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Testing for Micronutrients
in Sand Putting Greens
By P.D. Blumke and Dr. ~R. Kussow, Department of Soil Science, University of Wisconsin-Madison

INTRODUCTION
In 1992, Turner and Hummel identified three areas of

soil fertility research on turfgrass that warranted addi-
tional investigation. One was the need to develop better
calibrations of soil tests. The second was micronutrient
studies focused on determination of potential conditions
where micronutrient applications may be beneficial on
sand putting greens. Sand putting greens were singled
out because of the assumption that such greens are prone
to micronutrient problems and because of the tendency
of turfgrass professionals to indiscriminately apply
micronutrients to them.

Soil testing represents the most rapid and cost-effec-
tive means for determining when nutrient applications
are warranted (CAST, 2000). But in order to serve this
purpose, soil tests first have to be proven reliable. The
reliability of soil tests derives from two potential sources

of error (CAST, 2000). One arises with the soil test
method itself. The quantities of nutrients extracted from
soils have to directly relate to the amounts of that nutri-
ent that plants can take up from those soils.

The process of relating soil test values to plant uptake
of the nutrient is termed soil test correlation. Correlation
refers to a statistical value - the correlation coefficient -
that tells how reliably the soil test method estimates the
soil supply of plant available nutrient. Correlation coeffi-
cients range from 0 (no relationship) to 1, a perfect rela-
tionship. As a general rule, soil tests that have correlation
coefficients of 0.8 or higher are judged sufficiently reliable
to serve as criteria for determining when it is beneficial to
apply fertilizer.

The second potential source of error in soil testing is in
the calibration of the test. Calibration is the process
whereby different soil test values are related to crop
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TABLE 1
Creeping Bentgrass Tissue Nutrient Sufficiency

Ranges and Deficiency Symptoms

Tissue
sufficiency

Element range

N 3.50 to 4.50%

P 0.30 to 0.55%

K 1.75 to 2.50%

Ca 0.25 to 0.50%

Mg 0.20 to 0.40%

2.0 to 4.5%

Fe 35 to 100 ppm

Mn 25 to 150 ppm

Zn 20 to 55 ppm

Cu 5 to 20 ppm

B It05ppm

Mo Not known

CI Not known

Deficiency symptoms

General yellow-green or chlorotic color, Older leaves
initially go off color and dieback from tip. Shoot density
and tillering decrease.

Leaves progress from dark green to purplish to reddish
purple color. Stand may appear wilted and exhibit poor
spring green-up and growth.

Older leaves exhibit yellowing first, followed by dieback at
top and then along leaf margin. Early spring chlorosis
observed.

Younger leaves exhibit symptoms first, with reddish brown
color along leaf margins.

Older leaves tum red to cherry red along margins.

Similar to N deficiency although mid-vein may remain
green.

Younger leaves exhibit symptoms first, typically an
interveinal chlorosis - leaves may appear almost white
under severe deficiency.

Interveinal chlorosis of younger leaves. Necrotic spots may
develop on leaves.

Stunted leaves. Some chlorosis. Puckered leaf margins.

Tips of younger leaves dieback. May get white-tip.
Growth may be stunted.

Reduced growth and stunting. Leaves narrow and turn dark
green.

Similar to N deficiency. May get some interveinal
chlorosis.

Not commonly observed in turf.

response in the field to increasing levels of nutrient
(CAST, 2000). As pointed out by Turner and Hununel
(1992), turfgrass poses a unique problem in soil test cali-
bration. Withagronomic and horticultural crops, the mea-
sure of crop response is yield of harvested product.
Picking an appropriate measure of turfgrass response is
problematic.

While several methods have been developed for
extraction of plant-available micronutrients from soils,
the one in widest use today and for turfgrass in particular
is the DTPAtest. This test was developed in Colorado by
Lindsay and Norvell (1978) for identifying calcareous
soilswith insufficient levels of Zn for soybean production.
One of the reasons for the popularity of the DTPAtest is
that it measures Cu, Fe, and Mn as well as Zn.

