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PREFACE/ACKNOWLEDGMENT

Pnor to the start of the Water QualIty Improvement and ConservatIon (WQIC) Project,
USAID Jordan requested the IrngatIOn Support to ASia and Near East Project (ISPAN) to
establIsh an agncultural baselIne for the WQIC Project The Umversity of Jordan was
subcontracted by ISPAN to determme pre-project condItIons m the Central Jordan Valley
Measurements were to be made of (1) On-farm IrrIgatIOn management effiCIency, (2)
IrngatIOn diagnostIc survey, (3) EconomICS of agncultural productIon, (4) Agncultural
economIC diagnostic survey, (5) Conveyance system efficIency, (6) IrngatIOn water quahty,
and (7) SoIl mvestIgation StudIes (2), (3), and (6) were completed before the USAID
centrally funded ISPAN project ended ItS activIties m 1994

A report coverIng the findmgs of the wmter croppmg season was presented to USAID m
November 1994 Research mvestIgatIons for the on-farm IrrIgation management efficIency,
economICS of agncultural productton, and IrrIgatIOn water quahty contmued for the spnng
and summer seasons The Umverslty of Jordan was contracted by the WQIC Project,
Implemented by Development Alternatives Inc, to contmue the study The Umversity of
Jordan contmued the field research by takmg field measurements and conductmg lab analySIS
for the above actIVIties untIl the end of September, 1994 The mm of thIS extenSIOn was to
have data on IrrIgation, water, and agrIcultural mputs to cover one year of data for perennIal
crops

ThIS report presents the mam findmgs dunng the summer season for the three studIes It also
compares the results from the wmter season WIth those of the summer season and summarIze
the results for the whole 1993/1994 croppmg season

The study team! WIshes to acknowledge the USAID MISSIon m Amman for recogmzmg the
need for the study and provIdmg the finanCIal support

The contnbutIOns of Ross Hagan to the study and comments on the report are hIghly
appreciated The aSSIstance and support of Ham AI-RashId, Muhammad Hanbah are also
appreciated Thanks are also extended to Muhammad Jitan, Muhammad Hamdan, May
Muzaffar, Suharr Saa'deh, and Osama Hijazi for theIr aSSIstance m field and laboratory
work

! The study team conSIsted of Muhammad ShatanawI, Manar Fayyad, Muhammad
Samlr EI-Habbab, IbrahIm GhawI, Odeh AI-Jayousl, and AlI Al-Shrouf
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EXECUTIVE SUMMARY

FIeld research was conducted dUrIng the growmg season of 1993/1994 to measure on-farm
ImgatlOn management efficIency (IME) and to evaluate the economics of agrIcultural
productIon for typIcal crop and IrrIgatIOn SituatIOns In the Central Jordan Valley and Zarqa
TrIangle In addItion, InvestigatIOns on lITIgatIOn water qualIty was earned out

On-Farm Irrigation Management Efficiency

In the Central Jordan Valley, apprmomately one-half the farms are served by conventIOnal
surface systems and the other half use dnp ungatlon systems, mcludmg approxImately SIX
percent m plastIC houses

Based on the weIghted means of the data for the 1993/94 growmg season, the management
of dnp IrngatlOn In plastIC houses IS less effiCIent than expected The followmg IS a summary
of IME for the yearly growmg season

On-Farm IrngatlOn Management EffiCIency dunng the growmg season 1993/1994

IrngatlOn Method IrngatIOn Management EfficIency (IME) %

ConventIOnal Surface 76

Dnp m Open FIeld 70

Dnp In Plastic Houses 47

Dnp IrngatIOn In plastIC houses IS the least efficIent of the three system types Although IME
under surface IrngatIOn IS hIgh, there IS no statistical dlff€-rence between IMEs under dnp
In open fields and IME under conventIOnal surface lITIgatIOn

Two mam conclUSIOns can be drawn

• The on-farm !ME of dnp rrngatIOn In plastic houses IS very lov. HIgh-tech systems
operate at 70 percent efficIency or less, offerIng much scope and opportumty to
Improve therr performance The IME of a dnp IrngatIOn system m the open field can
reach a value of 80 percent In practIce Improvement m the on-farm ImgatIon
management effiCIency wIll enable farmers to Increase theIr croppmg intenSIty and
WIll save water for IrngatIon of addItIonal lands

• The conventIonal WIsdom, that surface lITIgatIon methods are ineffiCIent when
compared WIth dnp Irngatlon methods, IS Incorrect Dnp IrngatIOn has the potential
to be very effiCIent However, realIzatIOn of the potential can occur only If systems
are well deSIgned and mamtamed and If lITIgatIon schedulIng IS In accordance WIth
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crop-water reqUlrements If management IS lax, and It has been, drIp Irngatlon
methods become very mefficlent

DlstnbutIon umformity values were In the average of 75 percent ThIS mdicates the potentIal
for many farmers to use water efficIently, the phySIcal system IS not a constramt, provIded
that they are mformed about crop-water reqUIrements and the systems are well managed
Improvement of dIstrIbutIon urnformlty values, m combmatlOn WIth Improved management
of the IrngatIOn systems, can lead to substantIal saVIngs m water, fertIltzer, and energy

The Jordan Valley AuthOrIty (JVA) has been generous WIth wmter water allocatIOn to farmers
to ease theIr transItIon to dnp IrngatIOn systems, WhIch have the potentIal to use water more
efficIently than surface lrngatton In addltlon, water was gIven on demand and m quantltles
adequate for leachmg purposes The JVA generoSIty IS due m part to the shortage of storage
faCIlItIes for the wmter flow

In an enVIronment where water IS practIcally free, where large mvestments have been made
In dnp systems and plastIc houses, and where there are few lImItatIons on when farmers can
take water or on the amounts they take, farmers do not employ water-conservatIOn strategIes
On the contrary, farmers seek to reduce rIsk by over watermg theIr crops ThIS IS
partIcularly true for dnp IrrIgatIon m plastIc houses, where mvestments of more than JD
12,000 per hectare are requued

Jordan has mvested heaVIly m pressurIzed conveyance and delIvery systems that permIt
farmers to convert to potentially effiCIent on-farm dnp IrngatIon methods However, parallel
mvestments have not been made to upgrade older dnp systems or to tram farmers new to dnp
systems m how to operate and mamtam these technologIes AddItional attentIOn should be
paId to Improvmg the management of on-farm systems and thereby IncreaSIng theIr effiCIency
Unless Jordan commIts to further lllvestment In on-farm water management, the benefits to
the country from conveyance and delIvery Improvements cannot be fully realIzed

EconomIcs of AgrIcultural ProductIon

Farmers usmg dnp IrngatIOn realIZe large econOffilC gaIns from theIr production systems
The economIC returns to water use (JD/m3) In plastIc house productIon r,ystems were better
than from productIOn usmg open-field dnp lITIgation, WhIch were m turn supenor to the
returns from conventIOnal surface lITIgatIOn The economIC returns to water use m plastIC
houses are almost 50 times those of surfat.e systems and more than 15 hmes those of open
field dnp systems

The costs of productIOn and marketIng for surface lITIgated crops were much lower than for
dnp Irngated crops, whose costs, In turn, were low relatlVe to those In plastIC houses

Investments m plastIC houses and dr1p systems result In hIgh levels of prodUCtiVIty and hIgh
returns Although expendItures for plastIC house productIOn are many tImes hIgher than for
regular dnp systems, plastIc house productIOn yIelds very hIgh returns, on average more than
ten tImes those receIved from surface Irngatlon production
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EconomIC Return'S to Water Use (JD/m3)*

IrngatIOn Methods Summer Wmter

Dnp 10 Plastic House 0486 I 26

Dnp 10 Open field 006 0078

ConventIonal surface 0109 0028

Tomato was the onI' cro to use dn un atlon m the summer season*

The analysIs of productIon and marketing data show that mvestment In hIgh-tech lfngatIOn
systems IS hIghly profitable Farmers on average earn more wIth dnp systems than wIth
surface Irngatlon systems The use of productive mputs IS greater wIth dnp systems than
wIth surface lITIgatIon, resultmg 10 hIgher yIelds and greater returns to capItal

Water IS a neghglble cost component for productIon of annual crops 10 the central Jordan
Valley Average returns to water use for the three types of IrngatIOn were far greater than
the current pnce of water For plastIC house dnp systems, economIC returns to water use
were more than 200 tImes the water pnce For crops under surface IrngatIOn, water
accounted for less than five percent of total cost, for crops usmg dnp lfngatIon, less than two
percent, and for plastlc house productIon, water constituted less than one-half of one percent
of total costs

It IS useful to compare these figures WIth the pnce of water The Jordan Valley Authonty
currently charges JD 0 006/m3 of water Only much hlghel water pnces WIll result 10 water
conservatIon USlOg water pncmg as a polIcy tool to effect water conservatIOn IS only one
reason to raIse pnces A second reason IS to obtam addItIonal fundmg for the operatmg
water entIty - the IVA At a mlmmum, water pnces 'Should be set at levels that fully
recover the operatIons and mamtenance costs of the IVA

There IS common mterest 10 seekmg to mcrease the use of dllP IrngatIon methods 10 the
Jordan Valley If farmers convert to dnp lITIgatIOn and If these systems are operated
correctly, Jordan's economy stands to make large economIC gam

Irrigation Water QualIty

The followmg conclUSIOns are based on a companson of the results of water qualtty tests WIth
gUldehnes for water to be used for IrngatlOn, salt tolerance of agncultural crops, and the
mfluence of water quahty on the potential cloggmg of dnp IrngatlOn <;ystems

High concentratlons of mtrogen were detected 10 the dramage water due to excess fertlhzer
use In additIon, excess fertlhzer use can result 10 mcreased vegetatIve growth at the expense
of frUltmg

The concentratIons of all trace elements were found to be low and wlthm gUldelmes for
Irrigation water However, long-term use of lITIgatIOn water suggec;ts that the accumulatIon
of these elements 10 SOlI should be momtored regularly
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RSS reports show that pestIcide resIdues In the sampled waters were below estabhshed
maxImum gUldehnes Nevertheless, observed pestIcIde apphcatlOn pradices dre dangerous

Fecal cohform counts in King Abdullah Canal (KAC) water after miXing WIth Zarqa River
water exceed 1,000 MPN/lOO ml, whIch IS the maXimum value suggested by the World
Health Orgamzatlon (WHO) for unrestncted ImgatlOn

Treated effluent from Khirbet As-Samra (Zarqa RIver water) can be used for IrngatIon wIth
restnctions

Spnnkler !rngatIon (uncommon) and microJet applIcatlOns of IrrIgatIOn water may wet foliage
and cause problems for crop productIon due to hIgh concentratiOns of sodIUm and chlOrIde
In mIxed KAC waters

Cloggmg of dnp emItters can be caused by hIgh calCIUm and magnesIUm contents m KAC
waters HIgh bactenal counts and nutrIents that promote algal growth may also contnbute to
cloggIng PenOdIl- chlorInation of dnp hnes IS therefore recommended

MIXIng KAC water With Zarqa River water has adversely affected KAC's water KAC
water, before mIxmg, can be used for all IrngatIOn methods WIthout any restnction

Salt water spnngs at Abu Zeighan Increase the sahmty of water In the Zarqa RIver, especially
after ramfall ThIS WIll affect plants which are salt and chlOrIde senSItIve
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INTRODUCTION

The Jordan Valley IS part of the Great RIft Valley that extends from the Horn of AfrIca to
northwestern Syna Wlthm Jordan, the RIft Valley IS a down-faulted valley The nft valley
IS dIvIded mto the Jordan RIver Valley, the southern Ghors and WadI Araba The Jordan
Valley IS located at about 35 30 M east longItude and between 31 45 M to 32 40 M north
longItude wIth altitudes below sea level rangmg from 200 m near Yarmouk nver to 406 m
at the Dead Sea The Jordan Valley IS bounded by the Yarmouk RIver m the north, the Dead
Sea m the south, the Jordan RIver m the west and the Salt and AJloun Escarpment m the
east The Valley area IS about 150 km In length and ranges from 4 km to 16 km m WIdth

The climate of the Jordan Valley vanes from subtroplcalm the north to tropIcal m the south
The ramy penod occurs durmg the wmter months from October to March Ramfall vanes
from more than 350 mm m the north to less than 150 mm In the south near the Dead Sea
GIven these chmatic condItIOns, the Jordan Valley IS one of the few areas 10 the regIOn that
IS Ideal for wmter Irngated agnculture Endowed WIth fertIle, flat-Iymg solis, the Jordan
Valley IS the country's premIer agncultural productIOn area The mIld wmters m the valley,
owmg to ItS below-sea-Ievel elevation, gIves It great potential as a natural greenhouse for the
productIon of off-season frUlts and vegetables Agnculture m the valley mcludes a WIde
varIety of crops, mcludmg hIgh-value horticultural crops such as CItruS, banana, and
vegetable crops and field crops, such as alfalfa and wheat

