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Comparison of central and local heating systems in a greenhouse

Abstract

The development of greenhouse cultivation in Iran and West Asia has a growing trend and, given
the increase in off-season crops, it would be cause more energy expenditures, most of which are
related to heating systems. The concept of heating in the greenhouse is to compensate energy lost
from the greenhouse environment. The energy lost is significantly due to the greenhouse cover, and
structure and the speed of wind. Heating systems are mainly in two categories (i.e. centralized and
localized). The centralized systems are expensive; however, they are better in efficiency and
performance, which is usually affordable for larger areas. In this research, for three levels of
greenhouse area of 3,000 m?, 1 ha and 10 ha, the amount of fuel consumption has been studied. The
potential for reducing fuel consumption in the centralized system is at least 50% and for localized
heating systems, the maximum achieved reduction was 35%.

Keywords: energy, centralized heating system, localized heating system, Greenhouse.
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Anonymous. 1996. National greenhouse manufacturer’s association Standards for design
loads in greenhouse structures. Available on: www.NGMA.com.

Anonymous. 2001. Greenhouses: Design and construction - Part 1: Commercial production
greenhouses. EUROPEAN STANDARD ICS 65.040.30.
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InnoGreen: an International Company of Over 25 Years of
Experience in Greenhouse

Peter Stradiot

Owner of InnoGreen
Wilselsesteenweg 35 - 3020 Herent
Email: peter@innogreen.be

InnoGreen has over twenty-five years of experience in greenhouse growing worldwide.
Peter Stradiot, the owner and senior consultant is a Belgian agronomist with roots in the
Dutch greenhouse sector. For the last eleven years he worked as a greenhouse consultant in
Belgium, Netherlands, France, Spain, Italy, Canada, Argentina, Egypt Pakistan, China, S-
Korea, Morocco and Mexico.

Stradiot is the initiator of the crop-registration of
tomatoes method world-wide used in practice as in
research. This method evolved into the four-quadrant
method of power and balance of the crop. Those
methods are the basis for advice on distance on
vegetable crops in greenhouses.

Knowledge transfer products

e Increase your profit by professional advice of
InnoGreen

o  Crop consultancy in the greenhouse: We come along on pre-fixed times and advise
you on: climate, irrigation, fertilization steering also advise on labor tasks and limit your
risks on pests, disorders and diseases.

o Crop consultancy at distance: you measure the plants and make photo’s, also gather
information of climate, substrate and | advise you weekly through TeamViewer.

Data

Length growth

Leaf length (cm)

Leafs p. stem

Leafs/m2

Diameter head (mm)
Variation head diameter
Flowering height
Variation flowering height

Clrsrmrimea friee

Reduce T°C24 till 18.5 and 19.1
truss pruning on max 4 tomatoes next 3 weeks
limit average T°CN till 3°C under T"Cday

e Training labor techniques through practice (Learning-by-doing)
e Training inexperienced growers to autonomous greenhouse growers in 6 months
(knowledge and management training in greenhouse)



mailto:peter@innogreen.be
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Plant knowledge products
e Save energy with the Plant Activity Sensor
o lIrrigate just in time though Plant Activity Sensor

e Reach your crop objectives using Deligrow Crop Tracking
o Improve your crop steering and communication with Deligrow Risk Management

Pl 108 gt 1 K o e s

P ol e

o Determine the LAI and color of the crop and keep the plant in balance summer and
winter

o Follow the growth in the propagation period with Propagrow and deliver better plants
InnoGreen is also founder-member of the international advisors’ group Cropex, with
thirteen members. The group advises in tomato, pepper, cucumber, lettuce, eggplant, melon
and also in BIO crops. More information at www.cropexgroup.com

More information at www.innogreen.eu



http://www.cropexgroup.com/
http://www.innogreen.eu/
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Unpowered Measured Irrigation Training Manual for Smallholders

(more crops per drop)

Dr Bernie Omodei
Measured Irrigation

5/50 Harvey Street East, Woodville Park sA 5011 e &' [
Email: bomodei@measuredirrigation.com.au

Introduction to Measured Irrigation (MI)

It is assumed that the smallholder is using drip irrigation (either pressurised or gravity feed)
on a garden or a small plot of land. Using the Unpowered MI Controller (UMIC), you can
upgrade your drip irrigation system so that all your plants are irrigated automatically. You
can leave your garden unattended for weeks. This will allow you to become involved in
other activities away from the garden; for example, travelling to the market to sell your
produce.

