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EXECUTIVE SUMMARY

The maIn purpose of thiS consultancy was to adVIse jIDd asSISt ProJet Management des
Ressources du Tadla (MRT) an d l'Office ReglOnal de la Mise en Valeur Agncole du Tadla
(ORMVAT) personnel WIth an assessment of the current state of micro-lmgatlOn In the Tadla
Penmeter focus1Og on the potentIal uuhty of the vanous methods under local on-farm eXIStIng
constramts as opposed to surface imgatlOn techmques

Selected farms WIth rrncro-Imgaoon systems and supplters of eqUIpment were VISIted and
10tervIewed There IS a hIgh level of mterest 10 sellmg mlcro-rrnganon eqUIpment m the Tadla
Penmeter The challenge, therefore, IS not how to promote mlcro-rrngatlOn but rather how to
promote the appropnate use of ffilcro-lffiganon, especlally m conjUnctIOn \\ 1th the marketmg of
Ingh-value crops

A reconnaISsance-level econonuc companson ofmlCfQ-lmgatlon to Robta and level basm
lffigatlOn techmques reveals that, although mlcro-trngahon by far has the largest IDIUal capItal
cost, It also has the potentlal to reahze the greatest crop yIelds and water savmgs It IS strongly
recommended to thoroughly examme the economICS on a farm-by-farm basIS poor to the decISIon
to purchase micro-Imganon eqUIpment

Major trnpedtrnents to mICfO-trngatlOn success ill the Tadla penmeter mclude the large
mItIaI capItal mvesttnent reqUIred, the dIfficulty of successfully transfemng mlcro-lffigatton
technology to the on-the-farm level, and the farmer's abIhty to recoup the mvestment (1 e • the
abIlIty to develop a marketlng program to ensure necessary profit levels)

SpecIfic comments on eXIStmg Tadla Penrneter nncrO-trngatlon systems address fiItratlon,
pressure regulation, purge valves. mamtenance, Isolanon valves, pvc pIpe Installatlon, aJutage.
mlcro-spnnklers, and the converSIOn of ~ature orchards

m
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SECTION I
INTRODUCTION

A Purpose and objectives

The mam purpose of the consultancy was to advise and asSIst Project Management de
Ressources du Tadla (MRT) and l'Office RegIonal de la MIse en Valeur Agnco)e du Tadla
(ORMVAT) personnel WIth an assessment of the current state of mIcro-ImgatlOn m the Tadla
Penmeter, focusmg on the potentIal unhty of the vanous methods underlocal on-farm eXlstmg
constramts as opposed to surface Imgat:lOn techmques

B A SummanzatIon of Activities During the Consultancy

The author was on-SIte at the MRT offices In FqUlh Ben Saleh from 27 February through
15 March 1996 The fIrst week was spent becommg familiar WIth micro-Imgatlon sltuatlon
through dlScusslOns WIth MRT and ORMVAT personnel and by SIte VISIts to selected farms The
SERA Ouled Gnaou Statlon, and the SATA, and KattouDl farms were toured

Dunng the second week, the major actlvltles mcluded mtemewmg mlcro-tmgatlon dealers
m Casablanca and Rabat (CMGP, 1m-Serra, TECHNOV, and MOO) AddltlOnally the
LaboratOlre de l'Hydrauhque Agncole et de la Normahsauon was toured In Rabat. The Lahmam
farm m the Tadla penmeter was also toured Spreadsheets were developed to perform
reconnaissance-level economIC evaluatlons of selected Imgatton techmques on potatoes and
mature CItruS TnumnfoutlInes were developed for the desIgn semmars m antIclpatlOn of
conductmg the semmar dunng the fourth week It became apparent that much of the developmg
mlcrO-trngatlon techmques were commg out of the Marrakech area Therefore, a tour of selected

-ffilCro-lmgauon Installations near Marrakech was arranged for the thud week

1
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SECTION II
BACKGROUND

The Tadla Penrneter of Morocco IS generally west of the MIddle Atlas Mountains. about
200 kilometers (kIn) mland from Casablanca It encompasses approxImately 94.000 hectares (ha)
of Imgated agnculture Water sources are surface water from Oued Rbla and Bm Alwldane Dam
and groundwater The ORMVAT IS the pnmary admlDlStratmg agency for agnculture and the
envuonment m the Tadla regIon and IS headquartered III FqUlh Ben Salah Major crops mclude
CItruS, wheat, corn, olIves, stone fruIt and vegetables

The reader IS referred to sectIon II. Background ill Improvement of Surface IrngatlOn
Systems m the Tadla Irngatlon Project (projet MRT Report No 22, Allen Dednck. Apn11994)
for a more thorough descnptlOn of the Tadla Irngated Penmeter, typIcal farm layout, water
dehvery pohcIes, and agronomIC Issues

2
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SECTION III
MICRO-IRRIGATION SYSTEMS

A Introduction

The folloWIng definItIons and typICal Sj-stem descnpnon are based on the author's
expenence In the Umted States FIgure I shows the general system components

:MIcro-irrigation systems are defined as pressunzed systems whIch dehver water dIrectly
to the plant, typICally through a senes of water regulatIng deVIces known as emItters or mlCTO­
sp1klers Effiltters typICally produce a stream or dnp of water. where micro-sprinklers act as
small spnnklers and dIScharge the water as a spray EmItters typIcally operate under low
pressures. 1/2 to 31/2 bars, and low flows, 2 hters per hour (l/hr) to 16l1hr Slllll1arly, mIcro-Jets
also typICally operate under low pressures. 3/4 to 2 bars. and low flows. 20l1hr to tOO lIhr

TypIcally emttters are more WIdely used, Wlth mlcro-spnnklers havmg spectfic apphcatlons
m sandy soIls and orchards where frost protectIon IS needed

Two major types of mlcro-rrnganon systems may be found m the Tadla Penmeter drip
(goutte hgoutte) and micro-spnnklers (mlcfOJet) Dnp lITlganon IS compnsed of emItters WIth
flows of less than16tlhr Dnp trngatlon emItters may eIther be extruded as an Integral part of the
tubmg or manufactured and mstalled separately Most mlcro-rrngatlon systems have emISSIon
deVICes mstalled on polyethylene tubmg

