selectIOn of smtable crops
dnd cultIvars, dnp lrngatIOn, ground-mulchmg, dates of plantmg, shadmg, plant
densIty, fertIgatIOn, prunmg and croppmg patterns Many of the pOSItive results
are be111g transferred to fanners' fields through an orgamzed demonstratIOn
program

In summary, vanous degrees of success have been achIeved m thIS field Further
progress, expanSIOn and development of protected vegetable productIOn are
generally facmg the followmg constramts

• HIgh mItIal cost of agrIcultural mputs
• Lack of skIlled technIcal personnel
• Lack of an effICIent and economIC coohng system
• Pests and dIseases m solI and on plants
• Marketmg of the produce
• Need for dIVerSIficatIOn of crops

Technology to be Developed

• Improvements m structural deSIgn of the tunnels WIth more emphaSIS m multI-
span tunnels for better utIhzatIOn of Illmted land resources

• Improved coolmg system for out-of-season productIOn
• IntroductIOn of SOIlless culture technIques and systems
• Development of 111tegrated pest management and bIOlogIcal control
• Better utIhzatIOn ofhmlted land and water resources
• Introduction of new crops and cultIVars and cultural technIques adapted to

protected agrIculture and the and desert enVIronment preVall111g m the
country
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Protected Agriculture in the State of Kuwait

Afaf Y AI-Nasser and N.R Bhat
Kuwait Institute for SCientific Research, Safat, Kuwait

Abstract

Because of the country's harsh clImate, scarce water resources and poor-qualIty
land resources, protected agnculture (PA) has a SIgnIficant role m KuwaIt's
agrIcultural development DespIte dIffIcultIes, PA made spectacular progress
dunng the 1980s (area mcreased from 3 5 ha m 1979/80 to 425 ha m 1989/90) and
was begmnmg to establIsh an Important mche m the natIOnal economy Just pnor to
the IraqI mvasIOn m 1990 The 1980s boom m PAIS stIll suffenng from the
extenSIve damage caused by the IraqI mvaSIOn The postwar reVIval of greenhouse
agrIculture has been relatIvely rapId m the Wafra area, where over 90% of the pre
mvaSIOn area under PA had been rehabIlItated by 1992/93 The technology used m
KUWaIt's PA ranges from SImple uncooled and unheated plastIc tunnels to very
sophIstIcated computer-controlled, cooled and heated, metal-frame glasshouses
ApproXImately 85% of the PA IS carned out m uncooled (57%) and cooled (28%)
plastIC tunnels, WIth the remammg 15% m cooled greenhouses covered WIth
fiberglass, glass or acrylIc matenal Cucumber and tomato are the two mam crops
grown m PA, accountmg for approxImately 90% of the total area The relatIvely
large area under uncooled tunnels results m overproductIOn dunng a short penod
(January to Apn1) and pnce collapse m the local market, dunng the remammg
penod, Import levels are hIgh and pnces offered are competItIve ProductIOn
expanSIOns were and stIll are pursued WIthout adequate conSIderatIon of effiCIency
or qualIty, resultmg m techmcal and economIC mefficIencies Inappropnate
productIOn technologIes are adopted WIthout consIdenng the aVaIlable SOlI and
water resources The lack of research and testmg of technologIes for adaptatIOn m
KUWaIt leaves the farmers relIant on supplIers, who may be bIased to\\<ard profit
rather than effiCIency ProdUCtIVIty below mtematIOnallevels IS attnbuted to gaps
m technology adoptIOn, unskIlled labor force and mefficIent management

Protected agrIculture IS expected to become an Important agrIbusmess mdustry m
KUWaIt WIth greater Impact on the natIOnal economy than was tradItIOnally
perceIved For these opportumtIes to be realIzed, PA has been IdentIfied as a
pnonty area m the 20-year agncultural Master Plan recently developed by the
KUWaIt InstItute for SCIentIfic Research (KISR) ThIS Plan calls for careful
evaluatIon and adoptIOn of modem technologIes The Plan also calls for
productIVIty enhancements of at least two- to four-fold by the year 2015 These
targets are easIly attamable If greenhouse crop productIOn IS made effiCIent,
productIve and sustamable The mam thrust ofKISR's PA research m the commg
years WIll, therefore, be to develop, test and demonstrate vanous water- and
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energy-effICIent technology packages, and to demonstrate and provIde trammg m
hIgh-qualIty management

Introduction

LIke other countnes m the ArabIan Penmsula, an Important aspIratIOn of KuwaIt IS
to achIeve at least a modest level of self-suffIcIency m food productIon To fulfIll
thIS aspIratIOn, the State of KUWaIt has made maSSIve mvestments dunng the past
30-40 years to create favorable condItIons for crop, poultry and daIry productIon
ThIS has opened up enormous opportumtIes for agncultural expanSIOn As a result,
the agncultural sector wItnessed ImpressIve growth dunng the 1980s Agncultural
output doubled and greenhouse productIOn, partIcularly that of tomato and
cucumber, mcreased spectacularly dunng the penod 1983-88 Although the
contrIbutIOn of agnculture to the natIOnal GDP was stIll small, the agncultural
sector was makmg conSIderable mroads m provIdmg fresh food commodItIes, m
fulfIllmg CItIzens' aspIratIOns, m developmg career opportumtIes, and m
dIversIfymg mcome sources The agncultural boom of the 1980s IS stIll suffenng
from the damage caused by the IraqI mvasIOn m 1990 and the slow rehabIhtatIOn
of protected-agnculture (PA) mfrastructure

DIfferent kmds of protected enVIronments are created to allevIate the adverse
Impacts of hot desert condItIons m fresh-vegetable productIOn BesIdes makmg
cultIvatIOn less vulnerable to extreme envIronmental condItIons, PA structures
have prOVIded opportumtIes for extendmg the growmg season and have mcreased
the avaIlabIhty of better-quahty fresh vegetables Although past accomphshments
have been noteworthy, much remams to be done m KuwaIt's PA yIelds need to be
llnproved substantIally, productIOn systems need to be made water- and cost
effICIent, product quahty needs to be Improved and standardIzed further, and
resource utIlIzatIOn needs to be controlled and made sustamable ThIS paper
analyzes the status of PAm KUWaIt, the problems faced by greenhouse growers
and the measures proposed by the KUWaIt InstItute for SCIentIfIC Research (KISR)
to overcome some of these problems

Overview of Protected Agriculture in Kuwait

KUWaIt's protected agrIculture (PA) started m the late 1970s and showed
spectacular growth dunng ItS mItIal 10 years ThIS was eVIdent from the fact that
the area under PA mcreased from 3 5 ha m 1979/80 to 4249 ha m 1989/90 (FIg
1) Protected agnculture accounted for approxImately 8% of the total cropped area
m 1988/89, and contrIbuted over 37% to the total crop productIOn of the country,
suggestmg that It was begmnmg to estabhsh an Important mche m the natIOnal
economy Just pnor to the IraqI mvaSIOn m 1990 Greenhouse crop productIOn was
concentrated almost equally m the Wafra (m the south) and
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Figure 1. Area under protected agriculture in Kuwait.
Sources KlSR (1995), Attar and Shalabl (1993), PAAAFR (1995)

Abdally (m the north) areas In Wafra, about 66% of the greenhouse area dunng
the pre-mvaslOn era was uncooled and about 5% was under fiberglass Abdally
had more advanced greenhouses than Wafra The PA III both locatIOns IS stIll
suffenng from the extensIVe damage caused by the mvaSIOn The postwar revIval
of greenhouse agnculture has been relatIvely qUIck III Wafra, where over 90% of
the former area under PA was rehablhtated by 1992/93 and IS expandmg steadIly
The restoratIOn of damaged greenhouses III Abdally, however, has been rather
slow (Table 1) The current state of PA III terms of greenhouse deSIgns and
management, adopTIon of effiCIent water-use and fertlgatIOn technology, plant
protectIOn, along WIth constramts IS summanzed below

Table 1. DIstribution of protected agriculture area in Kuwait.

Location PA cropped area (ha)

1989/90 1991/92 1992/93 1993/94

Wafra 1846

Abdally 2387

Su1alblya 1 6

Total 4249

411 1795

08 146

o 09

41 9 1950

2892

547

1 3

3452

Source PAAAFR (1995)
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Greenhouse Design and Management

A number of reports have dealt wIth PA m KuwaIt (Jensen 1992, RIley 1992,
Mansour et al 1992, Basham et al 1993, Attar and ShalabI 1993, KISR 1995) In
addltton, KISR undertook a survey of commercial greenhouses m the Wafra area
m 1993 The PA of vegetables IS presently bemg done m cooled or uncooled
plasttc tunnels and envIronmentally controlled greenhouses (KISR 1995) An
esttmated 85% of the PA IS camed out m uncooled (57%) and cooled (28%)
plasttc tunnels (Table 2) The remammg 15% of productton IS under cooled
greenhouses covered wIth fIberglass, glass or acrylIc matenal, the most advanced
bemg a few computer-controlled, cooled and heated, metal-framed glasshouses
The average size ofPA holdmgs m Wafra IS about 20 ha (MathIJssen et al 1993)

Table 2. DlstnbutlOn of protected agnculture area accordmg to the type of
covenng matenal.

Crop Covered area (ha)

PlastIc Acrylic Fiberglass Glass Total
tunnels

Tomato 1140 09 95 0 1244

Cucumber 2661 0 346 27 303 4

Eggplant 305 04 1 8 0 327

Peppel 239 0 1 1 05 254

Total fnut-veg 475 1 2 1 475 32 5279

Leafy veg 15 1 29 1 5 0 195

Tubel/root veg 8 1 05 08 0 94

Total 501 7 57 50 1 32 5607

SOUice PAAAFR (1995)

Ultra-vIOlet-resistant polyethylene or fIberglass matenals are used to cover the
greenhouses, as polyvmyl chlonde and polycarbonate matenals are not smtable m
Kuwmt Normally, greenhouse constructIon and SOphIsttcatIOn depend on need
and are market dnven HIgh mvestment levels and long pay-back penods are
hmItmg the expanSIOn of cooled and heated ngId-cover greenhouses m the
country

KuwaIt expenences an extended penod of high temperatures from Apnl to
October when coolmg IS reqmred The relattve humidIty dunng thIs penod IS low
enough to allow for adequate evaporattve coolIng Therefore, It IS pOSSIble to
reduce greenhouse temperatures to 35°C or less dunng the summer A number of
evaporattve coolIng systems are presently used m Kuwart, but Celdeck and rope
'pads' predommate One senous hmItmg factor m greenhouse coolIng IS the poor
qualIty of groundwater, WhICh reqmres the use of a speCIal deSIgn to aVOId salt-
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encrustatIOn of the coolmg pads Coolmg pads also get plugged by mobIle sand
partIcles and dust storms, and become nonfunctIOnal after 3 to 4 months At the
same tIme, the use of dIstIlled or desalInated water m greenhouse coolmg IS very
expensIve New coolmg-system deSIgns, whIch allow the efficIent use of brackIsh
water, are needed to Improve the profitabIlIty of protected agnculture

Kuwazt growers uszng lopes as
,Ul economical evaporative
\urfacefor the greenhou'ie
wohng system

A clear understandmg of relatIOnshIps among temperature, relatIVe humIdIty, solar
radIatIOn, ventIlatIOn and crop growth stage IS Important for achIevmg efficIent
coolmg of the greenhouse enVIronment Unfortunately, most commerCIal
greenhouses m KUWaIt lack proper mstruments for momtorIng changes m the
enVIronment Wmter frost IS faIrly common, but few greenhouses have heatmg
faCIlItIes

The current productIon and productIVIty of Important PA crops are gIven m Table
3 Tomato and cucumber account for nearly 90% of the total area The relatIvely
large area under uncooled tunnels results m overproductIOn dunng a short penod
(January to Apnl) when the growmg condItIons are moderate ThIS leads to a
collapse m the pnce offered for locally produced vegetables dunng peak
productIon, whereas Imports are expenSIve and pnces are hIgh dunng the rest of
the year Furthermore, because of gaps m technology adoptIOn and mefficlent
management, the productIVIty ofPA m KuwaIt IS far below the potentIal (Table 4)

Table 3. Total production and productivity of different crops under
protected agriculture in Kuwait.

Crop

Tomato

Cucumber

Eggplant

Pepper

Production
(tonnes)

11,588

12,600

3,299

211

Current productivity
(tilla)

50

125

55

50

Source KISR (1995)
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Table 4. Productivity (kg/m2
) of tomato and cucumber III different types of

greenhouses.

Crop Uncooled plastic Cooled plastic tunnels Fiberglass
tunnels greenhouses

Current Target Current Target Current Target

Tomato 10 12 12-15 19 16 25

Cucumber 4 nc 6 DC 8 26

SOUlce KISR (1995)

For example, yIeld levels for tomato m Kuwmt are about 10 kg/m2 m uncooled
plastic tunnels, 12 kg/m2 m cooled tunnels and 16 kg/m2 m cooled fIberglass
greenhouses In contrast, 25 kg/m2 was achIeved m some countnes dunng the mId
1980s, mdicatmg that there IS room for Improvmg productivIty levels m KuwaIt
(MathIJssen et al 1993)

Water Use Efficiency and Fertigation

The productIOn technology m KuwaIti PA vanes tremendously, but soIl-based
productIOn usmg the natIve SOlI wIth or wIthout organIc-matter addItion IS still
common Dnp IrngatIOn systems wIth desalInated water are used InorganIc
fertilIzers m the fom1 of soluble compound fertilIzers are applIed through dnp
systems at a more or less fIxed rate per day

Plant Production and Protection

The mfusIOn of technology mto the PA sector over the years has generally been
madequate As a result, productIOn systems have remamed generally small and
meffIcient, wIth exceSSIve demands for labor and water The yIelds under PAm
Kuwmt have been low, dIseases and pests have been uncontrolled, and agncultural
products have been mfenor One of the mam shortcommgs m the past has been
madequate technIcal support for mcorporatIOn and use of modem productIOn
technologIes vendors merely promoted theIr products, resultmg m a WIde range of
unsatisfactory systems and faIlures Integrated productIOn and protectIOn programs
must be mtroduced to overcome the problems of dIseases and pests, and reduce
the nsk of chemIcal resIdues affectmg consumer health and the enVIronment

Constraints

Protected agnculture m KuwaIt IS faced wIth a number of constramts relatmg to
phYSIcal, technologICal, manpower and economIC factors

22



Physical constraints
Water The groundwater m productIOn areas IS brackIsh wIth dIssolved salt
contents up to 9000 ppm Such water IS not smtable for PA and must be used
cautIously many agnculture The use of brackIsh water presents problems m
evaporatIve coolmg systems due to encrustatIOn of coohng pads IrngatIon wIth
hlgh-sahmty water m soIl-based greenhouse croppmg systems, besIdes Imposmg
physIOlogIcal stress on plants, mcreases sOlI sahmty To overcome thIS problem,
greenhouse growers use desalmated water for greenhouse coohng and llTlgatIOn
The use of desalmated water for coolmg IS not economIcal, requmng more water
per plant than IS needed for IrngatIOn There IS a need to Improve the coohng
systems to allow the use ofbrackIsh water

Sal! The native sOlIs used m the Wafra area are generally greatly dIsturbed and
modIfied dunng constructIOn The sOlIs are predommately sandy wIth low catlOn
exchange capacIty, very lIttle orgamc matter, low water-holdmg capacIty and low
aVailable phosphorus The gatch layer when present near or at the surface
obstI-ucts natural dramage and causes waterloggmg and salImty problems
AdoptIon of hydropomc productIOn systems could ehmmate most of the problems
assocIated wIth SOlI-based croppmg

Harsh weather The extended penod of hIgh summer temperatures, low ramfall,
hIgh evaporatIOn rates, sand and dust stonns presents problems m the operatIOn of
greenhouse structures and mcreases the cost of productIOn

War damage The protected crop-productIOn system and the water-dlstnbutIOn
mfrastructures suffered extenSIve damage dunng the mvaSIOn The postwar
rehabilItatlOn has been mostly hmlted to uncooled plastic tunnels as these
structures reqmre less mvestment and can be brought under productIOn faIrly
qmckly Most of the cooled tunnels have been developed by retroflttmg these
uncooled houses Although some of the ngld-cover (fiberglass or glass)
greenhouses constructed dunng mld-1980s have been brought back mto
productIOn, there has been very httle new constructIOn smce hberatIon O\\<mg to
the hIgh mvestment and longer pay-back penod, growers are reluctant to mvest m
cooled and heated ngId-cover greenhouses ThIS IS affectmg progress m the PA
sector

Technological constraints
Greenhouse deSign and management As stated earher, protected crop productIOn
IS carned out predommately m uncooled plastic tunnels WhIle these structures
provIde some envIronmental modificatlOns-chlefly protection from wmd and
blowmg sand, daytime wannmg due to the greenhouse effect and perhaps lower
evapotranspIratIon rates than open field conditIons-, they afford mmlmum
opportumty for controllmg the plant enVIronment The shape of these smgle-span
houses (arc m cross-sectIon) leads to poor utIhzatIOn of covered space and results
m consIderable waste of ground area between houses They also offer 11111lted
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opportumty for usmg screemng matenals to restnct the entry of msects ProvIdmg
effICIent dramage and adoptIOn of hIgh-tech productIOn systems m such houses
WIll be more expenSIve than m multI-span houses The small SIze of mdIVIdual
umts consIderably reduces labor effICIency

Crops ProfItabIlIty m PA IS determmed to a large extent by chOIce of crop
(cultIvars grown) and the level of technology used As stated earlIer, cucumber
and tomato are the mam crops grown m protected enVIronments As m most
countrIes m the regIOn, tomato under PAIS less profItable than cucumber Agam
no PA crops can be grown m summer months WIthout coolmg ConsIdenng the
narrow range of crops presently avaIlable to PA, the Master Plan (KISR 1995)
recommends explonng new potentIal crops (cut flowers and potted flowenng and
folIage plants), beSIdes expansIOn m the productIon of certam eXIstmg crops

Crop productzon technology WhIle mformatIOn from supplIers IS useful, It IS
essentIal that producers have unrestrIcted access to unbIased techmcal
mfom1atIOn Techmcal support for PA for both new technology and ItS adoptIOn
remams lImIted m KuwaIt

Mat ketzng KuwaItI producers face stIff competItIOn from Imported produce from
other countrIes m the regIOn and market mtellIgence IS not aVaIlable to them

Manpower constramts
The technologIcal expertIse reqUIred for hIgh-tech PA IS not aVaIlable locally
Most laborers employed m PA are unskIlled and not tramed m commercIal
greenhouse operatIOns The majorIty of the management personnel also lack
expenence m crop plannmg and fmanclal management ThIS results m
meffIcIencIes m operatIOn, beSIdes creatmg problems m manpower trammg

Economic constraints
The need for hIgher mvestInent, hIgh cost of productIOn, low pnces, stIff
competItIon from Imported commodItIes and longer pay-back penods than many
mvestors are accustomed to, are some of the economIC Issues mfluencmg the
progress ofPA m KUWaIt