Measured irrigation is a new method of irrigation scheduling that responds to the prevailing
weather conditions. This means that you use much less water without affecting the yield.

Definition of Measured Irrigation

Measured irrigation is a drip irrigation scheduling method that implements two
fundamental principles:

Variations in the application rate for each dripper throughout the year are controlled by the
prevailing net evaporation rate (evaporation minus rainfall).

The volume of water emitted by each dripper during an irrigation event is controlled
directly without the need to control the flow rate or the duration of the irrigation event.

How large can the plot be?

It is assumed that the smallholder has already established a drip irrigation system. Provided
that the drip irrigation system is already working effectively, you can use one or more
UMIC’s to automate the irrigation system for any size plot.

1. Manual Measured Irrigation

To install manual M, all that is needed is an evaporator and an adjustable dripper.

The evaporator is any container with vertical sides, with a surface area of at least 0.05 m?,
and a depth of at least 0.1 m.

Any adjustable dripper may be used. An ideal adjustable dripper is the Claber RainJet
which  can be purchased online from the Measured Irrigation website:
www.measuredirrigation.com.au.

If you have a pressurized irrigation system with pressure compensating drippers, replace
the adjustable control dripper a pressure compensating dripper.

1.1 Instructions for installing manual measured irrigation
Step 1. Draw a line on the inside of the evaporator about 1.5 cm below the overflow level.
This line corresponds to the high level.



https://www.youtube.com/watch?v=8pbin3zSCjw&t=
https://www.aparat.com/v/JYlQ0
https://www.linkedin.com/feed/update/activity:6470409915008720896/
https://www.youtube.com/watch?v=8pbin3zSCjw&t=
https://www.aparat.com/v/JYlQ0
https://www.linkedin.com/feed/update/activity:6470409915008720896/
mailto:bomodei@measuredirrigation.com.au
http://www.measuredirrigation.com.au/
https://www.youtube.com/watch?v=8pbin3zSCjw&t=
https://www.aparat.com/v/JYlQ0
https://www.linkedin.com/feed/update/activity:6470409915008720896/
https://www.youtube.com/watch?v=8pbin3zSCjw&t=
https://www.aparat.com/v/JYlQ0
https://www.linkedin.com/feed/update/activity:6470409915008720896/
https://www.youtube.com/watch?v=8pbin3zSCjw&t=
https://www.aparat.com/v/JYlQ0
https://www.linkedin.com/feed/update/activity:6470409915008720896/
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Examples of suitable evaporators

Draw a line on the inside of the evaporator about 1.5
cm below the overflow level

Step 2. Connect the adjustable dripper to the irrigation
system and position the evaporator so that the
adjustable drip drips water into the evaporator during
irrigation. The adjustable dripper should be at the same
level as the irrigation drippers. The adjustable dripper
is called the control dripper.

J \ N B B :{;r‘\;‘___ The adjustable drip

The adjustable dripper can be Cut the drip line so that Connect the Tee drips water into the

connected to a drip line usinga  you can connect the Tee evaporator during
Tee irrigation

Step 3. Place a measuring container under one of the irrigation drippers.

Step 4. Adjust the control dripper so that flow rate is about the same as the flow rate of the
irrigation drippers. Make sure that there is no air in the tube connected to the control
dripper.

Place a measuring container under one of the Adjust the control dripper so that flow rate is about the
irrigation drippers same as the flow rate of the irrigation drippers




Spuosachnclopy
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Step 5. You may wish to protect the evaporator to prevent animals drinking the water, but
make sure that you do not impede the evaporation (chicken wire is ideal).

1.2 Flowchart for using manual measured irrigation

Empty‘the measu?ng
container -

Atsunsét the following day,
check the water level in the
evaporator

Is the water
level below the
level line?

