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Preface

Barbados shall soon be embarking on more extensive irrigated agriculture,
especially for vegetable crops. The need was felt to integrate existing
climatic, soil and economic information in Barbados to produce a working
guide for irrigation under Barbadian conditions. The guide is oriented by
basic principles of soil water management and conservation,crop water needs,

sprinkler and trickle irrigation and cost and production economic analysis.

Existing information has been used with the hope that further research
will improve the quality of the cli.matic and soils data and thus improve the

value of this guide.

This effort is a result of collaboration between staff members of the
TICA 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.

Warren Forsythe
Director of the IICA Cffice in Parbados
December, 19380
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CYAPTER 1

WATFR RECUIREMENTS CF PLANTS AMD
SOIL, WATER MANAGEMENT

Warren M. Forsythe

Climate in relation to evaporation and water use by plants

" Plants growing in a wet soil (adequately wet but not flooded) extract
water from it much in the same way that a wet wick partially placed in a
‘bottle of water extracts water from the bottle. Plants, like the wet wick, pemit
evaporation and this is affected by temperature, radiation, relative lmmidity |
and wind. Plants growing in a wet soil free of salinity, enjoy the Maximum
‘Possible Crop Water Consumption (MPCWC). Crops have individual values of
MPCWC. The MPCWC can be compared to the evaporation from water in a class
A oren pan, under the same weather conditions as the crop. These coeffi=
‘cients for fully developed crops can vary from 20% to 1107 of nan evapora-~
tion. Most crops studied have coefficients between 80% and 110%.

Crop water use in relation to field practices and plant age

As a wet soil dries, plants have greater difficulty in extracting
water and consumption drops below the maximmm to almost nothing when the
plant is permanently wilted. Thus if one irrigates a crop when it begins
to show signs of permsnent 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 shall be seen in a later section.

‘A bare wet soil that is well drained allows the evaporation of approxi-
mately 40% of the MPOWC of crops with a coefficient of one; in other words
approximately 40% of class A pan evaporation. ' Thus the soil of a field
covered with actively growing grass would be drier than the neighbouring

bare soil, a few days after receiving the same irrigation.
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A camplete cover with a dead mulch further reduces wet soil evapo-
ration by about 43%. The resulting coefficient would be 40% x 43% =17%.
However, the effect of the mulch is reduced as the soil dries. Thus for
mulching to be effective in reducing soil evaporation loss, it should be
present when the soil is initially wet.

A recently planted wet field will permit evaporation like a bare soil
but as the crop. covers the soil, the water consumption increases to a maxi-
mm. Crops that develop mature leaves and leaf-dron with age reduce their
water consumption after the maximum period. Table 1.1 and Figures 1.1 and
1.2 show how the crop water consumption coefficient changes with age for
some crops. For example kidney beans under clean cultivation start at 40%,
increase to a maximum of 26% and fall off to 40% at the end of the growing
season. Intermediate values can be read-off from Figures 1.1 and 1.2,
Coefficients for other crops can be obtained from your extension agent
as information appears as a result of research on other crops. The Table
also shows how a 100% mulch cover can reduce evaporation losses. Until
more information exists on horticultural crops, it is recommended that
the values for kidney beans be used. I1f there is no leaf-fall, the maxi-

mun value will continue until harvest.

Dependable rainfall in Barbados

It is important for the farmer to know what are the chances that a
certain minimum of rain will fall for a particular month or week, which
will give a good crop. This minimum should occur 3 ocut of 4 years (75%
dependability)and is called 75%_d¢pendab1e rainfall. Average rainfall
figures tend to be only 50% dependable, not enough for economic farm
planning.
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FIGURE 1.3
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Tables 1.22 to 1.2i show 75% dependable rainfall for various weather
situations in Barbados. The original monthly rainfall is given herg on . a
weekly basis, since this is more practical for planning operations. Figure
1.3 shows the locations of the weather stations within three rainfall zbnes,
so that a location in a particular zone would use the data of the nearest

station within that zone.

The MPCWC for a given week would be the maximun amount of water needed
to gxxter in the root zone of the plant, assuming that there is no rainfall
that week and that the crop has a Crop Water Consumption Coefficient of
100%. However, if we consider the 75% dependable rainfall expected for that
week, part of the MPCWC would be satisfied by this rainfall, so that the re-
rmaining water requirement would be also 75% dependable. This means that for
the particular week in question the plant would need up to this quantity of
water 3 out of 4 years. This quantity will be called the 757 Maximum Crop
Water Needs. For 1 out of 4 yeras the water requirement would be greater,
that is, up to the value of the MPCWC, but the extra cost to provide this
extra water should be justified by the additional yield. We may therefore
say,

75% Maximum Crop Water Needs (MCWN) = Maximum Possible
Consumption (MPCWC) - 75% Dependable Rainfall.

Crop Vater needs in Barbados changes with location and time of yzar.

Tables 1.2a to 1.2i show how MPCWC, 75% DR-and 75% MCWN change for differ-
ent locations of Barbados and different times of the year. The values of 75%
MCWN are multiplied by values of the Crop Vater Consumntion Coefficient/100,
(Table 1.1 and Figures 1.1 and 1.2) for the planning of weekly water needs
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of a glven crop. For example, if we wish to know what weekly supply would
be 75% reliable for recently planted kidney beanS(ogj. of the growing season)
during week No. 14 (April) for the Lancaster area, whis would be 40/100 x
24.5 = 9.8 mm of water. For kidney beans at 60% of its growing season
this would be 26/100 x 24.5 = 23.5 mn. The value of the Crop Water Con-
sumption Coefficient for 40% of its growing season can be read-off from
graph No. 2 in Figure 1.1 and this is 77%.

The weekly water supply for kidney beans at 407 of its growing season
would then be 77/100 x 23.5 = 18.1mm.

The value of the Crop Water Consumption Coefficient for 80% of its
growing season is again read from the graph and is 68%.

The weekly water supply for kidney beans at 0% of its growing season
would then be €8/10C x 24.5 = 15.7 mm.

- It is.important that the previously calculated weckly supplies

would be 75% reliable. This means that such a supply would on the average
be sufficient 3 out of 4 years. If we wanted a weekly supply which would
be 100% relisble then the value of MPCRC for week No. 14 would be used in-
stead of 75% MCWN and this would be 33mm. This value would be multiplied
by the Crop Water Consumption Coefficient as above.

Week No. 14 also has the highest average weekly MPCYC for the year
and the Crop Water Need derived from this figure is-used to estimete the
.capacity of .the sprinkler system to deliver this amount of water to the

root zone.
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Assuning that the efficiency of a sprinkler system is 75%,. then the pump-
ing capacity of the system to provide flow to the nczgles would be MPCWC/
0.75 for the week.
Effect of bare soil and mulching on the YPCWC and the MCTNM

If we have a bare soil at field capacity the values of MPCWC -are multi-
plied by C.4. The 75% MCUN will thus be reduced. If we examine the tables
we shall see that weeks that did not have an excess of water under fyll crop
cover, now have one, and the soil will begin to moisten. If, in addition,
the bare soil is completely covered with a mulch, then the values of MPCWC
are multiplied by 0.17. This extends even further, _thg perlod pf weeks
with ‘éxcess water, when the soil can be moistened by asccumlated rainfall.
This explains the practice 'in Barbados where a bare soil or.a bare soil
with mulch will allow the soil to moisten and permmit earlier planting dates.
One must remember:however, that when the plants are fully developed the
MCVWM assumes its original value. .

Weekly rainfall logging’

It is possible to have a rain gauge on the farm and compare the rain
fallen in a‘given week with the 75%. DR. According to the 75% MC¥N one would
plan to irrigate, so that 24.5 mm reached the root zone during week No. 14.
Thus the application would be 24.5/Efficiency. Sprinkler irrigation
efficiency is rated around 75%. If the rainfall was more or less that
8.5 mm, the 75% DR, then the adjustment could be made in the application for
week No. 15.

Soil moisture needs of crops

Not only do crops need a certain volumc of water per day for transpiration,
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but they need, that the moisture in the soil is at a certam degree of
.wetness. 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, whlch can
be expressed as bars as in pressure. (1 Bar = 100 centibars = 1000
-millibars). —

The drier the soil the greater the suction. A wet soil at field
capacity has a suction of C.1 to 0.3 bars and a soil, that has been dried
¢ by plants until they are. the permanent W11t1ng stage, has a suction of .
around 15 bars. Figure 1.4 shows, in g,eneral how the suctlon at wh:l.ch

a solil is irrigated affects crop yields.

Measuring soil wetness

 Soil wetness has been estimated by feel but this method is not
sensitive enough for efficient water use. The aOll nnlsture percentage
can be -estimated by drying the soil in an oven at 105_ C, but the method is
too laborious for field monitoring during agricultuxl'ali prodﬁction -'Ihe
electrical resistance of blocks of gypsum or nylon, change w1th 9011
moisture and this equipment is suitable for monltorln ' The tensmmeter
is a popular instrument used to measure soil wetness s1ﬁce it measures
the suction,. Figure 1.5 shows a tensiometer which 1s basmally a . vacuum _
gauge water meter which makes contact Wlth soil water by means of a porous
caramic tip. -The tensiometer can be used to a dryne& of O 8 bars l
‘€80 centibars) suction, which is a suction value at which the 1rrlgation
of many horticultural crops is recommended.

Hot water wets the soil

If one obtains a strip of dry bletting paper and puts a few'drops of
water on the upper end, one notices that the wetted portion ends abruptly,
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FIGURE 1.5
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and the wetting front moves downwards slowly. If more water is added the
wetting front advances downwards and then stops once more to a slow
downward movement. Figure 1.6 illustrates this process. Water enters
and wets a dry soil in a similar manner. %hen the wetting front in the
soil reaches the slow downward movement stage, the wet soil is said to be
at field capacity and the soil has a wetness of around 0.1 to ©.3 bars of
suction.

Storage in the soil, of water that plants can use

Plants extract water from the soil and dry it until they wilt
permangntly. ' The sollosuction &t this péint is around 15 bars If the
soil is initially wet at field capacity, (C.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 supports active growth. The plant continues to
extract water which is increasingly more difficult to obtain but will
maintain the plant alive with some limited growth. Yhen the plant
extracts water until it wilts permanently, the plant dies. The soil
moisture 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 two tyves of water stored in the soil,

1) Soil water storage for growth and survival = Moisture % at
Field Cepacity (0.1 to 0.3 bars) less the % at the
Permanent Wilting Foint (15 Bars).

2) Soil water storage for active growth = Moisture % at Field
Capacity (C.1 to 0.3 bars) less the % at 1 to 2 bars of

Suction.

Storage capacity of some Barbadian soils *

Table 1.3 shows the water storage capacity of some Barbadian soils.
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Storage is given in two forms 1) For growth and survival and 2) For
active growth using 1 bar suction as the limit. The Black association has
the greatest storage capacity of the soils studied, whereas the’ Red Brown
association has the lowest capacity. In spite of the fact that both soils
have clay texture, the B_lack association has a higher moisture holding
capacity than the Red Brown association because the former is a
montamorillonitic clay while the latter is a kaolonitic clay.

