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Irrigation in many countries is  an old art -
as old as civilization - but for the whole 

world it is a modern science- the science 
of survival.
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Important of Irrigation
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การชลประทาน คือศาสตร์ทีเ่กีย่วกบัการให้นํา้แก่พืช
คําถาม ?
1.เม่ือไรท่ีพืชต้องการน้าํ
2.พืชต้องการมากนอ้ยเท่าใด
3.แหล่งน้ําอยู่ท่ีไหน
4.ปริมาณนํ้าตน้ทุนท่ีมี เพียงพอหรือไม่ ถ้าไม่พอจะทํา
อย่างไร
5.จะส่งน้ําดว้ยวิธีไหน
6.ค่าใช้จ่ายเท่าใด
7.ใครออกค่าใช้จ่าย
8.ให้น้ําอย่างไรจึงไดป้ระโยชน์สงูสดุ
9.ผลประโยชน์ท่ีไดคุ้ม้ค่าหรอืไม่
10.ใครไดผ้ลประโยชน์จากน้าํชลประทาน
11.การจัดสรรน้าํชลประทานมีความเป็นธรรมหรอืไม่
12.การพฒันาแหลง่น้ําเกิดผลดีผลเสียอย่างไร มีผลกระทบ
ต่อสิ่งแวดล้อมมากนอ้ยเพียงใด ถ้าไม่พฒันาจะเกิดผล
อย่างไร

การชลประทาน จงึเก่ียวข้องกับมิตต่ิางๆ ทัง้ด้าน
เศรษฐกจิ สังคม ส่ิงแวดล้อม การเงนิ การเมือง จงึ
ต้องรู้ศาสตร์และเทคโนโลยีหลายด้าน และสามารถ
บรูณาการความรู้ด้านต่างๆเข้าด้วยกัน

THINGS THAT IRRIGATION ENGINEERS MUST LEARN

• BASIC IRRIGATION PRINCIPLE

• PLANNING

• DESIGN

• CONSTRUCTION

• IRRIGATION WATER MANAGEMENT
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TODAY TOPICS

1.BASIC IRRIGATION PRINCIPLE

2. IRRIGATION METHOD

3. IRRIGATION SYSTEM

4. IRRIGATION MANAGEMENT

1.BASIC PRINCIPLE OF IRRIGATION
WHEN TO IRRIGATE, HOW MUCH WATER SHOULD BE APPLIED 

& HOW TO APPLIED EFFICIENTLY ?

Soil Water Crop Consumptive Use

Irrigation Methods

Sub-surface irrigation

Micro irrigation

Sprinkler irrigation

Surface irrigation
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SOIL MOISTURE CALCULATION

Soil moisture calculation

M(%)=100Mw/Ms
V(%)=100Vw/V
V(%)= M(%)*As
d= V(%)*D/100

Soil moisture properties

As=Ms/(V*w)
DB=Ms/V
n(%)=100*Vv/V

As=Apparent specific gravity(-)
DB=Bulk density(g/cc)
n=Porosity(%)
w=Unit weight of water=1g/cc.

M(%)=% soil moisture by dry mass
V(%)=%soil moisture by volume
d=Depth of soil moisture(mm)
D=Depth of soil(mm)
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Soil Texture 
Classification

Sand mm.

Silt mm.
Clay mm.

SOIL PROPERTIES 
AND WATER HOLDING CAPACITY

Soil types FC 
(% dry mass)

PWP 
(% dry mass)

Porosity(n)
(%)

Apparent Specific 
Gravity(As)

Range Mean Range Mean Range Mean Range Mean

Sand 6-12 9 2-6 4 32-42 38 1.55 – 1.80 16.5

Sandy 
loam

10-18 14 4-8 6 40-47 43 1.40-1.60 1.50

Loam 18-26 22 8-12 10 43-49 46 1.35-1.50 1.40

Clay loam 23-31 27 11-15 13 47-51 49 1.30-1.40 1.35

Silty clay 27-35 31 13-17 15 49-53 51 1.25-1.35 1.30

Clay 31-39 36 15-19 17 51-55 53 1.20-1.30 1.25
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When to irrigate 
and how much water should be applied?

