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Managing Salts on Sand Putting
Greens in Wisconsin
By Dr. Doug So/dat, Department of Soil Science, University of Wisconsin - Madison

Salt problems are not common on
Wisconsin soils; however,

increasing restrictions on potable
water supplies will make the use of
poorer quality water for irrigation a
more attractive option for golfcourse
superintendents. The use of
reclaimed (or effluent) water is stan-
dard practice for not only superin-
tendents in many western states,
but also for those in humid states
like Florida where over half of the
golf courses are irrigated with
reclaimed water (Cisar et al., 2006).
Communities such as Green Bay and
Waukesha are already encountering
difficulties in supplying high quality

drinking water to their citizens.
These types of situations typically
lead to restrictions on the use of
potable water for golf course irriga-
tion. Thus, it's fair to say that the
arrival of mandated irrigation with
effluent water is inevitable in some
parts of the state. When that hap-
pens, superintendents will have to
become very knowledgeable about
the problems that can arise from irri-
gation with low quality water.
A recent survey of the state's golf

putting greens and the irrigation
water being used gave no indication
of excessive levels of soluble salts at
present or that salts will become a

problem in the future unless super-
intendents are using irrigation water
with high salinity or an elevated
sodium adsorption ratio (SAR) as
defined in tables 1 and 3, respec-
tively. Effluent water, or treated
municipal wastewater is typically of
low quality, but can be used with
success by altering management
practices.
Soil solution contains many sol-

uble salts; including calcium, mag-
nesium, potassium, sodium, chlo-
ride, sulfate, bicarbonate, and
nitrate. The concentration of sol-
uble salts in the soil solution
increases as pure water evaporates
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from soil and transpires through the plant into the
atmosphere. Evapotranspiration, the sum of evapora-
tion and transpiration, creates a suction gradient pulling
water from deeper layers towards the soil surface. When
this water evaporates or is taken up by the plant, soluble
salts are left behind. Heavy irrigation cycles or rainfall
dissolve accumulated salts and move them into deeper
soil layers or into drains where they are removed from
the root zone. However, efficient removal of salts
depends entirely on good drainage. Salinity problems
can develop where salts are continually added through
poor quality irrigation and drainage is poor. Most areas
with poor drainage remain unaffected by salt problems
because water quality is suitable.
A number of years ago, I had the opportunity to work

at a golf course in Northern Illinois that switched from a
surface water source to effluent water because the
effluent water was more reliable (the stream would occa-
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sionally run dry) and had a lower salt content during the
summer months. So obviously, water quality problems
are not confined to effluent water sources alone. Salt-
related problems can occur from poor quality ground-
water, but problems are more common with surface
water sources in WISCOnsin.Surface water sources tend
to be more variable than groundwater sources and there-
fore will require more intensive monitoring. Salts can
enter surface water bodies during the early spring runoff
of road salt, and salinity of surface water will usually
increase from spring to summer.
The abnormally dry conditions probably led to a

recent Noernet thread on flushing sand greens.
Leaching, charging, or flushing are three terms that are
used loosely to describe a variation on the practice of
moving large amounts of water through a sand-based
root zone in response to the real or perceived accumula-
tion of salts in the root zone. This practice has become
popular on sand greens that were designed to handle
movement of large amounts of water. The practice of
moving vast quantities of water through sand greens
varies from rurming irrigation heads all night, to closing
the drain valve, saturating the root zone, and then
opening the valve. Researchers at Ohio State University
define "charging" as the practice of applying water until
drain flow reaches a constant (maximum) level. For
recently constructed USGA greens this number ranged
between 1.9 and 3.4 inches. For new California greens
(sand root zone with no gravel blanket) 3.7 - 6.2 inches
of water was required to "charge" the root zone
(prettyman and McCoy, 2000).
However, purifying as this practice may sound,

potential pitfalls exist. Aging sand root zones accumu-
late organic matter which increases the water holding
capacity and decreases the infiltration rates. A flushing,
or charging event on a sand green with poor drainage
could intensify summer stress symptoms during a hot,
humid summer. Excess water that does not infiltrate
will runoff and saturate the lowest points in the sur-
rounds, creating additional problems in those areas.
Therefore, flushing, or charging a sand root zone should
not be done on instinct alone. It would be beneficial to
have information suggesting that the grass is experi-
encing symptoms from salinity stress before applying a
large volume of water.
Management of high salinity levels on soils with lim-

