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Use of soil moisture data for irrigation scheduling 

 
Irrigation has been identified as an important risk management strategy in agriculture. In most cases, yield and 
profitability increases can result from irrigation use as compared to dry-land farming. Irrigation scheduling is crucial for 
maximizing water use efficiency and crop performance while minimizing energy use and irrigation cost. The concept of 
irrigation scheduling is based on the fact that water requirements of plants vary through the growing season. Therefore, 
monitoring the amount of water that should be supplemented to the crop based on in-season water use is key to avoid 
plant water stress which may result in yield loss. 
 
The water used by crops for growth and cooling purposes is influenced by weather conditions, available soil water and 
plant growth stage. Crop water use is usually estimated from plant transpiration and evaporation, a process called 
evapotranspiration (ET). Evapotranspiration involves two processes: the amount of water that is evaporated from the 
cropped soil (Evaporation) and the water transpired by the plants. It is affected by solar radiation, temperature and 
plant growth stage. Therefore, in agriculture ET is interpreted as the water loss. When the soil is shaded by the canopy 
(full canopy cover), a crop will have the maximum ET rate (reference ET) if soil water is not limited. Actual crop water 
use, ETa, is the actual amount of water that is being used by the plants at a given time and it can be indirectly estimated 
by measuring changes in soil water content with time. 
 
There are three main soil water status that affect crop water 
use and should be considered as part of the irrigation 
scheduling process. 

Saturation: After a rain or irrigation event, the soil pores are 
filled with water and there is not air left in the soil; this soil 
status is called Saturation. The water occupying the large soil 
pores will drain or percolate to the lower soil layers (Figure 1). 
Once the drainage has stopped, the soil is said to be at Field 
Capacity. 

Field Capacity (FC): It is defined as the water content 
remaining in soil after the drainage of excessive water, usually 1 
day after a rain or irrigation event for sandy soils and 2-3 days 
for heavier-textured soils. At this state, the soil pores are filled 
with water.  

Permanent Wilting Point (PWP): Is defined as a very low soil water content, at which plants can no longer extract 
water from the soil (water stress conditions for plants). At this soil water status, the water filling soil pores is replaced by 
air, then soil becomes extremely dry and there is no water available for the plants.  

 
Figure 1. Soil water holding capacity 
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Plant Available Water (PAW): The amount of water held in the soil that is available for the plants. PAW is calculated 
as the difference between field capacity and permanent wilting point. The goal of irrigation is to maintain soil moisture 
under non plant water stress levels which means over the PWP and up to FC. Irrigation timing, number of irrigation 
events, and irrigation amount, depend greatly on the soil PAW, which changes with soil type and specific crop.  

 
Field Capacity and Permanent Wilting Point are 
affected by soil attributes such as porosity and texture. 
More important for farm irrigation management, is 
Plant Available Water (PAW) which is greatly related to 
soil texture. Light, sandy soils show lower PAW values 
compared to heavy loam or silty-clay-loam soils (Figure 
2). Because of the large particle size, sandy soils will 
drain quickly (section between Saturation and Field 
Capacity on Figure 2) which results in low water 
holding capacity. Therefore, irrigation scheduling and 
rates on sandy soils should change with respect to 
loam or silty-clay-loam soils, since the soil water 
holding capacity is much lower implying a high 
irrigation frequency with a low water rate.  
 
 
 
 
 
Use of soil moisture data for assessment of crop water use   
Soil moisture content is the amount of water that is present in the soil. There are several ways to express soil moisture 
content. Usually it is measured in: 

• inches of water depth in one foot of soil depth (in/ft) or mm/m 
• percentage (%) of soil volume (in3 of water/100 in3 of soil or m3 of water/100 m3 of soil) 

 
Soil moisture content may also be expressed in tension units corresponding to the amount of pressure needed (in 
centibar-cbar or kilopascal-kPa) to extract water from soil.  
 
Soil moisture or crop water use can be measured using different methods such as soil water tension or volumetric water 
content, which are all inter-related. There are several sensor systems available that can be used to estimate, record, and 
monitor soil moisture content. Data from those sensors can be valuable to assist in better irrigation management 
decisions concerning the timing and amount of applied water.  
Soil moisture sensors are divided into three main categories depending on the type of measurement (Table 1). Soil water 
tension sensors provide information about the negative pressure the plant must exert to absorb water from soil. 
Volumetric water content sensors provide the volume of water contained in a specific volume of soil, usually measured 
in percentage (%). Canopy temperature is also currently used for irrigation scheduling purposes. Because of the relation 

 
Figure 2. Water holding capacity according to different soil types 
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between canopy temperature and plant water stress, infrared thermometers are currently used to measure canopy 
temperature as an indirect method for plant water needs assessment. It is a new and promising plant sensing concept 
which is still being tested on multiple crops and locations. 
 
Table 1. Soil moisture sensor types categorized according to measurement type 

Measurement type Sensor 
Soil matric potential – water 
tension 

Tensiometers 
Granular matrix sensors 

Volumetric soil moisture content 
Capacitance sensors 
Time Domain Reflectometry (TDR) sensors 
Neutron probes 

Canopy temperature Infrared thermometer 
 
Main factors affecting soil moisture readings  
 The most significant soil factor that affects water holding capacity is soil texture.  

• Heavy soils (loamy, clay) tend to maintain moisture for a longer period of time, therefore soil water content 
declines at a very slow rate.  

• Light soils (sandy) tend to drain easily which result on a rapid soil moisture decline.  
 
Because soil moisture changes along the soil profile, it is recommended to install multiple sensors at different soil depths 
covering the plant root zone. The upper soil layer tends to lose moisture quickly as a result of evaporation from the soil 
surface. In contrast, soil moisture readings from deeper soil layers tend to be more stable as soil moisture does not 
decline as fast as in the upper layers. An example of temporal soil moisture changes at different soil depths is shown in 
Figure 3. 
 
