
Irrigation and Drainage 
Engineering
(Soil Water Regime Management)

(ENV-549, A.Y. 2025-26)
4ETCS, Master option

Prof. Paolo Perona
Platform of Hydraulic Constructions

Lecture 1-1: Introduction, 
history of irrigation and 
irrigation methods



General infos

Discipline: Environmental Engineering

Language: English

Session: Winter

Semester: Fall

Exam type: Oral

Workload: 120 h

Weeks: 14

Hours week: 4 h(Tuesday 12:15 – 16:00)
 Course: 2 h
 Exercises: 2 h (7 weeks)
 Project: 2 h (5 weeks, including 

      presentation, TBD)



Instructors

Course Organizer and Instructor
Prof. Dr. Paolo Perona

Assistant (Class exercises)
Yahel Eliyahu-Yakir

Assistant (Course project)
Dr. Giulio Calvani

paolo.perona@epfl.ch yahel.eliyahu-yakir@epfl.ch giulio.calvani@epfl.ch 

Office: GC A3 515
Tel. 021-6935710

Office: GC A3 474
Tel. 021-6936532

Office: GC A3 505
Tel. 021-6932838

mailto:paolo.perona@epfl.ch
mailto:yahel.eliyahu-yakir@epfl.ch
mailto:emmanuel.dubois@epfl.ch


Summary and learning map
This course is a prime about 

Soil Water Regime Management

The course aims at teaching the fundamentals of 
both irrigation and drainage techniques with 
particular attention to the soil water balance and 
related management, the materials, the 
construction methods as well as the 
environmental impacts and sustainability criteria 
of both practices.

L1. 
Introduction, 

history of 
irrigation, 

roots and soil

L2. Plant 
water needs 
and network 

design

L3. Open 
channel flow 

hydraulics
(Review). 

Canals design 

L4-5.
Gravity 

irrigation and 
control 

infrastructure

L6-7.
Sprinkler and 

micro 
irrigation 

L8-9.
Impacts of 

irrigation and 
drainage

L10--11.
Drainage 

principles and 
techniques

L12-13. 
Drainage 
materials, 

practice and 
impact 

L14.
WRAP-UP and 

exam 
questions

Irrigation Drainage



Irrigation and drainage engineering
1st Part:        Irrigation concepts, methods and techniques

Date Time Lecture topic Delivery date Who

12:15 - 13:00 IDE-L1-1 - Introduction, history and methods
13:15 - 14:00 IDE-L1-2 - Overview of plant roots
14:15 - 15:00 IDE-L1-3 - Elements of soil physics and water quality
15:15 - 16:00 Presentation Exercises and Project

12:15 - 13:00 IDE-L2-1 - Determination of plant water needs
13:15 - 14:00 IDE-L2.2 - Irrigation network conceptual design
14:15 - 15:00
15:15 - 16:00 22.09.25 YY

12:15 - 13:00 IDE-L3.1 - Gravity irrigation: hydraulic review + canals
13:15 - 14:00 IDE-L3.2 - Gravity irrigation: conveyance and design
14:15 - 15:00
15:15 - 16:00

12:15 - 13:00 IDE-L4.1 - Gravity - embankments and lining
13:15 - 14:00 IDE-L4.2 - Gravity - upstream control and regulation
14:15 - 15:00
15:15 - 16:00

12:15 - 13:00 IDE-L5.1 - Gravity - distribution plus security
13:15 - 14:00 IDE-L5.2. Gravity (plot redistribution) - plus visit to the flume campus
14:15 - 15:00
15:15 - 16:00

12:15 - 13:00 IDE-L6.1 - Sprinkler: basic principles
13:15 - 14:00 IDE-L6.2 - Sprinkler: hydraulic design and pumping
14:15 - 15:00
15:15 - 16:00

12:15 - 13:00 IDE-L7.1 - Sprinkler: techniques and frost fighting
13:15 - 14:00 IDE-L7.2 - Micro irrigation 1
14:15 - 15:00
15:15 - 16:00