Accordmg to a 1953 SOlI survey, lITIgable land m the Jordan Valley totals 36,000 hectares
ApproXImately 29,000 of these hectares are eqUIpped With ungatlon dlstnbutIOn networks
Some 6,000 hectares at the southern end of the valley, however, are not supplIed WIth water
The net lITIgated area of 23,000 hectares reflects the scarCIty of water In the valley Even
so, Jordan's agncultural sector consumes 70 percent of the country's developed water
resources

The mam sources of water In the central Jordan Valley are (1) releases from Kmg Talal
Reservolf to the Zarqa RIver, much of whIch IS released from the reservOIr IS partially treated
wastewater from the CIty of Amman and sUIToundIngs, (u) a portIOn of Yarmouk River
baseflow, and (lll) flow of SIde wadIS LimIted water resources motivated the Jordan Valley
Authonty to Invest In pressunzed systems for the conveyance of Irngation water Imtlated
m the late 1970s, thIS Investment allows farmers to convert from conventional surface
lITIgatIon to modern dnp and sprmkler methods, whIch can be hIghly effiCIent Many
farmers converted to modern methods, partIcularly dnp

BeSIdes hmited water avatlablhty, water quahty problems are also constramts to realIzmg
productIOn from the full Irngable area of the valley ReclaImed wastewater IS expected to
prOVIde about 30 percent of the water used In the central Jordan Valley and the Zarqa
Tnangle ThIS portIon of the mIddle sectIon of the Jordan Valley covers an estImated 7,500
hectares, farmed by roughly 2,000 farmers Three-quarters of the IrngatlOn water for thIS
area comes from the Zarqa RIver The nver drams the most populous and mdustnahzed
portIOn of the country, an area known as the Amman-Zarqa Basm Wastewater enters the
nver, IS partially treated at Khlrbet As-Samra, and IS stored m the Kmg Talal ReservOIr to
be used for agnculture In the valley below The volume of \\astewater amounts to about 40
percent of the flow of the nver

1



The dlstnbutlOu of water to farm umts IS managed by the Jordan Valley Authonty under two
dehvery pohcles In the wmter months, when water IS normally avaIlable, delIvenes are
more flexIble WIth water on demand Durmg these months, the Jordan Valley AuthOrIty may
encourage farmers to take water, free of charge, for leachmg purposes In the summer
months, when water IS scarce, dehvenes are on a ngid rotatlOn schedule Management of
IrngatlOn water at the farm level IS left to farmers Crops are cultIvated usmg three mam
IrrIgatIon and productIon technologIes surface IrngatIon m open field, dnp IrngatIOn m open
fields, and dnp lITIgatIon m plastIC greenhouses IrngatlOn technologIes, and the type of
delIvery polIcy applIed, affect farm-level system performance (ungatlon effiCIency) When
water IS made avaIlable on a fleXIble delIvery schedule, on-farm Irngation effiCIencIes wIll
be low relatIve to when a ngid rotatlOn schedule IS m effect

The USA1D mISSIon to Jordan requested the IrngatIon Support Project for ASIa and Near
East (ISPAN) and the Water and EnVIronment Research and Study Center (WERSC) of the
Umversity of Jordan to conduct a baselIne study The finanCial support for the study was
proVIded by the Agncultural Development Fund (ADF) A baselIne momtormg program was
earned out coverIng seven components, they were (1) on-farm IrrIgatIOn management
effiCIency, (2) ImgatIOn dIagnostIc survey, (3) economICS of agncultural productIOn, (4)
agncultural economIC dIagnostIC survey, (5) conveyance system efficIency, (6) IrngatIon
water qualIty, and (7) soIl mvestIgatIon

Pnor to thIS basehne study, mformatIOn cntical to planmng project actIVIties and trackmg
project progress was severely lackmg SuffiCIent mformatlon was not avaIlable on
agncultural and Irngation practIces m the central Jordan Valley There was lIttle
documentatIon on the areas covered by the varIOUS methods of on-farm IrngatIOn Nor was
there accurate mformatlon avaIlable about the effiCIency WIth WhICh the vanous types of
IrngatIon methods are used ComprehensIve research on water qualIty m the Tordan Valley
was also needed

The purpose of thIS study was to

• Document current agrIcultural and IrngatIOn practices m the central Jordan
Valley, and

• PrOVIde a 1993/94 baselIne agamst WhICh to measure agncultural and
Irngatlon changes as a result of WQIC Project

Except for water qualIty samplmg, whIch began m AprIl 1993, field studIes for the baselIne
began II. September 1993 Most baseline components were completed by the end of May
1994, and the findmgs for the first stage were presented m the wmter croppmg season report
(Shatanawl et ai, 1994)

The Umversity of Jordan was contracted by the WQIC ProJect, Implemented by Development
AlternatIve Inc , (DAI) to complete the baselIne momtonng program (June untIl the end of
September, 1994) for the uncompleted components, namely on-farm 1ME, economICS of
productIOn, and water qualIty ThI') report presents the results of the summer croppmg
season, compares the summer and wmter results, and summanzes the yearly findmg of the
study
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ON-FARM IRRIGATION MANAGEMENT EFFICIENCY

Summary

FIeld research to study on-farm IrngatIon management efficIency (IME) covenng the spnng
and summer seasons of 1994, was contmued for perenmal crops (fruIt trees and alfalfa) and
a few summer crops such as corn, okra, and molokhla The measured amounts of ungatton
water and effective preclpitatlOn were compared wIth the calculated water reqUIrements
(actual evapotranspIratIOn) to determme IME Results of the yearly IME shows that there
are no sIgmficant dIfferences between the values of IME under dnp and surface IrngatIOn
methods m the open field condItIons The results of the wmter season show that IME values
for dnp IrngatIon In plastIc houses are poor IME values for fruIt trees were hIgher than
those for vegetable and field crops

Farmers apply the same amount of water for a crop planted In a plastIc house as for one
planted In an open field ThIS IS one reason why 1MB m plastic houses IS poor In addItIon,
a lack of knowledge of ungatIOn management and large quantItIes of water aVailable dunng
wmter encourages fanners to apply more water, thus redUCIng effiCIency Restnctlons on
water delIvenes dunng summer resulted m relatively hIgher values of IME

Background

The number of actual field studIes to determme IrngatIOn effiCIency m the Jordan Valley are
few A study of214 valley farms m 1982/1983 (Shatanawl, 1986) revealed that the Irngatlon
management effiCIency of dnp IrngatIon systems was about 60 %, only margmally better than
the effiCIency for conventIOnal surface systems A second study In 1987 (Tahboub, 1987)
found IrngatIOn effiCIenCIes of 78, 66, and 67 for dnp, surface and sprmkler IrngatIOn,
respectIvely

Durmg the past ten years, lITIgation methods have changed In the early 1980's, few farmers
used dnp ImgatlOn, but by 1990, dnp systems had covered 62 % of the total lITIgated area
In Jordan and about 50% of the Jordan Valley Investments m modern ungatIOn systems,
along WIth other assocIated technologIes, has reached nearly 71 mIllIon JD In a polIcy study
(Qassim et al, 1993), an overall lITIgatIOn effiCIency of 62 % was estImated, WhICh means
that 38 % of the avaIlable water IS lost It was postulated that If IrrIgatIon effiCIency could
be Improved to 72 % over the next fifteen years, about 60 mIllIon CUbIC meters of water could
be saved for agnctllture

As a part of the basehne survey (ISPAN, 1994), a rapId survey of the Irngatlon systems m
the Valley In 1993 revealed that (1) few farmers know proper IrrIgation scheduhng, (2) many
dnp IrngatIOn systems are not operated to realIze theIr deSIgn potential, and (3) exceSSIve
lITIgatIOn IS due to a lack of knowledge of how much water to apply These observatIOns
suggest that there IS much opportumty to Improve water conservatIon The field research
presented In thIS report supports these observatIons through dIrect meaStlrements of effiCIency
of on-farm IrngatIOn management The report presents an analySIS of management Issues
related to the mefficlent apphcatIon of on-farm water ThIS research gIves attentIOn to water
as one component of the total cost for production and marketmg of the major crops In the
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valley ThIS work wIll lead to recommendatIons related to on-farm management, and
provIdes a strategy to Improve water conservatIon

Methodology

FIeld investigatIons were carned out on 35 farms representIng dIfferent Irngatlon methods,
crops, and cultural practices that are typICal of the Central Jordan Valley (CJV) The
Investigated farms were selected from development areas (DA) 21, 22, 23, 24, 25, 26, 27,
28 and 29 Only DA 21 receIves hIgh qualIty water from the Yarmouk RIver, whde others
receIve water from KTR The selectlon cntena for farm umts mcluded In the study were
(1) a range of IrngatIOn methods, dnp systems In both open field and plastIC houses as well
as conventIOnal surface IrngatIOn In open field, (2) a range of crop types, vegetables, field
crops, and frUlt trees, (3) dlstnbutIOn of farm umts In the varIOUS development areas of elV,
and (4) pledges of cooperatIOn from farm owners and managers

In the sampling process It was decIded that JUdICIOUS selection of a limIted number of farms
and a hIgh level of accuracy In pnmary data collectIOn was essential, rather than the
collectIOn of secondary infOrmatIOn through a survey

For the purpose of measunng Irngatlon water, IVA Installed In-lIne water meters (research
meters) on the selected farms These meters were read and momtored by staff from the
Umversity of Jordan on an almost daIly baSIS When any problem occurred WIth the meters,
repaIrs were done the same day by N A staff TakIng meter readIng.. started In September
1993 and contInued untIl the end of May 1994 for the WInter crops Monltonng for 15 farms
WIth frUlt trees and alfalfa contInued untIl the end of May 1994

EffectIve preCIpItatIOn was calculated USIng the SCS formula and raInfall data from the Delr
Alla meteorologIcal statIOn Effective preCIpItatIOn was adjusted for tunnel and plastIC mulch
cultivatIOn Reference crop evaporatIon was calculated WIth the Penman-MonteIth equatIon
USIng 1993/1994 data from the Delr Alla station Actual ET was calculated by adJustmg
reference ET WIth the crop coeffiCIent value Values for crop coeffiCIent (Ke) were computed
USIng the methods outlIned In FAO IrngatIOn and DraInage paper number 24 DetaIls of the
procedure and data used for the calculation of ET are presented In Annex A

IrngatIon water apphed plus effectIve preCIpitatIon were compared WIth crop
evapotranSpIratIon to compute on-farm IrngatIon management effiCIency On-farm IME IS
the ratio of water that should have been used by a crop (calculated crop evapotranSpIratIOn)
to the total amount of water apphed

IME (%) ;: Crop EvapotranspuatIOn * 100
IrngatIon Water + EffectIve PreCIpItatIOn

Results

In thIS report, results of the summer season are presented and compared With the results of
the WInter season The WInter season results showed that IME values were 70 %, 56%, and
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42 % for conventIOnal surface lITIgatIOn, dnp unganon m open field, and dnp IrngatIOn m
plastIc houses, respectlvely

To obtam summer and yearly IME, momtonng of 15 farms representmg an area of 464
dunums was conducted Table 2 1 shows IME values and some statIstIcal parameters of
dIfferent IrngatlOn methods for wmter, summer, and the annual average For each crop 1ME
calculatIons on an annual basIs are shown m Annex B

The 1MB for fruIt trees and alfalfa that were harvested m summer IS much hIgher than those
m wmter There IS httle Improvement m effiCIency of dnp Irngation m plastic houses
because most plastic house cultlVatlOn ended In May 1994, at the end of the wmter season
It IS worth mentlOmng that the area planted wIth summer crops represents about 66 % of the
total area under thIS study Therefore, more weIght should be gIVen to summer results
There IS an Improvement In IME values from wmter results over the combmed results (annual
average) by 6% for surface lffigatlOn and 24% for dnp IrngatIOn Annual average IME of
76% for surface lITIgatIOn shows that the surface systems are excellent and a 70% effiCIency
for drIp lITIgatIon IS reasonably good ThIS mdlcates that farmers are aware of water scarCIty
dunng summer, thus, they are more conservatIve In the amount of ungatlOn water used
Water m the summer IS hmlted so they cannot obtam the amount of water they requested
Flood water IS avaIlable dunng wmter and JVA IS generous In gIVIng water, SInce there are
inSUffiCIent storage facIlItIes, to farmers for soIl mOIsture storage and leaching purposes
Therefore, IME dunng wmter was relatively low

