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INSIGHTS ON

IRRIGATION SCHEDULING:
KNOWING YOUR FIELD

A critical aspect of farm management
is the ability to identify the appropriate
timing of irrigation applications to a
field and to find the balance between
the potential risk of water stress through
underwatering and the excess use of
water resources by applying too much.
Through baseline mapping, effective
monitoring, and predictive weather
forecasting, more precise irrigation
application can be achieved. Proper
characterization of soils into appropriate
management zones is a key component
and will classify how much water different
parts of a field can hold. The predictive
capabilities of water use through cropspecific, and meteorological, variables will
aid in determining how much water will
be lost in subsequent days. Having this
information and using in-field monitoring
of soil moisture as a tool, allows timely and
informed decisions to be made concerning
the crop's water requirements.
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THE BASIC IDEA
The idea of using moisture data to aid with scheduling irrigation is common knowledge within agronomy, although effective usage is limited
to the quality of the data and its reliability, often giving varied results. Increased precision comes with being able to: 1) narrow down the field
capacity of the soil; 2) adequately determine and report moisture values through time; and 3) effectively use forecasted environmental data
and crop-specific data to better predict the changes in moisture that will occur multiple days in advance. Scheduling irrigation and applying
adequate water will depend on the current moisture reading, the magnitude of the moisture deficit from “full” that the soil is, and the predicted moisture loss in the forecast.
There are multiple steps that need to be performed to determine irrigation requirements
at any point in time. Firstly, mapping the soil heterogeneity of the field in question
is important by either using default USGS soil maps, taking in-situ soil samples or a
combination of these. Most farmers will have each of their fields already irrigated by a
certain irrigation type that utilizes a single water point-source and due to heterogeneity of soils in the field, variable yields are commonly expected because the field typically receives a uniform irrigation rate. Variable rate irrigation in many instances would
dramatically increase the precision needed for maximizing crop yields. Once the soils
are defined and grouped, management zones can be outlined. Optimally, each soil type
group (grouping similar soil types) would have different irrigation needs from other soil
types, both in quantity and timeliness, but without variable rate irrigation a balance needs
to be attained to best gain maximum productivity by using data and calculated decisions.

Figure 1. An example field with two management zones.
Zone 1 is colored red and Zone 2 is colored white. Soil
differences are indicated by the yellow boundaries. The soil
type at Sensor 1 is a Silty Loam, Sensor 2 is a Sandy Loam
and Sensor 3 is a Loam. The soils at sensor locations 1 and
3 are best managed differently than those at location 2.

Based on the soil types, sensor stakes (Intelliroot™) are installed in locations relative to
the variability of soil across the field. The number and specific location for these depend
on the heterogeneity of soil, overall budget, data resolution required and other factors
such as landscape and soil chemistry. Once a soil type is assigned to each Intelliroot™ location
and a texture assigned to each sensor depth, the total plant available water for the soil profile
(and for the field) can be estimated.
Using an example, in Figure 1, we have three Intelliroot™ locations in a field with two different
management zones. Soils in red Zone 1 (Silty Loam and Loam) are quite similar contrary to the
soils in white Zone 2 (Sandy Loam), which will drain at a faster rate and hold less water. Even
if the entire field is irrigated by the same method, the water dynamics in each zone need to be
considered in order to make the most appropriate irrigation decision. Usually the soils that stay
drier or dry first are used as trigger points or warning locations. If these drier soils (like those
in Zone 2) represent a large percentage of the overall field, then the data from these sensors
should not be underestimated and are representative of that percentage of the field.
The variables required to calculate the moisture deficit are the following:
1. Soil texture and associated field capacity (FC), wilting point (WP) and PAW. The PAW is
the difference between wilting point and field capacity.
2. Depth of the soil in question – this indicates the depth of interest; that which requires
irrigation.
3. Current reading – what is the current volumetric water content (VWC)?
Although not needed for calculation, the crop type and its associated maximum deficit point
(MDP) is of high importance. The MDP is a moisture value that is dependent on the crop,
above which no signs of water stress are evident. The MDP is represented as a fraction of the
total plant available water (PAW). When scheduling irrigation this value would be the minimum
moisture requirement before an irrigation event would be needed to avoid any crop water
stress. In other words, the lower boundary limit for moisture would be the maximum deficit
point (MDP) and the upper boundary limit would be the field capacity (FC).
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Figure 2. A representation of a soil profile
for a 3-depth IntellirootTM, with sensors
installed at 8-, 16- and 24-inches. Each
sensor represents a distinct layer of soil.
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The first step is to select which layers of soil are included in the calculation. Some farmers will want to know just the first foot of soil, some the
first two, but most will want to know information on all layers defined by the sensors installed.
For each layer, the current moisture deficit, below Field Capacity (FC), will need to be determined. To do this, take the current volumetric
water content (VWC) reading for that layer (sensor) and find the amount of water needed to meet 100% of the plant available water (PAW)
value, or in other words, to reach field capacity. See the example in Table 1, using the same zones and Intelliroot™ locations as in Figure 1. Also,
assume the profile of interest is 8-inches deep, using only the 8-inch sensor at each location.
If field capacity for that layer is 34% and the current reading is 20% VWC then the deficit is 14% (or 0.14). Multiply this value by the number
of inches of soil to determine the total number of inches of irrigation (or rainfall) required to bring that layer of soil back to field capacity. Using
the above example, on the top 8-inch layer of soil, a 14% deficit would need 1.12 inches of irrigation based on the current reading to bring that
8-inch layer of soil back to field capacity.
For locations with multiple depths, the value for each sensor depth will be needed for the calculation. Once the deficit for each soil layer is
known at each Intelliroot™ location, simply add the values for each layer together to determine the total deficit for the soil profile, which will
represent the deficit for that Intelliroot™ location in the field.