12:15 - 13:00 IDE-L8.1 - Micro and subsoil irrigation
13:15 - 14:00 IDE-L8.2 - impact of irrigation 1
14:15 - 15:00
15:15 - 16:00

PP

29.09.25

06.10.25

13.10.25

28.10.24

04.11.24

GC

YY
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YY

PP

IDE - Exercise 5 - Sprinkler: aqueduct + sprinkler system (2 exs)

YY

YY

PP

GC

YY

PP

PP

YY

6

07.10.25

14.10.25

28.10.25

04.11.25

7

8

IDE - Exercise 4 - Gravity irrigation: infrastructures design, bottom 
opening + inverse siphon (2 exs)

PP

Free to wrap up

IDE - Exercise 6 - Curved pipe anchorage +microirrigation (2 exs)

1

2

3

5

4

09.09.25

16.09.25

23.09.25
IDE-Exercise 2: gravity irrigation basic study + canal (2 exs)

30.09.25
IDE - Exercise 3: gravity irrigation: sizing weirs and canals (2 exs)

IDE-Exercise 1: rainfall analysis & water needs (1 ex)



2nd Part:        Drainage of Agricultural soils
12:15 - 13:00 IDE-L8.1 - Micro and subsoil irrigation
13:15 - 14:00 IDE-L8.2 - impact of irrigation 1
14:15 - 15:00
15:15 - 16:00
12:15 - 13:00 IDE-L9.1 - Impact of Irrigation 2
13:15 - 14:00 IDE-L9.2 - Drainage 1
14:15 - 15:00
15:15 - 16:00
12:15 - 13:00 IDE-L10.1 - Drainage 2 09.12.24
13:15 - 14:00 IDE-L10.2 - Drainage 3
14:15 - 15:00
15:15 - 16:00
12:15 - 13:00
13:15 - 14:00
14:15 - 15:00 IDE-L11.1 - Drainage 4 PP
15:15 - 16:00 Guest lecture ER
12:15 - 13:00 IDE-L12.1 - Drainage 5
13:15 - 14:00 IDE-L12.2 - Drainage: materials
14:15 - 15:00
15:15 - 16:00
12:15 - 13:00 IDE-L13.1 - Drainage: impact
13:15 - 14:00 IDE-L13.2 - Regenerative agriculture
14:15 - 15:00
15:15 - 16:00
12:15 - 13:00 IDE-L14 - Conclusive Guest lecture VN
13:15 - 14:00 IDE-L14 - Wrap up and oral exam questions discussion PP
14:15 - 15:00
15:15 - 16:00

09.12.24

09.12.24

09.12.24

GC

GC

PP

GCCourse Project 4

PP

GC

PP

YY

PP,GC,YY

PP

YYIDE - Exercise 7 Drainage Haute-Broye and draining trench (2 exs)

Project presentations (TBD) and closure

16.12.24

12

13

04.11.258
PP

Free to wrap up

Course Project 1
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02.12.25

09.12.25

16.12.25

9

10

25.11.2511

11.11.25

18.11.25
Course Project 2

Course Project 3



Learning objectives and transversal skills

LEARNING OBJECTIVES

• Judge the problematics following water both 
scarcity and excess

• Elaborate adequate solutions
• Sketch both irrigation and drainage setups
• Model basic physical aspects of irrigation and 

drainage schemes

TRANSVERSAL SKILLS

• Set objectives and design an action plan to 
reach those objectives.

• Use a work methodology appropriate to the 
task.

• Take feedback (critique) and respond in an 
appropriate manner.



Teaching method and student activities
Lectures: Ex cathedra, with 
audiovisual means and board 
complementary 
explanations/derivations 

Exercises: 7 Assignements (2 exs/each)
work in class/home (free)
delivery dates 1 week after ex.