To compare the IME values between dnp and surface IrngatIOn, a statistIcal analySIS,
descnbed In Annex C, was made usmg a confidence level of 90% For a dIfference to be
sIgmficant, Z must satISfy one of two cntena

z ~ -1 645 or Z ~ 1 645

Table 2 2 shows that there IS no sIgmficant dIfference between the annual average of the two
open-field methods of Irngatlon However, the statistIcal analySIS shows sIgmficant
dIfferences between dnp IrngatlOn In plastIC houses and dnp ungatlon In the open field, and
between dnp Imgatlon m plastIc houses and conventional surface lfngatIOIl

To determme If there IS a slgmficant dIfference between the IME values In wmter season, a
test hypotheSIS was conducted The tests showed that at a confidence mterval of 90 % (Table
2 2) there IS sIgmficant dIfference between surface and dnp IrngatIOn m plastlc houses,
surface, and open field dnp ungatIOn, and open field dnp and drIp m plastIc houses

In the summer season, results showed that 1MB values were 82 %, 80 %, and 61 % for
conventIonal surface lITIgatIon, drIp lITIgatIOn m open field, and drIp IrrIgatIon In plastic
houses, respectIvely StatistIcal analySIS showed that no slgmficant dIfference eXIsts between
any systems at a confidence Interval of90% Thus, no ConclUSIOn can be drawn (Table 22)
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Table 2 I WeIghted IrngatIOn management effiCIency (IME) for dIfferent IrngatIOn practIces m wmter season, summer season,
and yearly average, 1993/1994 growIng season

WInter Season Summer Season Annual (Yearly)

Number Number Number
IME Standard of IME Standard of IME Standard of

IrngatIon Method (%) DevIatIOn ReadIngs (%) DeVIation ReadIngs (%) DeVIation Readmgs

ConventIOnal Surface 70 1984 27 82 10 75 6 76 2249 29
Dnp m Open FIeld 56 2350 45 80 2471 13 70 2468 53
Dnp In PlastIC Houses 42 1585 12 61 3870 2 47 17 31 12



Table 2 2 Z-values comparmg dIfferent combmatlOns of IrngatIon systems for wmter
SUIumer, and annual, 1993/1994 growmg season

y

Z-Value

Combmations of Wmter Summer
IrngatlOn Systems Season Season Annual

ConventIonal Surface - 268* 0218 1 056
Dnp m open fIeld

Dnp In open field- 240* 0665 392*
Dnp m plastIc house

ConvennonalSurface- 466* 0706 4504*
Dnp m plastIc house

* SIgmfIcantl dIfferent at the 90 % confIdence mterval

Table 2 3 shows that when the smnmer season IS compared WIth the results of the wmter
season, IMEs for surface rrngation and dnp rrngatIon m open fIeld are sIgmfIcantly dIfferent
However, no sIgmficant dIfferences were found between IMEs for drIp rrngatIon m plastIc
houses

Table 2 3 Z-values for the companson of wmter and smnmer season, 1993/1994 growmg
season

1MB (%)

IrngatIon Method Wmter Summer Z-Value

ConventIonal Surface 70 82 1 98*
Dnp m open fIeld 56 80 307*
Dnp m plastIc houses 42 61 067

l< SIgmficantIy different at the 90% confidence mterval

Table 2 4 compares IME values for tree and alfalfa summer crops Measurements to
determme the !ME values were taken from 15 farms covermg an area of about 446 dunums
No explanatIon could be gIven for the low IME value for bananas The calculated annual ET
of bananas reaches 1500 rom usmg Penman-MonteIth and FAD Kc values The general
feelmg among banana growers and many OffICials from JVA IS that bananas requrre about
2500 rom of water ThIS feelmg may be true A long-term study m Hawan (Wu, 1985)
shows that bananas do not have a convex yIeld vs water curve The relatIonshIp IS pretty
much a straIght lme to at least 2500 rom of ET (1 8 of Epan) The IME values for other
fruIt trees and alfalfa are excellent, these results mdlcate iliat some farmers may have planted
m excess of therr lIcense and are "stretchmg" theIr rrrIgatIOn water to cover the entrre planted
area or that there IS concern and awareness about water conservatlOn The latter reason can
be venfled or disproven by balancmg water orders placed agaInSt water amounts receIved
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Table 2 4 On-farm IrngatIon management efficIency (!ME) of frUIt trees and alfalfa,
1993-1994 growIng season

Crop Area (dunum) No of Farms IME

CItrus (Dnp) 62 2 71

CItruS (Surface) 94 3 81

Grapes (Dnp) 67 4 90

Apples (Dnp) 93 2 83

Peaches (DrIp) 60 1 100

Bananas (DrIp) 41 2 44

Alfalfa (Surface) 29 1 85

WeIghted Average 446 15 79

In general, IME In the open field (surface and dnp) IS acceptable for the whole year, WhICh
means that there IS a pOSItIve attItude from the farmers and IVA about water management and
water conservatIOn The pnmarIly concern IS water losses from dnp IrngatIOn In plastIC
house The area under lITIgatIon IS qUIte small, but the low value for IME for plastIC houses
(42 %) needs further InvestIgatIon It may be concIuded that water losses 10 plastIC houses
are due to a lack of knowledge of how much water to apply and crop water reqUIrement
Farmers do not realIze that lITIgatIOn reqUIrements under plastIC houses are about 35 % less
than those under open field condItIons FIeld observatIOns and SIte VISItS to growers us10g
plastIc houses showed that the mOIsture content was always near saturatIon In many cases,
runoff was observed at the end of the plastIC houses and, In some cases, algae growth was
notIced
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ECONOMICS OF AGRICULTURAL PRODUCTION

IntroductIOn

The same 31 farms selected for the wmter croppmg season were VIsIted at two week mtervals
m the summer season to collect economIC mformatIOn on the costs of produchon and returns
Only SIX vegetable crops were produced 10 the summer season tomatoec;, omons, molokhIa,
green beans, okra, and eggplant Wheat was the only f.eld crop 10 the sample The
collectIOn of data on the frUlt trees chosen 10 the wmter season contmued The frUlts were
peaches, apples, grapes, banana, and CItruS

Costs of ProductIOn and Marketmg

Costs of production and market10g are shown 10 Table 3 1 and FIgure 3 1 Moiokhia or
tomato are the only vegetable crops produced under plastic houses or tunnels 10 the summer
season Tomato was also produced under open-field practIces, eIther us10g dnp or surface
IrngatIOn Two vanetles of omon are produced, the local varIety WhIch cannot be stored for
a long penod of time and the storable varIety

Covered productIOn of the two crops showed hIgher costs than for surface lITIgated fields
The costs for tomatoes grown under plastIc tunnels was JD 587/du, whIle It was JD 234/du
and JD 136/du when grown 10 open fields WIth dnp and surface IrrIgatIOn, respectIvely The
cost of production under plastIc houses m the wmter season was about JD 1 04 thousand per
dunum ThIS crop was not produced under plastIc tunnels or open fields us10g drIp or surface
IrngatIon 10 the summer season

Omon, green beans, and eggplant were grown under surface lITIgatIon In the summer season
The costs of productIOn for these crops were JD 162/du, JD 143/du, and JD 95/du,
respectIvely, 10 the ~ummer season The costs for produc1Og the same crops 10 the w10ter
season under surface IrrIgatIOn were about JD 82/du, JD 12'i/du, and JD 727, respectively
(FIgure 3 2)

Market10g costs were the hIghest cost Item for all vegetable crops except eggplant, moiokhia
under surface lITIgatIOn, and dry omon

As m the wmter cropp1Og season the costs of production and marketmg In the summer season
for crops 10 plastIc houses or tunnels were very hIgh relatIve LO the other two forms of
lITIgated productIOn For example, the total cost of tomato productIOn and market10g was
about JD 600'du, WhICh IS 2 5 tImes and 4 times the cost of produc1Og It under open field
WIth drIp and surface IrngatIon, respectIvely

Water cost was the hIghest for molokhla produced under plastic houses (about ID 7 44/du),
followed by eggplant (ID 6 l1/du) The vegetable crop lowest m water cost was green beans
(JD 3 23/du) (FIgure 3 3)

The cost ofproducmg wheat was very low (about JD 7 8/du) Both seed and l"1arketmg costs
constItuted about 21 % of the total cost
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Table 3 1 Breakdown of ProductIon and Marketmg Costs for Vegetables Crops usmg dIfferent TechnologIes (JD/du)

Tomato I PlastIc I JD I 123 I 114 I 34 9 I 56 I 242 I 223 I 8 3
% 20 9 19 4 5 9 9 5 4 1 38 1 4

Surface I JD I 5 8 I 20 I 20 I 16 1 I 8 2 I 53 0 I 9
% 4 2 14 7 14 8 11 8 6 38 9 6 7

Omans I Local I JD I 4 7 I 28 7 I 20 4 I 14 7 I 19 7 I 58 3 I 10
% 2 9 177 126 9 1 12 1 36 64

MolokhIa I PlastIc I JD I 5 I 12 9 I 25 4 I 17 5 I 13 2 I 497 I 0
% 3 8 9 8 19 3 13 4 10 1 379 0

30
100

131
100

78
100

136
100
162
100

234
100

587
100

95 1
100

558
100

1426
100

1467
100

o
o
o
o

o
o

o
o
o
o
o
o

o
o

o
o
o
o

o
o

o
o

34
62
3 2
2 3

6 1
64

36
24
74
57

39
29
52
32

46
2

45
08

3 7
125

1 5
180

Water' t~:t' !Total CostCrw ~/ t /Teehn. IJo 1 Land: 1/ ijabQi/; I/si~ I JJer~~ IPes.tic.ide i..ketingI Land
%1 Prep. /// I Cost Rent

Dnp I JD I 20 4 I 30 2 I 16 7 I 21 4 I 20 9 I 109 I 10
% 8 7 12 9 7 1 9 2 9 46 4 3

Storable I JD I 2 6 I 17 8 \ 53 8 I 3 8 ! 6 7 I 39 2 I 19 3
% 1 8 12 1 36 7 2 6 4 6 26 7 13 1

Surface I JD I 6 3 I 10 3 I 9 1 I 4 4 I 2 8 I 10 0 I 9 2
% 11 3 18 5 I 16 3 7 9 5 18 1 16 7

G Beans I Surface I JD I 3 0 I 29 8 I 360 I 142 I 10 2 I 334 I 12 8
% 2 1 20 9 25 3 10 7 2 , 23 5 9

II
Okra I Surface I JD I 8 0 I 3 0 I 8 0 I 0 II 6 2 I 1 0 I 0

I % , 26 7 10, 26 7 0 20 8 3 3 I 0

I
I Eggpl I Surface I JD I 1 5 I 12 0 I 35 0 I 80 I 8 5 I 240 , 0
I % 1 6 12 7 , 36 8 I 8 4 I 8 9 25 2 0

I Wheat Surface IJD I 9 0 3 2 1 0 0 _I 2 0 I 0
II ' % I 24 7 I 3 2 I 27 2 I 0 , 0 I 26 2 I 0
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FIgure 32 Companson of Total Costs (per dunum) for Vegetables, Wmter and
Summer Season
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Figure 3 3 Companson of Water Costs (per dunum) between Wmter and Summer
Crop Seasons
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FIve fruIt crops were produced by the farmers m the sample, they are peach (70 du), apple
(20 du), seedless or ordmary grapes (255 du), banana(34 du), and CItrus trees (835 du) (Table
3 2)

The percentage of labor cost to the total cost was the hIghest m peaches (377%), apple
(31 5%),and seedless grapes (303%) The hIghest costs for bananas were the pestIcIdes
(25 9%), m CItrus were the marketmg costs (505%), and m ordmary grapes were the
fertIlIzer costs (32 4%) (FIgure 3 4)

Costs of productIOn and marketmg are shown m Table 3 2 and FIgure 3 5 Seedless grapes
ranked first m these costs (about ID 274/du), followed by peaches (ID 274/du) ProductIon
and marketmg costs were lowest for apples (JD 162/du)

Water costs were the hIghest for bananas (about ID 33 8/du), followed by CItruS (ID 7 8/du)
The lowest was normal grapes (about JD 4 6/du ) (FIgure 3 6) FIgure 3 7 shows the cost
factors for seedless grapes

Returns to Crop Production

The relatIve total returns and gross margInS for vegetables and wheat to productIon m the
summer season are shown m Table 3 3 and FIgure 3 8