Plant root depth and storage capacity

The greater the root depth, the larger the soil denth that can be used
for storage of water. A practical guide to estimate soil depth is that
which contains the majority of the roots. Figure 1.7 illustrates this
point. Note that young plants with a small root depth will have a small
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 may be permitted to develop and penetrate the soil to ‘the maximum
as quickly as possible. Table 1.3 shows how the moisture storage capacity
is calculated for given root depth.

The effect of soil storage capacity on how often you irrigate

Iet us consider some examples. For the Lancaster area during April
for a fully developed crop with a Crop Water Consumption Coefficient of 10C%,
the Crop Consumption for a week would be 24.5 x 100/100 = 24.5 mm. This is
equivalent to 24.5/7=3.5cm/day.. If a soil such as No. 34 is to be found
in the region and the root zone is 12 ins (30.4cm) with a water storage
for active growth of 50.8 mm, then the frequency of irrigation is 50.8/3.5
= 14 days (to the nearest day). If the crop had a 12" root zone on Soil
46 the storage would be 28 mm and the frequency of irrigation would be
28/3.5 = 8 da.yg.'(’_I_hat is, every 8 days.). |



FIGURE 1.7

ROOT DEPTH AND STORAGE

: E \?:
Soil Level Soil Leve

____’ V
Boundary of zone
' where the !
majority of roots are ——Jp»- {

Soil No. 34  Storage for active growth in 6 in. zone when the majority of roots are (15.2 cm) root depth = 1 in. (2.54 cm) water.
Storage for active growth in 12 in. zone when the majority of roots are (30.4 cm) root depth = 2 in. (5.08 cm) 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 cm) root depth = 1.12 in. (2.8 cm) water.
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If there is no rainfall during April, then Cropn Consumption for a week
would be 33 x 100/1C0 = 33 mm. This is eguivalent to 33/7 = 4.7 m /day.
Irrigation frequency on 12" of Soil 34 would be 50.8/4.7 = 11 days. On
the other hand irrigation frequency on Soil 46 would be 28/4.7 = € days.

For the Spencer area during April, Crop Consumption for a week would
be 32.7 x 100/100 = 32.7 mm. This is equivalent to 32.7/7 = 4.7 rm/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 rm, then the frequency of irrigation is
5C.8/4.7 = 11 days. If the crop had a 12" root zone on Soil 46 the
storage would be 28 mm and the frequency of irrigation would be 28/4.7 =
€ days. If there is no rainfall during April, then Crop Consumption for a
week would be 37.3 x 100/100 = 37.3 mm. This is equivalent to 37.3/7 =
5.3 mm/day. Irrigation frequency on 12 inches of S+l 34 would be
50.8/5.3 = 10 days. On the other hand irrigation frequency on 12 inches
of S»il 46 would be 28/5.3 = & days

Thus we see that during April irrigation frequency can vary fram every 14
days to gvery ‘5idiys denchdiason tho soil.and rainfall. Junc and July are
examples of months that still need irrigation although the frequencies
will be lower.-

The effect of soil storage capacity on how much water to apply during irrigation

Since the storage of 12 ins of Soil 34 is 50.8 mm, this quantity of
water will have to enter the root zone during irrigation. Because sprinkler
irrigation is approximately 75% efficient, more water will have to leave the
nozzle so that 50.8 mm reaches the root zone and this is 50.8/0.75 = €7.7mm.

Thus, one should prlan to apply 67.7 mm of water during an application.
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TABLE 1.1.

CROP WATER CONSUMPTION OCEFFICIENT (%) AND CR(P AGE

CROP CULTIVATION 9 OF GROWING SEASON* OR MONTHS, AND

PRACTICE % COEFFICIENT

Corn clean cultivation 0340 55; 100 100;60

Corn 100% mulch cover - 0317 55; 91 100355

Kidney beans elean cultivation 0340 60; 96 100; 40

Kidney beans . 100% mulch cover 0317 60; 88 100317

Cotton clean cultivation o340 | 50;100 | 75390 | 100;0

Sugar cane clean cultivation }1 month; 4O | 3 months;5k | 5 months;100] S+months;110

Pineapple clean cultivation o340 | 50520 | 200;20

Complete grass

_ cover clean cultivation 0;&0{ complete cover;l05

Bananas clean cultivation O months; 40 l 2+months; 90

Cow peas clean cultivation 0;40 | 55;94 | 75;9% | 100;k0

¥Growing season includes leaf-maturation end leaf-fall.
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WEEKLY CROP WATER NEED TABLE (mm of water)

BELLE STATION ALTITUDE:37.80m (12Lkft)
- MONTH JANUARY »~ FEBRUARY MARCH
WEEK 1 21 3 | b 5 6 } 7 8 |9 10 11 1 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 h
75% DR 8.9 8,9 8,9 8.9 8.1 T.4 T.4 T.4 5.8 L.8 L.8 4.8 5.3
‘75% MCWN 19.3 19.3 19.3 9.3 20.1 2i.,1 21,1 21,1 26.7 30.8 30.8 30.8 30.3
"MONTH APRIL MAY - JUNE
WEEK 1 F 15) 16 ] 17| 18 } 19§ 20| 21 | 22 j 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
‘75% DR 7.9 7.9 7.9 T.9 56.1 64.3 643 64.3 73.7 86.4 86.h 86.4 T76.5
T5% MCWN 29.7 29.7 29.7 29.7 19.3 27.T 27.7 27,7 37,2 5L6 51,6 5.6 Li.7
% * % # * * % * *
MONTH JULY | AUGUST SEPTEMBER
WEEK 27 28] 29| 30} 31} 32] 33} 3] 35 36| 37] 38 39
MPCWC 34.8 34.8 34.8 34.8 34.3 3L.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 2k.4 23.9 23.9 23.9 23.9
75% MCW§ 18.5 18.5 18.5 18.5 11.9 9.4 9.k 9.k 8.4 5.8 5.8 5.8 5.8
MONTH OCTOBER NOVEMBER DECEMBER
WEEK bo | sf vef w3 | uf ws|ue | wr| u8f uw{ sol s1| s2
{ MpCWC 26.2 26.2 26.2 26.2 27.2 28.2 28.2 28.2 28.2 29 29 29 29 T
75% 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
T5% MCWN 2,0 20 2,0 20 33 7.1 T1 T 9.4 15.5 15.5 15.5 15.5
MPCWC = Maximum Crop Water Consumption (or Potential Evapotranspiration),when sol;
is at field capacity (moisty ;
75% DR= Dependable Rainfall at T5% 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 MCWN are reduced.
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WEEKLY CROP WATER NEED TABLE (mm of water)

SABLE 1.5%

BELLEPLAINE STATION ALTITUDE: 6.10 m (20ft)
MONTH JANUARY FEBRUARY MARCH
WEEK 1 f 2 3 1 & 5 [ 7 8 9 10 11 12 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.L T.1 5.1 3.6 3.6 3.6 3.9
75% MCWN 18.9 18.9 18.9 18.9 20.5 21,k 21.h 21.4 27.4 32,0 32.0 32.0 31.9

MONTH APRIL MAY JUNE

WEEK 1h 15 | 16 i7 18 19 20 21 22 23 2k 25 26

MPCWC ~ 37.3 37.3 37.3 37.3 36.6 36.6 36.6 36.6 35.8 3h.8 3h.8 34.8 3.8
75% DR 6.1 6.1 61 64 T.3 7.5 T.5 T.5 B85 10 10 10  10.7
75% MCWN 31.2 31.2 31.2 31.2 29.3 29.1 29.1 21 27.3 2k.8 2L, 8 24.8 2h .1

- MONTH JULY AUGUST . : SEPTEMBER

WEEK 27 o8] 29| 30 31 32 33} 3w} 35| 36 37| 38 39

'MPCWC 35.1  35.1 35.1 35.1 3h.3 3h.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 29.5
75% MCWN 20.0 20.0 20.0 20.0 11.7 8.4 8.4 8% 6.1 0.2 0.2 0.2 0.2

MONTH OCTOBER ' NOVEMBER DECEMBER

WEEK bo | osaf w2 w3 uh } us§ w6} w7} u8f k9 501 514 52

MPCWC 6.4  26.4 26.4 26.4 27.4 28.2 28.2 28.2 28.2 29 29 29 29
T5% DR 26.9 26.9 26,9 26.9 24L.9 23.3 23,3 23.3 19.9 11.6 11.6 11.6 11.6
T75% MCWN 0.5 0.5 0.5 0.5 2,5 L9 49 49 8.3 17.% 17.h 17.% 1T7.h4

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 coeff1c1gnt/
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)

T“"I!AB.LB .l'b 2¢c
CARRINGTON STATION: Altitude 39.63m (130ft)
| MoNTH JANUARY FEBRUARY f MARCH
WEEK 1 21 3 L | 5 6 | 1 8 19 |10 1 fie | oy
MPCWC 8.2 28.2 28.2 28.2 28.5 2B.5 28.5 28.5 32.5 35.6 35.6 35.6 35.8,
T5% DR 9.3 9.3 9.3 9.3 8.9 8.1 8.7 8.7 79 1T.3 7.3 T.3 T.b:

75% MCWN  18.9 18.9 18.9 1B.9 19.6 19.8 19.8 19.8 2L.6 28.3 28.3 28.3 28.4

MONTH APRIL MAY JUNE
WEEK ik 15 | 16 17 18 19 20 t21 22 23 24 {25 26
MECWC 37.3 37.3 37.3 37.3 36.6 36.6 36.6 35.8 35.8 34.8 34.8 34.8 3u.8 "
75% DR 7.8 7.8 7.8 7.8 7.8 7.8 T7.8 7.8 9.4 11.6 11.6 11.6 12.6
75% MCWN  29.5 29.5 29.5 29.5 28.8 28.8 28.8 28 26.4 23.2 23.2 23.2 22.2
MONTH JULY ' AUGUST | SEPTEMBER

WEEK 27 28 } 29 | 30 31 32 33 3k 35 36 37 38 | 39
MPCWC 35.1 35.135.1 35.1 3k.3 34.0 34.0 34.0 32.8 29.7 29.7 29.7 29.7 -

75% DR 18.5 18.5 18.5 18.5 20.3 21 21 21 22.2 25.3 25.3 25.3 25.3
_75% MCWN 16.6 16.6 16.6 16.6 1k.0 13.0 13.0 13 10.6 4.4 LW 4.k by

. MONTH OCTOBER NOVEMBER DECEMBER
WEEK 40 bfue a3 | J s | w6 | ur | 8 | 49 | 50 | 51 52
MPCWC 26.%  26.k 26.4 26.4 27.% 28,2 28,2 28.2 28.2 29 29 29 29 -
75% DR 2k 2k 2y 24 22,7 21.7 21..7 21.7 19,7 17.1 17.1 1T.1 1T.1

T5% MCWwN 2.4 2. 2.4 2.4 L7 6.5 6.5 6.5 8.5 11.9 11.9 11.9 11.9

MPCWC = Maximum Crop Water Consumption (or Potential Evapotransplratlon) when so;l
is at field capacity (moist). :

75% DR= Dependable Rainfall at T75% certainty v

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 coeff101ent/
100, for each individual crop according to the crop and its age.
"% "EXCESS. No irrigetion needed.