Responsible: Yahel Eliyahu-Yakir

Project: Conceptual development of 
irrigation and drainage 
solution in the ambit of the 
EIRA project 

Responsible: Dr Giulio Calvani

Instructor and Course 
Organizer
Prof. Paolo Perona



Assessment methods

40% Homework (Exercise 20%; Project 20%)

60% Oral exam

• Exercises and project are compulsory in order to access
the final exam

• The exam is only oral, but with handwritten answers to
the Instructor‘s questions

• In general, 3 questions, sampled by the student
randomly from three pots (difficult, medium, easy)

• The exam lasts 30 min. The official language
(lectures+exam) is English. 



Material

Book Book Journal



Enjoy the course, the semester and…remember…

EPFL has great locations where to relax!



Irrigation and Drainage Engineering (ENV-549)



History of irrigation (from Waller and Ytayew, 2016)

Irrigation proceeded together with civilization and strongly feedback on it

6000 B.C.  Ubaid and Sumerians (Ancient Mesopotamia)

Formed civilization and invented intensive irrigation

1% population working in irrigated farms feeds the 
rest living in large cities

1750 B.C.  Hammurabi Babylonian king
“When Anu and Bel (gods) gave me the land of Sumer and 
Akkad to rule,... I dug out the Hammurabi-canal named Nuhus-
nisi. Both the banks thereof I changed to fields for cultivation, 
and I garnered piles of grain, and I procured unfailing water for 
the land. As for the land of Sumer and Akkad, I collected the 
scattered peoples thereof, and I procured food and drink for 
them. In abundance and plenty I pastured them, and I caused 
them to dwell in peaceful habitation. ” Sumerian city with canal and surrounding farms (Credit 

Mariah Dunn, University of Arizona) 

The artificial supply of water to crops to supplement natural rainfall; the aim is to 
create favorable conditions for production, in terms of both quantity and quality.



Egyptians learned the practice of intensive agriculture from the Sumerians and 
the periodic floodings of the Nile River

3300-1300 B.C. Indus Valley Civilization became the largest in the ancient 
  world (up to 5M people). Prolonged severe drought caused 

 civilization collaps around 1800 B.C.

  Today the Indus River Irrigation system provides water to 
  about 16.2 Mha àlargest irrigation system of the world

1600 – 1400 B.C. The native americans Hohokam used water for irrigation 
  purposes and to flourish à destroyed by an extended 
  drought around the thirteen century B.C.

250 B.C.  Chinese engineer Zheng-Guo used Yellow River waters 
  to irrigate 80000 ha in Qin Province. Today the  
  Dujianyan diversion system irrigates 5300 km2 (530000 ha)



Con il contributo scientifico di

Il ruolo della Martesana
The Role of the Martesana

Nel 1457 il duca Francesco Sforza ordina la
costruzione di un canale sul fronte est del
Ducato, in posizione simmetrica al Naviglio
Grande, per condurre a Milano le acque
dell’Adda.  
Scavato nella roccia di ceppo lungo l’argine
destro del fiume, il Naviglio della Martesana
viene costruito sotto la direzione di Bertola da
Novate in soli 7 anni (1457-1463).

[…] facendo il canal di Martigiana (Martesana) e si
diminuisce l’acqua all’Adda la quale è distribuita in
molti paesi al servitio de prati”.

In 1457, the duke Francesco Sforza ordered the
construction of a canal on the east side of the duchy, in
symmetry with the Naviglio Grande, to bring the waters
of the Adda to Milan. Excavated from the base rock along
the right bank of the river, the Martesana Canal was
constructed by Bertola da Novate in just 7 years (1457-
1463).

“[…] when the Martesana Canal was made, this diminished the
waters of the Adda, which are now distributed throughout many
villages, in service of the fields.”

Dal Castello di Trezzo sull’Adda le acque
derivate dal fiume raggiungevano Cassano
d’Adda e, voltate verso Milano, confluivano nel
Seveso che all’ora incrementava la portata delle
acque del fossato di Milano.