Open valve to start Stop the irrigation
irrigating = when the water level
SN gaches the level line
The control

dripper drips

Has it rained
in theprevious
24 hours?

Are plants
getting too much
water?

Are plants
getting too little
water?

fn'the control dripper

8 Turn the control
fnozzle clockwise to

se,the flow rate reduce the flow rate




Agrotechnology, Vol.2, No. 3, December 2018

If you have a pressurised irrigation system with pressure compensating drippers, replace the
adjustable control dripper by a pressure compensating dripper. You can alter the water
usage by using a different combination of pressure compensating drippers for the control
dripper, or by changing the surface area of the evaporation.

If your plants require less frequent watering, you may choose not to irrigate on certain
evenings. For example, at sunset one day the
water level is below the high level and you
decide not to irrigate. At sunset the following
day the water level will have fallen even further,
and so when you irrigate the irrigation volume
will be the sum of the irrigation volumes for
both days. Changing the irrigation frequency
does not affect the total amount of water used for
irrigation during the growing season.

If the garden requires more frequent watering,
you may choose to irrigate at the middle of the
day as well as at sunset (for example, if the
weather is very hot and dry). Garden beds being irrigated by manual Ml

2. Unpowered Measured Irrigation Controller (UMIC)
2.1 Instructions for installing the UMIC
Installing the Unpowered MI Controller is incredibly simple.
Start with any drip irrigation application, either pressurised
or gravity feed. Before installing the controller, it is assumed
that the irrigation is operated manually by opening and
closing the main valve.

Start with any drip irrigation
Step 1. Remove the UMIC from the shipping carton and application
screw the elbow onto the threaded outlet from the UMIC.

Step 2. Position the evaporator in a suitable location so that the evaporation matches the
evaporation in your garden.

Step 3. Cut the water supply pipe and connect one end to the UMIC inlet (next to the
magnetic valve), and the other end to the UMIC outlet (next to the adjustable control
dripper). If you have a pressurized irrigation system you will need to use hose clamps.
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Cut the water supply pipe Connect UMIC inlet Connect UMIC outlet

Step 4. Position the float shaft so that it points vertically up. Position the adjustable control
dripper so that it will drip water into the evaporator during the irrigation.

Step 5. Rotate the two aluminum float guides so that they are vertical and then tighten the
two wing-nuts.

Float shaft must be vertical Float guides are vertical
Step 6. For gravity feed application you may need to adjust
the height of the evaporator so that the control dripper is at
the same level as the irrigation drippers. Use a spirit level to
ensure that the evaporator is horizontal. Then use the spirit
level to ensure that the float shaft is vertical. The float shaft
must be vertical so that there is minimal friction between
the float and the float shaft. )
Step 7. Slide the float over the float shaft so that the clear Slide the float over the float shaft
tube attached to the float is uppermost.
Step 8. Open the main valve and the irrigation starts. The
adjustable control dripper drips water into the evaporator.
Adjust the control dripper so that flow rate is about the same as the flow rate of the
irrigation drippers. If you have a pressurised irrigation system with pressure compensating
drippers, replace the control dripper with one of the irrigation drippers.
‘ o it ‘_ - '3‘1?".";-:‘5

Open the main valve and the
irrigation starts

Fill the evaporator



Agrotechnology, Vol.2, No. 3, December 2018

Step 9. Fill the evaporator with water until the magnetic valve closes and the control
dripper stops dripping.

Step 10. The float falls as water slowly evaporates from the evaporator. When the float
reaches the low level, the irrigation starts automatically. The float rises as the control
dripper drips water into the evaporator. When the float reaches the high level the irrigation
stops automatically. The cycle continues indefinitely.

The irrigation starts when the float reaches the low
level

The irrigation stops When the float reaches the high
level

Stepll. You may wish to protect the evaporator to prevent animals drinking the water, but
make sure that you do not impede the evaporation (chicken wire is ideal).