Whén soil ié dFifr than field capacity MPCWC and MCWN are reduced.
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WEEKLY CROP WATER NEED TABLE (mm of water)

TABLE 1'a&
CLAYBIRY STATION: ALTITIDE: 231.70 m (760 £t,)

MONTH JANUARY FEBUARY MARCH i
WEEK 1 2 3 L 5 6 7 8 9 10 11 112 13
MPCWC 22,1 22,1 22,1 22,1 22.6 22.9 22.9 22.9 25.1 26.7 26.7 26.7 26.9 -
75% DR 11,2 11.2 11.2 11i.2 9.6 8.4 8.4 8,4 6.0 4.3 k,3 4,3 L,2
75% MCWN  10.9 10.9 10.9 10.9 13.0 14,5 14,5 1k.5 19.1 22.4 22,4 22,4 22,7
MONTH APRIL MAY TUNE g
WEEK W pa15f36 |17} 18 19 f20 {22 |22 |23 | au fas | 26 =
MPCWC 29.0 29,0 29.0 29,0 30.2 30.5 30.5 30,5 30.0 29.0 29.0 29.0 29.0 -
75% DR .1 b, k1 431 9.3 10.1 10.1 10.1 10.0 10.0 10,0 10.0 10,6
T5%MCWN 24,9 24,9 24.9 24,9 20.9 20.4 20.4 20,4 20,0 19,0 19.0 19.0 18.k
MONTH JULY , ADCTST SEPTEM BER ,' 2
| WEEK 27 |28 )2 {30 31 f32 [33 )3 £35 |36 |37 |38 |39
3 , = 5"‘;
MPCWC 29.0 29.029 29  28.7 28.7 28,7 28.7 27.% 27.% 27.% 27.4% 27.4
75% DR 14,8 14.8 14.8 14,8 20.5 22.8 22.8 22,8 23  23.5 23.5 23.5 23.5
75% MCWN 14,2 1k.21k.2 1L.2 8.2 5.9 5.9 5.9 LA 3.9 3.9 3.9 3.9
MmeH OCTOBER . NOVEMBER DECEMBER s
WEEK o fux lue Ju3d ows {us Jus |ur Jueluw | soflsr | s2 O
MPCWC 23.1 23,1 23,1 23,1 23.1 23.1 23.1 23.1 23.5 2k.5 24,5 24,5 24.5
75% DR 27.8 27.8 27.8 27.8 24.9 22.8 22.8 22,8 19.6 11.7 11.7 11.7 11.7
T5% MCWN kg7 A b7 b7 1,8 0.3 0.3 0.3 3.9 128 12.8 12.8 12.8

MPCWC: Maximum Crop Water Consumption (or Potential Evapotranspiration),when soii”f

is at field capacity (moist)
75% DR: Dependable Rainfall at T75% 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 MCWN are reduced.
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is at field capacity (moist)
75% DR: Dependable Rainfall at 75% certainty.

75% MCWN: Maximum Crop Water Needs at T5% certainty (Atmospheric Water Balance)
when soil is at field capacity (moist)

TABLE 1l.2e

: WEEKLY CROP WATER NEED TABLE (mm of water)

: HUSBAND'S STATION: 39.63 m (130 ft.)

MONTH JANUARY FEBUARY MARCH S
WEFK 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 T.4 7.1 7.1 T.1 6.4 5.9 5.9 5.9 5.9
75% MCWN 20.4 20,4 20.% 20.4 20.8 21.b 21.4  21.% 26.1 29.7  29.7 29.7 29.7.
MONTH APRIL MAY JUNE
ﬁEEK 14 15 | 16 | 17 (18 [19 | 20 21 { 22 | 23 2k 25 26
MPCWC ~ 37.6 3T.6 37.6 37.6 36.8 36.6 36.6 36.6 35.8 34.8 3.8 3M.B 3W.B
75% DR 6.1 6.1 6.1 6.1 5.9 5.9 5.9 5.9 T.5 9.8 9.8 9.8 10,4 -
75% 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 2hh .
MONTH JULY AUGUST SEPTEMBER |
WEFK 27 | 28 [ 20 | 30 {3 {32 |33 | 3u] 35 | 3 37 { 38 39
MPCWC  3b.8  3h,8 34.8 3h.8 3.3 34.0 34,0 3h.032.8 20.7 29.7 29.7 29.7 -
75% DR 4.2 14,2 1b.2 1k.2 21.6 24,5 24,5 24,5 24,3 23.8 23.8 23,8 23.8
75% MCWN 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
| MONTH OCTOBER NOVEMBER DECEMBER
@EEK Lo 41 42 43 4y }Ls 46 L7 L8 Lo 50 51 52
MPCWC 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 53
75% DR 27,4 27.h 27.4 274 24,1 21.7 21.7 21.7 19.7 1k.8 14,8 1k,8 1L.8
TS¢wwy 1.2 1,2 1,2 1,2 3.1 6,5 6.5 6.5 85 b2 1k 1h.2 k2

: * * * *

MPCWC: Maximum Crop Water Consumption (or Potential Evapotranspiration,) when soi}

NOTE: The values in the tebles 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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WEEKLY CROP WATER NEED TABLE (mm of water)

TABLE 1,2f
HOPE STATION: ALTITUDE: 18.29 m (60 f%.)

MONTH JANUARY 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 6.9 6.9 6,9 6.9 7.0 7.1 7.1 T.1 5.6 L,5 k.5 4.5 4,8
75% MCWN 21,3 23.,321.3 21,3 21.2 21,4 21,k 21,4 26,9 31.1 31.1 31,1 30.8
MONTH APRIL MAY JUNE
WEEK 1k 15 }16 J17 {18 f19 |20 {21 {22 | 23 2 | 25 26
MPCWC 37.6  37.6 37.6 37.6 36.8 36.6 36.6 36.6 35.8 3h.8 34,8 34,8 348
75% DR 6.9 6.9 6.9 6.9 6.5 6.4 6.4 6.4 T.9 10 10 9.7 10.6
75% MCWN  30.7 30,7 30.T 30.7 30.3 30.2 30.2 30.2 27.9 24.8 2k.8 25,1 2k.2
MONTH JULY AUGUST SEPTEMBER

" L7 54
WEEK 27 28 |29 30 31 32 33 34 35 36 37 38 39 :
MPCWC 34,8 34,8 34.8 34.8 34,3 3L 3l 3k 32.8 29,7 29.7 29.7 29.7
75% DR b bk 1h.h 1h4 20,6 23.1 23.1 23.1 22,9 22.4 22,k 22,k 22.4
75% MCWN 20,4 20,4 20.% 20.% 13.7 10.9 10.9 10.9 9.9 T.3 7.3 7.3 7.3
Mb:TH OCTOBER NOVEMBER DECEMBER
SEK vo [ v fre fus fuw fus Jue Jar Jue Juo | 5o | s 2
MPCWC 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.k  27.h 27.4 27.4h 26,2 25.1 25.1 25.1 21.5 12,5 12.5 12,5 12.5
75% MCWN 1,2 1,2 1,2 1,2 1.0 3.1 31 3. 6.7 16.5 16.5 16,5 16.5

Ja

MPCWC: Maximum Crop Water Consumption (or Potential Evapotranspiration),when 3011
is at field capacity (moist)

75% DR: Dependable Rainfall at 75% certainty
T5% MCWN: Maximum Crop Water Needs at 75% certeinty (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 MCWN are reduced.
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WEEKLY CROP WATER NEED TABLE (mm of water)

- .- ] > é
TABLE 1i2g JORDAN STATION: Altitude 118.90 m {390ft)
MONTH JANUARY FEBRUARY MARCH

| WEEK 1 2 |3 T 6 11 8 |9 10 11 {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 16,3 10.3 0.3 10.3 9.T 5.3 9.3 9.3 8.0 T.1 T1 T2 T2
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 JUNE

WEEK 1k 15 | 16 17 | 18 19 | 20 21 22 23 2L 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

T5% MCWN  25.5 25.5 25.5 25.5 23.7 23.h 23.4 23.% 22,2 20.% 20.4 20.4 19.1

‘MONTH Juy | AucusT { SEPTEMBER
WEEK 27 } 28 |29 | 30| 3.} 32 | 33 [ 3§ 35] 36 | 37| 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 26.7T 26.7 26.7 26.7
75% MCWN 11,4k 11.% 11,4 11.4 8.6 7.6 T.6 T.6 54 05 05 05 0.5

* * * *
MONTH OCTOBER NOVEMBER DECEMBER
WEEK bo | w1 k2] w3 i} 45| u6 f 4T | M) W S0} 51 ) 52
MPCWC 25.9 25.9 25.9 25.9 25.4 25.1 25.1 25.1 25.2 25.h 25.4 254 25k’

75% DR 30.7 30.7 30.7T 30.7 25.4 21,2 21.2 21.2 19.8 16.5 16.5 16.5 16.5
75% MCWN uia h§§ b.8 h¥8 0 3.9 3.9 3.9 5.4 8.9 8.9 8.9 8.9

2

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

¥ .ZXCESS:- 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)

. TABLE: 1:42h

LANCASTER STATION ALTITUDE: 121.9m (L0Oft)
MONTH JANUARY FEBRUARY MARCH
WEEK 1 2] 3 | o 5t 6 71 8 ‘ 9 ! 10 11§ 12 13

MPCWC 24,1 2k, 24,1 2h,1 24,5 24,7 24,7 24,7 27.1 28,9 28.9 28,9 29,5
75% DR 12.k 12,4 12,4 12.4 12,1 11.9 11.9 11.9 9.5 T.6 7.6 7.6 7.8
75% MCWN 11.7 11.7 1.7 11.7 12.4k 12.8 12.8 12.8 17.6 21.3 21,3 21.3 21.7

MONTH APRIL ’ MAY JUNE
-WEEK 14 15 |16 17 18 19 20 Y} 21 | 22 23 2k 25
MPCWC 33 33 33 33 32.5 32.5 32.5 32.5 31.7 30.T 30.7 30.7

752 DR 8.5 8.5 8.5 8.5 9. 9.6 9.6 9.6 11.0 13.0 13.0 13.0 1kl
75% MCWN 24,5 24,5 24,5 24,5 23.1 22.9 22,9 22.9 20.7 17.T 17.7 17.7 16.6°%. |

 MONTH JULY AUGUST SEPTEMBER *
weEk 27 | 28 f29 | 30 | 3§32 |33 |3 [35f36 |3 |3.} 39
MPCWC 31 31 31 31 30.7 30.7 30.7 30.7 29.5 26,2 26,2 26,2 26,2 ?E:

754 DR 21,1 21,1 21,1 2.} 27.9 30.6 30.6 30.6 31.5 3k 3 3k L
75% MCWN 9.9 9.9 9.9 9.9 2.8 0.1 0.1 0.1 2.0 7,8 7,8 7,8 T,8°%

;MONTH OCTOBER NOVEMBER DECEMBER

WEEK 4o %1 § 42 {1 43 | b 45 46 1 47 48 49 | so } 51 52

- MPCWC 25.9 25.9 25.9 25.9 27.4 25.1 25.1 25.1 25.4 25,4 25,k 25,4 25,4 |
75% DR 33 33 33 33 28.2 24,9 24,9 2k,9 23,3 19,k 19,4 19,4

T5% MCWN 7.1 Tl F«l T1 0.8 0.2 0.2 0,2 2.1 6 6 6 %
% * * * * ; L,

o ad

MPCWC = Maxlmum Crop Water Consumption (or Potential Evapotransplratlon) when sq i

.. -is’'st field capacity {(moist) . ?p
7SA DR=_Dependable Rainfall at 75% certalntv _ i
75% MCWN= Maximum’ Crop Water Needs' a T5% certalnty (Atindspherie ther Balancei

when soil is at field capac1ty {moist) o D

NOTE: The values in the tables. nre multiplied by the crop woter consumptlon coefflclent/lQ@,
for each individual crop according to the crop and its age.