Tomato was the most profitable crop, and as WIth productIOn and marketmg costs, tomato
produced under plastIc tunnel USIng dnp IrrIgatIon provIdes the hIghest returns and gross
margms (ID 1286/du and ID 698/du, respectIvely), whIle the open field productIon WIth
surface IrngatIOn were the lowest (JD 144/du and JD 8/du respectIvely) HIgh returns to
crops grown m plastIc tunnels results from extremely hIgh average yIeld (4539 tons/du
compared to I 219 tons/du for surface lITIgatIOn)

Average total returns for the vegetable crops USIng surface IrngatIOn ranged from ID 31/du
for okra to ID 337/du for storable omon Gross margms for these crops averaged about ID
91 5/du WIth a range of ID -18/du for eggplant to ID 356 7/du for local omons The loss
m eggplants was caused by theIr low pnces m the sprmg season

Table 3 4 summarIzes the total costs, total returns, and gross margms for the vegetables
grown m the two seasons (I e wmter and summer) The total returns In the summer season
were hIgher than m the wmter season for ornon, green beans and eggplants, whIle the
ovposite was true for tomatoes Tomatoes were produced under plastIc houses m the wmter
season and under plastIc tunnels In the summer season FIgure 3 9

The gross margms for eggplant m both seasons were negatIve but the loss m the wmter
season was hIgher (ID -31 4/du) than In the summer (ID -18 lIdu) Gross margIns for the
other crops followed the same pattern as the total revenues FIgure 3 10
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Table 3 2 Breakdown of PrOductIon and Marketmg Costs for FruIts (JD/du)

/ frop < Tftch.9'", lIt /tabpr/ / / Ferttlize£;, Pe~ / Marketing-/ / Wat6.f.; / Other:s T(rtalCost
/ / /< I' .1/ .I ..- /

/

-///"'/ ..- /% / ~t // / / / / / / / / / .I '" / // / // ... ~
/

Peach surface JD 1032 493 303 848 62 0 2738
% 377 18 11 31 23 0 100

Apple surface JD 508 498 31 8 156 59 78 161 6
% 31 5 308 196 97 36 48 100

Grapes Seedless JD 838 610 392 820 53 50 2763
Seedless % 303 22 1 142 297 1 9 1 8 100
Grapes Ordmary JD 567 667 333 447 46 0 2060

Ordmary % 275 324 162 21 7 22 0 100
Banana Surface JD 265 438 500 387 33 8 0 1927

% 137 228 259 20 1 17 5 0 100
CItruS Surface JD 75 3 27 1 7 1 1194 78 0 2365

% 31 8 114 3 505 33 0 100



FIgure 3 4 Breakdown of Production and Marketmg Costs (%) for Tomato under
dIfferent ProductIon TechnologIes
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FIgure 3 5 Total Cost for ProductIon and Marketmg (per dunum) FruIt, Summer
Season
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FIgure 3 6
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FIgure 3 7
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Table 3 3 Total Return and Gross Margms for Vegetables and Wheat by IrngatlOll
Technology, Summer Season (JD/du)

Crop TecIm. Ydd T-O$1 Total Gr-o~ Retarat(Y
/

Ton/fla CoSt keturn MarJrlns Capital
Tomato PlastIc 4539 5873 12857 6984 1 19

DrIp 2479 2335 2802 467 020
Surface 1 219 1360 144 1 8 1 006

Omons Local 4063 1620 5187 3567 220
Storable 2813 1467 3372 1905 1 30

MolokhIa PlastIc 1 448 131 1 4000 2689 205
Surface 1 491 558 91 7 359 064

G Beans Surface 0533 1426 2090 664 047
Okra Surface o 1 300 31 0 1 0 003

Eggp1 Surface 07 95 1 770 -18 1 -0 19
Wheat Surface o109 78 172 93 1 19
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FIgure 3 8 Companson of Total Returns and Gross Margms (per dunum) for
Vegetables and Wheat, Summer Season
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Table 3 4 Companson of Total Costs, Total Revenues, and Gross Margms for Vegetables, Wmter and Summer Seasons (JD/du)

Crop Toml Costs Till3l Retutm Gross Margins :Return tfi Camtal Return t<l W:ate.r
Wmter Summer Wmter Summer Wmter Summer Wmter Summer Wmter Summer

Tomato 10423 5873 2607 1 12857 1564 8 6984 1 5 1 2 324 093
Omon 82 1 1620 1857 5187 1037 3567 1 3 22 021 041

Gr beans 1246 1426 1585 2090 329 664 03 05 005 o 12
Eggplant 727 95 1 41 3 770 -31 4 -18 1 -0 4 -0 2 -004 -0 11



FIgure 3 9 Companson of Total Returns (per dunum) for Vegetables, Wmter and
Summer Seasons
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FIgure 3 10 Companson of Gross Margms for Vegetables, Wmter and Summer
Seasons
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The returns to capItal, defined as gross margms dIvIded by operatIOnal costs, for each crop
are shown m Table 3 3 Accordmg to dIfferent technologIes, tomatoes m plastIc tunnels
prOVIde the hIghest return to capItal (1 19 JD/JD ), whIle It was (0 2 JD/JD) and (006
JD/JD) for dnp and surface Irngauon, respectively The highest return to capItal was for
molokhla produced under plastIc houses (2 5 JD/JD), followed by local omon (2 2 JD/JD)
The lowest pOSItIve return to capItal was for okra (003 JD/JD), FIgure 3 11

Seedless grapes was the most profitable frUlt crop for the Central Jordan Valley The net
gross margIn for thIS crop was about JD 4 6 thousand per hectare, WhICh IS almost five tImes
the return for normal grapes The second most profitable crop was CItruS (about JD 459/du),
followed by peach (about ID 239/du) The net loss In apples was JD 99/du ThIS loss was
due to a warm wInter, WhICh caused low productIvIty, accompamed by low qualIty, WhICh
adversely affected prIces, Table 3 5 and FIgure 3 12

Returns to capItal were the hIghest for CItruS (1 72 JD/JD), followed by seedless grapes (1 66
JD/JD) The returns to capItal for the rest of the frUIt crops (except for apple where It was
negatIve) were less than one, FIgure 3 13

Table 3 4 and FIgure 3 14 show that the returns to capItal for tomatoes grown m the wmter
season were about I 5 JD/JD, whIle In the summer season returns were about 1 2 JD/JD
The returns to capital for omon and green beans m the WInter season were 1 3 JD/JD and 0 3
JD/JD, respectIvely, they were 22 JD/JD and 05 JD/JD In the summer season, respectIvely
The return to capItal for eggplant In both seasons was negatIve

EconomiC Returns to Water Use

Table 3 6 shows that the hIghest economIC returns to water were for tomato under surface
lITIgatIon (JD I Ol/m3

) The economIC return to water for moloklua grown m plastIC houses
was low ( JD 0 221m3

), whIle It was three and a half tImes the return for the same crop usmg
surface IrrIgatIon, FIgure 3 15

Table 3 7 and 3 8 compare summer season and WInter season results for costs of productIon
and the economIC return to water Results show that the economIC returns to water were
hIgher m the summer season than In the wmter season for vegetables produced In both
seasons WIth the same technology, FIgure 3 16 and Table 3 8

Although bananas were the hIghest m water consumptIOn, the economIC returns to that water
were only JD 002/m3

The economIC returns to water for tomato under plastIc houses were the hIghest m the
summer season (JD 0 931m3

), followed by seedless grapes (JD 0 521m3)
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FIgure 3 11 Returns to CapItal (per dunum) for Vegetables and Wheat, Summer
Season
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Table 3 5 Total Returns and Gross Margrns for FruIts (JD/du)

Crop Techn yield Total Total Gross Returns to
(Ti}Wdu) Cost RetUrn Ma-rg1;U$ capital

Peach Surface 1 1 2738 513 I 2393 087
Apples Surface o1 161 6 624 -992 -061
Grapes Surface 08 2762 7357 4594 1 66

Seedless
Grapes Surface 05 2059 2985 924 045

Ordrnary
Banana Surface 88 1927 3088 1161 060
CItruS Surface 03 2365 6428 4063 1 72
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FIgure 3 12 Companson of Total Return and Gross Margms (per dunum) for FruIts,
1993
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FIgure 3 14 Companson of Returns to CapItal for Vegetables, Wmter and Summer
Seasons
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Table 3 6 EconomIc Returns to Water ConsumptIon (per dunum)

~

Total 1Cr-op T.ecl:m~ W.ater Economic
ConsumtltioD; RetUrn R~ttitrt to Watet

Tomato PlastIc 752 6984 093
Dnp 771 467 006

Surface 650 8 1 001
Omons Local 863 3567 041

Storable 610 1905 031-
Moiokhia PlastIc 1240 2689 022

Surface 581 359 006
G Beans Surface 538 664 o 12

Okra Surface 624 1 0 0001
EggpJ Surface 1018 -18 1 002

-
Wheat Surface 244 93 004----
Peach Surface 1028 239 023

Apples Surface 980 -99 -0 10
Grapes (Seedless) Surface 888 459 -==1- 052
Grapes (Normal) Surface 763 92 I 001

Banana Surface 5629 116 002
CItruS Surface 1296 406 031
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Table 3 7 Companson of the Costs for Producmg Vegetables, wmter and summer seasons (JD/du)

Cf4~ ~_OO~~ Pn>d~n~
'" i". A , CO$$ Wat¢r'~ :- ... / L~Ql'~ts

ITomato

... Wint¢f S~t Wtnf¢t S~t Wmt¢t Spmnwt
w_

Sunm:t.et
iPlas Hous 459 - 332 - 290 - 244 -

I

IPlas Tunn II - 246 - 223 - 41 - 114
pnp - 89 - 109 - 46 - 30
Surface - 59 - 53 - 39 - 20

Eggplant IPlas Hous 411 - 449 - 38 - 517 -
Surface 35 53 21 24 50 6 1 12 12

Cucumber IPlas HOlli> 475 - 404 - 53 - 227 -
Omon pnp 95 - 52 - 30 - 30 -

Surface 30 55 20 58 33 52 27 29
IGr Beans Dnp 97 - 38 - 1 9 - 34 -

Surface 82 76 19 33 43 32 19 30
1P0tato Dnp 226 - 63 - 3 1 - 21 -

Surface 153 - 35 - 1 5 - 26 -
Carrot Surface 42 - - - 70 - 6 -
Garlic Surface 41 - 18 - 47 - 51 -
1M010khIa IPlas Hous - 61 - 50 - 74 - 13

Surface - 32 - 10 - 3 5 - illIOkra Surface - 22 - 1 - 37 -
I
l!Wheat Surface - 41 - 2 - 1 5 - 03



Table 3 8 Companson of the Returns for Producmg Vegetables, Wmter and Summer Seasons (JD/du)

'I CtOP I l~tiOtl i T¢tm~
Method

GrQ~ Margtnl> RM:utrt$ to Waw?, Re.tut:ns~Cap,itid

SumnWI'
1 5

WmterSU1ntUer
.3 24

WU:tierS"ummer
1565

WnrterSummer
2607

Wmwr
IPlas Housfomato
\plas TlUlll 1286 698 093 1 19
tonp 280 47 006 020

Surface I 41 I 77 I -313 I -181 I -004 I -011 I -043
IPlas Hous I 2187 I - I 796 I - I 1 25lEggplant
Surface 144 8 001 006

-0 19
:Cucumber \Plas Hous I 2107 I - I 996 I - I 1 14 1 - I 0 9
Omon tonp I 417 I - I 235 I - I 046 I - I 1 29

Surface I 186 I 519 I 104 I 357 I 021 I 041 I 126 220

w
~

Gr Beans IDnp I 115 I - I 143 i-I 043 I - I 083
Surface I 159 I 209 I 34 I 66 I 0 OS I 0 12 I 0 27 047

I\potato \Dnp I 542 I - I 197 I - I 038 I - I 057
Surface I 269 I - I 54 I - I 021 I - I 0 74

"Carrot -,Surface I 194 I - L_ - I - I 0 11 I - I 2 06 I II
GarlIc !Surface 123 - I 9 - I 001 - I 008

!MolokhIa ~Ias Hous
Surface

Okra

I~eat

Surface

ISurface

400
92
31
17

269
36

1 i
9

022
006

0002
004

205
064
003

I 119-1



FIgure 3 16 Companson of the Returns to Water Use for Vegetables, Wmter and
Summer Seasons
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WATER QUALITY INVESTIGATIONS

Background

ThIS study 15 a contInUatIon of the water qualIty InvestIgatIOns that were done ill summer
1993 and WInter 1994 A water qualIty base1me was constructed agaInst WhICh water qUalIty
change'), as a result of USAID's Water QUalIty Improvement and Conservation (WQIC)
ProJect, that began In early 1994, can be measured

