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The overall objective of the study was 
to evaluate in-season water use and 
agronomic responses of the potatoes 
to imposed deficit irrigation in a 
greenhouse environment.

The greenhouse eliminated the 
confounding impacts from rainfall, 
which is often a challenge of deficit 
irrigation research in Wisconsin. 

It needs to be pointed out that, in 
the controlled environment with a 
5-pound pot as one plant growing 
unit, the units of measurement and 
scale of production are different 
from what is usually seen in the 
field, where a single hill is one plant 
growing unit. 

For example, evapotranspiration (ET) 
values are measured using milliliters, 
and total yields per pot are between 
.5 and 2 pounds.

For each cultivar, we had two 
irrigation rates: 1) full irrigation that 
applied 100 percent ET throughout 
the growing season and was 
implemented to fully saturate the 
soil without drainage; and 2) deficit 
irrigation that applied 100 percent  
ET until early tuber bulking (0-50 days 
after planting [DAP]), 66 percent ET 
until late tuber bulking (51 -98 DAP), 
and 33 percent ET until harvest  
(99-120 DAP). 

ESTIMATING ET VALUES
Daily ET values for each cultivar and 
irrigation treatment were estimated 

by weighing representative pots on 
two consecutive days before irrigation 
(ET=day 1 pot weight minus [-] day 2 
pot weight plus [+] irrigation amount 
on day 1). 

Daily irrigation timing was identical 
for both cultivars and irrigation  
rates, with only the length of each 
irrigation event differing to meet the 
estimated ET.

Each five-pound pot was planted  
with one seed piece. There were  
18 pots under each cultivar and 
irrigation rate. 

The soil potting mix used in the 
study was similar to muck soil. 
Growing conditions were 77 degrees 
Fahrenheit (F) daytime/68 degrees 
F nighttime, and with 16 hours of 
supplemental lights per day (5 a.m.  
to 9 p.m.) over the entire season. 

Irrigation was implemented by a drip 
tube watering system that brings a 
small spray of water onto the topsoil 
in each pot. There were different 
numbers of drip tubes assigned to 
pots that are under full irrigation 
(Figure 1a) and deficit irrigation 
(Figure 1b), respectively, to control 
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Above: Researchers conducted a greenhouse 
study to investigate the effects of deficit irrigation 
on fresh market potatoes. 

Left: Figure 1: Pots under full irrigation (a) and 
deficit irrigation (b) have different numbers  
of drip tubes.

From November 2017 to March 2018, we conducted a 
greenhouse study to investigate the effects of deficit irrigation on fresh market 
potatoes. The tested cultivars were W9133-1rus (a new promising variety 
from the University of Wisconsin breeding program) and Russet Norkotah.
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the total amount of applied water. 

Daily ET values of fully irrigated plants 
are consistently higher than those 
of deficit-irrigated plants all through 
the season, for both W9133-1rus and 
Russet Norkotah (Figures 2a and 2b). 

Daily ET values of W9133-1rus 
increased from early season to 77 
DAP, and then either leveled off 
(under full irrigation, orange bars) or 
decreased (under deficit irrigation, 
blue bars) until the end of the season. 

Change of daily ET values for Russet 
Norkotah were similar to those of 
W9133-1rus, with the only difference 
being that the peak values are not 
achieved until 87 DAP under both 
irrigation rates. 

This is suggesting that the peak 
bulking timing for Russet Norkotah is 
about 10 days later than W9133-1rus. 
For both cultivars, we can also see 
that peak ET values, which indicate 
peak tuber bulking rates, appear on 
the same dates under both irrigation 
rates.

The major difference is that once the 
peaks are achieved, ET values stayed 
high under full irrigation (meaning full 
bulking potential) until late season, 
but they decreased under deficit 
irrigation (meaning bulking potential 
is reduced).

SEASONAL WATER USE
For both cultivars and irrigation rates, 
our applied water amount always 
meets the ET requirement throughout 
the season (Figure 3). 

On each date, the seasonal 

accumulative ET values of W9133-
1rus tend to be higher than the  
values of Russet Norkotah (Figure  
3a vs. Figure 3b). 

Additionally, seasonal accumulative 
applied water levels are always higher 
than the ET requirements for Russet 
Norkotah, particularly under full 
irrigation. 

These results suggest that Russet 
Norkotah uses less water than 
W9133-1rus from early bulking  
to the end of the season. 
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Above: Figures 2a and 2b: Daily ET values  
of W9133-1rus (a) and Russet Norkotah (b)  
are shown under full irrigation (orange bars)  
and deficit irrigation (blue bars).

 

Above 
Ground  
Biomass 

(lb.)

Total Yield 
(lb.)

% of 
Tubers <6 

oz.

 % of 
Tubers >6 

oz.

Water Use 
Efficiency

Specific  
Gravity

Stem  
Number 

Tuber  
Set 

Full Irrigation 0.67 1.3 52% 48% 100% 1.070 1.4 5

Deficit Irrigation 0.50 0.8 73% 27% 110% 1.072 1.2 5

Significantly  
different? YES YES YES YES YES NO NO NO

Agronomic Responses at Harvest

Table 1. Agronomic responses of tubers per pot under full irrigation and deficit irrigation
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The other finding from Figure 3 is 
that, although we used 100 percent 
ET minus (-) 66 percent ET minus (-) 
33 percent ET, or a gradually reduced 
deficit irrigation strategy, the seasonal 
accumulative ET under the deficit 
irrigation rate is always about 60 
percent of the number under the 100 
percent ET full irrigation rate.

For the agronomic responses shown 
in Table 1, there were no significant 
differences between W9133-1rus and 
Russet Norkotah, so all the numbers 
presented here were averaged over 
the two cultivars. 

Deficit irrigation resulted in an 
above-ground biomass reduction 
of 34 percent and a yield reduction 
of 38 percent, indicating that 
photosynthesis was slowed down. 

The yield reduction under deficit 
irrigation is mainly caused by more 
tubers that are smaller than 6 

ounces. Comparatively, full irrigation 
produced more tubers that are larger 
than 6 ounces. 

However, water use efficiency (total 
yield/total amount of applied water) 
under deficit irrigation is 10 percent 
higher than that under full irrigation. 

Specific gravity, stem number per 
plant and tuber set per plant are not 
significantly different between the 
two irrigation rates. 

These results show that deficit 
irrigation started after early tuber 
bulking didn’t affect stem number 
and tuber set, but it significantly 
reduced vine growth and tuber 
bulking potential.

Here is a summary of major findings 
from the study so far:

•  Compared to Russet Norkotah, 
W9133-1rus reaches its peak 
bulking stage 10 days earlier, and 
uses more water from early tuber 
bulking to the end of the season;

•  For the two cultivars, deficit 
irrigation that was started after the 
early tuber bulking did not affect 
the timing of peak bulking, stem 
number and tuber set, but it can 
reduce the tuber bulking potential;

•  The way deficit irrigation reduced 
tuber bulking potential is to reduce 
photosynthesis and produce more 
small tubers (<6 ounces);

Although water use efficiency 
is improved by 10 percent, the 
economic benefit of deficit irrigation 
tested in this study might be hard  
to justify due to the yield loss  
of 38 percent. 
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MARKET LEADING 
CONTROL OF 
COLORADO POTATO 
BEETLE AND 
FAST, EFFECTIVE 
CONTROL OF  
OTHER KEY PESTS.
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Above: Figure 3: Seasonal accumulative ET and seasonal accumulative applied water amounts 
under full irrigation and deficit irrigation of W9133-1rus (a) and Russet Norkotah (b)
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