ited infiltration capacity requires a different technique.
On these areas small excesses of water should be applied
when soil salinity builds up to unacceptable levels. The
easiest way to accomplish this is to irrigate at 100% of
estimated evapotranspiration (ET). Evapotranspiration
estimates are based on climatic conditions.
Measurements of ET from turfgrass areas have found the
actual ET is around 80% of estimated ET. Therefore, irri-
gating at 100% of estimated ET will result in a small
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amount of drainage, and will help to slowly move salts
out of the root zone. If ET is not used, leaching salts can
be a guessing game. For daily ET readings visit:
http://www.soils.wisc.edu/wimnextJetiwimnet.html. You
can also get daily emails of local ET by sending in your
coordinates.
Evidence of salt stress can be gathered by monitoring

the quality of the water itself via field or laboratory
testing. Soil properties can also be monitored in the field
and lab.
Monitoring irrigation water and soils that are sus-

pected to be affected by salts are important practice
regardless of the irrigation water source. Two impor-
tant aspects of irrigation water quality, salinity and
sodium hazard are discussed below. Practical field and
laboratory monitoring techniques to be used diagnos-
tically are also considered.
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Figure 1. Map of Estimated El for Minnesota and Wisconsin.Actual
El for turfgrass areas is usually 80% of the estimated El, irrigating
to 100%of the estimated El will result in 20% excess (drainage).

Water and Soil Salinity
High levels of salt in the soil solution can cause a con-

dition known as physiological drought. Physiological
drought occurs when salt accumulation in the soil inhibits
water uptake by the turf The accumulation of salts
occurs as pure water is lost through evapotranspiration.
Salt accumulation occurs more rapidly when high salt-
content irrigation water is used. Fertilizer burn and dog
spots are two specialized cases of physiological drought.
The salt concentration, or salinity, at which physiolog-

ical drought occurs is different for different species and
cultivars, and varies with management practices such as
mowing height. In general, annual bluegrass, colonial
bentgrass, and velvet bentgrass are more susceptible to
salinity stress than creeping bentgrass, Modem creeping
bentgrass cultivars like 'L-93', Penn G-2, A-I, A-2, and A-
4 are more tolerant of high salinity than 'Penncross'
(Marcum, 2001).
Electrical conductivity (EC) is a reliable estimate of

the potential for salinity problems with irrigation water.
Electrical conductivity is often converted to total soluble
salts (TSS) , also called total dissolved salts (TDS) , by
multiplying the EC value by a conversion factor of 640.
For simplicity, only EC guidelines are reported. Table 1
illustrates two sets of interpretations for evaluating irriga-
tion water for potential for salinity problems. Over the
past several years, Dr. Kussow collected and analyzed
water samples from 63 golf courses in Wisconsin, Of the
63 water samples the average EC was 0.49 dBm', low or
medium depending on whose interpretations you consult
in Table 1. The highest EC was 1.22 dB m-I.At that level,
keeping a close eye on EC throughout the year is war-
ranted - if this sample was a surface water sample, we
might anticipate the EC to fluctuate throughout the year.

If the prospect of salt accumulation keeps you awake
at night, it's probably a good idea to invest in a portable
EC meter. This tool will allow for the instantaneous
assessment of EC. Coupled with the guidelines shown in
Table 1, you can get a feel for whether or not it's reason-
able to assume salinity as an issue that requires attention.
In addition, soil EC can be measured via a saturated paste

Table 1. Salinity guidelines of irrigation water based on electrical conductivity (EW).
Ada ted from Carrow et al. 2001 .

Salinity Hazard Comments

Low
Medium

High

Very High

0.75 -1.50

>2.25

0.25 -0.75

1.50 - 3.00 0.75 -2.25

>3.00
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Table 2. Sensitivity of various cool season grasses to soil EC levels. Soil salinity levels are
reatl influenced b EC ofirri ation water. Ada ted from Harivandi et al (1992).
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Moderatel

Sensitivity Turfgrass Species EC at which symptoms
rna a ear

Sensitive 3 dS m'

Moderatel 3 - 6 dS m
6 -10 dS m

Table 3. Sodium hazard guidelines of irrigation water according to Richards (1954).
Ada ted from Carrow et al. 2001 .
Sodium Hazard

Comments
Sodium Adsorption Ratio of

Water SAR
Low Can be used to irrigate almost all soils

without structure deterioration.
< 10

Permeability hazard on fine-textured soils
with high CEC. Best used on soils with good
draina e.