In thIS study samplIng at a frequency of tWIce a month was contInued dunng summer 1994
(May 7 to October 30, 1994) at the same samplIng locations used In the preVIOUS study

The water qUalIty parameters followed were the same as m the first report Tables 4 1 ana
4 2 show the chemIcal charactenstIcs of water qualIty sample~ colle<..ted from Khirbet As
Samra (KA) and along the Zarqa RIver before and after mIXIng WIth Kmg Abdullah Canal
water durmg the summer months Table 4 3 shows averages of the chemIcal charactenstics
for a few key parameters In wmter and summer months

Results and DIScussIon

In general, values for all water qualIty parameters have mcrea~ed 111 summer 1994 when
compared wIth summer 1993 ThIS may be due to lower preClpitatIon In 1994 as compared
WIth 1993

Sallmty as measured by electncal conductIvIty, calcIUm, magnesIUm, sodIUm the sodIUm
adsorptIon ratIo (SAR), and chlonde Increased In summer 1994 when c0mpared wIth summer
1993 ThIS apphes for all samplIng locatIOns before and after mIXIng Yarmouk RIver waters
wIth Zarqa RIver waters

NItrogen as filtrate was lower at all locatIons (except at the dramage ditche~) In summer 1994
when compared wIth summer 1993 Due to 10Vier preCIpItatIOn m 1994 less water from
KhIrbet As-Samra flowed mto Kmg Talal ReservOIr and also lesser quantities of Zarqa RIver
waters were mIxed wIth KAC waters and thus mtrate levels decreased at all locations In

summer 1994 when compared WIth summer 1993 Only the dramage waters exhIbIt hIgher
NO) levels m summer 1994 when compared WIth summer 1993, an mdIcation of mtrogenous
fertIlIzer overuse and Its leachmg by over IrngatIon

Measurements for trace metals made durmg thIS study (summer 1993 through summer 1994)
were always lower than the FAO gUldehne values (Table 44) AccumulatIon of these
elements III the enVIronment must, however, be morntored over the lOng terrl1

Table 4 5 shows the results for mIcrobIOlogIcal tests of water <;amples collected dun-;.g
summer 1994 It can be seen that total heterotrophIC bactenal counts, total colIform, and
fecal colIform counts dId not change sIgrnficantly The same restnctIon cntena on usmg
these waters for lITIgatIOn apphed III summer 1994 as tn summer 1993
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A companson of average values obtamed m wmter wIth those for summer (Table 4 3)
showed the expected trend of lower concentratiOns of the dIfferent parameters In wmter than
In summer Except for Tal AI-Thahab and Abu-Zelghan locatiOns, the EC value~ were lower
In wmter than 1Il summer ThIs was also observed m the preVIOUS summer season and was
attrIbuted to hIgher flow of the salt spnngs dunng the ramy season DraInage water at
locatIons A and B also showed hIgher EC values m wmtel than m ')ummer, whIch reflects
leachmg due to ram and excess water applIed durmg the wet season

As for the sUlta.bllIty of usmg thIS water for IrrIgatiOn, the sodIUm adsorptiOn ratIO (SAR)
together wlth EC mdlcates no restrIctIOn on usmg thI& \\-ater, the chlOrIde content reqUIres,
however, severe restrIctIOns, Tables 4 1, 4 2, and 4 3
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Table 4 I ChemIcal charactenstIcs of water collected from Khlrbet As-Samra and along the
Zarqa RIver before mIxmg wIth the KAC t Summer months (May - October)

Effluent from KA 23 km before Kmg Talal Dam 13 km below KTD Z R Above the
wastewater Kmg Talal Dam Reservoir Reservoir (Tal AI Valley (Abu

Parameter treatment plant Thahab) Zelghan Weir)
Range Range Range Range Range

Average Average Average Average Average

EC 2327 2427 1823 1 9236 1 96533
(dS/m) 24 26 22 213 307

pH 6978 7782 7481 8084 7278
75 79 79 82 75

Ca 6981 80156 100134 88124 116317
(mg/l) 76 103 118 114 177

Mg 3459 3274 53-70 5075 5597
(mg!ll 45 52 58 60 68

Na 236269 237466 203281 13279 229927
(mg!ll 251 298 244 216 434

K 4045 3244 21 44 2032 2460
(mglll 43 38 31 28 40

CI 351 358 404469 303498 317 568 3261074
(mglll 355 433 396 382 554

SAR 57 60 46 41 70

SO. 3457 44-139 79176 118243 151 608
(mglll 49 99 136 159 281

HCOa 825 1025 60970 364671 392588 443973
(mg/ll 926 583 474 443 575

BODs 140230 190400 70270 440 240
(mgll) 183 338 113 23 20

NH. 100 131 53138 011182 0621 0268
(mglll 108 82 643 7 22

NOa 1778 1328 666 1753 2064
(mg/'l 28 22 43 32 38

* KA results are yearly average
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Table 4 2 ChemIcal charactenstIcs of water samples collected from the KAC before and after
mIxmg WIth Zarqa Rlver water, and from two dramage dltches, Summer months
(May-October)

KAC Before KAC After KAC KAC KAC Drainage Dramage
MIxing MIxing DA 22 23 DA 24 25 DA 26 27 Water A Water B

Parameter Renge RengB Rsnge RsngB Rsnge RangB Range
Average Average Averago Averege AVBrsge Average AVBfage

EC 091 098 202367 1 334 1 01 3 38 1 03359 213635 525666
(dS/m) 093 274 274 266 271 481 594

pH 81 85 758881 7683 7682 762843 7681 6668
832 792 796 79 799 796 67

Ca 5080 84220 83218 67212 83182 141 303 220357
(mglll 63 152 160 162 149 211 309

Mg 2770 43112 3774 2774 2674 175236 127 160
(mqlll 39 61 62 57 58 192 141

Na 78313 214478 233432 170421 169447 5021498 807933
(mgll) 106 330 339 329 340 722 846

K 432 2656 15203 2266 2846 90 1 50 100 122
(mgll) 11 35 49 37 37 102 114

CI 108482 112700 174637 140626 149667 637965 11171404
(mgIU 148 464 472 477 494 747 1216

SAR 26 57 63 6 1 65 99 11 0

-
SO. 43150 120338 125402 113366 137346 9401288 688919

(mglll 86 223 246 228 245 1129 860

HCOa 248364 206769 223685 232643 335635 433714 624-885
(mglll 297 473 491 512 494 545 769

BOD5 020 013 020 019 013 o Hi 02
(mg/ll 6 42 6 6 3 34 0

NH. 002034 01174 004-89 0146 004107 002 54 001008
(mglll 01 30 26 1 5 25 013 003

NOa 53322 2266 2855 2555 2553 127 196 54105
(mgfl) 125 39 43 38 38 153 82
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Table 4 3 s,urnmary of the chemIcal charactenstIcs of water samples collected from Khlfbet As-Samra and along the Zarqa RIver
before and after mIXmg WIth KAC, wmter and summer months

/ / /
/ , / EC(dSbu} pU, SAD. / l!ODS (mgfl) Cl{mgll) / NJI4 ~Ulg/l) , N'°3 (mgfI)

/ '
/ i / / ,., / ",, ,

Si~ W*' s* W S W S W S W S /'W, S W S
~ffluent from KA 26 24 75 75 57 57 183 183 355 355 108 108 28 28
123 kIn before Kmg 2 1 25 77 78 50 54 106 225 345 412 77 79 33 26
Talal Dam
lKmg 1 alaI Dam 20 2 1 77 78 45 4 1 37 99 338 348 14 62 57 55
tReservOlf
13 kIn below KTD
ReserVOIr (Tal Al- l 1 1 9 80 80 4 1 37 28 22 327 323 6 75 57 42
Thahab)
Z R Above the Valley
(Abu-ZeIghan Werr) 37 25 74 75 58 54 14 20 728 467 3 2 1 55 46
KAC Before MIXmg 09 09 82 82 2 1 24 6 12 106 126 03 02 15 12
,I(AC After MIXmg 1 7 24 80 78 37 49 15 18 278 407 20 26 31 46
lKAC DA 22,23 1 7 24 80 79 37 50 8 19 276 403 1 8 23 29 47
IKAC DA 24,25 1 8 24 80 78 40 5 I 18 15 296 430 30 27 31 44
iKAC DA 26,27 1 8 24 80 80 43 52 13 20 315 430 1 1 1 7 30 46
~ramage water A 5 1 42 79 79 64 74 5 15 1094 692 06 06 118 135
Dramage water B 49 45 70 72 101 87 4 20 1181 810 1 1 06 95 85

w* A" erage wmter mOflth values
S* Average summer month values



Table 4 4 Trace metal concentratIons III the collected water samples Results show averages
and suggested gUIdelIne values for trace elements lD lrngatlOn waters, Summer
months (May-October 1994)

Cd Cr Cu Fe Mn Zn
Sample locatIon (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Suggested Maximum
GUidelmes values/II 01 o 1 02 50 02 20

23 km before KTD 0004 0007 0006 05 005 004

KTD Reservoir 001 0006 0007 04 004 002

KTD Outfall 0003 0008 0004 02 008 004

Tal AI-Thahab 0005 001 0009 05 005 009

Abu Zelghan 0007 001 0008 07 003 002

Yarmouk River 0005 001 0006 09 001 002
(KAC before mixing)

KAC after MIxing 0006 001 0007 1 0 004 002

KAC DA 22,23 0006 001 0006 1 0 005 007

KAC DA 24,25 0006 002 0007 1 0 003 002

KAC DA 26,27 0006 001 0007 06 004 0007

Drainage water A 0009 001 001 1 0 001 002

Drainage water B 001 001 001 08 005 002

(1) Adaptedfrom Ayers and Westcot (1985)
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Table 4 5 MiCrobIOlogICal analysis of the collected water samples, Summer months
(May - October, 1994)

Total Heterotrophic Total Coliform Fecal Coliform
Site Bactenal Counts Counts TC Counts FC

(THBC) CFU/ml[1} (MPN/l00 ml)(2J (MPN/l00 ml)

Effluent of Khlrbet
As-Samra 399 x 106 477 X 103 341xl03

23 km before KTD 392 x 106 294 X 104 472 X 104

KTD Reservoir 346xl04 243 X 103 267 X 102
-

KTD Outfall 372x104 474 X 102 431 X 101

Tal AI Thahab 503 x 104 40 X 103 353 X 102

Abu Zelghan 354 x 105 30 X 103 341 X 103

Yarmouk River (KAC 393 x 104 5 26 X 103 344xl03

before mIxing)

KAC after mIxIng 417 x 105 264 X 104 788 X 104

KAC DAs 22,23 1 58 x 105 453 X 104 45 X 104

KAC DAs 24,25 422 x 105 297 X 104 4 10 X 104

KAC DAs 26 27 386 x 105 39 X 104 382 X 103

Dramage Water 331 x 105 516xl04 518xl04

Drainage Water 427 x 104 379 X 103 30 X 103

(1) CFU Colony Formmg Umt per milliliter
(2) MPN/100 ml Most Probable Number m 100 mt
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ANNEx A

METHODS AND DATA USED FOR CALCULATION OF EVAPOTRA~SPIRAlIONAND
ON-FARM IRRIGATION MANAGEMENT EFFICIENCY

Effective PrecipItatIon

PreCIpitatlon data for 1993/94 were taken from the Delr AlIa meteorologIcal statIOn m the
Central Jordan Valley EffectIve preCIpItatiOn was calculated usmg the method employed by
the Soll Conservation SerVIce, U S Department of Agriculture, usmg the formula

for Ptol <250 mm

Effective preCIpItatIOn was further adjusted as follows

(1) For plastic houses, effectIve preCIpItatIOn was conSIdered to be zero

(2) For crops grown m tunnels, effectIve preCIpItation was conSIdered to be zero dUrIng
the tIme the tunnels were used

(3) For drip IrngatlOn m open fields, where the crop was grown usmg a plastIC mulch,
effectIve preCIpItation was assumed to be 30 percent of the effectIve preCIpItatIon as
calculated from the formula

Monthly values for preCIpItatIOn and effectIve preCIpItatIon are gIven m Table
A-I

Reference Crop EvapotranspiratIon

Reference crop evapotranspuatIon (ETp) was calculated from the Penman-MonteIth equatIOn
usmg 1993/94 data from the Delr Alla meteorologIcal statIon CalculatIOns were developed
for a 10-12 centimeters hIgh grass cover Dally and monthly values for ETp are furmshed
In Table A-I

