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I believe that, in fact, the
saturated paste test and

other water-based

extractions are among the
easiest of tests to interpret,
and that the results are
useful, but they are often
misinterpreted. No one
disputes the appropriate use
of saturated paste tests to
assess soil salinity, but
rather the disputes are over
the usefulness of the
mineral nutrients extracted
by a saturated paste.

The “Best” Soil Test

Two recent articles have described the

saturated paste extraction, and the au-

thors of the respective articles could not

have more divergent views on this relatively

recent addition to turfgrass soil analysis.

Dr. Carrow from the University of Georgia,

along with numerous coauthors from across the

United States, wrote in the September 2003 is-

sue of Golf Course Management that with the satu-

rated paste extraction, extracted nutrients do

not equal soil fertility, and that water-based

extraction procedures are inferior to other ex-

traction methods, even for sand-based

rootzones.

A different view was presented in the Feb-

ruary 2004 issue of TurfNet Monthly, where Joel

Simmons outlined his thoughts on the useful-

ness of the saturated paste method. Mr.

Simmons has found the saturated paste test to

be an essential tool, and he stated that “paste

extracts have proven valuable in quantifying

problems and indicating sustainable solutions,”

while finding, in contrast to Carrow et al., that

in sand root-based greens, the paste extract

becomes a driving factor in fertility determina-

tions.

Who Is Right?

How are we to know which view is correct?

The subject of soil testing is complicated enough

without having to worry about whether a par-

ticular test is useful or not. I have been study-

ing water-based extraction methods (saturated

pastes are a type of water-based extraction) on

sand-based rootzones for the past few years, and

I believe that, in fact, the saturated paste test

and other water-based extractions are among

the easiest of tests to interpret, and that the

results are useful, but they are often misinter-

preted. (I should note here that no one disputes

the appropriate use of saturated paste tests to

assess soil salinity, but rather the disputes are

over the usefulness of the mineral nutrients

extracted by a saturated paste.)

As the previous authors have clearly de-

scribed the saturated paste procedure, I will

jump right into the interpretation of the results.

Why do I say that water-based extractions are

among the easiest to interpret? First, water

mixed with a soil can only extract water-soluble

ions. The water-soluble ions are either the ions

in soil solution or the ions present as soluble

salts. We know exactly which ions are extracted.

Unfortunately the same cannot be said of other

methods, such as Mehlich 3, ammonium ac-

etate or Morgan.

Next, water extractions adjust to the pH of

the soil, unlike other extraction methods which

extract at a different pH than the soil. Since we

know that roots take up only those ions that

are in solution, and because the roots are grow-

ing in a soil with the same pH as the water ex-

tracts, it seems likely that the ions extracted are

actually readily available to the roots. While the

ions extracted in a saturated paste are certainly

meaningful, it is not possible to take the num-

bers and decide that they are low enough to

justify fertilizer applications. If you want to use

your soil test results to develop a fertilizer pro-

gram, use a different extraction method.

Some Recommendations

With that said, how should the saturated

paste results be interpreted? Here are some sug-

gestions:

• Expect the amount of nutrients extracted

to be low. Most of the nutrients in soils (and

that includes sands too) are in minerals or

organic matter or on exchange sites. Wa-

ter-based extractants access only the soluble

ions.

• Soluble ions are important because those

are the ones that the roots can access.

• Low concentrations of soluble nutrients

should not be taken as an indication that

the nutrient is deficient. In the absence of

calibration data relating soil nutrients to

turfgrass function, it is not possible to de-

termine if nutrient uptake is limited or not.

• We do know this: tissue calcium concen-

trations have decreased in experimental

plots at Cornell University as we have in-

creased the potassium application rate.

Other studies have shown a decrease in

potassium uptake when calcium application
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Four walk-behind greens
mowers were evaluated for

their influence on creeping

bentgrass putting green
performance.

Approximately 12 inches of
rain was received during

the 9 weeks of the trial,
nearly twice the normal

amount. Therefore, no
supplemental irrigation

was applied.

Cornell Turfg

A Preliminary Assessment of
Putting Green Mowers

This is a preliminary report on the effect of mower type and

cutting frequency on putting green performance in 2004.

Four walk-behind greens mowers were evaluated for their

influence on creeping bentgrass putting green performance.

