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Crop Water Requirement 

 The depth of water needed to meet 

the water loss through 

evaptranspiration (ETcrop) of a 

diseased free crop, growing in large 

fields, under non restricting soil 

conditions including soil water and 

fertility and achieving full 

production potential under the given 

growing environment 



Crop Evapotransipration 
(tomatoes) 



Crop Water Requirement cont. 

The values for ETcrop and Crop Water Requirement are 

identical 

Crop water requirement – refers to what is applied 

ETcrop – refers to water loss through evapotransipration. 

Normally expressed in  mm/day 

 

 

 



Irrigation water requirement 

Represents the difference between the crop water 

requirement (Etcrop) and effective precipitation and the 

initial soil moisture. 

 

It also includes additional water for leaching of salts and 

to compensate for non-uniformity of water application. 
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Irrigation Requirement 

 



Determination of ETcrop 

 To determine ETcrop a 3-stage procedure is 

recommended: 

The effect of climate on Crop Water requirement 

(ETo) 

The effect of Crop Characteristics on crop water 

requirement (Kc) 

The effect of Management and environmental 

conditions on Crop water requirement (Ks) 



Climate 

Radiation 

Temperature 

Wind Speed 

Humidity 

Grass Reference 

Crop 

Well watered 
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ETo 

ETo 

Well watered Crop 
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conditions 

ETC 
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X = 

Water & environmental 

Stress 

Eto adj Ks x Kc adjusted 

X = ETo 



Step 1/3 -Reference ETo 

The effect of climate on Crop Water requirement 

is given  by  the reference crop evapotransiration 

(ETo) 

It measures the evaporative power of the 

atmosphere independently of crop type, crop 

development and management practices 

This is so because as water is abundantly 

available at the reference evapotranspiration 

surface soil factors do not affect ET. 

 

 



Step 1/3 -Reference ETo 

The effect of climate on Crop Water requirement 

is given  by  the reference crop evapotransiration 

(Eto) 
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Step1/3 - Reference ETo 

 The principle weather parameters affecting 

evapotranspiration are radiation, air temperature, 

humidity and wind speed. 

 Relating ET to a specific surface provides a 

reference to which ET from other surfaces can be 

related.  

 It obviates the need to define a seperate ET level for 

each crop and stage of growth 

 

 



Reference Evapotranspiration 
FAO definition: 

 Evapotranspiration rate from “A hypothetical 

reference crop with an assumed crop height of 

0.12m, a fixed surface resistance of 70 s/m and 

an albedo of 0.23” 

 This definition closely resembles an extensive 

surface of green grass of uniform height, actively 

growing, completely shading the ground and with 

adequate water.  

 



Methods for determining ETo 

Climatic Data Required for the different Methods 
Method Temp Humidity Wind Sunshine Radiation Evaporation Environ. 

Radiation             

Penman       

Pan       

Blaney-

Criddle 
      

FAO 

Penman-

Monteith 

The choice of Method must be based on the Climatic data available 

and on the accuracy required. 



Penman-Monteith Equation 

 The FAO Penman-Monteith method is now 

recommended as the sole standard method for the 

definition and computation of the reference 

evapotranspiration. 

 It requires radiation, air temperature, air humidity 

and wind speed data. 

 Measurement should be made at 2m (or converted to 

that height) above an extensive surface of green 

grass, shading the ground and not short of water 
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Where: 

Eto = Reference Evapotranspiration (mmday-1) 

Rn = Net radiation at the crop surface (mMJm-2day-1) 

G = Soil heat flux density (MJm-2day-1) 

T = Mean daily air temperature at 2m height ( °C) 

U2 = Wind speed at 2m height (ms-1) 

es = Saturation vapour pressure (kPa) 

ea = Actual vapour pressure (kPa) 

es-ea = Saturation vapour pressure deficit (kPa) 

∆ = Vapour pressure curve (kPa °C-1) 

γ = Psychrometric constant (kPa°C-1) 

Penman Monteith Equation 



Average ETo for different Agro 
climatic regions in mm/day 

 

 Regions 
Mean Daily Temperature °C 

Cool  

 10°C 

Moderate 

20°C 

Warm 

> 30°C 

Tropical and Subtropics 
 

• Humid and sub-humid 

• Arid and semi-arid 

 

 

2-3 

2-4 

 

 

3-5 

4-6 

 

 

5-7 

6-8 

Temperate 
 

•Humid and sub-humid 

• Arid and semi-arid 

 

 

1-2 

1-3 

 

 

2-4 

4-7 

 

 

4-7 

6-9 



Potential Crop 
Evapotranspiration 

 The potential evapotranspiration for a given 

crop (ETcrop), is the sum of crop 

transpiration and soil evaporation for a 

healthy crop at a particular stage of growth 

and not short of water. 