From Castello di Trezzo on the Adda, the river waters
make their way to Cassano d’Adda, turn toward Milan,
and flow into the Seveso, increasing the volume of the
waters in the moats around Milan.

il CODICE di eonardo da vinci nel castello sforzescol

Leonardo da Vinci, L’Adda e la
Martesana tra Vaprio e Trezzo, 
RL 12398, Windsor, Royal Library

The Adda and the Martesana,
between Vaprio and Trezzo, from
Leonardo da Vinci, 
RL 12398, Windsor, Royal Librar

Il territorio tra Adda e Brembo,
XVIII sec, Venezia, 
Archivio di Stato

The territory between the Adda
and Brembo, 13th century,
Venice, Archivio di Stato

The Adda and the 
Martesana
Between Vaprio and 
Trezzo. L. DaVinci

The land between 
the Adda and 
Brembo

34

obiettivo sicurezza

SPECIALE ACQUA
inferiore, manovrabile dall’alzaia, per diminuire o 
aumentare la portata dell’acqua. Ci sono tracce sto-
riche di un suo contributo al perfezionamento del 
manufatto nell’ambito dei progetti redatti per lo svi-
luppo di Milano ed in particolare per la connessione 
del Naviglio della Martesana con la cerchia d’acqua 
interna alla città, opera a cui certamente Leonardo 
lavorò perfezionando ulteriormente i sostegni pree-
sistenti secondo l’impianto che lui stesso concepì e 
che rimarrà invariato sino ai giorni nostri. 

Con la connessione fra Naviglio della Martesana 
e Cerchia Interna, il ruolo del porto di Milano si 
trasforma, da scalo-capo-linea a scalo di transito di 
tutto il sistema dei navigli milanesi collegante i due 
grandi laghi lombardi (il lago di Como ed il lago 
Maggiore) con il Po ed il mare. All’interno di questo 
sistema acquista nuova importanza la Conca di Via-
renna - di cui si interessò anche Leonardo Da Vinci 
durante la sua prima permanenza a Milano (1482-
1499) - elemento di congiunzione fra il Naviglio 
Interno e il laghetto di Sant’Eustorgio, il piccolo 
porto ove arrivano le merci del Naviglio Grande e 
di Bereguardo. 

Le grandi realizzazioni del secolo XV e della pri-
ma metà del XVI, forse il periodo in cui l’idraulica 
pratica aveva raggiunto il suo massimo sviluppo, si 
concludono proprio nel milanese, con la sistema-
zione e l’ampliamento della Darsena e la ricostru-
zione della Conca di Viarenna, resesi entrambe ne-
cessarie in occasione della costruzione del nuovo 
sistema di fortificazioni voluto dal governo spagno-
lo. Il nuovo tracciato dei bastioni in corrispondenza 
della zona di porta Ticinese a Milano si sovrappo-
neva infatti alla preesistente Conca di Viarenna e 
si rendeva pertanto necessario lo spostamento 
del manufatto in un’altra località. La Fabbrica del 
Duomo, proprietaria a tutti gli effetti della conca, fu 
incaricata, per ordine del governo spagnolo, della 
sua ricostruzione, realizzata fra il 1551 e il 1558 
nella attuale posizione.

Soltanto dopo l’unione dei due Navigli e la rico-
struzione della conca si perfezionava definitivamen-
te il sistema della navigazione interna in Milano, la 
cui configurazione rimarrà praticamente invariata 
per più di quattro secoli, fino alla sua copertura. 

Nel 1805 Napoleone completò la costruzio-
ne del Naviglio Pavese che da Milano si estende 
fino alla città di Pavia per 33 chilometri; il naviglio 
costeggia Binasco col suo massiccio Castello Vi-
sconteo e la Certosa di Pavia del 1396. A Pavia poi 
ripiega intorno alle mura, e ne asseconda il circuito 
fino allo sbocco in Ticino. In tal modo idealmente 
il mare si raggiungeva tramite il Naviglio di Pavia 
e il Po, il lago Maggiore tramite il Naviglio Grande 
e il Ticino, il lago di Como tramite il Naviglio della 
Martesana e l’Adda. 