Opportunities for Modernizing Protected Agriculture

Smce the envIronmental dIsaster aSSOCIated WIth the mvaSIOn of KuwaIt, the
greenhouse sector-espeCIally m the Wafra area-has wItnessed an ImpreSSIVe
rebUIldmg and rehabIlItatIOn phase Protected agnculture IS expected to become an
Important agrIbusmess WIth greater Impact on the natIOnal economy than was
tradItIonally perceIved Therefore, the revIved greenhouse sector m KuwaIt, If
managed properly, WIll have enormous opportumtIes for optImIzmg the
productIon of selected commodItIes In VIew of thIS, PA has been selected as a
pnonty area m the 20-year (1995-2015) AgrIcultural Master Plan developed by
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KlSR (1995), m collaboratIOn WIth the PublIc Authonty for Agncultural Affalrs
and FIsh Resources (PAAAFR) ThIS Plan calls for enhancmg prodUCtIVIty of
vanous crops by at least two- to four-fold by the end of the plan penod The
water-use efficIency m crop productIon IS also expected to Improve conSiderably
To achieve thIS goal, the productIOn system Will have to be made both effiCient
and producttve ThIS IS pOSSIble only through the development and demonstratIOn
of water- and energy-efficIent technology packages and the mfusIOn of hIgh
qualIty managenal skIlls

The first step towards modemlZmg PA m KUWalt IS to evaluate and mcorporate all
the proven technologIes of greenhouse management, ferttgatton, water applIcatIOn,
and pest and dIsease control mto the eXIstmg operatIOn For example, provIdmg
the uncooled greenhouses WIth effiCIent coolmg systems would reduce water
consumptIon, extend the harvest penod, offer opportumttes for crop
dIverSIficatIOn and automatton, and mcrease producttvIty, resultmg m hIgher pnce
realtzatton and, ultImately, mcreased self-sufficIency ApplIed research on multI
span greenhouses and modIficatIons m coolmg systems to allow the use of
brackIsh water WIll also be reqUIred to determme theIr feaSIbIlIty m Kuwalt

Successful PA productton systems have been developed and are bemg used
commerCIally m Europe, the USA and other areas These advances have enabled
growers to raIse supenor-quahty hortIcultural and floncultural products m record
tIme, throughout the year and WIth lower mput costs BeSIdes bemg environment
fnendly, these systems conserve natural resources ProductIOn systems such as
deep-flow hydropomcs, nutrIent film technIque, aeropomcs and closed msulated
pallet system, reqUIre careful testmg and demonstratIOn on a pIlot scale under
local condittons Other technologIes that need careful evaluatton mclude plug
transplant system, crop selectIOn and schedulmg, pest control and effiCIent
greenhouse management It WIll also be necessary to encourage the pnvate sector
to shIft to technology-mtenslve, resource-conservmg, yield-improvmg and qualIty
enhancmg productIOn systems

Early productIOn oj
\'oung strawberry
plants raised In cool
!/lultl-span hou!Jes,
!vflrak Agncultural
Servlces, UAE
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Consldenng the short- and long-tenn needs of PA III KuwaIt, the malll focus of
KISR's PA programwI11 be to develop, test and demonstrate vanous water- and
cost-efficIent technology packages and to demonstrate and provIde trallllllg III

high-quahty management Therefore, the Andland Agnculture Department at
KISR IS proposlllg to undertake a study to compare water-savlllg closed
productIOn concepts-such as super nutnent fIlm technIque, hIgh-densIty
aeroponIc system and closed lllsulated pallet system (CIPS)-with the
conventIOnal deep-flow hydroponIc system, and to explore new crops for
protected agnculture The malll emphasIs of thIS study wIll be to transfonn the
eXIstlllg greenhouse agnculture llltO a productIve water- and cost-effIcIent hIgh
tech enterpnse
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Protected Agriculture in the Sultanate of Oman

Osman A. Sidahmed, Muthlr S. AI Rawahy and Fatma S AI Ralsy
Directorate General ofAgncultural Research, Sultanate of Oman

Abstract

Oman IS the thIrd largest ArabIan Pemnsula country, and has generally warm,
sunny wmters and very hot, dry summers (although there are several dIverse
clImatIc regIOns) Research m protected agnculture began m 1992 WIth the
screemng and evaluatIOn of cucumber, tomato and sweet pepper m plastIc houses
Further research concentrated on cucumber, as the other two vegetables were
devastated by arthropod pests PlOductIon m smgle-layer plastIc houses was
greater than that m double-layer ones Only one type of greenhouse IS muse m the
country, however smgle-span, 9 x 40 m, double layer of polyethylene sheets,
evaporatIve coolmg and a smgle door Other constramts to Improved productIOn
mclude cost of structural matenal, cost of mputs (seed, agro-chemIcals), supply
of good-qualIty IrngatIOn water, pests and dIseases, tOXIC reSIdues m crops, and
shortage of tramed personnel The followmg steps are recommended Improvmg
greenhouse structures to Improve envIronmental-control effiCIency. makmg
greenhouses pest-proof, research mto other potentIal vegetable crops, mtegrated
pest management research, Improved cultural practIces (fertigatlOn, water-use
effiCIency, prumng), sOlI-stenlIzatIOn and crop-rotatIon, determmatIOn of safe
levels for chemIcal reSIdues, trammg of personnel, budget for research, eqUIpment
for momtonng greenhouse enVIronments, evaluatIOn of the economICS of protected
agrIculture

Introduction

The Sultanate of Oman, sItuated at the eastern end of the ArabIan Penmsula,
facmg the ArabIan Sea and the Gulf of Oman, IS the thIrd largest country m the
penmsu1a after SaudI ArabIa and Yemen The Sultanate has 101,346 ha of
agrIcultural land of WhICh 61,530 ha IS currently under cultIvatIOn (Nadaf et al
1997) The area under cultIvatIOn mcreased by about 28% from 1980 to 1993
(Nadaf et al 1997) Total agrIcultural productIOn mcreased by 65% dunng the
same penod The total productIOn compnsed 66% fodder, 22% frUIts, 10%
vegetables and 2% cereals

The clImate-whIch essentIally conSIsts of warm, sunny wmters and very hot, dry
summers-vanes from regIOn to regIOn, WIth the coastal areas more humId than
the mtenor and hIgher-altItude areas, and the southern regIOn m general more
temperate throughout the year WIth the exceptIon of Dhofar provmce m the
south, where monsoon rams occur between June and September, ramfall
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throughout most of the country IS low and undependable, and water supply IS
hm1ted Gloundwater 1S therefore the mam source for 1rngatlOn and domestic use
Excess1ve water-pumpmg and prolonged lack of rams has reduced the extent of
recharge resultmg m ocean-water mtruSlOn that progress1vely mcreases sahmty m
both IrngatlOn water and the solI, and thus hm1ts crop productIv1ty

Status of Research on Protected Agriculture in Oman

The and chmate and envIronmental condItlOns of Oman necess1tate and encourage
the mtroductlOn of protected agnculture, particularly for vegetable-crops research
Research on vegetable crops m plastic houses started at the Agncultural Research
Center at Ruma1s m 1992 Pnonty was g1ven to cucumber, tomato and sweet
pepper, on whIch screenmg and evaluatIOn tnals were conducted The
performance of cucumber was satisfactory and h1gh Y1elds were obtamed Both
tomato and pepper gave good yIelds dunng the f1rst season of expenmentatlOn,
however, dunng the second season and thereafter both crops were severely
mfested by pests such as wh1te fly, aphIds and sp1der mItes, wh1ch devastated the
crops Th1s mCIdence of pest mfestatlOn clearly mdIcates a structural problem m
the greenhouses m use In fact, only one type of greenhouse IS m use at the
agncultural research centers m Oman That 1S a smgle-span plastic house (9 x 40
m) covered w1th a double layer ofpolyethylene sheet and havmg a smgle door

Furthel research efforts were concentrated on cucumber These expenments
mcluded vanous plantmg dates to extend the avallab1hty of cucumber through the
year FertIgatlOn expenments on cucumber were also conducted durmg the 1996
98 seasons m both smgle- and double-layer plast1c houses The results revealed
sIgmf1cant effects for d1fferent levels of mtrogen fertIgatlOn and expenmental s1te
(1 e smgle- or double-layer plastic house) Both y1eld and dry-matter
accumulatlOn were SIgnIfIcantly hIgher m smgle-layer plaStiC houses The data
clearly md1cated that a s1mple mod1flCatlOn by usmg one plast1c layer mstead of
two layers was effective m mcreasmg productIv1ty

Constraints

Dunng our research m protected agrIculture we observed several constramts that
Jeopard1zed our efforts m th1s field These mclude the followmg

• The smgle-span plastic house (9 x 40 m), used m Oman wh1ch 1S covered
w1th a double layer of polyethylene sheets, WIth evaporative coolmg
system and a smgle door that allows for msect mfestatlOn, 1S not an Ideal
des1gn for the regIOn

• HIgh cost of structural matenal
• H1gh cost of mputs such as hybnd seeds, pestIc1des and other chem1cals
• L1l11lted sources of good-quahty IrngatlOn water
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• Lack of Integrated pest management
• BU1ld up of sOIlborne pathogens and sOlI degradatlOn due to IntensIVe

cultivatIOn
• ExceSSIve resIdues of tOXIC chemIcals III fruItS (cucumber) produced In

plastIc houses
• Shortage of qualIfied personnel and tramed techmcmns

These constraInts could be alleVIated by the followmg actlOns and activIties

• The structure of the greenhouses In use needs to be Improved,
envIronmental control and ventl1atlOn have to be developed to reduce
runnmg (electrIcIty) costs

• The greenhouses should be constructed In a way that makes them less
accessIble to vanous Insects, multI-door entrances are recommended

In:,ect-ploo} ncttllig on :'Ide-wall ventIlator:, oj gl een/lOlIse (UA£.j

• Research should be lllitlated on several vegetables In the Improved
greenhouses, In addItion to cucumber

• Integrated pest management IS strongly advocated and needs to be gIven
pnonty by relevant SCIentIsts
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• Improved cultural and husbandry practIces, such as fertIgatIOn, water-use
effIcIency and prumng, should be adopted for vegetables grown m plastIc
houses

• SoIls should be stenlIzed and crops rotated
• Safe levels of tOXIC resIdues should be defmed
• Personnel mvolved m protected-agrIculture research should be tramed
• SuffIcIent operatIOnal budget should be allocated for research
• Control and momtonng eqUIpment IS needed for research m greenhouses
• The economICS of productIOn under protected agnculture should be

thoroughly tested and evaluated

Expected Benefits

Improvement of protected agrIculture wIll lead to the followmg benefIts

• Increased productIvIty and avaIlabIlIty of vegetables to consumers
• CreatIon of more export opportumtIes
• Regular mcome to the farmers
• Improved water-use effiCIency
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State of the Art of Protected Agriculture in Qatar

Abdulrahman AI Mohammad. 0 and Ahmed Tawfik Moustafa6
Agncultural & Water Research Department, Doha, Qatar

Abstract

Protected agnculture was mtroduced to Qatar m 1976 m cooperatIOn wIth FAO
By 1995, the area of greenhouses was about 64 3 hectares

In 1979, a research statIOn was started for protected-agrIculture (PA) actIVItIes and
It was modemized m 1984 The on-gomg research actIVItIes m the HortIcultural
and Greenhouse Expenmental StatIon m Ottona IS orgamzed under four major
research programs (1) development and/or adaptatIOn of new growmg systems
and technIques WIth emphasIs on sOIlless culture, (2) greenhouse management-to
Improve the effICIency of the greenhouse coolmg system, to assess vanous
shadmg systems and matenals, to utIlIze solar power for lrngatIOn and water
desalmatIOn, and to assess the deSIgn and performance of dIfferent lrngatIOn
systems and matenals, (3) crop management-mfluence of dIfferent spacmg and
plant denSItIes on yIeld and qualIty of cucumber, and lrngatIOn, nutrItIOn and pest
and dIsease control, (4) crop and cultIvar responses and performance under local
condItIOns Lack of mformatIOn, hIgh costs and low retums are blamed for the
slow growth of PAm Qatar Trammg of techmcal PA personnel and development
of low-cost, effiCIent greenhouses are conSIdered the most Important needs
Fanners also need speCIfic adVIce m PA

Introduction

The penmsula of the State of Qatar IS located on the east coast of the ArabIan
Penmsula, It has an area of about 11,340 square kIlometers and a populatIOn of
about half a ml1hon people The weather IS very hot m summer and ml1d m wmter,
WIth an average annual preCIpItatIOn of 84 mm Groundwater IS the only source for
lrngatIOn , WIth the exceptIOn of a few farms whIch are usmg treated sewage
effluent (TSE) for producmg fodder crops only Dnp, spnnkler and flood
lITIgatIOn systems are used m those farms 011 and natural gas are the mam sources
of natIOnal mcome

o Plesent address Landscapmg Engrneer, Al Wa]ba Palace, Doha, Qatar

6 Present address ICARDA-APRP, POBox 13979, DubaI, UAE
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Protected Agriculture

Protected agrIculture was started m Qatar m 1976 when the Department of
Agllcultural AffaIrs, m cooperatIOn wIth FAO, erected plastlc houses m the North
ReseaIch StatIOn ThIs was followed m 1979 and 1984 by several plastlc and
fIberglass houses mtroduced by the Department of AgrIcultural and Water
Research In 1982, the Industnal Development Techmcal Center started a 3-ha
project whIch became the basIs for the Arab Qatan Agncultural ProductIOn
Company In 1985, the AgrIcultural Development Department dIstrIbuted and
erected 32 plastIc houses m selected pnvate fam1s

In the tlmd quarter of 1995, some data weIe collected regardmg protected
agrICulture m the country, as follows

• The total area covered by greenhouses was about 64 3 ha-about 1 7% of
total area of regIstered fam1s

• The covenng matenals used were PE (polyethylene), fiberglass and glass
• Galvamzed pIpes were the mam structure components used m PE houses,

whIle galvamzed posts were used m other types of greenhouses
• Alummum StrIPS were used to cover the croppmg area of the green-whole
• Dnp In IgatIOn was used m all greenhouses except for a few where

spnnkler or flood systems were used Hydropomcs were used m some
areas

• Coolmg system The pad-and-fan system was the only means used for
coolmg greenhouses m Qatar Both glasshouses and fIberglass houses
were fully eqUIpped wIth coolmg systems, whIle only 4% of plastlc
tunnels were cooled

• Growmg system DIrect plantmg m SOlI, 547 ha (85 6%), sand bags, 9 1
ha (14 2%), water culture, 0 1 ha (0 2%)

• Crops The most common crop grown m the greenhouses was cucumber
followed by tomato Cut flowers and other vegetables were also
cultIvated

Research Facilities

Research m protected agnculture IS conducted m the HortIcultural & Greenhouse
Expenmenta1 StatIOn m Ottona, under the Department of Agncultural and Water
Research, MImstry of MumcIpal AffaIrs and Agnculture The research statIOn IS
located m the mIddle of Qatar , some 35 km east of Doha

The HortIcultural & Greenhouse Expenmental StatIOn m Ottona was establIshed
m 1979 WIth 12 plastlc houses (2160 m2

) In 1984, a modem fIberglass house WIth
computer control was erected The total area of thIS well-eqUIpped umt was 1102
m2 and consIsted of 6 compartments The umt was fumIshed With control room,
central computer, laboratory, stand-by generators and nutrIent fllm techmque
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(NFT) controllIng eqUIpment The statIOn In Ottona was recently expanded to
Include an addItIOnal 12 plastIc houses wIth coolIng systems

Research Activities

The ongomg research actIVItIes at the HortIcultural & Greenhouse Expenmental
StatIOn are orgamzed wIthm four major research programs

Development and/or adaptatIOn of new growmg systems and technIques wIth
emphaSIS on sOIlless culture

• Development of the tube culture technIque for the productIOn of
cucumber, tomato, pepper and sweet melon

• Contmuous productIOn technIque for cucumber m nutnent solutIOn
culture

• AdaptatIOn and development of a hIgh-densIty croppmg system for
strawberry (pyramId culture)

• Influence of solutIOn concentratIOn and temperature on yIeld and qualIty
of crops

• Companson between yIeld and qualIty of crops grown In dIfferent systems
(tube culture, sandbags, sand beds and soIl beds)

• EconomIC consIderatIOns of dIfferent systems In relatIon to capItal cost,
runmng cost and output per umt area, labor and water

PyramId culture system for the productIOn ofstfUwbeJ ne:" Ott()] za (Qatw)
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2 Greenhouse management

• Improvement of the efficIency of the greenhouse coolmg system
• Assessment ofvanous shadmg systems and matenals
• UtIlIzatIOn of solar power for lITIgatIOn and water desalmatIOn
• Assessment of desIgn and performance of dIfferent IrngatIOn systems and

matenals

3 Crop management

• Influence of dIfferent plant spacmg and densIty on YIeld and qualIty of
cucumber

• lITIgatIOn, nutntIOn and pest and dIsease control programs

4 Response and performance of crops and cultlVars under local condItIons

• ProductIOn and qualIty of cut flowers (rose, carnatIOn, and bIrd of
paradIse) tn dIfferent growmg systems

Research with cut-flower Bird ofParadise, Roses and CarnatIOns 1Il different
50l11ess culture technzques at Ortona Re<;earch StatIOn, Qatm

34



• Assessment of banana productIOn In cooled fiberglass houses
• Perfonnance test for new cultIvars of cucumber, tomato, pepper, eggplant

lettuce, melon, squash and strawberry under local condItIons

Expected results and findings

The expected outputs of the research programs can be summanzed as follows

Develop an adaptable SOIlless productIOn system that can offer the follOWIng

• major saVIng In productIOn cost by IncreaSIng the output per umt of area,
labor and water

• produce an early and hIgh-qualIty yIeld
• overcome problems assocIated wIth SOlI and sand croppIng systems
• better workmg envIronment

2 Detenmne the optImum plant denSIty and spacIng

3 IdentIfy the most SUItable and productIve cultIVars under local condItIons

4 EstablIsh standard programs for lITIgatIon, fertIlIzatIOn, and pest and dIsease
control

5 IdentIfy the most SUItable shadIng systems and matenal for the greenhouses

6 Improve the effICIency of the coolIng system

7 Assess and demonstrate modem IrngatIOn systems, new matenal and
eqUIpment

8 ProvIde growers WIth a WIder chOIce of hIgh-value crops

Problems and Needs

Although protected-agnculture actIVItIes were started m Qatar a long tune ago, the
expanSIOn of thIS Industry only occurred In the last few years The lack of
lmowledge, hIgh cost and low return from the agncultural actIvItIes, beSIde other
factors, are the mam reasons for the slow growth of thIS Important mdustry

There are many needs, but tramIng of qualIfIed and actIve personnel IS the most
Important Development of low-cost and hIgh-effiCIency types of greenhouses
SUItable to thIS area IS also very Important The small-holder farmel S reqUIre
support to fInd the nght way to maXImIze theIr mcome and to Improve effICIency

35



Protected Agriculture in the Kingdom of Saudi Arabia

Khaled AI Zelr
NatIonal Agnculture and Water Research Center, RIYadh, SaudI ArabIa

Abstract

The adverse clImatIc condItIOns and scarcIty of lITIgatIOn water WIthIn SaudI
ArabIa have encouraged the development of protected agnculture as the maIn
agncultural emphasIs A range of dIfferent greenhouses IS In use, from
semIcIrcular-tunnel plastIc houses wIthout coolIng to trIangular or semIcIrcular
glass and fIberglass houses wIth fully automated (computenzed) operatIon
CUITent constraInts Include lack of expenenced technIcal personnel, sOlI and
water salInIty, and the cost of desahnatIOn, marketIng problems and low produce
pnces, pests and dIseases FertlgatIOn IS practIsed USIng spnnklers and dnp
lITIgatIOn, a hmlted amount of sOIlless culture IS conducted Pests and dIseases
have generally been controlled by extensIve pestIcIde apphcatIon, resultIng In
Increased costs, the emergence of pestIcIde-resIstant pathogens, and pollutIOn
(crop and enVIronment resIdues) Integrated productIOn and protectIon needs to be
Introduced