Crop CoeffiCients

Values for crop coeffiCIents (Kc) were computed usmg methods detalled 10 FAO Irngatlon
and Dramage Paper No 24, "Crop Water ReqUirements" Table A-2 IS a compIlatIon of Kc
values for each crop and farm m the basehne study
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Table A-I Monthly PreCIpItatIOn, Ftfective PreCIpItatIon, and Reference Crop
EvapotranspiratlOn

Monthly EffectIve Reference Crop Evapo-

Month Precip PreClp tranSpIratIon (ETp)

(mm) (mm) (mm per day) (mm per
month)

September, 93 0 0 5 1 153
----

October, 93 7 7 46 143

November, 93 8 8 24 72
-

December, 93 6 6 1 3 40

January, 94 92 79 22 68

February, 94 42 39 25 70

March,94 24 23 3 1 96

Apnl,94 0 0 52 156

May, 94 0 0 64 199

June, 94 0 0 738 222

July, 94 0 0 7 3 226

August, 94 0 0 69 I 214

ITotal ] =r -
179 162 - 1660

PreCIpItatIon data from Delr AlIa
ETp calculatIons usmg Penman-Monteith Method and data from Delr AlIa
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Table A-2 Farms Crops, Crop Stage DuratIOn, Imtial PerIod EvapotranspIratlon, and
Crop CoeffIeent eKe) Values

Duratlon of Crops Stage T()tal ETpi Kc' IKd Kc2 SeasoualKc
Crop (days)

1st 2nd 3rd 4th
--i---

Grapes 365 065
Grapes 365 065---~-
CItruS 365 075-- f---

Tomato 30 45 75 35 185 1 3 073 1 2 065 1 01
Potato 20 29 30 20 99 24 062 I 15 075 092-
Squash 17 24 24 7 72 45 050 095 075 076

Eggplant 29 40 40 20 129 .+6 050 1 05 085 083
Beans 15 15 15 2 47 4 051 1 09 076-

Tomato2 30 30 40 13 113 25 060 1 2 065 093
Grapes 365 065

Cabbage 25 35 30 18 108 24 060 1 05 09 086
Cahflower 25 35 30 18 108 24 060 1 05 09 086

Squash 20 35 31 25 111 2 066 095 075 083
Potato 25 33 33 20 111 1 8 070 1 15 075 095

Tomato 35 40 45 26 146 22 064 I 2 065 094
Banana 365 090
Oman 15 30 55 35 13'; 1 3 071 1 05 08 095
Alfalfa 273 365 095
Wheat 19 25 60 30 134 22 064 1 15 02 092
CItruS 365 075
Omans 15 30 105 40 190 2 066 1 05 08 096
Alfalfa 273 365 095

Spmaeh1 20 23 29 5 77 4 051 1 095 080
Spmaeh2 20 20 16 5 61 24 060 I 095 080
Carrots1 25 35 42 20 122 5 1 045 1 1 08 085
Carrots2 30 40 61 20 151 46 045 1 1 08 086

Oman 15 30 85 42 172 24 060 1 05 08 094
Eggplant 1 40 20 61 041 1 05 085 1 01
Tomato 30 45 50 33 158 1 6 070 1 2 065 098

Br Beans 20 30 30 23 103 48 048 1 09 o 81
Fennel 25 41 56 40 162 24 060 1 1 02 085
Beans 20 30 50 20 120 22 064 1 09 089
Garhe 15 30 91 45 181 24 060 1 05 08 094
Wheat 20 33 64 40 157 1 3 073 1 15 02 093
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Table A-2 Contmed

Duratwn of Crops Stage Total ETpi Ed Kcl Kc2 SeasonalKc
Cl"°P (days)

1st 2nd 3rd 4th
Okra 25 30 30 17 102 56 046 1 09 078

Molokhla 25 30 32 20 107 52 045 1 095 079
Beans1 15 20 25 12 72 44 050 1 09 082
Potato 20 30 30 14 94 24 060 1 15 0 7 5 092
Omans 15 30 100 45 190 22 064 1 05 08 096
Beans2 20 30 36 17 103 25 060 1 09 086
Grapes 365 065
CItruS 365 075

Cucumber C 20 30 108 40 198 42 050 095 095 087
Molokhla C 33 20 20 19 92 64 041 1 095 072

Potato 25 33 47 31 136 22 064 ] 15 07'5 095
Oman 15 30 78 40 163 24 060 1 05 08 094
Beans 20 30 54 20 124 22 064 1 09 089
CItruS 365 075
CItruS 365 075

Peaches 365 060
Apples 365 055

Eggplant C 30 40 85 33 188 44 050 ] 05 085 089
Cucumber C 20 30 100 30 180 44 050 095 075 085
Tomato C 30 30 125 41 226 44 050 1 2 065 1 01

Alfalfa 35 40 65 49 189 2 066 1 095 080
Omon 15 30 99 45 189 2 066 1 05 08 096
Apples 365 055

Cucumber1 C 20 30 113 35 198 44 050 095 075 085
Cucumber2 C 20 30 128 35 213 44 050 095 075 086
Molokhm C I

Potato 30 40 67 30 167 44 050 1 15 075 092
Eggplant 10 40 52 20 122 65 042 1 05 085 088
Peppers 10 35 88 20 153 65 042 1 05 085 092
Tomato 30 45 70 28 173 1 3 073 1 2 065 1 01
Squash 15 35 30 22 102 5 046 095 075 077
Beans 15 25 28 10 78 35 054 1 09 083
Pepper 10 35 57 20 122 65 042 1 05 085 089
Potatol 25 33 30 20 108 44 050 1 15 075 086

Squash/tun 17 35 30 25 107 2 066 095 075 083
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Table A-2 Contmued

Duration of CrQPs Stage Total ETpl KCl Kcl Kc2 Seasonal Kc
Crop {days}

1st 2nd 3rd 4th
Tomato1 30 43 49 30 152 22 064 1 2 065 096

Omon 19 35 110 45 209 24 060 1 05 08 094
Squash 25 36 36 25 122 5 1 045 095 075 075

Tomato2 20 36 36 24 116 25 06] 1 2 065 095
Corn 20 31 31 11 93 3 5 053 1 15 1 05 091

Potato2 15 30 45 30 120 22 064 1 15 075 097
Beans 20 50 60 21 151 46 050 1 09 084
Peas 25 60 60 17 162 44 050 1 15 1 05 092

Potato 25 36 36 20 117 24 060 1 15 075 091
Peppers 11 60 20 91 65 042 1 05 085 099
GarlIc 14 35 104 45 198 49 046 1 05 08 093
Omon 15 39 84 40 178 42 050 1 05 08 092
Potato 25 36 36 20 117 24 060 1 15 075 091

Cucumber C 25 50 65 25 165 42 050 095 075 080
Tomato 28 45 70 30 173 1 3 073 1 2 065 1 02

Eggp+Corn 30 41 41 20 132 23 063 1 05 085 087
Beans2 10 24 24 10 68 46 050 1 09 083
Corn 20 30 30 11 91 52 047 1 15 1 05 088

Molokhm C 22 30 40 15 107 52 047 1 095 081
Banana 365 090

Cabbage 25 40 45 12 122 46 050 1 05 09 084
Tomato1 30 40 76 15 161 22 064 1 20 065 1 00
Tomato2 18 28 28 19 93 3 3 056 1 20 065 092

Tomato C 25 40 40 25 130 1 3 073 1 2 065 098
Oman 15 34 79 40 168 1 3 073 1 05 08 096

Cucumber C 25 30 100 33 188 2 066 095 075 087
Tomato C 25 40 93 30 188 2 066 1 2 06 1 02

C = PlastIc Houses (Covered)
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(1) The groWIng season for each crop was taken from field observattons For calculation
of Kc, the duratIOn of each crop stage was taken from FAG No 24 10 comb1OatIon
wIth plant/harvest InfOrmatIOn shown m Table A-3

(2) The ET for the ImtIal penod, ETpI' IS the average dally ETpfor the month (or portion
thereof) when the crop was planted

(3) KCl (Kc x Imtlal penod) IS denved from ETp1 and FIgure 6, FAO No 24

(4) For vegetables and field crops, seasonal Kc values were calculated from the equatIOn

Kc = {KCl x Imnal penod + «KCl+Kcmld)/2) x Crop-development penod + Kcmld
x mId-season penod + «KcmId+Kclate)/2) x late-season penods} I total-seasonal
penod All penods are number of days

(5) Kc for the permanent crops was calculated usmg methods detallea m the FAG Paper
No 24

ICrop I
Table IRemarks ~ INo

Alfalfa 23 Except for new plantmgs

Banana 24

CItrus 25 Assume clean cultIvated and full cover,
dry lIght wmds

Grapes 27 Assume 30 % cover, dry I1ght wmds

Peaches 26 50% cover

Apples 26 30-50% cover

Crop EvapotranSpIration

Crop evapotrdnSplTatlon, ETc, was calculated usmg the formula

Seasonal values for Kc were used together WIth ETp values for the entire growmg penod to
compute ETc

ETc and ETp values for each crop are gIven IP Annex B

Because of mlcrochmate effects, espeCIally hIgh relatIve humIdIty, and a lack of ventIlatIOn
(WInd) , ETc 10 plastic houses was assumed to be 65 percent of the calculated ETp, per FAO
No 24 Sel1S1tlvlty analyse'S were made usmg ET (plastIc houses) equal to 75 percent and
85 percent of calculated ETp
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Table A-3 Plantmg and Haryestmg Dates for All Crops under study m the selected farms

Farm Crop .nate 6fPbmting Date ... - •

No. / "

Grapes
2 Grapes
4 CItruS
5 Tomato/tun 28-Noy-93 3I-May-94

Potato 25-0ct-93 31-Jan-94
Squash 20-0ct-93 31-Dec-93
Eggplant 25-Sep-93 31-Jan-94
Beans I5-0ct-93 30-Noy-93
Tomato2 05-Feb-94 28-May-94

6 Grapes
7 Cabbage OS-Noy-93 20-Feb-94

Cahflower 05-Noy-93 20-Feb-94
Squash/tun 20-Noy-93 lO-Mar-94
Potato 25-Noy-93 I5-Mar-94
Tomato OI-Jan-94 3I-May-94

8 Banana
90mon 02-Dee-93 I5-Apr-94

Alfalfa
Wheat 02-Jan-94 I5-May-94

10 CItruS
11 Omons 20-Noy-93 28-May-94
13 Alfalfa
14 Spmach! 15-Gct-93 30-Dee-93

Spmach2 OI-Noy-93 30-Dee-93
Carrots1 OI-Sep-93 31-Dee-93
Carrots2 OI-Gct-93 28-Feb-94
Omon 05-Noy-93 25-Apr-94
Eggplant before Sep 31-0et-93
Tomato 25-Dec-93 31-May-94
Br Beans 20-Sep-93 31-Dec-93
Fennel 1O-Noy-93 20-Apr-94
Beans Ol-Jan-94 30-Apr-94
Garbe OI-Nov-93 30-Apr-94
Wheat IO-Dee-93 15-May-94
Okra 20-Apr-94 30-Jun-94
Molokhm OI-Apr-94 31-Jul-94

15 Beans! 20-Get-93 30-Dee-93
Potato 27-0et-93 30-Jan-94

-
Omons 20-Nov-93 28-May-94
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Table A-3 Contmued

-
Farm Crbp

/ Pate ot/l'b'mdng Ihrte l)f Harvesting;
No,. /

/
//

/ /

Beans2 15-Feb-94 28-May-94
16 Grapes
17 CItruS
18 Cucumber C 15-Gct-93 30-Apr-94

Molokilla C 01-May-94 31-Jul-94
19 Potato I5-Nov-93 30-Mar-94

Oruon 04-Nov-93 15-Apr-94
Beans 28-Dec-93 30-Apr-94

20 CItruS
21 CItruS
23 Peaches
24 Apples
25 Eggplant C 1O-Gct-93 15-Apr-94

Cucumber C 18-Gct-93 15-Apr-94
Tomato C 18-0ct-93 31-May-94
Alfalfa 24-Nov-93 3l-May-94
Omon 24-Nov-93 31-May-94

27 Apples
28 Cucumber! C I5-0ct-93 30-Apr-94

Cucumber2 C I5-Oct-93 15-May-94
MolokhIa C ll-Apr-94 15-Jun-94

29 Potato 15-0ct-93 30-Mar-94
Eggplant before Sep 31-Dec-93
Peppers before Sep 31-Jan-94
Tomato 10-Dec-93 31-May-94
Squash 21-Sep-93 31-Dec-93
Beans 15-Mar-94 3l-May-94

30 Pepper before Sep 31-Dec-93
Potatol l6-0ct-93 31-Jan-94
Squash/tun 29-Nov-93 15-Mar-94
Tomatol 29-Dec-93 31-May-94
Dmon 04-Nov-93 31-May-94
Squash 01-Sep-93 3l-Dec-93
Tomato2 05-Feb-94 31-May-94
Corn 15-Mar-94 15-Jun-94
Potato2 Ol-Jan-94 30-Apr-94

