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Foreword

In 2002, a project on ‘Resource-saving Irrigation through Photovoltaic Pumps’ carried out by the
Deutsche Gesellschaft fiir Technische Zusammenarbeit (GTZ) GmbH had completed a series of field
tests on the applicability of the technology in Ethiopia, Chile and Jordan. It concluded that while inter-
est among farmers is high, initial investment costs and a lack of adequate financing instruments hinder
broad-scale adoption of the technology.

Ten years later, agricultural and energy experts at GIZ began to revisit solar powered irrigation systems
(SPIS) in the light of falling costs for PV, rising costs for diesel fuel and technological improvements. It
was observed that governments, extension services and technical cooperation actors in various sectors
(water, agriculture, energy, agricultural finance) were actively promoting or considering promoting
this technology. However, it was equally evident that the potential in terms of economic feasibility and
economic performance remains highly dependent on specific circumstances and was therefore largely

unknown.

Today, economic circumstances and system costs are still highly relevant in terms of a broad adoption of
SPIS. Nevertheless, an increasing number of innovative business models, such as pay-as-you-go models
or shared irrigation systems, owned by several smallholders, allow a continuing adoption. One of the
most pressing challenges as of today is the risk of groundwater exploitation by using PV-powered irriga-
tion systems. The urgent need to improve farmers’, advisors’ and system installers’ capacity to sustainably

manage water resources in a SPIS has become evident.

Two GIZ projects joined forces in order to fill prevailing knowledge gaps: Sustainable Energy for Food —
Powering Agriculture and Basic Energy Services (HERA).

Basic Energy Services (HERA) was a sector project commissioned by BMZ. It has built on more than
three decades of GIZ experience in the field of access to energy and worked in four thematic areas: Clean
cooking, access to electricity, productive use of energy and cross-cutting issues. In the area of productive
use of energy, HERA was working on the use of energy in agriculture, handicrafts, commerce and other

Value—generating areas.

Sustainable Energy for Food — Powering Agriculture is the German contribution to ‘Powering Agriculture:
An Energy Grand Challenge for Development (PAEGC)’. PAEGC, an international initiative, seeks to
identify and support new and sustainable approaches to accelerate the development and deployment of
clean energy solutions by which to increase agricultural productivity and/or value in developing coun-
tries. It is an initiative of USAID, partnering with the Swedish International Development Coopera-
tion Agency (SIDA), Duke Energy Corporation (Duke), the Overseas Private Investment Corporation
(OPIC) and the German Federal Ministry for Economic Cooperation and Development (BMZ). GIZ is
implementing BMZ’s contribution to this initiative.

The report at hand presents the status quo of SPIS-technology. It identifies potentials and challenges
of the technology and links to hands-on tools for sustainably planning, installing and running a SPIS.
Hopefully, the results may prove useful for all those, who are active in the field of solar irrigation and
contribute to growing but sustainable application of this technology.



Preface

Irrigated agriculture is an important factor for local economic development in most developing coun-
tries. Reliable and affordable access to irrigation water is hence key to food security and poverty reduc-
tion.

Manual lifting of irrigation water reduces the scope for crop cultivation and the efliciency of irrigation —
it does not, for example, allow for the pressurised systems that are required for water-saving micro-
irrigation techniques. In the absence of reliable electricity supply due to intermittent service or even a
complete lack of grid connection, farmers in developing countries often must rely on fossil fuel driven
pumps for water abstraction and conveyance. This technology has low initial investment costs but incurs
high operation costs and is prone to outages due to an insufficient fuel supply and frequent maintenance
and repair. A reliable and cost-effective supply of irrigation water is therefore a limiting production factor
in many rural areas of the developing world.

The establishment of uninterrupted and affordable electricity supply in rural areas through grid exten-
sion and centralised electricity production is a distant vision in many countries. Rural electrification in
economically weak rural areas of Africa, Asia and Latin America will be largely based on investment in
local off-grid solutions and independent mini grids. In regions with high solar insolation levels, electric-
ity from photovoltaic arrays presents new options for abstracting/lifting and distributing water in an

efficient, reliable, economically viable and ecologically sound way.

The technological option of solar-powered irrigation is rarely taken into consideration due to a lack
of pertinent experience and the relatively high investment costs of the past. However, as prices for
solar modules have fallen substantially in recent years, innovators in the farming sector, governments,
extension services and technical cooperation are reconsidering photovoltaic water pumps (PVP) to be
employed on a larger scale in agricultural production and beyond.

This report takes stock of and analyses the use of Solar Powered Irrigation Systems in agriculture. It
brings together a timely and extensive overview of the state of the technology in terms of the water
lifting, energy supply and irrigation system components, its economics and ecological boundaries,
management requirements as well as potentials and barriers. The report is based on desk research and
information generated by manufacturers, agrodealers, farmers and researchers worldwide. In addition,
four country case studies provide information on geographical and market development differences. The
preliminary findings of the report were enriched by comments and contributions from a series of work-
shops organised by GIZ and the Food and Agriculture Organization of the United Nations (FAO).

Complementary to this report, the Toolbox on Solar Powered Irrigation Systems was developed by GIZ
and FAO. The Toolbox provides hands-on guidance for practitioners who work on or consider promoting
Solar Powered Irrigation: agricultural extensionists, solar powered irrigation system providers, develop-

ment practitioners and credit officers.


https://energypedia.info/wiki/Toolbox_on_SPIS

Both, the work on this report and the Toolbox was guided by the fact that information on technology
options for SPIS — their potentials, limits and risks — is often unavailable to farmers and extension
services. SPIS are often designed and planned in a simplistic way, resulting in a lack of integration of
agronomic and technical as well as environmental aspects. There is a broad need for knowledge on
site-specific and demand-based design of SPIS to render this technology option viable for the farmer and
to avoid negative ecological and economic impacts. Both, the report and the Toolbox aim to overcome
some of these shortfalls. It reflects our efforts to encourage the application of SPIS in developing coun-

tries where it is ecologically suitable and economically viable.

We wish you an interesting reading experience and hope that the report will increase your interest in the
further prospects of Solar Powered Irrigation Systems in the context of rural development efforts.

Mischa Bechberger
Annette von Lossau
Charlie Moosmann
Dorothea Otremba
Caspar Priesemann
Robert Schultz
Kerstin Lohr
Hannah Zander

Steering Committee for SPIS Research and Development at
Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH
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Worldwide, the need for energy, the availability of
renewable resources, and the falling cost of renew-
able energy technologies create multiple opportu-
nities for PV technology. Photovoltaic solutions
for on- and off-grid electrification are quite
common and solar energy based water pumping

is already widely used in drinking and livestock
water supply as a low-maintenance option for
rural areas. In the irrigation sector, however,

the exploitation of PV-based water abstraction
and conveyance technologies is still relatively

rare, although the technology has proven to be a
mature option — reliable and viable when properly
planned and operated.

Most water pumps utilised for irrigation purposes
worldwide are powered by engines running on
fossil fuels (diesel, petrol, gas) or on electricity
supplied from the grid (and thus produced by
fossil fuel based generators). Fossil energy sources
are limited in availability and the emissions from
their utilisation have severe impacts on the global
climate. At the same time, grid-based electricity
supply tends to be insufficient and unreliable in
developing countries, if not largely absent in rural
areas. This context presents a large potential to
introduce PV technology in irrigated agriculture.
For India alone, it is estimated that farms operate
26 million diesel and electric pumps.

Photovoltaic powered irrigation is a technically
mature option, even though it is not yet very
widespread. From a technical point of view,
photovoltaic water pumping can be integrated
into most irrigation concepts. Water abstraction
from ground or surface water sources is techni-
cally feasible even where large pumping heads and
large conveyance quantities must be handled. PV
pumps can also be employed to pressurise closed
irrigation systems including centre pivots. On the
side of pump manufacturers, technology develop-
ment is far advanced and the market can provide a
suitable pumping solution for almost any require-
ment and condition. This includes the integration
of PV pumps into hybrid systems.

Limits upon a meaningful and feasible applica-
tion of PV technology in irrigation result from
agronomic and financial viability aspects. In
contrast to public water supply, water pumping for
irrigation has to follow an economic rationale —

a farmer is an entrepreneur, no matter how small
his landholding may be. The main considerations
of a farm household are always production (food)
security and the generation of income, hence
maximisation of production and minimisation of
fixed and variable production costs. Promotion
efforts have to take these limits into account and
must proceed from an understanding that the
utilisation of PV technology requires high initial
capital investment and technological know-how
for system design and development.

Photovoltaic water pumping in irrigation is
currently largely promoted by subsidising the
technology in order to be an attractive alternative
for the farmer. Subsidisation, however, should
not result in non-adherence to principles of
economic feasibility — for example, solar-powered
water lifting from a deep borehole should not be
employed to irrigate low yielding oilseeds in tradi-
tional basins, as can be observed in India. In this
case, the costs and benefits are in no meaningful
relation to each other but the equation is neglected
due to subsidisation.