Introduction

As a result of the dIverse chmate condItIons and the scarcIty of lITIgatIOn water In
some regIons of the KIngdom of SaudI ArabIa, the MInIStry of AgrIculture and
Water has much expenence In protected agnculture (PA) Because of the
constraInts, agncultural emphaSIS was on PA whIch can control the crop-groWIng
clImate and, USIng modern agrIcultural and lITIgatIOn technIques, produce fresh
products throughout the year Development of the PA Industry In the KIngdom
could not have been achIeved WIthout the support and encouragement gIVen by the
MInIStry of AgrICulture and Water and the AgrIculture Bank ThIS support was In
the form of dIstrIbutIOn of land, extenSIOn and techmcal servIces, loans and
SubSIdIes for all the Inputs for protected agnculture

Types of Greenhouse in Use

Glass and Fiberglass Houses

These greenhouses are trIangular or semICIrcular In cross-sectIOn Each umt covers
one hectare, partItIOned accordIng to need and crop They have automated
computer systems for coohng, heatIng, lITIgatIOn and fertIhzatIOn TraIned
technIcal personnel and contInUOUS maIntenance are needed to manage these
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houses The mam vegetable crops grown are tomato and cucumber, although some
growers cultIvate beans, muskmelon, strawberry, cut flowers and houseplants

Ordinary Plastic Houses

These greenhouses are made from galvamzed pIpes bent mto semIcIrcles (arches)
wIth a plastIC cover, the standard area covered IS about 500 m2 (9 m x 565 m)
Most growers use thIS type of non-cooled greenhouse owmg to ItS SImplICIty and
ease of constructlon Tomato, cucumber, squash and hot and sweet pepper are the
mam crops cultIvated m these houses dunng the cool and mIld seasons

Problems and Constraints

• UnavaIlabIlIty of expenenced technIcal personal

• SoIl and water salImty and the hIgh cost of water desalmatIOn umts

• Marketmg and low pnces ofproduce

• Spread of pests and dIseases as a result of the lack of mtegrated control
programs

Water Use Efficiency

There IS a need for more research m thIS field to ratlonalIze water use, and reduce
fertIlIzer wastage and operatIOnal costs

Fertigation

ThIs method of fertIlIzatIOn was mtroduced mto SaudI ArabIa m the 1970s as a
result of the WIdespread use of modem IrrIgatIOn techmques About 850,000 ha
currently use center pIvot systems (spnnklers) and 2000 ha are dnp IrrIgated
SOIlless culture IS lImIted to about 10 ha of vegetable productIOn usmg soluble
fertllIzers

Integrated Pest and Disease Control

The denSIty ofplants m the greenhouse provIdes a favorable clImate for the spread
of pests and dIseases that cause a great loss m crop qualIty and quantlty The most
Important dIseases are powdery mIldew, downy mIldew, brown rot, early and late
blIght, and VIral and bactenal dIseases To control these dIseases growers use
pestlcldes extensIvely whIch lead to vanous problems such as
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• mcrease m productIOn costs
• emergence of new strams of pathogens that are resIstant to pestIcIdes
• pollutIOn of crops and enVIromnent (resIdues)

Consequently, It has become ImperatIve to apply mtegrated productIOn and
protectIOn control methods to reduce pestICIde use These methods mclude the
followmg

Cultural methods

• Usmg stenlIzed soIlm the nursenes

• Exerclsmg precautIOns at the nursery WIth attentIOn to tools and theIr
penodlc fumIgatIOn, to prevent contammatIOn WIth dIseases and pests

• Solanzmg the greenhouse soIl to reduce solI-borne dIseases

• Usmg healthy seeds and unmfected seedlmgs

• Growmg reSIstant cultIVars-at present there are cultIVars that are reSIstant
to some fungal dIseases such as wlIts caused by Fusanum and
Vertzczlhum

• Removmg weeds and other undesIrable plants from mSlde and outsIde the
greenhouses, as they act as a secondary hosts for pests and dIseases

• VentIlatIOn The opemng vents of greenhouses must be covered WIth
msect-proofmg nets or screens More attentIOn should be gIVen to
ventlIatIOn m order to reduce humIdIty (hIgh humIdIty promotes dIseases
such as botrytIs and mIldew)

• Cleanmg tools and eqUIpment before use to reduce the nsk of dIsease
transfer

• ProvIdmg balanced fertIlIzatIOn mduces VIgorous growth of the plants and
consequently Improved reSIstance to dIseases Excess use of mtrogen leads
to reduced root systems as well as tender and slack tIssues that are
susceptIble to dIseases

• Applymg manure and orgamc fertIlIzer, whIch helps Improve SOlI fertIlIty,
mcrease natural enemIes, and destroy pathogens dunng the decomposItIOn
process

• Applymg green manure Growmg certam crops and mIxmg them WIth the
SOlI wIllmcrease SOlI orgamc-matter content, whIch WIll Improve the solI
propertIes and mcrease ItS water-holdmg capaCIty, It WIll also ennch the
SOlI WIth nutrIents, partIcularly after decomposItIon of the green manure

• Removmg and burnmg all dead and mfected plants and leaves

• Prumng of lower leaves can mcrease aeratIOn and reduce humIdIty bUIld
up
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• Crop rotatIOn It IS advIsable to use a certam croppmg rotatIOn to aVOid
plantmg the same crop or a crop of the same famIly m the same sOlI m
succeSSIve seasons, so as to prevent dIsease or pest bUIld-up over tIme

Chemical methods
ChemIcal spray has been and stdliS the most common method of controllmg pests
and dIseases because of ItS qUIck actIOn and ease of use ChemIcals WIll stIll be
used, but the followmg pomts should be taken mto consIderatIOn

• Mmimize preventIve sprays

• Use the proper chemIcals at the nght tIme

• Apply the recommended dose and follow all the mstructIons on the label

• Use a sUItable sprayer to ensure good coverage and dIstrIbutIOn of
chemIcal

• DIversIfy pestIcIdes to aVOid emergence of new resIstant strams of pests
and dIseases

• Treat mfested portIon of plants or locatIOn withm greenhouse specIfically,
If possIble, 1 e do not treat umnfected plants
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Protected Agriculture in the United Arab Emirates

Mohamed Sager AI Asam
SOil & Water Department, MInistry of Agnculture and Flshenes, UAE

Abstract

In the late 1970s, protected agnculture (plastIc-house technology) was mtroduced
to the UAE to help relIeve some of the constramts facmg the agncultural sector
By 1996, there were 6356 plastIc houses occupymg 202 3 ha wlthm the four
agncultural regIOns of the country PlastIc-house desIgn developed from sImple
semICIrcular tubes (3 m hIgh, 6 m WIde, 36 m long), through straIght-sIded houses
wIth arched roofs (3-m hIgh SIdes, 8 m WIde, 36 m long), to modem semIcIrcular
tunnels constructed from galvamzed pIpe (35m hIgh, 8 m WIde, 36 m long, wIth 2
m between supports) The mam crops grown under protected agnculture are
tomato, cucumber, pepper, sweet melon and phaseolus bean To promote and
develop protected agrIculture further, several new technologIes have been
mtroduced, mcludmg hIgher-qualIty plastIc fIlms, closed plant-nutntIOn systems,
and cultlVars tolerant to abIOtIc and bIOtIc stresses In addItIOn, research IS needed
to Improve clImate control, pest management and plastIc-house structure

Introduction

The Umted Arab EmIrates lIes between nON and 22°S latItude and 51 oW and
57°E longItude The land surface of the mamland IS about 77,700 km2 The solIs
are generally coarse sandy

The UAE's clImate IS charactenzed by low and erratIC ramfall and hIgh
temperatures reachmg over 45°C m summer and as low as 8°C m wmter The
relatIve hUlmdlty IS generally hIgh at the coast reachmg to about 98%, wIth an
annual mean of 50% Ramfall IS generally lIght to moderate and occurs mamly m
wmter, the average annual ramfallls 110 mm The average wmd speed recorded
for the whole area IS 6 lan/h, wIth evaporatIOn values reachmg 11 mm/day

Though the UAE IS an ol1-exporter, agrIculture and asthetlc greenery are hIgh
pnontIes for the government, and consIderable effort has been made to secure and
mcrease the level of food self-suffiCIency, mcrease the green area, and combat
desertIfIcatIOn The agrICultural sector has achIeved remarkable growth dunng the
last 20 years, but there IS stIll a need to mcrease the productIOn of some vegetable
crops, frUltS and cereals Some of the mam constramts to agnculture are the harsh
clImate, the lImIted areas of solIs sUltable for farmmg, the shortage of good
quahty lITIgatIOn water, and fIeld cultIvatIOn IS subject to dIfferent dIseases and
pests, partIcularly VIruS vectors
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One of the means adopted to overcome some of these constramts IS protected
agnculture The technology ofplastIc houses was mtroduced m the late 1970s WIth
the followmg objectIves

• To mtensIfy cultIvatIon (reducmg the mput cost)

• To protect the plants from the severe weather

• To protect the plants from pests

• To conserve IrngatIOn water, fertIlIzer and pestICIdes

• To prolong the groWIng season

The rncrease m protected agnculture throughout the UAE IS mdIcated by the
numbers of plastIC houses and the land area devoted to protected agrIculture (FIg
1), by 1996, there were 6356 plastIc houses covenng 2023 ha
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Figure 1. Development III area (ha) of plastic houses in different regIOns of
the UAE over 11 years period from 1986 to 1996.

Plastic House Structure

The dImenSIOns of the plastIC houses currently used are 36 x 8 x 35m Many
modIficatIOns have been made to the deSIgn and dImenSIOns, the structure,
dIameter of the galvamzed pIpes and the type of constructIOn matenals The first
plastIc-house deSIgn was a semICIrcular tunnel, 3 m hIgh, 6 m wIde and 36 m long,
the second deSIgn was straIght-sIded WIth arched roof C3-m hIgh sIdes, 8 m wIde,
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Crops

The mam crops cultIvated under protected agrIculture (PA), along wIth some
example cultIvars, are as follows

• Tomato: Agora, Grandure, Noble, Montecarlo, Carmelo

• Cucumber Farol, Cheyenne, Rawa, Rama, Bonus, AlAmIr, Queen

• Pepper: Tenno, Glaxy, Helder, AmIgo

• Sweet melon: Polydor, JUIce Jama, Ogen, Amcosweet

• Phaselous bean: SantIl, Serpo, DIamond

Diseases and Pests

The common dIseases and nematodes that affect PA vegetable crops are lIsted m
Table 1

Research Needs

To develop and promote PA m the country, the followmg approaches have to be
mtroduced

• New high-quality plastic films better adapted to the prevaIlmg condItIOns
and complymg wIth mtematIOnal standards

• Closed plant nutritional systems, wIth balanced applIcatIOn rates,
mtervals, etc

• New crop cultIvars
o Tolerant to salinity, temperature, drought, etc
o Cucumber cultIvars tolerant to downy mildew
o Non-tradItIonal crops

• StudIes on clImate control and optImIzatIOn of plant enVIronment

• StudIes on mtegrated pest management, mcludmg bIologIcal control

• Technology transfer to Improve
o PlastIc-house structure (deSIgn, SIze, strength)
o VentIlatIOn
o SOlI stenlIzatIOn
o MechamzatIOn of cultural practIces
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Table 1.

Crop

Common diseases and nematodes affecting selected protected
agriculture crops in the UAE.

Disease Causal agent

Cucumber &
Melon

Downy mIldew Pseudoperonspora cubensls
Powdery mIldew Eryslphe clchoraceorm
Dampmg off Phythlum sp
Foot rot Fusanum sp
FruIt rot BOtrytlS sp
WIlt Fusarzum oxysponum
Root-knot nematode MelOldogyne sp
LeSIon nematode Tylenchorhynchus sp
Angular leaf spot Pseudomonas lachoyonans

Tomato

Pepper

Bean

Early bhght
Late bhght
Dampmgoff
WIlt
Leafmold
Blossom end rot
Root-knot nematode

Alternana fruIt rot
Blossom end rot

Dry root rot
Root rot
Bean rust

Alternana solam
Phytophthora lnfestants
Phythlum sp , Phytophthora sp
Fusanum oxyspnum
Cladosporzum fulvlum
Calcmm defiCIency
Meloldogyne sp

Alternana alternata
Calcmm defiCIency

Fusanum solam
PythlUm sp
Uromyces phaseoll
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Protected Agriculture in the Republic of Yemen

Amm A H AI-Klrshl and Taher A.M. Abbas
Agncultural Research and ExtensIOn Authonty (AREA), Dhamar, Yemen

Abstract

By the end of 1997, there were about 2000 plast1c houses m Yemen (mamly m the
h1ghlands), run by farmers (95%), pnvate sector (4%) and pubhc-sector
cooperatlves (the remamder) Most greenhouses m Yemen are smgle-span types
w1th galvamzed 1ron frames They are all plastlc houses (mostly UV-res1stant),
and Slzes vary between 6 x 54 m and 9 x 60 m The most 1mportant crops grown
under protected agr1culture (PA) are cucumber (90%), tomato (5%), pepper and
eggplant (5%), there are also a few floncultural greenhouses Irngat10n 1S e1ther
by dnp system (promoted by natlOnal and mtematlOnal specJahsts)-w1th
1mported components, specJally fl1ters-or by surface system (for those who
cannot afford to operate a dnp system) FertlgatlOn 1S managed by spec1ahst
techmc1ans, but there 1S no standard1zatlon of chem1cals apphed (and the1r
formulatlOns), dosages or apphcatlOn methods Plant d1seases are generally
controlled che1TI1cally The promotlOn and development of PA 1S mamly m the
hands of the Mm1stry of Agr1culture and IrngatlOn and the pnvate sector The
followmg constramts hmder the PA sector m Yemen greenhouse des1gn and
structure (h1gh temperatures m summer w1th poor ventllatlOn, promotmg fungal
d1seases), locatlOn of greenhouses, polyethylene cover 1S short-hved, prone to
ston11-damage and to condensatlOn, hybnd seeds are expenslVe and cultlVar 1mport
1S unpredlCtable, farmers lack expenence m chem1cal use, resultmg m harmful
res1dues m harvested vegetables, numerous problems w1th the PA mfrastructure
(e g shortage of tramed personnel, msuff1C1ent research, lack of mformatlOn, lack
of an overall development plan for Yemem PA)

Introduction

The Repubhc of Yemen 1S located m the south part of the ArabJan Penmsula,
between latltudes 12° and 200 N and long1tudes 41 ° and 54°E The country 1S
bordered by Saud1 ArabJa to the north, the ArabJan Sea and Gulf of Aden to the
south, Oman to the east and the Red Sea to the west, the total area 1S 5 5 ml1hon
hectares, w1th a human populat1on of 16 m1lhon The total arable land 1S about 1 7
1TI111lOn hectares, of wh1ch 1 2 m1lhon hectares 1S cult1vated-54% 1S ram-fed,
37% 1rngated by groundwater and the rest flood-1rngated

Yemen has a predommantly sem1-and to and chmate The vanatlon m elevatlOn
causes d1fferences m chmate cond1tlons, rangmg from hot and hum1d on the coast
to relatlvely cool and dry m the mountams, w1th moderate temperature and
hum1d1ty on the plateaux
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The clImate pattern should allow for year-round productIOn of vegetables, but thIS
IS not possIble because of the small and scattered patches of arable land, the
lImIted water resources, the low yIeld per umt area, and the poor roads between
the productlOn areas and marketmg centers

Thus, to Improve vegetable crops so that they can compete not only m local
markets but also abroad, It IS necessary to pay more attentIon to the quantIty and
qualIty of these crops along WIth natural-resources preservatIOn-mostly water
WIth optImum utilIzatlOn of cropped area Protected agnculture IS consIdered an
Important means of mcreasmg the prodUCtIVIty and qualIty of most vegetable
crops

There has been an mcrease m mterest m protected agnculture (PA) m Yemen,
except m areas where ItS development and expansIOn are hmdered by other
factors Such lImltmg factors mclude hmlted natlOnal expenence m PA and lack
of adoptlOn potentIal by certam farmers (mamly due to the hIgh cost of PA
establIshment) The demand for plastIc houses has mcreased and theIr use has
spread m some reglOns where there were 20 protected houses belongmg to four
agri-research statIons and others belongmg to publIc-sector cooperatIves, there
were approxImately 2000 plastIc houses by the end of 1997-of WhICh 95%
belonged to farmers, 4% belonged to the pnvate sector and the remamder
belonged to publIc-sector cooperatIves These plastIc houses are mamly located m
hIghland reglOns (Dhamar, Sana'a, Sa'dah) no protected agnculture IS practIced
m the coastal regIon

Average temperatures are prmclpally affected by elevatIOn The dIfference
between the average temperatures of the warmest and the coolest month of the
year IS not constant over agro-ecologlcal zones In the coastal, western and
southern areas, It IS generally less than 10°C, but m the and mtenor It mcreases to
about 15°C Above 2300 m altItude frost occurs regularly between mId-October
and March

In the mountams, relatIve humIdIty vanes between 30 and 60%, except m the
hlgh-ramfall areas where values between 50 and 70% are observed In the and
mtenor values are below 40%

Clear skIes predommate m Yemen dunng most of the year Annual average values
are between 6 and 10 hours of sunshme per day The net solar radIatlOn per year IS
lowest In the coastal zone (below 5500 MJ/m2 per year), somewhat hIgher m the
hlgh-ramfall areas (5200-6000 MJ/m2 per year) and m the dry mtenor (5500-6000
MJ/m2 per year ), and hIghest (6000-6500 MJ/m2 per year) m the mountams and
mter-mountam plams

Average wmd-speed m most of Yemen IS low to moderate «1 to 2 m/s), except on
the coast and at well-exposed 10catlOns m the mountams (2-2 5 m/s)
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Protected Agriculture

Greenhouse Design

Most of the (sparsely spread) greenhouses m Yemen are smgle-span plastIc houses
formed of21-24 arcs ofgalvamzed Iron water-plpes (dIameter 38-5 1 cm, spaced
at 25m) The typIcal area of the greenhouse IS 324-540 m2

, wIth dlmenslOns of6
x 54 m and 9 x 60 m, and heIght 3-35 m Each house has two doors, whose
desIgn depends upon the financIal resources of the owners

The common type ofplasttc cover IS a UV-resistant polyethylene sheet of 150-200
)lm thIckness, whIch IS manufactured locally

Significant Crops Grown under Protected Agriculture in Yemen

Cucumber forms 90% of the productlOn m greenhouses, followed by tomato (5%)
Other crops mc1ude pepper and eggplant (5%), and there are a few greenhouses
whIch produce mamly floncultural crops

Productivity and its Relation to the Protective System

The average productlOn of cucumber and tomato under fam1ers' and some pnvate
sector compames' condItIons are shown m Table 1

Table 1.

Crop

Cucumber
Tomato

Cucumber and tomato productIOn III protected agriculture (two
seasons per year) compared With open field (one season).