31 Beans OI-Oct-93 28-Feb-94
Peas 10-Oct-93 20-Mar-94
Potato 01-Nov-93 25-Feb-94
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Table A-3 ContInued

~
Ctnp ~ ofPltu¥ting lhtte of Han;

Peppers before Sep 30-Nov-93
Garbc 20-Sep-93 05-Apr-94
Oruon 25-0ct-93 20-Apr-94
Potato Ol-Nov-93 25-Feb-94
Cucumber C 23-0ct-93 05-Apr-94

Tomato lO-Dec-93 31-::.May-94
Eggp+Corn 20-Jan-94 31-Mav-94
Beans2 25-Mar-94 31-Mav-94
Corn Ol-Apr-94

Molokhta C 1O-Apr-94
32 Banana
33 Cabbage OI-Oet-93 30-Jan-94

Tomato I OI-Jan-94 1O-Jun-94
Tomato2 1O-Mar-94 1O-Jun-94

34 Tomato I5-Dee-93 23-Apr-94
35 Omon I5-Dee-93 31-Mav-94

Cucumber C 25-Nov-93 31-May-94
Tomato C 25-Nov-93 31-May-94

C = PlastIc Houses (Covered)
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On-Farm IrrIgatIOn Management EfficIency

IME was computed from crop evapotranspIratIon, actual amount of water applIed, and
effectlve preCIpitatIon accordmg to the followmg formula

IME = [ETc/(apphed water + effectIve preCIpItatIon)] x 100

For each crop, IME calculations are shown In Annex B

Average values for IME for each ImgatlOn type (surface, drIp, and plastIc house dnp) were
computed as weighted averages
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ANNEx B

DATA PERFORMA
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Table B~l Area, Water ApplIcatIOn, Effective PrecIpItatIon, Reference Crop EvapotranspIratIOn, Crop EvapotranspIratIon, and IrngatIon
Management EffiCIency

Fann# 1 Type of Irngatlon Locahzed (dnp)
DA 27 UDtt No 439

Area Water Applied (cubIC meters) Tot pot BTU ETc 1MB
du SeD Oct Nov Dec Jan Feb Mar Aor May June July Aug mm nun mm mm %

GraDes 267 201 I 226 I 107 I 01 01 01 2721 761 I 487 I 362T 1461 325 1081 1627 16597 10860 873

Farm # 2 Type of Irngatlon Localized (dnp)
DA 26 UmtNo 138

Area Water Apphed (cubIC meters) Tot pot ETp BTc IME
du Seo Oct Nov Del.. Jan Feb Mar Aor May June July Aug mm rom mm mm %

Grapes 2487 2520 I 3058 1 1298 I 836 I 01 o I 2332 I 4135 I 6614 I 3721 I 3238 I 4564 1299 1627 16597 10860 743

F.mn#4 Type of Irngatlon Locahzed (dnp)
DA 25 UmtNo 226

Area Water Applted (cubIC meters) Tot ppt BTp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mm rom mm mm %

CItruS 3088 I 7478 I 5922 I 6242 1 3657 I 1358 I 1338 I 3457 I 3471 I 4994 I 6609 I 6220 1 4147 1778 1627 16597 1244 8 642
Flows esttm;V-1d from JVA records

Farm # 5 Type of IrrIgatIOn Locahzed (dnp)
DA 25 UmtNo 178

Area Water Apphed (cubIC meters) Tot ppt BTp ETc 1MB
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mm rom mm mm %

Tomat (T) 661 - 225 243 0 206 630 1648 2020 - - 752 188 6178 6240 809
Potato 562 ~ 764 1056 974 0 - - - - 497 285 2059 1894 360
Squash 604 - 965 955 667 - - - - - - 428 70 161 6 1228 282
Eggplant 278 1265 151 258 0 - - - - - 602 300 3524 2925 463
Bean~ 136 - 602 64 - - - 490 3 1 1502 1142 232
Tomato2 11 60 - - 363 1106 2896 3544 - 682 18 5 4921 4577 654
*The last harvest of tomato (T) and tomat02 was on 28th of May 1994

Farm # 6 Type of IrngatlOn LocalIzed (dnp)
DA 25 Untt No 68

Area Water Applted (cubIC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mm nun mm mm %

Grapes 992 557 I 655 I 01 01 01 01 o I 1452 I 1373 I 932 I 1244 I 822 709 1627 16597 10860 1000
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Table B 1 Contmued
Farm # 7 Type of Irrigation Type of lITIgation Localized (dnp)

DA 25 UmtNo 31
Area Water ApplIed (cubiC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rnm rnm rnm rnm %

Cabbage 2000 - 7566 2734 574 470 - - 567 324 2209 1900 317
CalIflower 330 4275 451 95 - - 1461 324 2209 1900 127
Squash (T) 1980 - 5371 2706 568 1081 - - 491 150 2390 1984 392
Potato 530 1779 725 152 470 - - 590 440 2425 2304 364
Tomato 1200 - - 344 328 894 3952 2188 642 424 5896 5543 810
*The last harvest on 31th May 1994

Farm#S Type of lITIgatIon Localized (dnp)
DA 25 UmtNo 18

Area Water Applied (cubiC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mm rnm rnm mm %

Banana 3420 11231 1 9601 1 7426 1 4461 I 1774 I 1745 I 2166 112276 113452 \ 12430 \12990 113774 3021 1627 16597 14938 469
Note MlcroJet emitters

Farm # 9 Type of lITIgatIon Surface
DA 24 UmtNo 76

Area Water ApplIed (cubiC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rnm rnm rnm mm %

Omon 10 30 - 1915 812 566 1511 - - 466 1475 3565 3387 552
Berseem 562 2299 713 0 221 406 566 777 143 - - 912 1627 9975 948 882
Wheat 3500 - . 664 0 5940 4320 893 338 1414 4846 4458 931
* Wheat was harvested on 15th May 1994

Farm # 10 Type of lITIgatIOn Surface
DA 24 UmtNo 39

Area Water ApplIed (cubiC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rnm rnm mm mm %

CitruS 3600 9538 110108 I 5294 I 1857 I o I 400 I o I 3200 I 8294 I 9333 I 4224 I 8294 1682 1627 16597 12450 675
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Table B 1 Contmued
Fann# 11 Type of Imgatlon Surface

DA 24 UmtNo 5
Area Water Apphed (cubIc meters) Tot ppt ETp ETc !ME
du Sep Oct Nov Dec Jan Feb Mar Apr Mav June Julv Au!! mm mm mm rom %

Omons 3200 I - I 2100 I 5658 I 301 I 2844 I 1518 I 6958 I 2087 I - I T 671 1479 6435 6177 755
... Omons washarvested on 28th May 1994

Fann# 13 Type of Imgatlon Surface
DA 23 UmtNo 249

Area Water ApplIed (cubIc meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rom mm mm rom %

Alfalfa 2900 6571 I 6963 I 6403 I 5060 I 257 I 1082 I 1241 I 4538 I 2087 I 2836 I 3626 I 7338 1655 1627 16597 1544 849
... Water applIeld durmg Nov and Dec was estunated from IVA record

Fann# 14 Type of Imgatton Surface
DA 23 UmtNo 197

Area Water ApplIed (cubIc meters) Tot ppt ETp ETc !ME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rom mm mm mm %

Spmachl 064 - 68 233 115 - - - - - - - 650 170 1123 898 135
Spmach2 057 - 233 115 - - - - - - - - 611 140 2549 2039 326
Carrotsl 300 1289 273 698 345 - - - - - - - 868 213 4079 3467 390
Carrots2 240 - 681 931 461 1645 - - - - - 1549 1330 3931 3381 201
Omons 365 - - 698 345 211 492 - 478 1480 4646 4367 697
Eggplant 075 644 136 - - - - - - - 1040 73 2956 2986 285
Tomato 270 - - - 513 211 492 501 - 636 1414 5974 5855 7S 3
B Beans 398 1289 204 465 230 - - - - 550 213 3059 2478 434
Fennel 065 233 115 - 535 1560 4290 364 7 527
Beans 352 - - - 256 211 820 - 166 1414 390 3 3474 685
Garhc 326 - 1164 576 211 164 - - - 649 1480 5026 472 4 593
Wheat 295 - 769 211 550 - - - 519 1477 5141 4781 717
Okra 400 - - - - - - 164 742 875 714 - 624 00 7963 621 1 996
Molokhla 570 - - - - - - 328 1058 1246 678 - 581 00 6975 5510 949
... Beans and GarlIc were harvested by the 30th of Apnl 1994
... Tomato was harvested by 31th of May 1994

... Wheat was harvested on 15th of May 1994

... Okra and Molokhta were harvested on 30th July
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Table B-1 Conunued
Farm # 15 Type of Imgatlon LocalIZed (dnp)

DA 23 UmtNo 224
Area Water Applied (CUbIC meters) Tot ppt ETp ETc 1MB
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mm rom rom nun %

Beans1 420 - - 355 0 404 628 307 - - 403 70 4176 3424 835
Potato 546 - 801 121 574 361 - - - - - - 340 281 1989 1830 497
Omons 135 - 268 77 0 125 194 98 - 564 1479 6370 6116 859
Beans2 530 - - - - - 510 793 388 - - - 319 190 4671 4017 100 0
*All the Crops were harvested by the end of May, 1994

Farm # 16 Type of Imgatlon loca1lZed (dnp)
DA 23 UmtNo 202

Area Water ApplIed (CUbIC meters) Tot ppt ETp ETc 1MB
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mm mm rom nun %

Grapes 3000 3843 I 222 I 01 01 o I 5023 I 1442 I 1728 1 2764 I 2737 I 3456 I 1647 762 1627 16597 10860 100 0

Fannl17 Type of Imgatlon Surface
DA 23 UmtNo 215

Area Water ApplIed (CUbIC meters) Tot ppt ETh ETc 1MB
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rom rom nun nun %

CItruS 2800 7861 I 4740 I 3008 I 1994 I 01 4221 01 200 1 6316 I 4089 I 4320 I 4665 1343 1627 16597 1244 8 827
* Farm rented out Poorly managed
* C-'heck number of dunum

Oranges 3 du 2300 6900 kg

Lemons 6 du 300 kg/du 1800 kg
Mandanne 14 du 2000 28000 kg
Ave YIeld = 15950, Gross Margm = JD 1498lha

Fann# 18 Type of Imgatlon LocalIzed (dnp) m plasllc house
DA 23 UmtNo 216

Area Water ApplJed (CUbIC meters) Tot ppt ETp ETc 1MB
du Sep Oct Nov Dec Jan Feb Mar Aor Mav June July Aug mm rom rom rom %

Cucumbers (H) 603 - I I 880 1 170 I 153 I 259 I 609 1 1556 I - 1 - I - I - 601 00 5808 3284 546
Moiokhia (H) 603 - I - I - I - I T - T - I - I 890 I 1320 I 1400 I - 599 00 6476 4663 779
• Harvesung of cucumber was ended by 30th of Apnl, 1994

l'he same area were then planted b Moiokhia tlll the end of May



Table B 1 Contlnued

Fann # 19 Type of lITIgation Surface
DA 23 Unit No 69

Area Water Applied (cubIc meters) Tot Dpt ETp ETc IME
du SeD Oct Nov Dec Jan Feb Mar Apr May June July Aug mID mrn mID mID %

Potato 472 308 945 523 376 151 0 3130 2974 564
Omon 448 284 343 232 1440 513 1554 4226 3972 594
Bean 473 1440 1922 711 1429 3955 3520 412
* Harvestmg of Beans was ended by the 30th of Apnl 1994

Fann # 20 Type of IrrIgation Locahzed (dnp)
DA 22 UmtNo 266

Area Water ApplIed (cubiC meters) Tot ppt ETp ETc IMC
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mID mrn mID mm %

CItruS 31 00 6527 I 4246 I 5061 I 6022 I 1446 I 01 o I 2410 I 6222 I 4142 I 3558 1 4697 1430 1627 16597 1244 8 782
Lemons 30 du
Mandarme 7 5 du

A\ er YJeld = 30 900 J.-g/ha Gross Margm = JD 521 O/ha

No\ Dec Jan estimated from JVA Seems too hIgh May dIscard
Oranges 20 5 du

0\- Fann # 21 Type of IrrIgation Surface
DA 22 UmtNo 265

Area Water Applied (cubiC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June Jul) Aug mID mrn mID mID %