% EXCESH. No irrigation is needed.
When soil is drier than field capacity MPCWC and MCUN are reduced.
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' P WATER TAB
TABLE 1.2i WEEKLY CROP WATER NEED TABLE(mm of water)

SPENCER'S STATION:ALTTTUDE: Sk.86m (180 ft.)
MONTH JANUARY 1 FEBUARY MARCH
WEEK 1 2 I3 b 5 6 7 8 9 10 11§12 | 13
\PCWC 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

T5%DR 8.1 8.1 8.1 81 T.6 7. T.h T 6.6 58 58 58 5.6
?5% MCWN 20,1 20.1 20,1 20,1 20,9 21.1 21,1 21.1 26,k 29.8 29.8 29.8 30.0

MONTH APRIL . MAY ' JUNE E
HEEK i | a5 {16 farf 18] 19| 20 20 J22 )23 | o fos ] 26
WONC  37.3 37.3 37.3 37.3 36.6 36.6 36.6 36.6 35.8 3.8 348 3B kB

?5% DR 4.6 L6 46 46 6,1 6,4 6.4 6., T.1 8.k 8.4 8.k 9,1
-?5% MCWN 32.7 32.7 32.7 32.7 30.5 30.2 30.2 30,2 28,7 26.4b 26,4 26,4 25,7

MONTH JULY AUGUST | SEPTEMBER

@EEK 27 | 28 29 } 30 31| 32 {33 33|36 | 3r |38 | 30
MPCWC  35.1 35.1 35.1 35.1 34.3 34.0 3h.0 3k.0 32,8 20.7 29.7 29.7 29.7

gs%-DR i4,2 14,2 14,2 1k,2 18,0 19.6 19.6 19.6 19.3 19,1 19.1 19.1 19.1
75% MCWN 20,9 20.9 20,9 20.9 16.3 1k.4 144 14l 13,5 10.6 10,6 10.6 10,6 :

éDNTH OCTOBER ] NOVEMBER DECEMBER
VEEK 4o I i fuz Jus| ub [ us | u6 [ w7 | ue | b9 | so |51 | se
QPCWC 26,4 26,4 26,4 26.4 27.h 28,2 28.2 28.2 28.2 29 29 29 29

75% DR 22,1 22,1 22.1 22.1 19.6 17.5 17.5 17.5 15.8 11.h 11.b 11.h 114
T5% MCwN 4,3 4.3 4,3 4.3 7.8 10.7 10.7 10.7 12.h 17.6 17.6 17.6 17.6

MPCWC= Maximum Crop Weter Consumption (or Potential Evapotranspiration),when soil is
at field capacity (moist) i

75% DR= Dependable Rainfall at T5% 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 scil is drier than field cepacity MPCWC and MCWN are reduced.



—l . 21-

TABLE 1.3
MOISTURE STORAGE CAPACITY OF
SOME BARBADIAN SOILS
STORAGE % FOR GROWTH STORAGE % FOR
SOIL NO. ASSOCIATION UP TO SURVIVAL ACTIVE GROWTH
(Permenent wilting) (Up to 1 bar suétion)
3k Black 21.k 16.9
30 Black 18.7 1k,6
21 St. George's Valley 17.9 13.9
13 St, Philip's Plain 21.8 17.3
k6 Grey Brown 15,0 11.3
46 Grey Brown 12,5 9.3
41/h0 Grey Brownm 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 15cm of Soil No. 34, then the water
storage in the root zone for active growth is 15 cm x 16.9 = 2.53 em
of water or 25.3mm. 100

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 monoclith
heights were kindly supplied to the author by J.C. Hudson by personal
communication. Soil 34, 79.5em; Soil 30, 78em; Soil 21, 81.5em; Soil 13, 69Gm,
Soil b6, 60cm; Soil hl/ho 73cm; Soil 50,7Tem; and Soil 60, 80,5cm, :

1 bar suction storage was estimated from the foimula W =b ubl » Where

W = soil moisture %, b_ = constant, b, = constant and u = soil water suction
in bars. (. Bee Reference No. 1)



CHAPTER 2
(section A)

WATER SUFPLY IN BAREADCS

by
David Croney 1/

In Barbados water occurs naturally both as underground (groundwater) and
‘surface water. Another often used "source"” is the nublic supply; its use is
subject to the control of the Waterworks Devartment (W.W.D).

Groundwater occurs mainly 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 emerges at the surface. Spring flows are
mainly confined to the Scotland DlStriCt (e.g Newcastle, Codrington College),
excent for a few sources (e. g 'Ihree Fouses, Fortescue) on the coral side.
River flows in the Scotland Distrlct are very unrelisble, occuring as "flash"
floods after heavy rains, while oi'ten drying up in the dry season.

erndwatm' is anuchmorereliable source. The coral rock in general
is like a sponge, highlyrecepuvetorainiall most of which (some 80 to
90%) either refills the soil reservoir and is evapotranspired| ’with any excess
going as m to augment groundwater. Run-off is a relaj;ively rare
event (only same % inch yearly on the average), being more common on the
stegpgr VWest Coast than in the Constitution river catchment.

.. The modes of occurence of groundwater are shown in Fig. 2.1, an Fast/
Vest section of the island, including. the Scotland District (vertical dimen-

1/ Eead of land and ¥ ?ater Use Unit, Teﬁnistrv of Agrlculture ¥ood and Consumer
Affairs.-

(*) Evaporation from the soil surface plus transpiration by plants.
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sions are exaggerated). The permeable coral limestone overlies the impermeable
oceanic rock, except in the Scotland Pistrict, where both the coral and most of
the oceanic rock have been removed by geological erosion, laying bare the softer
clays, silts and sands of the Scotland rocks. Fram the West coast, the coral
limestone rises fram the sea in a series of steep escarpments to the highest
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 made suck
wells, and, after run-off, in the gull;gs (dry river courses) themselves, this
latter especially at higher elevations. As shown depressions in the oceanics
can give rise to perched water tables, which overflow when filled and add
to the general flow Westward to the sea. This flow, which occurs above mean
sea level (m.s.l), is termed stream water, since flow is mainly in solution

channels (formed by the action of the weak carbonic-acid-carbon dioxide dissolved
in water - on the limestone rock) e.g. Bowmanston, Barrison's Caves. Unfortu-
nately the 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 underground streams can be a difficult exercise, often involving con-
siderable costly exploratory drilling. The greatest benefit in locating size-
able quantities of water in this zone accrues to the W.%W.D., since a high

elevation source reduces power changes for pumping.

Where the oceanic coral contact is at m.s.l, the stream water, (plus re-
charge from rain incident on the area itself), "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 e '"contact surface" as shown in Fig.2.2.
This zone is termed sheet water. The diagram gives an oversimplification of
reality; in actual fact the contact surface has some thickness, being a
"mixing zone'" where an equilibrium is reached between incoming sea water and
outgoing fresh water (ignoring inputs of domestic-sewage-water, and extraction
for domestic and agricultural use). Salt oontent*of this layer can vary from
200 parts per million (p.p.m) chloride ion concentration (Cl7) - the maximum
desirable for potable purposes - to 600 ppm C1, at which level (as a ''rule
of thumb'") salt sensitive crops and some soils may be affected ~ to puré:

sea water (about 12,000 + ppm C1 ). This "mixing zone" thickens near the

sea (due mainly to tidal effects), and the depth of fresh water also lessens.
On the other hand in some areas (notably the St. George Valley) the '"toe"

of the interface does not extend the full distance of the zone inland -

see Fig. 2.3. In addition, the surface of the sheet water, which is at
atmospheric (phreatic) pressure slopes gently upwards from the coastline in-
land, so that at a distance of 1 to 2km from the sea its elevation may be

of the order of § to iim. The extent of the stream/sheet water zones and

the Scotland District are shown in Fig. 2.4.

(*) To date sea water is the major contaminant, although nossible pollution by
agro-chemicals (especially pesticides), domestic detergents and heavy metals
from industry and even oil spills must be carefully monitored. Protection
form domestic sewage effluent is provided for by the creation of "safety"
zones arcund public potable supply wells.
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Presently abstraction of groundwater is under the control of the Water
Board, which grants permission for a limited (renewable) period for abstrac-
tion at a given rate, usually in Imperial gallons rer minute (Imp. g.p.m.).
Permission must first be obtained to a) dig a well b) alter an existing well
c) abstract water from a well. Application forms are available from either
the Secretary of the Water Board (W.¥.D, Pine, St. Michael) 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 supnly. Legislation is now being enacted to regularise the
use of water, and to generally make water for irrigation more widely available.
Co—-operatives can obtain fram Government an incentive grant of 75% of the
total costs of installing an irrigation system, and bonafide individual farmers
50% for total costs up to a maximm of #12,000 (i.e $6,000).

Twelve (12) million Imp. g.p.d have been allocated to agriculture, while
only some 4.3 million Imp.g.p.d are being used. Most of the reserves lie in
the Eastern half of the St. George Valley. The major factor limiting full use

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

Reliability of supply is an important 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 low rainfall of this frequency would be evident
in diminished flows in surface water (Scotland District), run-off (coral area),
and to a lesser extent in spring flows. The groundwater reserves will, however
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yield their requiréd quota.

e quantity of water which can be allocated in any given area de-
pends on 1t‘s mode of occurence and conflicting uses. In the Scotland Dis-
trict silt free flows are limited to spring flows, and reliability is low.
In practice water is collected in ponds set-off from,but near to the water
course. Filter inlets are laid in the river bed at the required elevation.
upsStream, and silt free water piped into the ponds. Only those ponds: in
sandy areas suffer excessive leakage, and must be sealed, (1n3pract._ice‘a by.
a compacted clay laye;'_). A bulldozer uses the excavated soil (dovn to near
ground water table) ihside the dam itself to build the banks; usually 2
final depth of some 15 feet, and storage of 2 to 3 million Tmperial gallons

are achieved.

On the coral side, little storage is practiced, the groundwater acting
as a huge reservclr tapped by hand dug:wells to water table. In the stream
water zone, location of flow is the major problem, and in addition wells
generally need to be quite deep. - Water may be abstracted at- virtuaily 'ény rate
without fear of contamination, the only limit being the supplying capaci ¢ of "
the source. In the sheetwater zone, two major zones can be. recognised (see
Fig. 2.1) depending on whether the s:l*/bracklsh water Edées/no_t underly the
fresh water. In the latter case, abstraction rates can be high; the only
limitation being the pcymeability of the rock, and the total exhaustion of
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the reserves of the acquifer (water bearing rocks) itself. In the former

case, however, (fresh water underlain by salt water) especially as one approaches
the coast, the danger of salt water intrusion limits production from a single
well, even if adits, i.e. horizontal tunnels at water level, area dug. Here

the danger is contamination at a particular point, ie. well, although the yield

capacity of the area itself is not exceeded. The coral rock varies greatly
(up t0 20 X*) in its permesbility, which may also vary in the horizontal and
ver-tléai pif;lne. In practice, therefore, water must be pumped 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 provision
for overnight or weekend storage of pumped water and generaliy provision of

a separate pump to draw from storage and operate (ie. provide pressure needed
by) the sprinklers. For overall development of these critical areas, a

large number of wells pumped at a slow rate are more effective than a small
number pumped at a high rate. Drawdown ie. the extent to which the gmund—
water level in the well basis is lowered, should not exceed a couple of mches

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

(*) A measure of the relative ease with which it will transmit, and therefore
yield, water.



f£t. to a new equilibrium position).