Based on the analysis presented in this report,
photovoltaic water pumping in irrigation can be
best utilised in the following contexts:

= Surface irrigation: Water abstraction from
surface water resources (rivers, lakes) or shal-
low groundwater resources and injection into
primary canals for onward water distribution;

= Drip irrigation: Water abstraction from sur-
face or groundwater resources and (i) injection
into storage facilities, (ii) direct injection into
a pressurised system or (iii) injection from a
storage facility into a pressurised system.

Water pumping with PV pumps from deep
groundwater resources (or lifting from surface
water resources up-hill with a large head) for
water-intensive surface irrigation is not a feasible
option due to the required dimensions of the PV
generator and pump. Likewise, water pumping
from groundwater or surface water resources for
pressure-demanding sprinkler irrigation is not a
viable option.

PV pumps have the comparative disadvantage
that their performance is correlated to the level
of radiation or rather the yield in solar energy
that can be supplied to the pump. A PV pump is
hence always sized larger than alternative diesel
or grid-fed electric pump solutions —a PV pump
must achieve an adequate performance related to
irrigation needs even in the low-radiation periods
of the day (morning/afternoon). This need for
larger sizing usually results in over-capacity in the
high-radiation periods of the day (noon).

Cost-efficient and viable operation of PV pumps
inirrigation can be achieved if a number of prin-

ciples are observed:

=> Water-saving irrigation methods should be
employed in order to reduce water pumping
requirements — the most appropriate irriga-
tion method in this sense is drip irrigation in
low-pressure systems < 4 bars;

=» Intermediate water storage tanks/basins
(covered storage is to be preferred to avoid
evaporation losses) should be integrated into
the design of a Solar Powered Irrigation Sys-
tem (SPIS) — in particular in areas with deep
aquifers — to create a low-head water source
and create water autonomy for periods with
low radiation; elevated storage tanks/basins
that can provide onward gravity flow into the
(low-pressure) network are ideal;

=» Direct injection drip irrigation system designs
should only be considered for smallholdings
under the condition that the entire irrigated
area can be irrigated at least once a day on any
given day during the vegetation period;

= Irrigation systems with PV water abstrac-
tion and conveyance should be sub-divided
into irrigation blocks adapted to the specific
pumping performance to enable irrigation
rotation between blocks (to avoid excessive
over-dimensioning of the pumping system);

=» PV water pumping should only be considered
for high-value crops with excellent market
prospects in order to recover the high initial
investment;

=» PV water pumps should not be used as
back-up system to conventional pumping
solutions, as their financial viability depends
on a high utilisation rate with as little as
possible additional operational expenses — if
a decision is made to employ a PV pumping
system, the PV pump(s) should become the
primary pumping component;

= System design should incorporate flow and
pressure requirements for filter and fertigation
system components, even if their integration
is not immediately planned;

=» Every water pumping installation should be
equipped with a monitoring device (at least a

water flow meter, ideally also pressure gauge).
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PV-based water abstraction and conveyance has

a number of positive ecological effects, notably
due to the low carbon footprint of the technology,
the avoidance of emissions and the reduction of
groundwater contamination risks. With regard

to the sustainable utilisation of water resources,
PV-based pumping solutions can have a wide-
spread positive effect if planned in a meaningful
way. The daily operational window of a solar-pow-
ered pump is up to 60 % narrower than that of

a pump driven by conventional energy sources,
which suggests introducing modern, water-saving
micro-irrigation approaches to counter this limi-
tation. This, combined with the fact that excessive
over-sizing of PV pumps and the establishment

of large water storage capacities result in financial
non-viability in almost all cases (except for green-
field development), presents a barrier to excessive

employment of the technology.

Experience gained in planningand designing
SPIS shows that almost no system — not even
existing turn-key solutions — is planned in such

a way that system capacity is oriented towards

the specific farmer’s requirement and the avail-
able water resources. Most SPIS are designed

and planned in a fragmented way: Water source,
PV generator/pump and irrigation system, and
subsequently also cropping patterns and irrigation
management are seldom harmonised and often do
not match. This creates system inefficiencies that
may influence production and/or gross margins
negatively. In some cases, this may result in system
failures and/or inherent financial non-viability,

in particular when the PV generator/pump is
significantly over- or under-sized or when network
design does not allow for appropriate irrigation
management. In severe cases, this may also result
in unsustainable exploitation of water resources.
Based on the representative SPIS visited dur-

ing this study, it has to be assumed that only a
minority of systems is designed by considering
actual water availability and groundwater recharge
— farmers and system developers often have no
knowledge of the capacities of their specific water

resources.

A key demand and recommendation flowing
from this report is adherence to water governance
and integrated planning when designing and
developing an SPIS, no matter what size. Plan-
ning an SPIS is a complex exercise that requires

a significant level of knowledge and skills. These
requirements often exceed the capacity and possi-
bilities of an individual farmer and an individual
extension worker or advisor. It must be assured
that all components are adjusted to each other to
the maximum possible extent. A promotion and
planning manual is needed to provide practical

orientation.

Further promotion of productive use of water in
agriculture and beyond requires accompanying
measures in support of sustainable water resource
management and water governance. This can-
not be regulated by market principles. It rather
requires the establishment of water resource
management capacities, awareness creation and

capacity development.

A counter-productive instrument in this regard

is the availability of unconditional subsidies.
Besides altering the economic parameters of an
SPIS as mentioned above, there are environmental
concerns. As long as PV-based pumping solutions
are subsidised to a large extent without demand-
ing strict adherence to water availability and water
utilisation monitoring, water-saving irrigation
technologies and limitation of water storage, the
risk of unsustainable utilisation of the technology
will prevail in view of widespread concerns about
over-pumping.

Key barriers to alarger degree of SPIS develop-
ment today include up-front investment costs and
the technical know-how for site-adapted design
and development. Professional services for instal-
lation and maintenance are available to a growing
extent. The development of operational skills for
SPIS is manageable as long as system developers
document the systems in an appropriate way and
provide training to their clients. Key to an indi-
vidual system’s sustainability and success is the
adaptation of the agricultural production process.
Here, agricultural extension and information ser-
vices need to develop their capacities in line with
the demands arising from SPIS.



Suitable financing products catering for the
specific needs of SPIS development (high initial
capital needs, no additional collateral options,
long repayment periods) are key to the dissemi-
nation of the technology. Good examples like in
India and Morocco show that loan financing is
an option, even though it may require special risk

management.

The main opportunities related to solar powered
irrigation include:

= A large untapped market potential;

= Rural electrification in developing countries
continues and PV water pumps present a good
off-grid alternative (possibly involving feed-in
tariffs for surplus energy);

= SPIS open up opportunities with respect to
agricultural productivity;

= Collective use of SPIS (group or cooperative
schemes) may help overcome current financ-
ing hurdles;

= DV systems can reduce electricity costs and
problems of unreliable power supply;

= As the PV market develops locally, it will
create employment opportunities;

= There is scope for innovation and improve-
ment.

The main risks for the promotion of SPIS include:

=> PV systems are falsely perceived as being too
expensive and are hence not considered as a
technical option;

=» No affordable financing services for PV sys-
tems are available yet;

=» Fluctuating oil prices may create a favoura-
ble environment for conventional pumping
systems;

=» 'The use of grants and subsidies could under-
mine the long-term sustainability of SPIS
dissemination;

=> A low awareness of technological SPIS options
prevails, particularly in the agricultural sector
in developing countries;

=» The deployment of SPIS is not accompanied
by durability measures which ensure that
water for irrigation is used in a sustainable
manner;

=» Low quality and false use of SPIS can
undermine its reputation regarding technical
reliability and credibility;

=» Risks such as theft can negatively influence
the decision-making of the farmer.
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1 Overview of irrigation technologies
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You can find a brief overview

of the suitability of different
irrigation methods for PV pump-
ing on the SPIS Toolbox Module
GET INFORMED - Irrigation
System on Energypedia.

Water is the most important input for plant
growth in agricultural production. Irrigation is
the controlled application of water for agricultural
purposes through manmade systems to supply
water requirements not satisfied by rainfall. Crop
irrigation is vital throughout the world in order
to provide the world’s ever-growing population
with enough food (USGS 2016). Irrigation can be
defined as replenishment of soil water storage in
the plant root zone through methods other than
natural precipitation. Irrigation water is brought
to cultivated land through artificial means, such
as pipes, hoses or ditches. The irrigated land
usually contains crops, grass or vegetation which
would not receive enough water from rainfall or
other natural sources. Sometimes the reason to
irrigate a portion of land is that it happens to be
a dry season with less-than-average amounts of
rainfall, or it might be necessary to do so because
the land would never receive enough water on its
own to be fertile. The water used for irrigation
might be taken from nearby lakes, reservoirs,
rivers or wells (Hall n.d.).

Water application for irrigation is confined in time
and space, satisfying the water requirements of

a crop at a given time of its vegetative cycle or to
bring the soil to the desired moisture level outside
the vegetative cycle. The irrigation of a field
includes one watering or more per season based on
the specific water requirements of the cultivated

crop (ICID n.d.).

