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Using Variable Rate Irrigation for Potato Production  
Wisconsin growers are among the most proactive in adopting new technologies

By Yi Wang, University of Wisconsin-Madison Department of Horticulture

Badger Beat

Therefore, new promising technologies 
and strategies that can improve 
irrigation efficiency of vegetable 
cropping systems have become a goal 
for the industry. 

Wisconsin growers are among the most 
proactive in the country to explore 
and adopt new technologies. About 99 
percent of Wisconsin potato growers 
are using centor pivot irrigation 

systems, and Variable Rate Irrigation 
(VRI) has been recently adopted by 
some pioneers. 

Observed benefits of VRI include: up to 
25 percent of water savings (less water 
pumped) on the farm, improvement of 
crop yield and quality at harvest, and 
extended storage season. However, 
no research has been conducted to 
quantify those benefits.

The VRI technology applies water at 
variable rates rather than one uniform 
rate along the length of the center pivot. 

There are two steps to apply the VRI 
technology: first, based on electrical 
conductivity (EC) or elevation mapping, 
the field is divided into different 
management zones; and second, the 
system applies a specific amount of 
water on different management zones 
by turning on and off individual nozzles 
(nozzle control VRI) or by controlling 
the moving speed of the pivot (speed 
control VRI). 

Water is a finite resource for the Wisconsin potato and vegetable 
industry. Over the last several years, agricultural irrigation has been linked to 
reduced ground and surface water levels in the Central Sands region. 
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Table 1: Specific gravity from different areas of the fields irrigated with VRI systems. Numbers followed by different letters mean significant difference at p<.05.

continued on pg. 34

VARIABLE & VERSATILE 
VRI can apply water at different 
rates to individual crops or cultivars, 
varying soil types, high run-off areas 
or low areas prone to getting wet 
and saturated, and environmentally 
sensitive areas within the field. 

The overarching goal of VRI is to 
avoid over- and under-irrigation so no 
water is wasted, and no water stress 
occurs, while crop yield and quality are 
maintained or increased. 

Currently, the main hurdles of VRI wide 
adoption are the upfront cost, ranging 
between $3,000 and $50,000 per pivot, 
and the relatively unknown potential of 
VRI to improve farm profitability. 

In the summer of 2018, we conducted 
a study to quantify the benefits of 
using VRI on commercial potato 
(Russet Burbank) production. We 
picked two fields irrigated with nozzle 
control VRI and speed control VRI 
separately. 

In each field, there was about 15 feet 
of elevation difference between the 
highest and lowest areas. 

DEPTH ANALYSIS
Our data showed that under the nozzle 

control VRI, rooting-zone (0-12 inches 
deep) soil moisture in the driest area 
stayed between 70 and 80 percent of 
field capacity throughout the season, 
whereas subsoil (12-24 inches deep) 
moisture was consistently low (about 
40 percent of field capacity). 

Comparatively, in the wettest area, 
both rooting-zone soil and subsoil 
moisture were close to 100 percent 
field capacity throughout the growing 
season, meaning the soils at the lower 
depth stayed saturated all the time. 

Soil moisture under the speed control 
VRI was similar to that under the 
nozzle control VRI.

At harvest, we evaluated tuber yield 
and quality of the driest area, the most 
representative/average area and the 
wettest area of each field. 

Under nozzle controal VRI (Figure 1a), 
there was a significant yield reduction 
(about 140 cwt./acre, p<.05) in the 
wettest area compared to the average 
area. Yield reduction from the driest 
area was slightly higher (about 20 
cwt./acre, p>.05) than that from the 
average area. 

Under speed control VRI (Figure 

1b), there was not any sigficant 
yield difference between the three 
locations, although the number in the 
driest area was higher than those in 
the average and wettest areas.

Under both VRI systems, tubers from 
the wettest area had lower speficic 
gravity compared to those from the 
driest and average areas, and the 
difference under the nozzle control 
system was significant (Table 1).

AREA OF THE FIELD
SPECIFIC GRAVITY

NOZZLE CONTROL VRI SPEED CONTROL VRI
Dry 1.077 A 1.073 a

Average 1.081 A 1.068 a
Wet 1.069 B 1.06.8 a

Figure 2: Tuber shape from different areas of the field varies.

Figure 2 showed that tubers from the wettest area of each field had significantly higher length to width ratio, indicating 
longer and skinnier tuber shape.

Figure 1: Illustrated in the graph is total yield 
from different areas of the fields irrigated with 
VRI systems. Bars with different letters mean 
the numbers are significantly different at p<.05.
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Figure 3: The rotting tubers are from the wettest areas of both farms.

Correspondingly, there was higher incidence of hollow heart in tubers from the wettest areas of both fields, and the 
difference was significant under the speed control system (Table 2).

During storage under 48 degrees 
Fahrenheit, we have observed higher 
incidence of rotting in tubers from the 
wettest areas of both fields (Figure 3). 

It is thought that the tubers grown in 
saturated soils had enlarged lenticels 
on the surface, which creates perfect 
entry points for pathogens in field and 
during storage.

In addition, we calculated irrigation 
efficiency (IE) of the speed control 
VRI system (numbers of the nozzle 
control VRI are not available yet), and 
it showed that there was a significant 
improvement of IE in the wettest area 
compared to the average area of the 
field. IE in the driest area was slightly 
higher than the average (Table 3).

Table 2: Hollow heart incidence from different areas of the fields irrigated with VRI systems. Numbers followed by different letters are significantly 
different at p<.05.

Table 3: Hollow heart incidence from different areas of the fields irrigated with VRI systems. Numbers followed by different letters are significantly 
different at p<.05.

So far, our data suggests that: 
• A big benefit of using VRI is to 

improve yield and quality, and 
it can potentially improve the 
profitability in the driest (or the high 
run-off) area of a field that is more 
vulnerable to under-irrigation. VRI 
can maintain soil moisture within 
the rooting zone of the plants.

• VRI can save irrigation water and 
improve irrigation efficiency in the 
low area of a field that tends to be 
wet or saturated. However, even 
under VRI, managing potato yield 
and quality in the low area is still 
challenging, since plants tend to 
have more rotting and defect issues.

• VRI is a promising system to save 
water while improving potato 
profitability, but further fine-tuning 
is needed to better manage it on 
fields with variability. 

AREA OF THE FIELD
SPECIFIC GRAVITY

NOZZLE CONTROL VRI SPEED CONTROL VRI
Dry 8% A 3% b

Average 13% A 5% ab
Wet 15% A 13% a

AREA OF THE FIELD IRRIGATION EFFICIENCY
 (LB OF TUBERS/INCH OF IRRIGATION WATER)

Dry 9 AB
Average 8 B

Wet 12 A
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