Experimental plots were established at the Cornell University Turf-

grass Research Facility in Ithaca, NY on a creeping bentgrass/annual

bluegrass (Agrostis palustris/Poa annua) soil-based putting green (pH =

6.7). Plots were 8 ft. x 10 ft. (2.4 m x 3.0 m) in size, and there were

three replications of each treatment arranged in a randomized com-

plete block design.

Plots were topdressed with straight sand once prior to the begin-

ning of the trial. Contec 19-2-15 fertilizer was applied during the first

week of the experiment at the rate of 1 lb. N/1,000 sq. ft. (92.9 m2).

Approximately 12 inches of rain was received during the 9 weeks of

the trial, nearly twice the normal amount. Therefore, no supplemen-

tal irrigation was applied. Average daily temperatures ranged from a

low of 55˚ F (13˚ C) to a high of 75˚ F (24˚ C).

Technical specifications for the mowers used in the study are pre-

sented in Table 1.

Table 1. Technical specifications of four greens mowers under study.

Toro Greensmaster Toro Greensmaster Jacobsen Tournament Jacobsen Greens King
Flex 21 1000 Cut-22 518A

Independent Floating Reel

Width of Cut 21" (53.3 cm) 21" (53.3 cm) 22" (55.9 cm) 18" (45.7 cm)
Height of Cut 1/16-19/64" 5/64-1" 3/64-7/16" 3/64-7/16"

(1.5-7.5 mm) (1.9-25 mm) (1.2-11.1 mm) (1.2-11.1 mm)
Weight 238 lbs. (108 kg) 208 lbs. (94.3 kg) 178 lbs. (81 kg) 215 lbs. (97 kg)
Reel Diameter 11 blades 5" (12.7 cm) 11 blades 5" (12.7 cm) 11 blades 5" (12.7 cm) 11 blades 5" (12.7 cm)
Bedknife High carbon High carbon Hardened Hardened

through-hardened austempered carbon carbon
steel steel steel steel

Roller Grooved Grooved Grooved Grooved

Treatments began on June 21 and continued through August 20.

Table 2 shows the various cutting heights and frequency of cut.

Table 2. Cutting heights and frequency of cut.

Mower Type Bench Height (inch/mm) Frequency

Toro Greensmaster 1000 Fixed 0.125/3.17 7 d single
Toro Greensmaster 1000 Fixed 0.125/3.17 5 d single + 2 d double
Toro Greensmaster 1000 Fixed 0.125/3.17 4 d single + 3 d double

Toro Greensmaster Flex 21 0.100/2.54 7 d single
Toro Greensmaster Flex 21 0.100/2.54 5 d single + 2 d double
Toro Greensmaster Flex 21 0.100/2.54 4 d single + 3 d double

Jacobsen Cut-22 Floating Reel 0.075/1.90 7 d single
Jacobsen Cut-22 Floating Reel 0.075/1.90 5 d single + 2 d double
Jacobsen Cut-22 Floating Reel 0.075/1.90 4 d single + 3 d double

Jacobsen Greens King 518A Fixed 0.125/3.17 7 d single
Jacobsen Greens King 518A Fixed 0.125/3.17 5 d single + 2 d double
Jacobsen Greens King 518A Fixed 0.125/3.17 4 d single + 3 d double
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continued on page 9



C O R N E L L  U N I V E R S I T Y  T U R F G R A S S  T I M E S

2005 ISSUE 2

C O R N E L L  U N I V E R S I T Y  T U R F G R A S S  T I M E S

2005 ISSUE 2

two years. The study involves soil test calibra-

tion for phosphorus and potassium but also

contains treatments with different nitrogen

rates of 0, 2, 4, and 8 lbs. N/1,000 sq.ft./yr. The

study is being conducted at three sites: in Cen-

tral New York at the Robert Trent Jones Golf

Course at Cornell University in Ithaca, on

Hudson silty clay loam; in northern New York

at the Lake Placid Resort Club in Lake Placid,

on a Monadnock sandy loam; and the third in

southeastern New York at Bethpage State Park

in Farmingdale, on an Enfield silt loam.