Protected agriculture Open field

Mean Yield/season Total yield (t/ha per year)
(t/ha) (t/ha per year)

130 260 15
185 370 30

Table 1 shows that producttvity under protected agrIculture IS hIgher than that m
open fleld for the same crop Cucumber prodUCttVlty was 17-fold greater under
PA, whIle that for tomato reaches 12-ttmes lts prodUCttVlty m a non-protected
system ThIS IS what makes PAso economIcally lmportant
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Greenhouse Management

Land IS prepared accordmg to the farmers' own expenence and extenslOn
recommendatlOns

The sOlI IS stenltzed chemIcally usmg methyl bromIde, chloroplcnn, Basamlde
and Vydate StenltzatlOn IS carned out under the superVISIon of a speclahst,
however, many farmers are not practlcmg sOlI stenltzatlOn because they are not
aware of ItS Importance

Some farmers-partIcularly m Sa'dah and Sana'a governorates where there are
many greenhouses-are skIlled m prumng, m addItIOn, there are some laborers
tramed m prunmg m some pnvate compames

Several farmers use a dnp IrngatlOn system whIch was Imtlated by natIOnal and
mternatlonal speclaltsts Most of the matenals for dnp Irngatlon systems are
Imported, specially the fIlters, but the plastlc pIpes can be made locally Generally
there have been no expenments to determme the water-use efficIency and
optllTIUm water reqmrements for crops m the greenhouses RecommendatIOns are
avmlable from other practIces and from expenments conducted mother countnes
wIth slmtlar condItIOns

A number of farmers use a surface lITIgatIOn system smce they do not have the
fmanclal resources to mstall and manage a dnp IrngatlOn system

Soluble fertlltzers are often applted wIth the dnp lITIgatIOn system or as fohar
spray ThIS practIce has been Implemented and managed by techmcal cadres
However, there IS wIde vanatton m the chemIcals used, theIr formulatIOn, dosages
used and methods of appltcatton

The most common dIseases m PA are downy and powdery mIldews on cucumber,
and fusanum on tomato VIral dIseases are not common except for leaf-curl VIruS
on tomato Arthropod pests compnse aphIds, thrIpS, spIder mItes and whIte fly
DIseases are commonly chemIcally controlled

Institutes Involved in Protected Agriculture in Yemen

The Mmlstry of AgrIculture and lrngatton IS the mam supporter for PAm Yemen
The Mmlstry supports the mdustry by

• makmg some raw matenals avaIlable to the pnvate sector and farmers,

• facIlttatmg Imports of agrIcultural matenals , m partIcular seeds and
fertIlIzer for PA
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The pnvate sector plays a major role III adaptlllg PA systems, 1 e establIshlllg the
greenhouses, and maklllg the essentIal matenals (seeds and fertIlIzer) aVaIlable In
addItIOn, the pnvate sector plays a supervIsory and extensIOn role for some
greenhouse growers

In recent years, the AgrIcultural Research and ExtensIOn Authonty (AREA) has
supported PA by establIshlllg relevant research and extensIOn umts However, the
capabIlItIes of AREA are lImIted AREA projects support and develop pnonty
research actIvItles to solve the present problems of fanners, but there IS no source
of support for ItS research actIvItIes III PA The ArabIan Pemnsula RegIOnal
Program of the Internatlonal Center for AgrIcultural Research III the Dry Areas
has a mandate for PA, and may support research actlvItles III AREA III the future

Problems and Constramts of Protected Agriculture

A. Technical constraints

1 Plastlc-house structure deslgn The current desIgn has dIsadvantages of
lllcreased temperature durlllg summer, whIch decreases ventIlatlon and lllcreases
the humIdIty, leadlllg to spread of fungal dIseases

2 SelectIOn of an unSUItable locatwn for the plastlc-house structure-negatlvely
affects the greenhouse and the crop

3 Problems ofusmg plastlc materzals

• The lIfe ofplastlc IS short (1 5-2 years)

• In heavy stonns, the plastlc matenal may be destroyed and thIS may lead
to loss of the crops before the end of the season

• CondensatIOn of water vapor on the lllternal walls of the plastlc house
leads to

(a) reduced penetratIOn of lIght
(b) dropplllg of water on the plants, whIch damages them

4 Seed problems

• The pnce ofhybnd seed IS very hIgh

• The fanners have dIffIcultles III selectlllg good cultlvars oWlllg to the
absence of cultlVar screemng and evaluatIOn

• No local productIOn ofhybnd cultlVars

5 Constramts related to chemlcal use Fanners' lack of expenence III USlllg
chemIcals under PA leads to several problems such as reSIdual effects on human,
plant and enVIronment health
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B. Management and research constraints

1 Shortage of tramed personnel (1 e growers, workers and natIOnal specIalIsts),
mcludmg wIthm research cadres, consequently, no extensIOn and trammg program
for growers

2 Lack oftechlllcal supervzslOn on PA

3 Lack ofbaselzne mformatzon

4 Insufficzent sczentific research In PA

5 Lack of resew ch unzts for PA In dzfJerent ecologzcal zones, thus, lack of
research and extensIOn recommendatIOns for cultIvars, water-use efficIency,
optmmm water reqUIrement and fertIgatIOn

6 Inadequate plant protectIOn methods

7 Marketmg problems

8 Inadequate storage and transportatlOn

9 Lack ofan overall development plan for the PA system In Yemen

10 No exchange ofinformatIOn wzth other Arabzan Peninsula countrzes
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Summary of Discussions

Kuwait

Some work has been done at PAAAFR to test deep-water hydropomc systems,
wIth good results KISR wIll be conductIng a study to determIne the cost
effectIveness of these systems

BrackIsh water used maInly for Imgatton and In coolIng systems IS IncreasIng SOlI
SalInIty and shortenIng the hfe of coolIng pads Some producers are, therefore,
USIng desalInated water for theIr coolIng systems, but the brackIsh water IS cheaper
and many producers are stIll USIng It Some growers are now washIng the soIl to
reduce ItS sahmty KISR and PAAAFR tested vanous cultlvars for theIr sahmty
tolerance and heat resIstance The use of brackIsh water for ImgatIon IS expected
to decrease In the future, as the total dIssolved salts In the water vanes between
3000 and 9000 ppm dependIng on the area

In KuwaIt, most of the growers are small-holders who adopt PA as a sIdelIne food
productIOn, and are not Interested In profit They are basIcally Interested In
technology, but are not yet prepared to pay for It

Oman

The dIsease and pest orgamsms on PA crops In Oman are tomato leaf curl VIruS
and aphIds on tomato, red spIder mIte and aphIds on pepper, and red spIder mIte,
downy and powdery mIldews on cucumber

The pnce quoted for the greenhouses IS hIgh, workIng out to US$30-40/m2 ,

however, thIS pnce IS for the complete house, Includmg (Improved) Imgatton
system, coohng and heatIng systems, and many (If not all) of the components are
Imported

Qatar

Cucumber IS the major PA crop In Qatar because It IS the most sUItable crop for
PA productIon, ItS pnce IS stable through the year, and growers can produce about
3Yz crops per year Tomato IS more prone to vIral attack and ItS pnce fluctuates
through the year
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Saudi Arabia

The major constramts to the expanSlOn of PA m SaudI ArabIa are the lack of
techmcians m the vanous aspects of PA, water and sOlI salmIty, low market pnce
of PA vegetables makmg It uneconomIcal, dIseases and pests, ungUIded use of
water and fertIlrzer, reducmg water-use effIcIency

Yemen

The postharvest constramts to PA are formIdable, some growers have abandoned
PA completely as a result of marketmg and competitIOn BaSIcally, there are no
marketmg channels, storage or transport facIlrtIes Thus, remote farmers have
Immense dIffIculty m sellmg theIr PA produce

DespIte the low productIVIty of PA m Yemen, the number of farms has mcreased
ThIS IS a result of farmers changmg over from field croppmg to PA

In coastal areas, temperatures average 27-30oe and relatIve humIdIty (RH) about
80%, thus, both need to be dealt wIth m greenhouses In dry mountamous areas
(e g central hIghlands), temperatures are generally below l2oe, and sometImes
below oDe, so RH IS the clImatIc factor reqUIrIng control and not temperature

Farmers adoptmg PA, tend to opt for the crop wIth the best mcome, 1 e cucumber
Some crops grow better m the field than under PA, e g melon

Greenhouse Climate Control

EvaporatIve coolrng depends on the outsIde RH In general coolmg IS reqUIred
between lOa m and 4 pm, so It IS necessary to know the aIr RH dunng that
penod, rather than the dally average for the season In summer, evaporatIve (fan
and-pad) coolmg IS mostly operated normally, but m wmter It IS adVIsable to cut
off the water supply to the pad wall

Fan-and-pad coolmg IS often mefficient as the pads clog wIth sand and salt The
salt problem can be overcome eIther by usmg sprayed water for evaporatIve
coolmg, or by ensurmg that the pad water supply IS desalmated ThIS should
extend the lrfe of the pads

The RH m summer affects the achIevable temperature dIfference between the
InsIde and outsIde of the greenhouse InSIde temperature IS cntIcal to crop growth
wIth as lIttle as l°e affectmg crop production In areas of hIgh RH, the reqUIred
mSIde temperature may not be achIevable, and production does not meet targets
Thus, under fan-and-pad coolmg, condensation and dIsease are not the pnncipal
causes of loss ofproductIOn
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In the UAE, IrngatIOn-management recommendatIOns are based on research trIals
Dnp lITIgatIOn IS consIdered best there Where researchers can determme crop
water-reqUIrements on statIOn, growers are encouraged (by extensIOn) to adapt
them to theIr own cIrcumstances ThIS IS consIdered the best optlon, as growers
and researchers may use dIfferent plantmg dates (affectmg temperature), water of
dIfferent qualItles, dIfferent ImgatIOn systems, and dIfferent sOlIs In addltlon, the
growers themselves tend to be uneducated or IllIterate, so clImate data and
computer technology would be of lIttle value to them Some pnvate-sector PA
compames have opted for automatIOn usmg computers, such systems muse m
SaudI ArabIa may become aVaIlable m the UAE through ICARDA's medIatIOn

It IS dIffICult to tram the (non-AP-natIOnal) growers to the technIcal capaCIty
reqUIred to utllIze clImatlc data, so a questIOn facmg the AP m the future IS
whether to try to tram the growers, or to opt for full automatIOn wIth natIOnals
operatmg the systems (requmng less laborers)

Integrated Production and Protection Management

Nematodes are the major sOIlborne-pest problem m PA m the AP, but the PA
growers deal wIth the problem qUIckly Pythlum and Phytophthora sOIlborne fungI
are also maJOl pests m PA SOll-stenlIzatlOn IS not common practlce m the AP,
however the UAE IS domg somethmg about thIS Among other dIseases, msect
transmItted VIruses (especIally of tomato) are spread rapIdly

In Qatar, the EnvIronmental ProtectIOn Agency IS responsIble for pestIcIde
regIstratlon, however, there IS no dIrect control of on-farm pestlClde use, growers
merely buy the regIstered pestIcIdes and use them Most growers are not aware of
the reqUIred waItmg penod between applIcatlon and harvest In the UAE, the
Mmlstry of Agnculture and Flshenes conducts pre-reglstratlon trIals to prepare
gUIdelmes for pestlclde use RegIstratIOn IS essentIal before a chemIcal (pestlclde)
may be Imported It IS not known whether growers follow the Mmlstry gUIdelmes
m applymg pestlcldes In Yemen, there IS a dIverSIty of chemIcals used on farm,
but growers do not follow applIcatIOn gUIdelmes because of the lack of extenSIOn
mfonnatlon

BIOlogIcal control has been used successfully m Oman, but so far only on fIeld
frUIt-trees, It has not yet been extended to PA The UAE does not use bIologIcal
control yet eIther

In at least three of the countrIes, mformatIOn on pests and dIseases IS qualItatlve
only-there IS lIttle or no quantltatlve data aVaIlable Expenence m the dIseases of
PA crops IS lImIted m the regIOn
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Structures and Climate Control for Protected
Agriculture in Arid Environments

Structure and Covering Materials for Greenhouses in Arid,
Hot Climates

ChrIstIan von Zabeltltz
University of Hanover, Germany

Abstract

To check the sUItabIltty of a regIOn for protected agnculture, the chmate data
should be compared WIth those for other regIons and WIth the mam reqUIrements
of the plants The chOIce of greenhouse structure and covenng matenal depends
on the mam problems of plant productIOn at the locatIOn, the reqUIrements of the
plants, the general deSIgn cntena for the regIOn and on the avaIlable constructIOn
matenals Greenhouses should be bUIlt less m accordance WIth natIOnal tradltIons
and more WIth regard to general croppmg needs and condltIons of the chmatic
zone where they are located

Greenhouses for and zones should have the followmg charactenstIcs good ltght
transmISSIOn, effective ventilatIOn, sufficIent tIghtness (resIstance) to sand, dust
and loss of mOIsture, wmd-proof construction, low-cost constructIOn, evaporative
coolmg If necessary and pOSSIble, aVOIdance of heat loss at mght, sImple but
effiCIent solar desaltnatIon system, low operatmg cost

BeSIdes conventIOnal constructIOns, speCIal closed-system greenhouses have been
developed for desert regIOns, WhICh have good energy balance and water-savmg
operatIOn Incommg heat energy dunng the daytIme can be reduced by the shape
of the greenhouse and by speCIfIC covenng matenals, whlch reduce the
transmISSIOn ofnear-mfrared radIation (above 600 nm)

If the outslde air humldlty IS not too hlgh, evaporative coohng may be necessary
Fan-and-pad coolmg systems are sensltIve to sandstorms and dlrect solar
radIatIOn OperatIOn With brackIsh or salme water IS essentIal, but the pads tend to
clog With salt and sand A SImple spray coolmg system has been developed whlch
IS more reSIstant to desert condItIOns, and IS hIghly effiCIent
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Greenhouse Climate Control in Arid, Warm Countries:
State of the Art and Prospective

Alam Bailie
fNRA, AVlgnon, France

Abstract

Protected agnculture has expanded markedly m the MedIterranean regIOn over the
past 20 years to help Improve agncultural productIvIty However, the plastIc
houses commonly used are deSIgned for temperate or moderately warm regIOns
and need upgraded clImate control to overcome overheatmg m summer and
overcoolmg m wmter when used m warm, and regIOns The greenhouse clImate IS
dIctated by the SOlI mSIde the greenhouse, whIch constItutes the major thermal
mass, the 'greenhouse' effect Itself, whIch can be controlled mamly by ventIlatIOn
m most greenhouses, the crop's transpIratIon, whIch has a dommant effect on
temperature and vapor-pressure defiCIt Structures commonly used m the regIOn
are small (low and small volume) and have mappropnate roof-slopes (reducmg
lIght transmISSIOn), taller structures WIth appropnate roofs would Improve lIght
transmISSIOn, ventIlatIOn, mertIa agamst external clImatlc vanatIOns, and dramage
of condensatIOn Few greenhouses m the regIOn are heated, and the economIC
benefit of heatmg has yet to be proven CoolIng IS, however, essentIal and several
methods are aVaIlable-statIc or forced ventllatIOn, evaporatlve coolmg (pads,
ITI1stmg, spnnklmg), shadmg (screens, whIte-washmg) Roof ventIlators are
effICIent, but present practIcal problems because of theIr locatIOn EvaporatIOn IS
the most effICIent coolmg mechamsm, espeCIally If the outSIde aIr IS dry, but many
systems reqUIre good-qualIty water Shadmg has good prospects, but reqUIres
further research InformatIOn (real-tlme data) IS reqUIred for adequate clImate
control-thIS IS generally lackmg m the regIOn, however, the cost of sensory
eqUIpment IS lIkely to fall to affordable levels Modelmg and smmlatmg crop
responses to management deCISIOns m greenhouses also have potentlal for
Improvmg clImate control, coupled WIth questIOns of economICS, technology
adaptatIOn, and SUItabIlIty of dIfferent crops Overall, technology IS not the mam
constramt to effICIent clImate control of greenhouses m the warm and and regIOns,
rather the need IS for adaptmg the technologIes developed for temperate clImates,
and trammg the farmers m the proper management of Improved structures and
eqUIpment
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Summary of Major Issues Arising and Discussion

Greenhouse Design and Structure

The prevmlmg greenhouse structure m the regIOn IS stIll the smgle-span, round
arched tunnel covered wIth a smgle-Iayer polyethylene (PE) film of 200 11m The
dIsadvantages of thIS type of greenhouse were underscored by several speakers
ThIS desIgn should be Improved m order to avoId problems encountered wIth
ventIlatIon reqUIrements, msect-proofmg, useful cultIvated area and clImate
control It IS also necessary to arrange for gutters m order to collect ramwater m a
reserVOIr Therefore, there IS a need for gUIdance on a sUItable greenhouse type for
the regIOn as well as norms and standards for constructIon parts and covenng
matenals Dunng the lectures and dIscussIOns, the followmg recommendatIOns
were made on possIble Improvements

• The roof shape and mclmatIon should allow water condensatIOn droplets
to slIde down and the greenhouse volume should be mcreased (multI-span
greenhouses are more SUItable)

• The recommended greenhouse onentatIOn for a smgle-span round-arched
greenhouse IS east-west when lIght IS the lImItIng factor dunng the wmter
months, however, the greenhouse may be onented dIfferently accordmg to
lIght mterceptIon, wmd reSIstance and ventIlatIOn reqUIrements It was
1ecommended that a techmcal leaflet be prepared to aSSIst growers m
onentmg greenhouses accordmg to local condItIons

There are a certam number of large-scale greenhouses m the regIOn run by
commercIal compames These compames are pressured by sales agents and do not
have easy access to speCIalIzed servIces from experts WIth a techmcal background
from whom they can get pertment unbIased techmcal adVIce on mvestment or
general crop management To fIll thIS gap, It mIght be useful to establIsh a
techmcal adVISOry commIttee (composed of natIOnal focal pomts) at the natIOnal
or regIOnal level from WhICh commercIal growers can seek adVIce and techmcal
assessment

Covering Materials

The predommant covenng matenal , because It IS the cheapest IS UV-stabIlIzed
200 11m PE film Other types of fIlm should be tested, mcludmg antI-drop and
mfrared-opaque films as well as other new films (such as a recently Imported
multI-layer film from IndIa to Qatar) FIlms WIth IR-opaque propertIes could be
recommended for mland SItes to decrease the hIgh radIatIve heat losses dunng
clear mghts m wmter and mcrease greenhouse and plant temperature
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It may be worthwhIle to make an agronomIc and economIC assessment of cheaper
100-120 /lm fllms whIch have a hfe of only one year It was emphasIzed that It IS
of utmost Importance to have the fIlm properly fIxed to ensure that the greenhouse
IS tIght, and to aVOId dIrect contact WIth the steel pIpes, whIch have to be protected
agamst overheatmg

There are all eady some poslttve results on the use of photo-selecttve fllms
However, addIttonal research and vahdatIOn are stIll reqmred before they can be
recommended to the growers TheIr effect on the behaVIOr of msects mSlde the
greenhouse needs further study

There IS no advantage m usmg double fIlms If the fIlm IS not well ftxed and the
greenhouse IS not perfectly ttght Good results can be obtamed usmg smgle-layer
covers whIch are properly fIxed

Climate Control

The temperature mSlde the greenhouse should be adjusted m relatIOn to the
reqmrements of the speCIes grown and not necessanly WIth respect to the
temperature dIfference between outSIde and mSIde The temperature mSlde the
greenhouse should be mOnItored m relatIOn to the vapor-pressure defICIt (VPD)

Heating
Some countrIes have reported frost damage, whIch has somettmes destroyed the
crop Supplemental heatmg usmg SImple low-cost (gas or 011) burners WIth hot-alr
blower or hot-alr-dlstrlbutIOn plastIC sleeves IS recommended

ConSIderatIOn could be gIven to the potenttal for the use of a paSSIve solar heatmg
system, however, thIS system only allows heatmg by a few degrees (3-5°C) above
the outSIde temperature Its effecttveness, parttcularly when the alr temperature
goes below zero, IS not well estabhshed Furthermore, the effICIency of the system
d1l11lnIshes as the plants grow and cast shade on the solar water-tubes mSlde the
greenhouse