Sources of irrigation water can be groundwater
extracted from springs or by using borings or
wells, flood water spreading, surface water with-
drawn from the flow of a stream, lake or reservoir
or non-conventional sources like treated waste-
water, desalinated water or drainage water. With
regard to wastewater, it has to be stressed that
around 90 % of wastewater/efluents produced
globally remain inadequately treated, causing
widespread water pollution, especially in low-in-
come countries. Agriculture is increasingly using
untreated wastewater as a source of irrigation
water, in particular in peri-urban areas of water-

scarce countries (ICID n.d.; UN Water 2015).

The water quality used for irrigation influences the
yield and quantity of crops, maintenance of soil
productivity, and protection of the environment.
For example, the physical and mechanical prop-
erties of the soil, in particular the soil structure
(stability of aggregates) and permeability are very
sensitive to the type of exchangeable ions present
in irrigation waters (ICID n.d.).


https://energypedia.info/wiki/SPIS_Toolbox_-_Irrigation_System
https://energypedia.info/wiki/SPIS_Toolbox_-_Irrigation_System

1.1 General Types of Irrigation

You can find an overview of the different irrigation methods and considerations
to take before choosing one in the SPIS Toolbox
Module IRRIGATE - Select Field Irrigation on Energypedia.

There are various methods that can be used => Surface irrigation;

for irrigation (starting from simple watering of => Sprinkler irrigation;

plants), and each method needs an experienced =» Drip irrigation.

farmer to determine the quantities of water to

apply and the timing of the irrigation. The three The suitability of the various irrigation methods,
commonly used modern irrigation methods will i.e. surface, sprinkler or drip irrigation depends on

be briefly recalled in the following;:

a number of factors including:

Table 1.1: Factors determining the suitability of irrigation methods

Factors Parameters

Natural Soil Type
Conditions

Sandy soils have a low water storage capacity and a high infiltration rate. They therefore
need frequent but small irrigation applications, in particular when the sandy soil is also
shallow. Under these circumstances, sprinkler or drip irrigation are more suitable than
surface irrigation. On loam or clay soils all three irrigation methods can be used, but sur-
face irrigation is more commonly found. Clay soils with low infiltration rates are ideally
suited to surface irrigation.

When a variety of different soil types is found within one irrigation scheme, sprinkler or
drip irrigation are recommended as they will ensure a more even water distribution.

Slope

Sprinkler or drip irrigation are preferred above surface irrigation on steeper or unevenly
sloping lands as they require little or no land levelling. An exception is rice grown on
terraces on sloping lands.

Climate

Strong wind can disturb the spraying of water from sprinklers. Under very windy condi-
tions, drip or surface irrigation methods are preferred. In areas of supplementary irriga-
tion, sprinkler or drip irrigation may be more suitable than surface irrigation because of
their flexibility and adaptability to varying irrigation demands on the farm.

Water
Availability

Water application efficiency is generally higher with sprinkler and drip irrigation than
surface irrigation and so these methods are preferred when water is in short supply.
However, it must be remembered that efficiency is just as much a function of the irrigator
as the method used.

Water
Quality

Surface irrigation is preferred if the irrigation water contains much sediment. The sedi-
ments may clog the drip or sprinkler irrigation systems.

If the irrigation water contains dissolved salts, drip irrigation is particularly suitable, as
less water is applied to the soil than with surface methods.

Sprinkler systems are more efficient that surface irrigation methods in leaching out salts.

Type of Crop Surface irrigation can be used for all types of crops. Sprinkler and drip irrigation, because of their high ca-

pital investment per ha, are mostly used for high value cash crops, such as vegetables and fruit trees. They
are seldom used for the lower value staple crops.

Drip irrigation is suited for irrigating individual plants, trees or row crops such as vegetables and sugarcane.
It is not suitable for close growing crops (e.g. rice).
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Factors

Parameters

Type of
Technology

The type of technology affects the choice of irrigation method. In general, drip and sprinkler irrigation are
technically more complicated methods. The purchase of equipment requires high capital investment per ha.
To maintain the equipment a high level of ‘know-how’' has to be available. Also, a regular supply of fuel and
spare parts must be maintained which - together with the purchase of equipment - may require foreign
currency.

Surface irrigation systems - in particular small-scale schemes - usually require less sophisticated equip-
ment for both construction and maintenance (unless pumps are used). The equipment needed is often easier
to maintain and less dependent on the availability of foreign currency.

Previous
Experience
with Irrigation

The choice of an irrigation method also depends on the irrigation tradition within the region or country. Intro-
ducing a previously unknown method may lead to unexpected complications. It is not certain that the farmers
will accept the new method. The servicing of the equipment may be problematic and the costs may be high
compared to the benefits.

It is often considered easier to improve a traditional irrigation method than to introduce a totally new me-
thod.

Required
Labour Input

Surface irrigation often requires a much higher labour input - for construction, operation and maintenance -
than sprinkler or drip irrigation. Surface irrigation requires accurate land levelling, regular maintenance and
a high level of farmers’ organization to operate the system. Sprinkler and drip irrigation require little land
levelling; system operation and maintenance are less labour intensive.

Costs
and Benefits

Before choosing an irrigation method, an estimate must be made of the costs and benefits of the available
options. On the cost side not only the construction and installation, but also the operation and maintenan-
ce (per ha) should be taken into account. These costs should then be compared with the expected benefits
(yields). It is obvious that farmers will only be interested in implementing a certain method if they consider
it economically attractive. Cost/benefit analysis is, however, beyond the scope of this manual.

Capital
Requirements
and Availability

28

The specific capital requirements for investments and operation of an irrigation system depend on the irriga-
tion method. Sprinkler and drip irrigation systems require a high initial investment that can only be repaid by
a multi-annual return on the production. Investment into these systems usually requires existing correspon-
ding capital resources or the availability of suitable financing products (including subsidies).

Based on Brouwer et al. 1989b

Worldwide, there are approx. 3.1 million km? of In the case of steep or irregular slopes, soils with
land available for irrigation purposes, while only a very high infiltration rate or scarcity of water,
approx. 2.6 million km? are utilised (Renner sprinkler and drip irrigation may be more appro-
2012). With about 95 % share of total irrigation priate (Brouwer et al. 1989b). In 2012, according
worldwide, surface irrigation is by far the most to FAO data, approx. 86 % of the world’s irrigated
widespread irrigation method. Surface irrigation area was under surface irrigation (280 million ha),
is normally used when conditions are favourable: 11 % was under sprinkler irrigation (35 million
mild and regular slopes, soil type with medium ha) and only 3 % under localized irrigation (9 mil-
to low infiltration rate, and a sufficient supply of lion ha) as a primary distribution method. At least
surface or groundwater (Brouwer et al. 1989b). 111 million ha equipped for irrigation use a pump
(FAO, AQUASTAT, 2014).



The distribution of sprinkler irrigated area by
region in 2006 was:

Americas 13.3 million ha
Europe 10.1 million ha
Asia 6.8 million ha
Africa 1.9 million ha
Oceania 0.9 million ha

Y i d

The top ten sprinkler irrigated countries were USA,
Russia, China, India, France, Brazil, Italy, Spain,
Saudi Arabia and Ukraine. These countries together
made up 75 % of the total sprinkler-irrigated area.

1.1.1 Surface Irrigation

Surface irrigation is the application of water by
gravity flow to the surface of the field. Either the
entire field is flooded (basin irrigation) or the
water is fed into small channels (furrows) or strips

of land (borders) (Brouwer et al., 1989b).

Surface irrigation is widely utilised and therefore a
well-known system which can be operated without
any high-tech applications. “In general, it is more
labour-intensive than other irrigation methods.
Proper design of surface irrigation systems takes
into account the soil type (texture and infiltration
rate), slope and levelness of the field, stream size,
and length of run. It is generally more difficult

to obtain high uniformity of water distribution

in long fields on coarse textured soils (gravel and
sands) than on fine textured soils (loams to clay).
Levelling the fields and building the water ditches
and reservoirs might be expensive, but once this

is done, costs are low and self-help capacity is very

high.” (Stauffer & Spuhler).

Basin Irrigation

Basins are flat areas of land, surrounded by low
bunds. The bunds prevent the water from flowing
to the adjacent fields. Basin irrigation is com-
monly used for rice (paddy) grown on flat lands or
in terraces on hillsides. Trees (e.g. citrus, banana)
can also be grown in basins, where one tree is usu-
ally located in the middle of a small basin. Other
crops which are suited to basin irrigation include:

The highest coverage of drip irrigation is found in
the Americas (1.9 million ha) followed by Europe
and Asia (1.8 million ha each), Africa (0.4 million
ha) and Oceania (0.2 million ha). The top ten
countries in 2016 were USA, Spain, India, China,
Italy, Brazil, South Africa, Russia, Mexico and
Saudi Arabia. These countries made up 77 % of
the total drip-irrigated area of the world. In five
countries — Austria, Israel, Libya, Slovak Republic
and United Kingdom — irrigation is accomplished

solely through pressurised systems (Kulkarni et al.

9/13/2000).

= DPastures, e.g. alfalfa, clover;
= Broadcast crops, e.g. cereals;
=» Row crops such as tobacco to some extent.