The sites were seeded with a mixture of typi-

cal lawns grasses (70:20:10, by weight, of Ken-

tucky bluegrass varieties “Midnight”, “Total

Eclipse” and “Washington”; “Attila” Hard Fes-

cue; and “Manhattan III” perennial ryegrass. We

found (see Table 1): at Ithaca only 2 lbs. N/1,000

sq.ft./yr. was needed to have acceptable turf

(>6.5 ), whereas on Long Island even 8 lbs. N/

1,000 sq.ft./yr. did not produce season-long

acceptable quality. At Lake Placid, 8 lbs. N/1,000

sq.ft./yr., along with additional phosphorus and

potassium, was needed to have acceptable turf.

This is a long-term study and there will be up-

dates to help answer the question of how much

nitrogen is enough.

Other Research

Research also has been done at other north-

eastern universities. At Connecticut, Kopp and

Guillard reported in 2002 on the influence of

nitrogen rate and soil factors on lawn quality,

using 35% Kentucky bluegrass, 35% creeping

red fescue and 30% perennial ryegrass. Nitro-

gen was applied at 0, 2, 4, 6, and 8 lbs. N/1,000

sq.ft./yr. The study had two sites, one with a

fine sandy loam soil with good water holding

capacity and the other was a gravelly sandy

loam that was excessively well drained and

droughty.

On the first site, turfgrass quality was al-

ways acceptable at 2 lbs. N/1,000 sq.ft./yr.,

where even the unfertilized plots had accept-

able quality during a dry summer period. On

the excessively well drained site, only 50% of

the time did applying nitrogen improve the

quality—and not even 8 lbs. N/1,000 sq.ft./yr.

consistently produce acceptable quality lawns.

Kopp and Guillard also compared the effect of

clipping removal and turfgrass quality. On the

excessively well drained soil, returning clippings

had no effect on turfgrass quality, but on the

site with soils having better water holding ca-

pacity, only a third of the time turfgrass qual-

ity was better when clippings were returned.

On the excessively well

drained soil, returning

clippings had no effect on
turfgrass quality, but on the

site with soils having better

water holding capacity,
only a third of the time

turfgrass quality was better

when clippings were
returned.

During a year with 11
inches of rainfall more than

normal, water-soluble
sources had nitrogen

leaching values 12–29% of
the amount applied

whereas slow-release
sources had much less

leaching (2–7%).

This amount of leaching
would have resulted in an

estimated groundwater

nitrate-nitrogen

concentration of 1.8 mg L-1,
far below the drinking

water standard of 10 mg L-1

and less than the target set
by eastern Long Island golf

courses.

Soil Test
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ continued from page 6

Be wary of creating

nutrient imbalances rather
than eliminating them

when making applications

of calcium or potassium.

Bicarbonates in soil do not
cause structural problems
or sealing, nor are they
bound to the soil colloid.
High bicarbonate levels in a
saturated paste extract are
simply an indication that
sodium is likely present.

As a former golf course

superintendent myself, I am
aware of (and guilty of) the

desire to apply a suite of

nutrients to ensure a high
quality playing surface.
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This information illustrates the need to consider

a range of nitrogen applications since site fac-

tors like soil properties can dramatically influ-

ence quality and the amount of nitrogen that

is needed to produce an acceptable quality lawn.

Environmental Concerns

Environmentally, what do we know about

the effect of lawn fertilizing on water quality?

For example, what if you fertilize a Kentucky

bluegrass lawn at the highest recommended rate

(4 lbs. N/1,000 sq.ft./yr.), what would the in-

fluence be on groundwater quality? I conducted

a three year study to answer this question,

where Kentucky bluegrass was fertilized either

twice a year or 4 times per year for a total of 4

lbs. N/1,000 sq.ft./yr. The study, reported in

2004, was conducted at Riverhead, Long Island,

with ten different nitrogen sources.

During a dry or normal precipitation year,

nitrogen leaching for water-soluble sources

ranged from 0.9–5% of the amount applied,

whereas slow-release sources had 0.5–7.4%

leaching. During a year with 11 inches of rain-

fall more than normal, water-soluble sources

had nitrogen leaching values 12–29% of the

amount applied whereas slow-release sources

had much less leaching (2–7%). The average

of all sources over all three years was 5.2% of

the amount of nitrogen applied was leached.