Nella seconda metà dell’Ottocento il sistema 
dei trasporti fluviali decadde sia per la lentezza dei 
viaggi, sia per la concorrenza delle ferrovie e delle 
linee tranviarie che soppiantarono la navigazione 
fluviale interna ed esterna alla città. 

La Martesana rimase attiva per tutto l’Ottocento 
come via di trasporto, sia con un regolare servizio 
passeggeri, sia con un intenso traffico commerciale. 
I barconi portavano a Milano grano, frutta, prodotti 
caseari, bestiame, legname, sabbia e ghiaia ed altri 
materiali da costruzione. Alla fine dell’Ottocento 
entrò in crisi la fossa interna perché antigienica e di 
ostacolo al traffico. 

Il Naviglio Martesana (anche noto come Naviglio 
Piccolo), è oggi largo dai 9 ai 18 metri, profondo da 
uno a 3 metri e lungo circa 38 km (di cui alcuni in-
terrati) e collega Milano con il fiume Adda dal quale 
riceve l’acqua nei pressi di Trezzo.

Il Naviglio Grande, nel tratto tra Milano e Turbi-
go, è un chiaro esempio delle ricchezze scambiate 
un tempo: numerosi sono i palazzi signorili, le an-
tiche cascine, i borghi, i ponti in ferro battuto, gli 
approntamenti da pesca e le chiese d’ogni epoca 
e stile. 

Leonardo da Vinci – Navigli di San Cristoforo – Codice Atlantico – Biblioteca Ambrosiana;, un naviglio modernoIl canale di San Cristoforo, Milano Navigli 
L. Da Vinci (1509)



…and in Switzerland?

- Long tradition (>750 years in Wallis)

- Rhone Valley

- > 1400 km of irrigation canals before 19th century

“Les Bisses”

Bisse of Ayent Bisse of SavièseSource: Reynard, E. Hill irrigation in Valais (2002)



Bisses network

As Figure 9 shows, only very few agricultural units
remain, corresponding to 0.27 % of the initial total
area. This represents an area of 49 Ha, for 277 dif-
ferent units. This means that the perfect plot of land is
rare, and less stringent conditions will be required to
find more of it.

Figure 9: Bisses network (yellow), result of part 3.1
(blue), parcels intersecting a bisse (red). Total red area
is 49 Ha

Fig. 10 shows the bisses network, and their slope, ob-
tained from the segment’s length and extremities al-
titudes. From this, extreme values can be identified
(slopes greater than 30 %, and going up to 56.2 %).
They are certainly due to imprecisions when the alti-
tudes at the ends of the bisse are extracted from the
DHM25 raster. This shows the limitations of calculat-
ing slope with only two values for altitude and one for
length

Figure 10: Bisses slope [%], calculated with their ex-
tremities altitudes and length

Looking at the slope distribution (Fig.11), it can be
observed that 90 % of the bisses have a slope lower
than 22 %. Moreover, the Swiss Federal Office for
the Environment classifies watercourse slopes as fol-
lows: low (<0.5%), medium (0.5-5%) and high (>5%)
(Schaffner et al., 2013). In this case, 68% of the bisses
are steep, compared with 29% and 3% medium and
low respectively. This classification is mainly used
to characterize fish populations. We know that rivers
with steep gradients are not fish-bearing waters, for ex-
ample. What will be of interest will be the flow condi-
tions that these steep slopes imply: high velocities and
little sedimentation.
Figure 12 shows a right-skewed unimodal distribution.
Most of the bisses (90 %) are not longer than 3.3 km.

Figure 11: Bisses slope [%] distribution

Figure 12: Bisses length [m] distribution

As shown on Fig. 13, there is no clear correlation be-
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After J. Salles, 2024



...and what about today?