High flow (aJutage) tmgatIon systems are also found m the Tadla penmeter TIns type of
system does not fit the conventIonal defimuon ofmlCTO-trnganon m that It operates with emtSSlon
deVlce flows of between 20 and 130 llhr A]utage ~acnfices the preCISIon of other ITIlcro­
rrngatton methods m order to mmumze cloggmg problems

In order to achieve the low flows uuhzed In IDlcro-rrnganon. the emISSIon deVIces tYPICally
have small ontices through wIDch the \\'ater IS discharged m a regulated fashIOn FiltratIon,
therefore. IS an absolute neceSSIty to keep the effilSSlon deVIces unclogged and functlOnmg
FdtratJon typICally consISts of a fme:mesh screen, collectIon of dISks. or sand through wInch the
water must pass under pressure

Most ffilcro-Imganon systems also have control valves, some sort of pressure regulanng
deVIce, fertIhzer mJectors~ purge vah-es, and other appurtenances necessary to connect all the
components A pump IS usually requlfed tn pressunze the system Usually the water will be
conveyed through a mainline, cOllSlstmg of polyvmyl chlonde (PVC) pIpe, to the operating
blocks m the field An operatmg block IS merely that portIon of a field whIch 1S Imgated by a

3
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smgle control valve Although they may be manually or hydrauhcally activated. typically
the control valves are electncally acnvated

The cOIltrol valve IS typICally accompamed by a-pressure regulating device and a
secondary filtratIOn deVIce The control valves regulates the flow of water mto the header line,
typICally a PVC pIpe to wlnch the dnplmes are connected The dnplmes are usually made of
polyethylene (PE), are fleXIble. and have eIther the emISSIon deVIces. or smaller PE "spaghettl"
tubes whIch lead to the emission deVlces. punched or extruded lOto them The PE driplines
dehver the water down the rows and to the plants Assorted fittmgs are reqUIred to connect all of
these components together mto a funcnomng system

The abIlIty to keep all of these components clean and free of debns and partIculate dIctates
the mc1uslOD of purge valves at the end of the mamhne. header hues and dnphues

If the control valves are automattcally (eIther electrIcally or hydrauhcally) actuated, a
controller IS reqUIred. winch turns the control valves on and off

B Advantages of MIcro-Irrigation Systems

MICfo-rrngatton technology has enjoyed mcreasmg use world-Wide m the past several
decades It has many advantages winch mclude the followmg

• Increased Yields.
• Improved crop qualIty.
• Less water use and better water penetratton.
.. Less fertthzer use~

.. Lower energy costs (compared to spnnklers),
• Less labor cost.
• Less herbIcIde use.
• Less lIkelIhood of dIsease,
• More effiCIent harvestmg,
• Ablhty to Imgate on slopes and uneven terram,
• Ability to use more salIne water, and
• Decreased dramage problems

C Problems Typically Associated with Micro-Irrigation

No Imganon method IS WlthOUt drawbacks. and mlcro-rrngation lS no exceptIOn. The
pnmary dIsadvantages mclude the large IDltIa1 capital cost of the eqUIpment and the dlfficulty of
managmg these umque types of lmgatlOn systems Because of these concerns. ffilcro-rrngatIon 18

typICally hnnted m apphcanon by econonucs and level of farmer soplusocatIon The lDlportant
conslderattons when considenng mIcro-lITIgatIon Include the followmg

5



.. HIgh IDIUal capItal cost.

.. Increased SOphISQCatton of technology.

.. Imgatton management very dIfferent than surface or spnnkler Imgatton
management.

.. Less margm for error m amounts and tunmg of water apphed.

.. EmiSSIon onfices very small and prone to cloggmg.

.. Parts and fittIngs not standdfdlzed,

.. LImited appltcatton for non-row and non-orchard crops. and

.. CheJDlca1 mJectIon. mc1udmg aCId mjectton and chlonnanon. may be necessary

o Typical Apphcanons of l\-bcro-ImgatlOR

The typICal apphcatlons of IDlcro-rrngatlon systems mclude the followmg

.. HIgh value crops.

.. Areas where water IS very scarce or expenSive,

.. To allow more control over harvest tunmg. usually to make a hIgh value market
wmdow.

.. To allow cultural practIces and harvestmg at allnmes,

.. To use margmal fields,

.. To use margmal water. and

.. To alleViate dramage problems

6
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SECTION IV
APPLICATION AND ECONOMICS OF MICRO-IRRIGATION IN

THE TADLA PERIMETER

A Econonncs of l\llcro-IrrigatlOD m the Tadla Penmeter

The Tadla Penmeter does not fit the typICal profile for wIdespread micro-rrnganon
apphcatlOn In normal years It recen es an adequate supply of reasonably-pnced surface water VIa
the extensIve canal system and the regIOn m generalIs not excessIvely md The topography IS

gentle and the water IS not excessl\ely salme HIgh value crops may be adequately grown wIth
other methods of Imgatton

Micro-lmgatlOn can, ho\'. e\ er make a sIgmficant contnbutlOn to the Tadla Penmeter
through the productIon of hIgh-value rugh-quahty frults vegetables and fibers Therefore, an
exammatIon of micro-rrngatlOn econOIlliCS IS appropnate at thIS stage An abbreVIated analysIs of
the economICS of two crops, potatoes and CItruS, was conducted It IS recommended that a more
thorough analySIS be performed as mformanon becomes aVailable regardmg eqUIpment costs, crop
yIelds, and water and other resource savmgs

Tables 1 through 3 estImate the annual profits mvolved WIth potato productIOn usmg
ropta, level basm, and mlcro-rrngatlOn techmques These tables are based on a number of
assumptIons mcludmg a five year loan penod dunng whIch the capItal mvestments may be
fmanced usmg an mterest rate of five percent Longer loan penods and lower mterest rates would
produce results moreJavorable to micro-rrngatlon The results are summanzed 10 Table 4

7



Bsb..mated Annual Profit Calculations for Potatoes
Por Selected Irrigation T~hn1qu~ in the TadJa Perimeter