Example 1 - Determine RAW for a corn growing on Loam, assuming that the maximum rooting 
depth=80 cm. and depletion traction(p)=0.6. From soil properties table

FC=22% by dry mass, PWP=10% by dry mass, As=1.4

TAW=(22-10)*1.4*80*10/100=134.4 mm

RAW=p*TAW=0.6*134.4=80.6 mm.

Example 2 Determine the irrigation schedule of corn, if the crop water requirement 
of corm(ETc) = 8 mm/day.

Irrigation frequency= RAW(mm)/ETc(mm/day)=80.6/8=10 days/irrigation

Net water applied = ETc*Irrigation frequency=8*10=80 mm for every 10 days. (No 
rain)

Example 3 In case of rain, assumed that there will be 2 mm. of effective 
rainfall available during the growing season.

Net water applied=80-2*10=60 mm for every 10 days.

IRRIGATION SCHEDULING INSTRUMENTS
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Evapotranspiration (ET)
=  Evaporation + 

Transpiration

Crop & Irrigation Water Requirements
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Crop Water Requirements(ETc)
Crop evapotranspiration under standard conditions;
disease-free, well-fertilized crops , grown in large 
fields, under optimum soil water conditions, and 
achieving full production under the given climatic 
conditions. 

When the standard 
conditions are not met, the 
actual crop ET will be lower 
than ETc.
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An example 
seasonal crop 

water 
requirement 
published by 

RID 
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ET can be estimated from climatic data, crop 
data, soil-moisture data. 

3 ET terms
ETo ETc ETa

ETo= Reference crop ET depends on 
climatic data only.
ETc=Kc.ETo
Kc=Crop coefficient depending 
types of crop and stage of growth
ETa=Ks.ETc
Ks=Water stress coefficient
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ETO = f(CLIMATE)

The evapotranspiration rate from a reference surface, not 
short of water, is called the reference crop 
evapotranspiration (ETo) 

Penman-Monteith is recommended method for ETo calculation. 

The reference surface is a hypothetical 
grass reference crop with specific 
characteristics, height of 0.12 m with a 
surface resistance of 70 s/m and an 
albedo of 0.23. This crop characteristics 
is closely resembling the 
evapotranspiration of green grass of 
uniform height, actively growing and 
adequately watered. 
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Average ETo for different agroclimatic regions(mm/day)

Regions 
Mean daily temperature (°C)
Cool
~10°C 

Moderate
20°C 

Warm
> 30°C 

Tropics and subtropics 

- humid and sub-humid 2 - 3 3 - 5 5 - 7 
- arid and semi-arid 2 - 4 4 - 6 6 - 8 
Temperate region 

- humid and sub-humid 1 - 2 2 - 4 4 - 7 
- arid and semi-arid 1 - 3 4 - 7 6 - 9 
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FAO PENMAN-MONTEITH FORMULA

ETo = reference evapotranspiration [mm day-1]

Rn =net radiation at the crop surface [MJ m-2 day-1]

G = soil heat flux density [MJ m-2 day-1]

T = air temperature at 2 m height [°C]

u2 = wind speed at 2 m height [m s-1]

es = saturation vapour pressure [kPa]

ea = actual vapour pressure [kPa]

es - ea = saturation vapour pressure deficit [kPa]

 = slope of vapour pressure curve [kPa °C-1]

 = psychrometric constant [kPa °C-1].

1 mm/day = 2.45 MJ/m2/day ,1bar = 100 kPa
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ETo calculation
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Calculation 1 Description
Tmean= 19.1 ◦c

e◦(Tmax)= 3.42 kPa Saturation vapor pressure at Tmax
e◦(Tmin)= 1.39 kPa Saturation vapor pressure at Tmin
es= 2.41 kPa Saturation vapor pressure
= 0.15 kPa/◦c Slope of saturation vapor pressure curve
P= 99.89 kPa Atmosheric pressure
= 0.07 kPa/◦c Psychrometric constant
(1+0.34u2)= 1.41

(1+0.34u2)]= 0.24

(1+0.34u2)]= 0.62
(1+0.34u2)]= 0.27
[900/(Tmean+273.16)]u2= 3.71
ea=(RHmean/100)*es= 1.52 kPa
es-ea= 0.89 kPa Saturation vapor pressure deficit
Aerodynamic term= 0.9006 mm/day

