
Leaching for Salinity Management
on Turfgrass Sites
Where salts are a problem, leaching is the answer.
by R. N. CARRO~ M. HUCK, and R. R. DUNCAN

Well water can vary greatly and change over time. Regular monitoring of well water is necessary to prevent undesirable
contamination. Here brine has entered the water supply through a damaged well casing.

"SALINITY MANAGEMENT" is
synonymous with leaching of
salts. Leaching is the single most

important management practice for
alleviating or preventing salt stresses on
turfgrass sites. Especially when the irri-
gation water contains appreciable salts,
turfgrass managers must operate from
a mindset of "keep the salts moving
downward!"

Although the principle is simple,
achieving an effective leaching program
that keeps salts moving past the root-
zone is complex. Salinity management
is influenced by: salt type, soil factors,
water quality/quantity, rainfall, turf-
grass species and varieties, and time of

year.l,4,9The approach in this article is
to discuss each of these factors, using
typical field situations as practical
examples.

Which Salt Problem?
1. High total salinity is the most

common and injurious salt problem
(i.e., saline or saline-sodic soil). It is
measured as electrical conductivity
(EC) of irrigation water (ECw)or within
soils (ECe, from a saturated paste
extract)1,3,4.When the total soluble salt
level in the rootzone becomes exces-
sive, turfgrass water uptake is reduced,
a situation often referred to as physio-
logical drought. This salt-induced

drought stress causes typical drought
symptoms, including wilting and re-
duced growth rate, even though soil
moisture may appear to be adequate.
As the stress continues, grasses often
start to exhibit chlorosis and decline in
quality.l,9 These symptoms are often
mistaken for disease injury.9

Leaching of excessive soluble salts is
the easiest of the various salt problems
to alleviate. Since the salts are soluble
and the majority are in solution when
the soil is well irrigated, removal of
these salts requires the least quantity of
water and time. Only sufficient water
applications are needed; amendments
will not improve salt movement unless
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other specific problems exist with the
soil or water. With sufficient water
moving through the soil, leaching may
require 1 to 4 weeks for reclamation
purposes. However, accumulation of
excessive soluble salts can rapidly
reappear due to high salt additions from
irrigation water not followed by ample
leaching, as well as from soluble salts
moving by capillary rise from below the
rootzone up into the root area.

2. Excessive sodium (Na) levels with-
in the soil can lead to specific ion toxi-
city to root tissues and to deterioration
of soil structural (i.e., sodic or saline-
sodic soil).1 The latter condition is
evaluated by the soil SAR (sodium
adsorption ratio), the SARw (SAR of
irrigation water), and RSC (residual
sodium carbonate) value of irrigation
water.3

The effects of sodium ion toxicity on
root tissues of grasses and high total
salinity result in greater expression of
drought stress symptoms. Soil structure
deterioration from excess Na+ on soil
colloid (clays, colloidal organic matter)
exchange sites causes: a decline in

water infiltration/percolation/ drainage;
low soil O2, which further limits root-
ing; waterlogged and poorly drained
soil; and, sometimes, black layer
symptoms.

Leaching of Na+requires addition of
a relatively soluble Ca+2 source to
displace the Na+ from the soil cation
exchange sites. When this happens, the
Na+ goes into solution and can be
leached.1 It is important that a soluble
Ca+2source be added whenever leach-
ing with a Na-Iaden irrigation water
source is conducted. If not, the Na
problem can be compounded by the
leaching of all remaining Ca+2,allow-
ing replacement with Na supplied by
Na-Iaden leaching water, and causing
a complete sealing at the soil surface.

Compared with the removal of high
total salts, a much longer time period is
required and more water must move
through the soil profile. Generally, for
the reclamation of a Na-affected site,
a year or more may be required to
alleviate the Na-induced structural
problem, though only 1to 4 weeks are
needed to alleviate the specific ion

toxicity threat. Obviously, preventing a
sodic condition from forming is very
important and is much easier than re-
claiming a sodic soil.

3. Toxic soil levels of the salt boron
(B) is another salt-related problem that
requires leaching. Since B is adsorbed
to soil particles, two to three times the
leaching water volume is necessary
compared to the quantity needed for
removal of total soluble salts. In con-
junction with leaching, collection and
off-site disposal of clippings can assist
in reducing B since it is accumulated
in turfgrass leaf tips. This strategy can
also be used with total salt and sodium
problems as a supplemental method of
salt reduction.

