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Preface

Barbados shall soon be anbarking on more extensive irrigated agriculture,

especially for vegetable crops. The need was felt to integrate exi.stdng

climatic, soil and econanic infonnation in Barbados to produce a workfng

guide for irrigation under Barbadian conditions. TIle guide is oriented by

basic principles of soil water rnanagamnt and conservation, crop water needs,

sprinkler and trickle irrigation and cost and production econanic analysis.

Existing infonnation has been used with the hope that further research

will :improve the quality of the climatic and soils data and thus improve the
- ' .

value of this guide.

'!his effort is a result of collaboration between staff rneniJers of the

IICA Office in Barbados and the Land and Water Use Unit of the Ministry of

Agriculture, Food and Consumer Affairs of Barbados, and it is hoped that it

shall serve as a useful guide to farmers and extension agents.
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Warren Forsythe

Director of the lICA Office in Barbados

December, 1930
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QrAPrER 1

WATIiB REJ3JIRE~mNTS OF PlANTS AND

son, WATER·MANAGElmrfl'

Vlari-en M. Forsythe

Climate in relation to eyaporation and water use by plants

. Plants growing in a' Wet sOii <adec1uately wet but not flooded) mc;t:ract

water fran it mich in the same way that a wet wick partially placed in a

bottle of water extracts water fran the bottle. Plants, iike the wet wick, pe1¢t

evaporation and this is affected by teuperature, radiation, relativehlmh.iity

and wind. Plants growing in a wet soil free of salinity, enjoy the Maxinun

'Ia:;si bl e Crop Water Constmptioo (MFa'K:). Crops have ind!vichial values of

~.'lheMPCWC can be cazpared to the evaporation fran water in a class

A open pan, under the same weather conditions as the crop. '!bese coeffi~

.cientS for fully developed crops can vary fran 20% to 11~ of :ryan evapora

tion. Most crops studied have coefficients between 80% and 110%.

~water ·Use i n relation to field practices ' and plant age

As a wet soil dries, plants have greater difficulty in extracting

water and COi1SUnption .drops below the max:lnun to al.m:lSt nothing when the

plant ispEmnahEmtly wilted.. Thus if one irrigates a crop \\hen it begins

to Show siRns of pe~nent wilt, less water would be used than if irriga

tion were done more frequently to keep the soil wet. However, there will

be a large loss in yield as ~'1a.1l be seen in a later section.

.it. bare wet soil that is well drained allOws the evaPoration of appraxi-
. • . . . ," . . ;.. . ~ . . • j '

mtely·4O% of the MFO'IC of crops with a coefficient of one; in other words

~roxiimtely 40% of class A pan evaporation. . Thus the soil of a field

covered with actively grcM.Dg grass VlUuld be drier than the nei.gllbOuring

bare ·Soi l , Ii feW days Rfter receiving the SSIJE irrtg8.tion.



- 1.2 -

A canplete cover with a dead DI1lch further reduces wet soil evapo

ration by about 43%. The resulting coefficient would be 40';{, x 43% =17%.

HOwever, the effect of the IlIllch is reduced as the soil dries. , 1.bus for

lJIllching to be effective in reducing soil evaporation loss, it should be

present when the soil is initially wet.

A recently planted wet field will pennit evaporation like a bare soil

but as the crop-covers the soil ,the water consumption increases to a maxi

DUn. Crops that develop mature leaves and Leaf-drop with age reduce their

water consinptdon after the maximJrn period. Table 1.1 and Figures 1.1 and

1.2 show bow the crop water consumption coefficient changes with age for

sane crops. For example kidney beans under clean cultivation start at 4('fJ;,

increase to a maxinun of 96% and fall 'off to 4fHn at the end of the growing

season. Interuediate values can be read-off fran .Figures 1.1 and 1.2.

Coefficients for other crops can be obtained fran your extension agen:t

as information appears as a result of research on other crops. '!be Table

also shows how a 100% mulch cover can reduce evaporation losses. Until

nore infonnation exists on horticultural crops, it is recanISld.ed that

the values for kidney beans be used. If there is no leaf-fall, the maxi

.mum value will continue until harvest.

Dependable rainfall in Barbados

It is :i.nportant for the fanner to know what are the chances that a

certain mininun of rain will fall for a particular nonth or week, which

will give a good crop, T1"..is minimJrn should occur 3 out of 4 years (7$

dependahility)and is called 75% dependable rainfall. Average rainfall

figures tend to be only 50% dependab'le , not enough for econanic fam

planning .
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FIGURE 1.3

BARBADOS RAINFALL ZONES
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Tables 1.2a to 1.2i show 75% dependable rainfall for varaous weath~r

situations in Barbados. rrbe original roonthly rainfall is given here on .a

weekly basis J since this is more practical for planning operations. Figure
. :. . . . .

1.3 shows the locations of the weather stations within three rainfall zonea,

so that a location in a particular zone \\UUld use the data of the nearest

station within that zone.

The MPCWC for a given week would· be the maxinun aroount of water needed

to enter in the root zone of the plant, assuming that there is no rainfall

that week and that the crop has a Crop Water ConstJnption Coefficient of

100%. HoweverJ if we consider the 75% dependable rainfall expected for that

week J part of the MFCWC v.ould be satisfied by this rainfall J so that the re

mrining water requi.ralent 'WOUld be- also 75% dependable. '!his~ that for

the particular week in question the plant \\OUld need up to this quantity of

water 3 out. of 4 years. This quantity will be called.the 7ff!J Maxim..un Crop

Water Needs. For 1 out of 4 yeras the water requiratent would be greater,

that is, up to the value of the MPCWC, but the extra cost to provide this

extra water sh~ld be justified by the additional yield. We rm.y therefore

say.

75% !mc?Jmm Crop Water Needs (¥CWN) =Uaxinun Ibssible

CbIlSl1IllPtion 01PO'!C) - 75% Dependable Rainfall.

Crop Water needs in Barbados changes with location and time of y'*lr '

Tables 1.2a to 1.2i show how Ml=O'~, 75% DR ·and 75% MCWN change for differ

ent locations of Barbados and different tiJoos of the year. The values of 1f1f::.

10m are UI1ltiplied by values of the Crop Water Col1SlJJl!>"tion Coefficient/1oo J

(Table 1.1 and Figures 1.1 and 1.2) for the planning of weekly water needs
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of a ~ven crop. For example, if we wish to know what weekly supply would

be 75% reliable for recently planted kidney beans( (jf:, of the growing season)

~ing week No. 14 '(Apri l ) for the Lancaster area, whis would be 40/100 x

24.5 = 9.8 nm of water. For kidney beans at 0C1% of its growing season

this would be 96/100 x 24.5 = 23.5 mn, 'Ibe value of the Crop Water Con

SlIDption Coefficient for 4CJ1; of its growing season can be read-off fran

graph 'No. 2 in Figure 1.1 and this is 77%.

'Ibe weekly water supply for kidney beans at 4(1,l1 of its growing season

would then be 77/100 x 23.5 = l8.lnm.

'!be value of the CroP Water Consmption Coefficient for f!i:.:ffo of its

growing season is again read fran the graph and is '68%.

,The weekly water supply for kidney beans at 0C1XJ of its growirig season

\\Uuld then be 68/100 x 24.5 = 16.7 mn.

. ' It is, important that the previously calculated weekly supplies

would be 75% reliable. 'Ibis means that such a supply would on the average

be sufficient 3' out of 4 years. If we wanted a Weekly supply v.hich ViOuld

be 1(X1% reliable then the value of MPCWC for ' week No. 14 wOtild be used i~~\

stead of 75% MCWN and this would be 33nm. 'Ibis value would be multiplied

by the Crop Water Consurrption Coefficient as above.

Week No. 14 alsO has the highest average 'wee1dy MPCWC for the year

and'the Crop Water:.'Need derived fran this figure 'is~USed to estimate the

.capacity of .t he sprinkler System to deliver this am::nmt of water 'to the

root zone.
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Asswrl.ng that the efficiency of .a sprinklersystan is 7$),: then the p.mp-. .

i.ng capactty of the systEm to provide flOw to the n~les would be MPCWC/

0.75 for the week.

Effect of bare soil and mulching on the 1:!PCWC and the MOim

If we have a bare soil at field capacity the values of ~ro!£ ·are nulti-

plied by 0.4. '!he 75% lnJN will thus be reduced. If we examine the .tables. . .: - ..

we shall see that weeks that did not have an excess of water under .f ull crop

cover, hew have one; . and the soil will begm to nodsten. If, . in addrtdon,

the bare soil is carpletely covered with a nulch, then the values ,C?f :MPCWC

are multiplied by 0.17. This extends even further, t he period.~f ~

with 'excess water, \vhenthe soil can be nodstened by accimlated .rainfall.

This ' explains the practice .'in Barbados where a j bare .sof.I . on.a bare ;~il

with mulch will allow the 'soi l ·,t o moisten andpermrt earlier plant~ .dat es .

One must rEJIlE:lIber ·1howeVer, that when the plants are fully ~elopec;l the

MCWN .assumes its ,or i c·inal value'. .

week No. 15.

Soil 'misture needs of Crops

Not only do Crops need a certain volUl1'E' of water per day for transpiration,
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but 't hey need, that the nrnsture in the soil is at a certain degree of
" : r. ~

, ~nes$~A .drop', of..water touching ", a dry,.soil clod is soon sucked up by the
. ..

clod. Dry soil attracts water and exerts a suction on the water , which Can

be expressed as .bars as in pressure. (~Bar = 100 centibars = lc(x)

'.millibars) .

'!be drier the soil the greater the ,suction. A wet soil at field

bELpa"cityhas a -suctdon of 0.1 to 0.3 bars and a soil, that has been dried, :

,':by plaIits until ·they are the .~t wilting stage, has a suction 'of ... . ;- -

around 15 ;bars. Figure 1.4 shows, in gener al , how t~e suction at VtbiCh

asciI is' irrigated affects· crop yields.

Measur:l.ng soil wetness

, SOil '·.wet ness has been e~ima~ed p¥ feel b~t t~~s . method is not

senSitive .enoogh for efficient water. use. '!be soil Ill)isture percentage

can beestamated by drying the .soil . in an oven at 105°C, but the method is

too laborious for field nnnitoring dur~ng agrieuJ-tural production. ·The

electrical resistance of blocks of gypsum or nylo~,. change with ~il
• " . :~ • " . t .

nnisture andtQis.equi~tis. ~itab:l:-E1 for mnitoring. The tensianeter
. .... . ,

s ; • , '~

is 'a popular instrumeQ:~. .used to neasure soil wetness since it measures
. ' . ' .:. "

the suction .. Figure 1'.5 shows ,a tensiaooter which is basically a vacuum
." . ".' ; '. . .". ... ......'..

~ water meter which makes contact with soil water by means of a porous
, .. >, .' ' "" . '." •••

ceramic tip.. 'I'he tensianeter can be used to a dryness of 0.8 bars
. . .. " .

:-(80 centIbara) suction, which is a suction value at v.bich the irrigation

of many horticultural crops is recarmended.

Hot water wets the soil

If one obtains a stripof dry blotting paper and puts a few 'drops of

water on the upper end, one notices that the wetted portion ends abruptly,

e
..J
LIJ

>ii
0.. -
o
II:
CJ



FIGURE 1.4
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FIGURE 1.5

TENSIOMETER

Ceramic tip with fine
pores permits contact
with water in moist
well-drained soil. No
soil nor air bubbles enter.
Air found in the air trap is
due to air previously dissolved in the water
forming bubbles. This can be remedied by
refilling the tube.
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FIGURE 1.6

HOW WATER WETS THE SOIL
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and the wetting front JIDVes downwards slowly. If IOOre water is added the

wetting front advances downwards and then stops once IOOre to a slcm

~ IOOvanent. Figure 1.6 illustrates this process. Waterenters

and wets a dry soil in a similar manner. ~ the wetting front in the

soil reaches the slo.v downward JOOvanent stage, the wet soil is said to be

at field capacity and the soil has a wetness of around 0..1 to 0.3 bars of

suction.

StOrage in the soil, of water that plants can use

Plants extract water fran the soil and dry it until they wilt

penII3.llOntly . . The· :sOll~:suetion'·,:At '::tliis_pMi1t :1s at'OUlid'J.5 bars If the

soil is initially wet at field capacity, (0.1 to 0.3 bars) then the

plant; begins to extract water which is easily available up to about 1 to 2

bars of suction and this SUPIX>rts active growth. The plant continues to

extract water which is increasingly rmre difficult to obtain but will

maintain the plant alive with sane limited growth. Wh.en the plant

extracts water until it wilts permanently, the plant dies. The soil

lOOisture is then at the 15 bar level. We can identify soil water that

supports active growth and soil water that supports plant survival. ' In

agricultural production we are interested in active growth and we can

separate ~ types of water stored in the soil.

1) Soil water storage for growth and survival = Moisture % at

Fi,eld CP~pacity (0.1 to 0.3 bars) less the %at the

Pennanent Wilting Point (15 Bars).

2) Soil water storage for active growth = i\~isture %at Field

Capacity (0.1 to 0.3 bars) less the %at 1 to 2 bars of

Suction.

stOrage capacity of 'scma Barbadian 'soils ,',

Table 1.3 shows the water storage capacity of SCJIX:} Barbadian soils.
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Storage.,is giVeIl in t\ID f011DS 1) For growth and survival and 2) For

active growth using 1 bar suction as the limit. ·'Ihe Black assoctarfon has

the greatest storage capacity of the soils studied, whereas the' Hed Brown

association has the lowest capacity. In spite of the fact that both soils

have clay texture, the Black association has a higher mrtsture holding

capacity than the Red Brown association because the fonner is a

IOOlltcnDrillonitic clay \\hile the latter is a kaolonitic clay.

Plant root depth and storage capacity

'Ibe greater the root depth, the larger the soil depth that can be used

for storage of water. A practical guide to estiJmte Saile depth is that

Vvhich contains the rmjority of the roots. - Figure 1.7 illustrates this

point. Note that young plants with a srmJ.l root depth will have a snaIl

soil storage capacity to use. Although roots of young plants do not

penetrate deeply into the soil, initial irrigation should aim to wet all

the soil expected to be used during the growing season, so that the young

roots my be penni.tted to develop and-penetrate the soil to -the maximum

as quickly as possible. Table 1.3 shows haw the nnisture ' storage capacity

is calculated for given root depth.

'!be effect of soil stOrage capacity on how often you irrigate

L€t us consider scee examples. For the IBncaster area during April

for a fully developed crop wi.th a Crop Water Consmption Coefficient of 100%,

the Crop CoIlSlmPtion for a week would be 24.5 ·x 100/100 = 24 ~ 5 DID. This is

equivalent to 24. 5j7=3.fxrmIday. - If a soil such as No. 34 -is to be found

in t~e reg~on and the root zone is 12 ins (30.4an) with a water storage

for activeg:ro.vth of 50.8 nm, then the frequency of irrigation is 50.8/3.5

= 14 days (to the nearest day). If the crop had a 1211 root zone on Soil

46 the storage would be 28 nm and the frequency _of irrigation would be

28/3.5 =8 days , ('lbat is, every 8 days.).



FIGURE 1.7

ROOT DEPTH AND STORAGE

Soil Level

Soundary of zone
where the
majority of roots are ~

Soil Leve'

Soil No. 34 Storage for active growth in 6 in. zone when the majority of roots are (15.2 em) root depth = 1 in. (2.54 cm) water.
Storage for active growth in 12 in. zone when the majority of roots are (30.4 em) root depth = 2 in. (5.08 em) water.

Soil No. 46 Storage for active growth in 6 in. zone when the majority of roots are (15.2 cm) root depth = 0.56 in. (1.4 cm) water.
Storage for active growth in 12 in. zone where the majority of roots are (30.4 em) root depth = 1.12 in. (2~8 em) water.
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If there is no rainfall during April, then Crop CoDS1.lI1Ption for a week

would be 33 x 100/100 = 33 DID. This is equivalent to 33/7 = 4.7 rm lday.

Irrigation frequency on 12" of Soil 34 would be 50.8/4.7 = 11 days. Ql

the other hand irrigation frequency on Soil 46 would be 28/4.7 = (; days.

For the Spencer area during April, Crop CoIlStlIlption for a week would

be 32.7 x 100/100 = 32.7 mil. 'Ibis is equivalent to 32.7/7 = 4.7 rrm/day.

If a soil such as No. 34 is to be found in the region and the root zone is

12 ins with a water storage of 50.8 nm, then the frequency of irrigation is

00.8/4.7 = 11 days. If the crop had a 12" root zone on Soil 46 the

storage would be 28 om and the frequency of irrigation would be 28/4.7 =

6 days. If there is no rainfall during April, then Crop Consumption for a

week would be 37.3 x 100/100 = 37.3 11m. This is equivalent to 37.3/7 =

5.3 trm!day. Irrigation frequency on 12 inches of S'il 34 would be

50.8/5.3 = 10 days. On the other hand irrigation frequency on 12 inches

of S >il 46 v.ould be 28/5.3 = !) days

Thus we see that during April irrigation frequency can vary fran every 14

days to every, =5-.idl1ye c-de:xndi~t:'on tho. sotl-, and rainfall. June and <July are

examples of months that still need irrigation although the frequencies

will be lc)\,/er. ,

The offt."Ct of soil storage capacity on how nuch water to apply during irrigation ,

Since the storage of 12 ins of Soil 34 is 00.8 mn, this quantity of

water Wiill have to enter the root zone during irrigation. Because sprinkler

irrigation is approximately 7fffo efficient, more water will have to leave the

nozzle so that 50.8 nm reaches the root zone and this is 00.8/0.75 = €7. 7mn.

'!bus, one should plan to apply 67.7 om of water during an application.
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TABlE 1.1.

CROP CULTIVATION
PRACTICE

%OF GROWING SEASOr OR MONTHS, .ADD
% COEFFICIENT

100;60

100;55

100;40

100;17

0;40 ~ complete cover;105

o months; 40 I 2+months; 90

0;40 I 55;94 I 75;941 100;40

0;40 55; 100

0;17 55; 91

0;40 60; 96

0;17 60; 88
0;40 l 50;100 I 75;90 j 100;0

1 month; 40 I 3 months; 54 I 5 months .10~' 5i1nonths;1;1.0

0;40 I 50;20 I 100;20

Corn clean cultivation

Corn 100%' mulch"cover ',

Kidney beans clean cultivation

Kidney beans 100% mulch cover

Cotton clean cultivation

Sugar cane clean cultivation

Pineapple clean cultivation
v

Complete grass
cover clean cultivation

p Bananas clean cultivation•
Cow peas clean cultivation

~,

*Growing season includes lea.f-matura.tion and leaf-fall.

"
I

~,
1
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WEEKLY CROP WATER NEED TABLE (mm of water)
fF~i,E- i I~a

:BELLE STATION ALTITUDE: 37.80m (124ft )

. MONTH

WEEK 1 13

:MPCWC 28.2 28.2 28.2 28.2 28.2 28.5 28.5 28.5 32.5 35.6 35.6 35.6 35.6

75% DR 8.9 8,9 8.9 8.9 8.1 7.4 7.4 7.4 5.8 4.8 4.8 4.8 5.3
'75%MCWN 19.3 19.3 19.3 19.3 20.1 21.1 21.1 21.:" 26.7 30.8 30.8 30.8 30.3

'MONTH APRIL

WEEK 14 17 18

,:MPCWC 37.6 37.6 ~7.6 37.6 36.8 36.6 36.6 36.6 35.8 34.8 34.8 34.8 34.8

:75%DR 7.9 7.9 7.9 7.9 56.1 64.3 64.3 64.3 73.7 86.4 86.4 86.4 76.5

75% MCWN '29.7 29.7 29.7 29.7 19.. 3 27•.7 27.. 7 27 ,~7 37~(") 51.6 51,6 51.6 4L7

'* * '* '* '* '* '* '* *
MONTH

WEEK 27 38 39
:' ';' .

MPCWC 34.8 34.8 34.8 34.8 34.3 34.0 34.0 34.0 32.8 29.7 29.7 29.7 29.7 :::

"-
75% DR, 16.3 16.3 16.3 16.3 22.4 24.6 24.6 24.6 24.4 23.9 23.9 23.9 23.9
.75%MCWN 18.5 18.5 18.5 18.5 11.9 9.4 9.4 9.4 8.4 5.8 5.8 5.8 5.8

MONTH OCTOBER NOVEMBER

WEEK 40 43 44 45 I 46

: ~CWC 26.2 26.2 26.2 26.2 27.2 28.2 28.2 28.2 28.2 29 29 29 29

7:5% DR 28.2 28.2 28.2 28.2 23.9 21.1 21.1 21.1 18.8 13.5 13.5 13.5 13.5...
75% MCWN '2\0 2..0 2.0 2.p 3.3 7.1 ,7.1 7.1 9.4 15.5 15.5 15.5 15·5

',* "if

MPCWC =Maximum Crop Water Consumption (or Potential Evapotranspiration),when soi.:J,
.Ls at field capacity (moist).