ZONE 1
Crop type
MDP

SENSOR 1

SENSOR 3

ZONE 2

SENSOR 2

Pecans

Pecans

Crop type

Pecans

0.6

0.6

MDP

0.6

Silty Loam

Loam

Texture

Field Capacity

34%

28%

Field Capacity

20%

Wilting Point

14%

14%

Wilting Point

8%

Plant Available Water

20%

14%

Plant Available Water

Texture

MDP

26%

22.4%

Current Reading (VWC)

20%

19%

14% (0.14)

9% (0.09)

8

8

=0.14 x 8

=0.09 x 8

=1.12

=0.72

Current Default (from FC)
Profile Depth (inches)
Irrigation Needed (inches)

MDP
Current Reading (VWC)
Current Default (from FC)
Profile Depth (inches)
Irrigation Needed (inches)

Sandy Loam

12%
15.2%
15%
5% (0.05)
8
=0.05 x 8
=0.4

Table 1. An example of the variables and calculations needed to determine the irrigation requirements
at any point in time for different locations.
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CALCULATING FIELD IRRIGATION VALUES
Now, for each Intelliroot™, the soil profile at that location, to a depth of interest, will have a value indicating how much irrigation is needed to
bring the soil profile back to field capacity. If the driest readings haven’t yet sent an alert to say that moisture values are below the MDP for
that crop, then a manual decision to irrigate or not can still be made depending on current conditions. A moisture deficit value will be shown
on the portal for each Intelliroot™ in the field. Also, a weighted average for the field will also be displayed. Weighted averages consider the area
represented by each Intelliroot™ and the value assigned. For volume estimates, consider that for every inch of water deficit below field capacity, each acre will require approximately 27,000 gallons of irrigation.
Using the above example from Table 1, if Sensor 1 accounted for 30% of the field, Sensor 3 accounted for 30% of the field and Sensor 2 represented 40% of the field, then the weighted field average moisture deficit would be: (1.12 x 0.3) + (0.72 x 0.3) + (0.4 x 0.4) = 0.336 + 0.216
+ 0.16 = 0.712 inches of deficit for the field as a whole. The relative importance of each location and how the information related to the whole
field would be up to the farmer to decide. In this example, irrigating with 0.712 inches would likely over-irrigate the drier soils near Sensor 2,
which represent 40% of the field, and not quite supply enough water to those near Sensor 1. A decision to irrigate more than 0.712 inches but
over a longer time frame may be one solution or a better solution would be to irrigate the field based on the values displayed by the sandier soils
at Sensor 2 (0.4-inches). That way the loamy soils in the rest of the field are gaining moisture but the sandy soils are receiving enough to bring
back to field capacity and not lead to localized flooding.
If the density of Intelliroot™ sensors in a field is high, then estimates of the field average will be more precise. Greater sensor density improves
overall precision, as one would expect. In lieu of greater numbers of sensors, intelligent placement of sensors can also yield high valued data. As
mentioned above, sensors located in areas of the field that are inherently drier and/or higher in the landscape than other sensors can be used
as warning triggers for the rest of the field. If these locations send alerts that an MDP has been reached, then the other sensors will follow
depending on their own soil texture and drainage characteristics. A field average will have increased value if the entire field is more homogenous
in soil attributes, meaning the value associated with the field average will be representative of soils in the majority of the field.

