
Hey Buddy, guess what? 
I got me an irrigation system. 
Now what? 

I don’t know Junior. 
Just turn it on. 
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Irrigation Engineering and Management 
 

• Planning 

• Selection 

• Design 

• Installation 

• Management 

• Evaluation 

• Economics 

 
 Proper water management and frequent system evaluation are critical to 
 success or failure of an irrigation system regardless of its robustness. 
 
 Economics - Irrigation must pay for itself and more. 
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Greater focus 

Lesser focus 
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Irrigation Water Management: 
 

Determining and controlling the 

rate, amount and timing of 

irrigation water application in 

planned and efficient manner. 

 

Most important aspect of the 

broader irrigation water 

management is the scheduling of 

irrigation. 
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Objective: 
 
 Present a refresher on the science and practice of irrigation scheduling. 
 
 

Outline: 
 

•   Irrigation scheduling methods:  
o   Crop-based 
o   Climate-based (or ET-based), and  
o   Soil-based 

 
All irrigation scheduling methods in use today are soil-based. 
 

•   Soil moisture sensor types, technology, and data access 
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Soil Moisture-based Irrigation Scheduling 
Theory and Practice 
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Past (2011) Webinar on Soil Moisture-based Irrigation 
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Irrigation scheduling is planning to determine how much 
water to apply and when to: 
 
1. Meet crop water needs to prevent crop yield/quality 

loss due to water stress; 
 

2. Maximize water use efficiency resulting in beneficial 
use and conservation of water resources; and 
 

3. Minimize runoff and leaching of water and agro-  
chemicals to protect water quality. 

 
Proper scheduling of irrigation water is a crucial decision 
for a farm manager. 
 
Irrigation is a daily management activity. 
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Irrigation Scheduling 
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Irrigation Scheduling 

• When to irrigate? 

  Timing -  Turn the system ON 

• How Much to irrigate? 

  Amount - Turn the system OFF 

• Where to irrigate? 

  Site-specific irrigation 

Precision Irrigation: Apply the right amount, 
   at the right time, and 
   at the right place. 
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Irrigation Scheduling 

• Timing? 
 Irrigate when crop comes under water 

stress large enough to reduce expected 
yield and/or quality. 

 

    Question:  What is large enough? 

 

• Amount? 
Refill storage to meet crop water needs 
while limiting runoff and leaching. 
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Irrigation Timing 
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Hey, it’s Junior. 
Are you thirsty? 

Ideally, we should ask the 
crop if it is under water 
stress & thus in need of 
water. 
 
<<Crop-based scheduling>> 
 
 
Irrigation based on visual 
signs of stress is, 
unfortunately, quite common. 
 
Visual signs: Leaf rolling, 
darkening, wilting. 
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Transpiration & the role of stomata 
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As soil moisture becomes limiting, stomata 
start to close.  This causes: 
 

•   Reduced transpiration 
•   Reduced photosynthesis 
•   Reduced biomass production 
•   Elevated temperature (plant fever) 

 
These can be measured, but methods are 
more suited for research than practice. 

Transpiration (T) 
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Hey, it’s Junior again.  This is 
weird, but I am down here to 
see if you are under stress 
and how much water you may 
need. 

Irrigation Timing & Amount 

Crop-based scheduling 
 
Asking the plant if it needs 
water. (Experimental) 

Soil-based scheduling 
 
Asking the soil if plant needs 
water and how much. 
 
What is the basis for this? 
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Soil Moisture and Crop Water Stress 

Generally, when about 50 percent of the available 
moisture is depleted from the soil, crop starts to 
experience stress. 

 

If soil drying continue, crop starts to wilt and will 
ultimately die. 

 

 This understanding is the basis for nearly all irrigation 
scheduling strategies in use today. 
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It ain’t bad to Get MAD! 
 
 
“Get MAD” 
 to muster all one's physical and mental 
 resources in order to do something difficult… 
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• MAD is the level to which the irrigator will allow the soil 
moisture to be depleted before irrigating 

 

• MAD is viewed as irrigation “set point” 

 

• MAD is crop-dependent 

– Field crops:  50% MAD level 

– Vegetables:  30 – 40% MAD level 

 

• MAD depends on crop stage of growth 

    Flowering is more water sensitive than the vegetative stage. 