75% DR= Dependable Rainfall at 75% certainty
75% MCWN =Maximum Crop Water Needs at 75% certainty (Atmospheric Water Balance)·

when soil is at field capacity {moist} '
NOTE: The values in the tables are multiplied by the crop water consumption coefficient/

100, for each individual crop according to ·the crop and its age.

* :EXCESS:' - No irrigation needed.
When soil is drier than field capacity MPCWC and MpwN are reduced.
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, . . WEEKLY CROP WATER NEED TABLE (mm of water). .

l'ABLE 1.21> BELLEPLAINE STATION ALTITUDE: 6.10 m (20ft )

MONTH

WEEK 1 13

MPCWC 28.2 28.2 28.2 28.2 28.5 28.5 28.5 28.5 32.5 35.6 35.6 35.6 35.8

75% DR 9.3 9.3 9.3 9.3 8.0 7.1 7.1 7 .1 5.1 3.6 3.6 3.6 3.9

75% MCWN 18.9 18.9 18.9 18.9 20.5 21.4 21.4 21.4 27.4 32~0 32.0 32.0 31.9

MONTH APRIL

WEEK 14 16 t 17 18

MPCWC 37.3 37.3 37.3 37.3 36.6 36.6 36.6 36.6 35.8 34.8 34.8 34.8 34.8

75% DR 6.1 6.1 6.1 6.1 7.3 7.5 7~5 7.5 8.5 10 10 10 10.7

75% MCWN 31.2 31.2 31.2 31.2 29.3 29.1 29.1 29i.1 27.3 24.8 24.8 24.8 24.1

'MONTH

WEEK 27 38 39

MPCWC 35.1 35.1 35.1 35.1 34.3 34.0 34.0 34.0 32.8 29.7 29.7 29.7 29.7

75% DR 15.1 15.1 15.1 15.1 22.6 25.6 25.6 25.6 26.7 29.5 29.5 29.5 29.S

75% MCWN 20.0 20.0 20.0 20.0 11.7 8.4 8.4 8.4 6.1 0 .2 0.2 0.2 0.2

MONTH OCTOBER

,WEEK 40 43 44 52

MPCWC 26.4 26.4 26.4 26.4 27.4 28.2 28.2 28.2 28.2 29 29 29 29

75% DR 26.9 26.9 26.9 26.9 24.9 23.3 23.3 23.3 19.9 11.6 11.6 11.6 11.6

75% MCWN 0',5 OAS O·S o·c; 2,5 4.9 4.9 4.9 8.3 17.4 17.4 17 . '4 17.4
* * * *

!{PCWC= Maximum Crop Water Consumption (or Potential Evapotranspiration) when soi).
is at field capacity (moist).

75% DR = Dependable Rainfall at 75% certainty
7S% MCWN= Maximum Crop Water Needs at 75% certainty (Atmospheric Water Balance) ~

when soil is at field capacity (moist).

NOTE: The values in the tables are multiplied by the crop water consumption coeffici~ntl
100, for each individual crop according to the crop and its age.

~ !EXCESS. - No irrigation needed.

When soil is drier than field capacity MPCWC and MCWN are reduced.
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WEEKLY CROP WATER NEED TABLE (mm of water)

CARRINGTON STATION : Altitude 39. 63m (130ft)

8 t 9

APRIL

MONTH

WEEK

MPCWC

75% DR

75% MCWN

MONTH

WEEK

MPCWC

75% DR

75% MCWN

1

28.2

9.3

18.9

14

37.3
7.8

29.5

28.2 28.2

9.3 9.3

18.9 18.9

37.3 37.3
7.8 7.8

29.5 29.5

28.2

9.3

18.9

17

37.3

7.8
29.5

28.5

8.9

19.6

18

36.6

7.8
28.8

28.5
8.7

19.8

36.6
7.8

28.8

28.5

8.7
19.8

36.6
7.8

28.8

28.5

8.7
19.8

35.8

7.8
28

32.5

7.9
24.6

35.8

9.4

26.4

35.6

7.3
28.3

34.8

11.6

23.2

35.6

7.3
28.3

34.8

11.6

23.2

35.6

7.3
28.3

34.8
11.6

23.2

13

35.8 .
7.4 :

28.4 ·

. .
34.8 ' ':';

.','

12.6 .:

22.2

MONTH

27 39

.MPCWC

75% DR

75% MCWN

35.1

18.5

16.6

35.1 35.1 35.1 34.3 34.0 34.0 34.0 32.8 29.7

18.5 18.5 18.5 20.3 21 21 21 22.2 25.3

16.6 16.6 16.6 14.0 13.0 13.0 13 10.6 4.4

29.7 29.7

25.3 25.3
4.l~ 4.4

29.7

25.3
4.4

OCTOBER·MONTH

WEEK

MPCWC

75% DR

75% MCW

40

26.4

24

2.4

26.4 26.4

24 24

2.4 2.4

26.4

24

2.4

44

27.4

22.7

4.7

28.2

21.7
6.5

28.2

21.7

6.5

28.2

21.7

6.5

28.2 29

19.1 17.1

8~5 11.9

29 29

17.1 17.1

U.9 U.9

52

29

11.1

U.9

.(

MPCVIC =Maximum Crop Water Consumption (or Potential Evapotranspiration) 'When soil
is at field capacity (moist). .. ,

75% DR= Dependable Rainfall at 75% certainty .:,<
75% MCWN= Maximum Crop Water Needs at 75% certainty (Atmospheric Water Balance)

when soil is at field ~capacity (moist) :

NOTE: The values in the tables are mUltiplied by the crop water consumption coefficientl
100, for each individual crop according to the crop and its age. . ~

-* EXCESS. No irrigation needed.

when soii is <ii=i~r than field capacity MPCWC and MCWN are r educed.
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WEEKLY CROP WATER NEED TABLE (mm of water)

CLAYBtRY STATION: ALTITtDE : 231..70 m (760 :f't,)

MONTH JANUARY 1 FEBUARY MARCH

1. 2 3 4 5 6 7 8 9 10 11 ' 12 13
-i:

MPCWC

75% DR

75% MCWN

MONTH

22.1

11.2

10.9

22.1 22.1 22.1 22.6

11.2 11.2 11.2 9.6

10.9 10.9 10.9 13.0

APRIL

22.9

8.4

14.5

22.9

8.4

14.5

MAY

25.1

6.0

19.1

26.7

4.3
22.4

26.7 26.7

4.3 4.3
22.4 22.4

JUNE

26.9

4.2

22.7

t ·,,.
14 15 16 17 18 19 20 21 . 22 23 24 25

wpcwc

7:5% DR

7:?% r.l001

MpNTH

29.0

4.1

24.9

29.0 29.0

4.1 4.1

24.9 24.9

JULY

29.0

4.1

24.9

30.2

9.3

20.9

30.5 30.5

10.1 10.1

20.4 20.4

J.trCt:3T

30.5 30.0 29.0

10.1 10.0 10.0

20.4 20.0 19.0

f

29.0 29.0

10.0 10.0

19.0 19.0

SEPTEMBER

~:&~'
29.0 .,'

10.6

18.4

M}cwc
T5% DR

7?% MOWN

?7-,
29.0

14.8

14.2

~8 · 29

29.0 29

14.8 14.8

14.2 14.2

30

29
14.8

14.2

31

28.7

20.5

8.2

32

28.7

22.8

5.9

33

28.7

22.8

5.9

34

28.7

22.8

5.9

35

27.4

23

4.4

36

27.4

23.5

3.9

37 38

27.4

23.5
3.9

39
: ~f;,, :

27.4

23.5
3,.9

..
.'

MONTH,

t ivEEK
/ -
i '

OCTOBER

40 41 1~2 43 44

NOVEMBER

45 46 47 48 49

DECEMBER

50 51 52

.;

M$'cwc
75% DR

75% MCWN

23.1 23.1

27.8 27.8

4.;.7 li~'7

23.1

27.8

4-7i

23.1

22.8

0.3

23.1

22.8

0.3

23.1

22.8

0.3

24.5

11.7

12.8

24.5
11.7

12.8

24•.5

11.7

12.•8

24.5 ' .
11.7

('

12.8

MPCWC: Maximum Crop lfater Consumption (or Potential Eva.potranspiration) ,when soil"
is at field capacity (moist)

75% DR: Dependable Rainfall at 75% certainty r
75% MCWN: Maximum Crop Water Needs at 75% certainty (Atmospheric Water Balance)

when soil is at field capacity (moist)
NOTE: The values in the tables are multiplied by the crop water consumption coefficient,l

100, for each individual crop according to the crop and its age. .

* EXCESS - No irrigation needed.
When soil is drier than field capacity MPCWC and MCWN are reduced.
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TABLE 1.2e
l'1EEKLY CROP WATER NEED TABLE (nun of water)

HUSBAND'S STATION: 39.63 m (130 f't.)

MONTH JANUARY
f

FEBUARY MARCH .':~

WEEK 1 2 3 4 5 6 7 8 9 10 11 12 13
, . .

' .

MPCWC 28.2 28.2 28.2 28.2 28.2 28.5 28.5 28.5 32.5 35.6 35.6 35.6 35.6

75% DR 7.8 7.8 7.8 7.8 7.4 7.1 7.1 7.1 6.4 5.9 5.9 5.9 5.9

75% MCWN 20.4 20.4 20.4 20.4 20.8 21.4 21.4 21.4 26.1 29.7 29.7 29.7 29.7 ..
.-

MONTH APRIL MAY JUNE

WEEK 14 15 16 17 18 19 20 21 22 23 24 25 26
..~ ~,

MPCWC 37.6 37.6 37.6 37.6 36.8 36.6 36.6 36.6 35.8 34.8 34.8 34.8 34.8
I .. ~.

....

75% DR 6.1 6.1 6.1 6.1 5.9 5.9 5.9 5.9 7.5 9.8 9.8 9.8 10.4 '
<

15% MCWN 31.5 31.5 31.5 31.5 30.9 30.7 30.7 30.7 28.3 25.0 25.0 25.0 24.4 ,

MONTH JULY I AUGUST I SEPTEMBER
:~ :--

WEEK 27 28 29 30 31 32 33 34 35 36 37 38 39
,

i -:

MPCWC 34.8 34.8 34.8 34.8 34.3 34.. 0 34.0 34.0 32.8 29.7 29.7 29.7 29.7 .
I ",

15% DR 14.2 14.2 14.2 14.2 21.6 24.5 24.5 24.5 24.3 23.8 23.8 23.8 23.8

15% MC'"vlN 20.6 20.6 20.6 20.6 12.7 9.5 9.5 9.5 8.5 5.9 5.9 5.9 5.9

e .'.'

MONTH OCTOBER NOVEMBER DECEMBER
"

:
,~

}lEEK 40 41 42 43 44 45 46 47 48 49 50 51 . 52
.. '.

l4PCWC 26.2 26.2 26.2 26.2 27.2 28.2 28.2 28.2 28.2 29.0 29.0 29.0 29.0 . ,

I

27.4 27.4 14.8 14.815% DR 27.4 27',..4' 24.,1 21.7 21.7 21.7 19.7 14.8 14.8

15% MCWN 1..2 1.2 1.2 1 .~,2 3.1 6.5 6.5 6.5 8.5 14.2 14.2 14.2 14.2
* * * *

"

NOTE:

MPCWC: Maximum Crop Water Consumption (or Potential Evapotranspiration,) when sot +
is at field capacity (moist)

75% DR: Dependable Rainfall at 75% certainty.

75% MCWN: Maximum Crop Water Needs at 75% certainty (Atmospheric Water Balance)
when soil is at field capacity (moist)

The values in the tables are multipiied'by the crop~water consumption coefficient/100
for each individual crop according to the crop and its age. '

* "EXCESS - No irrigation needed.
When soil is drier than field capacity MPCWC and MCWN are reduced.
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lolEEKLY CROP WATER NEED TABLE (mIn of water)

HOPE STATION: ALTITUDE: 18.29 m (60 fi.)

MONTH JANUARY I FEBUARY MARCH .

I t 3 I 4 I 6 I 7 I 8 i 9 I 10 I J
-. . .
- ."

ltJEEK 1 2 5 11 12 13

t.rPCWC 28.2 28.2 28.2 28.2 28.2 28.5 28.5 28.5 35.6 35.6 35.6 35.6
: .:

32.5 ';:"

75% DR 6.9 6.9 6.9 6.9 7.0 7.1 7.1 7.1 5.6 4.5 4.5 4.5 4.8

75% MC\olN 21.3 21.3 21.3 21.3 21.2 21.4 21.4 21.4 26.9 31.1 31.1 31.1 30.8

- "

MpNTH APRIL MAY JUNE

J 15 l16 I 17 I 19 120 I 21 I 22 t 23 l I
".

WEEK 14 18 24 25 26
.-

MPCloIC 37.6 37.6 37.6 37.6 36.8 36.6 36.6 36.6 35.8 34.8 34.8 34.8 34.8 -

7:5% DR 6.9 6.9 6.9 6.9 6.5 6.4 6.4 6.4 7.9 10 10 9.7 10.6

7;5% MCWN 30.7 30.7 30.7 30.7 30.3 30.2 30.2 30.2 27.9 24.8 24.8 25.1 24.2

IMpNTH JULY I AUGUST I SEPTEMBER
.

'it"EEK 27 I 28 129 I 30 31 I 32 t 33 I 34 I 35 I 36 I 37 I 38 39
f ~ :

',.
0,

0 "

I,1PCWC 34.8 34.8 34.8 34.8 34.3 34 34 34 32.8 29.7 29.7 29.7 29.7
..

7?% DR 14.4 14.4 14.4 14.4 20.6 23.1 23.1 23.1 22.9 22.4 22.4 22.4 22.4

7~% Mm'lli 20.4 20.4 20.4 20.4 13.7 10.9 10.9 10.9 9.9 7.3 7.3 7.3 7.3
i

~.-
~, ' ''';,

I r.1P::TH OCTOBER NOVEMBER DECEMBER
.~<.

, " .

!

I 142 t 43 145 146 1.47 J 48 I 49 I 50 t
;<.. ,

I ' TC'~K 40 41 44 51 52~1.J.:J.i!J ,

HPCVTC 26.2 26.2 26.2 26.2 27.2 28.2 28.2 28.2 28.2 29 29 29 29

75% DR 27.4 27.4 27.4 27.4 26.2 25.1 25.1 25.1 21.5 12.5 12.5 12.5 12.5 ~

75% MCWN 1.2 1~2 l.~ J..2 1.0 3.1 3.1 3.1 6.7 16.5 16.5 16.5 16.5
* * *- . ....

",

(Atmospheric Water Balance)
' !

." NOTE:

MPCWC: Maximum Crop Water Consumption (or Potential Evapotranspiration),when s~~~
is at field capacity (moist)

75% DR: Dependable Rainfall at 75% certainty
75% MCWN: Maximum Crop Water Needs at 75% certainty

when soil is at field capacity (moist)
The values in the tables are multiplied by the crop water consumption coefficient!
100, for each individual crop according to the crop and its age.

* EXCESS - No irrigation needed.
When soil is drier than field capacity MPCWC and MCWN are r educed.
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WEEKLY CROP WATER NEED TABLE (mIn of water)

JORDAN STATION: Altitude 118.90 m (390ft)

o

MONTH JANUARY I FEBRUARY I MARCH

WEEK 1 J 2 I 3
, 4 5 I 6 l 7 I 8 J 9 J 10 I 11 I 12 13

MPCWC 24.2 24.2 24.2 24.2 24.5 24.7 24.7 24.7 27.2 29 29 29 29.5

75% DR 10.3 10.3 10.3 10.3 9.7 9.3 9.3 9.3 8.0 7.1 7.1 7.1 7.2

75% MCWN 13.9 13 .9 13.9 13.9 14.8 15.4 15.4 15.4 19.2 21.9 21.9 21.9 22.3

MONTH APRIL MAY I JUNE 1"
WEEK 14 t 15 j 16 J 17 18 I 19 J 20 I 21 , 22 I 23 ~ 24 , 25 26

"

MPCWC 33 33 33 33 32.5 32.5 32.5 32.5 31.8 30.7 30.7 30.7 30.7

75% DR 7.5 7.5 7.5 7.5 8.8 9.1 9.1 9.1 9.6 10.3 10.3 10.3 11.6

75% MCWN 25.5 25.5 25.5 25.5 23.7 23.4 23.4 23.4 22.2 20.4 20.4 20.4 19.1

MONTH JULY f AUGUST f SEPTEMBER ' . . .' " . ~ I

I 28 t 29 I 31 , f· J 33 f 34 135 1 I 37 ,
' . '

WEEK 27 30 32 36 38 39
"

MPCWC 31 31 31 31 30.7 30.7 30.7 30.7 29.5 26.2 26.2 26.2 26.2 ..
'. '

75% DR 19.6 19.6 19.6 19.6 22.1 23.1 23.1 23.1 24.1 26.7 26.7 26.7 26.7

' 75%MCWN 11.4 11.4 11.4 11.4 8.6 7.6 7.6 7.6 5..4 0.5 0.5 0.5 0.5

* * * *

f

.
MONTH OCTOBER NOVEMBER DECEMBER

t 41 J 42 1 I 45 , 46 , 47 J 48 , 49 I 50 J

.--.

,WEEK 40 43 44 51 52 ;

.MPCVlC 25.9 25.9 25.9 25.9 25 .4 25.1 25.1 25.1 25.2 25.4 25.4 25 .4 25.4
: "::"

75% DR 30.7 30.7 30.7 30.7 25.4 21.2 21.2 21.2 19.8 16.5 16.5 16.5 16.5
75% MCWN 4.8 4~8 L .,, ~ 4,.8 0 3.9 3.9 3.9 5.4 8.9 8.9 8.9 8.9

it '* ~ *
MPCWC=Maximum Crop Water Consumption (or Potential Evapotranspiration) when soil

is at field capacity (moist)
75% DR= Dependable Rainfall at 75% certainty
75% MCWN= Maximum Crop Water Needs at 75% certainty (Atmospheric Water Balance)

when soil is at field capacity (moist) ,

NOTE: The values in the tables are multiplied by the crop water consumption coeffici~p.tl
100, for each individual crop according to the crop and its age. . .

* ,JXCESS:- No irrigation needed.

When soil is drier than field capacity MP~~C and MCWN are reduced .
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WEEKLY CROP "lATER NEED TABLE (mID. of water)

LANCASTER STATIOll ALTITUDE: 121.9m (400ft)

MPCWC =Maximum Crop Water Consumption (or Potential Evapotranspiration) when s~fj
' . " t f' Ld 't ( . t) Jr '-...... . . 1,s q., ,:Le capncl y }~o.l.S ,. ' .. ;>-': '

75% PR=,Dependable Rainf~11 at~ 75% certainty .. . . . . ~: : :
75%~fC\'1N= Haximum"Cr0'p- Water"Neeas': at..·· .75% ce:ttaiirty' '(At 1ilbsphei i e ~l:9.t~r··Bitll~ii~~l

' 1' t , when soil is 'fl,-t field capacity"Jmoist ) " ~, . •'rr' L·, . :.;.:.>:::.:;: ; /<'
The ya1ue~ it; ~he ta1>l~~:. are mu~tiplied by the crop. vmter consumption coef':ficient/lq~,
for each Lnd.ivf.duaf, crop accot-dfng to the crop and 1ts age . :([f

* EXCESS·. No irrigation is needed. ' .
, " ..

When soil is drier than field capacity MPCWC and MCV1N are reduced.

NOTE:

MONTH JANUARY I FEBRUARY f MARCH
"

WEEK 1 2 3 l~ 5 6 7 8 9 t 10 11 12 13
,

.MPCWC 24.1 24.1 24.1 24.•1 24.5 24.7 24.7 24.7 27.1 28.9 28.9 28.9 29.5

75% DR 12.4 12.4 12.4 12.4 12.1 11.9 11.9 11.9 9.5 7.6 7.6 7.6 7.8

75% MClm 11.7 11.7 11. 7 11.7 12.4 12.8 12.8 12.8 17.6 21.3 21.3 21.3 21.7

MONTH APRIL MAY ( JUNE 1 :'?i
" :::."

:WEEK 14 15 16 t 17 18 19 20 21 22 I 23 24 25 2(; "1'
'MPCWC 33 33 33 33 32.5 32.5 32.5 32.5 31.7 30.7 30.7 30.7 30.7 1"

<

75% DR 8.5 8.5 8.5 8.5 9.4 9.6 9.6 9.6 11.0 13.0 13.0 13.0 14.1

75% MCWN 24.5 24.5 24.5 24.5 23.1 22.9 22.9 22.9 20.7 17.7 17.7 17.7 16.6
. .

,

I , "!:;.~ t
.MONTH JULY AUGUST SEPl'EMBER • <.:

..... · .~..--'

" ;. (.~-

WEEK 27 28 29 30 31 32 33 34 35 I 36 37 I 38 39
;:;'?
,

MPCWC 31 31 31 31 30.7 30.7 30.7 30.7 29.5 26.2 26.2 26.2 26,2 i~~~f
75% DR 21.1 21.1 21.1 21.1 27.9 30.6 30.6 30.6 31.5 34 34 34 34

75% MCWN 9.9 9.9 9.9 9.9 2.8 0.1 0.1 O.l. 2.0 7.8 7.8 7.8 7.8 ': .
* * * * * .; ,

,

J
. ~r·:t .'