Salt Factors
A number of soil characteristics in-

fluence salt and water movement!
retention and, therefore, leaching prac-
tices. Major differences in soil proper-
ties are especially apparent when com-
paring sandy soils (i.e., sands, sandy
loams, loamy sands) to fine-textured
types (Le., containing appreciable

A distinct layer in the profile is inhibiting water movement, resulting in black layer development near the surface.
Frequent core cultivation is needed to keep water and salts moving down through the profile.
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*The actual ET varies with grass species/cultivar, wind speed, management level,
etc., but these values provide "ballpark" estimates. Also, as soil moisture level
declines, ET decreases dramatically.

tact, which creates many macropores
and gives the soil good resistance to
compaction. If excessive fines are
added to the soil or excessive organic
matter fills most of the macropores,
infiltration rates can decline, but
generally, sands have high infiltration
rates conducive to leaching of salts.
Although high Na+ content does not
cause "structural breakdown" of single
grain sand particles, it does cause any
colloidal particles (clay or organic
matter in nature) to be dispersed and
become susceptible to particle migra-
tion. Pond, lake, or river water with
high turbidity can contribute fines dur-
ing irrigation. Often, these fine particles
accumulate at the normal depth of
irrigation water penetration and can
cause a layer and eventually may
induce black layer formation. This
sequence of events would then inhibit
salt leaching.

As noted previously, high levels of
Na+ cause structural deterioration of
fine-textured soils. This is especially
serious on 2:1 clays, since they often
exhibit poor drainage even under low
Na+ due to their swelling/sealing na-
ture. High Na+ content further de-
creases water movement throughout
the whole soil profile.

5. Capillary rise of the soil solution
and any dissolved salts in the solution
occurs in the micropores (pores of <
0.12mm diameter) and can result in
major redistribution of salts within
the soil profile. When ample water is
applied to cause net downward leach-
ing of salts, salinity near the surface is
similar to the initial irrigation water
salinity level, but salinity then increases
with depth. Under high evapotranspi-
ration (ET) conditions, salts may start

Table 1
Evapotranspiration averages by environment for turfgrasses

under well-irrigated conditions for different climate conditions

Aver~e
Evapotranspiration *

(inches per day)

0.10 to 0.15
0.15 to 0.25
0.15 to 0.20
0.20 to 0.25
0.20 to 0.25
0.25 to 0.35

Climate
Situations

Cool humid
Cool dry
Warm humid
Warm dry
Hot humid
Hot dry

to soil compaction than 2: 1 clays.
Because 1:1 clays evolve in humid,
high-rainfall areas, they often exhibit a
B horizon where clay content is higher
due to downward movement of par-
ticles over many years. For example,
many Piedmont red clays (1:1 types)
contain 40% to 50% clay in the B
horizon versus 15% to 25% in the sur-
face A horizon, and water movement is
slower across the B horizon.

In arid and semi-arid climates, where
salt problems occur most often, 2:1
clays predominate. Nevertheless, they
can be present in most climatic zones.
When drying, 2:1 types are "self-culti-
vating" because cracks form. Unfor-
tunately, under well-watered to satu-
rated moisture conditions, these clays
swell and most macropores are lost.
When total salinity problems develop
on these soils, deep cultivation and
filling the cultivation holes with sand
or sand plus gypsum (sodic sites) is
necessary to maintain a sufficient
number of macropores to at least the
depth of cultivation. In contrast, deep
cultivation operations are effective for
longer time periods on 1:1 clays even
without filling holes with sand.

4. Good soil structure on fine-tex-
tured soils is important for maintaining
macropores. As aggregates are formed,
macropores are developed between
aggregates or structural units. Soil
compaction from recreational traffic
destroys many of the macropores in the
surface 3-inch zone, but a well-struc-
tured soil will usually have some
macropores deeper in the profile. The
2:1 clays are much more prone to soil
compaction than the 1:1 types.

Sandy soils with> 85% sand content
exhibit sand particle-to-particle con-

amounts of silt and clay). Sandy soils
are typical of high -sand -content greens,
while fine-textured types are represen-
tative of pushup greens (native soil
greens), fairways, and many tees.

1. Cation exchange capacity (CEC),
the ability of a soil to retain cations, is
much higher for fine-textured soils
than with sands. As a result, less total
soluble salts, Na+, or B are required
before CEC sites of sands are adversely
affected compared to fine-textured soil
CEC sites, and these salts start to
accumulate in the soil solution where
they are more active. Although salts
reach adverse levels more rapidly in
sands, removal by leaching is also more
rapid.

2. Macropores, soil pores with a
diameter> 0.12mm, are much more
prevalent in sands than fine-textured
soils. Macropores are critical for rapid
water movement into the soil surface
(infiltration), through the rootzone
(percolation), and beyond the root-
zone (drainage). Effective leaching
cannot be accomplished without
macropores, and macropores must be
present throughout the soil profile.