 

• KEY: MAD sets irrigation timing and amount 
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Management Allowable Depletion (MAD) 
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    MAD - Function of the crop and stage of growth 
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Irrigation Scheduling using MAD: 

 Timing: Irrigate each time soil moisture reaches the MAD level.  

 Amount:Apply sufficient water to bring profile to Field Capacity. 

MAD in Action 

MAD = 30% 
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Irrigation Set Point 
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A 

B 

C 
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Field Capacity, Wilting Point, and MAD 
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Soil Texture 
Field Capacity 

(%)
Wilting Point 

(%)
Moisture content

at 50% MAD

Coarse Sand 10 5 7.5

Sand 15 7 11

Loamy Sand 18 7 12.5

Sandy Loam 20 8 14

Loam 25 10 17.5

Silt Loam 30 12 21

Silt Clay 
Loam

38 22 30

Clay Loam 40 25 32.5

Silt Clay 40 27 33.5

Clay 40 28 34

Example:   Loam Soil – What would you do if soil moisture content is:                   
    22%?  Nothing 
                               18%?  Irrigate 
                               13%?  I messed up! 
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To schedule irrigation: 

MAD = 30% 
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Need knowledge of 
Soil Moisture Content 

Estimate soil moisture 

Measure soil moisture 
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Irrigation Rain 

EvapoTranspiration (ET) 

Runoff 

Deep Percolation 

Estimating Soil Moisture Content 

Change in soil moisture (today – last time) = Input – Output 
 
     Input   = Irrigation + Rain 
     Output = ET + Runoff + Deep percolation 

Solve Soil Moisture Budget 
for the Root Zone: 
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Rain 

EvapoTranspiration (ET) 

Runoff 

Deep Percolation 

Soil Moisture Budget since last irrigation: 
 
 SMtoday = (SMlast time + Rain) – (ET + Runoff + Deep percolation) 

 
To solve for soil moisture today, need: 
 

ET:  Estimate 
Rain: Measure 
Runoff: = 0 
Deep per: = 0 

 
SMtoday = (SMlast time + Rain) – ET 
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ET- or Climate-based Scheduling 

On daily or more basis, calculate soil moisture in root zone: 

 

  SMtoday = (SMlast time + Rain) – ET 

 

Compare soil moisture with MAD to make an irrigation decision. 

 

 This is classic Checkbook method. 

 

 Because we estimate ET using climate data, this method is also 
referred to as ET-based or climate-based irrigation scheduling 
even though the objective is to estimate soil moisture. 

 

Challenge: How to measure or estimate the variables, especially ET? 
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Note: Root depth, root zone, and water use change over time 

Typical Corn Evapotranspiration (ET) 
(Crop water use, Consumptive use) 
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High E, Low T Low E, High T 
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Estimating Crop ET (ETc) 
 

Actual Crop ET = crop coefficient x Reference ET 

ETc      =     Kc      x    ET0 
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The reference evapotranspiration 
(ET0) can be estimated using one 
of many equations depending on 
weather data availability. 

 
FAO-56 Method is: 
 The Penman Monteith Model 
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Reference Grass ET (ETo) 
Penman-Monteith Equation 

  

Need climate data (air temperature and humidity, solar 
radiation, and wind) to calculate ETo. 
 
States with a network of agricultural meteorology 
stations provide daily data adequate to solve the above 
equation. 
 
In several states, ETo is computed and made available 
online.   
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US Networks of Agricultural Meteorological Stations 
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Estimating versus  Measuring Soil Moisture 

At the end of 
the day, the 
outcome of all 
these is a 
change in soil 
moisture. 

