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Soil Water Plant
-Increase yield
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problem
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Basic Irrigation Principle
o When to irrigate

o How much water should be applied

o How to apply water efficiently

Soil-Water 
Relation

Crop & IWR 
Water 
Requirements

Yield Response

- Field 
Capacity(FC)
- Permanent 
Wilting Point(PWP)
-Apparent Specific 
Gravity(As)
- Water Holding 
Capacity (TAW, 
RAW)
- Infiltration

- ETo
- ETc = Kc.ETo
- ETa = Ks.ETc
- Net IWR, 
Gross IWR, 
Efficiency
- Scheme 
Water Supply

-Depletion Fraction(p)
-Water Stress 
Coefficients(Ks)
-Yield Response 
Factor(Ky)
-Yield Response 
Function: (1-Ya/Ymax) 
=Ky(1-ETa/ETc)
-Irrigation Scheduling 
(Optimum irrigation, 
Deficit Irrigation)

Irrigation 
Methods

-Surface Irrigation
-Sprinkler 
Irrigation
-Micro-Irrigation
--Sub-surface 
Irrigation
-Hydroponics
-Greenhouse
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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.



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. 

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





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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Programme 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

CLIMWAT 2.0

16

8 climate stations around Bhutan



EXAMPLE - ETo Calculation
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Alternative ETo Calculation (ETo = Kp.Epan)
Kp = pan coefficient
Epan = pan evaporation [mm/day]

Class A Pan
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Estimation of Kp for class A pan 
Class A pan with green fetch

Kp = 0.108 - 0.0286 u2 + 0.0422 ln(FET) +0.1434 ln(RHmean) -
0.000631 [ln(FET)]2 ln(RHmean)

Class A pan with dry fetch

Kp = 0.61 + 0.00341 RHmean - 0.000162 u2 RHmean - 0.00000959 u2 FET + 
0.00327 u2 ln(FET) - 0.00289 u2 ln(86.4 u2) - 0.0106 ln(86.4 u2)ln(FET) + 
0.00063 [ln(FET)]2ln(86.4 u2)

Coefficients and parameters

Kp=pan coefficient 
u2 =average daily wind speed at 2 m height (m s-1)
RHmean = average daily relative humidity [%] = (RHmax + RHmin)/2
FET= fetch, or distance of short green crop for case A, dry crop or bare soil for 

case B upwind of the evaporation pan)

Range for variables

1 m  FET  1000 m , 30%  RHmean  84% , 1 m s-1  u2  8 m s-1

ETc=Kc.EToETc=Kc.ETo
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ETo Under standard conditions

ETc = crop evapotranspiration under standard 
condition [mm/day]

ETo = reference crop evapotranspiration [mm/day]
Kc = crop factor or crop coefficient varying with the 
crop type and growing periods

disease-free, well-fertilized, grown in large fields, 
under optimum soil water conditions. 

disease-free, well-fertilized, grown in large fields, 
under optimum soil water conditions. 
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General Crop coefficient curve
Kcini, Kcmid, Kcend

Initial stage –This stage runs from planting date to approximately 10% ground cover. 
Crop development stage-This stage runs from 10% ground cover to effective full cover. 
Mid-season stage –This stage runs from effective full cover to the start of maturity. 
Late season stage –This stage runs from the start of maturity to harvest.

24

Typical ranges expected in Kc for the four growth stages 
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ETc calculation procedure

• identifying the crop growth stages, determining 
their lengths, and selecting the corresponding 
Kc

• adjusting the selected Kc coefficients for 
frequency of wetting or climatic conditions 
during the stage

• constructing the crop coefficient curve 
• calculating ETc = Kc.ETo

26

Crop growth stages for different types of crops



EXAMPLE – Growth stages and Kc (FAO)
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Kc for initial stage
Kc for initial stage varies between 0.1 – 1.15
In general Kc for initial stage can be determined from 
Table 12(FAO I&D 56) for typical irrigation water 
management.

Kc for initial stage varies between 0.1 – 1.15
In general Kc for initial stage can be determined from 
Table 12(FAO I&D 56) for typical irrigation water 
management.