Urban agriculture seek to ameliorate the use of available land 
and resources under future changing scenarios.

Its practice encompasses socioeconomic benefits as well as 
ecosystem services for the people and the environment

It presents important limitations and this creates challenges 
for future research



The state of water use in the world

82%

10%8%

Low - and middle - income countries

Agricultural

Industrie

Usage
domestique

30%

59%

11%

High-income countries

Agricultural

Industrie

Usage
domestique

70%

22%
8%

Repartition mondiale de l'utilization

Agricultural*

Industrie

Usage
domestique

*   Asia: 82%; USA: 40%; Europe: 30%



The state of water use in the world (by country)

Water consumption per person per 
year has dramatically changed
350 cm    ® 1900
642 cm    ® 2000
However, the amount of available
water today is more or less the
same as when Mesopotamian
civilization prospered
Increased consumption led to
increased water withdrawal!

Compare the values above (25 ys old) with actual statistics 
and draft your conclusions



Definition and interest for irrigation

Of the 1.55 billion hectares of cultivated land 
(permanent cropland) in the world 17%, or around 270 
million ha* are irrigated.

These irrigated areas provide more than 40% of the 
world's harvests.

Irrigated areas produce 2 to 4 times more than non-
irrigated crops.

*(1 ha=10000 m2), 270 Mha = about 65 times the size of Switzerland

Irrigation: the artificial supply of water to crops to supplement natural rainfall; the aim is to 
create favourable conditions for production, in terms of both quantity and quality.



Land use statistics by country
https://en.wikipedia.org/wiki/Land_use_statistics_by_country , FAO original data

https://en.wikipedia.org/wiki/Land_use_statistics_by_country
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Evolution of world irrigated surfaces

Distribution régionale des zones irriguées

Country/Lands Irrigated surface
(million d’ha*)

India 57
China 50
USA 21
Pakistan 17
Middle East & Northern Africa 19
Sub-Saharian Africa 5
Latin America 14
Others 87

Total 270 Switzerland

*  Surface totale de la Suisse : env. 4 millions d’ha
Source ICID 2000

Evolution des surfaces 
irriguées dans le 

monde

(16Mha only the Indus Irrigation System)



Irrigation efficiency 
Irrigation is by far the largest source of water use. It has expanded by more than fivefolds in a century
(proportional but far less than population increase) 

Increased
efficiency in the
food production
agriculture
technology (FAO, 
2015)

However, the
increase per capita
from almost constant
is now decreasing1.8 ratio2.7 ratio



Facts

Agriculture (mainly irrigation) consumes around 
70% of the world's freshwater.

World population: 80 to 85 million more people 
every year, mainly in arid and semi-arid areas.

The essential increase in food production will come 
mainly from irrigation.

Need to further improve irrigation efficiency, build new and sustainable

irrigation networks, start using lower quality water and implement

effective water conservation techniques.

è

Example: wireless sensor network system 



Fundamental vs complement irrigation

The artificial supply of water to crops to supplement natural
rainfall determines two types of irrigation practices:

- Fundamental or basic irrigation

- Complement or integrative irrigation

Both practices strongly depend on local climate conditions and 
on precipitations’ regime



Rainfall distribution across the globe

Mean annual global precipitation : 833 mm
Highest values :  in the equatorial zone (some Hawaii’s islands: up to 10 m per year!)
Lowest values  : Arabian Peninsula, Northern Africa,  Central Asia 



Example of mean annual temporal distribution (three sites)



South 
Africa
100-700 mm

Namibia
10-650 mm

Orange river

Welwitschia mirabilis



Main irrigation techniques

Surface or gravity irrigation (Flood, furrow, etc.)
Water is conveyed by a network of canals and distributed over the plots
under the effect of the forces of gravity caused by the slope of the
structures and the soil.

Localized, drip or micro-irrigation
Water is applied at low flow rates and frequent intervals, limited to the
areas occupied by the plant roots; the "drip" system is the most
commonly used.