' MONTH OCTOBER NOVEMBER DECEMBER
;

'.. :oi".

t'lEEK 40 41 42 43 44 45 46 47 48 1 49 50 J 51 52 1;:P
: i'
· ~ ..

~ MPCWC 25.9 25.9 25.9 25.9 27.4 25.1 25.1 25.1 25.4 25.4 25.4 25.4 25.4 .: \:

75% DR 28.2 24.9 24.9 24.9 23.3 19.4 19.4 19.4 4 Ii .33 33 33 33 19. ' .· .....
75% MCWN 7.1 7.1 7.1 7.1 0.8 0.2 0.2 0.2 2.1 6 6 6 6 . :.~~

'~

* * * * *
:~.~ ~" ;

-!. : . '
. -:

~~
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TABLE 1.2i
WEEKLY CROP HATER NEED TABLE(mm of water)

SPENCER'S STATION:ALTITUDE: 54.88m (180 ft.)

MONTH JANUARY f FEBUARY MARCH

I I3 I 4 I I I I 9 J 1 11 t 12 1' ,-

WEEK 1 2 5 6 7 8 10 13
,-

4'C"'C 28.2 28.2 28.2 28.2 28.5 28.5 28.5 28.5 33.0 35.6 35.6 35.6 35.6 --

75%' DR 8.1 8.1 8.1 8.1 7.6 7.4 7.4 7.4 6.6 5.8 5.8 5.8 5.6

15% MCWN 20.1 20.1 20.1 ,20.1 20.9 2L1 2L1 2Ll 26.4 29.8 29.8 29.8 30.0
~,

~ONTH APRIL MAY JUNE,

'J 151 16 t 17., 18 I 19 I' -1 I 22 I 23 t I 25 'f
,

~1EEK 14 20 21 24 26
\

• 34.8 :WCWC 37.3 37.3 37.3 37.3 36.6 36.6 36.6 36.6 35.8 34.8 34.8 34.8

15%DR 4.6 4.6 4.6 4.6 6.1 6.4 6.4 6.4 7.1 8.4 8.4 8.4 9.1 :

'15%MCWN 32.7 32.7 32.7 32.7 30.5 30.2 30.2 30.2 28.7 26.4 26.4 26.4 25.7 ;

"

MONTH JULY AUGUST SEPTEMBER
~ I 28 129 t 30 31 I 32 I 33 I 34 I I 36 I I 38 I ;
WEEK 27 35 37 39
"

t

34.3 34.0 34.0 32.8f.!PCl'1C 3~.1 35.1 35.1 35.1 34.0 29.7 29.7 29.7 29.7

15% DR 14.2 14.2 14.2 14.2 18.0 19.6 19.6 19.6 19.3 19.1 19.1 19.1 19.1
•75% MOWN 20.9 20.9 20.9 20.9 16.3 14.4 14.4 14.4 13.5 10.6 10.6 10.6 10.6 ;

ioNTH OCTOBER NOVEMBER I DECEMBER
~
I .'

l 41 I 42 1 I 45 I I 47 "
48 I I I 51 1,

40 43 44 46 49WEEK 50 52
" "
. ~

26.4 26.4 26.4 26.4 27.4 28.2 28.2 28.2 28.2~CWC 29 29 29 29 :

15% DR 19.6 15.8 1L4 1l.4 11.4 11.4
:

22.1 22.1 22.1 22.1 17..5 17.5 17.5,
15% Mcvrn 4.3 4.3 4.3 4.3 7.8 10.7 10.7 10.7 12.4 17.6 17.6 17.6 17,.6:.

1

. ~

"•
t

NOTE:

MPcwe= Maximum Crop Water Consumption (or Potential Evapotranspiration),when so~l is
at field capacity (moist) ,

75% DR= Dependable Rainfall at 75% certainty
75% MCWN= Maximum Crop Water Needs at 75% certainty (Atmospheric Water Balance)yhen

"soil is at 1'ield capacity (moist)

The values in the tables are multiplied by the crop water consumption coefficient/lOO,
for each ,i ndi vi dual crop according to the crop and its age.

'*'EXCESS - No irrigation needed
When Boil is drier than field capacity MPCWC and MOWN are reduced.
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TABLE 1.3
MOISTURE STORAGE CAPACITY OF

SOME BARBADIAN SOILS

SOIL NO. ASSOCIATION
STORAGE %FOR GROWTH

UP TO SURVIVAL

(Permanent wilting)

STORAGE %FQR

ACTIVE GROwtH

(Up to 1 bar su~tion)

34 Black 21.4 16.9

30 Black 18.7 14.6

21 St. George' s Valley 17.9 13.9
13 St. Philip's Plain 21.8 17.3
46 Grey Brown 15.0 11.3
46 Grey Brown 12.5 9.3

41/40 Grey Brown 12.9 9.3
50 Yellow Brown 10.5 7.8
60 Red Brown 9.2 6.7

NOTE: Storage expressed as %of soil depth in use.

EXAMPLE: If a plant has most of its roots in l5em of Soil No. 34, then the water
storage in the root zone for active growth is 15 em x 16.9 =2 53
of water or 25.3mm. 100 • em

NOTE ON SOURCE: Data of J.C. Hudson. See Reference No.4. In order to convert
moisture storage to %of soil depth in use, the following soil monolith
heights were kindly supplied to the author by J. C. Hudson by personal
communication. Soil 34, 79.5cm; Soil 30, 78em; Soil 21, 51.5cm; Soil 13, 69c.m;
Soil 46, 60cm; Soil 41/40, 73em; Soil 50,77cm; and Soil 60. 50.5cm.

1 bar suction storage was estimated from the fOlmula W=bou
b1 , where

W=.soil moisture %, b =constant, bl = constant and u =soil water suction
in bars. (, See Referen8e No.1)
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cmI!l'ER2

(section A)

WATER stJPPLY IN BARF..&X:S

by

David Croney Y

'- ---",., .

In Barbados water occurs naturally both as undergramd (groondwater) and

surface water. Another 'of t en used "source" is the PUblic 'supply; its use is

subject to the control of the l1aten.t>rks 'Depa.i1ment (W.W.D).

. . -'.

Groundwater occurs rminly on the coral side of the island, and surface

water as run-off in the SCotland District. Springs are a type of surface

flow which occurs when groundwater EIIE:ttreS at the surface. Spring flONa are

mainly cOnfined to' the SOOt~ Distri~t, (e. g l~tle, OxIr1ngton College),

except far' a'ff'Nl'~' (~'~g~ n~, Fortescue) on the coral. side.

River flows in the SCotland Di~~ict are very unreli8ble, occuring as "flash"
, , ,

floods after heavy rains, while often drying up in the dry season.

Groondwater is a DIlCh roore reliable source. '!he coral rock in general
, ,·. d ··

, ..
is like a sponge, highly receptdve to rainfall, roost of ,mch (sane 80 to

r-:

90%) either ref;i.lls the roil reservoir and is evapotranspired~*\vithany excess
:''!' ' : ' . -

going as Recharge, to ~nt groundwater. Run-off is a relatively rare

event (only sane i inch yearly on the average), being mre cqmD11 on the

steeper West Coast than in the Cbnstitution river catclJnent.
, .. . . .

'!he ~es of oecurence of groundwater are shown in Fig. 2.1, an Fastl

west $eCtion,of the island,- including..the fJCOtland District (vertical dimen-

U. P.ead of land and Water use Unit, Ministry of AgriCUlture, FOOd and COnsumer
Affairs. .. : ·· · · ·

(*) Evaporation fran the soil surface plus transpiration by !)lants.
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sions are exaggerated). '!be permeable coral limestone overlies the impe:t'lIl3able

oceanic rock, except in the Scotland District, where both the coral and roost of

the oceanic rock have been raroved by geolqp.cal erosion, laying bare the softer

clays, silts and sands of the Scotland rocks. Fran the West coast, the coral

limestone rises fran the sea in a series of steep ~nts to the highest
: . r • .

points bordering the SCotland District, which falls off steeply to the sea. Rain

falling as shown on the coral side infiltrates and goes to groundwater chiefly

via bare rock outcrops, natural depressions (dolines) with/out man IIIlde suck

wells, and, after run-off, in the gullies (~ river courses) themselves, this: f ,. ,

latter especially at higher elevations. As shown depressions .in the oceanics
. ', ' . -

can give rise to perched water tables, wQich QVerfl~ men filled and add

to the general flow westward to the sea. 'Ibis flow, . 'MIich occurs above IOOaD

sea level (m.s.l), is temed stream water, since flow is mainly in solution

channels (fozmed by the action of the weak carbomc-acdd-carbcn dioxide dissolved

in water - on the l:lnestone rock) e.g. Bo\\manston, Harrison's Olves. Unfortu

nately 't he topography of the base of the coral (i.e. the surface of the oceanic

rock) does not always conform with surface topography. As a result, locating

these~ streams can be a difficult exercise, often ~volving con

siderable costly exploratory drilling. '!be greatest benefit in locating size

able quantities of water in this zcme accrues to the W.W.D., since a high

elevation source reduces }X)\\1e1" changes for pmping.

Where the oceanic coral contact is at m.a.L, the stream water, (plus re

cha.rge: 'f rcln rain ' incident on the area i tsalf), ''backs up" in the connected
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pores of the coral rock to form a "lake" of fresh water "floating" on the

heavier sea water, and separated by r "contact, surface" as shown dn Fig. 2.2.

This zone is tenned sheet water . The diagram gives an oversinplification: of

reality; in actual fact the contact surface has SCI'l'e thickness, being a

"mixing zone" where an .equi l i br i um is reached between incaning sea water and

outgoing fresh water (ignoring inJ!1ts of cianestic-sewage-water, and extraction

* .for danestic and agricultural use). Salt content of this layer can vary fran

200 parts per million (p.p.m) chloride ion concentration (Cl-:-) - the rii8xinun

desirable for potable parposes - to 600 ppn ci", at which level (as a "role

of thumb") salt sensitive crops and sane soils may be affected - to pure"

sea water (about 19,000 + ppn Cl-). 'Ibis "mixing zone" thickens neat' the

sea (due mainly to tidal effects), and ~he depth of fresh water also lessens.

On the other hand in sane areas (notably the St. George Valley) the "toe"

of the interface does not extend the full dis.tance of the zone inland -

see Fig. 2.3. In addition, the surface of the sheet water, which is at

atiooSpheric (phreatic) pressure slopes gently upwards fran the coastline in-

land, so that at a distance of 1 to 2km fran the sea its elevation rmy be

of the order of i to lim. The extent of the stream/sheet water zones and

the Scotland District are shown in Fig. 2.4 .

(*) 'Ib date sea water is the major contaminant, although possible pollution by
agro-chemi.cals (especially pestdcddes) , danestic detergentaand heavy IOO'tals
fran industry and even oil spills n1Jst be carefully monitored. Protection
fo:nn danestic sewage effluent is Pr.QYided for by the creation of "safetY"
zones around public potable 'SUppl y wells. .
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Presently abstraction of groundwater is under the control of the Water

Board, vIDich grants pennission for a limited (renewable) period for abstrac-

tion at a given rate, usually in ~rial gallons per minute (In;>. g.p.m.).

Pennission must first be obtained to 0.) die a well b) alter an exi.st1ng~ll

c) abstract water fran a well. Application fOlmS are available fran either

the secretary of the Water Board (W.W.Dt Pine, St. Vdcbael) or the Extension

or Irrigation Services of the Ministry of Agriculture. With regard to surface

water ,. however, legislation is less clear, probably because this has not been

a major source of supply. legislation is naY being enacted to regularise the

use of water, and to generally make water for irrigation more widely available.

Cb-operatives can obtain fran GoverIlIOOnt an incentive grant of 75% of the

total costs of installing 'an irrigation systan, and bonafide individual farmers

50% for total costs up to a ma.x:i.m.m of $12,000 (L. e $6,000).

'!\velve (12) million 1nJJ. g.p.d have been allocated to agriculture, while

only sane 4.3 mllion Imp.g.p.d are being used. Most of the reserves lie in

the 'East ern half of the St. George Valley. '!he najor factor limi.ting full use.
.~. .~

is the availability of markets for the produce in excess of local needs.
.':

Beliahility of supply is an :inp>rtant factor in irrigation planning as

noted in Chapter 1. A one in four year rainfall below average is a generally. . . - . . . .' . - "

accepted risk: The effect of lOR rainfall of this frequency"would be evident

in diminished flows in surface water (Scotland District), nm-off (coral area),

and to a lesser extent in spring flows. '1lle groundwater reserves will, lnwever

~

r,
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yield 't hei r required quota.
' .- ~.: . .' .... .

The" quantaty of water \\bieb can be allocated in any given area de- ,
<, '-" / ('~.i. : ". . :~ . .t '

pends on ~ts IOOde of occurence and conflicting uses. In the Scotland Dis-
. :~ .: : '.

trict silt free flows are limited to spr~ng floys, and r,eliability is ION.

In practice water is collected in ponds set-off fran,but near 1;0 the water

course. Filter inlets are laid in the river bed at the required, elevatiqn.

up-stream, and silt free water piped into the ponds. Only these ponds in
;

sandy areas suffer excessive leakage, and mist be sealed, (in .pract ace by.

a canpacted clay layer). A bulldozer uses the excavated soil (down to near
" .

ground water table) :i.-liside the dam itself to buil~l the banlts ; usually a

final depth of saoo 15 feet, and storage of 2 to 3 million Inperial gallons

are achzeved.

On the coral side, little storage is practdced, the groundWater acting

as a huge reservccr tapped by .hand dug' wells to water table. In the stream

water zone, location of flow is the major -probl em, and in 8.ddi.tioo Wells

generally need to be quite deep. , Wat er may·be abstracted at',virtuaily 'anyrate

without fear cr contamtnatfon,: the 'only limit being the sUpplying 'capacd 'y of '

the source. In the sheetwater zone, two major zones. can be recognised (see
. .'.-. . , . .. , ....' .~:: :_~ ' .

Fig. 2 ..1) depending on whether the S~~~/b~aaa..sh wate~ ;d~s/not underly the

fresh water. In the latter case, abstraction rates can be high; the only

l.irnitation being the pc!fOOability of the rock, and the total exhaustion of
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the reserves of the acquifer (water bearing rocks) itself. In the rormsr

case, hcmever, (fresh water underlain by salt water) especially as one approaches

the coast, the danger of saltwater intrusion limits production fran a single

well, even if adits, Le. horizontal tunnels at water level, area dug. Bere

the danger is -contamination at a particular point, Le, well, although the yield

capacity of -the area itself is not exceeded. The coral rock varies greatly

"*(up to 20 X ) in its penneability, which nay also vary in the horizontal and

vertIcal plane. In practice, therefore, water IIDSt be punped as slOWly as

possible, preferably, under the 'WOrst conditions, (ie. generally near the

coast, where the fresh water lens is thin, and consequently the brackish-- ..

water nearer the surface), on a 24 hour basis. This will require provasdon

for overnight or weekend storage of pumped water and generally provision of

a separate pt.mlP to draw fran storage and operate (ie. provide pressure needed

by) the sprinklers. For overall developtEIlt of these critical areas, a

large number of wells punpecl at a slav rate are IIDre effective than a SDR11

n'llliJer plIIped at a high rate. Drawdown ie. the extent to which the ground-

-Wat er level in: "the well basis is lowered, should not exceed a couple of inch~

(since for"every foot of drawdown, the contact surface rises saoo forty (40)

(*) A measure of-the relative ease with v.hich it will transnit, and therefore
yield, water .
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ft. to a new equilibrium position) .

Wells increase in yield with ti.rre as fine particles blocking pores are

"sucl'"ed in", and solution widens existing and creates new channels. It is

often necessary to clean a well shortly after it is dug to get rid of these

fine particles, which vhen pumped give the appearance of a pseudo "salt crust"

on the soil surface. In practice the fa.rrrer can only increase the effective

ness of his supply by increasing his irrigation efficiency, and, on the

national scale, by keeping his suck well drainage system clean. '!be burning

of canes, and the practise of furroodng (especially up and dcmnhill) rather

than cane holes, bas increased soil erosion. Poorly designed/operated systaIS

also tend to choke up sucks with inwashed soil particles.

'!be crux of the water supply problem in Barbados is the seasonal and

erraticpattern of rainfall. storage of wet season flows, either of surface

or groundwater, requires costly neasures - either surface storage, or re-

cycling of groundwater. Without these measures, it is impOSSible to use the

total annual yield of a given area. In practice a 50% recovery is high under

BarbadoS conditions.
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(section B)

PUMPS AND roYER UNITS

by

Kenneth Kuhr

Irrigation means IOOVing water. 'Ib IOOve water requires a pump and a

power source. First, look at pumps.

1- Pmp;

A• .Types of IUIlPing plants

There are three kinds of pump caIIOOnly used in Barbados: Centrifugal,

SUb!Ersible and Piston.

1. A centrifugal pump is generally used to pump fran reservoirs, tanks

or ponds. It can be powered by either an electric motor or by an internal

canbustion engine. '!be p..."!Dp can be nul efficiently over a range of speeds.

~ centrifugal pump can suck water, but it IIRlSt be primed, and it mist be

located near the water surface. One should try to locate the pump less than

five meters above the water. See figure 2.5.

~im:iJ?g a pump is accanplishecl by filling .. the suction pipe and the

punp with water. A foot valve will keep the water fran flowing back into the

reservo~, thus eliminating the need for priming at every start-up. As a

foot-valve wears out, it must be replaced or repaired, or saoo means of can

pletely filling the suction siCe rmst be provided. A foot-valve is not needed

with a self-priming pump or with a diaphragm pump primer. In all cases, a
,..

strainer should be used in the suction line to prevent debris fran entering the

systan.
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2. A subnersible punp is already fitted with an electric notor designed

to run at one speed. The~ and motor are both sutmerged, hanging by the

riser pipe fran support beams across the top of the well. 'Ibis PtJIlP is JOOSt

often used in deep wells. See figure 2.6. A control cable runs fran the motor

up to a switch-box. '!be switch-bax contains a starter and protective devices

to prevent ·lJDt or damage. Sulmarsible pumps are generally fitted Wi.th a switch

to cut-off the notor if the water level in the well drops to withtn about 15an

of the intake.

3. Piston pumps are used with wincbrl.lls and wi.tb diesel engines. '!bey

are not 'camDnly installed at present ·in Barbados. '!be output is 'relat i vel y

low, generally about five g.p.m, Any such systan must have a pressure release

valve and an air cbaniJer to dampen pulsations on diesel-powered installations.

Often, a v.ell that has produced satisfaCtorily With a piston pump will not pr0

duce the large flowrate· required for efficient irrigation.

There are other types of pumping plants, but they are not CQ'!JOOnly used

in Barbados.

B. Pll1p Selection

To select a pump, one mist Imo.v: '!btal Dynamic Head, Flowrate and

Efficiency.

1. 'Ibtal Dynamic Head (!UB) consists of the height (both suction and

delivery) of the water must be pumped, the pressure at v.hich the systan will

operate, and the friction loss in the pipelines and iittinga. 'IDE is generally

expressed in units of length (feet or rooters). To convert pressure, ~ psi,
" . . .

to feet, rmltiply by 2. 31. Divide to go the other way.
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FIGURE 2.6
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40 psi x 2.31 ft/psi =92.4ft

2 . Flowrate

The speed with which water passes a given point in an open or closed

conduit is called the velocity (V), and it is expressed in units such as feet

per second, meters per second, miles :Per hour, etc. '!he velocity times the

cross--Be<?~ional area of the flowing stream of water (A) is the rate of flCM

or rate of ,discharge <Q).
' . .· ..r · ' ". ., .." . -

F.g:

Q = A x V
• ~ • ' ,( .: I; \ ~ : • • • ••

caDoon units of rate flow are cubic feet per second, U.S. gallons

per minute, !IriJerial gallons per minute, litre per second and cubi-c meter

per hour .

:~"..' .
3. Efficiency is very inp>rtant. A pump operating ,at 40% efficiency will

cost 1.5 t:iIoos as nnch as a pump operating at 60% efficiency. A prospective

buyer should insist that a dealer find an efficient pump for his systan. Seventy

£i~€ per cent is an extranely good efficiency; forty per cent is poor.

A dealer who lma.vs vmat he is doing will use pmnp charts. See figure
. =;'

2.7. Each PlJ11) has a unique curve that describes the perfonnance of that pump

at a particular speed. 'Ibis curve shows the performance, efficiency I and

horsepower requirarent of, a pm!p..supplied by I\Jmping Systans Limited. If one
j . .

~ .' '.
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wanted a Sll1:r.¥3rsible pump to supply 50 g.p.m against a 200 ft 'IDE, this

ptIl!P would work. It .would require a 5 hp motor and is 68% efficient. 'Ibis

particular ptJ!!qJ caIES 1jvith a 6 hp rmtor as noted at the upper right. To

maintain this efficiency, the pump should always be nul at, or.near 50 g.ji.m

and 200 ft 'IDE.