 ETcrop = ETo x Kc (where Kc is the crop 

coefficient)  



 
2/3 -The effect of Crop Characteristics 

on crop water requirement (Kc) 
 

 The ETcrop differs distinctly from ETo as the 

ground cover, canopy properties and 

aerodynamic resistance of the crop are 

different from grass. 

 To account for these characteristic differences 

an integrated crop coefficient (Kc) is applied 

to Eto. 

 In the crop coefficient approach, ETcrop is 

calculated by multiplying ETo by Kc. 



Crop Coefficient (Kc) 

Where 
 ETc  = Crop evapotranspiration (mm/day) 

 Kc  = Crop Coefficient (dimensionless) 

 ETo = Reference Crop Evapotranspiration (mm/day) 

  Kc is the ratio of the  ETcrop and ETo and it represent the 

 an integration of the effects of four primary characteristics 

 that distinguish the crop from reference grass. 



Factors the Distinguish the crop 
from Reference grass 

 Crop Height 

 Crop height influence the aerodynamic resistance 

term in the P_M equation and hence affect the vapour 

transfer from the crop to the atmosphere 

 Albedo (reflectance) 

 The albedo is affected by the fraction of the ground 

covered by  vegetation and by the soil surface 

wetness.  

 The albedo of the crop-soil surface influences the net 

radiation of the surface. 



Factors the Distinguish the crop 
from Reference grass 

 Albedo (reflectance) 

 Net radiation is the primary source of the energy exchange for 

the evaporation process. 

 Canopy Resistance 

 The resistance of the crop to vapour transfer is affected by the 

leaf area, (number of stomata), leaf age, and condition. The 

canopy resistance influences the surface resistance 

  Evaporation from soil 

 The soil surface wetness and the fraction of the ground covered 

by vegetation influence the surface resistance. 

 



Determining Kc Values for 
field and Vegetable crops 

 The crop growing season is divided into 4 

stages. 

 Stage 1 – Initial stage  

 germination and early growth when the soil surface is not 

or is hardly covered by the crop (groundcover < 10%) 



Determining Kc Values for 
field and Vegetable crops 

 Stage 2 – Crop Development  

 From end of initial stage to attainment of effective full 

ground cover (groundcover  70-80%) 



Determining Kc Values for 
field and Vegetable crops 

 Stage 3 – Mid Season Stage  

 From attainment of effective full ground cover to time of 

start of maturing as indicated by discolouring of leaves or 

leaves falling. 



Determining Kc Values for 
field and Vegetable crops 

 Stage 4 – Late Season Stage  

 From end of mid-season stage until fully maturity or 

harvest 



Typical Kc Curve 

Kc 

In 

Kc 

C. D 

Kc 

L.S 

In
itial (1

5
) 

C
ro

p
 D

ev
elo

p
m

en
t (3

1
) 

L
ate S

tag
e (2

9
) 

M
atu

re S
tag

e (4
0
) 



3/3 ETcrop under soil water 
stress conditions 

 The ETcrop discussed thus far refers to 

evapotranspiration of a  

 disease-free crop,  

 growing in very large fields,  

 not short of water and fertilizers –  

 an Idealistic Scenario 

 

 Actual Etcrop will depend on local factors 

 



ETcrop under soil water stress 
conditions 

 When the soil is wet, 

the water has a 

higher potential 

energy and hence is 

relatively free to 

move and is easily 

taken up by the plant 

roots. 



ETcrop under soil water stress 
conditions 

 In drier soils, the water 

has a lower potential 

energy (due mainly to  

the matric potential), and 

is strongly bound by 

capillary and absorptive 

forces to the soil matrix 

and is less easily 

extracted by the crop. 



ETcrop under soil water stress 
conditions 

 When the 

potential energy of 

the soil water 

drops below a 

threshold value, 

the crop is said to 

be water stressed.  