PREDICTION & SCHEDULING
There are a few points to consider when making irrigation-related decisions. Usually you will want to know when the driest part of the field
reaches an alert moisture level, however, not all situations throughout the growing season and towards harvest will need to meet the same
conditions for a decision to be made. There are other factors that will need prioritizing over the timing of water applications, but knowing the
weather forecast and predicting soil moisture conditions throughout the field will greatly support management prioritization.
SOIL TEXTURE
The soil texture within a field provides a “container” for the volume of water available to crops and therefore the total plant available water will
be directly proportional to the texture variability throughout the field. Calculating a field average will incorporate the relative percentages of
the field that have different soil textures. Using a weighted average, based on percent area will give a good general understanding of the water
status of the entire field. Soil texture for each layer at each location can be combined to give a soil moisture deficit value for that location.
Using all locations, average field soil moisture, and subsequent plant available water (water holding capacity) can be extrapolated from these
values.
ALERT LEVELS
Probably the most important factor in considering irrigation decisions is timing. A day can make a big difference when scheduling. Perhaps you
wait to irrigate because you need to apply nutrients or pesticide, or you irrigate earlier than expected because a significant portion of your field
is sandy and has become dry. Saving on water and power, due to delayed irrigation, can have negative consequences on overall crop health but
a well-timed irrigation event, based on current conditions and predictive analytics, could both save resources and increase overall crop success.
Obtaining soil characteristics from across the field, including soil texture and its ability to hold water, is helpful in structuring an irrigation plan,
and will involve creating soil moisture alerts when certain locations in the field dry down to a certain point. Typically, it is best to install at least
one Intelliroot™ sensor in the driest portion of the field and set an alert, based on the maximum allowable soil moisture depletion (or maximum
deficit point) specific to the crop grown. This will be an early warning for the rest of the field and an irrigation decision can be made in advance.
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WEATHER FORECASTING
Another important factor in being able to adequately plan for irrigation events is to be able to forecast weather and environmental conditions as
close to the field of interest as possible. The goal is to predict the moisture loss from the soil profile both at each sensor and extrapolated over
the entire field. A loss of moisture from the soil at any one point is characterized as the evapotranspiration (ET) leaving the soil, through both
evaporation from the soil surface layer or water lost through the plant (as transpiration). The level of detail will depend on the sensor density
and the predictive capabilities. Having soil moisture sensors in the field greatly increases specific knowledge on current conditions below-ground
and in-situ. Using forecasted environmental variables, the crop type, growth stage of the crop and preceding soil moisture data, it is possible
to narrow down when soil moisture will dry to a certain level. The degree of soil drying can be predicted out as far as weather forecasts can
be projected, but with decreasing confidence the further out the prediction. Using the location, temperature, humidity, wind speed and solar
radiation, the reference evapotranspiration can be calculated.
CROP TYPE AND GROWTH STAGE
The crop is the reason the farmer does what he does. Without the crop, there would be no need for irrigation management. Each crop type is
specific in its needs for resources, and subsequent management decisions are based on these needs. Regarding water management, each crop
has a certain soil moisture threshold level, below which the effects of water stress will begin and subsequently decrease yields at harvest. While
not needed to calculate the soil moisture deficit, the specific minimum soil moisture threshold is called the maximum deficit point (MDP) and
represents the allowable moisture depletion, above which no signs of water stress are evident. Each crop will have its own specific value depending on its physiology and this value may change through the season. Commonly, water stress needs to be avoided when the crop is germinating, flowering and producing fruit. Sometimes certain crops will need tolerable water stress for specific reasons, but normally the MDP is the
minimum soil moisture value before irrigation or rainfall is needed. The MDP is specific to the crop and growth stage, and represented as a fraction of the total plant available water (PAW). Many farmers who monitor their soil moisture commonly use a default value of 0.6 MDP, which
means when the soil moisture dries down to 60% of the total PAW then irrigation should be scheduled. This leaves a significant margin above
wilting point but for some crops below this point some water stress can occur.
TYPE OF IRRIGATION
The type of irrigation and the efficiency of the irrigation equipment will affect decision timing and the rate of water application. One of the
most common types of irrigation is the center pivot and other forms of moving irrigation sprinkler systems. This type of system will force complexity into an irrigation schedule due to the time it takes to complete a cycle of the field. Other considerations are the water use efficiency of
the system (irrigation coverage uniformity and rate precision across the field) and the heterogeneity of the soil types (discussed above). Making
irrigation schedule decisions is far more complex than just turning on the machinery and applying water to the entire field.
EVAPOTRANSPIRATION
When scheduling irrigation, it’s important to consider the loss of water from the soil daily. Much of the water lost from the soil profile is a term
called “evapotranspiration” or ET, which is a combination of evaporation and transpiration of water into the atmosphere. Evaporation is the
water that turns into water vapor due to temperature, air movement and relative humidity from the wet soil surface. The water which is taken
up through the plant’s roots and lost to the atmosphere through the leaves is called transpiration.
A variety of atmospheric, crop and soil variables are responsible for the amount of water lost. These include wind speed, humidity, temperature,
crop type, stage of growth and soil texture. The amount of evapotranspiration can be estimated by measuring these variables on any given day.
This information is invaluable to the farmer. Other data considered for calculating ET are the latitude and longitude, altitude and the date.
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OTHER MANAGEMENT DECISIONS
Any timely management decisions that need to be made regarding nutrient, pesticide and herbicide application are important considerations
when making a schedule. These decisions need to factor in the predicted weather forecast and any moisture changes that may occur. Having
irrigation and/or rainfall events immediately after nutrient or chemical application can flush these away from where they are needed.
DATA VISUALIZATION
The irrigation scheduler will appear in both the Field view and in the (Intelliroot™) Sensor view when a specific Intelliroot™ is selected. For the
Field view, the data will be based on a weighted average of all Intelliroot™ sensors in the field. These averages will also be in relation to which
depth(s) are selected for irrigating a partial or full profile depth. The target root zone depth can be selected and toggled between on the Irrigation Scheduler widget. Note for the example proposed herein: 8-inch and 24-inch combined, plus 24-inch alone are not options since these
would seldom, if ever, be of interest for irrigation purposes. When in Sensor view, in addition to how much irrigation is needed, the important
information displayed are the field capacity for that Intelliroot™ location, the deficit from field capacity and the depth of the profile of interest.

