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Probing Turfgrass Irrigation Saving
Strategies for the 21st Century

In addition to color change,

By E C. Waltz and L. B. McCarty

As water conservation and usage become
more important issues, golf course superin-
tendents and other turf managers will be
forced to make more judicious use of water
resources. Turfgrass managers will have to
justify the use and volume of water and
forgo the days of indiscriminate irrigation.

Since the soil in the rootzone acts as a
storage reserve for water, an understanding
of the soil moisture status is essential for
efficient irrigation practices.

For years, superintendents have used
many means to guide turfgrass irrigation.
Some methods are more qualitative and
adapted to quick field adjustments, while
others are more time consuming but pro-
vide quantitative information. Water con-
servation and turfgrass quality issues will
dictate that the positive attributes of all
these methods be accentuated.

Watering by feel

The most commonly used method of
assessing moisture status is through experi-
ence with visual determinations. Early
detection of moisture stress is the observa-
tion of “wilt,” a physiological condition that
occurs when the cells within the turfgrass
plant lose turgor pressure.

One of the earliest
physical characteris-

other characteristics of “wilt”  tics of turfgrass “wilt”

is a change in color.

include narrowing of the leaf s mblattire
blade and an increase in the becomes limiting,

plants will change

turfgrass canopy temperature  from a healthy green

compared to hydrated turf.

to a bluish hue and
eventually a purplish
black color. In the case of severe moisture
stress, the turf will take on a brown straw
color. If detected early and sufficient irri-
gation is applied, many turfgrass species
will regain turgor pressure and the green
color will return within a few days.
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However, in the case of prolonged
drought, turfgrass may either enter into an
induced dormancy (at which time growth
will continue only when water is no longer
limited) or the turf may die.

Other characteristics of “wilt’ include
narrowing of the leaf blade and an increase
in the turfgrass canopy temperature com-
pared to hydrated turf. At the onset of
moisture stress, a temperature increase can
be detected by placing a hand on green turf
and the other hand on stressed turf, much
as a parent would check a child for fever.
While visual and sensual assessments are
quick and relatively easy, they are purely
qualitative.

Measuring water

A physical measurement of water is a quan-
titative assessment of the moisture status or
level within the turfgrass rootzone. When
this is made on a weight basis it is called the
gravimetric water content (indicated as
qwt). This technique requires the extraction
of a plug of soil, weighing the moist plug
(wet weight in grams), drying it in an oven at
105° C overnight, and re-weighing the dried
plug (dry weight in grams). qwt (in g g-1)
can then be calculated (Equation 1).

Equation 1

s = [WetWeight (g)]-[Dry Weight (g)]
[Dry Weight(g)]

Other information can be determined
from the removal and drying of a plug.
Density is the mass of an object that occu-
pies a given volume. In soils, bulk density
(BD) is the mass (g) of dry soil, including
pore space, contained in a given volume
(cm-3) and is often used as a measure of soil
compaction (Equation 2). As the mass of
dry soil increases in a given volume, so does
BD, which indicates increased soil com-
paction. Particle density is the density of an



individual soil particle or solids and is com-
monly approximated at 2.65 g cm-3.

Equation 2
[Dry Weight of soil (g)]

Bulk Density =
[Volume of soil (cm?)]

Volumetric water content (qv) is the vol-
ume of water within a volume of soil and can
be calculated (Equation 3). As roots explore
a volume of soil for water, the moisture envi-
ronment within the rootzone is more realis-
tically described by qv than qwt. Also, qv
values can be converted to equivalent water
depths, much like measurements made with
arain gauge (Equation 4). For example, a 30-
cm layer of soil with a qv of 0.20 cm3 cm-3
would contain 6 cm of water.

Equation 3
&,=(&,) < (BD)

Equation 4
Depth of water = (&,) <> (depth of soil)

Important for turfgrass growth and
development, air and water are held within
the pore spaces between soil solids. Total
porosity (et) is the measure of voids relative
to the total volume of bulk soil and is cal-
culated by Equation 5. Bulk density is
inversely related to et, as bulk density
increases the porosity decreases. United
States Golf Association (USGA) specifica-
tions for root zone putting green media
recommend a et of 0.35 -0.55 cm3 cm-3
(The USGA Green Section Staff, 1993).