Irrigation Rain 

EvapoTranspiration (ET) 

Runoff 

Deep Percolation 

ET-based scheduling:  Estimate all parameters and then solve for soil moisture 
 
Soil Moisture-based: Forget about all and just measure soil moisture 
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Soil Moisture Measurements 

• Feel and appearance 

• Gravimetric 

• Neutron scattering 

• Tensiometers & Electrical resistance blocks 

• New electronic sensors (TDR, TDT, FDR and 
Capacitance based probes based on soil 
dielectric properties) 
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Soil moisture measurement technologies 
Soil Moisture Content or Soil Moisture Tension 
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Soil Moisture Measurement 

• Most sensors are reasonably accurate for field use 

• #1 problem with poor reading is installation 

• Other important factors are: 

– Sensor type and selection 

– Monitoring site(s) selection and depths 

– Sensor and access tube installation 

– Soil profile placement (orientation) 

– Data recording and retrieval (manual, edge of field, online) 

– Calibration and maintenance 

– Cost 

– See CPS 434 
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Tensiometer 

Porous Ceramic Tip 

Vacuum Gauge (0-100 centibar) 

Water Reservoir 

Variable Tube Length (12 in- 48 in) 

Based on Root Zone Depth 

 Measure soil moisture potential (tension) 
 Practical operating range is about 0 to 
0.75 bar of tension (this can be a limitation 
on medium- and fine-textured soils) 

USDA-NRCS ENTSC  Webinar:    Soil Moisture-based Irrigation Scheduling – Theory & Practice,  Greensboro, NC                             12 July, 2012 



35 
USDA-NRCS ENTSC  Webinar:    Soil Moisture-based Irrigation Scheduling – Theory & Practice,  Greensboro, NC                             12 July, 2012 



Electrical resistance blocks 

 Measure soil moisture 
potential (tension) 

 
 Tend to work better at 

higher tensions (lower 
moisture contents) 
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Sensors 

 Low cost granular matrix 

Works in most soils 

 Indirect method 

 Salinity buffering 

No freezing 

Manual or Automatic 

No maintenance 

 Stable proven calibration. 
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Soil Surface 

Sensor Profile Placement 

8 in 

16 in 

24 in 
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Take readings and make data entry 
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Wireless transmitter 

Three sensors 
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Towards Remote Access & Web-based Presentation  

Soil Moisture 
Sensor 

Manual Data Collection 
using a Handheld Meter 

Wireless Sensors 
Module 

Manual Data Download 
using a Laptop 
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Remote 
Data 

Access 

42 
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Soil Moisture versus Tension Relationship 
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Tension at 50% level MAD: 
 
 Sand 0.55 ATM  
 Loam 1.5 ATM 
 Clay 4 ATM 



Newer Electronic Sensors 
Dielectric constant 

A soil’s dielectric constant is 

dependent on soil moisture 

Time domain reflectometry (TDR) 

Frequency domain reflectometry (FDR) 

No longer a research tool 

Many data retrieval options  
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Multisensor Capacitance Probes 

Sentek AquaSpy 
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EasyAg Probe (Syntek) – readings at 10, 20, 30, 40, 50 cm depths 
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Trend: Continuous Monitoring and Web 
Deployment of Soil Moisture via Cellular or 

satellite means 

TDT Sensor 
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Web deployment of soil moisture data 
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Sensor-based Agriculture 
Future Sensors: Miniature Wireless Capable & 

Internet Deployable (nanotechnology) 
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Reality Check!  State of Irrigation Scheduling 

Survey by Dr. Joe Molnar (Alabama): 
 81% irrigated their fields based on observation of crop condition.  
 Only 9% used soil moisture sensing devices. 
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Take Home Messages 

Rely on DIRECT measurement of soil moisture to schedule 
irrigation than trying to estimate soil moisture as the 
residual of soil moisture budget. 

 
In humid regions and because of significant rainfall, and in high 

frequency irrigations (like drip), scheduling based on 
measured soil moisture is a preferred approach. 

 
Embrace the technology, try a sensor. 
 
Stop chasing sensors in the field. GO wireless with online 

deployment. 
 
Practice tactical (real-time) scheduling for greater 

management control and flexibility. 
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 Turn system ON each time soil moisture reaches the MAD level.  

 Turn system OFF when soil profile is back to Field Capacity. 

Summary Soil-based Scheduling using MAD 

MAD = 50% 
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Many years 
later… 



1. Hey Junior, 
How is the 
irrigated corn 
doing? 

2. Looking good 
Buddy! 
My 2 inch per 
week plan 
works wonders. 

 Scheduling irrigation on frequent intervals and in routine amounts wastes 
water, energy, and inputs, and costs money.  
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Precision Irrigation? 

57 

Questions? Now or call/email later; 
Hamid.farahani@gnb.usda.gov 

336-370-3350 
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