In buying a second-hand IJUI11', one .pust be sure :that it, rooets the re

quiraoonts of the system. fusk tneprevtous .owner, for any. papers hemay have

concerning the pump 7"8rforr·-ance. 'Ihen seel: advice on the ~chase of the pump

'f r ro a pur"'[) surolier or fran the Irrigation Unit of the !~inistry of Agriculture.

Pumps wear out. 115 they wear, efficiency, 'lUI, and flovlI'ate will decrease;

therefore, it is often advisable to buy equipoont that is just slightly over

sized.

c. Pump Operation

Danger of overloading a centrifugal or su1Dersible ~ing unit cernes

~en 'oper a t ing at a low 'IDE and high flrn.vrate . . This happens when the system

is open or when just starting the systan with all ·valves open. To avoid over

loads of this nature, close all valves before turning on the Sys'tan. 'Iben open

the valves slowly, starting near the pump and working toward the sprinkler la

teral. Do not leave a pump running with all val.vea.c'losed for long periods of

tiloo. Srne pumps have plastic impellers which might warp fran the. heat produced

in such situations.

PtmlpS should be chosen carefully, operated efficiently, arid imiJitBineti

properly to assure long life, good perfonnance, and rnaximJrn returns.
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' 'Ihe two .matn sources of powerfor .·pumping are ' internal: cdnbustion engines

and electric rootors. Which of the two is best depends on iridividual insta1la-

tic conditions. fm:mg the nost important . factors are the following:
" ". . .' : :-. . .-": ' : .. " . ; . '

- Horsepov.er required and hours of operation. Electricity rates 00-
: ". ~. .

pend upon the size of the notor and the n1.llIi>er of hours of operation.

' "P.. large notor that is not' i.lSed'"'6fteri ' is' rrener81lytin~ani.cal. 'Ibis

is irnPQrttint to a 'f anoor llDO irrigates oniy inthe ctrY· '~~n.

- Cos~ .of fueL Even,here, cropariso~.,~e di~ficu1t because fuel

prices change rapidly.

- Initial cost, lifetiloo, and maintenance. A large electric rooter
• t'

has a life of approximately 50;000 hr. A diesel engine will last

about 30,000 hr. ft.laintenance .on a diesel (Iubrdcatdon, attendance

and repairs) is about ,15 .t~~ as michas on an e+ectric rrotor ,
. ' ,., ',.

'!he initial cost is often affected by whether the 1tan is in stock

or not , "Gener all y J In-stock i tans are cheaper than i tans that nust

be ordered.

- ~ rWlJi~n:ts. Deep ~ll or surface, oortability.
. <. ~' j : . . ., . . - . . . .

.... :Avail abi l i t y' of J;nVer. To 'run power lines andhang 'tranBformers'

f~r a ::well installation maT.prove extranely ,costly. · O1eck with :' :'

Barbados Light and Power for a cost estimate.
: : ' . . . r;: " : ' . : -, . ":":. ; ~_::" -:
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- Varying systan requirements. Internal canbustion engines ' operate

'eff i c i ent l y over a range of speeds. Motors operate at a single

c~
· J~gl~·

- PONer faiiures, fuel shortages, and dowIitiIOO for repair.

All these factors should be considered before choosing a power unit.

In choosing a power .source, one must ensure that the pt.1ITP and the power
. .. ' . " . .

unit are matcaed properly. Size, type, and other factors. must be considered,

just as in the selection of mat kind of power source one will use.

'lb detennine approximately v.h.at·size of pO\~r untt you will need, use the

basic horsepower fonnula:

'hp =~.~ ftlH ·
3300 x eff

~ . .

were: hp :: hor~ into punp

Igpn = Imperiai gallons per minute

'!DB = 'Ibtal Dynamic' Read

eff '=~ efficiency :(found on!JUIIlP curve, see figure 2.7) .

If you use a diesel engine, rrultiply the above horsepower by 1.2 to get

the minimLBn ~uited 'engine ~iZe. · · AD;eleCtric motor should be big enough to

suPPly :the 'cal culat ed horsepower ·requiranent . · As stated previously, the

pump"Curve "Shoul d have a-curve to"show what horsepower is used by the pump.

Electric rootors are ccmooniyused in 'Barbados, !An~ silCIl rotor over 5hp
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must be 3-phase with reduced vel tase starting. Any 3-phase installation is

billed on a special rate, not the danesti,c rate. 'The various rates are

s I:iO!im in Chapter 4 Ap-:-nendix 2 . Motors generally m&intain their

efficiency throughout their lifetime. 3-phase rotors are rmre efficient than

single-phase notora, Any rrotor should be run at its design speed and Ioad

(run the recanoonded mmber of sprinklers) to maintain rmximlm efficiency.

'ilie term "sul:rnersible pt.mp" refers to a !JUIYlP and rotor commatdon in

which the notor is rrounted below the pump. The pump is a vertical turbine cen

trifugal pump and is made up of one or fOOTe stages. The entire a.ssaIbly is

suspended by the riser pipe, the intake being placed at least 30cm below the

water surface . (see figure 2.6).

Diesel engines are roost often used to pump fran surface storage tanks

or ponds. They are also used on booster pumps and to power a few deep-well

turbine pumps. They are started by an electric rootor or by hand crank. Fuel

consueptaon is approximately 15hp-hr per gal (US). '!his means that for every

15hp
J

an engine will use one gallon of fuel per hour . 'Ibis rule, along with

the price of diesel fuel, v.ould allav estimation of cost of fuel for planning

purposes and calculation of pumping plant efficiency. I..a.rger engines should

be fitted with protection devices to tum than off if oil pressure drops or

if t~rature gets too high. All engines should be protected fran vveather .

Maintenance procedures as outlined by the dealer should be rreticulously

followed. All these tips will help ensure long life of a diesel engine.
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lUong with engines, sane n:ention should be made of Pro puTps. '!bese

punps, attach to 1;he PrO shaft of a tractor. They are relatively cheap and

are easy to;.t ransport ; however, they have the disadvantage of tying up a

tractor during irrigation.

If you are considering installing irrigation -or al.ready have it in opera

tion, try to use the points presented to operate efficiently J save fuel J and

save lOOney.
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(sec~ion A)
-,

-_ DESIGN OF~- IRRIGATICfi SYS'lEAS

by

David Croney (*)

Introduction

:'!be objective ,of sprinkler (and in fact all) irrigation design is to

provide, as econanically and efficiently as possible, especially with re
gard -to water use and power Tequi:raIi:lnts, Water ' of adequate quantity and

quality, vmen and where required, bearing in mind the constraints 'under

which the farmerlIJUSt function; 'and the need teat least conserve, ' i f not

improve, the fertility of the soil.

'!here is no "ideal" design for all situations - each mist be treated

as unique and tailored to satisfy the needs of the farmer , Within certain
constraints, there is a range of designs possible; in general selection

involves ,a "tra.de-off1;I -between capital and ope1oating-costs (labour and power);

least labour intensive':systansrequiring the highest capital investment and

power requiraoonts, and Vice versa. '

", ~gxi. is always 'based on the sustained peak demand over a period with

out -any : rainfall, this quantity being detemdned by statistical analysis of

rainfall and evapotranspiration data; which giVI? an econOOlically acceptable

"risk" factor (see chapter 1). Soil conditioos, and especially the fanners

cropping-cycle, play an inportant--role in dt::tenJiining this danand~- A

(*) Head of land and Water Use Unit, Ministry of l\griculture,Food and CoIlSlllOOr
Affairs.
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specialist fanner, growing one crop (presumably for an assured market)

Will require a higher peak design than if he staggered his production, re

quiring higher Power and Larger- pipe sizes. On the other hand, his effi

ciency of water applicatioJ.!will be higher and labour costs probably lower .

In additnon, a single crop is generally simple to manage. '!he fanner who

staggers his planting and/or grows a variety of crops, in order to' .:safe~ ·

guard him3elf against -mark et; fluctuations, will .':lave lesser Peak dSnands

and pipe sizesrequiratents, but also lesser efficiency of"Water appiiciition,

and generally higher labour costs; however the management Will 'be rmre'

ccmplicated.

'!be design, of an irrigation svstem can "be broken down into steps or '

a "flow chart", as is illustrated in Figure 3.1.

Resource Invent ory

1. Map of Design Area

This should include:-

a) 'lbe· boundary of the area to be irrigated, with apportIonment

to one ·or various crops and rotation progranmeS. :'"

b) Contours every 1,5m or 6ft if the land is not "level;-' "I f these

are unavailable the 20ft contours of the "1: 10 .ooo ~bados

topographic map must be used, and, a few "spot;' I ' heights with '

a ' visual appreciation of slope being made by the designer,

1/ The overall efficiency of water application is measured by the ratio of the
amount transpired by the crop to the amount abstracted fran the source.
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c ) Drainage features such as sucks.

d) Source of water and power to drive pumps.

e) Any obstructions to the laying/or moving of 'pi pes .

f) ,I?i rect i on of prevailing wind.

2. Water quality and qmntity

a} Pennission has to be obtained 'f ran the Water Board or Water

Authority to abstract water at a maximum rate of 50 Irm, f!3.llons

per minute (50 ' i.g.p.m).

b) '!be quality of water should be such as to }X>Se no problems fran

.:,salinity, and hence no leaChing of soil is required . leaching

.ts a. process whereby a calculated excess of water is added to

the soil, after Cropping and at pre detennined intervals, and
': I

which serves to "flush down" any build-up of excess harmful

,sal,ts. In 'Barbados generally there is no ne:oo. for leaChing, both

because the water is of a good quality, and heavy rainfall in

the wet season effectively leaches the soil.

Crop Factors

1) Root zone depth (see chapter 1)

2) Peak use rate.

'111is l~gely a function of climate, and is the water

evapotransoired by ~ crop at maximum usage rate, when foliage

completely covers tbe soil surface, and factot'sfavouring evapo

ration are highest, L.e ,hi gh t~rature, bright sunshine, low

bumid!ty and high wind.
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Because of the smothing out effect of soil as a store

house for water, and the possibility· of rain in the interim, we

generally use the maxim.ml average over 2-3 weeks, using (as

noted in chapter 1) the one in four year drought as an accept

able level e£ risk.

Operational .requi ranent s are autcmatically covered by design , and the

.f~r. .should be involved in this, in order to ensure that ·it meets his opera

tional needs , which are often less than and should ·never exceed peak design

rate. . :r«:-

In a low. rainfall area such as Spencers, a design for vegetables would

be of the order of 0.20 inches per day (Lp. d) . Using 0.20 ipd, and a soi l

such as :No. ~ with a lOOisture ,storage of 1.5 ·i nches of, water for 16.4 inches

of soil, we must replenish 1.5 inches of water every 1. 5/0 .2 = 7.5 days, and

for safety and convenience it isa.s.sumd to be every 6 days. (see !JaPe 1.9).

Soil Factors

1) Water intake rate

A good average figure is in practice very difficult to determine as

it varies both during the course of a given irrigation, and throughout

the growing season, as soil st.ructure changes-due ·t o tillage, comactdon

during cultivation·operatioIlS, harvest tng , etc:. · · It ,depends on both the

infiltration 'and the percolation rate, ie. the rate at' ~iCh water enters,

and t he rate at Which it passes through the soil. See Figure 3.2 and Table

3.1.
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Fran the Figure 3. 2 it can be seen that for Soil A intake rate is

very rapid (2 inches/hour) at the start of trrigatiotf;:"but drops rapi.dly

a.t cfirst and/ tnennore sloWly until a steady rate of sCtria 1/3' in~hes/hour

is:.reached after about 6 to 8 hours . 'Ibis intake :rate mist be redUced

.for's loping ,l and ; reference to Figure 3.3. and Table 3.2 shOws that":

for. ae.lope.of 6%, the precipitation rate is reQUcect by ~ 20% ;' 'so ;the

water! intake rate for that slope is:

VIIR (6%) = 0.33 inch/hour,gg: == 0.26 inch/ll'biir

.; :. ,', wm (6%) = 0.26 inch/hour

2) Available' Water Holding capacity (AWHC)'

Based on soil type, the AWHC can be broadly estimated for .different

. :ooi 1s ,.but ·;ideally detenninationssh6u1d be · inade by' field rreasurements _

'SOOE' @f these are given in 'chapter 1, where ' the AT,YfIC: has been callect,:

"'St-orage in the soil, of water that plants can use." "'Table'L3 shows' ~ '

this ,iOOisture...srtorage .capacity of sane Barbadian soils.

( ' ,,-

m

':, i ',NoW"it" i s Jrequi red, t ha t 1.5in reach and: infiltrate the 'sOil; 'We"

must rt.b:erefore consider ·anot her factor te:rtned IRRlGATICN EFFICIENCY.

This is :often defined as:-~ ; . .: '

IRRIGATION EFFlCEINCY =gJANTI'IY OF WATER ABSOBBED 'IN' RFXVIRED·DEP!H:OF WElTING

IDI'AL q)'Am'I'IY OF WATffi APPLIED '

.... . Th~.t?tal quanti:py of waterflpplied, is ge~era1ly ·t ;,lken. as fran
' 0- .. ; '. : • :.' :•. • " • •

spr~r:*l~,r ; n<;x~~f~ ; ' however~f, the system ,i ::;, not we.llrm;intained. high fl osses
• . .' . l • ~". '. " ' . , .1.". ,. . •.• •

can occur due .t <.>. leaIw. along ,the deli~ry mains J . especially"at joints .Where
.' , ; , " ' . ' • I t . " . _.. ••

sears .~e., , .~rq .; ..~. Tab;I.~ ·3 . 3,for. typical .f i gures on .in:igation .efficiency.
; . ' .•""1 ~.. ' . . •
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Sprinkler spacing and noving of later~

.'~ese trodesign crf,teria are especially important .under our-windy

condttions. .In order :to avoid erosion, ' it is recannended to cuItivate , or

run our beds, as close to, the contour. as practical- here fran 'north-west

to south-west (See Figure 3.3) with surface drainage as shown', and also

giving a slope of about 6% which is not excessive. Since in 'Barbados

the wind is predonmant.Iy rrcm.one direction we adopt a rectangular

sprinkler setting pattern, with the greatest distance in the direction of

the wind. P..i.gh wind velocity is therrost important single factor affecting

U1J.ifonnityof application and efficiency.
. '

,'. ' 'Ih~ :e?:noo~ .is. determined in practice by a ·standard measurfng technique,

lmich. gives .acoef r act ent of unfformi.ty, . For sprinklers, this' should ' be

o~,~l)e order pi 80% ptua.: In Barbados , ; especially where 'hi gh capacity and

pressure "rain guns" are used-on vegetables, we have ' found that, tnorder

to apply say one inch, parts of the area wetted will receive two inches.

On al.opes this causes erosion. The latter, should ideally ' be detennined

by field ~~~ts Le under differing wind and water conditions. 'Tabl e 3A

shows typical coefficients of unifonnity <SJ} for wind speeds of 2 and 9

,·c·.··, miles ·per hour.; ,'.:
. 1' : .. ' , ~ . ,... -' -_..._-_ ., ..... " , .. , ,..,. . ...'

. : , : "

"Ci'Opwinds"often ' exceed '10 m.p.h during the day, and in Bare locations

eg. Grantley AdainsMrport , "do not drop to Iess' than three quarters to two-

thirds of daytime: velocity during night hours. Test results .indicate' a spac

-i ng of 20 feet or 30 ::feet at ' these' velocities. 'Ibis requires a: large number

of sprinklers, and 'it '·is often difficult to find a suitable type (even with
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a single nozzle) to meet with the reduced delivery rate required.

Layout of the sprinkler system

At this stage we must use the scale di agram .for planning various

trial layouts i. e . position of mains, sul:Jnains, lateral.s, pi pe diameters,

number and c~'Pacity of sprinklers, and maximum length of . l at er al line. For

even distritution, ideally each sprinkler on the lateral should receive

water at the same pressure. This is impractical. l-1e canpromise with what

is ccmronly tenned the "20% rule" i.e a .20%, variation in pressure between
• ' . l

the first and the Iast (distal) spri~J.el" On the lateral line will give a

variation in water distribution of 10%, acceptable for practical purposes.

As a given volume .?f water fl~ along a sprinkler line, pressure is reduced

due to friction loss. However as each sprinkler abstracts its quota, this

volume (and hence friction loss) is reduced. In addition, we must take into

account the differences in elevation: a) between first and last sprinlders,

assuming a generally even slope' in between , and b) of the heights of sprink

ler risers. In Figure 3.3, is shown a layout .of mains and subnains. In order

that laterals ron (as far as practical) acros,s the slope, three possfble

layouts may be considered.

Slopes of lateral directions are the same for (1). (2) and (3). layout

(1) uses miilimum mainline but the laterals will ron uphill, not the best lay

out ' for ·3.Chi evi ng even 'di s t r i but i on . Layout (3) requires greatest length of

mainline, but down slope setting works to act Leve greater unifonnity of. ' :' . : .:: .. .. . . ' .

pressure distribution. Layout (2) is intennediate; however the line
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running across the field may hinder mechantsat.ton unless adequately buried.

Let :\JS ' Select layout (3) as optimal. In figure 3.4 there is a 'rrodel for

an irrigation layout, for a 5 acres fann. Now, there are sane calculations

to be -made in order,to COOlplete the design.

System .Cl;lI?aCity

1) ·Duration of the setting '( "Set H)
,

At,,-a required gross aroount 'of -application of 2.14 inches, a miniIDum

t~for one ; lIset " i.e lateral line (s) :in one l)ooi1:ion in order to "top

up". soil storage,is:-

"Set" :: 'Peak use rorount of application

,Application. rate

"Set" = 2.14 inch .

0.26 inch/hour

"set" = 8.56 hours or approx, 8! hours

2)Area covered by a setting C:'Set")

In our nxxle1 (see Figure 3.4), the ntunOOr of take-off hydrant valves

(twelve) strongly suggests a six day cycle of one sprinkler line rroved once
-' •..j

per day (i.e two "Sets"'1day). Each sprinkler line setting should cover
. . >:

'approximat e l y 5 acres = 0.42 acres.
12 .P0si'tioI)S:

3) Well capacity' arid durataon of setting .

It is'necesSarY to 'ensurethat the well capacity of fifty Dmp.g.p.m.

is not exceeded, using the Formula.
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Gtotal = 22,610 x I x A

HxDx60

Whe.re 22,610 = Imp. g. in one acre inch

Imp. g.p.m.

I = inches of water to be applied

11 :; total acreage. to be covered

H =hours of operation/day

D = days required to cover

G total =well capacity, Imp.g.p.m.

60 = 60 mins/hour

Fran the above equation \re get:

H = 22,610 x 2.14 x·5

50 x 6 x :60 · '.

= 13.44 hoUrs/day

'!bis is the limiting faCtor, thus the 8!hours duration of setting

calculated above is impractical unless we consider proViding overnight

surface stOrage. (See section: Resource inventory 2(a».

4) Flow rate per sprinkler

'!he nunber of hours of operation per day is 13.44. 'Ibis gives a

precipitation rate of:-

fmmnt to be applied 2.14 in = 0.16 in/hr.
Tine available 13.44 hrs

Gallons/sprinkler required in this case would be:-

.Gs' = P x A

115.6
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Where p.. =precipitation rate, in/hr.

Gs = gallons per sprinkler (Imp. g. p. m.)

A = spacing of' sprinklers (30' ~ lateral x 40' between

laterals)
. ,

115.6 . = a constant to give answer in units required 1. e

Imp. g. p. m.

G = 0.16 x 30 x 40 = 1.66 Imp. g. p, m.
s 115.6

5) Number of sprinklers =; :",

'Ibe number of sprinklers is detennined·by the:ratio between total

gallons per minute requfred and the flow capacity of each sprinkler .

No. sprinklers =_G=t~_
Gs

No. sprinklers = 50 'Imp. g. p. m. :
1.66 !np.g.p.m

No. sprdnklers = 30

'Ibis seems an excessive mmi:>er for so small an area; the yield of

the well could be a lim!ting factor in managarent; and we are constrained

to an approx:i.Jm.te nine hour set 'by limitation of 'i nf i l t r at i on rate. We

could store "45,060 Imp.g,by pUmping (24-:9) = 15 'hotirS Wit h a pump rate of

50 Imp.g.p.m. Pi smaller electrical suanersible can be operated, pressur

ing the sprinklers wi.th a well head power unit.
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On the other hand we must 'recogntze 't ruit 13.44 'hours is at peak

capacd.ty , and if our planting is so arranged as todanpen peak demand, an

approx:i.!OO.tely tv.o-thirds capacity (8.56h/13.44h) Should meet our needs.

§Prinkler Selection

Considering now sprinkler selection, and using as an exaIl1>le ''Rainbird'r.!/
, ,

(see Figure 3.5) it sears as if we can only obtain the required diameter

(SOft) with a rateof sane 2.5 1nl>.g.p.m.

