
Keys to  
Irrigation  
Efficiency

Learn some commonly recommended irrigation 
scheduling methods for potato growers 
By Yi Wang, assistant professor, Dept. of Horticulture, UW-Madison

Potato tuber yield and quality can 
be reduced by water stress imposed 
at any time during the growing 
season. Therefore, employment of 
efficient irrigation scheduling has 
been recommended for 

optimal potato yield and quality 
management. 

Irrigation scheduling is the process 
by which a grower determines when 
to use irrigation and the amount of 

water to apply.

There are three commonly 
recommended irrigation scheduling 
methods for potato growers:

1. Subjective (nonscientific) 
method, also called the “feel and 
appearance method,” based on 
operator judgment, including 
hand feeling of the soil and crop 
visual inspection

2. Using weather-based soil 
water balance (water inputs vs. 
outputs) methods to estimate 
evapotranspiration (ET)

3. Using in-field soil moisture 
measurements, such as time-
domain reflectometry (TDR), 
tensiometers, etc.

The first one (subjective 
method) is the most common 

method of irrigation scheduling 
for potato growers since it is very 
straightforward and easy to conduct.

According to the U.S. Department of 
Agriculture-NRCS (Natural Resources 
Conservation Service) Program Aid, 
Number 1619 (Figure 1), soil moisture 
conditions can be estimated, with 
experience, to an accuracy of about  
5 percent.

However, the drawbacks of this 
method are obvious: it is time- and 
labor-consuming, it is based on 
subjective personal judgement that 
may not be accurate, and people able 
to use this method will need many 
years of field experience.

Above: At the Antigo Field Day, July 27, UW-
Madison Assistant Professor Yi Wang explained 
her research on potato and vegetable sustainable 
production, and specifically new irrigation 
technologies.

Left: Figure 1. Straightforward and easy to 
conduct, there are drawbacks to estimating soil 
moisture by feel and appearance. Shown is the 
USDA-NRCS Program Aid, Number 1619.
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The second method (weather-
based soil water balance) has 
been recommended as a reliable 
and affordable way for irrigation 
scheduling, including by the 
Wisconsin Irrigation Scheduling 
Program (WISP), in many potato  
and vegetable growing areas. 

This method relies on quantifying 
soil water balance by calculating 
components such as irrigation and 
precipitation as inputs, and ET, deep 
drainage and surface runoff  
as outputs. 

This method is based on seasonal 
weather data and is at regional scales 
(typically with a resolution of about  
1 square mile), so its key to success, 
as well as its main difficulty, is 
accurate quantification of ET. 

The most prevailing way of calculating 
ET of a well-watered crop is based on 
an equation where a daily estimated 
reference ET (ET0) is multiplied by  
a crop coefficient (Kc).

ET0 is commonly estimated from 
measurements of weather data such 
as air temperature, relative humidity, 
wind speed and solar radiation. 

Networks of public weather stations 
for estimating ET0 have been 
established in Wisconsin, and many 
commercial companies also offer 
affordable weather stations. 

However, in practice, either the 
public weather stations are several 
miles away from the growers’ farms, 

so accurate estimation is impossible, 
or the private weather stations are 
located near trees, buildings or 
parking lots that can potentially bias 
estimates of ET0.

CROP COEFFICIENT CHANGES
Another difficulty of quantifying ET 
is that Kc can change daily as the 
canopy grows and leaf area expands. 

Kc values vary during the early crop 

Figure 2: TDR sensors are used to determine 
volumetric soil moisture content. 

Figure 3: Tensiometers can measure soil water 
tension in a range of 0-85 kPa, and are considered 
less influenced by soil texture.
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growing stage when canopy has 
not fully developed, the peak crop 
growing stage with a full lush canopy 
and the late crop growing stage as 
the canopy senesces and decreases. 
Therefore, the Kc values are difficult 
to accurately calculate.

The third recommended irrigation 
scheduling method (soil moisture 
method) has been a standard way to 
determine when crops need to be 
irrigated based on soil water status.

Most studies on Russet Burbank 
potatoes indicate that available soil 
water in the root zone (0-18 inches 
deep) should be maintained above 
65 percent to avoid yield and quality 
loss.

Soil water content can be measured 
by various sensors. For example, 
TDR sensors are used to determine 
volumetric soil moisture content 
(Figure 2), while tensiometers can 
measure soil water tension in a range 
of 0-85 kPa and are considered less 
influenced by soil texture (Figure 3). 

However, the soil moisture method 
is still an indirect scheduling tool 
since plant water stress may result 
from a matrix of factors, including 
environmental conditions (air 
temperature, relative humidity)  
and root condition (available water  

in the soil). 

In other words, available water in 
the root zone is not always directly 
correlated with the water status of 
the crop.

While much progress has been made 
in improving the accuracy and utility 
of soil moisture sensors over the last 
decade, other factors still limit their 
use for irrigation scheduling of potato 
production:

•  Labor and time for installation  
and removal of sensors remains  
a significant cost.

•  Due to high labor and capital costs, 
many growers install soil moisture 
sensors only in some representative 
spots of their fields, and therefore 
spatial variability within the field 
can limit the applicability of the 
sensor data.