Even a thin zone or layer with few
macropores within a soil profile will
both limit water movement and result
in salt accumulation above this layer.
Any soil layer or horizon that inhibits
water movement will be a major hin-
drance to effective leaching - whether
it is at the surface (surface compaction)
or subsurface (e.g., B horizon, cultiva-
tion pan, buried layer from flood depo-
sition of fines, etc.). Cultivation opera-
tions that enhance infiltration and
percolation (deep cultivation tech-
niques) are done essentially to create
temporary macropores. If the cultiva-
tion holes are filled with sand, the
macropores remain for a longer period
of time. Thus, turfgrass managers must
be familiar with the entire soil profile
and should "visualize" whether macro-
pores exist for effective leaching down
to the deep subsoil or to drain lines.

3. Clay type has a significant influ-
ence on water movement. Non-shrink/
swell clays (kaolinite, Fe/Al oxides) are
called 1:1 clay types, and these do not
crack when dry or seal by swelling
when wet. The benefits of cultivation
generally last longer on 1:1 clays than
the 2:1 types discussed below. Also, a
higher level of Na+ is required on 1:1
CEC sites before soil structure begins
to deteriorate, usually at > 24% Na
saturation compared to > 9% Na for
many 2:1 types (montmorillonite, illite).
Generally, 1:1 clays are more resistant
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Figure 1. Examples of salt levels throughout the soil profile. Top: Represents good
leaching conditions with adequate leaching requirement (LR) applied. Bottom:
Represents what happens when insufficient water is applied in midsummer with
high evapotranspiration (ET) conditions.

to rise by capillary action and by plant
transpiration if the leaching fraction
is less than ET (Table 1). Salts then
will move back into the rootzone and
start to accumulate near the surface
(Figure 1).

Capillary rise of salts will be more
rapid on fine-textured soils than sands
because fine-textured soils contain
more micropores. Other factors that
increase capillary rise of salts are low
leaching rates, high ET conditions, and
a high water table.

6. Water table location is another
soil factor that influences salinity con-
trol. Turfgrass soils often contain a layer
in the profile that inhibits water perco-
lation or drainage. This can create a
temporary perched water table as
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water flow is slowed or stopped when
the wetting front reaches this layer.
Salts then will accumulate above the
layer and can rise to the surface when-
ever low leaching rates and/or high ET
occurs. The quantity of water needed to
cause net salt leaching in low-ET con-
ditions may not be adequate for leach-
ing under hot, dry situations (Table 1).

Subsurface layers that are 1 to 3 feet
below the surface are often overlooked
in arid or semi-arid regions where
heavy rainfall events that are sufficient
to pond water up to the soil surface are
rare. But, these hidden layers can
contribute to major salt accumulation
so that when conditions favor capillary
rise, the resulting water has very high
salinity.

In many turfgrass soils, the layer that
limits water percolation/drainage has
few macropores. Cultivation depth
must penetrate completely through the
layer to be very useful for maintaining
water flow when excess water applica-
tion occurs by irrigation or rainfall.

Another type of perched water table
is found in many high sand content
constructed profiles, such as those built
with the USGA green construction
method. In this case, ample macro-
pores are present but sufficient water is
required to break the perched water
tension and to initiate rapid drainage or
flushing of the rootzone. During sum-
mer months when ET is high, salts
above the perched water table zone
may start to rise toward the roots and
soil surface if thorough leaching is not
practiced. Prolonged drought, high
temperatures, and dry, windy condi-
tions can escalate this capillary rise of
concentrated salts.

In addition to perched water tables,
sometimes the natural water table
level is near the surface. The capillary
fringe of semi-saturated water condi-
tions above a free water table is usually
2 to 8 inches for sands and 8 to 12
inches for fine-textured soils. However,
high ET conditions and limited leach-
ing can cause salts to rise well above
these distances over time. Capillary rise
on fine-textured soils is still strongly
controlled by climatic conditions (Le.,
ET) at a depth of 2.5 to 3.0 feet and
possibly down to about 5.0 feet.

Another problem with a water table
relatively near the surface occurs when
poor irrigation water quality requires a
high leaching fraction. Over time, the
water table may rise even higher and
cause massive salinization of the root-
zone. On sites where shallow water
tables may rise, the turf manager should
investigate means to lower the water
table.

7. Total pore space (pore volume,
PV) of a soil also influences salt leach-
ing. Soils with higher PV require more
water to leach the same quantity of
salts.7 The PV range of sands, loams,
and clays is about 35% t040%, 40% to
50%, and 45% to 55%, respectively.
For a soil depth of 12 inches, 1 PV of
applied water would represent 4.6 to
4.8 (sands), 4.8 to 6.0 (loams), and 5.4
to 6.6 (clays) inches of irrigation. Thus,
more water is required to leach fine-
textured soils than sands.

Water and Irrigation Factors
1. Irrigation water quality strongly

influences the quantity of water needed