If the design rate proves too high as evidenCed when observation in the

field shows run-off' is occuring on sloping ground, it may be possible to

change the nozzles on our sprinklers to a smaller diameter to give a suitable

rate. Rate reduction is however limited by the capacity of the smaller jet

to operate the rotatiJig .(spring action) mechanisn of the sprinkler. Another

option is to operate on the ''hop afong" systan, i.e use alternate sprinklers,

operatfng' (sdoo systems have provision for valve closure when the riser wi.th

its sprinkler is raroved) alternate sprinkler positions on the sprinkler lines.

Orr major problan is the close spacing required by high winds; since

this is the roost effective method of increasing application uniformi.ty (see

Table 3.6-).

Hanufacturers give little other infonmtion on increasing unifonnity -

lithe sprinkler manufacturers should be able to help field irrigation engineers
select the sprinkler to be used for high unifonnity . II

: -=-...... . .~

y Mention of any particular product does not necessarily :inlply an endorse
ment of that product by Ministry of Agriculture, Food and CollStIlOOr Mfairs
or Inter-Arrerican lnstitute of Agricultural Sciences (IleA).
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Nozzle design .and pressure canbinations are important and too 11igh/low

pressure should be .~voided . l.ow..angle sprinklers are available, but are

generally used in orchard (under tree) applications, and their dimooter of. . .. . .

throw is usually inadequate. Windbreaks , preferably of a crop with sore

value (e.g. sorghum) can significantly Ieesen the effect of wind if planted

at sufficiently close intervals.

Lengttier sets (Le time a lateral is in one position) canbined with

alternate spJ;inkler positions tend to increase application efficiency. The

effect of "offset.tdng", is controversfaf , 'Ibis is a practice whereby at

every other irrigat~9n cycle tne lateral lines are placed D;lid-way between

their previous position. U.S e:-per i ence is that it is of value, but

Israeli experience is that .much depends on the, variation in direction
' . • ' . I

and velocity of the wind.
-. "

Suppose we select the 20 EJII Rainbi:rO., 45 p. s. i (nozzle !' I) . throw 81ft,

2.59 i.g.p.m. (3.11 US. g.p .m. ) . see Figure .3.5. We now have sore definite

figures to work on:-

1) Calculation o;f .precipitation rate per sprinkler:-

Precipitation rate G
s
= i.g.p.m. x 115.6 = 2.59 x 115.6 =0.25 i.p.h

A 30x40

Using two sets/day of 8.56 'hours ,

Gt = _2_2.£."6.;;..1;;..;O~x~_2~.1,;;..4.;;....;;;i;;:;.n~s....;x;,:.....,:5~a~c~. 39 3 Imp= . ' .g.p.m.
(8.56 x 2)x 6x 60

as a check! frcm t he above ' information.

15 sprinklers at 2 .59 Lg.p.m. = 2.59 x 15 = 38 .9 i.g.p.m.
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It nowtanains to be seen what dimroter of lateral will satisfy the

"20%' rute", A mathanaticalfo:ontl1a can be used; but usually calculations-. : . , "

are made using special irrigation slide rules or norographs , These provrde

a graphical solution to the mathanatical equation involved. (See Appendix

1 or naJDgrapb N::>.1).

Basically we detennine the pressure loss in the lateral for its re-

w.red length and total flow rate, and nxxlify this by a factor which depends

on the 'nt.mf,er· 'of sprinklers. Using the ncm>graph given, we get r-

At 3~11 US.' g.p.m. (li"· diamter lateral)

( 2" diamter lateral)

15 sprinklers, 30ft on lateral, pressure loss is 16 p. s. i .

4,6 p.s.L

Pressure gain (since lateral runs downhill) is 19ft = 8.2 p.s.i(txunds/
2.31(ft to p.s.j) square)

20% of 45 p.s.i = 9 p.s.L ie. lateral loss/gain must not exceed.

; 9 p.s.L ie.

For 1i" lateral, 16 - 8.2 = +7.8 p.s .L, a pressure I.!BS

For 2" lateral, 4.6- 8.2 = -3.6 p.a.L, a pressure GAIN.

Both It inch and 2 inch lateral dtameters are therefore acceptable. Riser

height here is negligible (lift) .

Pressure -'loss in .the mains

Now we must consider pressure loss in the matns (and subnains). f..s a

general rule this should not exceed 10 p.s. i . Using ncxiDgraph 2 inch in appendix
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No. 2 and fran the calculation already done:

39.3 Imp.g.p.m. approximately equals 50 US. g .p .m) then it is reconmnded

to use the Scobey Friction Factor of 0.4 for portable aluminitm and

.couplers. 'Ibis is one of various friction loss fo:rnulas used. Each one

is assigned to a, :,arttcular"piJxnpaterin1:. 'Fhere is also an experiIIentally

determined, factor :- coefficient ·to be applied.

Length pipe = (467 x 2) + 100 = 1034ft say 1000ft.

Fran oorograph. 2.3, Inch. main gives pressure loss 0.33 p.s .i/100ft=

33 p.n.L, /1000 vAlich is acceptable .

2 inch main gives pressure loss 2.8 p.s.l/100ft=

28p.s.i/looO which is not acceptable~

then) 3 inch is satisfactory and it nny be rorth vlhile to check out a

2~ inch one.

Horsepower (HP) re:}uiranents and 'lIE

N<M to obtain P'.Drsepower (H.P) ,required:-

Water horsepower = Imp.g .p.m. x total dynamic head (t.d.h. )(ft)

3 , 300

1) Where tdh is the total dynamic head and 3300 is a constant to give correct

units, tdh oamprises:-

a) 'spr inkler operating (nozzle) pressure =

45' p.8.i. x 2 .31 (convert to feet head)

b) Lift (water surface to well head)

= 104 ft

= 100 ft

c) Delivery head (well head to highest point of Land) > 40 ft

d) Main line losses 3,8 p.s.i. x 2.31

'e ) 75% of lateral losJJ.~ (-3.6 x 2.31) x 75

100

= 9 ft

= - 6 ft

1.UI'AL 247 ft

yNote , q.~re, by, using..-?, ~~.;la'teral; we have a gain in pressure 'f !OJl first to
last .spn-.~l.e~ .-,.JM.t~tically expressed as n. negatIve (L.»: IVducing ·total)
head.; : .' ' ; "~' .... ;' .: :"' " '. ." .
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Total B/fwd.

Allow 10$ for. losses (through .valves , bends,

fittings, risers, .sprinklers, etc.) say 25ft

= 247 ft

= 25 ft

t.d.h =(a + b + c + d + e) = t.d.h = 272 ft

2) Efficiency

NoN there are various energy losses in conversion of energy , (electri-

cal, petrole\lll products etc.) via rotor to and by ~the J.UII> itself. For an

electrical St.1l'm3rsible pump we use an overall figure· of 7rR>.

Le actual H.P. required =Water H.P

Efficiency

=40 x 272

3300 x (70/100)

=4.7 H.P

In practice we \\Ould select a 5 H.P. electric notor and for a gasoline

motor (water cooled), DI11tiply by 1.45 and a dieBelllDtor (wnter cooled).

nultip1y by 1.25.

It mist be stressed that the design above is not the only solution to

this particular problan. Certain factors cannot (or at least not easily) be

changed eg . wind velocity, soil characteristics 1.e. slope, infiltration

rate, profile characteristics, depth and well capacity, . while others are rore

arrelable to our control e.g hours of operation/day ~th storage provided

to prevent escess danands on well yield), horse power and size of lJIliDs/laterals,
. !

degree of autanation (labour saving and roonitoring devices) or ntl!ber of

lateral lines provided.

-_..--- -
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OJAPl'ER 3

(section B)

SPRINKLER SEf.ECl'IOO AND MAIN1'El'TANCE

by

K. Kuhr, Peace Corp Volunteer

I Qloosing Sprinkler IrrWition F.quiprent

A. SUppliers

'!he three main suppliers of irrigation equipnent in Barbados are

~ntral Foundry, Plantrac and Pumping Systans Limited. Various estates

and individual fanners have used equipmnt for sale. If you want to

buy or sell used equipnent, ask around.

'The Irrigation Unit, M.A..F.e.A and the Barbados Agric:ulturalSociety

might be of help. You can also order directly fran canpanies in other

countries. Fquipnent cams in duty-free. If the canpany already bas

an agent here, they will either instruct you to work through .thei r

agent, or deal with you directly and still send a carmission to their

agent. '!he biggest disadvantage of intx>rting is that you w:ill not get

the service local agents may provide. '!he service includes design,

installation, and operating instructions. Also, if the systan you

i.ntX>rt breaks <bvn you may have difficulty getting a local agent to

fix it.

Whenever dealing with local agents you should dermnd good service,

ask questions about how to maintain and operate the system.
. : ~ .

B. Designinp;

'!he Irrigation Unit can design a systan for you. '!hey will give

you a list of canponents required for an efficient systan. 'Ihey will
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also explain how such a systan should be operated. Even if you allow

the dealer to design for you, you should still get the design checked

by the Irrigation Unit. This is especially important if you wish to

apply for the Incentive Grant later on.

One good rule about design - the less labor yoU want vtoexpend,

the nore equipnent YO'..l will require and the higher will be your initial

cost. Try to look ahead in pla.'1!ling, because the lncentive Grant

applies to first purchase only. '!he grant covers 50% of the first

$12, 000 spent, if the system gatns the approval, of the Irrigation Unit.

For example, if your svstcm costs $10,000 for the t:'..:'e essentials,
" , \

and if a system a hit easier to operate would cost $12,000, you should

seriously consider buy-l.J.Ilg the more expensfve system. That extra ~2,OOO

\\QuId really only be costing ~;l,OOO (with the 5~. grant). Also, equip-

nent prices are risir:g and w!1at costs $40 today may be ~48 tanorrcm and
; :: :: .~.. , .. . : : : "':.

$60 in two years.
" ~ · n i..;'" l. ' .•

C. Differences in equip.llent
, , : . ' '"

laterals and ~_inlilles:

1) Oleck for ease of cm.lplir~ and uncoupl.Ing,

2) The male end should be !.'olled Inward to avoid darmging the

seal. Burred edges ehculd be fiJ··"~ ::-,own. (see Figure 3.6)

3) The Fanale end should be securetv attached to the pipe. Ole

that is preEs-fitted is preferred. Make sure that replace-

IOOnt seals are r'eadtIy available.

-
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4) Risers:

a) Consider the height of the cropand the,,~pth of

.the ;f~,in p.etennininp: ,rif;3er height. " ,

b) Qalvaniz~ .r isers are much sturdy thal;l al~niun risers .

.c). ,To h~(ler ,;worl~ers franlOOYing the lateral ,by :grabbing

~e.: , riser, keep it short ,as possible.

5) Riser supports:

a) Aluminiun plate will cause the ,riser ,to 1~ .i.~; :.~ot

placed properly. The advantage of a plate is 't J;1at it

is ,permanent l y attached .t o: :the ;lat~al ,. .. !,Bee Figure 3.1a

b) Wire .at rut s are IJDFe , trouble to,.handke. .and ar~ easily
, ' . . . . ' . " -, ,

last if not painted brightly. They ,do, not: requfre even

ground for ·p1acaoont . . .SeeFigure 3 •.Th

c)Sti,9ks. may be tied to the riser and f .innly planted in

, ~he ground,

6) Sprink1e~shouldbe checked tor ease of. tension ,~pring

adjusurent and disasserroly. 'lWo nozzles, will give .a higher

per.yipitation rate than one. Low,pressure.·sprinl"J.ers are

aVai~aql~ +ron Israel. ,

: 1). Thke,:?ff hydrant and valves" .should be checked tp make sure

that, the springs and other moving parts .are .not located in
.' '" .

the water, :s t r eaIll ' '!hey easily and quickly corrode, Figure 3.8

Not all systems will have all the advantages , Just look:carefu1ly
I •• . • . .' • _ . •

to !mow ~t you.arebuyiI)g. Try, to, figure what precaution will be
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required to overcane disadvantages.

D~. In-stock equipnent

sanetiJres a dealer will sell equipnent that may be oversized.

One reason for this is that his in-stock. large size may be cheaper

' than the smaller size which must be ,or dered. 'lhis is due to the rapidly

rising cost of' equipoont. Once' again, do 'not 'hesitate to ask the dealer

questions.

II Maintenance and Repairs

A~ Maintenance

''Ihe idea of maintenance is to, get .t he maximum life fran your equip-

ment. "Ihe pipelines, . sprinklers and pumping plant should be kept in

'good shape.
-,

Pipe mist; be treated gently. IX> not force them in any situation.

Give than good suppor-t along their entire length. fun' t rest the

pipes on rocks, nor walk. on than. Replace badly worn or weathered seals.

Make sure hooks are secure and properly located. Store pipes on racles,

in the shade, away fran concrete and fertilizer .

. ' As for sprinklers, do not oil them. The bushings are designed for

water lubrication. If the sprinkler does not turn, check the pressure

to make sure it is within operating range. 'lben, push the sprinkler

head, down and release a few ti.roos to clear at:y dirt particles. If that

does not work, try tightening the ann spring. Lastly t the sprinkler

'may require a v.hole new set of bushings which should be available fran

. tne dealer in y,.it form, Before you purchase such a ki.t I canpare the

cost of a new sprinkler.
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Electrical pumping plants require little mrintenance; however ~
I • •

motors and electrical starters should be kept clean and free frem dust

,and"grass bw.ld~up. Dies~i engfnes should be maintain~ ' ~~CO~g to

dealer specifications.

B. Repair

Sprinkler and aluminium pipes can be repaired. As previously stated,

reconditioning kita are saootimes available for sprinklers. As for

pipes and fittings, there are welders in Barbados who can weld aluminiun.

An alternate method of repairing holes in pipes is by using fibre

glass. '!he materials can be purchased fran Caribbean Fibreglass, Black

Rock, St. Mic..'lael. A brief outline of the procedure is as follows:-

1) Clean the pipe with a wire brush around the hole and three

inches to either side of the hole, all the way around the

pipe.

2) Fill in large dent with autanotive body filler or with

successive layers of glass matt soaked in resin.

3) Coat the area to be covered, with resin that has been mixed

with hardener.

4) Wrap the pipe twice with fibreglass matt that you have

soaked with resin. Keep the wrap tight.

5) let harden.

For rrore tnatructaons , contact the Irrigation Unit, Ministry of Agriculture

Food and CoIlStlIJer Affairs, or ask the person at "Caribbean Fibreglass" who sells
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the material ~

, ....•, .
If you have to cut a pipe, be sure to file the edges to prevent the

'burred edge f~ cutting the seal.
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CHAPrER 3

(section C)

AN INrRCDUCTICN TO TRICXLE IRRIGATION

by
" t' . ~ ~ • • • J •

. . ! .

Nathan Bailey, Peace Corp Volunteer, U.S •
.~ ,.

"Trickle" or "Drip Irrigation" is named so because in this method of

irrigation water slowly trickles or drips fran srmll emitters directly onto. . : . , :

••: ....:, : .: oJ' : ' :' l ; ' . ,J' ; , ., . : •••, : . ' .

anitter varies between 2 and 10 liters per hour (.44 and .2.2 gallons per hour
• 1 .' • •

:. I . '; ' ' .' : 'J :' ': " i ' i.

the soil surrounding the plants r roots. '!be rate of water flowing fran the
• • I ....

(Imp) :i, which is extremely slow especially when canpared to the range for

the nc)zzle in sprkier irrigation (which is 180-12,000 lph or 40-2500 gril).
: ' ..~ :

:: : ~ ,', . :: < I '· "

But there are many distinct advantages of trickle irrigation: 1) there
.: . ' ' . " : .: •'. '. ' • •.' • • ' • : : • • . ' : ~ ' . • • • . ' . ' , .', . J ~ J .,~ . . ~ :

can be water application efficiencies approaching 100% and water savings of

'.'6~1 other meth~ of ir~igation because with trickle water is only applied
, ,

r >- . ' : " ! • . : ', . ' : . ! ' ; ~: : ~ .1'" .. : " •

to the local area containing the plants I roots; 2) there is no unnecessary

..~ttfk 'of ' fOi:l~ ~d '~s~~tlY" th~r~ is a great decrease in the incidence
,;

' ; " '; ~i/'i~t , di.seaae, and fungus a~t'ack; 3) it can be adapted to uneven terrain;
~ , .: j '_ :: ~ ~ ; ::~ :'~ ,:,~ ' : . '~. ;" ; " : . ," , ' . :~ _ i ,

4) it produces constant ION-tension noasture conditions in the soil; 5) it

cab '6erpi~' ~der 'pi~tiC; '~iche~; 6) itk : 'l~ ~Vater applica~'~~ " ~~i~~ts
. , i : . -.t i ~, ..' ~ . ;' .' , ; :.. :"! ',' .". . . . . , . ' : I . ' ~ I ' .. : . . . :': ~ • .' . -

'Weed ~h; 7) Water distribution is unaffected by the wind, and 8) it
... lr ..· • . •.• ( : ' . ;.:.; .. ....-., . ,.) ~ - - .. ... ; .. .. . ; '/ 1 . : ~ i . J: ' ~ . : . . :....:- !
doesn ,'t interlere with spraying, picking and hailing.

;', ; ' rt.icki~·':i'IT~t'io~ "h~ been '~~~:&lly ~~ ~th f~it'; ~~ ~~~ai~

C61is1derabl~ : riX:>istlire when harvested (Such ~ ; f~t~ ~ " ~it~' ; ~Ci~~"
. . , ' . . -. i . _ . : ' ' , ~. ,: ; ,,' . : : . .: I " ;" . ,~ .; ~ . . f ~ ,; ..': . ' .
fruits) -and' has also been successfully used with zmny vegetables. But trickle
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iITigation is not practical or econanical for closely planted crops such as

cereal grains and pangola.

'!be major disadvantage of trickle irrigation is the greater potential
,,- ' .

for systan clogging due to small passageways. This means that trickle irri

gation requires a higher level of maintenance and management if the systan
: '".....

is to be successful in realizing its full potential. This greater degree

of vigilance is usually more than worth it.

In Figure 3.9 is a sketch depicting a typical tricYJe irrigation systan,

shcming its basic ca:rg;x>nents. Sane systems, especially enaller svstere may

not have sul:rnains.

As one can see fran the sketch, water flows fran its source (under

pressure supplied by .a punp or gravity) first through the control head, then

through the mainline, through the sutxnains, the manifolds, the laterals,

and finally tricldes out through the anitter. Fran the anitter water spreads
. ' . . -"{. -

laterally and vertically through the soil by soil capillary forces, augroonted
. .

in the vertical lIDvanent by gravity. . The two extranities of the s~tem (the
. : . .' ,

control head and EtDitters) are nost inportant in maintaining system effi~iency.

Because trickle irrigation works under such low operating pressure. .

systam·co:m bo connected'directly to the · tap~·;ir,l.ter lines .i f. the systan is not

too large. When using tap water the fluctuations in pressure ShOuld: notcbe

too great or too frequent or it "Jill hrwe adverse effect's -on .~y~:t~. operation.
. . ~ . I . ; .

In many cases tap water will be unsuitable ?J1d ptUl'Iping necessary, , The irri-

C't1.tion water can originate fran a well, a: dam, rainwater .storage tank, snream,

etc., but one lIDJSt keep in mind that the quality of the water .ent e;ring this.. . . . ~

delicate systan is very important.
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Filt"ration sYstem

An' appropriate' filtratibn systan should':bk 'sel ect ed to keepLtnes and

anirears unclogged.

Clogging is caused by 1) solid particles in suspension; 2) micro

:orgtuiiks' fuiCi orgazdc "matt~r arid for 3)' bhamcaJ. percipitation.

A6cOriWigly; i the 'filter is vitally irrportant to a successful trickle

system. ' 'lbe particle si~ 'tOl er at ed in the systan iiepends 00 't he 'Emit t ers

use<Farid'·sUcl{·iiif6inia.t:ioii' 'ShOul d be suppiied by the 'ani tter' 'manuh ict t.i:rar

or kltOWn 'frcm 10Ca.1"experience'. ' The 'parti cl e 'Shoul d be' seVerni' "t :Lre.S ' :'

snaller thaf{)tne '€rii:ttter 'passageway' because gi'oUps"o{particies 'tend 't o"

bridge the ~passageway . ' .i :: ,

~..:;', SCreen filters are the siJrpleet ':and 'provide :the most; effic:l.ent'nkarui"

for ·filtering'fine sands fran the water , . The screen filter basket, shOUld

be ma.de 'of plastic or non-oorrooing 'rriet al . ' 'Graded 'sand filt~rs 'aXe 'also '

good for the ramval of' firie sand. ' But· sdreeb fllters or gradect'$~d filters

tend to be rapidly' ;cl ogged' by 'heavY Loads 'of~ mid other lht~n:±b materials',

thus in' :sucll cases 'Wh~re the water has this hii?;her'rervei of ipolltitanfs ';' '" ~Q1e

should include vortex sand separator 1 gravel 'pa6ks J or settlihg: ponds .

O:>ntrt>l :'fIeM ': ;.