Equation 5

—Bulk Density v/
Particle Density

a=1-

While pulling a plug provides significant

data, it is a destructive method requiring
time to complete.

Environmental guided irrigation
Another method used to guide turfgrass

irrigation is based on estimated daily turf-
grass evapotranspiration (ET) rates. Evapo-
transpiration is the combined loss of water
through plant transpiration and evapora-
tion of water from the soil.

The concept of this technique is to use
local weather information (i.e. temperature,
relative humidity, wind velocities, solar radi-
ation, etc.) in an equation, or model, which
estimates the amount of moisture lost
through ET. Enough irrigation is then
applied to compensate for the moisture lost.

There are several models that estimate
ET and are used to guide turfgrass irriga-
tion. Fry et al. (1997) found turfgrass
species, mowing height and nitrogen fertil-
ity can influence the accuracy of ET mod-
els. Also, certain models may provide more
accurate estimates in one part of the coun-
try compared to another. Using ET to guide
irrigation requires the input of many factors
and site specific calibration.

When the proper information is used,
ET can be an effective method of managing
water resources, however knowledge of
many variables is required for efficient use.

Probe guided irrigation
Researchers have continually shown that
efficient water management is achieved by
using a reliable device to guide irrigation
timing. The use of instrumentation, or sen-
sors, is yet another method of determining
soil moisture status.

There are various types of instruments
that measure moisture content (i.e. porous
blocks, thermal dissipation blocks, ten-
siometers, neutron probes, dielectric con-
stant probes, and others), with each having
positive and negative attributes. Perma-
nently buried sensors have the potential to
be valuable tools in the decision process of
when to irrigate and how much water to
apply. Criteria for an effective moisture
probe for golf course use include readings
that are:
® accurate;

e independent of soil type or organic mat-
ter content, and soil compaction;

e independent of pesticide or fertilizer
application (soil ionic strength);

® in a real-time manner;
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Reduced water use,
improved root vigor and
depth were observed on ten-
siometer irrigation guided

greens, while playability did

not suffer.

e easily interfaced with a computer system;
¢ the probe should be relatively permanent;
and

e small enough not to disturb the playing
surface or required maintenance practices
(i.e. pin locations and routine aerification).

Tensiometers

When compared to a set irrigation schedule,
Morgan and Marsh (1965) reported on a
clay loam soil, irrigation guided by ten-
siometers installed at two depths (5 cm and
12.5 cm) could reduce water use by 83%.
On ‘Tifgreen’ bermudagrass (Cynodon
dactylon X C. transvaalensis) managed as golf
course fairways, Augustin and Snyder (1984)
were able to use 42% to 95% less water using
tensiometer-guided irrigations compared to
plots that received daily irrigation.

Improved root vigor and depth were
also observed on tensiometer irrigation
guided greens, while playability did not suf-
fer. Morgan et al. (1966) reported less
compaction under ten-
siometer-guided irriga-
tion compared to set
irrigation schedules on
a sandy loam soil with
and without amend-
ments. Also, ap-propri-
ate irrigation practices
can influence nutrient
leaching. In a sandy soil,
Snyder et al. (1984)
observed a reduction in nitrogen leaching
under tensiometer-guided irrigations.

It has been shown that irrigations guid-
ed by tensiometers can reduce irrigation fre-
quencies, soil compaction and nutrient
leaching. However, water savings have not
been demonstrated on a modified sand pro-
file construction as prescribed by the Unit-
ed States Golf Association (USGA). Also,
tensiometers require continual mainte-
nance, calibration, and do not fit well into an
automated system.

Neutron probe

For research purposes, Aragao et al. (1997)
found in situ neutron probes beneficial for
scheduling irrigation on sand based putting
greens. Because neutron probes use radioac-
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tive materials (radium-beryllium or ameri-
cium-beryllium) to measure hydrogen ions
associated with water molecules they are
highly accurate (Miller and Gardiner, 1998;
Evett and Steiner, 1995).