Ropta

Outpull
Crop Value
Base Crop Yield
Percent Increase in YIeld Due to lmgation Method
Modlfied Crop YIeld

Water
Irrigation Labor
Other Labor (land prep I harvestmg, etc.)
Seed
Pertilizer It Herbicide!.
Fanner· 5.11ary &: Overhead
Annual Subtotal

potato wl<l

o
o
o

.... lL..I.V'.L.J Ir...ll .. (oJ • I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Annuahzed Cost
Per Hectare

IDl1LMl
o
a
o

yp.ars

Annual Cost
illh.Llta}

610
400

2,400
6,000
2,900

!OO
12,410

12,410 (Dh/ha)

100 (Dh/q)
250 (q/ha)
011
250 (q!ha>

25,000 (Dh!ha)

(12,410) (Dh/ha)

12,590 (Dh/ha)

quintal/ha
dirham~/qwntal

he",'1a.r~

Annuahzed Cost
{Db}

o
Q
o

50%
5

Potatoes
250
100
2S0

TAblet

rmbalCost
(Qhl

17 Lb3-2b 90 •

Annual Prollt for Investmcmt Penod

Mmus Annuahzed Inputs

Cross Receipt

Grand Total of Annuahzed Costs

Annual Inputs

llim'

Capltallnvestment Total

In1tiallnpub

I!rnl
None

A.numptlonl
Annual Interest Rate
Investment Period
Crop
Base Crop Yield
Crop Value
Base Area

•
:£\T BY



3-2o-9b 17 26

Level Basin

AssumptloJ\l
Annual Inte~1 Rate SO~

Investment Period 5 years
Crop Potatues
Base Crop YIeld 250 qumfal/ha
Crop Value 100 dirhams/quinta)
Base Area 250 hectare&

Inltallnpuls Annuabzed Cost
lJuttal Cost Annua1lz«l Cost Per Hectare

Itm! i'Qb) (DJ!l (Dh/h~

Scraper 68,000 15,700 60
Laser Equipment l~ ~ 2Q
Capital Investment Total 170,((1() 39,300 150

Annual Inputs
Annual COttt

Item .aLh/ha)
ScraperO&M 300
Water 460
Irngation Labor 100
Other Labor (land prep , harv~tmg, etc) 2,400
Seed 6,000
Fertilizer Ie Herb1cldes 2,900
Farmer - Salary at Overhead l~
Annual Subtotal 32,260

Grand Total of Annualized Costs l~UO (Dh/ha)

Outputs
Cropyalue 100 (I)h/q)
Base Crop Yield 250 (q/ha)
Percent Increase in Yleld Due to ImgatlOn Method 20%
Mocbfied Crop YIeld 300 (q/ha)

Gross Recetpt 30,000 <Dh/ha)

Minus AnnualtZed Inputs (12;410) (Dh/ha)

Annual Ptofit for In"estment Penod 17,590 (Dh/ha)

T.ble2

Estimated Annual Profit Calculations for Potatoes
I-or Selected Irrigation Techniques in the TadJa Perimeter

potatowkl

25%
20%

AssumptIon!.
Level basin irrigation decreases water useby
Levelba~;n JrrlgaUon Increases crop ytMd by

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Bstunated Annual Profit Calculation9 (or Potatoes
for Selected Irrigation Techniques U\ the Tadla Perimeter

Micro--laigatlon

Assump.t1ons
Micro-lrngation decrease~ water use by
Micro-lrrlgation increas~ crop yield by
Mlcro-lmgatlon decrease~ fertilizer use by

£ j I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

In I

potato wkl

Annualized Cost
Per Hectare

IDhLMl
5,770

o
s,no

30%
30%
20CJ,

years

Annual Cost
!Dh/ha)

430
1,200
2,400
6,000
2,320

100
12,450

18,120 (Dh/ha)

100 (Oh/q)
2.50 (q/ha>
~%

325 (q/ha)

32/500 (Dh/ha)

(18,2(0) (Dh/ha)

14,300 (Dh/ha.)

quintal/ha
duhamslquintal

hectares

Annualized Cost
llLh)

1,443,600
Q

1,443,600

SOil.
5

Potatoes
250
100
250

Table S

InItial Cost
.{Qh}

6,250,000
Q

6,250,000

17 273-2b-9b

Annual Profit for Investment Period

Minus Annuahzed Input!>

Cross Receipt

Grand Total of Annualized Costs

Output.
Crop Value
Base Crop Yield
Percent Increa~ in Yield Due to Irrigatwn M~thod

Modified Crop Yield

Water
IrrigatJOn System O&M
Other Labor 0anc.1 prep, harvestmg, etc)
Seed
Fertillzet Ie Herbkides
Parmer -Salary &: Overhead
Annual Subtotal

mm
Micro-IrrigatIon System

Capital Inveslment Total

Annuallnputl

T.lm1

Inltiallnp\lt.

A."umptlonl
Annuallntt~tRate
Investment Penod
Crop
Base Crop Yield
Crop Value
Base Area

26-Mar-96

•
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Table 4
Econonuc comparison of tb..ree Irngabon Techniques -

in the Tadla Penmeter
-

For Potatoes
(DIrhams per Hectare)

1 II
Ropta

II
LevelBasm II Mlcro- IImganon

lrutlal CapItal I 011 6801! 25,0001
Imestment I I I I I I

I Annuahzed II 12,400
11 124001 I 18,2001

Costs

Expected Crop

I 25,00011 30,00011 32,5001
Value

I Expected IJ 12,60011 17,60011 14,3001
AssumpholJ,<i
Profit estunated for Jnve~meol penod of five years
Interest rate of five percent

Base crop yIeld of 250 qJha

Crop value of 100 Dblq

Level basIn unganon decreased water use by 25% and ~easedcrop YIeld b}' 20%

MIcro-Imgallon dlcreased water use by 30% decreased fertilizer use by 20% and mcrease YIeld by 20%
Based 00 an rrnjl,ated area of 250 hectares

- -
Figures 2 through 5 hlghhght some of the relevant features ot tables 1 trough 3 FIgure 2