,;' :': ,<The 'f i l ter is only' one of many :~nerlts 'of ' the water quantity/qUality

'coot-roF tmi t ', at ';thi:f'head of the"trickle sYstEm~ :oor€ 'aPPI"OPri at'elY kndVAr a:s

the' "contr61 ·h~'ad" (.:·: ,! A'tliagrain" of a ,control 'head is :sket Ched:beiciW:. ('see '"

.. 'Fi~ .3.10) .'.:;' &naI l er andLess 'CClIiPl ex control heads can 'M'" uSed·~ ·, 'i t '"an:

depends on the system size and the degree of quantity/quality control desired.
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Although the main filter is located at the systan control head, as a

safety precaution additional secondary filters can be inserted at the

entrance to the manifold or lateral lines. Here small filters or hose

washer screens may be used.

Filters renove suspended solids but are not capable of chanical fiH:ra

tion. anall particles of algae also pass through the filtration systan and
. " ~ • I -

it is :i.np)rtant to keep than fran growing inside the systan. This is main-
. ' . , . . . "; .

ly accanplished by tinting all drip systan ccmponents black during manu-
.' ':; . • . ' • ". • • • ;" : . : : . : 0. , ,. - . ' . _ j t ", . :_-! :. . :' .~

facture (roost algae need light to grow, in darkness bacteria break down
. ". . . . ; '\.: . .-~.. " .- :. • :-.' . ~ " . :. i · . ' .

the algae). If algae do manage to invade the systan despite these pre-
• , : . • ' .. ~ • : . " . : • :' . • • . , • I • . : • . ; •

cautions, chlorine treatment is used. Pive hundred ppn of chlorine in .f~nn

of household bleach, calcium hypochlorite, sodium hypochlorite or gaseous
: ; .

chlorine under pressure injected and left in the systan for 24 hours, then

flushed nonnally is usually very succesful in ~liminating algae. If Bacteria

sline becomes a problem, it too can be treated with cholrine. Two to three
I •

ppn of chlorine left for ~ minutes in the systen, treatment to continue 2-3

times/week until problem disappear. Intermittent chlorine treatment to

prevent problan is also a good idea.

Chlorine is not the only chanical that can be injected into the drip

u:rigation system. A drip systan is canplete only if provision is made for

fertilizer injection at the control head. But the injection of fertilizers
: .; . : ," . ~ . . .' ~ . . . :

is a matter that should be dealt with careful.Iy; many fertilizers should not

be considered due either to lack of solubility, or it provokes precdprtatdon.
; .. . ; -

",
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:for ~le, phosphorus cannot baconsddereddor fertigation (fertilizing

through irrigation) in water witl+. a high quantity of calcium because .phos -
'." ' . ' . , . ; .

.
phorus reacts, with, calcium to" fOllD dacal.cdum phosphate' which can cause severe

• ! ' . . •

clogging. V!~ll water...or water. originat:i,ng fran 'aqui f ers US\lally contain a

high quantity of calcium. Unfortunately much of Barbados' water contains

much calcium, ~ phosphorus cannot be applied throughfertigation.

The other ~or fertilizers can be used in fertigation in Barbados if

used in the correct form. For example, nitrogen ·can be used in the forms
. ! ' . I ~.

of :~nium sulfate" mnronium nitrate, urea, anhydrous rumxmia, as well as

others. ~tiues adding nitrogen in the form of gaseous amoonia may cause

a rise in water pH and cause precipitates of calcium.

Fertilizer solution can be either injected into the system by small

~, poured into the ptmJpdump, or placed in a pressure tank and drained

into .the systan by differential pressure.. For rrore detailed infprmation

about fertigation please refer to the references given in the biqliography,

or contact Irrigation Dcpa.r1Jnont, ·.!vlinist ry of JI.gricultur~, Barbados.

Q:>ntrol Syst~

Also at ,t he control head we have water quantaty controls whichr~

from fully autmatdc to nanual.. Time control, .volume control: or .feedback

control .are the three main types of automatic controls. .Time controls turn

water on and off depending on the volume of water that has been delivered.

Feedback controls turns water on and off at :!1rcdetenninedtimeS;' " A vohlloo

contrrol. system turns ';'Jater on and off de!'0ndinf7 on the vo:I:~ of water .t hat

has been delivered. Teedbackcorrtrol.s turns ~later OD andorf in response to

notsture sensing devtoes placed in the irrigated area. Of course autanatie con-

trols can be f~irly expensive, and. .althour,h autceatf,c controls do save time and 1300ur J
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one can still have an efficient witl1 totally manual controls. Hand operated

controls and on-off ' valves at the inlet to each subunit (group of Laterafs

controlled as a urnt) require little labcir and still allow the nam activity
. ,

of 'the irrigation, other than scheduling, .to be seeing that the filter is

kept clean', '

To cOntrol systan pressure there shouid be 'a pressure contrcl, valve

and eoni.tor at the systan control head. To help Insure unifonn anitter dis

charge throughout the systan additionai 'presSure controller can be placed
.'~; .. " .

at the entrance to the laterals and manifolds, or altemati\rely accomlfshed

by design, .J.lPpropriate sizing of laterals or amnifolds where practicaL

better solution to ooni>at anitter perfonnance deterioration th:an providing

extra systan capacf.ty because 'extr a systan capacity means larger pump and

pipe size while reserve 'pr essure onlt means a slightly larger pump. Reserve

pressure is no longer a good solution once anitter characteristics have 00-

generated 10-20 percent, and at this point replacing or cleaning anitters

is the only solution. '

Moving away fran the control head and toward its eventual ent , water

passes through the rminlines, the 'sutmams , and manifolds.



t

To hel~"preverit clogging, these pipes should be made of non-corroding, non

scaling materials. Usually these pipes are made of polyethylene (PE) or

rigid polyvinylchloride (PVC) and buried to facilit~',:te fanning operations.
'". i

CaDent asbestos, filament wound epoxy, and epoxy coated steel are also used

for these pi~.

:Fran the maIufolds the water enter the narrower- laterals (between 12-32
. ' ' . . j :

mn m diameter). The laterals "are usually constructed of flexible PVC or PE
; "

hose "for "no:mial above ground use in contrast to the main, subDain and manifold

whi"cli 'are · u...~ly bei&N~. The necesni.ty fOT extra materials and labor

'.: for inSbillation, ' Inai~e below ground laterals less econanical. Polyethylene

costs ;app~tely 30 percent ~ ~.:~ tnan PVC, but PE also has a shorter life

'expect ancy and' is less flexible than ~TC.

Einitters

Attached to the laterals are several anitters which distribute the re-
: :

quired water to the plants. There are several, types of anitter-lateral con-
: ' : '

,. ~

nections for varying crops and crop spacings. (see Figure 3.11).

All arrangements aim to achieve a satisfactorily percentage of wetted

soil. The percentage wetted area ccmpared to t>:3 whole area. P, depends on

the uscharge and spacing of t~e eLIttters (or erniS'oion points in the case of

nulti-exit anitters) and soil type. A reasonat desf.gn objective is to wet

a min:irmml of 1/3 (33 percent) of tt.9 poted root voluae of widely spaced crops.

In closely spaced crops it may he necessary to wet nost of -;:'::0 scil volume

(t ::.:_'J is a rt;;J.jc:: r~~csn f;2~7 i::r-:'.;::::::"on losses its edge over other irrigation
" . . :

metnods with close spaced crops; many advantages of drip depend on a ~1. P).
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An anit~er is a snall itan rrade of PVC, PE, and/or acr;ilon.itr~te

butadiene (.ABS~ wh,ich allONS water to desperse under low pressure in. exact

pre~tennin~dpattern.

An eni.ttershould satisfy the following requi.rerenta: 1). give r.elatively

low but unifonn constant discharge which does not vary significantly because

of. minor ~ffe~ces in pressure. It is preferable that the dis~~pressure

relatio~ip ranain valid for a long period of ti.rre (years).~Uth each anitter

a chart displa~ the relationship between pressure and dtschargeehould be

supplied. 2) '!he enitter should have a relatively large flow cross-section

in order to redu.~ clogging problems . '!he smallest dimension of anitter flow

path vary from .amI in anitters very sensitive to clogging .to 1.5nm in emitter

relatively insensitive to clogging. anall deviations in the passageway re

sult in relatively large deviations in discharge, thus it is important to

obtain inforrmtion pertaining to anticipated variation in. anitter discharge.

Sale manufacturers supply v , the coefficient of variation which is the stan-
. "

dard deviation divided by the average of all the anitter discharges fran a

test sample operated at the reference pressure. A good. value for v is .06

or less. 3') 'The'emitter connection itself causes pressure loss in the.
: ", " . . ' , I ~ . . " ' • •

lateral and this infonnation should be applied by the manufacturer to allow
" ,

for nore efficient design.
• J ,"

Types of Emitters

'1bere are several types of anitters, they include microtubes (sanetimes

called spaghetti or whiskers), single exit Iong .path amtters, nulti-exit
.

long path anitters, single or rnulti-exit orifice emitters, orifice vortex

anitters , bi-wall anitter/lateral. pressure cempensating anitterJautanatic
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flushing Emitters, as well as a few more at the experimental stage.

1) M!crotube emitters cOnsist 'of anarrow' '~~ plaSti~ tube fed fran

a. lateral.

' ,.. ' 6 "
" ~5 - .enm,

'Ihe iroimal internal diameter 'of' ~fue mtcrotube range fran

Due to ' incre~d fricti~, the longer the tube, the

slo\ver the cinitter "f l ovi rate. ' Th~ One real advantage of microtubes

" ,i s that they can be used to eanpcnsate for pressure changes along

' t he hteral to unifozm 'f l oW throughout; the systan. The major prob-.,

IEin with microtubes outside the greenhouse is"the constant risk that

' 'the' l ock of 'the: tubes may' be altered bY' wind, ' t~rature, or culti-
, "

'vat i on' practices. ' Mt crotut>es are' very effeCti~e in greenhouses where

' t here is' tube per potted plant .

.S) Single extt long path and multi-exit long' path emitters anploy the

,:"'sane principle as ' lone mtcrctubes ill 't hat ' the"fiow r~ie of water

.': is decreased by sending the water througha long n~ow' passageway.

,But:,in long path anittetsthe path is fu' the' 'f~rrn 'of a labyrinth

cast 'on an .Inner cylinder whi'ch is irisert~ into a ci;Se fitting

outer , : 'Mul t i -exi t long:'pat h emitters ariploy the' use of several
, " ; ' ,, .. , ., , ' ' , , ' ,,' "'( "

," 'microt ubes' Which branch out of the anitter instead of the lateral.

Mult'i-exit 'emit t e:rs are usualIy useddn orchardswrth widely spaced

',:; trees for' the prupose of mcreastng the wetted ~e~ ~oUnd the tree

' WithOut Increastng the mmoer ~f iat~rals ' (and ' ~~~entlY the cost) .
.' ' ,. . ' • • • ' . I ' .. . • ; . ;.1~ . . .

"Al t hough there is the 's aJOO risk of dislocation of tubes, multi-exit

. Iong. path am.tters are' 'easier to :'ma:i.rit ain"t~ nrl.c~t~ alone be-
.., i

cause 'ti:r :Wide spaCingS 'and roore 'reiiable fittings.
. " . ' . - . .' . .._. ~. I " j: " .

'Flow in long path single exitanitters are sensitive to tEmpera-

ture variations.' Since:~y e!riitte~:are caiib~~t~ 'f6r a taJl)erature
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in the vicinty of 20 degrees centigrade, discharges must be

estimated in other temperatures by using a formula or a table .

. !'1ost orifice emitters clog easily. Automatic flushing orifice
. .. . .

emitters have self cleaning capability. Flus:::.ing takes place at

low pressure (at the beginning and end of each irrigation cycle).
. .

But the added feature increases the number of roving parts in the

emitter which in itself may increase the likelihood. of malfunction.

3) The vortex emitter has an orifice containing a circular cell

which causes vortical flow. The vertical motion is achieved by

the entrance of the Water being tangent to the inner wall. The

JmXimum decrease in charge is approx. 1/3 the flow of a siIIple ori-

fiee of the s~ diameter wi.th the ratio between the entrance and

its cell 'diameters ranging between 1:4 and 1:7 . Therefore, for the

same 'discharge and lass, the entrance diameter of a vortex can be

approx. 1.73 (square of 3) times larger than. a simple orifice emitter.

'lhese vortex emitters are less clog-prone than simple orifice emitters.

4) In bi-wa.ll emitters a small nuaner of widely spaced holes

main bore with the auxillif1.lj1 bore, The outer wall is provided

Wi.th up to 10 times as many holes as the tnner wall. These holes

are the same, The inner holes are the pressure dissipators. Thus

the Inner chamber much higher pressure than the outer chamber. Bi-

wall emitterS are used with ,t he nore closely spaced crops. Its

major 'adVantage is that it is ~elatively Inexpenstve ~d it discharges

a snall q~tity of Water at a time, thus less energy is required. .

Its disadvantages include the holes tend to enlarge with time, it is



LATERAL

<; MICROTUI:JES
CONNECTED DIRECT TO

LATERALS

CUT-AWAY VIEW~ ~=~~~~~~~~~~~~=r:~~==~
SINGLE EXIT
LONG- PATH EMITTER

r-----'I> r===.

LONG SPI RAL TO
DISSIPATE WATERS' ENERGY

MICROTUBES /EXTENDING
OUTWARD \" r- ...

y ......
CUT-AWAVVI EW\ 7 ~MULT~XIT

LONG PAT EMITTER --....- \
\ I I \
~ ~
\ I I \

\

1
ai-WALL EMIT·TER/LATERAL

( o o o o

WATER
ENTRY

THROUGH
VORTEX
ORIFICE

WATER EXIT

o

LATERAL
WALL

.:
TOP VIEW OF

VORTEX CHAMBER

"
VORTEX

Fig. 3.12 TYPES OF EMITTERS



•

- 3.32 -

l'OOI'e subject to physical dam and its perfonnance is very sensitive

to hilly lands.

5) Flow canpensating anitters are designed to discharge water at a

constant rate over a wide range of lateral line pressures. A pecu-

liar problan with ~nsating emitters is that the resilient ma-

terial may distort over a period. of time and gradually squeeze off

the flow even though the pressure ranains constant. Flow canpensa

ting anitters are valuable chiefly on hilly sites vm.ere it is im-

practical to design for unifonn pressure along the laterals and

manifolds.

d
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FIGURE 3.13

TRICKIE IRRIGATIGt WATER FI.J:1N AND SALT AroJMUIATIOO

Bnitter

Area of highest salt
accunulation .-P-- - F.igh Salt Accumulation

Water flows out of the E!I1itter into the ground as depicted above. Con

tour lines indicate zones of equal rwisture content and lines radiating fran

the anitter show direction of water flow. Please note that the outer peri-

neter of the wetted area is the area of highest salt accumulation. If there

is a rainy season the salt nay be natura'l.Iy leached out, if not the area may

have to be sprayed with water every few seasons to artificially leach out

the excess salts. 'Ibis is a greater problan with sane lands than with others.

Trickle irrigation requires rmre careful filtration, fertigation, and

maintenance practices than other irrigation methods, Good maintenance means

that filters be kept in good operating condition (it is expensive to detect,

clean, or replace a clogged E!I1itter thus preventative rmdicine is the best here) ,
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but it is also good practice to occasionally make sample checks to help

insure that anittez: discharge is unifonn and sufficient. Pressure guages

are used to check the difference in pressure across the filter indicating

the degree of clogging in the filter. It is custanary to clean the filter

when the pressure drop is about 2 meters (6.6 feet). Filters can be cleaned

manually or by back-f'lushdng, Secondary filters on laterals and lor manifolds

nust be periodically checked also.

Provisions should be made for flushing the zminline, manifolds, sutmains,

and laterals, which is usually done by having flush valves at the ends of these

lines. Flushing the system is necessary because sand, silt and clay tend to

settle in the slow flow regims at the ends of manifolds and laterals. Flush

ind should be done twice annually ( at least).

Extraoo caution in keeping large dirt particles fran entering and possibly

ruining the system is a must. An accident such as a mainline break could

open up the system to enough sand or organic particles to ruin the system,

possibly making it necessary to take the entire system apart.

It should be emphasized that the purpose of this section is to give a

general overview of trickle irrigation. For those who wish to further pur-

sue the possibilities of installing trickle irrigation onto their fanns or

gardens, further infonnation concerning actual design (detennining anitter

type and sizes, determining emitter and spacing, lateral spacing, pipe

sizes, fertilizer application rates, etc.) can be obtained fran the listed

bibliography or infonnation or design 'help can be obtained fran the Irrigation

Department, Barbados Ministry of Agriculture, Food and Cbnsumer Affairs.

", i

r.
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Table: 3.1

YJAXIMUM ~IPITATIai RATE'S 'ID USE cr.! LEVEL GIDJND

Good Conditions

Bare ground

Good soil aggregation

Higil organic content

Open granular structure J no

evidence of sealing

Poor Conditions

Bare ground

Poor soil aggregation

J..o..J{ organic content

'Ibin sealed layer at surface

Soil Basic Intake Rate Reduce to

Coarse sands 0.75-1. 00 iph 0.35 iph

Fine sands 0.50-0.75 iph 0.25 iph

Fine sandy looms 0.35-0.50 iph 0.20 iph

Silt loans 0.25-0.40 iph 0.12-0.15 iph

Clay loans 0.10-0.30 iph 0.05-0.10 iph

1·;

, ' !'
I ' !
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Table: 3.2

SLOPE PRECIPITATIOO

Slope

0-5% grade Y

6-8% grade

9-12% grade

13-20% grade

Over 20% grade

Precipitation rate reduction

0%

20%

40%

60%

75%

•

y eg: 5% grade is a fall (or rise) of 5ft in 100ft .
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Table: 3.3

ESTIMATING IRRIGATlOO EFFICIENCIES

Desert Clim:tte

Hot, dry Climate

Moderate Climate

Hunid or cool Cli.nRte

65%

70%

75%

Assuming 7r:ffo for our conditions, then the gross aroount of application at the

sprinkler nozzlers must be:-

Gross aroount of application '"" Peak a:m>lica on

Irri....,oation effkJ.ency in decimals

Gross AJIX)unt of annl cation = .5 inch 1:::

0 . 7
Gross amxm of"app Lcat 'OD :; 2.14 inches
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Table: 3.4

Spacing

40 I X 40' P.ectangular

50 'x 50 I Rectanmlar

60'x 60' RectMIDlar

2 m.p.h Wind

92%

9 m.p.h Wind

84%

63%

31%

1.lininun acceptable C generally recognised as 80% -85%.u
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Table: 3.5

MAXTI.ru!'A SPRINKLER SPACING ACXX)RDUK1 'ID

WIND t Bt!SED ON DIAHBTER OF COVERAGE

Rectangular spacing (wind predaninantly fran one direction)

Average wind speed Spacing

On lateral Between laterals

Up to 7 m.p.h

7 to 10 m.p.h

Over 10 m.p.h

40%

40%

30%

65%



APPENDIX 1 NOMOGRAPH 1

PR ESSURE LOSS IN PORTABL E SPRINKLER LAT ERALS
B OH d on SCOb L' '~ lor mulo "" ttl ...dlu('!, 0 . \ no mull l 1(' 1/11 I lor,1 ' ~ 0 :' r(' ~ "TT' 1 v': J E. C f l~ " O n ~ n ,

2 5

I-
0
~
D.-

40 l:) Cl
l&l Z Z
.... I,) 70 i3
=> d <t
=: 30

'0.
£>0 ~

50 ,0 X

::I
Ul 0

70 <:0.0 z
0: 2~ G - 1& Oll t-' 50 ·t J~ 0l4.
UJ 60 J O O

W
Q. 0 0 CJ:

Ul 20 rJ '4 0 'It 250 ~

z ci ~ - -Jr. 90 ~o =>
I- .... 0

9 ci' el <l 20 0 Ul
J J 40 30 J .0::
<t

- 1
<l <l 1~ .0 lIJ• Q~ ,Cl

W
0:: 0: D.-,

~
w W

LIJ l- JC ..... cJ)

~
Vl <t <t a

to w J 20...J 10.0 Z
el a. =>
X S

iL :5 I f. <;<1
Z 6: 8.0 0

I,) 0 0 0..
!!! 8 - ;;>0 ~ . 0

0
..J V- 15 Ul 6 . 0 Z

7 <l a: a:rr •
0:: w <'z - I R ;a W W 5. 0 cJ)
W £> l"- -' J cJ)
..J 4

:><: 15 x 4,0 0x "'- .... -'z s J 10u: 0: wa: ~ - I 9 0- Q. 9 o, 3 . 0 a:
Q. III V1
cJ) 4 8 =>

u. 10 u, 2 .!' Ul
u:l 0 7 0 en
Cl 9

2 .0
w

4 0: 8
a: a:

a: J- ti- - I ~o
W 6 lIJ 0..