Given Data
Month(M) 2 February
Latitude( 26.56 ◦

Tmean(i-1) 18 ◦c

Tmax 26.3 ◦c

Tmin 11.9 ◦c

Tmean 19.1 ◦c

Altitude(z) 120 m

u2(m/s) 1.2 m/s

RHmean= 63 %
n 8.4 hrs.
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Calculation 2
J= 45 sin Number of days in year
 0.4636 0.4471 Latitude
 -0.2361 -0.2339 Solar declination angle
X= 0.9855
ws= 1.4502 1.4502 Sunset hour angle
dr= 1.0236 Inverse relative distance between Earth-Sun
Gsc= 0.0820 MJ/m2/min Solar constant
ws*sin()*sin()= -0.1517
sin(ws)= 0.9927
cos()*cos()*sin(ws)= 0.8633
Ra= 27.3794 MJ/m2/day Extraterrestrial radiation
N= 11.0790 hrs Daylight hours
Rs= 17.22 MJ/m2/day
 0.23 Albedo
 4.903E-09 Stefan-Boltzman constant
Tmax.k4= 8,041,837,275 Tmax in kelvin
Tmin.k4= 6,603,058,170 Tmin in kelvin 
Tmean.k4= 7,322,447,722 Tmean in kelvin
Rso= 20.5351 MJ/m2/day Clear-sky radiation
Rs/Rso= 0.8388 Relative shortwave radiation
sqrt(ea)= 1.2315
Rnl= 4.7416 MJ/m2/day Net longwave radiation
Rn=Rns-Rnl= 8.5210 MJ/m2/day Net solar radiation
G=0.14[Tmean(i)-Tmean(i-1)]= 0.1540 MJ/m2/day Soil heat flux
Radiation term[1]= 2.10 mm/day
Aerodynamic term[2]= 0.90 mm/day
ETo=[1]+[2] 3.00 mm/day

84.1 mm/month
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Program structure = 8 different modules

Data input & basic calculation modules 

(1) Climate/ETo:  Input  the measured ETo data or  climatic 
data for ETo calculation

(2) Rain: Input the rainfall data and calculation of effective 
rainfall

(3) Crop: Input the crop data and planting date for ETc
calculation in (6)

(4) Soil: Input the soil data for irrigation scheduling in (7)

(5) Crop pattern: Input the cropping pattern for scheme 
supply calculations in (8)

Note that in fact Climate/ETo and Rain modules are not 
only for data input but also calculate data, namely 
Radiation / ET0 and Effective rainfall respectively.

Calculation modules

(6) CWR - for calculation of Crop Water Requirements

(7) Schedules - for the calculation of irrigation schedules

(8) Scheme - for the calculation of scheme supply based on 
a specific cropping pattern
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Irrigation efficiency(%)
Low Medium High

Application Efficiency (Ea) 50 80 65
Surface irrigation 50 80 65
Sub-surface irrigation <60
Sprinkler 60 80 70
Paddy field 65 75 70

Field Canal Efficiency (Eb) 70 90 80
Conveyance Efficiency (Ec) 65 90 78
Irrigation Efficiency (Ei=Ea.Eb.Ec) 23 65 44

26
*Doorenbos and Pruitt(1977) and Ilaco/Empire M&T(1979)
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2.IRRIGATION METHODS
• SURFACE IRRIGATION

• FURROW 

• BORDER 

• BASIN 

• SPRINKLER IRRIGATION

• FIXED SYSTEM

• BIG GUN

• CENTER PIVOT

• LATERAL MOVE

• MICRO-IRRIGATION

• DRIP OR TRICKLE 

• MICRO SPRAY

• MICRO SPRINKLER

• SUB-SURFACE IRRIGATION

• OPEN DITCH

• BURIED PIPE

Modern Techniques: 
Greenhouse, Hydroponics, Aeroponics, Aquaponics, Plant Factory, 
Nano Farm
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SURFACE IRRIGATION
BORDER-FURROW-BASIN

SPRINKLER  IRRIGATION
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CENTER PIVOT
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LINEAR MOVE
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MICRO-IRRIGATION(LOCALIZED)

Woodpecker 
Nipple Outlet 
(1,2,4, or 8 

L/hr)

Woodpecker 
Barbed 

Outlet (1,2,4, 
or 8 L/hr)

SUB-SURFACE IRRIGATION
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Application efficiency (Ea)

Surface Irrigation
(Ea = 50-70%)

Sprinkler Irrigation
(Ea = 70-80%)

Micro-Irrigation
(Ea = 80-95%)

3737

SPECIAL IRRIGATION PRACTICES
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Green Houses, Hydroponics, Aeroponics, 
Aquaponics, Plant Factory, Nano Farm

OTHER MODERN TECHNOLOGY
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42
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3.IRRIGATION SYSTEM

• WATER RESOURCES: RESERVOIR, RIVER, 

GROUNDWATER AQUIFER, ETC.