Figure 1.1: Paddy cultivation in an irrigated basin, China
Source: GIZ / Guenay Ulutungok, 2005

Basin irrigation is generally not suited to crops
which cannot stand in wet or waterlogged con-
ditions for periods longer than 24 hours. These
are usually root and tuber crops such as potatoes,
cassava, beet and carrots which require loose,
well-drained soils (Brouwer et al., 1989b).

//29



The soil types suitable for basin irrigation depend
on the cultivated crop. A distinction has to be
made between rice and non-rice or other crops.
Paddy rice is best grown on clayey soils which are
almost impermeable, as percolation losses are then
low. Rice could also be grown on sandy soils but
percolation losses will be high unless a high water
table can be maintained. Such conditions some-
times occur in valley bottoms. Although most
other crops can be grown on clays, loamy soils
are preferred for basin irrigation so that water-
logging (permanent saturation of the soil) can be
avoided. Coarse sands are not recommended for
basin irrigation as, due to the high infiltration
rate, percolation losses can be high. Soils which
form a hard crust when dry (capping) are also not

suitable (ibid.).

Furrow Irrigation

Furrows are small channels which carry water
down the slope between the crop rows. Water
infiltrates into the soil as it moves along the slope.
The crop is usually grown on the ridges between
the furrows. This method is suitable for all row
crops and for crops that cannot stand in water for
long periods (e.g. 12-24 hours). Irrigation water
flows from a field channel into the furrows by
opening up the bank of the channel (breach), or
by means of siphons or spiles' (ibid.).

1 Siphons are small curved pipes that deliver water over
a ditch bank. Spiles are small pipes buried in the ditch
bank.

To manage irrigation with the traditional breach
system, the farmer has to open and close the
embankment of the water-conveying channel.

This is the most common method of releasing
water from a channel, but it can also be the most
damaging. Not only is it difficult to control the
discharge, but there can be serious erosion of the
channel embankment. If other more controllable
methods are available, then these should be used in
preference. Breaches can be most easily controlled
on clay soils which do not erode easily. On sandy
and loamy soils cutting a breach may cause serious
erosion and leakage problems. In this case, it is bet-
ter to use siphons or spiles (Brouwer et al., 1989b).

For siphons and spiles to work properly, the water
level in the farm channel must be higher than

in the field furrow. When the water level in the
farm channel is much higher than in the field, the
outlet from the siphon or spile may be above the
water level in the field (free discharge). When the
water level in the farm channel is lower, then the
outlet may be below the field water level (drowned
discharge). Both modes of operation are acceptable.
The discharge through siphons and spiles depends
on the diameter of the pipe and the hydraulic head:

= For free discharge, the head is the difference
between the water level in the farm channel
and the outlet from the pipe;

= For drowned or submerged discharge, the
head is the difference between the water level
in the farm channel and in the field.

The discharge can be adjusted by a change in pipe

diameter or a change in the head (ibid.).

Figure 1.2: Water conveyance into furrows - breaches, siphons and spiles

Adapted from FAO / Brouwer et al, 1989b



Border Irrigation
Borders are long, sloping strips of land separated
by bunds. They are sometimes called border strips.

Irrigation water can be fed to the border in several
ways: opening up the channel bank using small
outlets or gates or by means of siphons or spiles.

A sheet of water flows down the slope of the
border, guided by the bunds on either side (see
Figure 1.2). When the desired amount of water
has been delivered to the border, the stream

is turned off. This may occur before the water

has reached the end of the border. There are no
specific rules controlling this decision. However,
if the flow is stopped too soon, there may not

be enough water in the border to complete the
irrigation at the far end. If it is left running for too
long, the water may run off the end of the border
and be lost in the drainage system (ibid.).

Border irrigation is best suited to the larger
mechanised farms as it is designed to produce long

uninterrupted field lengths for ease of machine

UL

Figure 1.3: Layout of border irrigation

operations. Borders can be up to 800 m or more in
length and 3-30 m wide depending on a variety of
factors. Border irrigation is less suited to small-
scale farms involving hand labour or animal-pow-
ered cultivation methods (ibid.).

Border slopes should be uniform, with a min-
imum slope of 0.05 % to provide adequate
drainage and a maximum slope of 2.0 % to limit
problems of soil erosion. Deep homogenous loam
or clay soils with medium infiltration rates are
preferred. On heavy clay soils, border irrigation
may cause problems because of the low infiltration
rates (basin irrigation is more suited on these soil
types). Close growing crops such as pasture or

alfalfa are preferred (ibid.).

The surface irrigation approaches introduced above
can be further sub-divided according to the specific
characteristic and shape of the underlying land
preparation. Furrows or border strips can be level
or graded or follow contour lines; they can also be
laid out in zigzag patterns to reduce flow rates.

UL

Adapted from FAQ / Brouwer et

1983b
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Table 1.2: Advantages and disadvantages of level and graded surface irrigation
Land Preparation System

Level Surface Irrigation

Level surface irrigation means that water is
ponded on an enclosed level field and allowed to
infiltrate in basins, borders, or furrows. Graded
surface irrigation means that water is fed into the

Advantages

> Irrigation management is easy and does not

high end of a field and is allowed to run slowly to

the low end. The advantages and disadvantages of
these land preparation characteristics are summa-
rised below:

Disadvantages

> Requires level land to achieve high efficien-

require modern technology and can largely
build on local traditional knowledge

> Adapts well to small land holdings and does
not require high financial input

> Adapts easily to flat topography and can fun-
ction without outlet drainage facilities

> Works well with short-term water supplies

> Irrigation allows full utilization of rainwater
and can achieve high application efficiencies

> Adapts well to moderate to low infiltration

cies (maximum land elevation fluctuation
should not be greater than half the applied
irrigation depth)

Soils with high infiltration rates require small
field sizes, which interfere with mechanization

Difficult to apply small irrigation quantities
and to evacuate excess water, particularly
during times of excess rainfall

Plants are partly covered with water
sometimes over extended periods
(in low infiltration rate soils)

rates and allows easy leaching of salts

> Small basins require extensive delivery chan-
nels and are not easily adaptable to tractor
mechanization

Graded Surface Irrigation > Requires low capital and energy costs

> Allows irrigation on sloping land
(as is found in many irrigated areas)

small flows
high infiltration rates

> Field drainage of excess water is made
possible

Based on Conradin et al. 2010; Walker 1989
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A special and rarely used approach is subsur-

face irrigation: Water is directed to the subsoil
(crop root zone) in the area to be irrigated. The
water is used to artificially control the ground-
water table, and is normally delivered through

> Allows irrigation of long fields with relatively

> |s applicable to soils with moderate to fairly

> A high degree of management and water
control is required to achieve high irrigation
efficiencies

> High irrigation efficiencies require uniformly
graded and shaped land

> With moderate to slow infiltration rates, long
irrigation times are required (irrigation time
must be close to the required infiltration
opportunity time)

> Except for soils with high infiltration rates, a
drainage outlet must be available from every
field to dispose of tail water and rainwater

» Labour intensive

perforated pipes buried in the ground. In some
Latin American countries, porous clay pots are
buried in the ground and filled with water that
slowly seeps into the subsoil to moisten the roots
of crops.



1.1.2 Sprinkler Irrigation

Sprinkler irrigation is a method of providing
rainfall-like irrigation to the crops. Water is
distributed through a system of pipes, usually by
pumping. Spray heads at the outlets distribute the
water over the entire soil surface.

A typical sprinkler irrigation system consists of
the following components:

Pump unit;
Mainline (and sometimes sub-mainlines);
Lateral lines;

D R 2R 2

Sprinklers.

The pump unit is usually a centrifugal pump,
which takes water from the source and provides
adequate pressure for delivery into the pipe system
(Brouwer et al. 1989b).

Mainline and sub-mainline pipes deliver water
from the pump to lateral pipes. In some cases these
pipelines are permanent and are laid on the soil
surface or buried below ground. In other cases they
are temporary, and can be moved from field to
field. Pipe materials used are mainly PVC- and cor-
rugated-iron-based today, but asbestos cement or
aluminium alloy materials are also in use. The lat-
erals deliver water from mainlines or sub-mainlines

to the sprinklers. They can be permanent, but more
often they are portable and made of aluminium
alloy or PVC in order to be moved easily (ibid.).

There are different types of sprinkler heads in use,
depending on irrigation purpose and plot size:

Rotor-type sprinklers operate by rotating streams
of water over the surface. They include impact

and gear-drive sprinklers producing streams of
water and spray nozzles that discharge water on
the whole wetted pattern at all times. Impact or
gear-drive sprinklers can accommodate only full
or part circle application patterns. Since each
sprinkler covers a large area (typically 12 m head-
to-head spacing), they are used on larger plot sizes.

An impact sprinkler is mounted on a bearing
that allows the entire sprinkler body to spin in
circles. It is rotated by the impact of a swinging
arm repeatedly striking the body of the sprinkler,
causing it to rotate slightly each time. Cam drive
or ball drive sprinklers are also impact sprinklers,
but the impact is caused by either a cam or a ball
bearing inside the body of the sprinkler. With ball
and cam drive rotors only the nozzle moves. Ball
and cam drive sprinklers are no longer present on
the market, but may be still in use.