Micronutrient applications are being recommended for
Wisconsingolf putting greens based upon DTPAsoil test
results. Yet,our search of turfgrass literature failed to tum
up any research reports on the reliabilityof the DTPAtest
itself or on calibrations of the test results for turfgrass and
sand putting greens.

The purpose of the present study was to gather pre-
liminary information on the reliabilityof the DTPAtest as
a basis for recommending micronutrient applications on
sand putting greens. This was approached as a two-stage

process: (1) Testing the reliability of the DTPA method
and (2) Testing the DTPAtest interpretations used by a
commercial soil testing laboratory.
METHODS

The study began with the assembly of a data base. Data
came from two sources. One source was three research
putting greens at the O.J. Noer Turfgrass Research and
Education Facility. These were constructed with 11 dif-
ferent root zone mixes and have been subjected to differ-
ing fertilization programs for 4 years or more. The second
source of data was putting greens at two Wisconsin golf
courses. The two golf courses were selected for the con-
trast in root zone mix sand - one is highly calcareous and
the other acidic - and because both had recent sets of soil
tests from the same commercial laboratory.

A single set of bentgrass clippings was collected from
each site, cleaned, ground, digested and analyzed by
the Soil and Plant Analysis Laboratory (SPAL) in
Madison, WI along with DTPA soil extracts from the
Noer Facility putting greens. The total data base con-
sisted of 61 soil and plant analyses for Cu, Fe, Mn, and
Zn. Clipping weights were also determined for the Noer
Facility greens.
RESULTS

A key decision in this study was what to use as a mea-
sure of bentgrass response to different soil test levels of
Cu, Fe, Mn, and Zn. Given the type of information gath-
ered, the only option for the entire data set was to use
clipping concentrations of the nutrients and critical levels
reported in the literature. The critical levels employed are
those given in Table 1. These values are a composite of
those reported by Jones (1980) and analyses done in con-
junction with various research projects conducted at the
University ofWisconsin-Madisonduring the past 15years.

The standard procedure in testing the reliability of a
soil test method is to correlate the test results with plant
uptake of the nutrient (CAST,2000). Todo this, one must
know plant dry matter yield as well as tissue nutrient con-
centration. Such information was available only for the
Noer Facility putting greens. Our first task was to deter-
mine if correlations of soil test results with nutrient
uptake and plant tissue nutrient concentration are suffi-
ciently similar such that we could include data from the
two golf courses in our study.

The correlation coefficients (r) for the relationship
between DTPA extractable soil Mn and Mn uptake was
0.847. For clipping Mn concentration, r = 0.793. These
two values are not significantly different, which justi-
fies use of clipping Mn concentrations and our com-
plete data set. However, future studies should consid-
er soil test correlations with nutrient uptake as well as
clipping concentration.
Soil Test Reliability

The relationship and correlation between DTPA
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extractable Cu and bentgrass clipping Cu concentra-
tion is shown in Figure 1. Two problems are identified
in the figure. First, the correlation coefficient is too low
to consider this a reliable soil test. Second, the indica-
tion is that at a zero level of DTPA extractable Cu, the
clippings would have averaged about 12.3 ppm Cu. This
is a strong indication that the test does not measure all
forms of plant available Cu.

A serious problem in the analysis of putting green clip-
pings is soil contamination. To check for this, the clip-
pings are analyzed for aluminum, whose concentrations
are an index of the amount of soil contamination. The ele-
ment whose clipping concentration is most strongly influ-
enced by soil contamination is Fe. Despite the care taken
in the study to remove soil from the clipping samples, the
Al concentrations indicated that all but about 20 of the
samples had some soil contamination.

Only those clippings without evidence of soil cont-
amination were used to examine the relationship
between DTPA extractable Fe and clipping Fe. There
was a high correlation between them (Fig. 2), indicat-
ing that the DTPA test was a reliable measure of plant
available Fe. But, as in the case of Cu, a zero soil test
was associated with clipping Fe concentrations of
around 118 ppm, which is above the upper end of the
sufficiency range (Table 1). Thus, the indication is
that the DTPA test did not measure all forms of plant
available soil Fe.