However, due to the use of radioactive
materials, special licensing is required and
therefore neutron probes can not be per-
manently imbedded in the soil (Devitt and
Morris, 1997; Miller and Gardiner, 1998;
Evett and Steiner, 1995).

Because neutron probes use
radioactive materials to
measure hydrogen ions asso-
ciated with water molecules,
they are highly accurate.

Neutron probes are unreliable near the
soil surface (Hanks and Ashcroft, 1980;
Kome, 1996; Song et al., 1998). Although
highly accurate at measuring soil water con-
tent, neutron probes are not practical for
golf course use due to limitations and the
high cost associated with the system.

Dielectric probes

A relatively new technology to measure soil
moisture is the measurement of the soil
dielectric constant (DC). The DC is a unit-
less measurement of a solvent's ability to
keep opposite charged particles apart, in
this case the solvent is water (Voet and
Voet, 1995). The DC of dry soil ranges from
2 to 5, while the accepted DC value for
water is 78 (Rial, 1999; Miller and Gardner,
1998; da Silva et al., 1998). Due to the dif-
ference between dry soil and water, mois-
ture content can be measured. Greater
moisture contents cause higher DC values
while lower DC readings indicate reduced
moisture content.

There are two basic types of probes that
measure DC — time domain reflectometry
(TDR) probes and capacitance probes.

Time domain reflectometry is a safe
technique that provides reliable, instanta-
neous readings that can be automated. It
operates by emitting an electromagnetic
pulse from a source through a wire and into



two parallel probes in the soil. An oscillo-
scope, is used to measure the return speed
of the pulse to the source. The time for the
pulse to travel down the wire, through the
probes, and return to the source is a func-
tion of the DC. When the soil matrix con-
tains moisture, the return time is slowed
due to the high DC of water (Devitt and
Morris, 1997; Miller and Gardner, 1998).

When compared to moisture contents
from neutron probes and gravimetric tech-
niques, Hanson and Peters (1997) found
good correlation with several commercially
available TDR probes. In a sandy soil, Cereti
et al. (1997) observed good relationship
between gravimetric and TDR techniques.

In a study conducted on a golf course
fairway, Kome (1996) found TDR probes to
be useful in turf irrigation scheduling.
When compared to weighing lysimeters in
a turfgrass ecosystem, Young et al. (1997)
found TDR probes measured up to 96% of
the water lost through ET. However, TDR
instrumentation is expensive and due to the
length of the probe (30 cm or greater), it is
not readily applicable for golf course use.

Like TDR, capacitance probes (CP)
measure water content based on soil DC.
Capacitance probes can be buried in the
soil, are small (about twice the size of a golf
ball), easily integrated into automated data
collection systems, and are less expensive
than TDR (Devitt and Morris, 1997). As a
result, CP can provide real time moisture
information such that turfgrass managers
can quickly and accurately assess moisture
in individual greens. Also like TDR, soil
temperature and ionic strength can influ-
ence readings (Campbell, 1990). However,
some CPs measure soil salinity and temper-
ature along with DC, allowing for more reli-
able moisture readings.

Although only limited data exist for the
use of CP in turfgrass, Starr and Paltineanu
(1998) found CP to provide acceptable
real-time sensitivity when measuring soil
water moisture in field-grown corn. With
further research and advancements in tech-
nology, CP may prove to be an economical-
ly justifiable tool for guiding irrigation prac-
tices on golf courses.

Other probes

Other types of probes have been used to
determine soil water content. On a USGA
specification rootzone media, Freeland et al.
(1990) used parallel, bare wire ends to mea-
sure soil resistivity. An empirical equation
was used to convert resistivity values to
moisture contents. While this technique is
inexpensive, rapid and useful in measuring
relative moisture contents, sensors are sen-
sitive to fluctuating soil temperatures, com-
paction and soil ionic concentrations.