For more accurate estimate, Kc from Table 12 should be 
adjusted according soil moisture and evaporative power.
(1) Time interval between wetting events, the more frequently 

wetting the soil is the larger Kc(ini).
(2) Evaporative power of the atmosphere, the higher ETo is the 

smaller Kc(ini) due to the lower soil moisture
(3) Magnitude of wetting events, the larger wetting events is the 

higher Kc(ini).
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Fig.29 Fig.30

Calculate I for adjusting Kc(ini)
for non-uniform water application

I*1= Iw*fw
I=Iw*fw

30
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EXAMPLE 25. Interpolation between light and heavy wetting events

7/2= 3.5 day 
interval 

ETo = 5 mm/day 

From Fig. 29: Kc ini (Fig. 29)  0.55 - 

From Fig. 30. a: Kc ini (Fig. 30a)  0.7 - 

For: I = 20 mm 

From Eq. 59: Kc ini = Kc ini(Fig29)+(I-10)*[Kc ini(Fig30)- Kc 
ini(Fig29)]/(40-10)

0.6

Small vegetables cultivated in a dry area on a coarse textured soil receive 20 mm of water twice a 
week by means of a sprinkler irrigation system. The average ETo during the initial stage is 5 mm/day. 
Determine Kc(ini).

For: twice a week irrigation

Kc(ini)=0.55+(20-10)*(0.7-0.55)/(40-10) = 0.6 

32



33

34

Ranges of expected for Kc end 
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Kc curve and 10 values for Kc and ETc for dry bean crop

36

Numerical determination of Kc

• i = day number within the growing season [1.. 
length of the growing season]

• Kci = crop coefficient on day i
• Lstage = length of the stage under 

consideration [days]
• (Lprev) = sum of the lengths of all previous 

stages [days].
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Table 7  Numerical determination of Kc

Determine Kc at every 10 day for the dry bean crop

Crop growth 
stage

Length 
(days)

Kc

initial 25 Kc ini = 0.15

crop 
development

25 0.15... 1.19

mid-season 30 Kc mid = 1.19

late season 20 1.19 .. Kc end = 0.35

38

i(day) Given Kc Lstage (Kc next- Kc prev) slope=(Kc next - Kc prev
0 0.15

25 0.15 25 0
50 1.19 25 1.04
80 1.19 30 0

100 0.35 20 -0.84

i(day) S(L prev) slope Kc prev Kci Kci avg I avg
0 0 0 0.15 0.15
10 0.15 0.15 5
20 0.15 0.15 15
25 25 0.042 0.15 0.15 0.15 22.5
30 0.36 0.25 27.5
40 0.77 0.57 35
50 50 0 1.19 1.19 0.98 45
60 1.19 1.19 55
70 1.19 1.19 65
80 80 -0.042 1.19 1.19 1.19 75
90 0.77 0.98 85

100 0.35 0.35 0.56 95

0
0.0416

0
-0.042
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Kc curve as calculated in previous table

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 10 20 30 40 50 60 70 80 90 100

i(day)

K
c

Kci
Kci avg

EXAMPLE – Kc (RID)
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Available CROPS in CROPWAT 8.0

41

Kc – Banana1 (CROPWAT)

42
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Kc – Rice (CROPWAT)

44

Net IWR = ETc - Peff

ETo= f(climate)
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Effective Rainfall (Peff or Re) 

Peff = portion of rainfall that can be utilized by crops

Peff = P – RO – DP  

Peff = effective rainfall
P = rainfall
RO = runoff loss
DP = deep percolation loss

46

5 Effective Rainfall Methods
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Effective Rainfall Methods
(1) Fixed percentage

Peff = Fixed percentage * P                     

(2) Dependable rainfall (FAO/AGLW formula)

For different arid and sub-humid climates, 
For design purposes where 80% probability of exceedance is required. 

Monthly step

Peff = 0.6 * P -10 for Pmonth < 70 mm
Peff = 0.8 * P -24 for Pmonth > 70 mm
Decade step

Peff(dec) = 0.6 * Pdec - (10 / 3) for Pdec < (70 / 3) mm
Peff(dec) = 0.8 * Pdec - (24 / 3) for Pdec > (70 / 3) mm

48

(3) Empirical formula

Same formula as for Dependable rainfall but the parameters may be 
determined from an analysis of local climatic records.

Monthly step

Peff = a * Pmonth - b for Pmonth < z mm

Peff = c * Pmonth - d for Pmonth > z mm

Decade step

Peff(dec) = a * Pdec – (b / 3) for Pdec < (z / 3) mm

Peff(dec) = c * Pdec – (d / 3) for Pdec > (z / 3) mm

Values for a, b, c, d and z are the formula coefficients.
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(4) USDA Soil Conservation Service

