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1)  Review the main challenges of irrigating alfalfa 

2)  Discuss advantages & limitations of different technologies 

3)  Address practical questions about soil moisture monitoring 



SOME BASIC FACTS 
Alfalfa is a deep-rooted broadcast perennial 
crop that typically requires most or all of the 

soil profile to be wetted. 

Since all the above-ground biomass 
is harvested, Alfalfa yield is tightly 

related to crop transpiration  
(1:1 relationship) 

 
Water stress (deficit & excess) 
have strong impacts on yield 

GRAVITY IRRIGATION MICRO-RRIGATION 



IRRIGATION MANAGEMENT IN ALFALFA IS CHALLENGING!  

ü Irrigation scheduling is complicated by the periodic cutting & re-growth cycles 

ü Irrigations are stopped a few days prior to cutting, and during hay curing  

ü At least 6- to 20-day periods during which fields are not irrigated 

ü Irrigation decisions are driven and constrained by the cutting schedule 

6-20 DAYS 

NO IRRIGATION 



On-farm organizational constraints usually make possible 
only 1 to 2 irrigations during the 28-30-day crop cycles 

ü  With 1 irrigation/cycle we might under-irrigate  

ü  With 2 irrigations/cycle we might apply too much water 

YIELD (dry matter) = 9.23 T/ac  



Inadequate irrigation is the main factor limiting Alfalfa yield 

Alfalfa often incur water stress around 
cuttings and when the new growth starts 

 
MOST SENSITIVE STAGE !! 



6-20 DAYS 

Irrigation Threshold 

Water stress Threshold 

WHAT HAPPENS DOWN THERE IN THE SOIL? 
Water stress in the root zone (deficit or 
excess)? How much, and for how long?  

Is there any deep soil 
water storage available? 

F.C. 

W.P. 

DAYS 



ADVANTAGES OF SOIL MOISTURE MONITORING 

keep track of what happens in the root zone with regard to: 

1.  How much water infiltrates during an irrigation 

2.  How much water is taken up by plants between irrigations 

3.  Maintaining optimal soil water conditions for plants production 



S.M.M. HELPS ANSWERING THE FOLLOWING QUESTIONS 

ü When to start irrigation (and when to stop it)? 

ü Has enough water infiltrated the root zone during an irrigation? 

ü Are we applying enough, insufficient, or excessive water? 

ü Is there any deep soil water reserve for crop water uptake 
during periods of no irrigation, or at re-growth? 



HOW IS SOIL MOISTURE MEASURED? 

SOIL MOISTURE CONTENT (%, in/ft) 
How much water is available per unit of soil? 

 

SOIL MOISTURE TENSION (centibars, kPa) 

% weight = (weight of water/weight of dry soil) x 100   

% volume = (volume of water/volume of soil) x 100  

Depth = (inches of water/foot of soil) => MOST COMMON AND PRACTICAL   

How strongly water is held by soil particles 

The higher the tension, the drier the soil and the 
more difficult is for plant to extract  water 



Soil moisture content versus soil moisture 
tension for different soil textures 

Source: Ley et al., 1996 

SOIL WATER RETENTION CURVES 



Some sensors measure soil water content and 
others measure soil water tension 

In reality all sensors measure some property/parameter that 
are related to soil moisture content or soil moisture tension 

through a specific calibration  



NEUTRON PROBE (content) 
Positive features 

ü Robust and accurate measurements 

ü Measures large soil volume  (15-cm wet, 70-cm dry)  

ü Measurements at multiple depths 

ü Not affected by air gaps around access tube 

 
 
 
 
 

Limitations 

ü Manual reading & recording take time (2.5 min/tube) 

ü Not good at shallow depths (< 6 in.) 

ü Need training & licensing (operation and storage) 

ü Radioactive source 

ü Need soil-specific calibration 

SOIL WATER CONTENT 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the 
image may have been corrupted. Restart your computer, and then open the file again. If the red x still 
appears, you may have to delete the image and then insert it again.



DIELECTRIC (EM) SENSORS (content) 
n  Measure volumetric soil moisture (vol. water/vol. soil) 
Ø  Sense soil dielectric constant (function of soil moisture) 

Ø  Dry soil = 3-5; air = 1; water = 80 

Ø  Can be Capacitance, TDR and TDT 
 

Limitations 
Ø  Need calibration bw. dielectric constant and soil moisture 

(provided by manufacturer) and soil-specific calibration 
Ø  Very sensitive to access tube installation (air gaps, cracks) 

Ø  Zone of influence very limited (1-4 inches from the sensor) 