Cooling
In order to extend the growmg penod (1 e from May to September), coolmg IS
needed Where fan-and-pad coohng IS aVallable, the farmers need adVIce on
proper operatIOn of the system Some SImple recommendatIOns are, for example,
that pads need to be protected from dIrect sunshme and must never dry out,
llnplymg that water has to be applIed m excess In addltton, bracktsh water can be
used Honzontal pads usmg water m excess can work perfectly well, and may be
preferable to verttcal pads CommercIal pads, whIch become clogged, should be
replaced To prOVIde the growers WIth thIS type of baSIC mformatton on fan-and
pad management, SImple extenSIOn leaflets could be prepared and dlssemmated
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Expenments should be conducted on Improved coolmg systems (evaporatIve
coolmg) Preference should be gIVen to technology that can be locally
manufactured and mamtamed Wlth nozzles adapted for use wIth brackIsh water

PosItIve-pressure coolmg systems need further study, mcludmg economIC
companson WIth negatIve-pressure coolmg systems

Poslllve-pressUl e
evaporatlve coolzng
system at the
Research StatIOn of
PAAAFR. Kuwazt

For evaporatIve coolIng systems, the mstructlOns provIded by the manufacturer are
to be carefully observed when mountmg and operatmg the system

EvaporaTIve coolmg depends on outsIde humIdIty and ItS efficIency has to be
calculated The use of arr-COndITIOnerS IS too expensIve for greenhouses In order
to Improve the efficIency of coolmg systems, lowenng the humIdIty of the
mcommg arr before It enters the greenhouse would be very expenSIve

For solar desalmatIon of water for coolmg or irngatIon, actIve desalmatlOn
systems are more effiCIent than paSSIve ones The energy reqUIred for pumpmg
can be obtamed from photovoltmc panels (probably only economIC m remote
areas) TechnIcal detaIls were gIVen of an expenmental solar desalmatlOn umt
studIed at the TechnIcal Umverslty of Hanover Its capacIty was 4-5 L/m2 for an
average radIatIon of 5 8 kW/m2 day The actual capacIty WIll be dependent on the
solar radIatIon prevmlmg at the SIte where the umt IS used Eventually thIS
technology could also recycle the dramage water

Shading
In late spnng and summer, hIgh temperature prevaIls m the regIOn In order to
reduce the reqUIrements for coolmg, some type of shadmg could be used The
most appropnate combmatlOn of shadmg wIth ventIlatIOn and/or coolIng needs to

57



be mvestIgated further A prelImmary assessment could be made through
modelIng based on avaIlable clImate data

Ventilation
The type of ventilatIOn reqmred IS lInked to the heIght and the volume of the
greenhouse In static ventl1atIon, the hIgher the greenhouse, the better the chImney
effect When forced ventl1atIOn and coolmg are applIed, the heIght of the
greenhouse can be more restrIcted (32-3 5 m)

Forced ventilatIOn can be recommended for clImate control It IS more effiCIent
than statIc ventl1atIon and can be easl1y automated The effICIency of forced
ventilatIOn IS lImIted by the dIstance between the fan and the pad (about 35 m)
The system should be properly calIbrated m order not to exceed an air velocIty of
05 mls m the greenhouse PrecautIOns should be taken to aVOId suckmg msects
entenng the greenhouse-adequate msect-proofmg IS needed

Humidity control
Plant growth may be negatIvely affected by the reductIOn m air humIdIty due to
exceSSIve ventIlatIOn WIth mcommg cool and dry aIr dunng the wmter Therefore,
It may be necessary to regulate the fan speed and the number of air renewals to
aVOId water stress or mcreased water consumptIOn The control of humIdIty mSIde
the greenhouse based on the adjustment of the air VPD could be a subject for
applIed research m the medIUm tenn At VPD values exceedmg 20 mIllIbars,
stomata begm to close and plants may suffer more or less severe water stress,
here, applymg mtermIttent coolIng IS a posSIbIlIty, even m wmter, spnng and
autumn, because It can be used to lower the VPD

Carbon-dioxide enrichment
The need for CO, ennchment IS not clearly establIshed for greenhouses m the
ArabIan Penmsula m VIew of the prevaIlmg hIgh radIatIon dunng wmter months
Furthermore, the need for prolonged ventIlatIOn penods dunng the day represents
an obstacle to effICIent CO, ennchment

Automation
SImple automatIOn for ventilatIOn and heatmg, as well as for IrngatIOn, IS
requlled

Concern was expressed WIth regard to SItuatIOns where hIgh temperatures preVail
combmed WIth hIgh humIdIty outSIde the greenhouse (RH>80%) ThIS could be
managed through more effICIent ventIlatIOn, combmed WIth shadmg SImple
automatIOn deVIces would be helpful to Improve clImate momtonng ThIS may
reqmre further mvestIgatIOn whIch could be undertaken through eXlstmg models
usmg clImatIC parameters speCIfIC to a gIVen regIon
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Site Selection

The regIOn IS endowed wIth very favorable chmatIc condItIOns for greenhouse
crop productIOn dunng wmter When compared for example wIth Almena m
Spam, It can be deduced that the Arabian Pemnsula countnes have the
envIronmental and agronomIc potentIal for producmg high-quahty vegetables
whIch could compete on export markets The best regIOns for greenhouse crop
productIOn are located m the coastal zones The humIdIty m wmter should not be a
handIcap provIded that ventIlatIOn IS managed m a convement way In the
contmental areas WIth greater temperature amphtudes, the condItIOns are less
favorable-because of cooler mghts dunng wmter, heatmg wIll be reqmred, and
because of very wann and dry weather m summer, coolmg systems wIll be
essentIal for growmg crops dunng thIS penod

Therefore, It IS recommended that the agro-clImatIc charactenzation that has
already been ImtIated to Identify the areas WIth the best potentIal for the
greenhouse-crop sector (temperature, solar radIatIOn, evapotranspIratIon potentIal
(ETP), water aVailabIlIty and quahty) be completed ThIs mfonnatIOn could be
processed and analyzed usmg geographIc mfonnatIOn systems (GIS) and the
expenence of the Central Laboratory for AgrIcultural ClImates, Egypt (CLAC) m
agrometeorology

Agro-ecologIcal charactenzation IS of pnmary Importance for the selectIOn of the
best sItes for greenhouse establIshment AgrIcultural extenSIOn staff and growers
should have thIS mfonnation aVailable to enable them to select the most
appropnate microclImates and areas APRP IS already collectmg and processmg
agro-ecological mfonnatIOn withm the regIOn

Concern was expressed WIth regard to methodologIes of technology transfer to the
producers and fanners The solutIOn of establIshmg 'model' or 'reference'
greenhouses was enVIsaged whIch would allow the fanners to see and compare the
proposed Improvements

Future Activities and Research Priorities

Priority Target Area and Beneficiaries

Research and demonstratIOn should concentrate on SImple, low-cost technologIes
affordable by small- or medmm-scale growers

In general, the actIVItIes proposed belong to one of the followmg groups

• Trammg and demonstratIOn for technology transfer
• TechnIcal gmdelmes and demonstratIOns
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• ApplIed research and demonstratlon for mvestlgatIOn and valIdatIOn
• InfonnatIOn management and databases

ActlvItIes have been classIfied m three categones based on the tnne estlmated for
producmg an Impact or quantlfiable output short tenn (aCtlvItIes whIch could be
mItlated ImmedIately), medIUm tenn (actIvItIes WhIch could be InItlated as soon as
possIble and should produce tangIble results wIthm three years), and long tenn
(actIvItIes whIch could be InItIated as soon as possIble and should produce
tangIble results wIthm fIVe years or more)

Short Term

There are a certam number of technIcal Improvements whICh could be
nnmedIately proposed to the growers and are expected to have a pOSItIve Impact
It IS therefore suggested that trammg actIvItIes for eXIstmg extensIon field offIcers
and growers be undertaken

Selected technIcal tOPICS for ImmedIate Improvement at the fanners' fIeld level
are

• OnentatIon of greenhouses
• FIttmg of plastIc films
• Proper mstallatIOn, operatIon and mamtenance of fan-and-pad coolmg

systems
• Shadmg of greenhouses

S 1 Trammg

S 1 I Trammg of tramers and government teChnICIanS (extensIOn serVIces) for
mteractIOn WIth fanners

• Prepare technIcal booklets for trammg purposes
• Implement technIcal trammg semmars

S 1 2 Trammg of growers (producers) and fann technIcIans

• Prepare trammg matenals and gUIdelmes for growers (sImple hands-on
extensIOn leaflets)

• Implement trammg of growers possIbly usmg the fanners' field school
approach (partICIpatory trammg)

The participating countries rated this training component as high priority
to be implemented as soon as possible.

S 2 InfonnatIOn

S 2 1 Country bluepnnts (detaIled IdentIfIcatIOn of country status and
constramts)
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Some countrIes consIder that a more m-depth survey/study mIght be
reqUIred to IdentIfy the needs and constramts of the greenhouse crop sector more
preCIsely It was also mdicated that a techlllcal document would be publIshed on
the 'state of the art,' compIlmg the mformatlOn obtamed through country case
studIes and mISSIOns carned out under the umbrella of the APRP

S 2 2 Set up natIOnal and reglOnal techmcal adVISOry commIttees to aSSIst
pnvate commercIal growers m decisIOn-makmg

The country representatIves conSIdered thIS proposal useful It was
conSIdered that, although It could be establIshed m the short term, It would need to
be mamtamed on a long-term baSIS It was therefore suggested to conSIder It as
part of the networkmg actIVItIes It was clanfied that the techlllcal adVISOry
commIttee IS expected to gIve an mdependent opmlOn on mvestment and crop
management deCISIOns to be taken by large-scale commercIal growers The
commIttee would be composed at the natIonal level of one or more knowledgeable
persons The natIOnal commIttee members would Jom mto a regIOnal technIcal
adVISOry commIttee, whIch could operate as a network The commIttee, through ItS
profeSSIOnal contacts, would be able to seek adVIce from abroad whenever
reqUIred It would serve as a buffer and techlllcal reference for growers who need
an mdependent opmIOn to compare and evaluate the adVIce and recommendatIons
receIved from commercIal sales agents

Medium Term

M I Trammg

M I I Contmue trammg program for growers and natlOnal extenslOn staff
mitIated under S I

M I 2 Develop a natlOnal/reglOnal capabIlIty and the resources to deSIgn and
assemble greenhouses and fIll a local adVISOry capaCIty for mamtenance

M 2 GUIdelmes and demonstratIOn-Greenhouse deSIgn and modelmg DeSIgn a
model greenhouse to be establIshed m each country m cooperatIOn WIth a pIlot
pnvate grower ThIs would be compared WIth the prevaIlmg local model
(conventIOnal smgle-span tunnel) wIthm the context of an overall mtegrated
productIon and protectIon approach (phySIcal measurements-lIght, humIdIty and
temperature-as well as crop response) ThIS would also mclude expenmentmg
WIth new films, mcludmg antI-drop and IR-opaque films, as well as other
commercIal films of mterest (e g the recently Imported multI-layer film from
IndIa m Qatar) It would also be useful to make an agronomIC and economIC
assessment of cheaper 100-120 /lm films WhICh have a lIfe of one year

The idea of conceiving and establishing 'model' or 'reference'
greenhouses, targeted for the small- and medinm-scale farmers was rated
as high priority. The country representatIves conSIdered that thIS would be a
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lIve demonstratIOn of what could or should be done They felt that It would be
eaSIer to convmce the farmers to adopt a new greenhouse model If they could
see It for themselves and venfy that good crop results could be obtamed It
was stressed that the study of Improved greenhouse types would be undertaken
based on the specIfic reqUIrements of the mdIvIdual countrIes and theIr
clImatIc condItIOns ThIS program component would therefore be Implemented
as an applIcatIOn of the overall clImate charactenzatIOn mItIated by APRP

M 3 ApplIed research

M 3 I AutomatIOn Develop SImple automatIOn deVIces for ventIlatIOn, humIdIty
control and IrngatIOn management

M 3 2 ClImate control

• Expenments should be conducted on Improved coolIng systems
(evaporatIve coolmg) whIch can be locally manufactured and mamtamed
WIth nozzles and pads adapted for use WIth brackIsh water

• The most appropnate combmatIOn of shadmg, ventIlatIOn and coolmg
needs further mvestIgatIOn A prelImmary assessment could be made
through eXIstmg greenhouse clImate models avaIlable m ED countrIes
(France, The Netherlands, BelgIUm) and by usmg specIfIc clImate data
(radIatIOn, temperature, humIdIty) aVaIlable m the ArabIan Pemnsula

• The control of humIdIty mSIde the greenhouse and more speCIfIcally the
VPD needs to be mvestIgated as part of the ventIlatIOn management
ExceSSIve ventIlatIOn may mduce hIgh evapotranspIratIOn rates and
growth stress due to hIgh VPD (>20 mbars)

M 4 InfonnatIOn management and databases

M 4 1 Contmue WIth the agro-ecological charactenzatIOn, whIch WIll be reqUIred
to IdentIfy the areas (SItes) WIth the best potentIal for the greenhouse-crop sector
(temperature, radIatIOn, ETP, water aVaIlabIlIty and qualIty) Integrate thIS
mformatIOn usmg CLAC and GIS expenence and data

This actiVIty is considered of high importance for the AP countries and
should serve as a powerful tool for the selection of areas (sites) which have
the highest agro-ecological potential for the development of the
greenhouse-crop sector The countrIes emphaSIzed that It should be lmked to
GIS whenever thIS was already avaIlable m the country

M 4 2 Wnte and publIsh a techmcal handbook on greenhouse management m
the ArabIan Penmsula

The participants showed a high level of interest in this activity-the
region is lacking scientific and technical documentation specific to the
Arabian Peninsula.
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M 4 3 Make an agro-economIc assessment to evaluate greenhouse crop
productIOn m wmter only (wIth ventIlatIOn only), versus year-round cultIvatIOn
(mcludmg coolmg) An 'mput-output' approach should be adopted to substantIate
the study economIcally

It was mdIcated that thIS assessment should be made WIth due consIderatIon
for the clImatIc zones m mdIvIdual countrIes

Long Term

L 1 Trammg

L 1 1 Trammg of sCIentIfIC staff at Masters and PhD degree level

L 2 ApplIed research

L 2 1 InvestIgate the potentIal for the use of paSSIve solar heatmg systems

Networking Activities

Networkmg mvolves the actIve and voluntary partICIpatIon and contnbutIOn of
members m selected countrIes WIth some addItIonal fundmg from outSIde These
actIVItIes are m addItIOn to those mentIOned m the chapter on Networkmg

A Trammg

• Jomt trammg courses and trammg workshops on selected tOpICS (e g
vegetable-seedlmg productIOn, IdentIfIcatIOn of msects and other pests,
IrngatIOn management, fan-and-pad coolmg operatIOn)

B Jomt applIed research projects

• PartICIpatIOn of a restrIcted number of countnes m a well-defined project
of mterest to the regIOn WIth a clearly defined obJectIve, quantIfied
outputs and a preCIse tIme-frame
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Soilless Culture and Water Use Efficiency

Soilless Culture and Water Use Efficiency for
Greenhouses in Arid, Hot Climates

S W. Burrage
Wye College, University ofLondon, Wye, UK

Abstract

SOIlless cultIvatIon IS IntensIvely used In protected agnculture to Improve control
over the grOWIng enVIronment and to aVOId uncertaIntIes In the water and nutnent
status of the sOlI It also overcomes the problem of SalInIty and the accumulatIon
of pests and dIseases

SOIlless culture IS carned out In two maIn ways FIrstly, by USIng an Inert
substrate Rockwool IS the most wIdely used, although matenals lIke perlIte, sand,
gravel and rock-lIke ChlppIngS are also used OrganIc matenal such as peat IS
sometImes used Secondly, true hydroponIc technIques where there IS a mInImUm
of substrate and plants are generally grown In a recIrculatIng nutrIent solutIOn

In the past the substrate systems have been 'open' WIth the surplus nutrIent
runnIng to waste ThIS has been wasteful of water and nutrIents and has resulted In
pollutIOn of groundwater DIsposal of the used substrate has also resulted In an
addItIOnal poIIutlOn problem As a result of thIS there has been a reductIOn In the
amount of substrate used and the development of 'closed' substrate systems ThIS
has brought substrate systems closer to the true hydropOnIC systems lIke nutnent
fIlm technIque

NutrIent film technIque (NFT) maXImIzes water-use effICIency by recyclIng all the
water and nutrIents not used by the plants A thIn fIlm of nutrIent solutlOn
maIntaIned between two polyethylene sheets IS prOVIded to the plant roots, WhICh
grow Into It A pump delIvers the solutlOn to the hIgher end of the system, and the
solutlOn then flows under graVIty back towards a storage trough (the system
reqUIres a mInImUm l-In-IOO gradIent) Because of the nsks of power and pump
faIlure, most systems have both a back-up power supply and two pumps Control
of nutrIent concentratlOn IS cntIcal and tends to be automated VIa a conductIVIty
meter, however, cautlOn IS reqUIred because of the nsk of non-nutrIent salt bUIld
up gIVIng false nutrItIon readIngs The maIn reqUIrement In changIng from a S011
based system to NFT IS the upgrade In management slGlls-the whole system
reacts much faster than conventlOnal agnculture, and so needs more careful
mOnItonng and closer management
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Cucumber In a closed sOllless system at AI Sulazteen Agncultural
Complex (Qatar)

Summary of Major Issues Arising and Discussion

TradItional techmques m protected agnculture may be hIghly productive but theIr
relatlVe use of water may be hIgh due to run off and mfiltratIon, thus, the water
use efficIency may be relatively low In and countrIes, rapId evaporatIOn from the
soIl surface may also lead to salmlty problems SOIlless technIques offer a way of
Improvmg water-use effiCIency and obtammg better water management m crop
production

A good grower may achIeve the same yIeld m soIl as m SOIlless cultivatIOn, but IS
hkely to use 50-100% more water as a result of water losses from over-watermg
the SOIl and evaporatIOn from the soIl surface If we conSIder yIeld per umt of
water apphed, SOIlless systems may mcrease yIeld substantIally over SOIl-based
systems

There are two mam types of SOIlless cultivatIOn

Open systems where the water and nutrIents are supphed as m conventIOnal SOIl
culture and the surplus (about 25%) nutnent and water IS allowed to run to waste
The attractIOn of thIS technIque IS ItS simIlanty to SOIl as a growmg medIUm and
many SImIlar technIques have been developed usmg a vanety of mert medIa such
as rockwool, sand, vermIcuhte, perlIte and pumIce The two most Important
features relatmg to the substrate are that It IS mert and that It has a great water
holdmg/release capaCIty The mamtenance of an appropnate water and nutnent
level withm the substrate IS essentIal to prevent plant stress
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ProductlOn ofcucumber In

sand bags-open ~Ollless

system. OUorza Research
StatlOn (Qatar)

Waste substrates can be used as a sOlI condItIOner but ItS use IS very lImIted
Rockwool can be recycled (re-used) for up to three years, after whIch It loses ItS
water-holdmg capacIty

A major dIsadvantage of open systems IS that a proportIOn of the water and
nutrIents must be allowed to run to waste ThIs lowers water-use efficIency and
contamInates groundwater supplIes wIth salts There IS also a pollutIOn problem
anSIng from the need to dIspose of the substrate on an annual or bIannual basIs

Closed systems, such as nutrIent film technIque (NFT), where a film of solutIOn IS
trapped between two sheets of polyethylene to fonn a growmg channel ThIs
prOVIdes a good contact between the recIrculatmg solutIOn and aIr, whIch IS
suffiCIent to maIntam the oxygen level reqUIred by the roots wIthout addItIOnal
aeratIOn of the solutIOn Because the solutIOn IS contmually mOVIng, there IS very
lIttle short-tenn vanatIon In salImty, unlIke In the SOlI where salImty rIses and falls
wIth the water content It IS pOSSIble, therefore, to grow plants m much hIgher
salImty m NFT solutIOns than would nonnally be used m SOlI-based productIOn