There was no interpretable relationship between
DTPA extractable Zn and clipping Zn (Fig. 3). In fact,
indications were that clipping Zn concentrations tend-
ed to decline with increasing amounts of DTPA
extractable soil Zn.

As shown in Figure 4, the correlation coefficient for
the relationship between DTPA extractable Mn and
clipping Mn was high (r = 0.829). Furthermore, the
relationship indicates that clipping Mn concentrations
would have been near zero were the DTPA extractable
soil Mn zero. These two observations suggest that the
DTPA method is a reliable test for soil Mn.

The Soil and Plant Analysis Laboratory employs
O.IN H3P04 as an extractant for plant available Mn
(Dahnke, 1980). This test method was selected based
upon research where soybean was the test crop. Soil
samples from the Noer Facility were analyzed for Mn
by SPAL. The correlation coefficient for the relation-
ship between O.IN H3P04 extractable soil Mn and
bentgrass clipping Mn concentration was only 0.189.
Soil Test Interpretation

The interpretation of soil tests for micronutrients
seeks only to establish a realistic critical value (CAST,
2000). The critical value is the soil test below which
there is high probability of plant response to an appli-
cation of the nutrient. In the present study, we exam-
ined only the interpretation of the DTPA test for Mn
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Figure 1. Relationship ofDTPA extractable soil Cu to bentgrass clipping Cu
concentration.
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Figure 2. Relationship ofDTPA extractable soil Fe and bentgrass clipping Fe
concentration.
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Figure 3. Relationship ofDTPA extractable soil Zn and bentgrass clipping Zn
concentration.
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Figure 4. Relationship ofDTPA extractable soil Mn and bentgrass clipping Mn
concentration.
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Figure 5. Identification of a critical value for DTPA extractable soil Mn.

because this is the only micronutrient for which the
test appeared to be reliable.

The criteria we chose for establishing the critical value
for the DTPAtest for Mn was the mid-point of the tissue
range for Mn (Table 1). Choosing the mid-point of this
range rather than the lower end of the sufficiency range
is a conservative approach and one that can result in
instances where Mn application is recommended but the
probability of plant response may be low.

The mid-point of the Mn sufficiency range for bent-
grass clipping is 87.5 ppm (Table 1). Application of this
criteria indicated that the critical value for DTPA
extractable soil Mn was close to 3.5 lb/acre (Fig. 5). All
putting greens analyzed by the commercial laboratory
were judged to be low in Mn. By examining the actual soil
test values, we concluded that the critical soil Mn value
being applied by the laboratory is very near 8 lb Mn/acre.
This is eight times higher than the critical value tenta-

tively suggested by the developers of the DTPA test
(Lindsay and Norvell, 1978).
CONCLUSIONS

The data used in this study came from the 18 sand
putting greens on each of two Wisconsingolf courses and
three research greens at the O.J. Noer Turfgrass
Research and Education Facility.The number of observa-
tions totaled 61 and came from putting greens construct-
ed with 13 different root zone mixes. Some mixes were
blended using acid sand and others with low ( 2%) to high
( 17%) carbonate content.

The conclusions drawn from the study are:
(1) The DTPAtest provides no reliable information.on

the plant available Cu and Zn content of sand putting
greens.

(2) The DTPA test for Fe may have some value, but
requires more extensive investigation. .

(3) The DTPA test for Mn is judged ~o be a relia?le
method of analysis for plant available Mn ill sand putting
greens. . . .

(4) Further research is required regarding the critical
value of the DTPAtest for Mn. The commerciallaborato-
ry that analyzed the golf course putting greens appears
to be using a critical value of 8 lb Mn/acre. Our study
identified a critical value of 3.5 lb Mn/acre. The commer-
ciallaboratory would have declared all 61 of the putting
greens to be Mn deficient. Our criteria would have
declared only 36 of the greens to possibly be responsive
to application of Mn.
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