Song et al. (1998) used a dual probe
heat-pulse technique to measure soil mois-
ture in laboratory packed columns seeded
with “Kentucky 31” tall fescue (Festuca
arundinacea Schreb.). The dual-probe heat-
pulse technique is nondestructive, easily
automated and not sensitive to soil bulk
density. However,

the accuracy is sub-
ject to soil tempera-
tures and low water
contents, although
the authors did not
feel that these limi-
tations were of prac-
tical significance.
Another type of

probe used to mea-

While this technique is inex-
pensive, rapid and useful in
measuring relative moisture
contents, sensors are sensitive
to fluctuating soil tempera-
tures, compaction and soil
ionic concentrations.

sure soil moisture is

thermocouple psychrometers. This tech-
nique is based on measuring the relative
humidity of a sample and relating it to
water potential. Unfortunately, due to tem-
perature differentials when buried in the
upper 30 cm of soil, the reliability of ther-
mocouple psychrometers were compro-
mised (Brown and Oosterhuis, 1992).
Although very sensitive, this technique is
not practical for golf course use because a
calibration curve is required and the lack of

reliability in shallow soils.

Conclusions
Although personal sensory methods for
assessing water for turfgrass will always be
used, instrumentation will become a more
important part of irrigation scheduling to
accurately justify the expense of irrigations.
As technology improves and water
restrictions are levied, golf course superin-
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tendents will have to justify water usage and
a tool that not only provides reliable soil
moisture status but also allows the manag-
er to log daily water status will be a benefit.
Of the probes discussed, capacitance probes
may offer an affordable option to guide
water usage with a high degree of accuracy
and because of their small size, do not inter-

fere with standard cultural practices.

— Clint Waltz is a graduate research assistant
with Dr. Bert McCarty in the Department of
Horticulture, Clemson University, Clemson, SC.
Clint is currently pursuing a Ph.D. in turfgrass
and soil physics. Dr. Bert McCarty is a professor
of turfgrass science at Clemson.
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Management of Saline
irrigation Water

Dr. Ken Marcum

Salinity problems associated with poor
quality irrigation water are becoming more
prevalent, not only in western states, but
across the country as fresh water sources
become more scarce. Secondary water
sources, such as effluent, are increasingly
being used for turfgrass irrigation due to
increased urban demand for potable water.
Some western states, including Arizona,
require the use of effluent for turfgrass irri-
gation when available.

Salt problems can originate from salty
soils, typically found in western states
where evaporation exceeds rainfall. But
often, good soils become salty, or loose their
structure and drainage, by irrigating with
low quality water and using incorrect irriga-
tion practices. Managing effluent or other
saline irrigation water sources can be a com-
plicated process affected by a number of
factors, including the total salinity of the
irrigation water, type of saline ions present
in the water and soil, soil texture, and turf-
grass species and cultivar used (I'll cover the
turfgrass factor in a subsequent article).

Water salinity level

Total salinity of water is measured by the
electrical conductivity (ECw). You might
find total salinity expressed as: decisiemans
per meter (dS/m), millimhos per centime-
ter (mmhos/cm), or micromhos per cen-
timeter (umhos/cm). The first two units
(dS/m and mmhos/cm) are identical: dS/m
is the contemporary usage. Micromhos/cm
(umhos/cm) is 1000 times smaller than
dS/m.

The other method of reporting salinity is
on a concentration basis, in parts per million
(ppm) or total dissolved solids (TDSmg/L).
These two units are the same: 1 mg of saline
ion per liter water is actually 1 part per mil-
lion. However, water testing labs don’t
actually measure the concentrations of
saline ions to come up with values for ppm
or TDS - it’s too expensive. Instead, water
salinity is measured by conductance
(dS/m), and converted to ppm by using a

correction factor, typically 640. The prob-
lem is that this conversion factor can vary
widely (from 400 to 1,000), depending on
the various types of ions present in the
water. Therefore, dS/m is more exact, while
ppm and TDS values are estimates.

Summary of Salinity Units

dS/m = mmhos/cm
pmhos/cm X 1000 = dS/m

and:
ppm =TDSmg/L
ppm X 640 * dS/m

# (approximately!)

The U.S. Salinity Laboratory has classi-
fied the salinity hazard of irrigation waters
in the table below.