The maIn advantages of the closed systems over the open ones are the reductIOn In
water and nutrIent loss to the enVIronment resultIng In better water-use effiCIency
Also, closed systems use mInImal substrate, so the problem of pollutIOn of the
enVIronment from ItS dIsposal IS also reduced

Advantages of soilless systems

• Nutnents and water are applIed more evenly to the plants, therefore
reducmg wastage and prOVIdIng a SItuation closer to the Ideal grOWIng
condItIOns

• SOIlless cultIvatIOn has the capaCIty for mcreased yIeld Improvement In
crop productIOn could be more than lO-fold
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Tube culture techmques for the productwn ofstrawbernes on razsed benchec\
-an example ofa closed system (QUona Research Statwn, Qatar)

• The system can be automated to control and mamtam the nutrIent levels m
the solutIon

• One Important dIfference between NFT and soil-grown crops IS that m
NFT water and nutrIents are brought to the roots as they are contmually
bathed m the solutIOn, whereas m the sOlI the roots must grow through the
sOlI to obtam water and nutrIents

• Water-use efficIency can be at least doubled compared wIth sOlI-grown
plants, smce water IS only mtroduced mto the system when It IS lost
through the plant

• Allow preCIse momtonng and control over the nutrIent solution whIch
mmimizes water and fertIlizer usage and maXImIzes productIOn

• SolutIOn concentratIOn may be used to control growth, ega hIgh
conductivIty nutrIent solutIOn stresses the plant reducmg vegetatIve
growth

• The nsks of dIsease spreadmg to the crops m NFT are relatively low The
use of chemIcal msecticides and fungICIdes m solutIOn IS an effective
control measure

• In cucumber grown m NFT a small amount «1 %) of sIlIca m the solutJOn
gIves good protectIOn agamst powdery mIldew

• The Imtial mvestment m structure, troughs, etc, and control systems IS
returned by the Improved effiCIency m the use of water and the conSIstent
quality and quantIty of crops produced

The bIggest reqUIrement when changmg from conventIOnal to sOIlless cultivatIOn
IS the upgradmg of management FaIlure to do thIS can result In faIlure of the
whole system The SImple reason IS that, In tradItional productIOn the sOlI acts as a
buffer to the deCISIOn-makIng process In sOIlless grOWIng there IS less of a buffer,
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the reactIOn tnne of the crop to changes m nutnent-solutIOn supply IS less and
deCISIOns have to be taken at relatIvely short notIce The systems have to be
actIvely managed

Disadvantages of soilless systems

The mam dIsadvantages of sOIlless systems are the mltIal cost and the mcreased
techmcal demands on the management

It IS easy to adopt hydroponICS technology The pIpe-work IS standard EqUIpment
for measunng pH and conductIvIty, and (If possIble) for conductmg solutIOn
analysIs IS needed Ready-made nutrIent solutIOns for hydropomcs are aVaIlable on
the market Management of a hydroponIcs system IS a mater of expenence It IS
advIsed that workers (researchers, extensIOn workers and growers) should start
small wIth sOIlless techmques and develop confIdence m the system

Future Activities and Research Priorities

Water-use effIcIency IS consIdered one of the most Important Issues for protected
agrIculture m the ArabIan Penmsula (AP) It IS mamly lmked WIth growmg
techmques and systems The use of cultIVatIon systems appropnate to each
condItIon (SOlI or sOIlless cultIvatIOn) IS strongly adVIsed, but conSIderatIOn should
be gIven to altematIVe technIques and to the development of related technologIes

Training

The partIclpatmg countrIes recognIzed the Importance of conductmg trammg
programs m water and water management for dIfferent target groups usmg local,
regIOnal and mtematIOnal resource persons

Major Issues for trammg mclude

1 Management of greenhouse lITIgatIOn systems

2 SOIlless culture techmques

3 Nutnent solutIOn composItIOn and management
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Applied Research and Experiments

ActiVIties wIth research expenments were consIdered hIghly Important for the AP
The major research Issues that are hIghly recommended are

• Water reqUIrements conduct expenments to determme water
reqUIrements for vanous crops under dIfferent greenhouse condItIOns

• IrngatIOn systems and techmques Improvements on eXlstmg IrngatIon
and fertIgatIOn systems wIth the aim of reducmg water and fertIlIzer
wastage

• SOIlless culture adaptation and development of SUItable SOIlless culture
ThIS would reqUIre many expenments on
o Growmg medIUm
o NutrIent solutIOn compOSItIOn and formulation
o SolutIOn temperature
o Crop and cultlvar responses

Information and Technical Publications

There IS a lack of up-to-date SCIentIfIc and techmcal documentatIon speCIfic for
the regIon

• Wnte and publIsh techmcal handbooks and gUIdelmes on
o Modem lITIgatIon systems for greenhouses
o SOIlless culture techmques and management
o Plant nutrItIon and fertIgatIOn.

• Study the economICS and techmques of producmg transplants m
centralIzed nursenes usmg SOIlless technIques

• EconomIC assessment of dIfferent growmg systems ThIs assessment
should take mto account productIOn per umt of water, labor, and land

Networking and Databases

• Develop regIOnal mechamsms to exchange expenence and to transfer
avaIlable technologIes between the countrIes of the regIOn

• Poolmg aVailable knowledge on
o Crop water-reqUIrements
o NutrIent reqUIrements and nutrIent-solution compOSItion
o Control systems and automatIon
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Postharvest Issues for Protected Agriculture
Production

Postharvest Handling and Monitoring of Quality for
Vegetables Produced in Greenhouses in Hot, Arid Climates

Wllfned H. Schmtzler
Institute for Vegetable SCience, Techmsche Umversttat Munchen, Frelsmg, Germany

Abstract

The general trend for mcreased vegetable productIOn throughout the world may be
attrIbuted to Improved cultlVars, agncultural technology and mcreased demand
Increased consumer demand IS partly as a result of mcreased awareness of the
nutntIOnal value of such food However, consumers also demand a certam (hIgh)
qualIty m vegetable produce Postharvest losses account for 10-50% of harvested
vegetables world-wlde-a SIgnIficant waste Losses may be caused by natural or
handlmg processes, but all must be reduced RespIratIOn and transpIratIOn (whIch
contmue after harvest) are key to natural decay and reqUIre careful control VIa
handlIng and envIronmental optImIzatIOn (temperature, relatIve humIdIty, aIr
compOSItIOn) To maXImIze vegetable shelf-lIfe, only good-qualIty vegetables
should be harvested, and these eIther early or late durIng the day at the nght stage
of matunty-qualIty can only be maIntamed after harvest, not Improved Careful
handlmg at all stages IS needed to prevent phySIcal damage If possIble, transport
and storage faCIlItIes should be refngerated (to optImum storage temperature),
otherWIse transport should be done dunng cooler parts of the day and other
coolIng mechamsms used (e g shadIng or reflectIve contaIners) QualIty standards
need to be momtored, and certaIn aspects (e g pestICIde use and reSIdues) should
be covered by governmental legIslatIOn

Summary of Major Issues Arising and Discussion

Consumers expect vegetables to be of a certaIn qualIty when they buy them
Proper postharvest handlIng IS a complementary factor that can mInImIZe
vegetable detenoratIOn between harvest and consumptIOn Postharvest losses are
due to technologIcal or non-technologIcal cause::.

Postharvest losses mclude phYSIOlogICal changes and VItamIn C degradatIOn of
vegetables, these may be affected by postharvest temperature and respIratIOn rate
PhySIOlogIcal losses-e g detenoratIOn m texture, flavor and aroma-are less
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ObVIOUS, but add to the losses of vegetables RespIratIon rate IS a good mdex of the
potentIal postharvest lIfe of a vegetable smce It mcreases WIth the rate of
detenoratIOn

Rough and careless plckmg, packmg, loadmg and unloadmg cause mechamcal
damage Rots are usually the greatest smgle cause of loss because most mlcro
orgamsms enter through mechamcally damaged tIssues

Vegetables contam as much as 80-95% water Water IS lost not only through
respIratIon, but also through transpIratIon and other metabolIc processes
Temperature, relatIve humIdIty, gases, mlcro-orgamsms and msects are the most
Important envIronmental factors that affect water loss from vegetables

Three mam factors reduce losses controllmg growmg factors, harvestmg good
qualIty vegetables and aVOIdmg phySIcal damage The cultlvar, condItIOns durmg
growth, the amount of care provIded dunng production m terms of water supply
and nutrIent elements, and the control of msect pests, dIseases and weeds
determme the qualIty of the produce at harvest and subsequently

A SImple and mexpenSIve way of mmlmlzmg losses after harvest IS to practIse
care m harvestmg and throughout the handlmg cham Another Important pomt to
remember IS that, once harvested, the fruIt'S qualIty can only be mamtamed, not
Improved Thus, It IS best to start wIth good-qualIty vegetables and mamtam theIr
condItIon

For easy, qUIck and cost-effective methods of momtonng the postharvest
envIronment, the use of btosensors or 'electromc nose' IS a potentIally useful
future approach

The ultimate need for hIgh qualIty IS to mamtam the freshness of vegetables,
mmlmlze theIr detenoratIOn, and Improve other qualIty aspects ThIS can be
achIeved through controllmg growmg factors, selectmg the best cultIvars,
appropnate vegetable matunty, selectmg good-qualIty vegetables at harvest, pre
coolmg, avoldmg phySIcal damage, and controllIng abIOtic and bIOtiC factors

The dISCUSSIOn of thIS paper was entIrely about pestIcIde reSIdues The question
arose as to who provIdes the standards for allowable pesticIde reSIdues m
(protected) agncultural produce, are the standards the same for example m the EU
as they are m the ArabIan Pemnsula (AP) countrIes? It seems that there IS as yet
no umform law (standard) on pestIcIde reSIdues m the EU, at present, each country
has ItS own standards The relevant laws usually regulate the crops to whIch a
pestIcIde may be applIed, the number of applIcatIOns per season, and the duratIOn
between the last applIcatIOn and harvest (whIch has a dIrect mfluence on the
reSIdue level m the harvested product), m addItion to allowable (safe) reSIdue
levels m marketed produce Globally, It seems that only a few countnes have stnct
pestIcIde-resIdue regulatIon, for example the USA, Japan and EU countnes
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In response to a questIOn about whIch AP countrIes apply resIdue regulatIOns, or
are at least trymg to estabhsh standards for such, Oman has a toxIcology
laboratory and has been prepanng standards smce 1996 However, they have a
major problem wIth protected-agnculture (PA) cucumber, as the last pestlC1de
spray IS too close to the harvest date and delay of harvest results m oversIzed
cucumbers DIseases of PA cucumber are not the mam concern, as modem
fungIcIdes have low (human and envIronmental) tOXICIty and the fruIt can be
harvested shortly after the last spray InsectIcIdes, however, are a bIgger problem
In fact, there are no msectIc1des currently approved for PA cucumber m
Germany-the only answer to msect pests IS bIOlogIcal control, but even here It IS
unhkely that Imported b10control agents would be effectIve, so research IS needed
to IdentIfy sUltable orgamsms m the AP countrIes themselves

Kuwalt has strong pestIcIde research Control IS Implemented through mspectIOns
conducted by both the agnculture department and the mumc1pahtIes In addItIon,
KUWalt1 consumers are partlCularly alert to the quahty of food products

Two useful references for those seekmg to estabhsh pestIcIde-resIdue standards
are the FAO Code of Conduct fO! Safe Use of PestiCides and the FAO/WHO
Codex Ahmentans

One of the mam Issues of pestIcIde resIdues IS that standards need to be enforced
and pohced In the UK, supermarkets set theIr own rules and regulatIOns, and test
produce before buymg In contmental Europe, there IS closer contact between the
farmers and the trade, whIch results m contract farmmg and consequent 'safer'
produce

Vegetables grow m a very short tIme under PA and tImmg of harvest IS cntlCal
(often dally) Thus, spraymg IS sImply not an optIOn Integrated productIOn and
protectIon management (IPP) recogmzes that It IS essentIal to combme productIOn
and protectIOn management It IS really the only way forward for PA, although It IS
costly The cost repays Itself through quahty produce WIthout the need to resort to
'orgamc' farmmg

Future Activities and Research Priorities

Start quahty management m the fIeld

Estabhsh quahty cntena accordmg to the market and consumers' reqUlrements
(SIze, color, gradmg, etc)

RatIOnahze the use of chemIcals to aVOld resIdues m harvested produce

Introduce proper storage fac1htIes
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Integrated Plant Production and Protection

Recent Developments in Integrated Production and
Protection Management for Greenhouse Crops Cultivation

Wllfned O. Baudoin
Plant ProductIOn and Protection DIVIsion, FAO, Rome, Italy

Abstract

The paper gIves an overvIew of the expanSIOn of the greenhouse sector, with
specific reference to the MedIterranean regIOn, where greenhouse cultIvatIOn has
wltI1essed spectacular development dUrIng the last 15 years Reference IS made to
the partIcular mterest of greenhouse crop technology m the context of FAO's
specIal program for food securIty The mtensificatIOn of crop rotatIOn under
protected agrIculture IS posmg a threat to the envIronment, through the mcreased
use of pestIcIdes and the dIsposal of dramage water and waste products Integrated
productIOn and protectIOn management (IPP), IS proposed as a strategy to develop
an economIcally vIable and sustamable productIOn system whIch should lead to a
substantIal reductIOn m the use of pestIcIdes and the preservatIOn of the
enVIronment Adequate cultIvatIOn practIces m conjunctIon with coordmated
clImate control and use of Improved cultIvars are essential components of IPP,
WhICh mcludes mtegrated pest management (IPM) ExperIences gamed and
actIVItIes undertaken by the FAO RegIOnal Workmg Group for Greenhouse Crop
ProductIOn m the MedIterranean RegIOn are used as an IllustratIon
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Integrated Foliar Disease Management for
Greenhouses in Arid, Hot Climates

Mohamed Abdel-Latlf Nofal
Plant Pathology Department, NatIOnal Research Center, Giza, Egypt

Abstract

Integlated folIar dIsease management (IFDM) IS the utIhzatIOn of all smtable
techmques to prevent leaf-dIsease outbreaks or to reduce leaf-dIsease spread
below economIC threshold In protected agnculture, IFDM compnses greenhpuse
samtatIOn (weed control outsIde the greenhouse, removal of crop debns, sOlI
stenhzatIOn, and washmg greenhouse walls wIth stenlant), phySIcal control
(msect-proof screens, stIcky traps, envIronmental regulatIOn-plant nutntIOn,
temperature, lrngatIOn levels, free water, hmTIldity and air circulatIOn-, and
locatIOn of greenhouse), cultural practIces (host-plant resIstance/tolerance, crop
rotatIOn, dIsease-free seed and transplants, stenle growmg medIa, and worker
behavIOr m handlIng dIseased and healthy plants), bIOlogIcal control (antagomsts
of disease-causmg orgamsms), and, chemIcal control (lnTIlted use of fungICIdes)
The aim IS to reduce pestIcIde use (whIch contammates the enVIronment),
although fungICIde wIll remam an essentIal component of IFDM for the
foreseeable future [The full paper reVIews 26 dIseases affectmg four groups of
greenhouse crops]
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Integrated Management of Soilborne Pests for
Greenhouses in Arid, Hot Climates

James J Stapleton
Kearney Agncultural Center, UniversIty of CalIfornIa, ParlIer, USA

Abstract

SOIlborne pests (fungI, bactena, nematodes and weeds) may severely hmlt
productlOn 111 protected agnculture Pests may be naturally present 111 the solI, or
may be 111troduced through alr, water, cultural practtces, or mfected seed or
transplants Integrated pest management (IPM) IS bemg developed to reduce
dependency on pestIcIdes The focus of IPM for protected agnculture should be
plant root health Components ofIPM 111clude cultural practtces, blOloglcal control
and physIcal methods For and, hot envIronments, the use of solI solanzatton IS
recommended It IS paSSIve sOlI-heatmg, provldmg effecttve, low-cost sod
dlsmfestatlOn Solar energy IS captured usmg clear plasttc or glass sheets
(penmttmg 90-98% hght transmlsslOn) and may ralse sod-surface temperature to
75°C (suffiCIent to k111 many fungI, bactena, nematodes and weeds) The actIVIty
combmes physIcal effects (heatmg) wIth chemIcal (hydrothermal breakdown of
orgamc matter) and blOloglcal shIfts (recolomzatlOn of dlsmfested SOlI by fast
growmg mlcro-orgamsms) In hot, and envIronments, SOlI solanzatton alone
should adequately control sOllborne pests, however, cool weather, heat-reSIstant or
deeply buned pests may necessItate the use of low doses of pesttclde or blOactlVe
orgamc matter mcorporated mto the sOlI, combmed wIth solanzatlOn The use of
bIOacttve orgamc matter (or blOfumlgatIOn) reqmres field-testmg to determme
appropnate doses Sod solanzatton IS most useful m greenhouses or contamenzed
sOlI-m whIch effectIve control can be achIeved m 1-7 days ExcessIve heatmg
must be avoIded, otherwIse sOlI orgamc matter may be decomposed
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Summary of Major Issues Arising and Discussion

The Need for an Integrated Plant Production and Protection Strategy

The mcreased use of pestIcIdes and the dIsposal of dramage water and waste
plOducts calls for the development of an mtegrated productIOn and protectIOn
management (IPP) program for vegetable productIOn m protected agrIculture
smtable for the ArabIan Penmsula

The essentIal components of IPP are SImIlar to those of mtegrated pest
management (IPM) wIth more emphasIs on the productIOn techmques and
actIVItIes and the management of the greenhouse These essentIal components are
(1) coordmated chmate control m the greenhouse, (11) adequate cultIvatIOn
practIces, (111) the use of Improved adapted cultIvars, whIch together w111 reduce
dependency on use of pestICIdes and prOVIde adequate control of msect pests and
dIseases whIch senously hmIt crop productIOn m protected enVIronments

Pesticides and Health Hazards

Pubhc awareness about health hazards whIch accompany the extenSIve use of
pestICIdes m many countrIes around the world IS pushmg growers to use less and
less of these chemIcals m vegetable productIon m general, and m protected
agnculture m partIcular Growers are everywhere profIt dnven In the ArabIan
Pemnsula, at least at present, consumers are not prepared to pay hIgher pnces for
'orgamc' or 'bIO-products' However, thIS could change m the near future, and
consumers mIght shIft to buymg products wIth labels mdIcatmg that ecologIcally
fnendly approaches were used m theIr productIOn Growers need to be prepared
for thIS market evolutIon Encouragmgly enough, some markets m the regIon (e g
Egypt) are respondmg POSItIVely to orgamc fannmg

It IS obVIOUS that there IS a pubhc demand to reduce the use of pestICIdes as much
as pOSSIble In the short tenn, It IS unltkely that we can produce crops
economIcally m protected agnculture wIthout usmg pestICIdes A better approach
IS mmunal use of pestICIdes, wIth emphasIs on those that are selectIve Other
control strategIes need to be used, such as resIstant vanetles, bIOlogIcal control,
and appropnate cultural practIces-components of IPM However, to succeed m
adaptmg IPP approaches, research under local enVIronments IS essentIal to pennlt
the development of IPM packages whIch WIll be acceptable to the growers

In the long term, however, and WIth heavy mvestment m research on bIOlogIcal
control, bIOtechnology, SOlI solanzatIOn, etc, we mIght be able to achIeve zero or
close to zero pestICIde use Some countrIes (e g SWItzerland) are already
producmg grapes WIthout spraymg the crop A few years ago, nobody would have
nnagmed thIS to be pOSSIble We need to be optn11lstIc
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Solarization and Soilborne pests