Illustrates the hIgh ffiltIal capItal mvestment reqUired by mlcro-lmgatlOn (estImated at 25,1100
DHlha), whIle figure 4 demonstrdtes that the hIghest yIelds can be antIcIpated by usmg IDICro­
rrngatton systems FIgure 5 demonstrates that, for the five-year penod exarmned, the htghest
profits could be antIcIpated usmg level basm lmgatton, not micro-ImgatIon It should be-noted.
however, that once the the-year loan penod has ended the annualIzed loan repayments Will cease
to be a factor and the hIghest anticIpated profits will be realIzed WIth micro-ImgatlOn systems

WhIle the analySIS IS fdlrl) senSItive to mterest rates and loan penods, It should also be noted
that obtammg the loan reqUITed for a lDlcro-rrngatlOn capItal m"estment could be an
msurmountable task for a small farmer Perhaps some sort of cooperatIve structure would have
to be unplemented regardmg the financmg and use ofmlcro-lmgauon eqUIpment.

Tables 5 and 6 and FIgures through 9 prOVIde a slmdar analySIS for a surfdce and mlcro­
ImgatlOn apphed to mature CItruS The results are summanzed m table 7

11
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Table 5 I
Eslima~ Annual Profit Calculations for Mature Otrus

For Selected Irrigation Technlque$ in the Tadla Perimeter I
S\ldace

Au\lmptiont I
Annual Interest Rate 50%
lnvestment Period S years
Crop Mature CitnJs I
Base Crop Yield 200 quintal/hi
Crop Value 120 duhamslquintal
Base Area 30 hectares I
lnitJa1lnPUt8 Annualized Cost

hutJalCost AnnuabzedC~ Per Hectare I
lltm {DiY. {Qh) (Dh/h~

None 0 0 0
~ ~ 0 ICapltallnvestment Total 0 0 0

Annu.al Inputs IAnnual Cost

I!ml illhLha)

Water 1,470 I
Jmgation labor 720
Other Labor (land prep, harvesting, etc) 1,030 IAnnualized Tree Cost 400
Fertilizer Ie Hemkides 2,900
Farmer· salary &: Overhead 100 IAnnual Subtotal 6p20

Grand Total of Annualized Costs 6,620 (Dh/ha)

I
Outputs
Crop Value 120 (Dh/ql

IBase Crop Yield 200 (q/ha)
Percent Increase in Yield Due to Irrigation Method 0%
Modified Crup Yield 200 (q/ha)

I
Gross Receipt 24,000 (Dh/ha)

Minus Annualized Jnputs (6,600) (Dh/ha) I
Annual Profit for Invelttment Period 17,400 (Dh/ha)

I
I

26-Mar-96 agrumes \\ k1
I
I
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Estm-.ated Annual Profit Calculations for Mature CltIU8
For Seloct«llrrigation TcchnlqUlS in the Tadla I'ttuneler

Micro-IrrigatIon

Outputs
CrupValue
Base Crop Yield
Percent Increase m YIeld Due to Imgation Method
ModUied Crop YJe1d

Annual Profit for Investment Period

5,770
Q

5,770

agrumeswk1

(Dh/ha)

(Dh/ha)

<Dh/ha)

(Dh/ha)

Alter first two years

AnnualIzed Cost
Per Hectare

<Ph/hal

120 <Dh/q)
200 (q/ha>

18% (0% for 2yr, 30% for 3 yr)
236 (q/ha>

28,300

11,850

16,400

(ll,900)

Annual Cost
<Dh/ha)

1,030
1,200
1,030

400
2,320,

100
6,080

years

quintaJlha
dlTbams/quJntal

hectares

Annuabzed Cost
(Qhl

113,200
P

173,200

Table'

50%
5

Mature Otros
200
120
30

ImtialCost
IDh)

750,000
Q

i'SO,(OO

mumpbons
Mkro-migabon decreases water use bY'
Micro-irrigation increases crop yield by
Mlcro-U'tlgabon decreaseb fertilIzer use by.

Mmus AnnualIzed Inputs

Gross Receipt

Grand Total of Annuahz.ed Costs

AnnaallnpUtI

Water
Imgatlon System O&M
Other Labor (land PCt~p , harvesting, etc)
Annualized Tree Cost
FertdlUI' & Herbiodes
Farmer - Salary &t Overhead
Annual Subtotal

ImtW Inputs

I~
MlCI'O-ImgatlOn Sy~te'm

Capltallnvestment Total

.A..t,umpllona
Annual Interest Rate
Investment Period
Crop
Base Crop Yield
Crop Value
BaseA1ea

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2h--Mar-96
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Table 7

Econonuc Companson or Two IrngatJon Techniques
In the Tadla Perimeter

For Mature Citrus

(DIrhams per hectare)

I II Surface II MICro ImgatlOn I
Inlttal CapItal

I °Il 250001
Investment

I Annualtzed Costs II 6.60011 11.9001

I Expected Crop Value II 24,00011 28,3001

I Expected Profits II 17,40011 16,400\

AssumptlODS
Profit e.~tunated for IDvestment penod of fhe years
Intere.~t rate of five percent
Bae crop Yield of 200 qJha
Crop ~alue of 120 Dhlq

FOf micco-1msatlon the crop yIelds did DOl chaDse for the first two years but mcreased 30% there.after
\11cro-l1TJSll1l0n decreased water use by 30% and decreased fertilizer use by 20%

Level ba.<m ImjlatJOD tecluuoues were asswned to be curentlv nOl aDDbcable to CItrus

It should be noted that. for the first five years, more profit per hectare can be realIzed with
surtace th.m with mlcro-Img.ltton techmques However, once the mlcro-nngatlOn InttJal capital
Imestment loan IS retIred clnd the Increase In productIVIty IS realIzed the profit per hectare
Increases to 22 200 dh whIch IS a substantI.lllmprovement over the 17 400 dh per hectare
reJllzed WIth conventional surface methods