Wells increase in yield with time as fine particles blocking pores are
ngucked 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 when pumped give the appearance of a pseudo "salt crust"
on the soil surface. In practice the farmer 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. The burning
of canes, and the practise of furrowing (especially up and downhill) rather
than cane holes, has increased soil erosion. Poorly designed/operated systems

also tend to choke up sucks with inwashed soil particles.

The 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 measures - 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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CGL2TIR 2

(section B)

PUMPS AMD POWER UNITS
by
Kenneth Kuhr

Irrigation means moving water. To move water requires & pump and a

power source. First, look at pumps.

I- Pumps
A. Types of punping plants
There are three kinds of purp comonly used in Barbados: Centrifugal,

Submersible and Fiston.
1. A centrifugal pump is generally used to pump fram reservoirs, tanks

or ponds, It can be powered by either an electric motor or by an internal
combustion engine. The pump can be run efficiently over a range of speeds.
A centrifugal pump can suck water, but it must be primed, and it must be
located near the water surface. One should try to locate the pumn less than

five meters above the water. See figure 2.5.

Prim:u:g a pump is accomlished by filling the suction pipe and the
pump with water. A foot valve will keep the water fram flowing back into the
reservoir, thus eliminating the need for priming at every start-up. A4s a
foot-valve wears out, it must be replaced or repaired, or same means of com-
pletely filling the suction sie must be provided. A foot-valve is not needed

with a self-priming pump or with a diaphragm punp primer. In all cases, a
strainer should be used in the suction line to prévent debris from entering the
system.
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2. A submersible pump is already fitted with an electric motor designed

to run at one speed. The pump and motor are both submerged, hanging by the
riser pipe from support beams across the top of the well. This pump is most
often used in deep wells. See figure 2.6. A control cable runs from the motor
up to a switch-box, The switch-box contains a starter and protective devices
to prevent motor damage. Submersible pumps are generally fitted with a switch
to cut~off the motor if the water level in the well drops to within about 15cm
of the intake.

3. Piston pumps are used with windmills and with diesel engines. They

are not comonly installed at present in Barbados. The output is relatively

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

valve and an air chamber to dampen pulsations on diesel-powered installations.
Often, a well that has produced satisfactorily with a piston pump will not pro-
duce the large flowrate required for efficient irrigation.

There are other types of pumping plants, but they are not comonly used
in Barbados.

B. Pump Selection

To select a pump, one must know: Total Dynamic Head, Flowrate and
Efficiency.

1. Total Dynamic Head (TDIS) consists of the height (both suction and

delivery) of the water must be pumped, the pressure at which the system will
operate, and the friction loss in the pipelines and fittings. TDE is generally
expressed in units of length (feet or meters). To convert pressure, in psi,
to feet, multiply by 2.31. Divide to go the other way.
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Fg:
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. The velocity times the
cross—seqtional area of the flowing stream of water (A) is the rate of flow
or rate of discharge (Q).

_ .
. Q=AxV
- Ocmnon unlts of rate flow are cubic feet per second, U.S. gallons
per minute, Imperial gallons per minute, litre per second and cubic meter

per hour,

s, Efficiency is very important. A pump operating at 40% efficiency will
cost 1.5 times as much as a pump operating at 60% efficiency. A prospective B
buyer should insist that a dealer find an efficient pump for his system. Seventy

five per cent is an extremely good efficiency; forty per cent is poor.

A dealer who knows what he is doing will use pump charts. See figure
2.7. Each pump has a unique curve that describes the verformance of that pum
at a particular speed. This curve shows the performance, efficiency, and
horsepower requirement of a pump supplied by Pumping Systems Limited. If onme
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wanted a submersible pump to supply 50 g.p.m against a 200 ft TDH, this

pump would work. It would require a 5 hp motor and is 68% efficient. This
particular punp comes with a 6 hp motor as noted at the upper right. To
maintain this efficiency, the pump should always be run at, or, near S0 g.p.m
and 200 ft TDE.

In buying a second-hand pumg, one must be sure that it meets the re-
quirements of the system. Ask the previous owner for any papers he may have
concerning the pumn merforrunce. Then seel: advice on the nurchase of the pump

from a mrm supnlier or from the Irrigation Unit of the Ministry of Agriculture.

Pumps wear out. /As they wear, efficiency, TDHE, and flowrate will decrease;
thercfore, it is often advisable to buy equipment that is just slightly over-
sized.

C. Pump Operation
Danger of overloading a centrifugal or submersible pumping unit comes

when operating at a low TDH and high flowrate. ' This happens when the system

is open or when Just starting the system with all valves open., To avoid over-
loads of this nature, close all valves before turning on the system. Then open
the valves slowly, starting near the pump and working toward the sprinkler la-
teral. Do not leave a pump running with all valves closed for long periods of
time. Some pumps have plastic impellers which might warn from the heat produced

in such situations.

Pumps should be chosen carefully, operated efficiently, and maintained

properly to assure long life, good performance, and maximum returns.
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II- DPower Units:

~The two main sources of power for pumping arc internal' combustion engines

and electric motors. Vhich of the two is best depends on individual installa-

tic  conditions. Among the most important factors are the following:

—

-

Eorsepower required and hours of operatlon Flectrlcity rates de-

-pend upon the size of the motor and the nun'ber of hours of operation.

A large motor that is not used ofteén is generally 'Uneczénmical. This

is important to a famer vho irrigatos only in the dry season.

Cost of fuel. Even here, comparisons. are difficult because fuel

prices change rapidly,

Initial cost, lifetime, and mintengnce. A large electric motor
has a life of approximately 50,"606 he. & dlesel engine will last
about 30,000 hr. Maintenance on a diesel (lubrication, attendance
and repairs) is about 15 tlmes as much as on an electric motor.

The initial cost is often affected by whether the item is in stock
or nq_t. . Generally, in-stock items are cheaper than items that must
be ordered.

Pump requlrenents Deep well or surface, portability.

‘Availability-of power. To run power lines and hang. transformers

for awell installation may:prove extremely costly.. Check with! ™’
Barbados mght and quer for a cost estimate.
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- Varying system requirements. Internal cambustion engines-operate
‘gfficlently over a range of speeds. DMotors operate at a sir;gie |
— Power failures, fuel shortages, and downtime for repair.

All these factors should be considered before choosing 8 power unit.

In choosing a power source, one must ensure that the pump and the pcwer
unit are matched properly. Size, type, and other factqrs must be considered,
just as in the selection of what kind of power source one will use.

To determine approximately what size of power unit you will need, use the
basic horsepower forrmila:

hop = Igrm x TOE
33Q0 x eff
where: hp = horsepower into pump
' Igpm = Imperial gallons per minute

' TDU = Total Dynamic Head
off = pump efficiency (found on pump curve, see figure 2.7).
If you use a diesel engine, mltiply the above horsepower by 1.2 to get
the minimm required engine size. An electric motor should be big enough to
supply the calculated horsepower requirement.. As stated previously, the

pump curve should have a.curve to-show what horsepower is used by the pump.

Electric motors are cmmniy used in Barbados. hAnir such motor over Shp
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must be 3-phase with reduced voltage starting. Any 3-phase installation is
billed on a special rate, not the damestic rate. 'The various rates are
shorm in Chanter 4 Armendix 2. Motors generally maintain their
efficiency throughout their lifetime. 3-phase motors are more efficient than
single-phase motors. Any motor should be run at its design speed and 1oad

(run the recamended number of sprinklers) to maintain maximum efficiency.

The temm '"submersible pump! refers to a nump and motor conbination in
which the motor is mounted below the rump. The pump is a vertical turbine cen-
trifugal pump and is made up of one or more stages. The entire assembly is
suspended by the riser pipe, the intake being placed at least 30cm below the

water surface. (see figure 2.6).

Diesel engines are most often used to rump from surface storage tanks

or ponds. They are also used on booster pumps and to power a few decp-well
turbine pumps. They are started by an electric motor or by hand crank. Fuel
consumption is approximately 15hp-hr per gal (US). This means that for every
15hp) an engine will use one gallon of fuel per hour. This rule, along with
the price of diesel fuel, would allow estimation of cost of fuel for planning
purposes and calculation of pumping plant efficiency. ILarger engines should
be fitted with protection devices to turn them off if oil pressure drops or
if tenmperature gets too high. All engines should be protected from weather.
HMaintenance procedures as outlined by the dealer should be meticulously

followed. All these tips will help ensure long life of a diesel engine.
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Along with engines, some mention should be made of PTO pumps. These
pumps, attach to the PIO shaft of a tractor. They are relatively éheap and
are easy to. transport; however, they have the disadvantage of tying up a
tractor during irrigation.

If you are considering installing irrigation or already have it in opera-
tion, try to use the points presented to operate efficiently, save fuel, and

save money.



- 2.16 -

RFFRENCES

PAIR, C.H., et al. Sprinkler Irrigation. Sprinkler Irrigation Associa-
tion, Silver Spring, Md. 1975.

SCHVAB, G.C. et al, Soil and Water Conservation Engineering, Johmn Wiley,
New York. 1966.



CHAPTER 3
(section A)
DESIGN OF SPRINKLFR IRRIGATION SYSTEMS
by

(*)
David Croney

Introduction

‘The objective of sprinkler (and in fact all) irrigation design is to
provide, as econamically and efficiently as possible, especially with re-
gard to water use and power requirements, water of adequate quantity and

quality, when and where required, bearing in mind the constraints under

which the farmer must function; and the need to at least conserve, if not
improve, the fertility of the soil.

There is no "ideal" design for all situations - each must 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 "trade-off" between capital and operating costs (labour and power);
least labour intensive systems requiring the highest capital investment and
power requirements, and vice versa.

- Degign is always based on the sustained peak demand over a period with-
out ‘any rainfall, this quantity being determined by statistical analysis of
rainfall and evapotranspiration data; which give an economically acceptable
"risk" factor (see chapter 1). Soil conditions, and especially the farmers

cropping cycle, play an important role in determining this demand. A

(*) Read of Land and VWater Use Unit, Ministry of Agriculture,Food and Consumer
Affairs,
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specialist farmer, 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 applicationy will be higher and labour costs probably lower.
In addition, a single crop is generally simple to manage. The farmer who
staggers his planting and/or grows a variety of crops, in order to:safe-
guard himself against market fluctuations, will have lesser peak demands
and pipe sizes requirements, but also lesser efficiency of water aprlicition,
and generally higher labour costs; however the management will be rore
complicated.