W m 7
m 1.,5

> ::!: J:
4

~
5 ::J

6 z

2 ....
~

4 1.0
0
~

.ao
Co .. .1C

3 . 60

.5 0
J

,'0) Campult' 20% .;1 over ooe apt>fJltng pres,ur~

( ) I ' PO db f.fullJpl) votoe ob ainea by 5poem9.:In Ihen use Ihr

votur ab/ained to stor r an scale ®
(c) Fo llow steos lVo 2 10 4 uS/n:; scale @

II toterat of known size is 10 be analyzed lor P'~SS(/rt'

loss, use scot« @ ana Ihen mullJply value ablaJn~d
r;;-., SpGe"'9

on scale 0 by 20

It R ft ''''"';'r -'N9oJ/'''''~'' 5/! /mJ.lII 'v'· fJ/ ..J(. C/" i $r,j) Ir J.n
u n.' c f cousaro-a, oue:«: ,5 70 . ,urf 26

JI' . I'Dr sflaci Ii o tn r « 110,7" . 0 '0/ <:0 : vS " I'Ir la llow ' ll t; p'D( f' a u " ,

Icl Avera\)e sprinkler d isch[lrQe for all sprinklers on 'he
toterol. Ib) over o qe ope tOlon9 pr e s aur e required and tc)
nu",bet of sprinklers on totercl .

;t.p No.1 Ccmr ote <'0'7. of overocc prr~~ure lbl and lOCale on

.on sccle ®
Slep N02 F'''.d number of !. pr, nkler~ o,n lo'rrol or s ~ole @ far

20 srcc,n\) or~ tor 40 spoc'"\) . Connect pOints on

s cote s 5 ond~ or ® and rt lend 10 ,ecleCD (P,IIO'
Iinr lif ..

Slep NO.3 Connect pall" oneD w,lh vclue for overoqe sp' inkier
olschorqe on scaleC!)

Slrp~lo.4 Fieod on sc~le0the lateral ,'H reQulfrd II the line
COl\necl,n? ';COltt,G)ond ® ;nlersech Hale ®
belwHn '14'0 pipe srr e s , the opprolimate p'oportion
of tne '14'0 sius mo) be orlermmed bY'es',maling the

proportional inv"ru d istaneas betw'"!"n the point 01
m'r,iec'jon ond 'he pipe siu poinl on the. scali .
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d ischor91.
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APPENDIX 2 NOMOGRAPH 2

FRICTION LOSS FOR SPR INKLER SYSTE M M.AIN LIN ES

CD
0,""

Scobey Hal""'· ',,\cu 'ni,,g
CLASS OF PIPE 'N.lI.cms

K. C fI

N'w-Smoolh Spirel·welded Steel 0.32 I 140 009

N~w-Aiuminum" 0.32 140 009

lroniite 0.32· 140 009

Spirol-wrlded Steel-15 Yeors 0.40· 120 .012

full Riveted Steel Pipe-IO .Yeers 0.44· 110 .014.

... '~cloimlrd lhvcsion Pipe 0 .52· 95 .0 17

Wood Steve Pipe-New 0.40 120 .012

Wood Slave Pipe-15 Years 0.44· 110 .014

Porloble Aluminum ond Couplers 040· 120 .012

Portable Galvanized Steel ond Cooplers 042· 115 .013
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Source: Gray, A.Sprinkler Irrigation Handbook. Rainbird Sprinkler.
MFG Corporation Glendora, California 7th Edition, 1961.



APPENDIX 3

FULL CIRCLE IMPACT SPRINKLERS / 20 SERIES
PERFORMANCE FOR 20JH
Highest pointof stream is 7' above nozzle."

@I., Nozzle t Nozzle Nozzle NOllie

~~
3/32" 7/64" 1/8" 9/64 "

~~
ma, GPM Oia. GPM Oia. GPM Ola. GPM

~ ~ \ 2 : ~.... : .,.;~ (, .... ~ t is :" ."j1';" ;"1; :U J4. - J .

40 73 1.62 77 2.27 78 2.94 80 3.66
45 74 1.72 78 2.40 79 3.11 80 3.87
50 74 1.80 78 2.53 79 3.27 81 4.08
55 75 1.88 78 2.65 80 3.43 81 4.27
60 75 1.98 79 2.76 80 3.57 82 4.45

PERFORMANCE FOR 20EJ H
Highest point of stream is 7' above nozzle.·

@I", Nozzle t Nozzle Nozzle Nozzte
--:N 3/32" 7/64 " 1/8 " 9/64 "
",N

Oia. GPM Oia. GPM Oia. GPM Oia. GPM. 0
n.""

J~ -;S 1.·J . ., \ , . :,1 7'J ,. _ /J ~ n :'n" .. .-..
40 76 1.62 78 2.27 80 2.94 83 3.66
45 77 1.72 79 2.40 81 3.11 84 3.87
50 78 1.80 80 2.53 82 3.27 85 4.08
55 79 1.88 81 2.65 82 3.43 86 4.27
60 79 1.98 81 2.76 82 3.57 87 4.45

20J H/20EJ H c:a~~\\~:
All-new sprinkler including "H" bearing; widely I J. '~~,JJ -
used in al l types of permanent systems, on center ' ,>;,':'::;
pivots and in general field applications. Rugged

enough for hand move and solid set systems. Now f=~
cataloged w ith 3/32" nozzle. Excellent perform-

ance extended in low to medium application rates. "
Performance is maintained under windy conditions
with non-clog vane in " E" model. Y2 " male bearing. .:'-- 20J H

Fig. 3.5 (a)

PERFORMANCE FOR 20AH 7" Highest point of stream is 3' above nozzle (aluminum arm model).'

ALUMINUM ARM BRONZE ARM

PERFORMANCE FOR 20AH 12" Highestpoint of stream is 4' above nozzle (aluminum armmodel).*
ALUMINUM ARM BRONZE ARM

PERFORMANCE FOR 20AH 20" Highest point of stream is 4' above nozzle(aluminum arm model)."

ALUMINUM ARM 6RONZE ARM

I· _ .~.{. . "" ..... ,.;.. ' . 'J .-'-'~'I ~ , • .;:.. . , 41 ./ /~..t.., .__"
'-. /~~ ,.',.. ...<. ---..... . ;."... - .".

This versatile model has a wide range of
nozzle sizes and angles. Widely used in
undertree permanent and solid set systems.
Anodized aluminum arm with a brass bush
ing and neoprene bumper is used for small
nozzles; the bronze arm for large nozzles.
Gives good water patterns and wetted diam
eters WIthout interference with tree sk i rt .
(where requl red) because of the special
nozzle des igns. This sprinkler has the all
new "H" bearing. V2 II. male bearing.

Fig. 3,5 (b)

20AH Series

~~
tNozzle Nozzle NOlzle Nozzle

5/32 " 11/64 " 3/16" 7/32 "
~:; 7' 7' 7' 7'
n."" Oia. GPM Ola. GPM Ola. GPM

115 i 4~ 2." 4& so
20 , 4L l '4 1 eo
n . u :1.0 ' 5::
30 53 3.78 54
35 54 4.10 55
40 56 4.40 57
45 57 4.68 58
50 59 4.95 60

~~
tNozzle Nozzle Nozzle Nozzle Nozzle
5/32" 11/64" 3/16" 13/64" 7/32"- .. 20' 20' 20' 20' 20'CIi". 0

n."" rna. GPM ou, GPM Oia. GPM Ola. GPM Dia. GPM

20 ~.) 394 U 1.rl ~) 4.41 I !lJ li.n o BU !
zs ss a.4J 57 ' .J I I J6 ~4·.t ! I;"J s.z .~&~,
30 59 3.78 ~~ HI .c- ~ 01 ~ ~ ~,~ 1!' . I ~
35 61 4.10 63 4.96 65 5.84 67 6.83 72 7.79
40 63 4.40 65 5.32 67 6.27 69 7.31 74 8.35
45 65 4.68 67 5.65 68 6.66 71 7.76 75 8.88
50 66 4.95 . 68 5.95 70 7.03 73 8.18 76 9.38

@I ", tNozzle Nozzle Nozzle Nozzle Nozzle
-:;:; 5/32" 11/64" 3/16" 13/64" 7/32 "
",N 12' 12' 12 ' 12' 12'
.0n.z: Dia. GPM Oia. GPM Oia. GPM Oia. GPM Ola. GPM

2'J I 51 ~.t~4 i· i 62 3.-:'2 j 54 ~.;<' .. '~J ~ ~~ 1,81\ .~n ~ $. J4J ~~ ••J1 . ~ UtI ca s...t . n ~ a~~l_ .

30 56 3.78 !! -i-H ' ~~ ~,r ; 1;;2 (i ,}C' ! t,~ J.~ '~

35 58 4.10 59 4.96 61 5.84 COol O J Q8 - ~~. .
40 60 4.40 61 5.32 63 6.27 66 7.31 70 8;35
45 61 4.68 63 5.65 64 6.66 68 7.76 71 8.88
50 63 4.95 64 5.95 66 7.03 69 8.18 73 9.38

@I ", tNozzle Nozzle Nozzle
--:N 7/64" 1/8 " 9/6 4"
~S 20' 20' 20'
n.z Oia. GPM Oia. GPM Oia. GPM

.10 !» 1.55 5~ .t. g] 52 2.~1

25 53 1.73 54 2.21 55 tel
30 55 1.89 57 2.44 58 3.10
35 57 2.05 59 2.66 60 3.36
40 59 2.20 61 2.86 62 3.61
45 61 2.32 63 3.04 64 3.82
50 63 2.44 64 3.22 65 4.03

@I ", tNozzle Nozzle Nozzle

~g
7/64" 1/8" 9/64"

7' 7' 7 '
n."" Oia. GPM Oia. GPM Oia. GPM

15 : . ~ - i 43 175 4$ :"wl10 f .( :) 1 .~ ~ , ~'5 1.$7 47 ::.U
25 45 1.73 47 2.21 <3 2.43
30 47 1.89 49 2.44 51 3.10
35 48 2.05 51 2.66 53 3.36
40 50 2.20 52 2.86 54 3.61
45 51 2.32 54 3.04 56 3.82
50 52 · 2.44 55 3.22 57 4.03

@J 11 t Nozzle Nozzle Nozzle
.~ 7/64 " 1/8" 9/64"
~ S 12- 12' 12 '

~~ Oia. GPM Oia. GPM Dia. GPM--
20 . 41 . 1.S~ ~ 19]~ 5ll 2.'>3
25 49 1.73 52 2.21 ~:. ~.S3

30 51 1.89 54 2.44 55 3.10
35 54 2.05 55 2.66 57 3.36
40 55 2.20 57 2.86 58 3.61
45 56 2.32 59 3.04 60 3.82
50 58 2.44 60 3.22 61 4.03

PERFORMAN CE FOR 20AH 23° Highest point of stream is 5' above nozzle (aluminumarm model).·

ALUMINUM ARM BRONZE ARM

@I ", tNozz le Nozzle Nozzle

0~
7/64 " 1/8 " 9164"
23' 23' 23'

n."" Dia. GPM Oia. GPM Oia. GPM

to 82 1.55 63 U7 '" 2.SS
25 64 1.73 65 2.21 51 Z.J3
30 66 1.89 67 2;44 68 3.10
35 68 2.05 69 2.66 70 3.36
40 70 2.20 71 2.86 72 3.61
45 72 2.32 73 3.04 74 3.82
50 74 2.44 75 3.22 76 4.03

@I", tNozzle Nozzle Nozzle Nozzle Nozzle

~~
5/32 " 11/64" 3/16" 13/64 " 7132"

23' 23 ' 23' 23' 23'
n."" Oia. GPM Dia. GPM Dia. GPM Oia. GPM Oia. GPM

li"~ es ;l.tH , .- 2.12 n 4.33 . 'n ! .:) "~ ~ ~l25 17 343 l 10 4.17 13 Ul1 7/1 5.r; 1S1. . ~
30 69 3.78 72 4.3J " ~.~ "'.".71 1.:1<>
35 71 4.10 74 4.96 77 5.84 7~ eY3 1sc 1.7~

40 73 4.40 76 5.32 79 6.27 81 7.31 82 8.35
45 75 4.68 78 5.65 81 6.66 83 7.76 84 8.88
50 77 4.95 80 5.95 83 7.03 85 8.18 86 9.38

PERFORMANCE FOR 20A H 5"
Highest point of stream is 1.5' above nozzle."

@I ", Nozzle t Nozzle Nozzle Nozzle
~~ 7/64"-5' 1/8 "-5' 9/64 "':'5' 5/32 "-5'
"'0 Oia. GPM Oia. GPM Oia. GPM Oia. GPM";2:

15 - - -4l 1.82 . 47 2.&. 4t 2.':.',
~ 16 1.'ii ,17 1113 41 2.41 " :H~
25 • 47 1.60 4tI %010 4~ 2.71 ~ l ~j

30 48 1.78 49 2.31 50 2.98 51 3.66
t 35 49 1.95 50 2.49 . 51 3.23 52 3.97

40 50 2.12 51 2.67 52 3.46 53 4.25
45 51 2.29 52 2.83 53 3.68 54 4.52
50 52 2.46 53 2.99 54 3.89 55 4.77

tStandard nozzle. "Shown for standard nozzle at normal operating pressure. NON-SHADED AREAS IN CHART RECOMMEND WORKING PRESSURE FOR BEST DISTRIBUTION

Source: Rainbird Sprinkler MFG Corporation 1979-1980
Irrigation Equipment 1979~
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APPENDIX 4

HEmIC NJJIVAU:NIS

Spacing - 30' x 40 I ':::::" 9m x 1~

Precipitation Rate - O.25 iph ~ 6.4mn/hr

Diamter of throw - SOft ~ 24m

Pressure - 25 psi~ 3.2 atm

Discharge - 2.59 g.p.m (Imp) ~ O.7m3/hr

Nozzle Diaxreter - 1/8" = 3.arm



CIW'TER 4

ANALYSIS am' OF SPRIllKLfll IRRlGATlar n~ BAR.RAJ:)(F

by
Victor Ojeda

1. U'fIP.(]lJCI'ICN

Farming is a business undertaken to achieve a snstamed net incane

therefore the prinary objective of irrigation is to increase farm production.

A fa.noor cannot afford to use an irrigation systan unless by so doing his

total farm production and net incane can be increased. F..ence, it is necessary

to detenoine aJ.I of the costs of an irrigation systEJil. 'Ibis total cost can

be COOipared with the benefits received or the increase in incam to tietennine

what profit, if any, has been realized fran the systElll. A fanrer should

not install an irrigation scheme if the estirmte increase in the value of

production will not exceed the additiona! cost of irrigation, including

the capital cost of the equipoont and its operation and maintenance.

'!he cost and return fran the various types of sprinJder systems are

a part of~ feasibility report for any proposed sprinkler irrigation

fann or project d.evelopnent.

A ccmplete breakdown of the irrigation casts is necessary to help the

p.1I'Cbaser have a full understanding of the annual expense .involved with his

sprinkler systen so he DRy be guided to rmke the proper decision on his

purchase .and use. An analysis of sprinkler irrigation costs should not

only show the initial cost, but also the aimual coots per acre. Such

costs should include the fixed as well as the operation and rnaintenance costs

caIP1ted on an annual basis per acre to be irrigated.
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A true analysis of costs must consider all direct cash and non-cash

expenses for water application, together with the indirect effect of the

irrigation practices on other operation costs. These costs mist be can

pared with the increased incane resulting fran the sprinkler installation.

II Cl'J'ITAL Th"VES'n011'S

A. Equiprent and Installation Costs

'!be equipIEnt and installation ecct must be known for ~he

various canponents of a sprinkler irrigation systan before :the

annual cost for irrigation system can be canputed. Costs that .must

be considered are:-

1. Water supply cost: - f'!ay include cost of water rights and zhe

construction costs for wells.

2. Conveyance cost : - The main line of a sprinkler system could

be considered here and also other atructa.res

that might be needed to convey the water

fran the source to the sprinkler lateral.

3. Punp costs :- 'Ibis includes the cost of the min pump, b<:'1Nls,

column, and all booster pumps in the system,

and their installation.

4. Power Unit Costs: - 'Ille cost of power unit and its installation

should be included. '111e power nay be diesel,

gasoline or electrical. Line construction

costs for electrical installations should. be

included.
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5. Distribution system cost: - 'Ihe cost of sprin..lder lateral. pipes,

risers, sprinluer heads, nozzles,

pressure cegutators or flow control

devices, end plugs and valve opening

e'lbows should be included in this

category. ~mnline pipe, risers, control

valves and outlet valves should be in-

cluded here if not included under con-

veyance systars J

6. Special equipmnt costs: - '!his includes the cost of soil nx>isture

determination equipnent, trailers for

hauling and transporting pipe if -used

in the operation of the systan. The in-

stallation costs for any of the above

equipnent should be included.

B. Building and Facilities

There 'are many costs such as road or trail construction to enable the

delivery of equipnent to the installation site, buildings for the protection

and storage of equipnent, and other miscellaneous costs that are chargeable

to the capital investment when installing a SpriIL~ler system, and all such

exper.ditures should be included·...i :

The total capital invest:nent cost for t~· sprinkler systen will be a

Stmmary of the above costs.
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II I ANNUAL IRRIGATIa ~ CCfn'S

'!be annual ilTigation costs are CCJJ;lOSOO of annual fixed costs and

,annual operation and maintenance costs.

A. Annual Fixed Costs

These are determined by the interest on the roney expended for the

facility, plus the capital loss, because of depreciation and also taxes

and insurance. The procedure in calculating the annual fixed costs is to

apply the Capital Becovery Factor, Crable 4.1) that caJiJines depreciation

and interest on investment into one nun:ber. In order to determine accurately

hO\.v nuch the equiprerrt costs per year, multiply the initial cost of equip

mant by the Capital Recovery Factor corresponding to the column of the

selected canpound interest rate and the estimated life of the equiment , (ree

Table 4.8 for example)

'!he Barbados National Bank offers loans for irrigation and the interest

rate is 6% payable fran 3-7 years. See appendix No. 1.

Table 4.2 shows the average life for various i tans. Other factors to

be cor..sidered in detennining the depreciation period in the life of the equip

ment are:-

- the type of service .and care given to the oo:uir:rent during use.

- the operating condition, care and mintenance.

- the off-season storage of equipnent.

B. Annual Operation .And Maintenance Costs

'Ibis includes the costs incurred for water, po.ver (fuel or electric,ity) I

labour, lubrication and repairs to the equipnent.
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-
(XMIUJND INTERIm PATE ~"'T

EffrIMN...l :D LIFE
n~ YEAR.Cj 4 - 5 6 7 8 9 10

-
1 ~.O400 1.0500 1.0600 1.0700 1.0800 1.0900 1.100q

2 .5302 .5378 .5454 .5531 .5f.lQG .5685 .5762

3 .3604 .3672 .3741 .381!') .3880 .3951 .4021

4 .2755 .2820 288~ .?95~1 .3019 .30g7 .3155,. ~

5 .2246 .2210 .2374 .?A39 .2504 .2571 .2638

6 .1908 .1970 .2034 .2098 .2163 .2229 .2296

7 .1666 .1728 .1791 .1856 .1921 .1987 .2054

8 .1485 .1547 .1610 .1675 .1740 .1807 .1874

9 .1345 .1407 .1470 .1535 .1601 .lees .173$

10 .1223 .1::::95 .1359 .1424 .1400 .1558 .16~7

11 .1142 .1204 .1268 .1334 .1401 .1469 .1540
12 .10fl(3 .1128 .1123 .1259 .13~~7 .1396 .1468
13 .1001 .1005 .1130 .1197 .1265 .1336 .1408
14 .0047 .1010 .1076 .1143 .1~13 .1284 .1357 ,

15 .0899 .0003 .1030 .10£3 .1168 .1241 .1315
16 .0858 .0923 .0900 .1059 .1130 .1203 .1278
17 .0822 .0887 .0954 .1024 .1096 .1170 .1247
18 .0790 .0856 .0924 .0004 .1067 .1142 .121P
19 .0761 .0828 .089e: .OO0f3 .1041 .1117 .1195.

20 .0736 .0802 .0872 .02'44 .1019 .1095 .1175

25 .Ct340 .0710 .0782 .0358 .0937 .1018 .1102
30 .0578 •Ot150 .0726 .080E~ .088S

35 .0536 .osn .OCwO .0772 .0858

40 .0505 .0582 .0065 .0750 .083D

45 .0483 .0003 .0647 .0735 .0826

50 .0466 .0548 .0034 .0725 .0817

roJRCF....s: 8.) FAD. "Sprinkler Irrigation" Agricultural Developrent Paper No.&~, 1968 -,lp2p
b) WCCDWARD,G. "Sprinkler Irrigation. " 8anta Monica, California. Sprin!'"..ler

Irrigation Association. 1959.
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fD3GFSTED DEPRFCIATla.1 PERI<DS Pm cn.:1IC'J1l?rS OF A SPR.INKLrn
"' .

IRRlGATlOO SYSTEl1

FreSIBIE D~IATlaT
RANGE

&mESTFD ~~IATlrn

PEPI<D

7

- ffell 5 - 50 35

-Pump 3 - 20 15

-Power Units

Electric rotor 10 - 30 25

Diesel 10 - 20 15

Gasoline air cooled n 6 4.:. ....