The foregomg analyses suggest that. If suffiCIent capital IS avatlable and If the systems are
well managed. mIcro-IrngatlOn can be used m the Tadla penmeter to Increase long-tenn profits on
certam hIgh-value crops However. the foregomg analyses also support the need for thorough
economIc analyses on a fa1TI1-by-fann basts pnor to the purchase of a mtcro-lmgaoon system In
partIcular the mcremental costs and benefits between level basm and mlcfO-lmgaoon should be
exammed

B Companson of !\1lcro-IrngatJon to Selected Other Irrigation Tecbmques

The followmg L:1ble enumenzes some of the major elements of selected Imgatton
techmques m the Tadla penmeter

21
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TableS

Companson of Selected Irrigation Methods in the Tadla Perimeter
I

I II
Ropta II Level Basm II Micro-

Iungatlon

I II ICurrent use m Predommant Expenmental Expenmental
Tadla Penmeter I 1 I I and mmor production

Watec savmgs

I
Mnmnal

11
Excellent

II
Excellent

Ipotent

Crop Yield

1

Average II
20% mcrease II 30% mcrease I

potential

I
IrutIal CapItal II None II 680 dh/ ha II 25,000 db lb. I
Costs

I ~:~onand II SImple

II
Moderate

II
Complex I

The forgomg table and the economIC analysIS m the prevIOUS section have been presented to
proVlde some lDSlght mto the relattve ments of different rrngation techmques Although mlcro­
Imganon has the potennal to save the most water and produce the best crop yields. It IS not
appropnate for every fann The followmg section elaborates on some of the major concerns
regardmg mlcro-lITlgatton In the Tadla Penmeter

22
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SECTION V
IDENTIFICATION OF MAJOR Il\1PEDIl\1ENTS AND

RECOMMENDATIONS AND COMMENTS ON EXISTING SYSTEMS.

A Major Impediments to Micro-Irnganon Success In the Tadla Perimeter

At the present nme there appears to be sufficIent access to hIgh-qualIty eqUIpment and
correct deSIgn and mstallanon procedures In the Tadla penmeter WIth the large amount of
mterest III ffilcro-lmgatlOn ill the Tadla Penmeter, It IS Important to keep the quality of eqUIpment.
deSIgn, and mstallatIOn hlgh But. whIle these factors are Important the) alone do not msure
mlcro-lmganon success The followmg are three addItional major Identlfled trnpedIments to the
success of nucro-lmganon 10 the Tadla Penmeter

• Large irntIaJ capItal Investment - MtcrO-tmgatIOn reqUIres m contrast to
graVIty forms of rrngatlon. an enormous amount of Imual capItal mvestment
Quoted pnces ranged from 15,000 to 30,000 dh/ha WhIle there maybe a special
lme of credIt aVaIlable for the purchase of ffilcro-rrngatlOn systems It stIll takes a
certam amount of foresIght and courage to enter mto such a debt

There IS a defimte economy of scale WIth ffilcro-rrngatlon systems All systems need a
pump, fIlter and fel1lhzer mJector m addInon to the PVC pIpes and dnphnes In other
words. large systems tend to cost less on a per hectare baSIS than small systems It may be
possIble to orgamze collecuves to share 10 the cost of some elements of the system m
order to reahze saVIngs for all

• Transfer of technology to on the farm - MIcro-liTigatIOn system operatIons are
unlIke any other fonn of ImgatlOn They operate", Ith much less margm for error
and requlfe mastery of new concepts such as femhzer and aCId Injecuon They
dlso reqUire a ngorous mamtenance regIme mcludmg c1eamng the fl1ters and
purgmg the dnphnes It IS Imperative that the farmer thoroughly understand and
be comfortable WIth these new concepts Wlule all the dealers mtervIewed
mdlcated that they supplIed support to the farmers and one dealer actually trams
on -farm personneL the depth and effectIveness of these servIces were not venfied

AbIlity to recoup investment - Because of the hIgh InItIal Investment, the fanner
must have some assurance of bemg able to reahze enough profit WIth the micro­
ImgatIon system to make the venture worthwhIle TyplcJlly tlus mvolves market
research and pOSSIble secunng offuture markets of tngh-value crops It IS

oopol1ant to IdentIfy hIgh-value crops and markets m ad"ance

In order to overcome these nnpedlments. and assure contmumg quahty m eqUIpment,
deSIgn. and InstallatIon It would be helpful to establIsh expertIse wlthm ORMVAT to prOVIde

23



Impartial (I e not motIvated by the profit of eqUipment sales) adVice to fclfmers The center for
lrngauon Techmques (ORMVAT) provIdes an example or one way thIS could be accompltshed
This orgaI1lZatlOn rnamtams on gomg demonstratIons of mlcro-ImgatlOn techmques, provides
design servtces, and W111 oversee system installatIon. but does not sell eqUipment or SOlltClte
busmess For the deSign alone the charge to the farmer IS one percent of the total eqUIpment
value For overseemg mc;ta11atlOn the charge IS three percent oftowl equipment value 11l1s')ort
of Impartial adVIce could be an Invaluable servIce It IS recommended thJt OR~IVAT wnl)lder
performmg thIS servIce for Tadla Penmeter farmers, and extendIng It to Include adVIce on system
mamtenance

It IS also recommended for ORMVAT to take a more pro-actIve approach m fanner
educJtlon on mlcro-trngauon Issues Several methods of accomplIshmg thiS \\ ould be to develop
m1l.ro IrngJuon "tdct sheets" and newsletters for drrect dlstnbutJon to fJ.rmer~ Jnd the hostmg of
the mu..ro-Imganon mformatJon falI"S The newsletters and fact sheets could CO\ er speCific ISsues
such as sallmty management.. crop water reqUIrements, eqUipment selecnon dnd system
mamtenance The mformanon faITS could be annual events featunng eqUipment suppher dIsplay
booths and talks on current mlcro-lmgatlOn Issues

B EXlstmg l\hcro-Irnganon Systems 10 the Tadla Penmeter

ApproXimately 1,000 ha m the Tadla penmeter are currently eqUIpped WIth some vanety of
mlcro-Irngatlon system Table 9 hsts the known mlcro-Imganon systems by owner, size crop.
and type of mlcro-Imganon system