The design of an irrigation system can be broken down into steps or:
a "flow chart", as is illustrated in Figure 3.1.
Resource Inventory

1. Map of Design Area
This should include:-
a) The boundary of the area to be irrigated, with apportionment
to one or various crops and rotation programmes.
b) Contours every 1,5m or 5ft if the land is not level.” If these
are unavailable the 20ft contours of the 1:10,000 Farbados
topographic map must be used, and a few "spot'' 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 from 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 pipes.

f )'I_)irection of prevailing wind.

2. Water quality and quantity
a) Permission has to be obtained from the Water Board or Water
Authority to abstract water at a maximm rate of 50 Imp. gallons
per minute (50 i.g.p.m).

b) The quality of water should be such as to pose no problems from
. salinity, and hence no leaching of soil is required. Leaching
_is a.process whereby a calculated excess of water is added to
the soil, after cropping and at predetermined intervals, and

which serves to "flush down' any build-up of excess ha.nnful
salts. In Barbados generally there is no need for leachmg 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.
This largely a function of climate, and is the water

evapotranspired by a crop at maximum usage rate, when foliage

campletely covers the soil surface, and factors favouring evapo-
ration are highest, i.e high temperature, bright sunshine,low

humidity and high wind.
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Because of the smoothing out effect of soil as a store-
house for water, and the possibility of rain in the interim, we
generally use the maximum average over 2-3 weeks, using (as
noted in chapter 1) the one in four year drought as an accept-
able level of risk.

Operational requirements are automatically covered by design, and the
farmer 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.

. In a low rainfall area such as Spencers, a design for vegetables would
be of the order of 0.20 inches per day (i.p.d). Using 0.20 ipd, and a soil
such as MNo. 46 with a moisture storage of 1.5 inches 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 convenicnce it is assumed to be every 6 days. (See nare 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 structure changes-due to tillage, campaction
during cultivation operations, harvesting, etc. It devends on both the

infiltration and the percolation rate, ie. the rate at which water enters,

and the rate at which it passes through the soil. See Figure 3.2 and Table

3.1.
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FIGURE 3.2
VARIATION OF WATER INTAKE RATE WITH TIME
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~ 3.5 -

Fram the Figure 3.2 it can be seen that for Soil A intake rate is
very rapid (2 inches/hour) at the 'staxr't of :i.'ri"igation‘,'i': but drops rapidly
at:first and' then more slowly until a steady rate of some 1/3 ih(:hes/hour
is:reached after about 6 to 8 hours. This intake rate must be reduced
for 'sloping land; refererice to Figure 3.3. and Table 3.2 shows that
for a-slope.of 6%, the precipitation rate is reduced by ‘20%; ‘so ‘the
water: intake rate for that slope is:

VIR (6%) = 0.33 inch/hour x;oe = 0.26 inch/Hour
WIR (6%) = 0.26 inch/hour
2) Available Water Folding Capacity (AWHC)
Based on soil type, the AWHC can be broadly estimated for.different
-so0ils, but-ideally determinations should be made by field measurements —
some: of these are given in chapter 1, where the AWHC has been called. -
"'Storage in the soil, of water that plants can use." Table 1.3 shows
this moisture storage capacity of some Barbadian soils.
3) Amount of:Application’: '
i Now-1t is! required ‘that 1.5 in reach and infiltrate the soil; ‘we
must i therefore. consider another factor termed IRRIGATION EFFICIENCY.

This is:often defined as:-i..:

TRRIGATION EFFICEINCY = QUANTITY OF WATER ABSORRED ‘IN REQUIRED: DEPTH OF WETTING
TOTAL QUANTITY OF WATER APPLIFD -

i ey

~ .The total quantity of water applied, is generally taken as from
sprinkler jnozzles; however if, the system is not well maintained high ‘losses
can occur due to lea.ks along the delivery mains, especially. at joints where

seals are worn., See Table 3.3, for typical figures on irrigation -efficiency.
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Sprinkler spacing and moving of la.teral,s

. These two design criteria are especially important under our windy
conditions. In order.to avoid erosion, it is recommended to cultivate, or
run our beds, as close to the contour as practical - here from 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 predominantly from one direction we adoot a rectangular
sprinkler setting pattern, with the greatest distance in the direction of
the wind. Eigh wind velocity is the most importart single factor affecting

unifonn_ity of application and efficiency.

.. The former is detsrmined in practice by a standard measuring technique,

which gives a coefficient of uniformity. - For sprinklers, this should be

of the order of 80% plus. In Barbados, especially where high capacity and
pressure ''rain guns'' are used.-on vegetables, we have found that, in order
to apply say one inch, parts of the area wetted will receive two inches.

On slopes this causes erosion. The latter, should ideally be determined
by field tests i.e under differing wind and water conditions. Table 3.4

shows typical coefficients of uniformity (G,) for wind speeds of 2 and 9

"Cropwinds" often exceed 10 m.p.h during the day, and in some locations
eg. Grantley Adams Airport, ‘do not drop to less than three quarters to two-
thirds of daytime velocity during night hours. Test results ‘indicate a spac-
-ing of 20 feet or 30"feet at these velocities. This requires a large nmber

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 dizgram for planning various

trial layouts i.e. position of mains, submains, laterals, pipe diameters,

nurber and capacity of sprinklers, and meximum length of lateral line. For

even distribution, ideally each sprinkler on the lateral should receive
water at the same pressure. This is impractical. Ve compromise with what
is commonly termed the "20% rule" i.e aZO% variation in pressure between
the first and the last (distal) sprinkler on the lateral line will give a
variation in water distribution of 10%, acceptable for practical purposes.
As a given volume of water flows along a sprinkler line, pressure is reduced
due to friction loss., However as each snrinkler 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 sprinklers,
assuming a generally even slope in betweén, and b) of the heights of sprink-
ler risers. In Figure 3.3 is shown a layout of mains and submains. In order
that laterzls run (as far as practical) across the slope, three possible
layouts may be considered. |

Slopes of lateral directions are the same for (1), (2) and (3). Layout
(1) uses minimm mainline ﬁut the laterals will run uphill, not the best lay-
out for aéhieviﬁg. even 'distribution. Layout (3) requires greatest length of
mainline, but down slope setting works to acticve greater uniformity of

pressure distribution. Layout (2) is intermediate; however the line
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running across the field may hinder mechanisation unless adequately buried.
Let us select layout (3) as optimal. In figure 3.4 there is a model for
an irrigation layout for a 5 acres farm. MNow, there are some calculations
to be made in order to complete the design.
System Capacity
1) -Duration of the setting ("Set")

At a required gross amount of -application of 2.14 inches , 2 mm:mum
time for one i''set'" i.e lateral line (s)'Z:‘-m one position in order to ""top
up" soil storage,is:- |

"Set" = Peak usc amount of anplication
Application rate

"Set'" = _2.14 inch
0.26 inch/hour

"Set" = 8.56 hours or approx. 8% hours

i

2)Area covered by a setting ( "Set")

In our model (see Figure 3.4), the number of take—off hydrant valves
(twelve)strongly suggests a six day cycle of one sprinkler line moved once
per day (i.e two "Sets"/day). Each sprinkler line setting should cové;'
‘approximately 5 acres = 0.42 acres.

.. 12 positions.
3) Well capacity and duration of setting.

It is' necessary to ensure that the well capacity of fifty Imp.g.p.m.
is not exceeded, using the Formula.
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Gtotal =22,610 x Tx A po oo

ExDx 60
Vhere 22,610 = Imp. g. in one acre inch
I = inches of water to be applied

A = total acreage to be covered
H = hours of operation/day
D = days required to cover

total = well capacity, Imp.g.p.m.
60 = 60 mins/hour
From the above equation we get:

H=22,610x2.14 x5 = 13.44 hours/day
50 x 6 x60. .

This is the limiting factor, thus the 8ihours 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

The number of hours of oxieration per day is 13.44. This gives a

precipitation rate of:-

fmount to be applied _ 2.14 in _ 0.16 in/hr.
Time 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 = gpacing of sprinklers (30' _g_n_ lateral x 40' between
laterals)

a constant to give answer in units required i.e

"

115.6.

Inp. g. p. m,

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

5) Number of sprinklers
The number of sprinklers is determined by the ratioc between total

gallohs per minute required and the flow capacity of each sprinkler.
No. sprinklers = Ct

Gs

No. sprinklers = 50 -Imp. g. p. m.-
1.66 Inp.g.p.m

No. sprinklers = 30
This seems an excessive number for so small an area; the yield of
the well could be a limiting‘factqr in management; and we are constrained
to an approximate nine hour set by limitation of infiltration rate. We
could store 45,000 Imp.g by pumping (24-9) = 15 hours with a pump rate of
50 Imp.g.p.m. A smaller electrical submersible can be operated, pressur-

ing the sprinklers with a well head power unit.
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On the other hand we must remize ‘that 13.44 hours is at peak
capaclty, and if our plantlng is so arranged as to dampen peak demand, an
approx:.mately tv&)-thlrds capacity (8.36h/13.44h) should meet our needs.

Sprinkler Selection

Considering now sprinkler selection, and using as an example "Rainbird"—l-/
(see Figure 3.5) it seems as if we can only obtain the required diameter

(80£t) with a rate of some 2.5 Imp.g.p.m.

If the design rate proves "to'o‘ 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 smeller diameter to give a suitable
rate. Rate reduction is however limited by the capacity of th.e‘ smaller jet
to operate the rotating (spring action) mechanism of the sprinkler. Another
option is to onerate on the "hop along' system, i.e use alternate sprinklers,
operating (some systems have provision for valve closure when the riser with
its sprinkler is removed) alternate sprinkler positions on the sprinkler lines.

Our major problem is the close spacing required by high winds; since

this is the most effective method of increasing application uniformity (see
Table 3.6).
Manufacturers give little other information on increasing uniformity -

"the sprinkler manufacturers should be able to help field irrigation engineers
select the sprinkler to be used for high uniformity."

1/ Mention of any particular product does not necessarily imply an endorse-
ment of that product by Ministry of Agriculture, FYood and Consumer Affairs
or Inter-American Institute of Agricultural Sciences (IICA).
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Nozzle design and pressure combinations are important and too high/low
pressure should be avoided. Low angle sprinklers are available, but are
generally used in orchard (under tree) applications, and their diameter of
throw is usually inadequate. Windbreaks, preferably of a crop with some
value (e.g. sorghum) can significantly lessen the effect of wind if planted
at sufficiently close intervals.

Lengthier sets (i.e time a lateral is in one position) combined with
alternate spx;inkler positions tend to increase application efficiency. The
effect of "offsetting”, is controversial. This is a practice whereby at
every other irrigatpn cycle the lateral lines are placed mid-way between

their previous position. U.S evperience is that it is of value, but

Israeli experience is that much depends on the variation in direction
z_mdivelocity of the wind.

Suppose we select the 20 EJH Rainbird, 45 p.s.i (nozzle 3"').throw 81ft,
2.59 i.g.p.m. (3.11 US g.p.m.). See Figure 3.5. We now have some definite
figures to work on:-

1) Calculation of precipitation rate per sprinkler:-

Precipitation rate GS'—- i.g.p.m. x 115.6 = 2,59 x 115.6 =0.25 i.p.h
A 30 x 40

2) C‘alculation‘ of rresiviterizn total.
Using two sets/day of 8.53 hours,

G-t = 22,610 x 2.14 ins x 5 ac.
(8.56 x 2) x 6 'x 60

= 39.3 Imp.g.p.m.

as a check’ from tze above - information.