-~ plant housing 10 - 30 20

-Buried cast iron and aebestos-
PVC 20 - 50 35

-Plastic Pipe

Buried 10 .... 50 35

Exposed to sunlight 1 - 5 3

-Portable aluminum pipe 5 - 20 15

-Portable galvanized pipe 5 - 15 10
-sprinkler valves 5 - 20 10
-Bprinkler head 8

-Bronze main line valves 20-50 35

-Wood flures 8

-Power lines 20-50 35

OCURCE: FAO. "SprinIr.J.er lITigation." Agricultural DevelQll!lE!D.t Paper No. 88, 1968. 152p.
".
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1. The annual power costs will depend on the type of power unit used,

cost of fuel or energy and the overall efficiency of the pumping plant. J:fany

engine manufactures give average values for fuel consumption in terns of

gallons per brake horsepowsr , Fuel consurrptdon will vary, depending on the

condition of the engine and the manner in whicJ1 it is maintained. Another

factor v.hicb can be veT:lJ in:portant is if the operator increases the throttle

settings beyond nanuracture rs recoomendations, or if the planner of the

irrigation system imposes an overloading condition to the engine. Tables

4.3 and 4.4 dennnstrate the canparative fuel const..111ption per hour for inter-

nal carbustion engines burning various types of fuel, for various total

dynamic heads and gallons per minute being pumped.

'I'9ble 4.3. DIESEL:rur:r. CJNSOM1ID, GAI.lil~ PER noon

Ga2.00m:' per minute of water being~d
Lift (it)

100 200 400 600 800 1000 2000 3000 4000 5000

50 0.1 0.2 0.5 0.7 0.9 1.2 2.3 3.4 4.6 5.8

100 0.2 0.5 0.9 1.4 1.8 2.3 4.6 6.9 9.1 11.5

200 0.5 0.9 1.8 2.7 3.7 4.6 9.2 13.7 18.3 22.9

300 0.7 1.4 2.8 4.1 5.5 6.9 13.7 21.6 27.5 34.4

400 0.9 1.8 3.7 5.5 7.3 9.2 18.4 27.5 36.8 45.8

500 1.1 2.3 4.6 6.8 9.1 11.4 22.8 34.4 45.5 57.0

SOURCE: WCXDWMID, G. "Sprinkler Irrigation" Santa Honica, california. Spri~lder Irrigat1-on
Association. 1959.
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Table: 4.4. GA...c:oLINE CIlHJMI.YrICJ-i, GAIJD5 PER laJR

Gallol'..s per minute of water being pm!ped
. Lift (ftJ

100 200 400 600 800 1000 2000 3000 4000 5000

50 0.15 0 .3 0.6 0.9 1.2 1.5 3.0 4.5 6.0 7.5

100 0.3 0.6 1.2 1.8 2.5 3.0 6.0 9.0 12.0 15.0

200 0.6 1.2 2.4 3.6 4.8 6.0 12.0 18.0 24.0 30.0

300 0.9 1.8 3.6 5.3 7.1 8.9 17.8 26.7 35.6 44.5

400 1.2 2.4 4.8 7.1 9.5 11.9 23.8 35.7 47.7 59.5

500 1.5 3.0 6.0 8.9 11.9 14.9 28.9 44.7 59.5 -

saJRCE: ~lARD,G. "S!>rinkler Irrigation. I! santa ivb ni ca, California. Sprinl'"..ler
Irrigation Association. 1959.
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Electric power schedules in Barbados are based on a fixed standby

charge for the horsepower rating of the notor and a dinlinishine: schedule

rate for the energy actually consiared. The unit cost of electricity depends

to a large extent on the continuity of use, that is, the hours of operation

per year. Rate schedule for Secondary Voltage PO\ver in Barbados is shown

in Appendix 2. Table 4.5 shows the electric power consmption for different

gallons of water beinp.: iJUIr!'ed per minute at different heieb:ts in feet.

Table: 4.5 :Er.ECrRIC ro1ER CD1SUMPl'Ia1, KWE per hour

Gallom:; of water being ptm'!Pe<l per minute
Lift (ft

100 2.00 400 600 800 1000 2000 3000 <1000 5000

. .-

50 1.5 3 6 9 12 15 30 44 59 74

100 3 6 12 18 24 30 59 89 118 148

200 () 12 24 35 47 59 117 177 236 296

300 9 18 36 53 71 89 178 2.68 356 445

100 12 24 47 71 94 118 236 354 472 590

500 15 30 59 89 118 148 296 444 590 -

ECORCE: waDWARD,G. "Sprim;:ler Irrigation." Santa Monica, California. Sprinkler
Irrigation Assoctatton. 1959.



- 4 .10 -

2. The nost important factors that affect the seasonal labour cost for

applying water wi.th sprinkler irrigation are:-

(a) Distance nnved for each lateral setting. This cost varies con-

siderably depending on the spacing arrangement, including the

procedure developed for the type of equipnent involved and

the efficiency of both managaoont and labour.

(b) We i ght , length and size of lateral pipe.

(c) Manner of coupling and uncoupling pipe.

(d) Degree of co-ordination of irrigation labour and other fanning

operations.

(e) Manner in v.tlich the system is designed to fit the labour

operations of the fann.

(f) · The lay-out of the systEm.

The following table shows the labour requiraoont ranges for various sprink-

ler irrigation systaYE.

Banarove

End-tcm

Solid set (portable)

(pennanent)

Side roll

Center-pivot

Traveller

LAPOJR (hrs/acre/irrigation)

0.7-1.0

0.2 - 0.4

0.5 - 1.0

0.1 - 0.2

0.3 - 0.6

0.05- 0.3

0.2 - 0.1

OCJURCE: \~·?Af[),G. "Sprinkler Irrigation." santa Uonica, California. Sprinkler
Irrigation Association. 1959.

*See Appendix No.3
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It has been estimated that the labour requirements for the application of

3G inches of water in zone 3 is in the order of 48 haur/oore/year and for the

application of 50 inches of water ..in zone 4 is in the order of 63 hour/acre/yea:J!

(see fig: ~.2 in Appendix No. 4 ) .

1. · Cost of maintenanc.e for pmlping equipnent. 'Ibis depends on the type

power unit used and the manner in which it is operated. This cost inclu-

des lubrication and repairs. 'Ibis should not exceed 1(1J., per year of the

original cost of the plant if the plant is driven by an electrical notor ;

for a gasoline engine a.sstJIre 20% of the annual fuel cost and 40r, of the

annual fuel cost for a diesel engine.

2. Piping systan l'mintenance and repair costs for sprinkle:rlaterals and

. portable main lines, including valves are usually in the range of 2 to

7 percent of the original cost of the i tans per year. It will be Iowest

for hand-moved systens, when considerable care is used roving and

storing the pipe.

3. Pumping plant attendance. This cost is negligible with plants driven

by electric rotors. FstinRte 1 man - hour/day for internal camustion

engines.

D. ANNUAL <nn'S OF A SPRINKLER SYSTEM

The SlIIl of the annual fixed and annual operating and maintenance costs

gives the annual cost of owning and operating the sprinkler systan.

, ;/

Y HAGAND,A. ''Fann Models For Production Diversification 01 SnaIl Fanns and
Plf1ntations~" llinistry of ....},griculture and CoIlSllf'l.)r f\.ffairs, Parbados ,
1977 .
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IV. ,.<n3T OF IFR.IGA'I'IOO :~ BAIIDlIDCS

Tables 4 .7 and 4.8 StmIIRrize the calculation of capital investment and

annual costs of sprinkler irrigation for a 2-0 acre farm rrode'l in Barbados. 'Ibis

infonnation is given as a guideline and isby no means conclusive. '

'TIle systan design includes one well, one purl!), buried 3' mains, and

sprinkler equirment • rIhe assurrptions for the design are:-

- Work~ hours per day

- Length of set

- Irrigation cycle

- Gross application

- A~res irrigation per set

- Total acres

- Spacing

- No Laterals per set ;

- No Eydrant s

15 hours

5 hours

7 ctayS

2 inches

1.0' acres

20 acres (1230' x 660')

3D' x 40'

3

31

,,~ ~ .



FIGURE 4.1

DIAGRAM SHOWING A DESIGN FOR AN IRRIGATION LAYOUT FOR A 20 ACRE FARM

.-- - - -- -- -- ._- -- - -- -- ._- -- ~ --- -- - -- -- -- -- ,...- -- --

o
to
to

t-------- - - ---- - ------ - -~
r------K-E-Y-;---------------l ,230' i

------------ = Boundaries NOTE: The laterals are movedrrm according to the irriga-
Uill = Well and pumping ptant tion cycle.

= Primary distribution system

x ,;" Hydrant 1 inch ==: 154'

• .. Sprinkler

-------- • lateral (portable)
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Table: 4.7. BARBAlXE. CAPITAL INVESmFln' OF SPRINKLER IRRlGATICt~ FeR A

20 A<:m:S FJ'..m.~

ET,plRiENT qJANTI'lY !NVESIl.1F1'1'T
cosr UNIT Y

($)

INVF.SlMFNr
CCf\T

( ~)

a) Well ,160f t , deep

- Digging

- /<..dits 8;; Uaterials

b) PumPing Plant

25IiP, 160 Igpn

300ft 'lIE and Accessories

160ft

40ft

132/ft

44/ft

22880

21120

1760

14760

c) Run electricity to J.)t1Ilp

d) Distribution system

- Hydrants

- Pipes

e) SUrface equipnent:

- 2" x 30ft lateral, riser &
Sprinkler

..,. Stop ends

f) Sub-total Investment
(a+t+c+d;e )

g) OJntingencies 10% of invest
rrent (10% of f)

h) 'lbtal Capital Inves1:loont (f+g)

3 poles

31

1320ft

33

2400/'{X)le

121

11/ft

194

30

7200

18271

3751

14520

6522

6~"()2

120

6963

76596

Cast per acre: 76596 .;. 20 = $3830/Acre

SOJRCE: Barbados Rural Developnent Project. Cost Analysis of Delivering Water to
Individual Farns. Sheet 75/85 and sheet 74 MilDeo.

Y Current prices April 1980. Central Bank of Barbados J Econanic and Financial .~
Statistic. July. 1980 p 74-75.

..-.
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Table: 4.8 BARBAIX:8 ANNUAL cosr OF SPRINKIliR IRRIGATIGl RE A 20 ACRES FAPJ~

LIFEy
(Years)

B) Operating and Maintenance Costs. EJ
a) Iahour §J

63/P,rs/Acre/yea:r x 20 Acres = 1260 hours
1260h x.~2.5/Hour =

b) Maintenance
-~y
- Piping System~

c) Power cost ~
- In Season

Damnd charge 191 25KVA ~ $4/KVAft!onth = $l00/roonth
$100 x Month x 61OOnt..hf17
Energy Olarge: 18KWF./~x 15h/day = 270KWH/day
2:10ID!lR/day x 180 day = 48600
48600KWH x $O.131/KWH =
Fuel Adjustment W 48600 rom x $O.13/K'-R

- O1t Season:
DEmmd charge: 25KVA x $4/INA/Month
$loo,1bDth, $100 xfMonth x 6 months =
Energy charge: Y: 50KWE x 25KVA = l?.50KWH
1250KWH x $D.131/KWH = $163.75/Month x 6 nontbs

. 'lUI'AL CPERATIro AND UJ'..INTEl~IANCE cmr (a+b+c)

C) Contingencies. 10% of Fixed Cost and ~rtting and Maintenance
Cost (10% of· A + B)

D) '1UI'AL ANNUAL cosr (A+B+C)

22880

14760
7200

18271

,,: "

76
~

..
: .~)

..
i " .

..,
;.

600

6367
6318

1789-
2006

497-
1260-
878

870

8

6430

600

983

~

3150

3150
1526
1~

326
14868

25 0.0782

10 0.1359

35 0.0690

35 0.0090

10 0.1359

35 0.0690

A) Fixed costs.

a) Well ,

b) Pumping Plant

c) Poles

d) Distribution System

e) Surface Equipre1t

- Sprinklers 6402

- Stop Ends 120

'1Ul'AL FIXED cosr (a+b+c+d+e)

n
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1. r.-ee Table No 4.7.

2. Suggested depreciation period. See Table 4.2 for suggested depreciation

periods.

3. Capital Recovery Factor (See Table 4.1). It is the figure corresponding

to the selected interest rate (columns) and the expected ntJJiler of years

of useful life of the equi.pnent (lines). It is B.SSUIOOd an interest of

6%.

4. '!be figure in rnF nultilplied by the initial cost of equipoont.

5. The systan is designed to iITigate for 6 rronths of the year.

180 days/7days/cycle = 25 irrigations (approx.)

25 irrigations x 2" each/irrigation = 50" per year this is the arrount of water

required in Zone 4 Barbados according to ~~inistry of Agriculture and UNDP-

FAG project report. (See Appendix No.4).

6. Labour 63h/acre!yeax. For Zone 4 = OO"/Year. UNDP-FAO Project Bar 73/005

1977.

7. 10% of initial cost of the pump.

8. 11sSlI'OOd to be 5% of Surface Equipoont Cost.

9. Secondary Voltage :r~rer Rate. Season: 6 nonths. see Appendix 1.

10. 25Hp of electrical rotor is a;ryproxinRtely 25KVA.

11. see Table 4.5.PlInping Plant const.I1'Iption for 160 us m:m and 300 'lDH =18Kw/h

12. $0 .13/KW. August 1980.
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V. aKWSI<H3

'!be capital inves1:nEnt for a 20 acre fann nodel in Barbados azrounts to

.B'OO$76596, being the estimted cost per acre at BIE$3830. '!he sumnary of the

annual fixed and annual operating and maintenance costs given the annual cost

of owning and operating the sprinY.ler systan. The nxxlel used was 20 acres

handTDved systan, electrically po.rered and applying 50 inches of water per

year to the crop. This showed the annual fixed cost was BDSr-322 per acre and

the annual operation and maintenance cost was BOO$977 per acre plus a BDf'$130

per acre in contingencies for a total of BDS$1429 per acre.
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Appendix N:>.1:
PRa:rnURE RR Cl3TAllIDD lOANS FCR IIlRIGATIOtl

:mail THE AGRICULTURAL DIVISrCl'T OF THE BARBlID:€ NATlamL Bt>.l1K

WIn IS ELIGIBlE ro 00llRCRl?

Snall farmers and plantation owners.

HOV MOrn MAY I fDRInIl?

Anyone who fits into the above categories nay borrow according to his

agricultural needs.

WHAT CAN I DC?

First:- Go to the Agricultural Division at Janes Street, Bridgeto.vn.

Second:- Ask to speak to the Credit Officer, Agricultural Bank Division and

discuss with him your plans and ideas.

Third:- To qualify for financial assistance, you mist simply satisfy the bank

that you are genuinely involved in ~iculture or, that there is a

real market for product (s) in which you wish to invest.

Fourth:- You IIR.1St satisfy the bank that you are cepahle of repaying the loon.

F'ifth: - After discussions with the Credit Officer, during which he discovers

where you need help, you will be given a form - application for loan -

to fill out.

The specifications of an Irrigation loan arer

1. Interest rates for irrigation are 61., payable fran 3-7 years'

2- The bank lends up to $2,000 on securing (no collateral) ie. purely on the

reccmrendation of praninent people.

3. Ioans above $2,000 are secured. by nnrtgBge, chattel houses or real estate.

4. Tenns of repayrIX?Ilt are flexible and are usually arranged to S1it the condi

tions of the loan,eg. repayment of a loan for cultivation of crops could be

arranged so that a.settlEllEnt is ~e after the _croPS hav.~ .~~ ..~~~d .and sold

*Current Interest rate by August, 1980.
OC!URCE: BARBADC8 NATIClmL BANK. "Services of the Qmnercial, Agricultural and

Mortgage Finance Divisions." Creative Designs, Barbados 16p.
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Appendix No. 2

M'l'E SCHEDULE

WOO Cl\N APPLY?

'Ibis rate is available to all custaners, (except street lighting),

SPOCIFlCATla~OF t~ERVICE

1. illtemate current, 50 cycles, single phase or three phase at Standard 1J::Jw

Tension supply.

2. No service may be transni.tted to other premises without the express consent

of the CCDpally.

3. Terns of service may not be less than one (1) year .

WHAT ARE THE PJlTES?

Monthly rate.

(a) Danand charge for Ccnpany - owned transfonrers = $4.00 for KVA of Dilling

Demand.

(b) All energy - $0 .131/¥J'!1~

(c) Energy charge - Subject to fuel clause adjustnent .

NOI'E: y Current Rate by August 1980

saJRCE: The Barbados Light and r"..,er Co. Ltd., ''Rate Schedule S.V.P. Secondary

Voltage PaRer. II Pamphlet, Barbados. september, 1977
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Appendix No. 2 cont I d.

WAf!!' IS 'IDE Mn.rUiUM Bru..?

The minirun rrontbly bill shall be the appropriate demand charge plus the

charge for the first 5O~JI-I/h.VA Billing Danand, which IlDnthly bill shall not

be less than the e<:J.Uivalent of a Billing Demand of 5 IWA plus 1,000 I\whs of

energy at the appropriate rate.

VJJ:AT IS Ti-':E BIILnn D»illi'ID RATE?

(a) Custaners connected under this rate shall be metered as to demand

and the Billing Derand shall be the maximJm measured damnd of the

current nonth or the rraximum measured derrand of any of the previous

11 rronths: whichever is the greatest. 'Ihe metered demand lIRy be

neasured in either KW or YNA at the option of the Q:mpany depending

upon the character of the service. If the demand is measured in ~w

then the rnaxi..rnum P";lii reading shall be divided by a correction factor

of 0.85 for conversion to tVA for billing rurposes ,

(b) The ~y shall reserve tlie right to assess the Billing Demand

based on a connected load. for installations including lifts and

cranes, X-ray equiprent and welders.

(c) For custcners with a contracted danand, the billine; danand shall be

the higher of (a) or (b) or the contracted damnd.

WHAT ARE TPI~ AND REroIATra!S?

Service under this schedule is subject to orders of the Public titi!it~es

Board and to the currently effective "Inforrmtion and Requiranents Covering
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Appendix No.2 cont t d

Installation of Electric Services and Ueters." In any case of difference

of interpretation between any provision of this schedule and said "Infonnation

and Requiraoonts Covering Installation of Electric Services and !-Jeters", the

provision of this schedule shall be deaned to apply .

ro.JRCE: '!he Barbados Light & Power Co. Ltd., "Hate Schedule S.V.P. Secondary

Voltage Fower" Pamphlet. Barbados. fepternber, 1977 .
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Appendix No. 3

~inkler irr~tion systans may be designated in severn'l ways , they

may refer to the type of pipe used, how it is installed, coupled and/or

roved about, and the general operating procedure. There are permanent

installations with buried main and lateral lines; sernipennanent installa

tions with fixed .main1i nes and portable laterals; and c.cL!lPletely portable

system with portable maint.tne and laterals;

I~~,t)VE FCRl'ABLE SYS'I'H}

[\ portable systan is usually one with portable hand-move laterals, with

portable matns , and ~tiEeswith a portable pul!iP. One noro laterals rmy

operate s:lImltaneously, and when the irrigation in this position has been

canplBted, the water is t.urned off and the lateral f'ipes are rmved to other

position. tThen irrigation of the entire field has been canpleted the

laterals may be moved back to the first position of the srnne field or the

entire systan, including laterals, main and pun:pine; plant, may be roved to

another field, where the Sru!le procedure is followed

END row SYmEJ

This is a. lOOchanically moved systan. End tOJI systems are an a1uminiun

lateral line mounted on either wheels or skids. The line is towed with a

tractor fran one set to another across a main line, and may be roved laterally
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also. 'Ihe towed line can be connected to the main line from either end, thus

requiring a buried main line at distances twice the length of the end tow

line.

roLID SE:r SYSTEH

A solid set systan has enough portable laterals to eliminate being noved,

The laterals are positioned in the field early in the season and ramin until

the last irrigation. The mains may be either buried or portable.

SIDE-BOIL SYsrEM

The side-roll wheel nxwe is basically a lateral line of sprinklers

suspended on a series of wheels. The Unit, stationary during sprinkler opera-

tion, is then shut off while being rroved to each consecutive watering loca

tion. The unit is mechanically roved by an engme rrounted at the center of

the line, or an outside pc1\¥er source at one end of the line.

CENTER-PIVOI' SYSJ:'li1\1

The center-pivot systan consists of a pipeline, various sized sprinlder

heads spaced on it. 'TIle pipeline is suspended above ground on individually

pc>V.m'ed tower units. '!be system is self-propel.Ied and continuously rotates

around a pivot point at the center of the field.

'IRAVELLllt:J srR1NKIm (Traveller)

'!he travelling sprinkler consists of a single main gun sprin.1tler mounted

on a portable, wheeled unit. The unit is initially rosrtdoned at one end of
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Arn>endix No.3 cont'd

a travel path, connected to the end of flexible hose. It is then self-propelled

until the end of the path before being stopped and repositioned in the ad

jacent travel path.



SOURCE:

FIGURE 4.2
AGRICULTURAL ZONE MAP OF BARBADOS

APPENDIX 4

LEGEND:
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HAGAND, A. "Farm Models for Production Diversification on Small
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