Citrus 3000 4570 1 5980 1 2344 I 2308 1 586 1 01 o 1 1563 I 4691 1 462;, 1 3363 I 4775 lJ60 1627 16597 12448 941
* Surface IITIganon \\as changed mto Dnp IITIgatlon by the end of Apnl 1994

Fann tl23 Type of Irngatlon Locahzed (dnp)
DA 22 Unit No 26

Area Water Apphed (cubIC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mID mrn mID mID %

Peaches 6000 3665 I 01 01 01 01 o I 2435 1 8902 I 8962 I 8342 1 5677 1 :J742 729 1627 16597 9958 100 0

Fann #24 Type of IrrIgation Locahzed (dnp)
DA 22 UmtNo 4

Area Water Applied (cubIC meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr Mav June July Aug mID mm mID mm %

Apples 6:J 00 8932 I 1277 I 01 981 1 01 220 I 3240 110478 114196 114501 I 6071 1 5902 1012 1627 16597 912 9 777



Table B 1 Contmued
Fann# 25 Type of lITIgation LocalIzed (dnp) m plastic house

DA 22 UmtNo 3
Area Water ApplIed (cubIc meters) Tot ppt ETp ETc IME
du SeD Oct Nov Dec Jan Feb Mar Apr Ma) June July Aug rom rom rom mm %

Eggplant (H) 503 573 116 994 480 616 429 638 00 521 2 301 5 473
Cucumbers(H) 049 54 10 46 57 57 54 567 00 4844 2676 472
Tomato (H) 787 864 167 727 904 915 861 1229 440 776 00 761 7 500 1 644
Alfalfa (S) 068 154 221 0 0 406 614 40 2IIO 1479 6467 5174
Omons (D) 254 1220 883 0 0 1452 2196 139 2319 1479 6467 6209 2S 2
* Alfalfa and Omons are not co\ ered * The crops were han ested by the end of May 1994
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Fann # 27 Type of lITIgation LocalIzed (dnp)
DA 22 UmtNo 8

Area Water ApplIed (cubIc meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rom rom rom rom %

Apples 2800 2139 I 411 I 500 I 1665 I 01 01 914 I 2834 I 4838 I 3226 I 3264 I 2430 794 1627 16597 9129 9S S

Fann # 28 T, pe of lITIgation LocalIzed (dnp) m plastic house
DA 29 UmtNo 199

Area Water ApplIed (cubIc meters) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug rom rom rom rom %

Cucumberl (H) 360 146 422 418 160 318 372 780 877 - 970 00 5762 3184 328
Cucumber2 (H) 360 146 422 417 160 318 372 780 1755 970 1483 00 6759 377 8 255
Molokhla (H) 360 - 527 2913 956 00
* Cucumber1 \\as hanested by 30th of Apnl 1994, Cucumber2 was harveted by 15th of May 1994 MololJlla was neglected by the fanner

Fann # 29 T) pe of lITIgation LocalIzed (dnp)
DA 21 Unit No 132

Area Water Apphed (cubIc meters) Tot ppt ETp ETc IME
du Sep Oct NO' Dec Jan Feb Mar Apr May June JulY Aug rom rom rom rom %

Omon~ 033 49 148 393
Potato 672 1207 818 2045 810 726 473 4248 3908 505
Eggplant 273 1899 1210 544 249 - 1429 64 4079 3590 250
Peppers 1209 3368 2268 1124 1738 118 297 1380 3097 1108 300 9975 9177 807
Tomato 7 14 1006 44 289 584 1731 1547 728 443 6169 623 1 806
Squash 672 1441 1660 202 492 64 3008 231 6 465
Beans 500 376 776 1546 540 00 4235 351 5 651
* DIscard Omons (It \\as neglected by the fanner) * All crops \\ ere han ested by the end of May 1994
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Table B 1 Commued
Fann # 30 Type of lITIgatIon Locahzed (dnp)

DA 21 Unit No 90
Area Water ApplIed (CUbIC meter~) Tot ppt ETp ETc IME
du Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug mrn mrn mm mm %

Pepper 1095 2280 1301 907 386 445 64 4079 3630 804
Potato1 1063 950 1231 1021 0 301 285 254 1 2184 662
Squash (T) 448 551 499 52 137 277 150 231 4 192 0 6':; 9

Tomato1 3 15 340 0 216 190 804 427 628 424 5935 5698 850
Oman 1 96 227 159 0 196 172 26, 520 1552 6947 6530 967
Squash 300 933 806 194 644 64 407 9 3059 470
Tomato2 10 00 677 595 2513 13,5 514 182 511 4 4859 913
Com 500 524 518 677 525 449 42 514 1 4627 1000
Potato2 800 435 916 1106 1084 443 424 3903 3786 781

Fdnn # 31 T\ pe of IrngatIon LocalIzed (dnp) PlastIc house Surface
DA 23 UmtNo 222

Area Water ApplIed (cubIc meters) Tot ppt ETp ETc IME
du Sep Oct NO' Dec Jan Feb Mar Apr May June July Aug mrn mrn mm mm %

Beans 1 05 521 153 133 769 41 4 3905 ,280 405
Peas 1 05 521 153 133 769 475 409 1 3764 461
Potato (D) 2 10 306 266 272 396 2430 221 1 709
Peppers 900 2273 1512 1327 568 46 3676 3639 636
GarlIc (5) 560 1047 1172 817 709 1377 915 1627 571 3 531 3 493
Omons (5) 480 517 699 608 344 278 510 157 5 4828 4442 666
Potato (5) 1 75 - 255 222 273 1320 2430 221 1 547
Cucumber(H) 259 397 379 329 1296 688 278 1300 00 4094 212 9 164
TomatO 200 418 940 680 1019 443 616 9 6293 592
Eggp+Com 200 418 940 680 1019 339 5456 4747 451
Beans2 390 1672 940 1326 1010 00 377 0 312 9 310

Corn 510 - 940 1735 3093 1131 00 5700 501 6 443
MolokhIa (H) 259 - 868 881 1571 883 1623 00 713 0 3754 231
* Tomato Eggplant and Beans2 were harvested by the end of Mav
* Last han est of Molokhla \\as m 25th of July 1994

* Corn \\ ere han ested on 30th June
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Table B 1 Conllnued
Fann # 32 Type of Irngallon Localized (drIp)

DA 29 Unll No 91
Area Water ApplIed (cubiC meters) Tot ppt ETp ETc IME
du Sep UCI Nov Dec Jan Feb Mar Apr May June July Aug rom nun rom rom %

Banana 625 7864 I 3414 I 1510 I 1188 I 550 I 852 I 668 I 2531 I 2967 I 4499 I 3761 I 5371 )628 1627 16597 14940 258

Fann # 33 Type of Irngatlon LocalIzed (drIp)
DA 29 UDlt No 50

Area Water ApplIed (cubiC meters) Tot ppt ETp ETc IME
du Sep Oct ~ov Dec Jan Feb Mar Apr May June July Aug rom nun rom rom %

Cabbage 1648 6718 6718 3000 997 300 323 1 271 4 264
Tomato1 436 57 53 584 1055 1428 729 424 5896 5896 765
Tomato2 1700 865 4067 5586 619 00 4235 3896 630
* All the Crops were hanesled by 10th June 1994

Fann # 34 Type of Irngallon Plastic house
DA 22 Unn No 294

Area Water Applied (CUblC meters) Tot ppt ETp ETc 1ME
du Sep OCI Nov Dec Jan Feb Mar Apr May June July Aug rom nun rom rom %

Tomato (H) 244 I 266 I 42 I 55 I 781 105 I 122 I 361 I I I I 422 00 3760 2395 568
* Last han/est of Tomatoes \\as by 23th of AprIl 1994

Fann # 35 T\ pe of lITIgation Surface Plastic house
DA 22 Unll No 67

Area Water Applied (cubiC meters) Tot ppt ETp ETc IME
du Sep OCI Nov Dec Jan Feb Mar Apr May June July Aug rom nun rom rom %

Omons (S) 510 1524 822 86 1023 1476 960 1155 151 0 6827 6554 502
Cucumber (H) 1110 1310 1814 188 852 1023 3320 2400 983 00 6443 3644 371
Tomato (H) 400 495 227 72 284 341 1476 1440 1084 00 6443 4272 394
* All the crops were harvested b, the end of May, 1994
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Wintel Season HypothesIs Testmg for IME Values of DIfferent In IgatlOn
Systems Usmg Z-test

1 Surface IrrIgatIOn
2 Dnp lfngation In open field
3 Dnp IrrIgatIOn In plastic houses

Confidence Interval (CI) = 90 % => a = 0 1

For Standard Normal DIstnbutIOn Tables

Z01/2 = ±I 645

Test

Null hypothesIs (Ro)
Alternate hypotheSIS

AcceptRo If
Reject Ho otherWise

Z~-1645 or

No slgmficant difference
There IS slgl1lficant difference

Z ~ 1645

7043-5652
=268ZI-2 =

(19 84)2 (23 50)2
+

27 45

7043-4267
=4658Zl- 3 =

(1984)2 (1585)2
+

27 12

5652 -4267
=2403Z2 -3 =

(23 50i (15 85)2
+

45 12

=> There IS a slgmficant difference

=> There IS a sIgmficant difference

=> There IS a sIgmficant dIfference
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Summer Season HypothesIs Testmg fOJ IME Values of Different II ng.lhon
Systems Usmg Z-test

1 Surface IrngatJOn
2 Dnp lfngatJOn III open field
3 Dnp IrngatJOn III PlastIC houses

Confidence Interval (CI) = 90 % => a = 0 1

For Standard Normal Dlstnbution Tables

ZOl/2 =±1 645

Test

Null hypothesIs (Ho)
Alternate hypotheSIS

AcceptHo If
Reject Ho othefWlse

z ~ -] 645 or

No SIgnificant dIfference
There IS a SIgnificant dIfference

Z~] 645

8196-80 ]8
= 0 2]8ZI-2 =

(1075)2 (24 71/
+

6 13

8196 - 6] 4
= 0 706ZI-3 =

(1075)2 (387)2
-j

6 2

8018-6]4
=0665Z2 - 3=

(24 71f (38 7)2
+

13 2

=> No Significant dIfference

=> No slgmficant dIfference

=> No sIgmficant dIfference
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Whole Year HypothesIs Testmg for IME Values of Different 11 ligatIOn Systems
Usmg Z-test

I Surface lrngatIOn
2 Dnp lrngatlon In open field
3 Dnp IrrlgatlOn In PldStlC houses

Confidence Interval (CI) = 90 % => a = 0 1

For Standard Normal DlstnbutlOn Tables

2 0112 =±l 645

Test

Null hypothesIs (I 10)
Alternate hypothesIs

AcceptHo If
Reject Ho otherwise

~LJ -1l2 =0
~q-~l2 -:j:. 0

z s:; -1645 or

No slgmficant dIfference
There IS slgmficant dIfference

Z c.1645

ZI-2 = 7605-703_7_= 1056
(22 49)2 (24 68f
~--'--+ "--------''--

29 53

=> No slgmficant diffelence

7605-4672
ZI- 3 = --;======== = 4 504

(2249)2 (I7 31)2
I~-~ +->---~

29 12

=> There IS a sIgmficant difference

Z2 -3 = 70 37 - 4672 =3 92
(24 68)2 (I7 31)2./-'----'- +----

53 12

=> There IS a sIgmficant dIfference
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It Ilg.ltlOll Method) lypothcslS ) c<;tlllg 101 11\1 g V.lIues 01 ,summcl ,IllU \VlIltel
Sl ,,,on (hlllg IAc'it

Wm[L1 Season

2 SUIlHl1el Se 1"011

(onlllkncclntclvdl(CI)=90% =>(J.- 0 I

I v,1

Null hypothv>l" (110)
;\!lundlc hYPolhc'>I'>

I' LLLpl 110 d
RCJLLI I Lo olherwlse

P I-PZ 0

,q-PZ/O

/ <; - J 6'1'i 01

No ,>,glld ll,lIll tid fer CIlLL

I hUL I'> ,>lgllllIL,1I11 ddluU1LC

70'11 8196
/1 J -= -[(198/'=)'=(=1075)2

V 27 6

- -I ()X -'> Ihuc I'> d ~lgl1dlL.1l11 dll!clulLc

71 2 = 5652 - 80 18 =-1 07

{(~3 5t
2
_ I (2~1 71)~

~ ,1'5 11

J)!Ip Ilflgdllon III pld~11C hou"c

712= i1267-614 =-067

1(~5 85)2 , p~ 7)~
~ 12 2

=> Ihue l~ ,'~JglHfIC,\Il1dtlfercllce

=> No ~Jgl1dIL,UlI dIfluCl1Le
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