Plant root health IS essential to produce a good crop and an IPP approach to
control SOIlborne dIseases and msect pests should mclude cultural practices,
bIOlogIcal and physIcal control methods

Smce an and, hot clImate IS prevalent m the ArabIan Pemnsula (AP), the use of
soIl solanzatIOn IS hIghly recommended SOlI solanzatIOn under AP condItions
may raise SOlI surface temperature to 75°C, suffICIent to kIll many soIlborne fungI,
bactena, nematodes, msects and weeds

The use of bIOactlVe orgamc matter (bIOfumigatIon) enhances heatmg effiCIency
by soIl solanzatIon, but thIS reqUIres fleld-testmg under AP condItIons When
applymg solanzatIon, however, It IS essentIal not to excessIvely heat the SOlI to
aVOId SOlI orgamc-matter decomposItIOn

Concern was expressed that solanzatIon could be harmful to benefiCIal orgamsms
m the SOlI, such as mycorhizae, WhICh have a pOSItIve role m reducmg stresses and
nTIprovmg nutrIent up-take Even though there IS lIttle research m the regIOn to
properly address thIS Issue, the general feelmg IS that temperatures below 45°C
WIll cause lIttle damage When temperatures exceed that level, It IS expected that
the mycorhIzae populatIOn decreases, but returns to ongmallevels m 2-3 weeks

The addItIOn of chIcken manure or crop reSIdues (e g of cabbage), at the rate of 5
tonnes per hectare, greatly enhanced the effiCIency of solanzatlOn m controllmg
SOIlborne pathogens There was no dIfference between mcorporatmg a fresh crop
reSIdue or lettmg It dry on the soIl surface before mcorporatmg It mto the soIl It IS
essentIal not to use too much reSIdue, as thIS could have negatIve effects

Integrated Pest Management

It IS essentIal to apply IPM approaches to control dIseases and msect pests whIch
attack the above-ground parts of the plant Growers often choose to use pestIcIdes
excessIvely for control There IS some progress m the AP m thIS dIrectIon, but
expenmentatIOn should be mcreased to make full use of the avaIlable technology
at the growers level The mam components of such an IPM strategy ale (1)
greenhouse samtatIOn, (11) phySIcal control (msect proof, StICky traps, etc ), (m)
cultural practIces, mcludmg host reSIstance and healthy seeds or seedlmgs, and
(IV) bIOlogIcal control

BIOlogIcal control of msect pests and dIseases, m the short term, should be the
subject of research, usmg bIOlogIcal-control agents mdigenous to the AP It IS also
essentIal to define the optImal condItIOns under whIch such mdlgenous biologlcal
control agents WIll achIeve theIr full potentIal AgrIcultural research statIOns and
umversitIes m the AP can collectIvely contnbute sIgmficantly to such an effort

77



Training In Integrated Plant Production and Protection

Trammg needs should be IdentIfIed at the regIonal and country levels Based on
such an assessment, the most appropnate trammg matenal WIll be desIgned to
fulfill the needs and serve the country where It WIll be used Such trammg matenal
WIll, as much as possIble, be based on aVaIlable expenence m the regIOn

There are some technologIes avaIlable, whIch can be adopted m several regIOns,
e g the productIon of healthy, hIgh-qualIty seedlIngs

There are also some publIcatIOns aVaIlable, produced over the last decade by
dIfferent InstItutIOns and mternatIOnal orgamzatIOns, whIch can serve as a good
startmg pomt WIth some up-datmg of the detaIls Nevertheless, the baSIC pnncipies
are avaIlable

lmplementatlO/l of
IPP at the Research
StatIOn m Bahram
ThIs Illustrate<o the
U5e ofplastIc mulch,
vellow stICky trap5,
ll/sect-p' oaf /lets all
I'ent opelllng\ and
115e ofa double dour
With Imeet-proof
net5

Future Activities and Research Priorities

The IdentIfied actIVItIes needed to enhance IPP m the ArabIan Penmsula cover (1)
surveys, (ll) research and demonstratIOns, (111) trammg, (IV) networkmg, (v)
database development, and (VI) polIcy recommendatIOns ActIVItIes wele put m
three categones short term-actIVItIes that can be ImtIated ImmedIately, medIUm
term-actIvItIes that can be conducted dunng the commg 2-5 years, and long
tem1-actIvItIes for the commg 5-10 years

Short Term

S 1 Surveys-to permIt pnontIzatIOn of dIfferent actIVItIes related to IPP of crops
m protected agnculture, It IS essentIal to conduct the followmg surveys
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S lITo IdentIfy productlOn constramts specIfIc to dIfferent countnes of the
ArabIan Pemnsula

S 1 2 To deten11lne the economIC Importance of dIfferent pests affectmg
protected agnculture m each of the ArabIan Penmsula countnes

S 2 Research and DemonstratIOn ActIvItIes

S 2 1 To penmt rapId Impact m protected agrIculture, It IS essentIal to make use
of the aVaIlable technologIes and demonstrate theIr usefulness In growers'
greenhouses These technologIes, however, could be modIfied at a later stage
based on research conducted m the ArabIan PenInsula countnes

S 2 2 There are many sImple technologIes avaIlable for ImmedIate use by
fanners, whIch are effectIve In many regIOns around the world and can be easIly
adopted by growers m the ArabIan PenInsula These technologIes are

• proper ventIlatIOn
• water applIcatIon technIques
• coolmg technIques
• supplementary heatIng
• appropnate cover matenals for

the greenhouse
• use of screens for greenhouse

openmgs to protect from msect
vectors of VIruses

• use of SOlI mulches
• control of SOIlborne pests by soIl

solanzatlOn
• use of healthy seeds and

transplants
• pollmatlOn
• fertIgatIOn
• applIcatIOn of general hygIene

prmcIples

S 3 Trammg-traInmg growers, producers (owners), workers (techmcIans) and
extenSIOn staff m IPP approaches

S 4 Networkmg on IPP-It IS essentIal to exchange expenence and mfonnatlOn
related to IPP among all workers m the ArabIan Pemnsula Development of
databases to mclude all eXIstIng InfOrmatIOn on IPP and to make It a\ mlable to
research and extenSIOn staff

S 5 PolIcy RecommendatIOns-even though there was a general consensus that
polIcy Issues are the responsIbIlIty of offiCIals In the respectIve countnes of the
AP, there was agreement among partIcIpants that SCIentIfIc staff Involved In IPP
can prOVIde techmcal recommendatIOns to polIcy-makers In AP countnes
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Medium Term

M 1 Research

MIl Contmue all ImmedIate actIvItIes mentIOned above under Short Term

M 1 2 Develop economIC thresholds for the most economIcally Important pests
Such thresholds are Important as gUIdes for the development of IPP packages

M 1 3 Encourage the pnvate sector to develop central nursenes

M 1 4 IdentIfy mdlgenous bIOloglcal-control agents for the economlCally
lmportant pests m AP

M 2 Database Development

M 3 Pollcy RecommendatIOns

M 3 1 Develop recommendatIOns related to pestIcIde apphcatIOn regulatIOns,
lesldue levels and the 'safe penod' before harvest

M4 Trammg

M 41 Contmue trammg as mdIcated for the Short Term

M 4 2 Develop SImple color manuals for pest IdentIflCatIOn, IdentlfIcatIOn of bIO
control agents, apphcatIOn of solanzatIon and mtegrated pest management

M 4 3 Indlvldual trammg on specIflc areas

Long Term

L 1 Pollcy RecommendatIOns

L 2 Research on econ01111C vIabIhty of productIOn and governmental actIOns
reqUIred to assure vlablhty

L 3 Research on optu111zatIOn of usmg mputs for IPP

L 4 Research on appllcatIOn of blOloglcal control based on the use of mdIgenous
bIO-control agents

L 5 TI ammg of sClentIflc staff at MSc and PhD level
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Regional Networking

Regional Networks for Protected Agriculture in the Arabian
Peninsula in View of the Mediterranean Experience

A. Papasolomontos
NICOMa, Cyprus

Abstract

TechnIcal cooperatIOn networks are playmg an mcreasmgly Important role m
agncultural research and development Well-conceIved, adequately funded and
well-managed networks can lead to effectlve utllIzatlOn of aVailable resources and
early results Successful networks are usually preceded by an m-depth study for
theIr necessIty and membershIp Expenence has mdIcated that networks could
develop more efficIently If membershIp IS InItlally made up of a small number of
research centers or countrIes, keen on cooperatIOn among themselves and wIth
some ongomg research program m the general mandate area of the proposed
network's actIvItIes ExpansIOn can follow later The RegIOnal Workmg Group on
Greenhouse Crop ProductIOn m the MedIterranean IS made up of 11
MedIterranean countrIes and was founded m 1993 It IS funded by FAO and
through ItS four technIcal workmg groups covers actlvItles m all aspects of
protected agrIculture m the regIOn WIth the lImIted fundmg at ItS dIsposal and
bIannual meetmgs not regularly attended by all ItS member countnes, It has never
the less managed to coordmate and aSSIst m trammg and mformatIOn flow to and
from the vanous countrIes Its long-term VIabIlIty IS substantlally dependent on
contmued donor support In VIew of sImIlantles of productIOn Issues under
protected agrIculture between the MedIterranean and the ArabIan Penmsula It IS
suggested that consideratlon be gIven m creatmg a SImIlar network for the ArabIan
PenInsula

A lmkage between the two networks IS potentlally deSIrable A possIble structure
for the projected network compnses a NatIOnal CoordmatIOn Center, a Network
CoordmatIOn Board and NatIOnal LIaISOn Centers Fundmg for the network IS of
cruCIal Importance for ItS long-term growth and VIabIlIty, and may be achIeved
eIther from donors or through an annual subscnptIOn from member
countrIes/mstltutlons
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Summary of Major Issues Arising and Discussion

Networks ann at maxm1Izmg the use of local expertIse and resources among
cooperatmg countrIes, and hence place comparatIvely less relIance on external
manpower support The prmcIpal advantages of establIshmg a research network
are the fostenng of collaboratIOn among sCIentIsts m vanous countrIes and
exchangmg mfonnatIOn Agncultural networks m AfrIca and the UK also serve as
channels for the dIssemmatIOn of mfonnatIOn about new crop cultlVars The mam
dIffIcultIes, however, are mamtammg and fundmg an ongomg research-and
development program

Networks can generally be classIfIed mto three categones

AssocIatIOns wIth a fonnal structure, a constItutIOn or sImIlar agreement
and a Management CommIttee of some sort MembershIp ImplIes an
annual fee Generally, work programs for such networks mclude
publIcatIOns, newsletters, meetmgs for exchange of mfonnatlOn, studIes
and trammg Examples of such networks m the 1eglOn mclude those for
credIt and marketmg, for agncultural research, and the InterregIOnal
CooperatIve Research Network on Ohves

2 AssocIatIOns wIth less fonnal arrangements often mvolved m apphed
research, exchange of mfonnatIOn, trammg, etc In thIs type of network
there IS no constItutIOn as such and members do not pay any annual fee
Instead members provIde mputs m kmd whICh may cover part of theIr
cost A donor or donors provIde the external fundmg needed for the
operatIOn of the network and ad-hoc arrangements eXIst for selectmg the
chmrperson (or coordmator) and other bodIes necessary for the operatIOn
of the network Such networks are often set up wIth a long-tenn operatIOn
m mmd, e g the RegIOnal Workmg Group on Greenhouse Crop
ProductIon m the MedIterranean (RWGGCPM)

3 ASSOCIatIOns, usually of a short-tenn duratIOn, speCIfIcally set up m order
to undertake a speCIfic actIvIty At the end of thIS actIvIty the ASSOCIatIOn
ceases to eXIst Nonnally such aSSOCIatIOns are hIghly successful, because
of theIr speCIfiCIty, adequate fundmg and mterest on behalf of
partIcIpatmg mstItutIOns

Networkmg advantages mclude

• The pOSSIbIlIty of ImtIatmg Jomt programs for speCIfIc problems, often
economIzmg m scarce human and fmancIal resources

• The development of common standards, methodologIes and approaches m
many areas mcludmg commerce

• The faCIlItatIOn of mfoffi1atIOn exchange on a regular baSIS whIch often
allows countrIes to utIlIze each others' expenence and thus aVOId
unnecessary duplIcatIOn
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• The potentIal lmkage between developed and developmg countnes
enablmg resources from the former to be utIlIzed m support of
developmg-country problems Networks also encourage the flow of
external aSSIstance through contacts that develop

• The development ofjomt actIVItIes on a permanent basIs for across-border
cooperatIon m such VItal areas as for example food secunty, mIgratory
pest mformatIOn and control, and m resolvmg trans-boundary Issues (e g
water resources and fISh stocks)

The potentIal cooperatIon of the ArabIan Penmsula countrIes m the field of
protected agnculture could best be served through the settmg up of a network for
protected agnculture The mam objectIves of such a network could be, but not
necessanly ltmited to

• Exchange of mformatIon
• ImplementatIOn ofjomt programs of work
• Exchange of genetIC matenal
• Orgamzation ofjomt meetmgs
• OrgamzatIOn of trammg courses on specIaltzed tOpICS
• Study tours
• Exchange of SCIentIsts (short term-armed at exammmg/advIsmg

on speCIfIc problems and Issues)

For a protected-agriculture network in the Arabian Peninsula it is essential
that a Network Coordination Center be established in order to:

• Act as the coordmation and management entIty of the network
• Orgamze collaboratIve actIVIties/jOmt programs
• Dissemmate mformatIon and publIsh a newsletter
• Orgamze meetmgs, workshops and consultatIons, mcludmg the

coordmatIon leadmg to the preparatIOn of an annual program of
work

• Mamtam connectIOns WIth other regIOnal and mternatIOnal
networks m all aspects of protected agrIculture

It IS adVIsable to start WIth a small number of countrIes and to gradually expand
rather than mclude all countrIes m the ArabIan Penmsula as members, If they are
not at thIS stage ready or really mterested m JOImng the network

An assured source of fundmg WIll be of pnmary Importance for the long-term
VIabIlIty and success of any network on protected agrIculture (PA) m the ArabIan
Penmsula Many of the Issues that networks seek to address move slowly m the
absence of donor funds and proper coordmatIOn (a pomt whIch arose clearly at the
meetmg that establIshed the RWGGCPM), however, part of the sluggIshness of
the MedIterranean Workmg Group was blamed upon the large number of
Techmcal Subgroups ongmally created (14)
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Successful networkmg ImplIes contmued support from governments, mstItutIOns,
sCIentIsts and the farmmg communIty ThIS IS lIkely to occur only If the network
works effIcIently, and produces results whIch reach the farmers and are applIed by
them-mcreasmg productIvIty for the benefit of the country as a whole

The fmdmgs of the vanous Techmcal Subgroups of the RWGGCPM are aVaIlable
to researchers m the ArabIan Penmsula countnes m the form of vanous
publIcatIons (newsletters, meetmg reports, country reports) from both FAO
headquarters and the vanous chaIrpersons of the TechnIcal Subgroups

The poor attendance at the Second CoordmatIOn Meetmg of the RWGGCPM (5
countrIes out of 11) was attrIbuted to the scarcIty of PA SCIentIsts In the vanous
countrIes and to conflIctmg mterests (other meetmgs scheduled at the same tIme)
There was no mdIcation that countnes or representatIves boycotted meetmgs
because they thought the Workmg Group was a 'talkmg shop' rather than an
actIve entIty However, It was the VIew of the speaker that startmg a network wIth
few members and buIldIng membershIp over tIme would be advantageous, he
cIted the example of an olIve-cultIvatIOn network m the MedIterranean, whIch has
successfully followed thIS route, although It IS stIll dependent on donor fundmg

The partIcIpants showed some mterest m developmg regIOnal mechanIsms to
exchange expenence and mformatIOn, and to transfer aVaIlable technologIes
among the countrIes of the regIon The partIcIpants recogmzed the Interest of
exchangIng mformation and know-how In order to speed up the transfer of
technologIes to develop the PA sector m the Arabian PenInsula They agreed that a
pennanent mechamsm for Inter-country cooperatIOn could be establIshed to serve
thIS purpose on a country basIs It was recommended that consIderatIOn should be
gIven to establIshmg a regIOnal network for Greenhouse Crop ProductIOn lJl the
Arabzan Pe11lnsula The network would serve as a framework for

• exchangmg mformatIon (exIstmg technIcal documents, extensIOn
matenal and newsletter)

• developIng a]oInt database
• hostmg the regIonal technIcal greenhouse advIsory commIttee

Two mechamsms for the InItIatIOn of a PA network m the ArabIan Penmsula were
suggested The decIsIOn of startmg a network ultImately revolved around the
questIon of whether such a network would make PA research In the regIOn more
effIcIent and more effectIve ThIS should be answered by the vanous NatIOnal
CoordInators WIthIn the APRP-If they decIded It was the nght way to go, then
adoptIOn of a network should be referred to the APRP RegIOnal Steenng
CommIttee The alternatIve suggestIOn was that the APRP-appomted Protected
Agnculture SpecIalIst should study the Issue of networkmg further and present the
fIndmgs to the Steenng CommIttee The Steenng CommIttee would then
recommend the establIshment of a network to the NatIonal CoordInators for
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agreement and ImplementatIOn EIther way, It was unlIkely that a formal network
would be establIshed at thIS (1 e the Doha) meetmg

Subsequent to the Doha meetmg, a decIsIOn was taken to develop electronIc
networkmg through the Internet-thIs WIll be lmked to the protected agrIculture
sectIOn of the APRP HomePage The first networked mformatIon WIll be the full
text verSIOn of the proceedmgs of the Doha meetmg
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Field Trips

Introduction

One day was set aSIde to enable all the partIcIpants to VISIt four protected
agnculture complexes The dlVersIty of structures, growmg systems and crops
provIded an excellent forum for further dISCUSSIOn of the major themes of the
Workshop

Bnef descnptIOns of the four complexes follow

Horticulture & Greenhouse Experimental Station, Ottoria

The HortIculture & Greenhouse Expenmental StatlOn IS one of three research
statlOns belongmg to the Department of AgrIcultural and Water Research,
Mmistry of Mumcipal Affairs and Agnculture It IS located m the mIddle of Qatar
m Ottona VIllage some 35 km east of Doha

The statIon was establlshed m 1979 The total area of the farm IS 7 ha and conSIsts
of 12 plastIc houses (2160 m2

) In 1984, a modem fiberglass house WIth computer
control was erected The total area of thIS well-eqUlpped umt was 1102 m2 and It
conSIsts of SIX compartments The umt was furnIshed WIth control room, central
computer, small laboratory, stand-by generators and nutrIent film technIque (NFT)
controlllng eqUlpment
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In 1993, a major renovatIOn plan was Implemented whIch mcluded the followmg

• Redeslgnmg of the fiberglass umt WIth some major changes to overcome
problems assocIated WIth onentatIOn

• EstablIshmg a controlled growmg room WIthm the fiberglass umt to
ensure the productIOn of good-qualIty seedlIngs

• Addmg 12 plastIc houses WIth evaporatIve coolmg systems

• Redeslgnmg the lITIgatIOn network for the farm and mstallIng a modem
lITIgatIOn system for the open-field expenmental plots

• Installmg a solar-powered water-pump and lITIgatIOn controller

• Installmg a water desalInatIOn umt

The dynamIC research team of the research statIOn conSIsts of one PhD SCIentIst,
an agrlcultunst, a teclmlclan WIth three aSSIstants, and a foreman WIth 14 laborers

Pm tlclpants ~

C\amllllllg the tuhe
culture tf.:'Chlllqlles.