PLANT-BASED METHODS
Plant-based methods can also be 
employed for irrigation scheduling, 
because they directly consider the 
plant responses to environmental 
water conditions. 

Among the plant-based indicators, 
canopy temperature has been  
a widely accepted parameter 
indicative of crop water status. 

The stomata (leaf pores) control 

evaporative cooling of the leaves 
based on soil water status and 
prevailing environmental conditions. 

The stomata close due to increased 
water deficit, and then the reduction 
in plant transpiration causes increase 
in plant canopy temperature. 

The major advantage of using canopy 
temperature for irrigation scheduling 
is related to the non-contact and real-
time capability of the system. 

It provides the opportunity to map 
the spatial variation in crop water 
status that can be used as a guide 
in variable rate irrigation (VRI) 
management. 

A major problem of applying this 
method is the inclusion of soil 
temperature and other background 
temperatures in the measurement  
of canopy temperature.

Recently developed remote sensing 
technologies makes it possible to 
calculate ET using real-time and 
farm field-scale data such as canopy 

Above: Figure 4. Irrigation scientists from Texas 
conducted research to calculate ET of corn, cotton 
and sorghum, and to schedule irrigation for VRI 
center pivots mounted with canopy temperature 
sensors. They showed that irrigation scheduling 
can result in equal or greater crop yield and 
crop water use efficiency compared to irrigation 
scheduling using soil moisture measurements. 
Photos courtesy of Colaizzi and team
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temperature, canopy height, leaf area 
index, etc. 

WATER USE EFFICIENCY
Irrigation scientists from Texas 
conducted research to calculate 
ET of corn, cotton and sorghum, 
and to schedule irrigation for VRI 
center pivots mounted with canopy 
temperature sensors (Figure 4). 

They showed that their irrigation 
scheduling can result in equal or 
greater crop yield and crop water 
use efficiency compared to irrigation 
scheduling using soil moisture 
measurements. 

Resolution of the canopy 
temperature-based system is flexible 
and can range from 10-to-1,000 
square feet, depending on specs and 
height of the sensors. 

In comparison, resolution of the 
weather-based soil water balance 
method and soil moisture method 
are typically about 1 square mile and 
2 square inches, respectively. 

These numbers are either too large 
to be precise and instructive for 
practical farm-specific irrigation 
scheduling or too small to include 

spatial variability in the fields. 

Besides the device-based irrigation 
scheduling methods introduced 
above, computer modelling-assisted 
irrigation scheduling has also been 
reported. 

One example is RZWQM2 (Root Zone 
Water Quality Model V2.0), which 
can simulate the impacts of irrigation 
management practices on soil water 
balance and crop yield. 

A recent study conducted in Colorado 
used RZWQM2 to optimize irrigation 
scheduling based on corn growth 
stages, while also considering water 
restrictions and multiple-year water 
allowances, which are often faced by 
farmers in that region. 

In another Colorado study, scientists 
used RZWQM2 to estimate yield of 
various corn varieties under deficit 
irrigation regimes with 22 years of 
projected climate between 2070 and 
2091 in comparison with baseline 
weather from 1992 to 2013. 

OPTIMAL IRRIGATION SCHEDULES
Their results provided suggestions for 
future corn breeding strategies. 

Therefore, the advantage of using 

RZWQM2 is that simulations can be 
run within a short amount of time 
to provide predictions of optimal 
irrigation schedules and management 
practices that produce maximal crop 
yields in the future. 

Given the high value nature of potato 
and the negative impacts of water 
stress on tuber yield and quality, 
irrigation scheduling focuses on 
maintaining adequate crop water 
status. 

As a result, the cost of different 
irrigation scheduling methods is 
an important aspect for growers’ 
profitability. The low cost of the “feel 
and appearance method” is a key 
factor in its continued use. 

Other methods based on more 
advanced sensing technologies 
can increase farmer revenue from 
larger yields and tuber sizes, and 
improved quality, but justification 
of the additional cost and risk of the 
technologies is needed for future 
adoption by the growers.

The table below lists the principal 
advantages and disadvantages 
of different methods for potato 
irrigation scheduling. 

Methods Advantages Disadvantages

Feel and 
appearance

Straightforward, easy application, and low 
cost

Labor-intensive and requires many years 
of experience

Weather-based 
soil water 
balance

Easy application and sufficient robustness 
under a wide range of environmental 
conditions

Lower accuracy compared with soil 
moisture-based method; estimation of 
ET is needed; inaccurate estimation can 
cause over- or under-irrigation

Soil moisture
Easy application, accurate, availability 
of many irrigation controllers that are 
interfaced to soil moisture sensors

Labor and cost-intensive for installation 
and removal, and might not be sufficient 
to indicate spatial variability

Canopy 
temperature

Directly measures the plant’s response to 
soil moisture level and climate conditions; 
promising with remote sensing technology 
development

Background signals can cause errors; 
scarcely used yet for routine irrigation 
scheduling

Computer  
modelling

Has the capacity of processing a large 
amount of data and conducting long-term 
simulations

Need to adjust the model under different 
growing environments; scarcely used yet 
for routine irrigation scheduling
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