The UMIC is completely automatic and does not need any electricity. Furthermore, it is a
smart controller because the application rate from -

each dripper is controlled by the prevailing
weather conditions. In fact, the application rate
(liters per week for example) is directly
proportional to the net evaporation rate (that is,
evaporation minus rainfall). You can adjust the
water usage (application rate) by adjusting the
control dripper. You can adjust the irrigation
frequency by adjusting the slides on the float.
Most irrigation controllers need to be
programmed and so they cannot respond to an
unexpected heat wave. The UMIC responds to an
unexpected heat wave. If the evaporation rate
doubles then so does the application rate.

When it rains water enters the evaporator and delays the start of the next irrigation.

If your plants need more water, rotate the control dripper clockwise.
If your plants need less water, rotate the control dripper anticlockwise.

Because the UMIC is so simple, there are fewer things to go wrong.

Adjust the control dripper to suit the water
reauirements of vour plants
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2.2 How to the adjust irrigation frequency
The float on the UMIC has two slides that can be moved up or down in order to adjust the
irrigation frequency.

>, >
&

o

PR

20 mm gap between the bottom of the float and the 50 mm gap between the bottom of
bottom of the slides the float and the bottom of the slides

The second smaller float increases the options for the irrigation frequency.

The following table shows the irrigation frequency for various positions of the slides for
both the large float and the small float. The irrigation frequency is controlled by the net
evaporation from the evaporator between irrigation events.

Table 1. Irrigation frequency (UMIC)

Gap in mm between the bottom of the  Net evaporation in mm between Net evaporation in mm between
float and the bottom of the slides irrigation events with large float irrigation events with small float

Slides removed 10 13

0 9 11

10 9 10

20 9 10

25 9 10

30 8 20

35 8 24

40 26 27

45 32 31

50 35 34

55 40 38

60 45 42

Provided that the water level in the evaporator is between the low level and the high level,
you can start the irrigation manually at any time by pressing the float down.

For example, you may wish to irrigate at sunset each day assuming that the water level is
between the low level and the high level at sunset. Simply push the float down at sunset to
start irrigating.
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You can delay the next irrigation or stop the irrigation at any time by removing the float.
The irrigation cannot start again until the float is replaced.

It is important to realize that when you adjust the irrigation frequency by adjusting the
slides, the water usage (liters per week for example) does not change. Both the irrigation
frequency and the water usage are directly proportional to the net evaporation rate.

2.3 How to use the control dripper to adjust water usage

DRRYy : ’
1. Position an empty measuring container under one 2. At the end of the irrigation check the amount of
of the irrigation drippers so that water drips into the water in the measuring container.
container during the irrigation.

e |
oAy
B

147 ]
3. If your plants are not getting enough water, turn 4. If your plants are getting too much water, turn the
the control dripper clockwise to reduce the flow rate control dripper anticlockwise to increase the flow
of the control dripper. rate of the control dripper.

Changing the water usage does not change the irrigation frequency

Changing the irrigation frequency does not change the water usage
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This is important because it means that the water usage and the irrigation frequency can be
adjusted independently.

2.4 UMIC flow rate

The UMIC can be used for pressures ranging from 5 kPa to 800 kPa.

The maximum UMIC flow rate when the input pressure is 100 kPa is 980 L/h.

The following table shows the maximum UMIC flow rate for gravity feed input pressures
ranging from 5 kPa (0.5 metres head) to 20 kPa (2 metres head).

For some drip irrigation applications you may Table 2. Flow rate (UMIC)
need more than one UMIC to provide an adequate Input pressure  Maximum UMIC
flow rate from the drippers. Subdivide your in 'S(Pa ﬂowr‘i‘tleﬁ'" L/h
irrigation application into the same number of 6 136
zones as the number of UMIC’s so that each zone 7 155
has approximately the same water requirement. 8 173
Within each zone the drippers should be at 9 190
approximately the same level. For each zone ﬂ 3(2)(13
install a UMIC as described in Section 2.1. 12 235

13 248
3. Soil Moisture 14 260
3.1  Soil moisture probe 15 272
The amount of water that your plants need will 1? ggg
depend on many factors in addition to the weather. 18 303
For example, as the plants grow and become 19 312
bigger they will need more water. Plants growing 20 321

in sandy soil will need more water than plants
growing in heavy soil.