15 sprinklers at 2.592 i.g.p.m. = 2.59 x 15 = 38.9 i.g.p.m.
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It now femains to be seen what diameter of lateral will satisfy the
"20% rule”. A mathematical formula can be used; but usually calculations
are made using special irrigation slide rules or namographs. These provide
a graphical solution to the mathematical equation involved. (See Appendix
1 or nomograph No.l).

Basically we determine the pressure loss in the lateral for its re-
gired length and total flow rate, and modify this by a factor which depends
on the mmber of sprinklers. Using the nomograph given, we get:-

At 3.11 US: g.p.m. (13" diamter lateral)
( 2" diamter lateral)
15 sprinklers, 30ft on lateral, pressure loss is 16 p.s.i.
4,6 p.s.1i.

Pressure gain (since lateral runs downhill) is 19ft _ 8.2 p.s.i(pcunds/
2.31(ft to p.s.j) Sauare)

20% of 45 p.s.i = 9 p.s.i. ie. lateral loss/gain must not exceed
;9 p.s.i. ie. .
For 1%" lateral, 16 - 8.2 = +7.8 p.s.i, a pressure I0SS

-3.€ p.s.i, a pressure GAIN.

For 2" lateral, 4.6- 8.2
Both 1% inch and 2 inch lateral diameters are therefore acceptable. Riser
height here is negligible (1ift).

Pressure loss in .the mains

Now we must consider pressure loss in the mains (and submains). As a

general rule this should not exceed 10 p.s.i. Using nomograph 2 inch in appendix
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No. 2 and fram the calculation already done:
39.3 Imp.g.p.m. approximately equals 50 US. g.p.m, then it is recommended
to use the Scobey Friction Factor of 0.4 for portable aluminium and
couplers., This is one of various friction loss formulas used. Each one
is assigned to g marticuldr pipe pizterinl, There is also an experimentally
determined factor.- coefficient to be applied.
Length pipe = (467 x 2) + 100 = 1034ft say 1000ft.
From nomograph. 2.3 inch main gives pressure loss 0.33 p.s.i/100ft=
33 p.s.i. /1000 which is acceptable.
-2 inch main gives pressure loss 2.8 p.s.i/100ft=
28 p.s.1/1000 which is not acceptable.
then,3 inch is satisfactory and it may be worth while to check out a
2% inch one.

Horsepower (EP) requirements and TDH

Now to obtain Horsepower (E.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 comprises:-

a) sprinkler operating (nozzle) pressure =

45 p.s.i. x 2.31 (convert to feet head) = 104 ft
b) Lift (water surface to well head) = 100 ft
¢) Delivery head (well head to highest point of land) = 40 ft
d) Main line losses 3,8 p.s.i. x 2.31 = 9 ft
‘e) 75% of lateral 1oss]—’/..= (-3.6 x 2.31) x 75 =- 6 ft

100 mopar, 247 ft

»

y RS "%A!“ o

1/Note here, by using.2 inch lateral; we have a gain in pressure from first to
last spmnkler - nathcmatmally expressed as a ncgative (i.e reducing total)
hea.a
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Total B/fwd = 247 ft

Allow 10% for losses (through valves, bends,

fittings, risers, sprinklers, etc.) say 25ft = 251t
tdh=(a+b+c+d+e)= t.d.h = 272 ft
2) Efficiency

Now there are various energy losses in conversion of energy,(electri-
cal, petroleum products etc.) via motor to and by the pump itself. For an
electrical submersible pump we use an overall figure of 70%.

i.e actual H.P. required = Water H.P
Efficiency

= 40 x 272 =4,7H.pP

3300 x (70/100)

In practice we would select a 5 E.P. electric motor and for a gasoline
motor (water cooled), multiply by 1.45 and 2 diesel motor (water cooled).
multiply by 1.25,

It must be stressed that the design above is not the only solution to
this particular problem. Certain factors cannot (or at least not easily) be
changed eg. wind velocity, soil characteristics i.e. slope, infiltration
rate, profile characteristics, depth and well capacity, while others are more
amenable to our control e.g hours of operation/day Wwith storage provided
to prevent excess demands on well yield), horse power and size of mains/laterals,
degree of automation (labour saving and monitoring devices) or number of
lateral lines provided.
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CHAPTFR 3
(section B)
SPRINKLFR SELECTION AND MAINTENANCE
by
K. FKuhr, Peace Corp Volunteer

I Choosing Sprinkler I;’rigation Fauipment
A. Suppliers

The three main suppliers of irrigation eqguipment in Barbados are
Central Foundry, Plantrac and Pumping Systems Limited. Various estates
and individual farmers have used equipment for sale. If you want to
buy or sell used equipment, ask around.
The Irrigation Unit, M.A.F.C.A and the Barbados Agricultural Society
might be of help. You can also order directly from companies in other
countries. Equipment comes in duty-free. If the company already has
a.n agent here, they will either instruct you to work through their
aéent, or deal with you directly and still send a ccmnissiop to their
agent. The biggest disadvantage of importing is that you will not get
the service local agents may provide. The service includes design,
installation, and operating instructions. Also, if the system you
import breaks down you may have difficulty getting a local agent to
fix it,

Whenever dealing with local agents you should demand good service,
ask gqgstions about how to maintain and operate the system.

B. Designing
The Irrigation Unit can design a system for you. They will give

you a list of components required for an efficient system. They will
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also explain how such a system 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.
Cne good rule about deelgn - the less 1ab0r you want to expend
the more equipment you will regquire and the higher will be your initial
cost, TTy to look ahead in planning, because the Incentive Grant
applles to flrSt PHIChase only. The grant covers 50% of the first
$12 000 spent, if the systen gains the approval of the Irrigation Unit.
For example, if your systom costs $10,000 for the b““e essentials,
and if a system a bit easier to operate would cost %12 000 you should
seriously consider buying the more expensive systam. That extra £2,000
muld really only be costing $1,000 (with the 50% grant). Also, equip-
ment prices are 1’131‘1? and what costs $40 today may be =,48 tcmorrow and
%60 in two years A
I'C leferences in eoulpment
Laterals and mainlines:
1) Check for esse of couvpling anl uncoupling.
2) The male end should be rolled inward to avoid damaging the
seal. Burred edzes shculd be £il- “own. (see Figure 3.6)
3) The Female ernd ghould be securely attached to the pipe. One
that is press-fitted is preferred. Make sure that replace-

ment seals are readily available.
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4) Risers:

a) Consider the height of the crop and the.dgpth of
the furrow in determining riser height. .-

b) Galvanized risers are rmch sturdy than aluminium risers.

.¢)-To hinder workers from moving the lateral by:grabbing

~ the riser, keep it short as possible.

5) Riser supvorts:

a) Aluminium plate will cause _th_e _riser‘-,tq_l lean if not
placed properly. The advantage of a plate is that it
is pemmanently attached to: the lateral..  fee Figure 3.7a

k) Wire struts are more, trouble to.handle-and are easily
lost if not painted brightly. They do-not require even
ground for placement. See Figure 3.7b

c) Sticks may be tied to the riser and firmly planted in
-the ground.

€) Sprinklers should be checked for ease of. tension spring

adjustment and disasserbly. Two nozzles will give a higher

percipitation rate than one. lLow pressure sprinklers are

available from Israel..

. 7). Take-off hydrant and valves, should be checked to make sure
that the springs and other moving parts-are not located in
the water stream. They easily and quickly corrode. Figure 3.8
Not all systems will have all the advantages. dJust look.carefully

to know what you are buying. Try. to. figure what precaution will be
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required to overcome disadvantages.
D. In-stock equipment
Sometimes a dealer will sell equipment 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 ordered. This is due to the rapidly
rising cost of equipment. Once again, do not hesitate to ask the dealer
questions.
II Maintenance and Repairs

A. Maintenance

‘The idea of maintenance is to get the maximum life from your equip-
ment. The pipelines, sprinklers and pumping plant should be kept in
‘good shape.

Pipe nust be treated gentiy. ‘Do not force them in any situation.
Give them good support along their entire length. Don't rest the
pipes on rocks, nor walk on them. Replace badly worn or weathered seals.
-‘Make sure hooks are secure and properly located. Store pipes on racks,
in the shade, away from 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. Then, push the sprinkler
head down and release 2 few times to clear ary dirt particles. If that
does not work, try tightening the amm spring. lLastly, the sprinkler
may require a whole new set of bushings which should be available from
.the dealer in kit form. Before you purchase such a kit, compare the

cost of a new sprinkler.
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Electrical pumping plants require little maintenance; hqw.ever,:
motors and electrical starters should be kept clean and frée from dust
e ghais Biild-ub. Dicesl engines should be mintained according to
dealer specifications.

B. Repair

Sprinkler and aluminium pipes can be repaired. As previously stated,
reconditioning kits are sametimes available for sprinklers. As for
pipes and fittings, there are welders in Barbados who can weld aluminium.

An alternate method of repairing holes in pipes is by using fibre-
glass. The materials can be purchased from Caribbean Fibreglass, Black
Rock, St. Michael. A brief outline of the procedure is as follows:-

1) Clean the pipe with a wire brush arcund the hole and three
inches to either side of the hole, all the way around the
pipe.

2) Fill in large dent with automotive 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) VWrap the pipe twice with fibreglass matt that you have
soaked with resin. Keep the wrap tight.

5) Let harden.

For more instructions, contact the Irrigation Unit, Ministry of Agriculture

Food and Consumer Affairs, or ask the person at 'Caribbean Fibreglass'' who sells
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the material,

12 you have to cut a pipe, be sure to file the edges to preve}xt the
‘burred edge from cutting the seal.
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CHAPTER 3
(section C) o
AN TNTRODUCTION TO TRICKLE IRRIGATION
| by
)N‘atll-aan Balley, Peace Corp Volunteer, U.S.
wrﬁéi{ié" or '"Drip Irrigation'" is named so because in this method of
1rr1gat10n water slowly trickles or drips from small emltters dlrectly onto
the s011 surroundmg the plants' roots 'Ihe rate of water flowing :frcm the
wemitter varies betv»een 2 and 10 liters per hour (.44 and 2 2 gallons per hour
(Imp),;, which is extremely slow especmlly when compared to the range for
the nozzle in sprmkler 1rr1gat10n (which is 1"0—12 000 1ph or 40-2500 gph)
- But there are mny distinct advantﬁ of tnc.kle 1rr1gat10n 1) there
can be water anphcatlon eff101enc1es apnroachmg 100% and water sav1ngs of 30-50%
h over other methods of 1rr1gat10n becanse w1th trlclrle water is only applled
r"to the local area oontalnmg the plants roots ' 2) there is no unnecessary
wettmg of foﬂ.age and subsequently there is a great decrease in the 1nc1dence
':L?of 1nsect dlsease, and fungus attack 3) it can be adapted to uneven terrain;
4) 1t pmduces constant low—tensmn mo1sture oondltlons in the SOll 5) 1t
can be pla.ced under plastlc nulches 6) ltu local water appllcatlon 1nh1b1ts
weld groufth 7) water dlstrlbutlon is unaffected by the w:md and 8) 1t
;doesn't interfere with snraylng, pickmg and ha111ng. | '
P Trlckle nrigatlon has been <‘uccessfu11y used w1th fruit that contaln
considerable moisture when harvested (such as tomatoes 01trus dec1duous
frults) and has also been suooessfully used w1th many vegetables. But trickle
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irrigation is not practical or econamical for closely planted crops such as

cereal grains and pangola.