ETcrop under soil water stress 
conditions 

 The effects of soil water stress are described 

by multiplying the basal crop coefficient by 

the water stress coefficient, Ks 

 



Total  Available Water 

PWP 

 Water  within the soil profile between 

FC and PWP 

AWC = fc - wp 



Total Available Water in the 
Root Zone 

Where 

TAWr = the total available water in the root zone (mm) 

fc   = water content at field capacity (m3m-3) 

wp  = permanent wilting point (m3m-3) 

Zr  = rooting depth (m) 

Zr 



Readily Available Water 

 Although water is theoretically available 

until wilting point, crop water uptake is 

reduced well before wilting point is reached. 

 

 When the soil is sufficiently wet, the soil 

supplies water fast enough to meet the 

atmospheric demands of the crop and water 

uptake equals Etc. 

 



Readily Available Water 

 When soil water drops below a  threshold 

value, soil water can no longer be transported 

quickly enough towards the root to response 

to the transpiration demand and the crop 

begins to express stress. 

 



Readily Available Water 
 The fraction of the TAW 

that a crop can extract from 

the root zone with suffering 

water stress  is the readily 

available soil moisture. 

 

Where  

RAW  = Readily available soil moisture in the root zone 

p  = Average fraction 0f TAW that can be depleted from 

     the root zone before moisture stress occurs (0-1) 

PWP 

RAW 



“p” Factor 

 The factor “p” differs from one crop to 

another. 

 It varies from 0.3 for shallow rooted plants at 

high rates of ETc (> 8mmd-1) 

 To 0.7 fro deep rotted plants at low rates of 

ETc (<3mmd-1) 

 A value of 0.5 for p is commonly used for 

many crops 



Water Stress Coefficient, Ks 
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Determination of  Ks 
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Irrigation requirement for  Tomato :12th May - 12th Sept ( Marie-Helene) (50% Dependable rainfall) 

Growth stage Initial Development Mid season Late season 

Months May June June  July August September 

Decades D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 

ETo (mm/dec) 3.52  3.84 4.16 4.38 4.53 4.65 4.63 4.52 4.24 3.99 3.69 3.29 2.94 

Kc  0.50  0.48  0.47  0.51 0.81  0.99  1.04  1.17  1.17  1.17  1.17 1.05  0.87 

ETc (mm/dec) 1.76  1.84  1.94  2.23  3.67  4.60  4.79  5.29  4.96  4.67  4.32  3.46  2.56  286.70  

50% dep.rain 16.30  16.30  42.30  42.30  42.30  19.77  19.77  19.77  29.93  29.93  29.93 69.33 69.33 

Eff rain (mm/dec) 8.48  8.48  27.98  27.98  27.98  11.08  11.08  11.08  18.70  18.70  18.70  48.25  48.25  460.8  
ASW 63.0  45.40  27.56  26.82  30.47  41.21  56.72  47.90  56.92  52.60  46.70  43.20  34.60  

ETc (mm) 17.6  18.4  19.4  22.3  36.7  46.0  47.9  52.9  49.6  46.7  43.2  34.6  25.6  

moisture end 45.40  35.44  36.18  32.53  21.79  6.28  15.10  6.08  10.40  16.30  19.80  28.40  37.40  

P factor 0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60  

RAM 40.00  40.00  40.00  40.00  40.00  40.00  40.00  40.00  40.00  40.00  40.00  40.00  40.00      

 Irr.reqmt (mm) 0.00  27.56  26.82  30.47  41.21  56.72  47.90  56.92  52.60  46.70  43.20  34.60  25.60  490.3  

Net In (m3)  0.0  275.6  268.2  304.7  412.1  567.2  479.0  569.2  526.0  467.0  432.0  346.0  256.0  4903.0  m3/Ha 

Gross irr Ig (m3) 0.0  344.5  335.3  380.9  515.1  709.1  598.8  711.4  657.5  583.8  540.0  432.5  320.0  6128.8  m3/Ha 

Drip 0.0  306.2  298.0  338.6  457.9  630.3  532.2  632.4  584.4  518.9  480.0  384.4  284.4  5447.8  m3/Ha 

Effective rain = (rainfall -5)*.075 





CropWat 




