Medium 10 - 18

High 18 - 26Structure deterioration and infiltration
reduced on most soils. Intensive management
re uired.
Generall unacce table for irri ation.Ve

extract. If you want to avoid the lab fee and two-week
turnaround time, a handheld soil EC meter can be used.
Soil EC varies with soil moisture content, so it's best to
measure soil EC at field moisture capacity. Guidelines for
the tolerance of several grass species to soil salinity levels
are shown in Table 2. More detailed instructions about
operation are included in the user manuals. Water EC
probes start around $100 and cost around $400 for a dual
soiVwater probe.
Sodium Hazard
Another potential problem with using poor quality

water for irrigation is sodium hazard. When sodium ions
are high relative to calcium and magnesium, clay aggre-
gates will disperse into individual clay particles leading
to a reduction in pore size and a greatly reduced infiltra-
tion rate. In addition, soil aeration is decreased and the
soil becomes more sensitive to traffic. Sodium-affected
soils are difficult to reclaim, because substantial
leaching is required but prevented by the chemically-
altered soil structure. The sodium adsorption ratio
(SAR) is a measure of the potential for irrigation water
to lead to poor soil structure caused by excess sodium.
The SAR is normally calculated by the water testing lab-
oratory and listed on the report. Table 3 shows classifi-
cations of SAR for irrigation waters. These classifica-
tions were developed for soils with appreciable clay con-
tent, and therefore they overestimate the potential for
water to cause problem in sand root zones. Sand root

>26

zones have very low clay contents, and therefore any
sodium-induced dispersion will have a small effect on
pore space distribution and soil structure.
The average SAR for the 63 sampled waters was 0.8,

nowhere near a value that would be cause for concern.
Additionally, the greatest SAR value found was 4.2.
While these findings indicate that sodium hazard is not
a universal concern in Wisconsin. In fact, the fear of
sodium hazard has resulted in tons and tons of un-war-
ranted applications of calcium to golf courses across the
US. Calcium is indiscriminately marketed as a nutrient
that improves drainage and soil structure among other
things. However, this claim turns out to only be true for
fine-textured soils with appreciable amounts of sodium
- conditions that are rare in Wisconsin. Unfortunately,
field testing of sodium hazard is not possible. Soil and
water samples must be sent in for laboratory testing.
Conclusions
Salt problems have been rare in Wisconsin due to

adequate rainfall and high quality irrigation water.
However, poor quality water sources can be found in
the state, and future use of effluent water will increase
the incidence of salt problems. Management of salt
problems involves basically the over-application of
water to leach salts out of the root zone. On sand-based
systems, large amounts of water can be applied at one
time to alleviate the problem. For soils with lower infil-
tration rates, irrigation must be applied gradually by
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applying amounts slightly greater than ET. Because of
the potentially negative agronomic consequences of
applying excess water, it is best to be sure salt issues
exist. Vigilant testing and monitoring of soil and water
are key to a superintendent's success in potentially salt-
affected areas. Know what's in your water and know
how it may change during the season. Most times the
water quality is poorest when you need it most.
One final note: I have spoken with superintendents

who irrigate with high quality water but still notice a
significant visual response the day following a large
leaching or flushing event. I suspect the response is
not a result of salt leaching, but more likely can be
attributed to the alleviation of moisture stress and an
increase in population of soil microbes, which tend to
dislike dry conditions. The increase in microbe popu-
lation will result in an increase in available nitrogen
shortly after the soil is re-wetted. The same green-up
can likely be achieved with irrigation amounts much
smaller than a traditional flushing event. Additionally,
heavy irrigation cycles on sand root zones may need to
be followed with a potassium application, as a recent
study found a 22% decrease in available potassium fol-
lowing the application of 5.5 inches of irrigation over
22 hours (Hathaway et al., 2007).
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