
Sustainable irrigation management for potato production in Wisconsin 
Yi Wang, Mack Naber, and Trevor Crosby 

Department of Horticulture, University of Wisconsin – Madison 

Water is an invaluable resource for the Wisconsin vegetable industry, and agricultural irrigation 
has been linked to reduced ground and surface water levels in the Central Sands region, where the 
majority of the Wisconsin vegetable production is located. Therefore, new technologies and strategies that 
can improve the irrigation efficiency of vegetable cropping systems has become a top priority for the 
industry. Wisconsin growers are among the most proactive growers in the country for new technology 
exploration and adoption. About 99% of Wisconsin vegetable growers are using centor pivot irrigation 
systems, and Variable Rate Irrigation (VRI) has been adopted by some pioneers in recent years. Benefits 
of VRI that have been observed include: up to 25% of water saving (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 specifically 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: firstly, based on electrical 
conductivity (EC) or elevation mapping, the field is divided into different management zones; secondly, 
the system applies specific amount of water on different management zones by controlling the moving 
speed of the pivot or turning on and off individual nozzles. VRI can apply water at differing rates to 
different 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 hurdle of wide adoption of VRI is the upfront cost, 
ranging between $5,000 and $50,000 per pivot, and the potential of VRI to improve farm profitability.   

In 2018, our group evaluated production of potatoes or green beans under VRI on three 
commercial fields. Each field had 10-20 feet elevation difference between the highest (driest) and lowest 
(wettest) spots. Field 1 grew potatoes and had nozzle control VRI; field 2 grew potatoes and had speed 
control VRI; field 3 grew green beans, had nozzle control VRI but was irrigated with flat rate of water all 
through the season. Our data showed that:  

 On field 1: about 0.2 million gallons of water per acre was saved by VRI, and there was a 
significant improvement of potato yield and quality (specific gravity, tuber shape, and hollow 
heart incidence) in the driest area/average area compared to the wettest area. In the driest area, 
rooting-zone soil moisture stayed at about 80% field capacity all through the season, whereas 
subsoil moisture was consistently low (about 40% field capacity). In the wettest area, both 
rooting-zone soil and subsoil moisture were high (about 100% field capacity) throughout the 
growing season; 

 On field 2: about 0.15 million gallons of water per acre was saved by VRI. There was no 
significant difference of potato yield over the field, but those in the driest/average area showed 
better quality than those from the wettest area. Soil moisture change was similar to field 1; 

 On field 3: No green bean yield difference was observed between the average area and the wettest 
area. Yield in the driest area was 27% lower (p<0.05) than yield in the average area, and 28% 
lower (p<0.05) than the wettest area.  
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So far our data has suggested that:  

 A big benefit of using VRI is to improve vegetable crop yield, quality, therefore to improve the 
profitability in the high run-off (or the direst) area of a field, which is more vulnerable to under-
irrigation. Because VRI is able to maintain soil moisture within the rooting zone of the plants; 

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

 Further evaluation is needed to further confirm and investigate the benefits of using VRI for 
potato and vegetable production.  

In 2018, our group conducted a study under a nozzle control VRI system at the Hancock Ag 
Research Station, to evaluate effects of over- or deficit irrigation during late growing season on potato 
production. We tested 6 varieties (Norkotah, Russet Burbank, Silverton, Hodag, Snowden, and Lamoka) 
under 4 irrigation regimes that were started in the last week of July: 

Rate 1: Irrigate to 100% field capacity (over-irrigation); 
Rate 2: Irrigate to 80% field capacity (standard rate); 
Rate 3: Irrigate to 60% field capacity (deficit irrigation 1); 
Rate 4: Irrigate to 40% field capacity (deficit irrigation 2). 

Before the start of treatments, all plots were irrigated to 80% field capacity as the standard rate. 
Figure 1 below shows the weekly accumulative amount of irrigation + rainfall under each treatment rate. 
Overall the actual amount of applied irrigation lined up with the expected value, indicating that the VRI 
system is reliable for adjusting irrigation rates.  

 

Figure 1 

Figure 2 shows the volumetric water content of top soil (0-12’’) and subsoil (12-24’’) in Russet 
Burbank plots under each irrigation regime. Before the treatments were started on July 25th, top soil 
moisture stayed between 8% and 10%, and subsoil moisture was between 10% and 12% in all plots. After 
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July 25th, over-irrigation (Rate 1) and standard irrigation (Rate 2) had soil moisture higher than 14% at 
both soil depths all the time. For deficit irrigation 1 (Rate 3), top soil moisture was between 6% and 12% 
most of the time, and subsoil moisture stayed at about 11%. For deficit irrigation 2 (Rate 4), top soil 
moisture was between 5% and 10% for the most part, and subsoil moisture was around 11%.  

 

Figure 2 

Figure 3 shows the yield of different varieties. Least significant difference (LSD) at p<0.05 is 168 
cwt/acre, and therefore there is not any significant difference for each variety under different irrigation 
rates. Overall, over-irrigation is not beneficial for getting more yield for any of the tested variety. 

  

Figure 3 
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Even there is an increase of yield under over-irrigation, more large tubers (<13oz) are observed, and more 
hollow heart issues are noticed on the tubers. 

There is not any significant difference of specific gravity between different varieties and different 
irrigation rates. However, irrigation efficiency (total yield / total irrigation amount) is significantly 
improved by 30% under deficit irrigation 2 compared to over-irrigation. 

Our conclusion so far is that VRI is a promising tool to manage irrigation for potato production. Over-
irrigation is not associated with yield increase, and instead it will cause quality issues like hollow heart, 
reduced irrigation efficiency, and more rotting issues (data not shown). It is our expectation that deficit 
irrigation during late growing season might be used on specific varieties to save pumping water while 
maintaining yield and quality, and more years of data is needed. 
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