The major disadvam_:g&e of trickle irrigation is the greater potential
for system clogging due to small passageways. This means that trickle irri-
gation requires a higher level of mintenan_qe and management if the system
is to be successful in realizing i.:ts full pétential. This greater degree
of vigilance is usually more than worth it.

In Figure 3.9 is a sketch depicting a typical trickle irrigation system,
showing its basic camponents. Same sysfens, especially smaller systems may
not have submains.

As one can see fram the sketch, water flows from its source (under
pressure supplied by a pump or gravity) first through the control head, then
through the mainline, through the submains, the manifolds, the laterals,
and finally trickles out through the emitter. From the emitter wgt_e;‘ spreads
laterally and vertically through the soil by soil capillary forces, augmented
in the vertical movement by gravity. The two extremities of the sysj:em_ (the
control head and emitters) are most importafxt in maintaining system efficiency.

Because trickle irrigation works under such low operating pressure. .
systems can bc connected ‘directly to the tap™water lincs if the system is not
too large. Vhen using tap water the fluctuations in nressure should not.be
too great or too frequent or it will hnve adverse effect's-or}?y,s;tan: operation.
In many cases tap water will be unsuitable and pumping necessary, The irri-
gation water can originate from a‘ well, & dam, raimvater,stprage tank, stream,

etc., but one must keep in mind that the quality of the water ‘en:teripg this

delicate system is very important.
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Filtration System

An’ appropriate filtration system should be selectéd to keep lines and
emitteérs lnclogged.

Clogging is caused by 1) solid particles in suspemsion; 2) micro-
‘organisms' #nd organic mattér and for 3) chemical percivitation.

Accordingly, the filter is vitally important to a successful trickle
system.  The particle size ‘tolerated in the system depends on the emitters
used’ aid ‘stch”information should be supplied by the emitter menufacturer
or known frém lécal éxperiende. The particle should be several ‘times
smaller than the dititter passageway becaisse groips of particles tend to
bridge the ‘passageway.

“i' Scpeén filters are the simplest ‘and provide the most efficient means
for filtering fine sands from the water. The scréen filter basket should
be made of plastic or non-corroding metal. Graded sand filters are also
good for the removal of fine sand, But'screen filters or graded sahd filters
tend to be rapidly clogged by heavy ldads ‘of algse and other orginic materials,
thus in ‘such cases where the water has this higher level of ‘pollutants. ' One
should include vortex sand separator, gravel packs, or se1:'1:1‘in'gt ponds.

Control Head

1 “The-filter is only one of many’ components of the water quentity/quality
‘Gontirol unit at the head of the trickle system, more appropriately known' as
the ‘control head", ' A diagram of a. control hedd is sketched below. (see’
“Figure 3.10). Smaller and less complex control heads can bé used, it 'all

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 system control head, as a
safety precaution additional secondary filters can be inserted at the
entrance to the manifold or lateral lillues‘v. Here small filters or hose
washer screens may be used.

Filters remove suspended solids but are not capable of chemical filtra-
tion. Small particles of algae also pass through the f11trat10n system and
it is important to keep them from growing ms1de the systen. 'Ih).s 1e main-
ly aooanpllshed by tmtlng all drip system ccmponents black during manu-
facture (most alga,e need llght to grow 1n darkness bactena, brealr down
the algae) If a_lgae do manage to invade the system desmte these pre~
cautions chlorine treatment is used. TFive hundred ppm of chlorine in fom
of household bleach calcium hypochlorlte ~sodium hypochlorite or gaseous
chlorlne under pressure injected and left in the system for 24 hours, then
flushed normally is usually very suocesfu_l in gliminating algae. If Bacteria
slime beoomes a problem, it foo can be treated with cholrine. Two to three
pom of chlorine left for 30 minutes in the system, treatment to continue 2-3
‘tlmes/week until problem disappear. Intermittent chlorine treatment to
prevent problem is also a good idea.

Chlorine is not the only chemical that can be injected into the drip
1rr1gat10n system A drip system is complete only if provision is made for
fertllizer 1n;1ec1:10n at the control head But the injection of :fertllizers
is a matter that should be dealt with carefully, many fertilizers should not

be considered due either to lack of solubility, or it provokes precipitation.
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For e;gample, phosphorus cannot be, considered for fertigation (fertilizing
through irrigation) in water with a high quantity of calcium becaus_e;_phos—
phorus reacts with, calcium to.form dicalcium phosphate which can cause severe
clogging. WVell water or water originating from aguifers usually contain a
high quantity of calcium. Unfortunately ruch of Barbados' water contains
much calcium, thus phosphorus cannot be applied through fertigation.

The other major fertilizers can be used in fertigation in Barbados if
used in the correct form. For example, nitrogen can be used in the forms
of ammonium sulfate, ammonium nitrate, urea, anhydrous armonia, as well as
others. Sometimes adding nitrogen in the form of gaseous ammonia may cause
a rise in water pH and cause precipitates of calcium.

Fertilizer solution can be either injected into the system by small
punps, poured into the pumpdump, or placed in a pressure tank and drained
into .the system by differential pressure. For more detailed information
a_bout fertigation please refer to the references given in the bibliography
or contact Irrigation Dopartment, -Ministry of Agriculture, Barbados.

Control System

Also at the control head we have water quantity controls which range
from fully automatic to manual. Time control, volume control or feedback
control are the three main types of automatic controls. Time controls turn
water on and oﬁf depending on the volume of water that has been delivered.
Feedback controls turns water on and off at nredetermined times: A volume
control systam turns water on and off denendine on the volure of water that
has been delivered. TIeedback controls turns water on and off in resnonse to
moisture sensing deviees placed in the irrigated area. Of course automatic con-

trols can be fairly exrensive, and althoush ~utamatic controls do save time and labour,
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one can still have an efficient with totally manual controls. Hand operated
controls and on-off valves at the inlet to each subunit (gfoup of ié.térals
controlled as a unit) require little labor and still allow the main activity
of ‘the irrigation, otlier than scheduling, to be seeing that the filter is
kept clean.

To control system pressure there should be a pressure control valve
and monitor at the system control head. To help insure uniform emitter dis-
charge throughout the system additional pressure controller can be placed
at the entrance to the laterals and manifolds, or altematiéreiy aéébnﬁiished
by design, anpropriate sizing of laterals or ammifolds where practical.

Design of the System

In the design of the system there should be allowance for reserve pressure
to ¢ompensate for reduced flow due to clogging, and to help eliminate the
need for fréquent cleaning or replacement of emitters. Adding reserve
pressure can never take the place of a good filter to keep. a constant emitter
flow, but it should be seen as further insurance against severe losses is a
better solution to combat emitter performance deterioration than providing
extra system capacity because extra system capacity means larger pump and
pipe size while reserve pressure onlt means a slightly larger pump. Reserve
pressure is no longer a good solution once emitter characteristics have de-
generated 10-20 percent, and at this poirit replacing or cleaning emitters
is the only solution.:

Moving away from the control head and toward its eventual exit, water

passes through the mainlines, the submains, and manifolds,
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To help prevent clogging, these pipes should be made of non-corroding, non-
scaling materials. Usudlly these pipes are made of polyethylene (PE) or
rigid polyvinylchloride (FVC) and buried to facilit~te farming operations.
Cement asbestos, filament wound epoxy, and epoxy coated steel are also used
for these pipes.

"~ From the manifolds the water enter the narrower laterals (between 12-32
mm in diameter). The laterals are usually constructed of flexible PVC or PE
hose for normal above ground use in coatrast to the main, submain and manifold
which ‘are usually below ground. The necessity for extra materials and labor
“ for installation, make below ground laterals less econamical. Polyethylene
costs’ approximately 30 percent T“-3 than PVC, but FE also has a shorter life

‘expectancy and' is less flexikle than FYC.

Ehitters

Attached to the laterals are several emitters which distribute the re-
qulred water to the plants. There are several types of ag;tter—lateral con-
nections for varying crops and crop spacings. (see Figure 3.11). =

A11 arrangements aim to achieve a satisfactorily percentage of wetted
soil. The perce'atage wetted area compared to ti2 whole area. P, depends on
.'the uscha.rge ard spacing of the emitters (or emiscion points in the case of
multi-exit emitters) and soil type. A reasonal design objective is to wet
a minimum of 1/3 (33 percent) of thz noted root volune of widely spaced crops.
In closely spaced crops it may he necessary to wet most of ““c scil volume
(‘.’:' 3 is a m:xu'** reaocn vhy irriontion losses its edge over other irrigation

methods w1th close spaoed Crops; ma.ny advantages of drip depend on a small P).
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An emitter is a small item made of PVC, PE, and/or acrilonitrite
butadiene (4BS) mich allows water to desperse under low pressure in exact
pre-determined pattern.

An a';':itter should satisfy the following requirements: 1) give relatively
low but uniform constant discharge which does not vary significantly because
of minor differences in pressure. It is preferable that the discharge-pressure
relationship remain valid for a long period of time (years). With each emitter
a chart displaying the relationship between pressure and discharge should be
supplied. 2) The emitter should have a relatively large flow cross-section
in order _“1‘:9 reduce clogging problems. The smallest dimension of emitter flow
path vary from .3mm in emitters very sensitive to clogging to 1.5mm in emitter
relatively insensitive to clogging. Small deviations in the passageway re-
sult in relatively large deviations in discharge, thus it is important to
obtain information pertaining to anticipated variation in emitter discharge.
Some manufacturers supply v, the coefficient of variation which is the stan-
ldard?'.&eviation kdi.vided by the average of all the emitter discharges from a
test sample operated at the reference pressure. A good value for v is .06
or less. 3) 'Ihe emitter connection itself causes pressure loss in the
lateral | and this information should be applied by the manufacturer to allow
'vfor more efflclent d&slgn

Types of Emtters

There are several types of emitters, they include microtubes (sometimes
called spaghettl or wlnskers), single exit long path emitters, multi-exit
1ong path émitters, single or multi-exit orifice emitters, orifice vortex

emitters, bi-wall anitter/lateral; pressure compensating emitter;automatic
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flushing emifters, as well as a few more at the experimental stage.

1) Microtube emitters consist of a narrow guage plastic tube fed from

a lateral. The nommal internal diameter of the microtube range from
- .8 m. Due to increased fr‘iétibh, the longer the tube, the

slower the emitter flow rate. Thus one real advantage of microtubes

iS that they can be used to écm‘pezisate for pressure changes along

%)

‘the lateral to uniform flow throughout the system. The major prob-

lem with microtubes outside the greenhouse is the constant risk that

“the lock of the tubes may be altered by wind, temperature, or culti-
-vation practices. ‘Microtubes are very effectlve in greenhousa where
‘there is tube per potted plant.

Single exit long path and multi-exit long pathvemitte‘rs employ the

“same principle as lone microtubes in that the flow rate of water

“is decreased by sending the water through a long narrow passageway.

‘But-in 