An angle grinder can be used to make a long
slot in a length of steel pipe

0
(S¥ A

] T >
. ,\'.» L oy
t 4 ¥

After the irrigation event hammer the steel pipe into the  Remove hesteel pipe fromthe siI and use the slot

soil near a dripper so that the slot faces the dripper. to inspect the moisture level in the soil and the
position of the wetting front.
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To take account of all these additional factors, you may need a soil moisture probe is to
check the moisture level in the soil at various depths. A very simple soil moisture probe is a
length of steel pipe with a long slot. | suggest that the diameter of the pipe be between 30
and 40 mm. An angle grinder can be used to cut a long slot in the steel pipe to that you can
inspect the soil inside the pipe. | suggest that the width of the slot be about 13 mm. You can
also use the angle grinder to sharpen the end of the soil moisture probe to make it easier to
hammer into the ground.

A suitable soil moisture probe may be purchased online from the Measured Irrigation
website www.measuredirrigation.com.au - A S A e
By checking the moisture level in the soil through the
slot in the steel pipe, you can decide whether your
plants have been irrigated with too much or not enough
water.

After the irrigation event hammer the steel pipe into the
soil near a dripper so that the slot face the dripper.
Remove the steel pipe from the soil and use the slot to
inspect the moisture level in the soil and the position of L NEERR
the wetting front. You may wish to use the slot to  Place ameasuring container under one
remove some soil from the pipe and to squeeze the soil of the irrigation drippers
sample between your fingers. NTE
3.2 Irrigation scheduling for manual measured
irrigation

Irrigation scheduling and water usage should take
account of soil type and the depth of the root zone.
When you use manual MI, you check the water level in
the evaporator at sunset each day, and if the water level
is below the high level, you start irrigating and you stop ;
irri_gating when the'waj[er level rea}ches_ the high level. Dripper conrol vlume inhe
This method of irrigation scheduling is called sunset measuring container
scheduling.

For plants with deep roots or for plants in clay soils, it
is preferable to irrigate with more water less frequently
to enable the water to reach the bottom of the root zone.
Between irrigation events the soil near the surface is
allowed to dry out, but there should still me moisture in
the root zone. If you decide that your plants need
irrigating less frequently than daily (for example, once a
week), then root zone scheduling is recommended.

water level reaches the high level

Step by step instructions for root zone scheduling for manual Ml:
Step 1. Allow the soil to dry out over several days until the soil is dry between the surface
and the bottom of the root zone (use a soil moisture probe).



http://www.measuredirrigation.com.au/
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Step 2. Place a measuring container under one of the irrigation drippers to collect the water
and start irrigating. During the course of the irrigation, regularly check the depth of the
moisture below various drippers (use a soil moisture probe). Stop the irrigation as soon as
the moisture is close to the bottom of the root zone. Record the volume of water in the
measuring container. This is called the dripper control volume and it is the volume of
water required to moisten dry soil below a dripper from the surface to the bottom of the
root zone. Record the dripper control volume for future reference.

Step 3. Fill the evaporator with water until the water level reaches the high level.

Step 4. Allow the soil to dry out over several days until the soil is dry between the surface
and the bottom of the root zone (use a soil moisture probe). While the soil is drying, the
water level is the evaporator is falling due to evaporation. When the soil is dry between the
surface and the bottom of the root zone, mark a line on the inside of the evaporator
corresponding to the water level. This line indicates the low level. The gap between the
high level and the low level is the evaporation required to the dry out the soil from the
surface to the bottom of the root zone.

1aN i

While the soil is drying, the water Mark the low level with a line High level and low level
level is the evaporator is falling
due to evaporation

Step 5. Empty the measuring container and place it below one of the irrigation drippers.
Start irrigating by turning on the main valve. Stop irrigating when the water level in the
evaporator reaches the high level.

Stop irrigating when the water
level reaches the high level

Empty the measuring container

Step 6. Check the volume of water in the measuring container. If the volume in the
measuring container is less than the dripper control volume then the moisture below a
dripper is unlikely to have reached the bottom of the root zone. So reduce the flow rate of
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the control dripper (to increase the duration of the irrigation event) in preparation for the
next irrigation. If the volume in the measuring container is more than the dripper control
volume then the moisture below a dripper is likely to extend beyond the bottom of the root
zone. So increase the flow rate of the control dripper (to decrease the duration of the
irrigation event) in preparation for the next irrigation.