Pressurized irrigation (e.g., sprinklers)
Water is pressurised and sprayed onto the crops in a similar way to rain,
using appropriate equipment..

Open 
channel 
flow 
hydraulics

Pressure 
flow 
(turbulent)

Pressure 
flow 
(laminar)

Pressure 
flow 
(laminar)

Subsurface (sub)irrigation
Water is made available to the crop root system by upward capillary flow
through the soil profile from a controlled water table.

deposition, and regular flushing to remove sediment from

drip laterals. Although drip irrigation generally requires a
higher level of management expertise, it is growing in popu-

larity for several reasons. One reason is that it maintains a

relatively constant level of moisture in the root zone, which
increases production of many crops. A second reason for the

increasing popularity of drip irrigation is that the potential

efficiency (90 %) is greater than for other irrigation systems.
Evaporation from the soil surface is dramatically reduced or

may be zero for subsurface drip irrigation. Drip irrigation

systems are also effective chemigation systems because they
apply water directly to the plant root zone.

Subsurface drip irrigation is the most widely used drip

irrigation method. In order to protect the drip tubing from
cultivation practices, laterals are buried approximately

15 cm below the ground surface (Fig. 1.14). Some of these
systems have lasted 15 or more years without replacement of

the inline tubing. Reliability depends on management exper-

tise, wall thickness, and soil type. Extremely thin wall tubing
might be plowed into the soil each year. Tillage implements

and GPS systems have been designed that maintain the bed

over the tubing during cultivation practices so that the tubing
is not disturbed and remains in the same position in the bed.

Chapters 17 and 18 describe how integrate the

components and options in subsurface irrigation in a final
design: emitter flow rate, lateral tubing length, lateral and

emitter spacing, tubing diameter, submain and mainline

diameters, flushing, the pump station, and sand filters. The

design is analyzed with an economic analysis that includes
pipe, tubing degradation, energy, environmental, and water

costs, as well as the effect of spatial variation of water
application on yield and water cost. The complex analyses

are performed in a VBA/Excel program.

Chapter 19 describes chemigation injection systems. It
describes calculation procedures for rates of acid injection,

chlorination, fertigation, and pestigation. Acid injection

rates are calculated as a function of the water alkalinity,
acid strength, and the desired endpoint pH.

Surface Irrigation (Chap. 20)

Three of the most popular types of surface irrigation systems
are sloping border, graded furrow (Fig. 1.15), and level basin

– with furrow irrigation representing half of all surface

irrigation systems. Other types include contour level furrows
and corrugation irrigation. Many farms now use near-level

furrows and borders as the best strategy to achieve high

efficiency and uniformity. The four primary design
parameters in surface irrigation systems are slope and length

of the field (difficult to change), flow rate, and cut-off time.

The optimization of these parameters can be performed with
the USDA-ARS WINSRFR surface irrigation model. This

chapter describes how the advance phase can be modeled

with the two-point volume balance method. The infiltration
phase is modeled with a numerical model of flow in a furrow

that includes decrease in flow rate vs. distance and spatial

variation of soil properties. Chapter 20 focuses on the use of
the WINSRFR model in the design and analysis of furrow

irrigation systems; however, the WINSRFR model has many

other “Worlds” for the design of other systems and

Fig. 1.13 Drip emitter and polyethylene tubing hanging from trellis
wire (Credit NRCS)

Drip 
laterals

Fig. 1.14 Subsurface drip irrigation (Courtesy of Paul Colaizzi.
USDA-ARS)
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Evolution of the total amount of surface using micro-irrigation

Area (%) covered by the 3 main
irrigation methods

Gravity irrigation accounts for more than 80% of irrigated land worldwide

Region Gravity Sprinkler Micro 

Africa 85 12.5 2.5

East and 
Middle 
East 

88 11 1.5 

USA 51 43 6 

Micro irrigation 
is advancing 
quickly