Monthly step

Peff = Pmonth * (125 - 0.2 * Pmonth) / 125     for Pmonth<250 mm

Peff = 125 + 0.1 * Pmonth for Pmonth>250 mm

Decade step

Peff(dec) = Pdec * (125 - 0.2*3* Pdec)) / 125     for Pdec<(250/3) mm

Peff(dec) = (125 / 3) + 0.1 * Pdec for Pdec>(250/3) mm

Values for a, b, c, d and z are the formula coefficients.
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Monthly effective rainfall for rice in Northeast, Thailand

y = -0.0011x2 + 1.2119x

R2 = 0.9976
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Modified monthly 
effective rainfall 

formula for rice in 
Northeast, Thailand 

for CROPWAT 8

Limitation on Peff=a*P+b
Where b must be <100

52

Irrigation Water Requirement

Net IWR    = ETc – Peff
• Net IWR = net irrgation water requirement of 

the field [mm/day]
• ETc = crop evapotranspiration [mm/day]
• Peff = effective rainfall [mm/day]

Total IWR = 100* Net IWR / Ei
• Ei=Irrigation efficiency



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

53
*Doorenbos and Pruitt(1977) and Ilaco/Empire M&T(1979)

54

Monthly step
Peff=P*(125-0.2*P)/125     P<250
Peff=125+0.1*P P>250



ETc and 
Net IWR 

of 
Banana1

55

Effective rainfall for rice, Thailand

56



ETc, Peff
and Net 

IWR
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Other Irrigation Water Requirements

Land preparation requirements(LP)
LP for paddy
LP = saturation water requirements[Dss] + standing water requirements[Dst]
Dss =(n-Pv)*D/100 (Soil saturation requirements)
Dst =5 -10 cm (Standing water requirement)
LP for paddy in Thailand 200-350 mm/2 weeks
LP for upland crops = 50 mm.

Leaching Requirements (LR)
LR = Dd/Di
LR=ECw/ECd = ECw/[5ECe-ECw]
Dd = depth of drainage water [mm]
Dw = depth of irrigation water [mm]
ECw = electrical conductivity of irrigation water [dS/cm]
ECe = electrical conductivity of saturation extract at which no yield loss

occurred. [dS/cm] , [1 siemen/cm = 1 mho/cm]
Water applied = Crop water requirements/[1-LR]
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ETc under soil water stress conditions

ETa = Ks.ETc

ETa = Actual crop evapotranspiration under soil water stress   
[mm/day]

Kc = crop coefficient
ETo = reference crop evapotranspiration [mm/day]
Ks = water stress coefficient

60

TAW=total available sol water in root zone
[mm] = (FC-PWP).As.D

As=apparent specific gravity
D=root zone depth [mm]
RAW =readily available water [mm] 
SMD=soil moisture depletion [mm]
p=fraction of TAW that can be depleted

from the root zone before water stress 
occurs [0-1]

Water Stress Coefficient(Ks)
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Soil Properties
Soil Properties on 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

62



Infiltration 
Rate
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Akan, A. O.(1933), 
Urban Stormwater
Hydrology: A Guide to 
Engineering 
Calculations. Lancaster. 
PA: Technomic
Publishing Co., Inc.

Soil Data for non-rice

64



Soil data for Rice

65

Irrigation Scheduling Simulation

Irrigation scheduling can be determined from the soil 
moisture balance calculation based on the daily 
accounting of all ingoing and outgoing water in the root 
zone under the given irrigation  scheduling criteria. 66



Soil moisture balance equation

67

= soil moisture in the root zone[mm]
ETa = actual ET[mm]
P = rainfall[mm]
I = irrigation water applied[mm]
L = water losses due to runoff and deep percolation 
during irrigation water application[mm]
t, t-1= day t and t-1

(t)=(t-1)-ETa(t)+P(t)+I(t)-L(t)

Note that the terms, sub-surface flow and capillary rise, are 
omitted in the above equation, due to small values in most cases.

SMD(t)=SMD(t-1)+ETa(t)-P(t)-I(t)+L(t)

68

Alternatively the above equation can be rewritten in term 
of soil moisture depletion (SMD) for Ks calculation.



Water StressETaYield Response to Water
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Scheduling criteria for non-rice crop
A.Irrigation timing
(1) Irrigate at user defined timing 
intervals [x days]
(2) Irrigate at critical depletion 
[100% of RAW]
(3) Irrigate at below or above critical 
depletion [x% of RAW]
(4) Irrigate at fixed intervals per 
stage [10 days in each stage]
(5) Irrigate at fixed depletion [40 
mm]
(6) Irrigate at given ETc reduction 
per stage [10% in each stage]
(7) Irrigate at a given yield reduction 
[10%] 
(8) No irrigation (rainfed) 70

B.Irrigation application
(1) User defined application depth [y mm]
(2) Refill soil to FC [100% FC]
(3) Refill soil below or above FC [y% FC]
(4) Fixed application depth [40 mm]



Normal percolation rates are 1 to 3 mm/day
Maximum percolation rate(puddled soil) = Maximum percolation 
rate(non-puddled soils) ^ 0.33 (FAO default)
(Maximum percolation rate(non-puddled soils) = Maximum infiltration rate) 
[CROPWAT sets the maximum percoration rate =3.4 mm/day]