• HEADWORKS (DIVERSION DAM VS. 

WEIR, PUMPING STATION)

• MAIN IRRIGATION SYSTEM (CANAL VS. 

PIPELINE)

• FARM IRRIGATION SYSTEM

• DRAINAGE SYSTEM

• ACCESS ROAD

Planning, design, construction, management-operation-maintenance of irrigation system 
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PROJECT MAP

DAM AND RESERVOIR
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HEADWORKS-GRAVITY
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CHAO PHRAYA 
BARRAGE

HEADWORKS-PUMPING
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CANAL AND 
CONTROL 

STRUCTURES

SMALL CANAL 
AND CONTROL 

STRUCTURES

26



FARM 
IRRIGATION

SYSTEM
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LAND 
CONSOLIDATION 

PROJECT

IRRIGATION SYSTEM

• WATER RESOURCES: RESERVOIR, RIVER, 

GROUNDWATER AQUIFER, ETC.

• HEADWORKS (DIVERSION DAM VS. 

WEIR, PUMPING STATION)

• MAIN IRRIGATION SYSTEM (CANAL VS. 

PIPELINE)

• FARM IRRIGATION SYSTEM

• DRAINAGE SYSTEM

• ACCESS ROAD

Planning, design, construction, management-operation-maintenance of irrigation system 
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PROJECT MAP

DAM AND RESERVOIR
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HEADWORKS-GRAVITY
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CHAO PHRAYA 
BARRAGE

HEADWORKS-PUMPING
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CANAL AND 
CONTROL 

STRUCTURES

SMALL CANAL 
AND CONTROL 

STRUCTURES

32



FARM 
IRRIGATION

SYSTEM
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LAND 
CONSIDATION

PROJECT

4.IRRIGATION MANAGEMENT

FUNCTIONS OF MANAGEMENT 

= PLANNING + ORGANIZING 

+ STAFFING + DIRECTING 

+ CONTROLING 
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IRRIGATION MANAGEMENT

• LEVELS

• ON-FARM IRRIGATION MANAGEMENT

• IRRIGATION PROJECT MANAGEMENT

• RIVER BASIN MANAGEMENT

• CONCEPTS

• INTEGRATED APPROACH (IWRM)

• PARTICIPATORY IRRIGATION 

MANAGEMENT (PIM)

• EVENTS

• FLOOD 

• DROUGHT

• WATER QUALITY
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IRRIGATION OBJECTIVES

• WATER SECURITY

• REDUCE WATER 

SHORTAGE

• REDUCE HARZARD FROM 

WATER – FLOOD 

DAMAGE, WATER 

QUALITY PROBLEM

• FOOD SECURITY 

• INCREASE CROP/LAND  

PRODUCTIVITY

• ECONOMIC STABILITY

• INCREASE INCOME / 

REDUCE POVERTY

CROP YIELD
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USA
8,890 pounds/acre
=1.6 ton/rai

73

17.2 ton/hectare = 2.8 ton/rai

74
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22.4 ton/hectare
=3.6 ton/rai

75

27.06 million ton/9.2 million ha.
=2.94 ton/hectare =0.47 ton/rai

Max. recorded yield

USA 1.6 t/rai X3

China 2.8 t/rai X5

India 3.6 t/rai X7

76
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FACTS ABOUT 
WATER RESOURCES
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Saline
Fresh
Total
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THAILAND
Thailand=2,250x1,000/365=6,164 
Average=1,250x1,000/365=3,145
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SOURCE: FAO(2010) 
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WATER BALANCE(THAILAND)

Mcm/year

Surface runoff 213,000

Controllable/Utilizable 80,000

Water requirements 88,692

At present, Thailand is facing the drought 
situation every year when the area get rainfall 
less than the average. Some measures are 
needed to remedy the problem.
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THE END
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