Between February 27 and March 4, 1996, mlcrO-trngatJon systems on five farms 10 the
Tadla penmeter were toured In addItIon, meetmgs were held With five actIve mlcro-rrngatIon
dealers and three farms were toured near marrakech

In general, the mlcro-lmgatlOn systems seemed to be operattonal dfld theIr managers
~eemed to be sausfied \\ Ith them Hydrauhcally, the systems were sound and opel atmg \\ tthout
excessive pressure losses

The oldest system was five years old and had undergone substantIal rehabl1ltatIOn The
newer systems (two or fewer years old) were functIOnal WIthout substantIal modificatIOns

Flgure 10. illustrates a tyPICal mlcro-lfflganon system In the Tadla Penmeter Such a
system would use a submerSIble pump to pressunz.e water from a well Immedldtely downstream
of the pump. a screen or dISk filter functlOns as the sole filtratIon umt for the system A pressure
rehef valve and au vent v. auld be found on the filter statIon Immediately downstream of the tilter
would be a chemIcal IDJeCtlOn deVIce Both IOjeCtlon pumps and venture-type Injectors were
observed (although not on the same mstallatIon)
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The filter station would dIscharge Into a PVC mamlme pIpe, wIsh conveyed the water to
the operatmg blocks The block control valves observed were both manual and hydrauhcally
actuated and \\-ere umformly of hIgh quahty

The PVC header Ime would be hnked to the dnplmes by means of dnlled holes and
grometted connections Most of the observed dnpImes eIther had kauf emItters prepunched 1010

them or an-lfi hne emItter extruded mto them Mlcro-spnnklers were observed on CitruS The
ends of all of the observed dnplmes were closed WIth standard "figure8" fittmgs

Se\ era! generallmpresslOns of the systems are summanzed helO\\!

.. FiltratIOn - Good filtratIOn IS an absolute neceSSIty tor successful micro­
ungauon TypICally a system m the Tadla Penmeter ~Ill only ha\e one screen
filter, SItuated upstream of the chenucal lIl.Jecuon pomt 11us practice IS not
adVISable The filtratlOn systems could be unproved m the followmg ways

1 The pnmary filtratlOn should be located_downstream of the cheIDlcal IDjeCtIon POlDt lD
order to filter out any preCipItates wbtch may fonn as the fernltzers react With the water

2 Secondary filtration umts should be added at the head of each mamfold. These could be
small screen mters, which would proVIde protectIOn for the emitters and ffilcro-spnnkIers
m the event of a mamhne break or pnmary filter faIlure When compared to the cost ot
replacmg all of the emitters or micro-spnnklers, these secondary fUters are mexpensl\e
msurance

3 Screens alone do not prOVIde safe~ adequate.long-tenn filtratton Ifa hole develops m
the screen the filter IS nnmedlately rendered useless Unfortunately. unless the pressure
differentIal across the filter lS bemg mODItored, thIS development could be unnoDced until
the emnters are contammated Unless there are assurances of contmuously clean water
dIsk or media filters should be used as th~ pnmary filtratIOn devlce

~ Pressure RegulatIon - Pressure regulation-assures that the emiSSIOn deVices .md
fittIngs are operatmg Wlthm theu'-speCIfied ranges Pressure regulators were not
observed on any of the mstallanon VlSlted The SATA farm and the Kattourn farm
both had a Bernard pressure regulanng valve as the block control valve. but not
mdependent pressure regulators The system seem to run at relanvely htgh
pressures (1 to 4,5 bars) Manufacturer's recommendatiOns typIcally run from 1 to
25 bars The SATA farm had problems WIth barbed fitungs and mlcro-spnnllers
poppmg out of the tubmg Increased pressure regulatIon would also allow water
dlstnbutton to be more precrsely controlled and energy cost savmgs to be reahzed
The recommendanons are as follows
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I Either the system pressure must be redul.ed or fittmgs and emiSSIon devIces which Cdn
accommodate the hIgher pressures must be utilized System pressures could be reduced
With pressure regulators at each mamfold valve Pressure redUCing valves as block control
valves are also an option, although they cannot react qutckly enough to protect agamst
sudden pressure surges

Conversely, If the system pressures were not reduced, the systems \\ould still be functional
If dIfferent fittmgs were used Glued and lor threaded (both parts of the fitting need to be
threaded) fittings would be appropnate for hIgher pressures Barbed threaded (on one
SIde only), and grommetted fittmgs are bound to fall at hIgher pressures

.. Purge Valves - Along WIth filtratIOn purge valves help to keep the system clean
and the enl1S~IOn de\-,ces functlorung properly All systems toured h.ld purge
valves on the ends of the header hnes, but none were obsen. ed at the ends of the
mamlmes The purge valves generally consIsted of a threaded male cap whIch.
when removed, would dIrect the purged water drrectly up\\ards Also, 10 general
the purge valves were at least one pIpe SIze smaller than the served header Ime
The recommendations are as follows

1 The purge valves should be the same SIze as the served mamfold 10 order to ensure
good pressure at the hne and adequate velOCIties at the head of the hne for purg10g For
tlus reason also. It IS recommended that the mamfolds not be allowed to decrease 10 SIze
more than one or, at the absolute most. two p1pe SIzes

2 Although the threaded caps serve as adequate purge valves butterfly or ball valves
would prOVIde more ease of use and a longer servIce hfe,

3 The purge \ alves should be located so as to duect the purged water to a convement
locatIOn For example a pIpe could be extended under a road so as to dlreLl the purge
water mto a dItch 10stead of on to the road

4 Purge vahes should also be mstalled at the end(s) at the mamltne(s)

.. Maintenance - Mamtenance IS Important for all bnds of rrngatlon systems, and tS
especIally essential to contmued operanon of mlcro-lmgatlOn systems All the
toured systems employed some sort of mamtenance schedule The SImplest
mvol\'ed purgmg the Imes and cleamng the fIlter upon system Stlrt-up at the
begmnmg of the growmg season The SArA fann had the most sophlstlcated It
mvohed a purgmg schedule for the dnplmes, header hnes, and filter. and also had
an aCId ffiJectIOn schedule RecommendatIOns are as fo11o\\-s