71

Scheduling options for rice
(1)General settings for Land Preparation (LP)

Daily decrease in max. percolation rate during puddling
Nonlinear = [1/days puddling]*LN(max.percolation rate after 
puddling/max.percolation rate of non-puddling] ….FAO default
Linear: (Max. percolation rate after puddling – Max.percolation rate of non-
puddling)/days puddling

(2) SCHEDULING PRE PUDDLING OPTIONS - RICE

Soaking requirement on day 1 + [10] cm  (default =10) 

72

Irrigation timing options
 Irrigation at fixed percentage desaturation [100 %]

[0% = Saturated conditions, 100%= Field capacity]
 Irrigation at fixed percentage depletion of Field Capacity [ 20%]

(NOT % of RAW, since this is the pre-puddling stage, no crop yet)

Irrigation application options
 Fixed application depth [50 mm]
 Refill to fixed percentage of saturation [100 %]



(3) SCHEDULING PUDDLING OPTIONS - RICE

Irrigation timing options

 Irrigate at fixed mm water depth [0 mm]
 Irrigation at fixed percentage desaturation [20%]

73

Irrigation application options

 Refill to fixed water depth [50 mm]
 Refill to fixed percentage of saturation [100 %]
 Fixed application depth [50 mm]

(4) Schedule options - Rice
IRRIGATION TIMING OPTIONS
 Irrigate at user defined intervals [Option Table]

 Irrigate at fixed water depth [5 mm]

 Irrigate at fixed % desaturation [100%=FC]

 Irrigate at fixed % of critical depletion [100 %]
[x% of RAW, No stress if x<100%, Stress if x>100%]
 Irrigate at fixed WD/desaturation/critical 

depletion per stage (initial, development, mid-
season, late season) [0 mm]

 Irrigate at fixed interval per stage (Suitable in 
case of rotational water distribution) [10 days]

 Irrigate at given ETc reduction per stage [10 %]

 Irrigate at given yield reduction [10 %]

(Deficit irrigation) 
 Irrigate continuously [ 9 mm/day]

 No irrigation (rainfed)

IRRIGATION TIMING OPTIONS
 Irrigate at user defined intervals [Option Table]

 Irrigate at fixed water depth [5 mm]

 Irrigate at fixed % desaturation [100%=FC]

 Irrigate at fixed % of critical depletion [100 %]
[x% of RAW, No stress if x<100%, Stress if x>100%]
 Irrigate at fixed WD/desaturation/critical 

depletion per stage (initial, development, mid-
season, late season) [0 mm]

 Irrigate at fixed interval per stage (Suitable in 
case of rotational water distribution) [10 days]

 Irrigate at given ETc reduction per stage [10 %]

 Irrigate at given yield reduction [10 %]

(Deficit irrigation) 
 Irrigate continuously [ 9 mm/day]

 No irrigation (rainfed)
74

IRRIGATION APPLICATION 
OPTIONS

 User defined application 
depth [Option Table]

 Refill to fixed water depth [10 mm]

 Refill to or below saturation 
[100%=Saturation]

 Refill soil to or below field capacity 
[100%=Field capacity]

 Refill to fixed WD/saturation/FC 
per stage [100 mm]

 Fixed application depth [40 mm]

IRRIGATION EFFICIENCY OPTION [70 %]
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Banana1 
scheduling –

Rainfed,
Medium soil,

SCS Peff
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Banana1 scheduling – Rainfed, Medium soil, SCS Peff

80
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Rice 
scheduling –

Rainfed,
Clay,

Empirical Peff

82

Rice scheduling – Rainfed, Clay, Empirical Peff



Cropping pattern

83

Rice
Banana

Cabbage
Maize

Sugarcane
84



Scheme water supply

85

86
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Summary
Main Functions of CROPWAT 8

1. Calculation of ETo from climatic data.
2. Estimation of effective rainfall 
3. Derivation of crop factor (Kc)
4. Calculation of ETc and Net IWR for each crop
5. Input soil properties
6. Irrigation Scheduling Simulation
7. Estimation of scheme water supply from 

defined cropping pattern

The end of
Crop Water Requirements & 

Irrigation Scheduling
with CROPWAT 8.0

Thank you

88



 
 
 
 
 
 
 
 

Appendix A   

Table A1 – Length of Crop Development Stages of Selected Field crops 
Table A2 – Crop Coefficient (Kc) 
Table A3 – Rooting Depth(D)‐Depletion Fraction(p)‐RAW 
Table A4 – Yield Response Factor (Ky) 
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