Figure 1.4: Example of impact sprinkler heads from India

Source: AUTOMAT INDUSTRIES PVT. LTD, 2015



Figure 1.5: Examples of gear-drive sprinkler heads

Source: Alupus, 2011, licensed under CC BY-SA 3.0

il

Figure 1.6: Example of a centre pivot sprinkler irrigation system
Source: Scott Bauer, USDA Agricultural Research Service, 2004
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Source: unknown, picture from pxhere.com,

free of copyrights under Creative Commons CCO

As impact sprinklers tend not to rotate in a
uniform manner, they are replaced by gear-driven
rotors on the market. As with cam and ball drives,
only the nozzle on a gear-driven sprinkler head
moves. The water moving through the sprinkler
spins a turbine, which turns a set of gears, which
again turn the nozzle. These gear-drive rotors have
one or more streams of water rotating. In agri-
cultural irrigation, these sprinklers are usually in
operation on very large plot sizes. They require a
higher input pressure.

Centre pivot irrigation is a form of overhead
sprinkler irrigation consisting of several segments
of pipe mounted on wheeled towers with sprin-
klers positioned along its length. The usually
self-propelled structure moves in a circular pattern
and is fed with water from the pivot point at the
centre of the circle. The amount of water applied
is controlled by the speed of rotation. Centre
pivots can be adjusted to any crop height and are
particularly suited for lighter soils. With a com-
puterised control system, the operator is able to
program many features for the irrigation process.
Furthermore, it is possible to install a corner
attachment system (also called ‘end-gun’) which
allows irrigation of corner areas missed out by
conventional centre pivot systems.

A linear move (also called lateral move) irrigation
system is built the same way as a centre pivot; the
main difference is that all the towers move at the



Figure 1.7: Example of a linear irrigation project, Keudell Farm, Marion County Source: Tracy Robillard (NRCS), 2019,

same speed and in the same direction. Water is
pumped into one of the ends or into the centre

(Stauffer & Spuhler, 2019a).

A travelling big gun system uses a large capacity
nozzle and high pressure to throw water out over
the crop as it is pulled through an alley in the

field. Travelling big guns come in two main con-
figurations: hard-hose or flexible-hose feed. With
the hard-hose system, a hard polyethylene hose is

via flickr.com, licensed under CC BY-ND 2.0

wrapped on a reel mounted on a trailer. The trailer
is anchored at the end or centre of the field. The
gun is connected to the end of the hose and is
pulled towards the trailer. The gun is pulled across
the field by the hose winding up on the reel. With
the flexible-hose system, the gun is mounted on a
four-wheel cart. Water is supplied to the gun by

a flexible hose from the main line. A cable winch
pulls the cart through the field towards the cart
(Stauffer & Spuhler, 2019a).

Figure 1.8: Example of a travelling big gun irrigation system from the USA Source: Cadman Power Equipment, 2013
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Figure 1.9: Example of a side roll sprinkler irrigation system from the USA
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A side roll (also called wheel roll) system consists
of long lateral pipes mounted on 1 to 3 m wheels
in diameter and the pipe serving as an axle. When
the desired amount of water has been applied to
an area, a gasoline engine at the centre is used

to move the side roll to the next. The sprinklers
are generally mounted on weighted, swivelling
connectors so that no matter where the side roll

is stopped, the sprinklers will always be on top
(Stauffer & Spuhler, 2019a).

Due to high capital investment, centre pivots,
linear moves, travelling big guns and side roll sys-
tems are used in high-value crops such as potatoes
and vegetables. A higher level of expert knowledge
is necessary to carry out irrigation with these
systems, even though the labour requirement is
relatively low due to automation. Motors, water
supply pipes/hoses and all mechanical compo-
nents have to be maintained systematically to
avoid damage and high repair costs.

Sprinklers provide efficient coverage for small to
large areas. Sprinkler irrigation is suited for most
row, field and tree crops and water can be sprayed
over or under the crop canopy. However, large
sprinklers are not recommended for irrigation of

Source: Wade Rain Irrigation Systems /
Chase Berrier, 2015

delicate crops such as lettuce because the large
water drops produced by the sprinklers may dam-
age the crop (Brouwer et al. 1989b).

Sprinkler irrigation is adaptable to any farmable
slope, whether uniform or undulating. Lateral
pipes supplying water to the sprinklers should
always be laid out along the land contour when-
ever possible to minimise the pressure changes at
the sprinklers and provide a uniform irrigation. A
good clean supply of water, free of suspended sed-
iments, is required to avoid problems of sprinkler
nozzle blockage and spoiling the crop by coating it
with sediment. The pump supply system, sprin-
klers and operating conditions must be designed
to enable a uniform application of water (ibid.).

Sprinkler irrigation can also be adapted to nearly
all irrigable soils since sprinklers are available
with a variety of discharge capacities. However,
sprinklers are best suited to sandy soils with high
infilcration rates. The average application rate
from the sprinklers (in mm/hour) is always chosen
to be less than the basic infiltration rate of the soil
so that inundation/flooding and runoff can be
avoided. Sprinklers are not suitable for soils which
easily form a crust (ibid.).



1.1.3 Drip Irrigation

Drip irrigation, also referred to as micro-irri-
gation, trickle irrigation or localised irrigation,
involves dripping water onto the soil at very low
rates (2-20 1/hour) from a system of small diame-
ter plastic pipes fitted with outlets called emitters
or drippers. Water is applied close to plants so
that only the part of the soil in which the roots
grow is wetted, unlike surface and sprinkler
irrigation, which involves wetting the entire soil
profile. With drip irrigation, applications are
more frequent (usually every 1-3 days) than with
other methods, thereby providing a favourable

high moisture level in the soil for the plant (ibid.).

As long as the application rate is below the soil’s
infiltration capacity, the soil remains unsaturated

and no free water stands or runs over the surface

(Hillel 1997).

A typical drip irrigation system consists of the
following components:

Pump unit;

Control head;

Mainlines and sub-mainlines;
Lateral lines;

I iy

Emitters or drippers
(Brouwer et al. 1989b).

The system may include additional features, such

as reservoir tanks, filters and fertigation devices.

Emitters ’ > 4

N Irrigation pipes
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/', Pressure gage y

Manifold or header
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Figure 1.10: Typical layout of drip irrigation
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Adapted from USDA
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The pump unit takes water from the source and
provides the right pressure for delivery into the
pipe system.

The control head consists of valves to control the
discharge and pressure in the entire system. It may
also have filters to clear the water. Common types
of filter include screen filters and graded sand
filters that remove fine material suspended in the
water. Some control head units contain a fertiliser
or nutrient tank. These slowly add a measured
dose of fertiliser into the water during irrigation.
This is one of the major advantages of drip irriga-
tion over other methods (Brouwer et al. 1989b)

Mainlines, sub-mainlines and lateral lines supply
water from the control head into the fields. They
are usually made of PVC or polyethylene hose and
should be buried below ground because they easily
degrade when exposed to direct solar radiation
(ibid.). Water distribution to the plants is effected
through lateral lines hosting the specific drip
devices or emitters. In principle, there are two
types of drip irrigation:

= Sub-surface drip irrigation:
Water is applied below the soil surface;
= Surface drip irrigation:
Water is applied directly to the soil surface.

Sub-surface irrigation is a more sophisticated and
hence expensive and rare method, which employs
narrow plastic tubes of about 2 cm diameter.
These are buried in the soil at a depth between

20 and 50 cm, deep enough so as not to interfere
with normal tillage or traffic. The tubes are either
porous throughout, or are fitted with regularly
spaced emitters or perforations. If porous, the
tubes exude water along their entire length. If
fitted with emitters, they release water only at spe-
cific points. The released water spreads or diffuses
in the soil. The pattern of wetting depends on the
properties of the surrounding soil, as well as on
the length of the interval between adjacent emit-

ters and their discharge rates (Hillel 1997).

A potential problem with this technology is that
the narrow orifices of the emitters may get clogged
by roots, particles, algae or precipitating salts.
Such clogging is difficult to detect when the tubes
are placed over the surface in above-ground drip
irrigation. Occasionally injecting an acidic or
herbicidal solution into the tubes may help to clear

Figure 1.11: Example of subsurface irrigation drip line
Source: SISTEMA AZUD, SA & USDA

some types of clogging, though the problem may
recur periodically. Slit sections of plastic tubes
may also be used to cover the emitter and thus
inhibit clogging by roots without substantially
reducing discharge (ibid.).

In underground drip irrigation, the delivery

of water in the feeder tubes can be constant or
intermittent. For uniformity of application,

there should be some means of pressure control.

If the lines are long or the land is sloping, there
can be considerable differences in the hydraulic
pressure and therefore in delivery rate, unless
pressure-compensated emitters are used. However,
such emitters tend to be expensive (Hillel 1997).

Experiences from Israel, California, Spain and
elsewhere have shown that this method of sub-
surface irrigation is feasible in plantations of fruit
trees and other perennial row crops. It may also be
applicable to annual crops grown in regular beds
when high maintenance intensity can be assured
(ibid.). The employment of modern subsurface



drip irrigation technology in developing countries
is rare and is often not feasible due to unfavoura-
ble framework conditions.