Hortu_lliture &
Cleenhouse

Etperunell tal
Statzoll

Major Research Activities

1 Development and/or adaptatIOn of new growmg systems and teclmlques WIth
more emphasIs on SOIlless culture

2 Greenhouse management, mcludmg greenhouse coolIng systems, shadmg
systems and matenals, and the utIlIzatIOn of solar power for lITIgatIOn and
water desalmatIOn

3 Crop management m relatIOn to plant denSIty, IrrIgatIOn, nutrItIon, and pest
and dIsease control programs
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4 Crop and cultlvar responses and performance under local condItIons for
cucumber, tomato, pepper, eggplant, lettuce, melon, squash, strawberry,
banana and cut flowers such as roses, carnatIons, and bIrd ofparadIse

Banana productIOn zn protected agrzculture at the Horticulture & Greenhouse
Experzmental StatIOn
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Arab Qatari Agricultural Production Company

Background

The Arab Qatan Agncultural ProductIOn Company was estabhshed by the 58th
decree Issued by HIS HIghness the Amlr of the State of Qatar m November 1989
It IS a Jomt-venture company between the Government of the State of Qatar and
the Arab AuthoTIty for Agncultural & Investment Development (AAAID), and has
capItal assets of47,000,000 QR

Assets

The assets of the Company mclude

• Twelve fiberglass-roofed greenhouses coveTIng a growmg area of 3 ha and
run wIth a computeTIzed fan-and-pad coolmg system

• SIX glass-roofed greenhouses coveTIng a growmg area of 3 ha run by a
computeTIzed fan-and-pad coohng system

• Three green-wholes coveTIng a growmg area of 3 ha, roofed wIth
alummum slots and an msect screen, wIthout coolmg

• SIxteen plastIc tunnels occupymg an area of 5000 m2

• An mdustnal bUIldmg compTIsmg a gradmg and packmg umt, five cold
rooms, two reverse osmotIc desalmatIon plants, offices and a workshop-
other bUIldmgs mclude officIals' resIdence, laborers' camps, store rooms
and a mosque

• Open fields coveTIng an area of 33 ha, of whIch 18 5 ha are sprInkler
lITIgated,3 3 ha drIp Imgated, and 11 2 ha flood 1mgated

ProductIOn of cucumher 1fI

sandbags In cooled multl
span hou<;e. AI ah Qatllll
Agncultural ProductlOll
CompallJ'
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Objectives and Activities

The mam objectIves and actIvItIes of the Company are

1 ContnbutIOn to the agncultural development and food secunty m Qatar

2 ApIcal mtensificatIOn of vegetable productIOn by maximIzmg the
utIlIzatIOn of greenhouses throughout the year

3 Involvement m productIOn of cut flowers and ornamental plants, and
vegetable and flower seedlmgs

4 Vegetable and fodder productIOn m open fIelds
Other actIvItIes mclude mtroductIOn of some European vegetables, sale of some
agncultural mputs and supply of qualIty products for the fresh food market

Products

The mam products of the Company are

Greenhouse
Cucumber
Tomato
Sweet pepper
Snap beans
Okra
Cut flowers
Indoor plants

Open field
Alfalfa
Sweet com
Squash
Celery
Lettuce
Chmese cabbage

Greenhouse Technical Characteristics

Growing media: Coarse washed sand m plastIc bags represent the medIa for
greenhouse vegetables Rockwool and water culture have been elImmated because
of theIr hIgh cost and cntIcal reqUIrements for technIcal operatIOn

Fertigation: Makes use of the A & B tanks' system where 13 macro- and mlcro
nutrIents are fed to dnppers Each group of greenhouses IS gIVen the same
fertIlIzer fornmla-the quantIty depends on the age of the plants Supplemental
folIar fertIlIzers are sprayed when necessary Plants are lITIgated 2--4 tImes daIly
for mtervals of 2--4 mmutes dependmg on theIr growth stage and clImate

Temperature and humidity controls: In the 12 fIberglass houses, the control IS
through a central computer, the SIX glasshouses have mdlvldual computers
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Seedling preparation: Seedlmgs are sprouted m peatmoss cubes m the nursery,
after whIch they are transferred to cold-room mcubators on 111ummated stacks,
then to greenhouses once fully developed

Pest and disease control: Prophylactic chemIcal pest and dIsease control IS
emphaSIzed at pre-frmtmg stages, makmg use of chem1cals w1th optimum safety
penods Greenhouses are stenhzed wIth formaldeyde before plantmg Sandbags
are treated w1th PrevIcur at plantmg time At frmtmg stages sprays are cut down to
a mm1mum and harvest IS delayed

Shading systems: An automatIc shadmg system 1S mstalled m the fiberglass
houses Glasshouses are hghtly pamted wIth chalk suspenslOn m summer, wh1ch 1S
washed off m wmter

Progress in Vegetable Production

Year

1990
1991
1992
1993
1994
1995
1996
1997

Quantity
(tonnes)

504
420
556
946
911

958
1187
1259
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AI Sameria Farm, Rawdat Rashid, AI Shahania

The Al Samena Farm, whIch IS owned by SheIkh Ahmed BIn Hamed Al Tham,
has an area of 85 15 ha, of whIch 20 ha are cultIvated EIght plastIc houses (9 x 40
m) are used In the protected-agnculture Industry, WIth the folloWIng crops and
grOWIng systems

Cucumber cv ShabIeb, planted 10 October 1997, first productIOn 2 December
1997, productIOn penod 60 days, 1000 plants/greenhouse, In-lIne spaCIng 35 cm,
productIon rate 200 boxes per greenhouse (13 kgibox), total productIOn 2600 kg In
60 days

Green beans cv Datmona and AmIra, planted 15 October 1997, first productIon
10 December 1997, productIOn penod 60 days, 2 plastIc houses, In-lIne spaCIng 35
cm, total productIOn 500 kg

Sweet pepper 1 plastIc house, 800 plants/greenhouse, planted 1 November 1997,
first productIOn 5 December 1997
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AI-Sulaiteen Agricultural Complex

The Al-Suialteen AgrIcultural Complex IS located at Aum-Salal All CIty, some 20
Ian north of Doha The total area of the project IS approxImately 40 ha wIth scope
for expansIon accordmg to the reqUIrements of dIfferent stages of the project

In March 1995, activIties started at the farm wIth preparatory survey and
geologIcal maps A complete SOlI and water survey was carned out accompamed
wIth the necessary phySIcal and chemIcal analyses ThIS was done wIth the
assIstance of the Department of Agncultural and Water Research, the Department
of Agncultural Development and speCIalIzed pnvate compames and consultants
The feaSIbIlIty study and desIgn of the project were completed III December 1996
The project IS deSIgned accordmg to the latest SCIentific standards and technIques
to achIeve the followmg

1 To establIsh an agrIcultural complex usmg SUItable SCIentIfic methods and
technIques to preserve natural resources and to prOVIde the local market wIth
top-qualIty fresh products

2 To establIsh centrally (and fully) controlled growmg rooms for the productIOn
ofhIgh-quahty seedlmgs and young plants

Full~

collttolled
glOlllllg loom

A! Sull.1l[et.'ll
AgrlL U![lll a!

lomp!e\

3 To act as a technIcal and trammg center to prOVIde consultancy, and technIcal
and management expert systems to growers

4 To conduct research and expenments wIth natIOnal, regIOnal and mternatIOnal
research orgamzatIOns
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Production Sectors

Open field sector
ThIS compnses fodder productIOn USIng spnnkler IrngatIOn, vegetable productIon
wIth dnp IrngatIOn, and date palm and fruIt trees under bubbler IrngatatIOn

Protected agriculture sector
ThIS sector consIsts of many productIOn zones

I MultI- and sIngle-span greenhouses WIth evaporatIve coolIng systems for the
productIOn of cut flowers, vegetables and fresh fruItS on a total area of 4900
m2 (49ha)

• 30 smgle-span plastIc houses-total area of c 6000 m2 (m productIOn)

• 2 multi-span greenhouses-total area of 9000 m2 (m productIon)

• 2 multI-span greenhouses-total area of 10,000 m2

• 5 multI-span greenhouses-total area of22,500 m2

2 Shaded nursery With a total area of 1500 m2 for the productIOn of outdoor
decoratIve plants, fruIt trees and shrubs

3 A fully controlled growmg room for the productIon of vegetable seedlmgs and
young plants, WIth a capacIty of40,000 plants/month

Slllgie-span plastiC houses
With evaporative COollllg
system, Al Sulmteen
Agricultural Compln

Animal production sector
ThIS sectIOn IS dIVided mto many productIon umts that mclude poultry, dairy and
beef cattle, and small rummants for dairy and meat

Special production sector
Honey bees and ostrich farmIng
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Strategy and Workplan

Protected Agriculture in the Arabian Peninsula:
A Strategy and Workplan for Research and Transfer of

Technology

Ahmed.T Moustafa
Department of Agricultural & Water Research, Doha, Qatar

Introduction

Protected agnculture (PA) plays an nnpOliant role m supplymg the reglOn's
market wIth fresh products that cannot be grown otherwIse due to the harsh
weather and msufficlent land and water resources The demand IS for hIgh-qualIty
products Growers aIm for hIgh yIelds to maXImIze theIr profits The combmatIOn
of hIgh qualIty and yIeld depends on many factors such as management,
productIOn techmques, and greenhouse structure and clImate control Some of the
major constramts facmg the PA mdustry m the ArabIan Penmsula CAP) are human
resources and marketmg

The InternatIOnal Center for Agncultural Research m the Dry Areas (ICARDA) IS

the fIrst research orgamzatIOn to develop a reglOnal research program for the AP
regIon m PA The PA research IS part of ICARDA's WIder ArabIan Penmsula
RegIOnal Program (APRP) The major research themes for PA have been
IdentIfIed and agreed upon by all the county representatIves of the AP These are

1 Greenhouse structure and covenng matenals
2 Water-use effiCIency
3 Integrated productIon and protectlOn

The Strategy

The development of such an Important mdustry reqUIres a strategy to follow, m
order to achIeve speCIfIc goals The deCISIOn of holdmg the InternatlOnal
Workshop on Protected AgrIculture for the ArabIan Penmsula was part of
ICARDA's strategy to IdentIfy the problems, constramts and research-and
development pnonties The outcome of thIS Workshop-hIghlIghted m these
proceedmgs-can be lIsted under three major Issues

1 Research ActIVItIes
2 RegIOnal Networkmg
3 Human Resources and Trammg Programs
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Research Activities

Research programs for PA should be mItIated ImmedIately at the natIOnal
research-statIon level wIth backstoppmg from regIOnal and mternatIOnal experts m
the followmg actIvItIes

1. Greenhouse Structure and Covering Materials

HIgh hght mtenslty and temperature, combmed wIth hIgh relatIve humIdIty,
charactenzes the chmate m the ArabIan Penmsula regIOn The PA structures that
are WIdely used m the regIOn are those that have been developed to SUIt cool
weather countnes wIth low hght mtensIty There IS a great need to develop a
sImple greenhouse structure sUItable for the regIOn's clImate Greater attentIOn
should be gIven to ventIlatIon and coolmg systems

The development should mclude the covermg matenals Currently, polyethylene
sheets are WIdely used as covermg matenals WIth the eXlstmg technology, the
mdustry should be able to develop a new film wIth selectIve wavelength
transmISSIon and longer hfe

Research pomts

• Greenhouse structure
• Covenng matenals
• VentIlatIOn and coolmg systems

2. Water Use Efficiency

Water, both m quahty and quantIty, IS one of the major hmItmg factors for the
development of agrIculture In general and PAm partIcular In the regIOn
Successful productIOn of
hIgh-value crops from
greenhouses reqUIres good
quahty water that m man)
cases IS produced from
desalmatIon umts at a hIgh
cost Current grOWIng
systems and IrrIgatIon
technIques are detnmental
to the water-use effiCIency

Hlgh-Yleldlng cucumber
wlth lmproved water-use
efficlency usmg the tube

culture techlllque

96



Research POInts

• AdaptatIOn of sOIlless culture techmques
• Improve the efficIency of the dnp lITIgatIOn system
• IdentIficatIOn ofthe crop water-reqmrements
• AutomatIOn of lITIgatIOn systems

3. Integrated Production and Protection Management

The greenhouse enVIronment can be charactenzed as warm and hum1d w1th low
aIr veloc1tIes Th1S 1deal condItIon for plants also provIdes a thnvmg cond1tIon for
pests and d1seases Pests and d1seases are m competItIOn wIth the growers smce
most greenhouse crops are of a hIgh commercial value-any shght damage can
result m a sIgmflcant reductIOn m the market value The extenSIve use of
chemIcals to control dIseases and pests results m complIcated problems of
resIstance buIld-up, and health and enVIronment hazards Also, natural enemIes
have been k1lled along WIth the pests (by non-target-spec1flc chem1cals) A healthy
plant 1S usually able to w1thstand pest attack better than a stressed one Th1S can be
ach1eved by applymg other control measures that reduces the use of hazardous
chemIcals

The ambItIous strategy for mtegrated productlOn and protectIon management
(IPPM) conSIsts of two workplans

A. Short-term plan ,(Immediate)

• IdentIf1catIOn of the common pests and d1seases m the reg10n Th1S should
result In the pubhcatlOn of a color 1dentIficatIOn handbook m Arab1c that
WIll be useful for growers, extenSIOn workers and SCIentIsts

• ImtIatIOn of a senes of on-farm expenments and demonstratIons of
d1fferent control techmques and measures, w1th the aIm of preventmg or
mlmm1ZIng the use of chem1cals

1. Cultural control

• Plantmg schedule and crop rotatlOn
• IrngatIOn and fertl1IzatIOn
• Use of pest- and d1sease-free seeds and plantmg matenals
• Crop enVIronment factors (temperature, humIdIty, ventIlatlOn)

2. Physical and mechanical control

• Growmg medIa and technIques
• StenlIzatIOn (solar, chemIcal)
• Screens and nets on openmgs
• Insect traps
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3. Biological control

• Use of natural enemIes (parasItes, predators, pathogens)
• Use of resIstant cultIvars

4. Chemical control

• Use of selectIve chemIcals wIth low hazard
• Use of detergents
• Use of msect pheromones

B. Long-term plan

• EstablIsh a central regIOnal bIOlogIcal laboratory to IdentIfy the natIve
natural enemIes

• EstablIsh a strategIc plan to be adopted m the regIOn
• Develop a trammg program and advIsory matenals
• Carry outhmtIate routme screenmg for resIstant cultIvars for the

commonly grown crops
• Carry outhmtIate routme screemng for the most effectIve and least

hazardous chemICals

Regional Networking

There IS great sImIlanty m the clImate condItIons, avaIlable natural resources and
sOCIal structure among the ArabIan Penmsula countnes As a result, PA
problems-mcludmg the type of structure and covenng matenals, lITIgatIOn and
fertIgatIOn, productIOn forecastmg, pests and dIseases, and marketmg-are sImIlar
across the regIOn Networkmg IS an effIcIent and economIcal way of shanng and
exchangmg the aVaIlable mformatIOn and expenences to tackle problems of
common mterest

Networkmg can be developed m many forms

Shanng of mformatIOn among the AP countrIes, mcludmg

• An APRP Newsletter
• Exchange of eXIstmg documents
• EstablIshment of a database on crop and cultIvar performance
• Trammg mformatIOn
• Calendar of PA events m APRP and world-WIde
• A PA sectIOn on an APRP HomePage on the Internet, mcludmg

most of the above

2 EstablIshmg a Protected Agnculture Workmg Group for the ArabIan
Penmsula

3 EstablIshmg a RegIOnal Techmcal PA AdVISOry CommIttee
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Human Resources and Training Programs

Development of human resources IS one of the most Important actIvItIes of the
APRP It has been made clear by all country representatIves m the Workshop that
the lack of tramed personnel IS a major constramt to the development of the PA
mdustry m the regIOn

The followmg are the some of the trammg courses to be desIgned for the PA
research and extensIOn personnel m the regIOn

• Greenhouse management
• Integrated productlon and protectIOn
• SOIlless culture
• Growmg technIques and methods
• FertlgatIOn and nutrIent solutIOn formulatIOn
• Growmg room-pnnclp1es, desIgn and management

Implementation

The ImplementatIOn of thIS workp1an should be camed-out under the coordmatIOn
of the APRP by the PA SpecIalIst Research actIvltles should be executed wlthm
the AP countrIes subject to theIr reqUIrements, eXlstmg problems and constramts,
and aVaIlabIlIty of research faCIlItIes and eqUIpment Research wIth coolIng
systems IS most valuable for KuwaIt and Qatar, whIle growmg systems, ImgatIOn
and fertIgatIOn are Important for Yemen

RecommendatIOns from thIS workp1an qualIfymg for ImmedIate ImplementatIOn
have been put forward to the RegIOnal Steenng CommIttee of the APRP m the
form of a one-year workp1an for the 1998/99 season The major part of thIS
strategy and the related workp1ans WIll be Implemented m the new phase of the
APRP, WhICh IS due to start by June 1999
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Summary of Discussion

Most of the short-tenn IPPM actIvItIes suggested m the workplan have already
been conducted m some of the countrIes In fact, some of the countrIes are far
ahead of others For example, the IdentIficatIOn of common dIseases and pests has
already been done m Oman, the UAE has done a lot of research on solanzatIOn
and recommendatIOns are avaIlable, Oman has done some work on natural
enemIes (bIOlogIcal-control agents), wIth good results, for crop water
reqUIrements, Oman uses the FAO CropWat data, eIther dIrectly or modIfied to
the enVIronment of the country What IS really reqUIred from the APRP IS
coordination, and the fostenng of collaboratIon, mtegratIOn and mfonnatIon
exchange among the AP countnes, 1 e networkmg In fact, the establIshment of a
PA network IS a pnmary goal of the APRP PA proJect, and It has already
hIghlIghted the need for mfonnatIOn shanng among the vanous PA players within
countries as well as among the countrIes However, there IS stIll concern that a
network should start small and grow, rather than start bIg and dIe from lack of
resources

The APRP IS already m the process of estabhshmg AP-wlde databases on agro
ecologIcal charactenzatIOn and chmate, research workers, on-gomg and completed
research, and publIshed results These databases WIll be extensIve and reqUIre
management FAO has developed several database systems (programs) whIch
could be shared wIth APRP, m addItIOn, FAO has several relevant datasets
aVaIlable on the Internet

ThIS compIlatIOn of data IdentIfIes where there are gaps m our knowledge For
example, the FAO may be able to access worldwIde data on crop water
reqUIrements m relatIon to clImate, but IS the follow-up mfonnatIOn on IrngatIOn
management for each combmatIOn avaIlable? Pest problems may be IdentIfied
quantItatIvely, but not qualItatIvely, bIOlogIcal-control agents may be IdentIfIed,
but theIr effIcacy under the speCIfic condItIOns may have to be mvestIgated to
detennme the best fonnulatIon

None of the countrIes has centralIzed seedlmg nursenes for PA The prIvate sector
m Yemen has recently started to produce seedlIngs for PA Both Oman and the
UAE have centralIzed nursenes for fruIt trees, but not for PA vegetables, KUWaIt
IS close to settmg up a centralIzed nursery for ornamental plants for landscape
greenery plantmg There are advantages and dIsadvantages to centralIzed seedlmg
productIOn-buymg seedlIngs can be cheaper for the growers because of the
losses mvolved when growmg from seed, however, UAE growers have
expenenced no dIffICUlty m reanng PA crops flom seed, and maXImIze the season
by havmg theIr own nursenes
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