This amount of leaching would have resulted

in an estimated groundwater nitrate-nitrogen

concentration of 1.8 mg L-1, far below the drink-

ing water standard of 10 mg L-1 and less than

the target set by eastern Long Island golf

courses.

Summary

Understanding how much to fertilize lawns

with nitrogen is complex. Site factors such as

the species of turf (sometimes even cultivars)

and soil properties drastically affect the amount

of nitrogen needed to have an acceptable qual-

ity lawn. At least for Kentucky bluegrass, fer-

tilizing at a rate within the recommended range

did not drastically affect ground water quality.

Researchers are working on a better way to

judge nitrogen fertilization responses and en-

vironmental impacts by measuring the amount

of nitrate collected in the soil by anion exchange

membranes. Some day this or other techniques

may be used to allow us to refine nitrogen ap-

plications on site-by-site case and remove the

range of rates now commonly used. 

A. Martin Petrovic, Ph.D.

rate is increased. Turfgrass plots at Cornell

University receiving no potassium or cal-

cium fertilizer for the past two years have

maintained normal levels of tissue calcium

and potassium. Grasses are able to take up

sufficient levels of many nutrients from the

soil as long as they are supplied with enough

nitrogen. Be wary of creating nutrient im-

balances rather than eliminating them

when making applications of calcium or

potassium.

• Wheat produces 95% of maximum yield

at soil solution phosphorus at 0.028 parts

per million (ppm). For corn the 95% yield

threshold is only 0.025 ppm. I would not

concern myself with low phosphorus lev-

els in a saturated paste extract. The forms

of phosphorus in soil are either insoluble

or are bound to soil particles. To diagnose a

phosphorus deficiency I would collect a few

tissue samples, submit them for analysis to

a reputable laboratory, and determine that

phosphorus application is required only if

the tissue nitrogen is above 4% and the tis-

sue phosphorus is less than 0.5%. If the tis-

sue nitrogen is less than 4%, increase ni-

trogen fertilizer before worrying about any

other problems.

• Bicarbonates in soil do not cause struc-

tural problems or sealing, nor are they

bound to the soil colloid. High bicarbonate

levels in a saturated paste extract are sim-

ply an indication that sodium is likely

present. Why is this? Simple chemistry.

Calcium or magnesium carbonates and bi-

carbonates are relatively insoluble (thus,

they precipitate from solution). Sodium or

potassium carbonates and bicarbonates are

quite soluble (thus, they dissolve in water).

Electroneutrality must be maintained in

soils and in solutions, so the negative charge

from anions such as bicarbonate must be

balanced by positive charge from cations.

High bicarbonate levels in a saturated paste

extract indicate that sodium is the cation

which balances the negative charge of the

bicarbonate. That sodium can cause disper-

sion of soil particles. If high levels of bicar-

bonate are found in a saturated paste test, I

would check the sodium adsorption ratio

(SAR) of my irrigation water and take steps

to address that problem.

• Use the saturated paste test to assess nu-

trient relationships in the soil. In general, I

find it much more useful to look at soil test

data as an indicator of available nutrients

but to use tissue analysis as a means to de-

tect nutrient deficiencies. Roots actually see

a flux of nutrients, but current soil analysis

methods measure a nutrient concentration,

not a flux. Tissue tests tell us what the plant

has, so there are no questions about whether

a certain nutrient is available or not, defi-

cient or not, or sufficiently mobile or not.

In the tissue there are either adequate

amounts or there are not. Final answer.

• Keep in mind that we do not have any

data that correlates water extractable nu-

trient levels with turfgrass quality. Think

carefully before making fertilizer applica-

tions based on soil test data. As a former

golf course superintendent myself, I am

aware of (and guilty of) the desire to apply

a suite of nutrients to ensure a high quality

playing surface.

• If fertilizers are necessary, the saturated

paste test is not an ideal method for deter-

mining the nutrient requirement.

• With all that said, if one wishes to get the

best commercially available approximation

of soil solution, run a saturated paste on

your soil samples.

A Final Thought

Unfortunately, the relationship between soil

nutrients and turfgrass functional quality is not

yet clear. Ongoing research at Cornell and other

universities is addressing this issue and I am

optimistic that it will soon be possible to inter-

pret turfgrass soil tests with more clarity. 

Micah Woods