Surface drip irrigation is much more common and
uses a very large range of drip emitter devices. Lat-
eral lines, supplied from a field main, are laid on the
surface. They are commonly 10 to 25 mm in diam-
eter and are either perforated or fitted with special
emitters. The latter are designed to drip water on
the soil at a controlled rate, ranging from 1 to 10 I/
hour per emitter. The operating water pressure is
usually in the range of 0.5 to 2.5 atmospheres. This
pressure is dissipated by friction in flow through the
narrow passages or orifices of the emitters, so the
water emerges at atmospheric pressure in the form
of drops rather than a jet or spray (ibid.).

Emitters or drippers are devices used to control
the discharge of water from the lateral to the
plants. They are usually spaced more than 1 m
apart with one or more emitters used for a single
plant such as a tree. For row crops more closely
spaced emitters may be used to wet a strip of

soil. Many different emitter designs have been
produced in recent years; there are hundreds of
different emitter designs on the market. The basis
of design is to produce an emitter that will provide

Figure 1.12: Patterns of soil wetting under drip irrigation

a specified constant discharge that does not vary
much with pressure changes, and does not block
easily (Brouwer et al. 1989b).

Commercial emitters are either in-line (spliced
into the lateral supply tubes), or on-line (plugged
on to the tubes through a hole punched into the
tubing wall). Commercial emitters are usually pre-
calibrated to discharge at a constant rate of 2, 4, 8
or 16 I/hour. The discharge rate is always affected
by changes in pressure, but less so in the case of
pressure-compensated emitters. The frequency
and duration of each irrigation period are con-
trolled by means of a manual valve or a program-
mable automatic valve assembly. Metering valves
are designed to shut the flow automatically after a
pre-set volume of water is applied (Hillel 1997).

Irrigation water tends to spread sideways and
downwards in the soil from the point where it is
dripped. The fraction of the soil’s total volume
that is actually wetted depends on the density of
the drip points (the grid) as well as on the rate of
application and the internal water-spreading prop-
erties of the soil. The wetted zone, and hence the
active rooting volume, is usually less than half of
what would be the normal root zone if the entire
soil were wetted uniformly (ibid.).

Adapted from FAQ / Hillel, 1997



Under frequent drip, the wetted portion of the
soil is maintained in a continuously moist state,
though the soil is unsaturated and therefore well
aerated. This creates a uniquely favourable soil
moisture regime. Drip irrigation thus offers a dis-
tinct advantage over flood irrigation and also over
less-frequent sprinkler irrigation, especially for
sandy soils of low moisture storage capacity and
in arid climates of high evaporative demand. In
contrast to sprinkler irrigation, drip irrigation is
practically unaffected by wind conditions. Com-
pared to surface irrigation, it is less affected by soil
texture, topography or surface roughness (ibid.).

Types of Drip Irrigation Emitters

Emitters (also referred to as ‘drippers’) are classified
into groups based on their design type and the
method they use to regulate pressure. Emitters are
installed on the pipe and act as small throttles,
assuring that a uniform rate of flow is emitted. Some
are built into the pipe or tubing, others attach to

it using a barb or threads. The emitter reduces and
regulates the amount of water discharged.

Figure 1.13: Drip irrigation pipes with mounted (on-line) emitter
Source: Jeff Vanuga/ USDA Natural Resources Conservation Service /
Public Domain, 2011
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Drip irrigation emitters are offered in two basic
categories: Pressure compensating and non-pres-
sure compensating. Generally speaking, all drip
irrigation emitters are pressure compensating to
some degree and most are designed to work best at
1.5 to 2.0 bars of pressure (Stryker 1997).

Pressure compensating (PC) emitters are
designed to discharge water at a very uniform rate
under a very wide range of water pressures; they
give the same flow under varying input pressure
and landscape conditions. PC emitters are best
used on plots that have drops in elevation which
then cause an increase in pressure. For pressure
compensation, diaphragm type emitters are
employed — a silicone diaphragm inside the emit-

ter flexes to regulate water output.

Non-pressure compensating emitters output
varies with changes in elevation and pressure. As
pressure increases, the drip emitter emits more
flow. These drip emitters are best used where

the landscape terrain is flat and level with very
little elevation changes and consistent pressure.
Non-pressure compensating emitters use an inter-
nal labyrinth design to reduce the velocity in the
flow of water over a very short distance.

In response to the vulnerability of emitters to
clogging (due to particles transported with the
irrigation water), some drip irrigation emitters are
built with a self-flushing (self-cleaning) mecha-
nism reducing the clogging risk. These are usually
PC diaphragm or turbulent flow emitter types.


https://photogallery.nrcs.usda.gov/res/sites/photogallery/

Table 1.3: Main types of surface drip irrigation emitters

Type of Emitter Description

Long-Flow Path
Emitters

Water is rooted through a very long, narrow passage or tube. The small diameter and great length of this
path reduces the water pressure and creates a more uniform flow. A typical long-path emitter has a long
water path that circles around and around a barrel shaped core. Long path emitters tend to be fairly large
in size due to the need to fit the long tube in.

Soaker Hose,
Porous Pipe,
Drip Tape,

Laser Tubing

Soaker hose, porous pipe, drip tape, and laser tubing are various adaptations of the “extremely small hole
in a pipe” type of drip system. They only have very small holes drilled (usually using a laser) into a tube, or
are made from materials that create porous tubing walls that the water can slowly leak out of. The advan-
tage is their very low cost. The disadvantage is that the tiny holes are very easily clogged, especially with
hard water containing lots of minerals, and for some products watering uniformity can be uneven. These
types of systems are most often used in systems with portable irrigation (tubes are removed and thrown
away or recycled at the end of each growing season).

Short-Flow Path
Emitters

Similar to the long path emitters with a shorter and smaller water path. Advantages: Low costs and
operating on very low-pressure systems, such as gravity flow drip systems fed by water from rain barrels.
Disadvantages: Clogging up easily and poor water distribution uniformity compared to other emitter types.

Tortuous-Path
or Turbulent-Flow
Emitters

Water runs through a path similar to the long path type, but the path has sharp turns and obstacles in it.
These turns and obstacles result in turbulence in the water, which reduces the flow and pressure. By using
the tortuous path the emitter water passages can have a shorter length and larger diameter.

Vortex Emitters

Water runs through a vortex (whirlpool) to reduce the flow and pressure. The pressure drops at the centre
of a vortex. By swirling the water around the outlet hole a drop in pressure and a lower flow through the
hole is caused. Vortex emitters are small in size (about the size of a large pea) and inexpensive, but they
clog up easily.

Diaphragm
Emitters

A flexible diaphragm is used to reduce the flow and pressure. All models use some type of flexible part
that moves or stretches to restrict or increase the water flow. Very accurate in controlling the flow and
pressure than the previous types, but wearing out after some time.

Adjustable Flow

Adjustable flow emitters have an adjustable flow rate. Typically the emitter has a dial that you turn to

Emitters change the flow rate. The design of most of these is very similar to the short-flow path emitter. Adjustable
flow emitters tend to vary greatly in flow and have little pressure compensation.

Dripline, Drip line, dripper line and other variations on that name are used to describe a drip tube with facto-

Dripperline ry preinstalled emitters on it. Often the emitters are actually moulded inside the tubing and all that is

Drip irrigation is most suitable for row crops (veg-
etables, soft fruit), tree and vine crops where one
or more emitters can be provided for each plant.

visible on the outside is a hole for the water to come out. The emitters are typically the tortuous-path or
diaphragm type, but may be other types as well. The emitters are uniformly spaced along the tube; often
several different spacing options are available. The primary advantage of drip line is ease of installation
due to the preinstalled emitters.

Source: Authors

laid along the contour. This is done to minimise
changes in emitter discharge as a result of land
elevation changes.

Generally only high-value crops are considered

because of the high capital costs of installing a

drip system.

It is adaptable to any farmable slope. Normally,
the crop would be planted along contour lines
and the water supply pipes (laterals) would be

Drip irrigation is also suitable for most soils. On
clay soils, water must be applied slowly to avoid
surface water ponding and runoff. On sandy soils,
higher emitter discharge rates will be needed to
ensure adequate lateral wetting of the soil (Brou-
wer et al. 1989b).
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One of the main problems with drip irrigation is
blockage of the emitters. All emitters have very
small waterways ranging from 0.2-2.0 mm in
diameter and these can become blocked if the
water is not clean. Thus it is essential for irrigation
water to be free of sediments. If this is not the
case, then filtration of the irrigation water will

Dripper

Dripper

Adapted from FAQ / Hillel, 1997

be needed. Blockage/clogging may also occur if
the water contains algae, fertiliser deposits and
dissolved chemicals which precipitate (e.g. calcium
and iron). Filtration may remove some of the mate-
rials but the problem may be complex to solve and
requires an experienced engineer or consultation
with the equipment dealer (Brouwer et al. 1989b).