] Regular mamtenance schedules should be developed whIch would Identify routmg on­
gOJDg actIVItIes performance mdIcators and remedIes for system non-petformance As a
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mmIffiuffi, such a program would Involve the follOWing

• Purgmg mamlmes,
• Purgtng header hnes,
• Purgmg dnplmes,
• ACId InJecuon,
• Backwashmg filters,
• Cleanmg filters elements;
• VISUal mspectlon ofemISSIOn devICe dIscharge,
• Momtonng system flow,
• Morntonng pressure drop across ftlters,
• Morntonng pressure at header hnes
• ProvlSion for fluslung salts from the SOlI, and
• Chlonnatlon of surface water

.. IsolatIon Valves, Union, VlctaulJc connectIons, Etc - Although not absolutely
necessary, there are a number of manual valves and connectlons whIch make
system components much easIer to service These mclude manual gate, ball, or
butterfly valves upstream of block control valves, umon or Vlctauhc connectlons
for valves, filters, pressure regulators, and any other component whIch may have
to be penodIcally removed for secvicmg

PVC Pipe Installauon - No duect mstallatIOn process was observed However,
from dISCUSSIons WIth system managers It was ascertamed that PVC pIpe and
fittIngs were connected by means of solvent weld Jomts usmg glue only It IS

recommended that appropnate proner be used In conjUnctlOn WIth the solvent weld
glue, espeCIally on pipe SizeS larger than 4cm In dIameter TIns WIll ensure longer­
lastmg glue Jomts

_ There was also some dIssatisfactIOn WIth the vanable qualIty of the PVC and PE avaJ1able
m Morocco although these dIfficultIes were not observed fIrst hand In order to proVIde
other recommendatIons for mstallatIon practIces, field InstallatIons \\-ould need to be
observed fIrst-hand.

.. AJutage - TIus form of rrnganon was observed pnmanly m the area around
Marrakech The emISSIon deVIces are brass nozzles. approXimately 1/2 cm In

diameter, wluch have been punched mto the tubmg 11us represents a mmunal
amount of flow regulanon and the flows at the begmnmg of the tubmg will be
much Ingher than the flows at the end However, because of theIr larger emISSIon
deVIce onfice SIze, aJutage systems requrre less filtratlon than dnp or mlcro­
spnnkJers and are therefore easIer to manage AJutage system costs (20,000
dh/ha) are comparable to mIcrO-trngatIon system costs (15,000 to 30,000 dhlha),
but dehver much poorer results mtenns of water savmgs therefore, aJutage IS not
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recommended for wIde .1pphc.1t.lOnS In the Tadld Penmeter

.. Mlcro-spnnklers - Several CItruS orchards WIth mlcro-spnnkler Installauons were
observed m the Tadla Penmeter CItruS Orchards WIth dnp Irng.1tlOn were .11<;0
observed Mlcro-Sprmklers provIde a larger wetted area than dnp Irngauon
whIch IS especl.1lly Important m sandy soIls. and have the added benefit of
provIdmg some measure of frost control However ffilcro-spnnklers have the
dIsadvantages of senSItiVIty to wmd, difficulty of keepmg vertical more water loss
to evaporabon, and the wettmg of low-hangmg leaves and fruit

The Tadla penmeter has predommantly "heavy" and not sandy SOlIs and mdY not need the
added frost protectIon benefit Dnp IrngatlOn. WIth properly spdced emitters and dnplme<;
~hould be adequ.1te for most Tddla CItruS .1pphcatlOns Each on,hard, ho\\e\er. should be
reVIewed on an mdlVIdual basIS

.. ConversIOn of Mature Orchards - The conversIOn of orchards whIch have been
raised on surface ImgatlOn to mlcro-ungabon has been observed In the Tadla
penmeter WhIle pOSSIble. It should be noted that mICTo-lmgatlOn WIll change the
root structure of the plants mvolved and a short-term los of productIVIty wIll
Iltkeky be observed These systems must be carefully deSIgned and operated With
these specIal concerns m mmd

C Braef OvervIew of EXIstmg Suppliers

Dunng dISCUSSIOns With Moroccan mlCTO-trngatlOn suppl:ters.It became eVident that a
great deal of Interest eXIsts for selhng mlcro-Imgabon eqUlpment In the Tadla Penmeter Several
dealers are actively pursumg thIS market and one even has local representation m FqUlh Ben
Saleh A 11st of the supp11ers contacted may be found In AppendlX C

All dealers Vlslted hdve aCL.ess to qualIfy eqUIpment and proVIded assurances of on-gomg
techmcal <;upport Most of the dealers carned a mIX of equIpment from France Spam Italy
hrael. the Umted States and Morocco All the polythlene tubmg was mdllutJL.tured m Morocco

It IS cruCIal to the success of mlcro-Irngatlon In the Tadla Penmeter that deSIgn.
eqUIpment. installatIOns, mamtenance, and on-goIng dealer support are of the highest quahty In
the USA there are many unfortunate examples of over enthusidStIc dealers who overstate the
advantages of mlcro-IrngatIOn to farmers WIth the sole tOtent of sellmg therr eqUIpment Without
regard to the appropn.1teness or success of the system Farmers have been mdUl,ed to purchase
mfenor eqmpment and mstalllarge and unmanageable areas

WhIle good quahty eqmpment IS certamly avmlable to Tadl.} fanner" Jt IS Important that
they have the resources avaIlable WIth whIch to make mtelhgent declSlons regardIng mlcro­
lmgatlOn systems
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SECTION VI
RECOMMENDATIONS FOR FUTURE ACTIONS

EducatIOn of Appropnate Personnel

A senes of semmars for the appropnate ORMYAT personnel should be conducted The
semmars will proVIde an ovemew of micro-Imganon, pnncipals of desIgn, pnncipals of
eqUIpment selecnon, mamtenance procedures, and mstallanon procedures Dunng the desIgn
semmar, for example, ORMVAT personnel will learn how to select the appropnate emItter and
accompanymg filtrauon based on the crop grown, clImate, water source, topography, field
geometry, economICS, and hydraulIcs