The colored lines on the figure 
represent volumetric water content 
changes recorded by soil sensors 
installed at the  depths of  4 inches 
(brown line), 8 inches (red line), 12 
inches (yellow line), 20 inches (green 
line) and 36 inches (blue line). Figure 
3 shows only data recorded for the 
period mid to late September 2012 
including a rain event occurred on 
September 15.  The top sensor (4 
inches – brown line) responded 
instantly to the rain event while the 
sensors at 8 inches (red line) and 12 
inches (yellow line) recorded changes in moisture a few hours after the rain event and the 20 inches sensor (green line), 
a few days later. The deep sensor (36 inches - blue line) on the other hand did not record significant moisture 
fluctuations and was constantly recording high water content (over 35%). By interpreting the soil moisture data, one can 

 
Figure 3. Volumetric water content changes at five depths. 
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conclude that the rain event was not significant because the deep sensor did not record changes in soil moisture. The 
soil was a Clay loam (relatively heavy) and therefore rainwater did not infiltrate rapidly towards the deeper soil layers. 
 
Installation of soil moisture sensors 
Soil properties usually change over short distances. Therefore, one of the major considerations when installing sensors 
would be to locate at least one in each major soil type of a field. It is usually recommended to install sensors at different 
soil depths per location to monitor soil moisture across the plants root system. Installation must ensure that the sensors 
keep good contact with soil avoiding air gaps between the sensor and the soil. Air gaps might result in false or inaccurate 
readings. 
 
Installation depth and the number of sensors depend on the soil horizons, soil 
depth, and a crop’s rooting depth. While  monitoring crops with a deep root system 
will require the installation of at least three sensors. Shallow root crops might 
require only two sensors installed at 8 and 16 inches. For example,  corn root 
system is shallow; therefore two sensor depths might be adequate. If differences in 
soil texture along the profile exist, three sensors are recommended at the depths of 
6, 12 and 18 inches. In cotton, a plant with a deep root system, three sensors are 
usually installed at 8, 16 and 24 inches depth (Figure 4a). Some commercially 
available sensor probes usually include several preinstalled sensors. In that case, 
the whole probe should be inserted in the soil according to the manufacturer’s 
instructions (Figure 4b).  
 
Soil moisture content and irrigation scheduling  
In order to properly schedule irrigation, crop sensitivity to water stress at different growth stages should be considered. 
In soil moisture sensor irrigation management, decisions depend not only on the crop but also on the sensor type. When 
tensiometric sensors are used for irrigation scheduling, the main strategy is to maintain soil tension higher than a 
specific threshold which corresponds to crop water stress conditions. If plants are under water stress conditions for a 
prolonged period, yield losses might occur. The soil water tension threshold varies among crops, for example, 50 – 60 
cbar soil tension is the threshold for initiation of cotton irrigation.  

Capacitance sensors measure soil water volumetric content. Data coming from these sensors require in-situ  calibration 
and interpretation before use in irrigation scheduling. For calibration it is necessary to know the field capacity and 
wilting point of the soil where sensors are installed. When using these types of sensors, irrigation is scheduled according 
to the PAW levels. Depending on the crop water needs and growth stage, irrigation is scheduled based on a percentage 
of PAW depletion threshold which is determined by the farmer depending on her/his irrigation management tactics 
(e.g., deficit irrigation or full irrigation).  

 
a 

 
b 

Figure 4. Sensor installation in a field 
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For example, if the threshold is set 
at 40% to 50% depletion of PAW, 
irrigation should be scheduled 
when this threshold is reached to 
restore soil moisture. In most 
irrigation management tactics 
water is applied to 100% of PAW 
depletion, however, the risk for 
crop water stress resulting in yield 
losses is high. In some cases 
depending on the crop needs and 
growth stage, a lower water 
depletion threshold is set. For 
example, corn has a peak of water 
demand at tasseling and silking 
which declines towards physiological maturity. Figure 5 illustrates changes in volumetric water content over a three-
month period and includes the wilting point and field capacity values for the specific soil. Data presented in figure 5 
among with the explanations, correspond to a hypothetical example about how to interpret and use soil sensor 
information for irrigation scheduling in corn. The irrigation threshold for irrigation scheduling was set at 8 inches of 
volumetric water content or 45% of PAW. In late April, a slight increase in soil moisture occurred due to a rainfall event 
which rapidly declined as a result of plant evapotranspiration and water evaporation from the soil surface. Irrigation was 
scheduled in mid June to 100% of PAW (reaching FC). In late July, soil water content reached the irrigation threshold and 
a second irrigation was performed to 100% of PAW. It is important to note that different irrigation strategies should be 
applied for each crop according growth stage water requirements.  

 

Disclaimer 
The mention of trade names and commercial products is for informational purposes and does not necessarily imply 
endorsement by the Alabama Cooperative Extension System.  

 

Prepared by 
Aristotelis Taganakis, Research Assistant, Agronomy and Soils Department, Brenda V. Ortiz, Assistant Professor and 
Extension Specialist – Agronomy and Soils Department, John Fulton, Associate Professor, Biosystems Engineering 
Department.  

 
Figure 5. Irrigation scheduling example diagram. 
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Appendix: Suggested installation depths for WATERMARK Sensors- Tensiometric sensors by Irrometer ® (Source: 
http://www.irrometer.com/basics.html). Note: The suggested installation depths are based on deep, well drained soils. 
In lighter or shallow soils, instrument should be placed accordingly or set at an angle. With drip or trickle irrigation 12" 
and 24" depths are recommended, with an added 36" instrument for deeply rooted crops.  
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