Figure 3. An example of the data displayed in the Irrigation Scheduler once a sensor is selected. The example values given here are
for the specific location in the field for Sensor 2, as seen in Table 1.
“Irrigation Today” will be a value at any time the user views the data, so will be based on the current reading. The Day 1 value will use the current
deficit and add the estimated evapotranspiration (ET) value for the next full day, using local time. At 12am local time all values will update, ET
predictions will also update based on the updated forecast for the following days.
In Figure 3 the current reading for the 8-inch sensor is 15% VWC, which is 5% below field capacity. This deficit is the amount of moisture
needed to bring this layer of soil back to field capacity. A 5% deficit over 8-inches of soil is 0.4 inches of water that needs to be applied. With
the current daily evapotranspiration value (the amount of water lost to the plant and atmosphere) at 0.12-inches, the irrigation needed at the
end of the following day to bring this 8-inch layer of soil back to field capacity would be 0.4 inches plus 0.12 inches, or 0.52-inches. Further,
for the example in Table 1, the MDP for the pecans grown in this field is 0.6 and a calculated value of 15.2% VWC, or a moisture deficit of
4.8% (0.38-inches of water). This would mean that the current reading is slightly drier than the moisture deficit at which water stress may be
evident, and therefore (at least this part of) the field should be irrigated.
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ABOUT AGRISOURCE DATA
For agricultural stakeholders around the globe who share our vision of a world with adequate food and water for everyone, Agrisource Data
is the only company providing large-scale, data-driven solutions that improve the efficiency, sustainability, and profitability of all enterprises
operating within the global food system.
Leveraging the latest advances in science and technology, including Internet-of-Things (IoT), Artificial Intelligence (AI), Machine Learning and
cloud-based communication protocols that accelerate data collection and analysis across the entire seed-to-shelf spectrum, Agrisource Data
delivers the most complete solution in the market for meeting the challenge of global food production.

Agrisource Data, LLC
6185 Crooked Creek Rd
Norcross, GA 30092
+1.404.800.5827
www.agrisourcedata.com