WATERMARK (tension) 
n  Read from 0 to 200 centibars 
Ø  Low soil moisture tension indicates moist soil  
Ø  High soil moisture tension indicates dry soil 

n  Saturated soil after irrigation or rainfall 
Ø  Reading < 5-10 

Ø  Don’t need further calculations; easy to 
interpret 

Ø  Robust and reliable in field conditions 
Ø  Buffers against salinity 

Ø  Can be hooked up with data loggers and 
telemetry and monitor in continuous mode GYPSUM BLOCKS (tension) 

ü Very cheap & Maintenance free 

ü Can last 1-5 years (soil moisture) 

ü Sensitive to soil temperature 

ü Corrosion of electrodes 

SOIL WATER TENSION 



SOIL WATER TENSION TENSIOMETERS (tension) 
 

Positive features 

ü Measures soil water tension (relevant to water stress)  

ü Simple and cheap; no cabling required 

ü Easy to maintain and read 

ü Data can be used without further calculations 
 

Limitations 

ü Manual reading & data collection 

ü Difficult to convert to SWC  

ü Frequent inspection and refilling needed  

ü Measurement range is limited between 0 and 90 kPa 

ü Not well suited in sandy soil (lag in response) 

ü Sensitive to temperature  

ü Can break suction easily 

ü Measurement are very sensitive to installation 



WETTING FRONT DETECTORS 

ACTUATED GATE 
Are soil moisture switchs detecting 
when the wetting front arrives at a 

certain point along the field 
 

The switch closes the circuit and 
sends a signal to a gate actuator or 

valve to close/reduce the flow 



SOIL MOISTURE-BASED IRRIGATION SCHEDULING 

1.  Observe soil moisture frequently 

2.  Start irrigation at target level of soil moisture (allowable 
depletion, allowable matric potential or tension) 

3.  Stop irrigation when soil moisture reaches target levels  

4.  If soil allows, apply some extra water to create a buffer for 
avoiding crop stress on the next cutting-regrowth 

5.  The next irrigation could also be predicted based on the 
measured soil moisture depletion rate 



Recommended values of soil moisture tension at which irrigation 
should occur (50% of PAW) 

Recommended values of soil moisture content  at which irrigation 
should occur (50% of PAW depleted) 



WHAT OTHER INFORMATION WE NEED TO IRRIGATE ALFALFA? 

What is the root zone depth and the 
pattern of water uptake by roots 

ü Homogeneous soil profile or 
layered?  

ü Any confining/hard layer that 
constrain roots growth? 

ü How deep is soil for roots growth? 

Well watered and No Constraints => RZ is around 4 feet (end of 1st year) 

70% uptake from the first 2 feet 

90 % uptake from the fist 3 feet 



DO WE NEED ANY PRELIMINARY EVALUATION? 

How uniform is our soil within the field? 



Textural classes include gravelly loam, 
silt loam, and silty-clay loam soils 

WHERE TO PLACE THE SENSORS & HOW MANY SITES? 



SOME PRACTICAL QUESTIONS 

ü How many S. M. stations to install 

ü How many sensors per station? 

ü Where to install S.M. monitoring station, and 
when? 

ü What type of sensors to install? 

ü How frequently shall we check the S. M. 
data? 



1 ft. 

2 ft. 

4 ft. 

Recommended installation of S. M. sensors  

90% 



Irrigation Scheduling Example: LOAMY SOIL 



Under-Irrigation Example 



Over-Irrigation Example 



1.  Irrigation start timing from Soil Moisture (Tension of Content)  

2.  Irrigation amount (inches) from ETc since last irrigation 

3.  Ground-truthing from Soil Moisture Sensors 

BEST IRRIGATION SCHEDULING APPROACH? 
 

Combination of soil moisture monitoring  & ETc 
 

5 inches 

18 DAYS 21 DAYS 

6 inches 



CONCLUSIONS 

SMM provides real and cost-effective advantages to growers 
 

ü Understanding what is going on in the soil profile 

ü Ground-truth irrigation decisions 

ü Create deep soil water reserve to buffer for potential mistakes/outages 

ü Fine-tune current irrigation practices  



Mr. Alfalfa 



THINGS THAT HELP 
IN THE FIELD 

ET STATION  



DIFFERENCES BETWEEN IRRIGATION METHODS 
SURFACE IRRIGATION METHODS 

Water infiltrating the soil mainly depends on soil intake rate and slope 
(water travels along the field) 

Source: Irmak et al., 
2011 

Distrib. Uniformity in Space: some areas of the field receive less water than others 
Distrib. Uniformity in Time: some areas of the field receive water at much longer 

intervals than others (may be more subject to water deficit) 



SPRINKLER & MICRO-IRRIGATION 

Water infiltrating the soil mainly depends on system’s characteristics 
(water travels along the pipe system and is applied in the vicinity of plants) 

Distrib. Uniformity in Space: some areas of the field receive less water than others 