Salinity Level
Units No Problem Moderate Severe Problem
dS/m <0.750.75 -3.0 >3.0
ppm <480 480 - 1920  >1920

Waters having ECw less than 0.75 dS/m
are considered good quality, from 0.75 to
3.0 medium quality, and waters with ECw
greater than 3.0 are low quality, and usual-
ly not recommended for irrigation without
careful management.

Leaching soils
Leaching of salts out of the root zone is crit-
ical when using low quality water sources
for irrigation. Plants transpire pure water,
leaving behind the salts, which accumulate
in the soil profile. That’s why a soil can
gradually become much more saline than
the water used to irrigate it. The soil must
have adequate permeability to allow for
deep leaching (at least 5-6 feet). If water
doesn’t drain below this depth, subsurface
drainage tiles may be necessary to prevent
the development of a high water table,
which can salinize a soil by capillary rise of
drainage water to the soil surface.

The “Leaching Requirement” of a soil is
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If water doesn’t drain below
5 to 6 feet, subsurface
drainage tiles may be neces-
sary to prevent the develop-
ment of a high water table,
which can salinize a soil.

the excess amount of irrigation water, above
what the turfgrass uses as ET (evapotran-
spiration) that must
be applied to flush
out excess salinity.
The idea is to main-
tain the soil salinity
at a fairly constant,
acceptable salinity
level. The leaching
fraction is the mini-
mum amount of
water needed to
maintain the soil at a given salinity level.
Therefore, it's not a single leaching event,
but a continuing process.

The following formula is used to calcu-

late leaching fraction:
LF (Leaching Fraction) = ECiw ECdw

where ECiw is the EC of the irrigation
water, and ECdw is the EC of the drainage
water (equal to the EC, or salinity level,
which your turfgrass can tolerate).

Here's an example. If you are irrigating
an overseeded perennial ryegrass fairway
which can tolerate a soil salinity of 4-8 with
effluent water having an ECiw of 2, then
ECiw = 2, and ECdw = 4-8 (let’s use 6),
then:

LF=2/6 =33%

Your leaching requirement is 33%,
meaning that you need to apply 33% more
water than what the turf uses [ET + (ET X
.33)] in order to maintain the soil salinity at
an acceptable level (in this case 6 dS/m).

Maintaining proper ion balance
As long as you can maintain a soil perme-
ability adequate to meet your leaching
requirements, you can use fairly salty water
to irrigate turfgrass. For example, bermuda-
grass can tolerate soil salinity of 10 to 16.
The problem is that soil structure can be
broken down, with subsequent loss of per-
meability when using salty irrigation water,
due to the effects of sodium or carbonates.
When permeability is lost, meeting your
prescribed leaching fraction becomes more
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difficult. Slower drainage results in wet
soils, which are susceptible to compaction,
and even further reductions in soil perme-
ability - a vicious cycle results. Finally, salt
builds up to the point where the turf is
damaged or lost.

Why does this happen? The sodium
(Na+) ion, a primary component of most
saline water, destroys soil structure by dis-
persing clay and silt particles, which are nor-
mally bound together as soil aggregates.
However, calcium (Ca2+) and magnesium
(Mg2+) ions, due to their high charge den-
sities, counteract the dispersive effects of
Na+ on soil particles, thereby maintaining
soil structure. The most important factor for
maintaining soil structure and good
drainage is not just the Na+ content of the
water, but the balance of Ca2+ and Mg2+
relative to Na+.

As long as you can maintain
a soil permeability adequate
to meet your leaching
requirements, you can use
fairly salty water to irrigate
turfgrass.

The ratio of these three ions, which
determines the permeability hazard of irri-
gation water, is expressed as the sodium
adsorption ratio (SAR):

SAR= Na_Ca+Mg/2

In this ratio, ion concentrations are in
miliequivalents per liter (meq/L). To con-
vert ppm (often given in soil/water reports)
to megq/L, use this formula:

megq/L = ppm [] equivalent weight
Equivalent weights are:

Na+ =23

Ca2+=20

Mg2+ =122

According to the U.S. Salinity Laborato-
ry, irrigation water having SAR values
greater than 9 may cause permeability



problems in finer textured soils. However,
coarse soils can tolerate higher levels. Sands,
including USGA specification greens, can
usually tolerate water with a SAR up to 15
with few problems. Waters with SAR’s
above 15 are generally not suitable for irri-
gation without prior treatment.