1.1.4 Comparison of Sprinkler and Drip Irrigation

Advantages and disadvantages of sprinkler irrigation and drip irrigation systems are summarised in Table 1.4:

Table 1.4: Advantages and disadvantages of sprinkler and drip irrigation systems

Irrigation System  Advantages Disadvantages

Sprinkler » Expansive land levelling or terracing is not > High initial capital costs (investment in equip-

Irrigation

required

No loss of cultivable area due to channel
construction

Suitable for almost all soil types

Water saving irrigation intensity can be changed
in accordance with the infiltration capacity of soil
and crop water requirements

High efficiency due to uniform water distribution,
crop water management can be adapted to growth
stage and conditions

Possibility of adding fertilizers or pesticides to
irrigation water in an economic way

Possibility of irrigating for other purposes: sprou-
ting, frost protection or cooling during hot periods

Lower labour requirements as compared to traditi-
onal surface irrigation approaches

ment - sprinklers and pipes) and high operation
costs due to energy requirements for pumping and
labour costs

Sensitivity to wind, causing evaporation losses
(under high wind condition and high temperature
distribution and application efficiency is poor)

Unavoidable wetting of foliage in field crops
results in increased sensitivity to diseases

Highly saline water (>7 millimhos/cm) causes leaf
burning when temperature is higher than 35°C

Debris and sediments in irrigation water can cause
clogging of sprinkler nozzles

Drip Irrigation

Extensive land levelling and bunding is not
required

Irrigation water can be used at a maximum
efficiency level and water losses can be reduced
to a minimum

Soil conditions can be taken into account to a
maximum extent and soil erosion risk due to irri-
gation water impact can be reduced to a minimum

Fertilizer and nutrients can be used with high
efficiency; as water is applied locally and leaching
is reduced, fertilizer/nutrient loss is minimized
(reduced risk of groundwater contamination)

Weed growth is reduced as water and nutrients
are supplied only to the cultivated plant

Positive impact on seed germination and yield
development

Low operational costs due to reduced labour
requirement, in particular energy cost can be
reduced as drip irrigation is operated with lower
pressure than other irrigation methods

High initial investment requirements

Regular capital requirement for replacement of
drip irrigation equipment on the surface (damage
due to movement of equipment, UV-radiation)

Drip irrigation emitters are vulnerable to clogging
and dysfunction (water filters required, regular
flushing of pipe system)

High skill requirements for irrigation water
management in order to achieve optimal water
distribution

Soil salinity hazard

Based on Brouwer et al. 1989b

/ 43



Nelson Irrigation Corporation

1.1.5 Micro-Sprinkler Irrigation

Micro-sprinkler irrigation systems are a cross-
over between conventional sprinkler irrigation
technology and the more water efficient drip
irrigation. These systems are usually referred to

as mini-sprinkler and micro-spray systems. They
deliver water under pressure by an emitter which
is connected to a lateral pipe. There is generally
one lateral pipe per row and these are connected to
a sub-mainline (Goodwin 2010).

These systems are commonly employed on smaller
orchards to irrigate tree crops. They are not
suitable for larger plots due to the high capital and
labour requirements.

Emitters available are commonly known as
micro-sprinklers, micro-jets, mini-jets, mini-
sprays and spray-jets. Such terms are best under-
stood by realising that a sprinkler uses a moving
part to distribute the water, while a jet or spray
has no moving part but rather interferes with the
water stream to cause it to be distributed over an

area (ibid.).

Almost all above-mentioned emitters operate on
pressures as low as 0.75 bar up to 4.0 bars. Their
usual operating range is between 1.0 and 1.5 bars
due to pumping cost considerations. Commer-

Figure 1.15: Examples of micro-sprinkler devices

cially available emitters discharge water at rates
from 20 to 200 l/hour. This wide range allows
the selection of an emitter to suit the particular
requirements of irrigation frequency and soil type

(ibid.).

There are as many patterns of water distribution as
there are emitters. For this reason, it is essential in
the design of the irrigation system to be familiar
with the various types of emitters. Most of the
spray or jet emitters apply water over small areas
(diameters of 2 m) within which are localised
areas receiving much heavier applications. Conse-
quently, it is important that the areas receiving the
bulk of the water are in the vicinity of the plant
roots. Mini-sprinklers generally apply water over

a larger area (diameters from 4-10 m) and, apart
from an area near the emitter which receives more
water, the water is uniformly distributed. Such
emitters can be used for a wide range of crops and
planting distances. Application rates can vary
from 2 to 50 I/hour. Many mini-sprinklers apply
water at an average rate of 2 to 5 l/hour (Goodwin
2010).

As these emitters discharge water at a greater
rate than most drip emitters, the piping has to
be larger. Furthermore, most mini-sprinkler and

Source: GIZ / Kilian Blumenthal, 2016



micro-spray emitters do not compensate the flow
rate in response to a variation in pressure. This
leads to increased cost of the system. By increas-
ing the pressure the variation in flow rate can be
reduced and systems can be designed with smaller
pipe sizes, minimising the capital cost. However,
the running cost will increase proportionally with
increase in pressure (ibid.).

Because mini-sprinkler and micro-spray emitters
use orifices of diameters of 1 mm or more, block-
ages caused by silt sized particles or algae should
not occur as frequently as with drip irrigation.
However, filtration is still required since plant
fibre in the water is very often of 1 mm size and
can become lodged in the orifice (ibid.).

The main difference between mini-sprinkler/
micro-spray systems and drip systems of irrigation
is the wetting of a larger soil volume by the spray

or jet emitters. This occurs by virtue of the water
being distributed over a larger area of soil; drip
systems apply water to one point and rely on the
soil properties for distribution of the water. The
wetting of a larger surface of soil is important on
sandy soils where little lateral movement occurs
within the soil, and also on some clay soils where
cracking of the soil is severe (ibid.).

All forms of micro-irrigation offer advantages over
conventional sprinklers by applying water to each
plant individually along the line where the con-
centration of roots is the highest. Compared with
sprinklers, there is considerably less evaporation
because less of the soil surface is wetted ( ibid.).

Systems usually work on the principle of one
mini-sprinkler per tree (or two trees in case of
close plantings), plus hilled-up tree-lines for maxi-
mum root growth and surface drainage.

1.2 Modern Water-Saving Irrigation Solutions

You can find an overview of
considerations to make about
water management before
planning your irrigation design
in the SPIS Toolbox Module
IRRIGATE - Irrigation Efficiency
Tips on Energypedia.

It is imperative to save water to achieve higher
productivity per unit of water consumed and to
provide water for the environment. However,

low commodity prices do not necessarily allow
investment in higher technologies, largely owing
to government subsidies and international market
competition (RAP 2000).

Technical options for a more efficient use of avail-

able water supply for irrigation include:

= Adoption of on-farm water-saving methods
(from soil water monitoring to pressurised irri-

gation systems) to improve water productivity;

=» Reducing conveyance losses in the water
delivery systems through canal lining and
piping;

=» Matching water-saving investments with
higher value cropping systems;

=» Removing salinity constraints from farm to
regional levels through efficient leaching of
soils;

= Promoting sustainable multiple use of water

(ibid.).

The relative economic and environmental mer-
its of adopting water-saving options for overall
water saving and water productivity are largely
unknown due to a lack of integration of exist-
ing data sets (RAP 2006). In principle, it would
be required to identify water-saving options by
adopting a system approach for accounting for all
surface water and groundwater uses, losses and
interactions at the catchment, irrigation area and

farm levels.
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The individual farmer is primarily concerned with
efficiency at farm level. Ultimately, these consider-
ations have an impact on the irrigation and catch-
ment area. Investment decisions, however, are not
based on these latter impacts unless prescribed by
legal and regulatory frameworks. Reflections in
the stocktaking and analysis study are limited to

farm level.

Numerous studies from the irrigation research
sector (in developing and developed countries)
reveal that conventional irrigation methods for
food crops are characterised by net crop water
requirements (NCWR) well below the actual
irrigation application. There are usually also
major differences between the minimum and

maximum crop yields, as well as the overall

1.2.1 Cropping Pattern Requirements

You can read more about the
different crop revenues

in the SPIS Toolbox Module
DESIGN - Analyze Agricultural
Production Options.

On-farm technology changes resulting in water
savings have a significant impact on the individual
farm’s management. This may include, but not
necessarily cause, changes in the specific cropping

patterns.

In the first place, water-saving should result

in secured and/or increased yield levels of the
prevailing crops. If irrigation water availability
was in deficit prior to the change in technology,
for example, the saved quantities of water may
not allow any intensification and/or expansion
of cropping. In extreme cases, it may also be that
water savings are still not sufficient to sustain the
current crop rotation and intensity.

In most parts of the world, cropping patterns
depend largely upon irrigation facilities. Wherever
water is available, not only can a different crop

be grown but even double or triple cropping will
be possible. When new irrigation facilities are
provided, the whole method of cultivation may

amount of water consumed and the NCWR.
These findings suggest that there is a potential
to increase farm profitability at a range of levels,
which include:

= Better matching of soils and groundwater
conditions with cropping systems;

= Improving irrigation efficiency;

= Increasing crop yields by removing the man-

agement, nutrient and salinity constraints

(ibid.).

On-farm irrigation technology conversions can
provide potential water savings ranging from 10
to 50 % depending on the system and the crop
if on-farm surface irrigation methods can be
replaced with pressurised irrigation systems.