B\
N0 B If the volume in the measuring
Check the volume of water in the If volume in the measuring container is more than the dripper
measuring container. container is less than the dripper control volume, turn the control
control volume, turn the control - gripper anticlockwise to increase
dripper clockwise to reduce the the flow rate of the control
flow rate of the control dripper. dripper.

If you are using pressurized irrigation with pressure compensating drippers, replace the
adjustable control dripper by a pressure compensating dripper. You can adjust the water
usage by using a different combination of pressure compensating drippers for the control
dripper. Alternatively, you can adjust the water usage by adjusting the surface area of
evaporation. You can increase the water usage by increasing the surface area of evaporation
by using a larger container for the evaporator. You can decrease the water usage by
decreasing the surface area of evaporation (for example, by using a smaller container for
the evaporator or by placing full bottles of water in the evaporator).

Step 7. Check the water level in the evaporator daily. When the water level is below the low
level, repeat Steps 5, 6 and 7.

After a few adjustments to the control dripper, the water usage should stabilise at an
appropriate level for the plants at their current stage of growth and no further adjustments
of the control dripper are required. The volume of water in the measuring container after
each irrigation event should be approximately the same as the dripper control volume
recorded in Step 2. It is preferable that the above steps are done in a period when there is no
rain.

As your crop grows and the water requirement of the crop changes, you may wish to repeat
root zone scheduling to adjust water usage.

3.3 Irrigation scheduling for the UMIC

For plants with deep roots or for plants in clay soils, it is preferable to irrigate with more
water less frequently to enable the water to reach the bottom of the root zone. Between
irrigation events the soil near the surface is allowed to dry out, but there should still me
moisture in the root zone.

Step by step instructions for root zone scheduling for UMIC:

Step 1. Allow the soil to dry out over several days until the soil is dry between the surface
and the bottom of the root zone (use a soil moisture probe).
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Step 2. Place a measuring container under one of the irrigation drippers to collect the water
and empty the evaporator to start irrigating. During the course of the irrigation, regularly
check the depth of the moisture below various drippers (use a soil moisture probe). Stop the
irrigation as soon as the moisture is close to the bottom of the root zone. Record the volume
of water in the measuring container. This is called the dripper control volume and it is the
volume of water required to moisten dry soil below a dripper from the surface to the bottom
of the root zone. Remember to record the dripper control volume for future reference.

ﬁ\':\‘?l » Y Qﬁ .’s* S 4
Place a measuring container under one of the Dripper control volume in the
irrigation drippers measuring container
Step 3. Fill the evaporator with water until the magnetic valve closes and the control
dripper stops dripping. Measure the depth of water in the evaporator at the high level.

Fill the evaporator with water until the Water level Measure the depth of water in the evaporator at the
reaches the high level high level

Step 4. Remove the float and allow the soil to dry out over several days until the soil is dry
between the surface and the bottom of the root zone (use a soil moisture probe). While the
soil is drying, the water level is the evaporator is falling due to evaporation. When the soil
is dry between the surface and the bottom of the root zone, measure the depth of water in
the evaporator at the low level. The difference between the high level and the low level is
the number of mm’s of water that needs to evaporate to the dry out the soil from the surface
to the bottom of the root zone. This is referred to as the root zone scheduling evaporation.
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While the soil is drying, the water level is the Measure the depth of water in the
evaporator is falling due to evaporation evaporator at the low level

Step 5. The float on the UMIC has two slides that can be moved up or down in order to
adjust the irrigation frequency (see Section 2.2). Use UMIC Table 1 to adjust the position
of the sliding feet so that interval between irrigation events corresponds to the root zone
scheduling evaporation in Step 4.