Draft semmar outlInes for the overvtew of ffilcro-rrnganon and deSIgn are mcluded m
AppendIX A and AppendIx B

The purpose of the semmars IS to develop a core of qualIfied people who can asSISt the
farmer m ffilCfo-Imganon Issues, especIally the ISsues IdentIfied as ImpedIments to the successful
development of ffilcro-lmgatlon m the Tadla Penmeter
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OvervIew

ANNEX.A

Micro-IrrigatIon Seminar Outlme

DRAFTPage 1

I DefimtIOn
Mtcro-ungatton mvolves the preclslOn dehvery of water dlfectly to the plants, usually
at low flows and low pressures

II Purpose
To produce hIgh quahty crops willIe conservmg resources, pnmanly water

IV Benefits of MIcro-Irngation
~ Increased YIelds
~ Improved crop qualIty
~ Less water use, better water penetratIon
~ Less fertIhzer use
~ Lower energy costs (compared to spnnklers)
~ Less labor cost
~ Less herbtctde use -
~ Less bkehhood of dtsease
.. More effiClent harvestIng
~ Ability to tmgated on slopes and uneven terram
~ Ability to use more salme water
~ Decreased dramage problems

ill Apphcations
~ HIgh value crops
~ Areas where water IS very scarce
~ To push the crop to make a h1gh value market wmdow
~ To allow cultural pracnces and harvestIng at all tImes
~ To use margmal fields
~ To use margmal water
~ To allevIate dramage problems

V Important ConsIderatIons
~ HIgh mtIal capttal cost
.. Increased soph1sncanon of technology
~ Imganon management very dIfferent than smface or spnnkler tmganon

management
~ Less margm for error m amounts and tImmg of water apphed
.. EnusslOn onfices very small and prone to cloggmg
~ Parts and fittmgs not standardtzed
~ Chemtcal mJectlOn, mc1udmg aCld InJeCtIon, may be necessary
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VI Economics
~ Pay-back penod
~ Example of economics of a crop usmg

• ConventlonallITlgatlon
• Mtcro-lITlgatlon
• Level basm llTlgatlon

IV Introduction to Micro-Imgation Systems
~ecessarycomponents

~ EnnsslOn deVices
~ Tubmg (PE)
~ PIpe (PVC)

• Purge valves
• Ondnplmes
• On laterallmes
• Onmamhnes

~ Flttmgs
• PEfittmgs
• PVC fittmgs
• Flttmgs to get from PVC to PE

~ Control valves
• Manual
• Hydrauhc
• Electnc

~ Filters

• Pnmary
• Secondary

~ Pressure regulatlon
.. _Pressure measunng deVIces
.. Fert:J.hzer mJectlOn eqUlpment

• Pump
~ Non-essentlal eqUIpment

• Flowmeters
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.. Determme maxnnum dally crop water requIrement

.. Determme Length of Operatlon Dunng Peak Water Use

I Information Needed

.. Crop
~ Locatlon(Chmate)
.. HIghest probable evapotranspIration (E T ) rate
~ Sou type
.. Source of water
.. Quahty of water
.. Scaled drawmg
.. Topography (slopes)
.. Duration of system (number of seasons)
.. Any speClal cultural concerns
~ Any eXIStIng eqUIpment to be used
.. Any other constramts
.. SopmsncatlOn offarmer

IL Bnef Overview of System Components

.. EnnsSlon deVIces

.. Polyethelyne tubmg (PE)

.. Poly vmyl chlonde pIpe (PVC)

.. FIttIngS

.. Purge valves

.. Control valves

.. Isolallon valves_

.. Pressure regulatlng deVIces

.. Futers

.. CheIDlcal mJecllon eqUlpment

.. Pump

.. Arrvents

.. Non-essenllalltems (flowmeters, controllers, etc)

m Determme Crop Water Requirement
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Micro-IrngatlOD Semmar Outlme

Design
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EmiSSlOn Spacmg ConsIderatIOns

IV EnnsslOn DeVIce Selection

.. Categones of emISSIon devIces

V Determme Block SIze

desIgn wpdDRAFTPage 2

EmIssIon devIce selectlon consideratlOns
• General type of crop
• Duratlon of system
• Terram
• Length of run
• Operatmg pressure
• Water quallty
• Local expenence
• Manufacturer and dealer recommendatlons
• Other cOUSlderatlOns

• Sou type
• Plant spacmg
• Local expenence
• Manufacturer's recommendatlons

.. Maxunum length of dnphne run

.. FIeld geometry

.. Flow m average dnplme

.. Total flow m block

.. Number of blocks to operate slIDultaneously

.. Safety factor

.. Mamhne SlZIDg

.. Header hne SIZIng

.. Pipe dOWUSlzmg consideratlons

.. Purge valve SIze consideratlons

.. Valve pressure loss

.. Futer pressure loss

.. FIttlngS

.. Safety factor

VI Header LIne Hydraulics

vn Block Control POInt Hydraubcs

January 31, 1997

vm MaInlIne Hydraubcs

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



X Reqmred Flow and Pressure at Pump

~ Pipe dOwnSlzmg conslderatlons
~ Purge valve SIze consideratlons

... Determme reqUIred pressure at pump dtscharge

... Determme reqUtred pump flow
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IX FIlter StatIon Hydraulics

... Manufacturer's charts for
• Valve(s)
• Chemtcal ffijector (s)
• Ftlter(s)
• Flowmeter
• FlttmgS
• Other eqUIpment
• Safety factor
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ANNEXEC

list of suppliers Contacted

Name of Firm Contact Place Phone
Number

CMGP Youssef Moamah Casablanca 302535
Admlmstrateur

Im-Sera Dlfa Abdelhadl Casablanca 402030
Responsable Techmco-
CommercIal

TECHNOV HakaooUi Salah Casablanca 600555
Ingemeur
Electromecamclen
Chef du Service
Techmque

B&Z Husm Zelno Rabat 771222
Mahmalat,
Dlrecteur General

FIF Control Albert Sebag, Casablanca 304939
Ingemeur Agronome,
Service Techmco Commercial

Atlas Irrigation Omar Altlhou - Marrakech 300599
Dlrecteur Technique -