Use the SAFEGUARD WATER -
Water Resource Management
Checklist Tool on Energypedia.

change. However, there are many factors outside
of the availability of irrigation water that influence
the choice of crops, their rotation and the crop-
ping intensity on farm level:

= Dhysical characteristics (soil, climate, environ-
mental hazards, etc.);

= Availability and ownership/tenure of arable
land;

=» Farm size;

=» Subsistence needs of the farm household and

market access for cash crops;

Market dynamics for cash crops;

Education and skill level of the farmer;

2R 2R 2

Availability of farm labour and level of mech-
anisation;

= Availability of inputs (seeds, fertiliser, plant
protection products, etc.);

Access to capital/financing and subsidies;

L 2R 2

Legislative and administrative policies.
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If traditional considerations are neglected, eco-
nomic motivation is the most important factor for
determining cropping patterns. Basically any farm
household strives to employ its resources (this
includes irrigation water as a farm input) with the
objective to achieve the best economic outcome,
be it subsistence food security or income from
market sales of agricultural products.

The assessment of irrigation potential, based on
soil and water resources, can only be done by

simultaneously assessing irrigation water require-

ments (IWR) (Hillel 1997).

Net irrigation water requirement (NIWR) is the
quantity of water necessary for crop growth. It is
expressed in mm/yr or in m>ha per year (1 mm
=1 1/m? = 10 m®ha). It depends on the cropping
pattern and the climate. Information on irriga-
tion efficiency is necessary to be able to transform
NIWR into gross irrigation water requirement
(GIWR), which is the quantity of water to be
applied in reality, taking into account water losses.
Multiplying GIWR by the area that is suitable
for irrigation gives the total water requirement for

that area (Hillel 1997).

Each crop has its own specific water requirements.
NIWRs in a specific scheme or on a specific plot
for a given period of time are thus the sum of indi-
vidual crop water requirements (CWR) calculated
for each irrigated crop. Multiple cropping (several
cropping periods per year) has to be taken into
account by computing crop water requirements

for each crop (Frenken 1997).

Calculation of crop water requirements

Find a brief overview about crop
water requirements and different
software tools for calculation in
the SPIS Toolbox Module DESIGN
- Determine Water Requirements
and Availability on Energypedia.

Crop water requirements for a given crop depend
on the prevailing local reference evapotranspi-
ration (ET) representing the environmental
demand in a given location. This value represents
the evapotranspiration rate of a short green crop
(grass) completely shading the ground, of uniform
height and with adequate water status in the soil
profile. It is a reflection of the energy available

Figure 1.16: Calculating crop evapotranspiration (ETc)

. grass
climate
reference
e
Radiation
Temperature +
Wind speed
Humidity
well watered
grass
K, factor

ET,

A

well watered crop &
optimal agronomic conditions

K, x K, adjusted ETC adj

ET, xA:‘

water &
environmental stress

Adapted from FAQ/Allen et al, 1998
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to evaporate water, and of the wind available to
transport the water vapour from the ground up
into the lower atmosphere (Pond et al. 2009).

A crop coefhicient relates crop water use at a
particular development stage of a specific crop to
the amount of evapotranspiration (ET) calcu-
lated from weather data: ETcrop = Kc x ET,,
Crop coeflicients vary between crops and growth
stages which reflect the changing characteristics
of a plant over the growing season. Crop type
and growth stages are major factors influencing
the crop coeflicient. As the crop grows, ground
cover, crop height and leaf area change (Brouwer,

Heibloem 1986).

The difference between the CWR of different
crops can be significant and is also subject to var-
iation between different locations as the local ET
values differ. Traditional food crops such as sor-
ghum, millet, wheat and other cereals are usually
at the lower end of the table, whereas fodder and
tree crops have much higher requirements. Table
1.5 gives an example of three locations in Morocco
for the main local crops:

The figures illustrate that higher value market
crops have usually higher water requirements as
compared to traditional cereal crops. As long as
the crop water requirements are not satisfied from
rainfall or from water flowing directly to the field
without additional effort required, irrigation water
would have to be actively extracted from a source
and conveyed to the field, thereby causing opera-
tional expenditure.

As outlined in section 1.1.1, traditional surface
irrigation methods are only suitable for some
crops. Basin irrigation is suitable for fodder pro-
duction, cereals including paddy and maize and
leguminous crops, but is not suitable for vegeta-
bles and other cash crops with higher sensitivity
to waterlogging, which require furrow irrigation,
which again is not a feasible solution for broadcast
crops (cereals, leguminous crops).

High crop water requirements of high-value
crops also force the farm manager to consider
the efficiency of available irrigation methods
(see section 1.2.2 below) due to the operational
expenditure related to water extraction and
conveyance. Introducing sprinkler irrigation to

Table 1.5: Crop water requirements at different locations in Morocco

CWR Aoulouz CWR Yacoub CWR Afenssou
(Souss-Massa) (Souss-Massa) (Haut Atlas)
(m*/ha) (m*/ha) (m*/ha)

Durum Wheat 2,825 2,655 -
Wheat 2,678 2,505 3,524
Barley 2,643 2,470 3,487
Maize 5,129 5,057 5,454
Vegetables (Winter) - -—- 3,272
Vegetables (Spring) 4,678 4,555 4,698
Vegetables (Summer) 2,632 2,514 -
Broad Bean -—- -—- 2,748
Lucerne 10,066 9,674 9,414
Olive Plantation * 5,662 5,198 3,091
Almond Plantation * 5,144 4,681 2,248
Other Tree Crops * 6,327 5,896 3,250

* Stocking rate: 100 plants/ha

Source: Authors



cereal and fodder production (except for paddy) is
a technically feasible option and would result in
water savings due to the higher application effi-
ciency. It may, however, be not a viable option if
the incremental benefit of the production is lower
than the additional investment costs and opera-
tional expenses linked to the establishment and

running of a sprinkler irrigation system.

High-value tree and vegetable crops, floriculture
and other special cultivations usually have high
requirements in terms of the conditions they are
cultivated in:

= High water demand throughout the vege-
tation period with high sensitivity to water
stress (drought and waterlogging);

High nutrition requirements;

Sensitivity to siltation;

v d

Sensitivity to splash water.

1.2.2 Efficiency and Durability

Irrigation Principles.

The term irrigation efficiency is used to express
the percentage of irrigation water actually used
by the cultivated crop. Each irrigation system
has its particular scheme efficiency depending
on the water losses in its primary, secondary and
lateral components. The scheme irrigation effi-
ciency (in %) is that part of the water pumped or
diverted through the scheme inlet, which is used
effectively by the plants. It can be sub-divided
into:

= Conveyance efficiency, which represents
the efficiency of water transport in canals or
pipes;

= Field application efficiency, which represents
the efficiency of water application in the field
(Brouwer et al., 1989a).

Conveyance efficiency mainly depends on the
length of the canals, the soil type or permeability
of the canal banks and the condition of the canals

These parameters influence the choice of irriga-
tion system. Modern agriculture with high-value
crops is increasingly turning towards micro-irri-
gation methods as these systems have the highest
efficiency and accuracy in water distribution and
offer optimal plant management conditions.

From a different perspective, once a farm manager
has opted for a modern micro-irrigation system
and invested accordingly, the induced capital and
operational expenditure requires the production
of high-value market crops with an increased
intensity. This may require the farm household to
change its cropping patterns radically over time
based on actual market dynamics.

Use the SPIS Toolbox DESIGN Pump Sizing Tool on Energypedia to identify leaks and
pressure losses and make your system more efficient. Read more about Irrigation
Efficiency and Crop Water Requirement in the Module GET INFORMED - OVERVIEW:

(surface irrigation) — or on the type and length of
the pipelines used in pressurised systems. Natu-
rally, the risk of water losses in canal systems is
very high (evaporation, seepage/infiltration etc.),
whereas in modern pressurised systems this risk
tends to be minimal as the water is distributed in
a closed pipeline system. Pressurised irrigation
systems have the potential to avoid the water loss
related to surface irrigation, thereby increasing
irrigation efficiency from 45—60 % in open surface
irrigation schemes to 75-95 % in closed pressur-
ised irrigation systems.

In terms of irrigation water usage, field applica-
tion efficiency is highest with modern drip irriga-
tion methods, where 90 % of the supplied water
is actually used by the plant. Sprinkler irrigation
systems achieve a field application efficiency

of 75 %, whereas surface irrigation approaches
(furrow, basin, and border) achieve not more than
60 % field application efficiency.

49


https://energypedia.info/wiki/SPIS_Toolbox_-_Irrigation_Principles
https://energypedia.info/wiki/SPIS_Toolbox_-_Irrigation_Principles

// 50

Table 1.6: Typical efficiencies of irrigation application systems

Application System Irrigation Efficiency

Drip Systems 90 %
Micro Sprinkler Systems 80 %
Permanent Sprinkler Systems 75%
Moving Sprinkler Systems 80%
Movable Quick Coupling Sprinkler Systems 70%
Travelling Sprinkler Systems 65%
Surface Irrigation Systems (Piped Supply) 80%
Surface Irrigation Systems (Earth Channel Supply) 60 %

Please note that the actual measured efficien-
cies can vary widely from the typical values
shown in Table 1.6 due to conditions