Step 6. Turn on the main valve and add water to the evaporator until the irrigation stops.
Empty the measuring container and place it below one of the irrigation drippers. Carefully
remove water from the evaporator until the irrigation starts when the water level reaches the
low level. The irrigation stops automatically when the water level reaches the high level.

lQDh ) == -~ NI 4
Empty the measuring container Remove water from the evaporator ~ The irrigation stops automatically
until the irrigation starts when the water level reaches the

high level

Step 7. Check the volume of water in the measuring container. If the volume in the
measuring container is less than the dripper control volume then the moisture below a
dripper is unlikely to have reached the bottom of the root zone. So reduce the flow rate of
the control dripper (to increase the duration of the irrigation event) in preparation for the
next irrigation. If the volume in the measuring container is more than the dripper control
volume then the moisture below a dripper is likely to extend beyond the bottom of the root
zone. So increase the flow rate of the control dripper (to decrease the duration of the
irrigation event) in preparation for the next irrigation.
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If volume in the measuring container is less than the  |f the volume in the measuring container is more than

dripper control volume, turn the control dripper the dripper control volume, turn the control dripper
clockwise to reduce the flow rate of the control anticlockwise to increase the flow rate of the control
dripper. dripper.

If you are using pressurised irrigation with pressure compensating drippers, replace the
adjustable control dripper by a pressure compensating dripper. You can adjust the water
usage by using a different combination of pressure compensating drippers for the control
dripper. Alternatively, you can adjust the water usage by adjusting the surface area of
evaporation. You can increase the water usage by increasing the surface area of evaporation
by connecting a second container to the evaporator via a connecting tube at the bottom of
the containers. You can decrease the water usage by decreasing the surface area of
evaporation (for example, by placing full bottles of water in the evaporator).

After a few adjustments to the control dripper, the water usage should stabilize at an
appropriate level for the plants at their current stage of growth and no further adjustments
of the control dripper are required. The volume of water in the measuring container after
each irrigation event should be approximately the same as the dripper control volume
recorded in Step 2. It is preferable that the above steps are done in a period when there is no
rain.

As your crop grows and the water requirement of the crop changes, you may wish to repeat
root zone scheduling to adjust water usage.

4. Using a Solar Pump to Fill a Header Tank

You can use a solar panel and a small submersible
pump to automatically pump water from your farm
pond (or from a rainwater tank, lake or river) to a
header tank. The pump should be protected by a
voltage regulator.

An ideal pump including a voltage regulator is
available from the Online Shop at the Measured
Irrigation website
https://www.measuredirrigation.com/shop-1

This brilliant submersible baby pump is 12 volt 14
watt.

Submersible baby pump
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A 20 watt solar panel is required to operate the pump directly without using a battery. You
may need more than one pump to fill the header tank. For each additional pump you will
require an additional 20 watt solar panel connected directly to the pump. Each solar panel
should be connected to one pump only.

There is a major advantage of using multiple baby pumps compared with a single pump of
equivalent power. If one of the pumps fails, the remaining pumps can continue to operate
while you replace the broken pump.

The pumps will operate whenever there is adequate sunlight on the solar panels. There
should be an overflow on the header tank so that excess water is returned to the farm pond.
When you submerge the pump (or pumps) in the farm pond, you should attach a filter to the
inlet to the pumps. The inlet to the filter should be at least 15cm above the bottom of the
pond to avoid clogging the filter with the sediment on the bottom of the pond.

How many pumps do you need?

If the pumping head is less than 3 metres, then all
the pumps should be connected in parallel. The
flow rate with two pumps will be twice the flow
rate of one pump. The flow rate with three pumps
will be three times the flow rate of one pump, and
so forth.

If the pumping head is greater than 3 metres and
you need a second pump, then the second pump
should be connected in series with the first pump
to create a double pump. If additional pumping is
still required, you will need two additional pumps
connected in series to create a second double pump. The second double pump should be
connected in parallel with the first double pump. Remember that each pump should have a
separate 20 watt solar panel for its power supply.

If you want to use fewer solar panels to provide sufficient power for your pumps, you will
need to use a suitable battery and battery charger. The solar panels will then charge the
battery during sunlight hours and the battery will be used to provide the power to the pumps
as required.

For solar-unpowered measured irrigation, see the DIY Solar Measured irrigation
Training Manual for Smallholders.

Two pumps connected in series to create a
double pump. A filter is connected to the inlet
of the first pump.
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