Sodium is a major component of saline
irrigation waters, and therefore many such
waters have unfavorable SAR’s. To combat
this, various soil and water amendments can
be used. Gypsum (CaSO4), a Ca2+ salt, is
incorporated into soils adversely affected by
Na+ (sodic soils). Gypsum reacts with Na+
to form NaSO4, which is then readily
leached out of the soil profile. The free
Ca2+ can then bind to soil particles, there-
by improving soil structure. The reaction of
gypsum is:

2 Na—soil + CaS04 £ Ca—soil + Na2504

However, because of gypsum'’s low solu-
bility, it is usually incorporated into the soil,
or in the case of turfgrass, spread over the
turf. Itis best to do this during a cultivation
operation to facilitate incorporation into the
soil. The gypsum requirement (GR), in tons
per acre, needed to remove soil Na+ is cal-
culated by: GR = 1.72 X Na+, where Na+
is in meq per 100 grams of soil (given in soil
analysis reports). For example, if the soil
exchangeable Na+ is measured to be 8
meq/100 g, you would need 8 X 1.72 =
13.7, or 7 tons of gypsum per acre to total-
ly neutralize the exchangeable soil Na+.
Gypsum should be applied at approximate-
ly 1 ton/acre (*50 lbs./1000 ft2), with 2 or 3
applications possible per year.

Sulfur (S) can also be used to remove soil
Na+. First, S reacts oxygen to form sulfuric
acid, which then reacts with CaCO3 (calci-
um carbonate) to form gypsum:

S + 02 + H20 &£ H2504
H2504 + CaCO03 A& CaS04 + C02 + H20

Gypsum then reacts with soil Na+,
removing it. Sulfur is about 5.6 times more
efficient in removing Na+. In the above
example, you would only need 7/5.6 = 1.25
tons per acre. However, sulfur is about twice

as slow as gypsum. Also, you need an alka-
line soil, with plenty of CaCO3 present,
typical for western soils. Finally, sulfur can
burn turf. Sulfur should not be applied to
turf above 5 lbs/1000 ft., unless the surface
soil is high in free CaCO3.

The acid injection option

Sulfur and gypsum are not soluble, so must
be applied to the soil or turf. For this rea-
son, many turf managers are using “acid
injection”, or injecting sulfuric acid into
their irrigation water. The strategy here is to
continually inject sulfuric acid into the irri-
gation water to provide the soil with
enough S to prevent a Na buildup in the
soil. Sulfuric acid injection cannot rejuve-
nate a soil that is already sodic (Na+ affect-
ed). Instead, it is a merely a preventive mea-
sure. Also note that sulfuric doesn’t directly
remove Na+ from the water, it is just pro-
viding the soil with S, which binds and
removes Na+ in the soil. However, one
added benefit of acid injection is to remove
carbonates.

Carbonates (CO3 -), which are present
in some irrigation waters, can cause Na+
problems indirectly, by precipitating soil
Ca2+ and Mg2+ as limestone or dolomite,
thereby shifting the balance in favor of Na+:

CO3 - (or HCO3 -) + Ca2+ (or Mg2+) £
CaC03 (or MgCO03)

Other management practices, such as
encouraging good drainage by installation of
subsurface tiles and by periodic core aerifi-
cation, returning organic matter (in the
form of clippings) to the soil, blending poor
quality irrigation water with good quality
water, and using salt tolerant turfgrasses are
important. Managing saline water and soil is
complex, and there are no “quick fix” mira-
cle products available. Knowledge of the
factors related to soil and water salinity, cou-
pled with good management practices used
on a continuing basis are essential for long-
term success.

— Ken Marcum is assistant professor; turf-
grass management, in the Department of Plant
Sciences, at the University of Arizona.
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