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Q U I C K T I P 

Before long it wi l l 
be time to think 
about cleaning up 
weeds on dormant 
bermudagrass turf. 
Don't forget about 
an old standby for 
taking care of tough 
weeds — Sencor 
herbicide. It offers 
highly effective, 
broad-spectrum 
weed control on 
both dormant and 
actively growing 
bermudagrass turf. 
One postemergence 
application of 
Sencor in the spring 
wil l usually provide 
control through fall 
months. In addition, 
Sencor can be tank-
mixed wi th MSMA 
to control crabgrass, 
nutsedge, barnyard-
grass, common yel-
low woodesorrel, 
sandbur and dallis-
grass. 

Inorganic Soil Amendments 
in New Sand-Based Rootzones 
Can Reduce Nitrogen Loss 
By Cale A. Bigelow 

Most modern golf course putting 
green root zones are constructed 
using high sand contents, some-

times 90 percent or more by volume. Sand is 
an excellent rootzone material for heavily 
trafficked areas such as putting greens 
because it resists compaction and maintains 
air-filled porosity and drainage. Furthermore, 
it is a relatively inexpensive material and is 
readily available most anywhere. 

Although sands provide favorable soil phys-
ical properties, nutrient retention is generally 
poor and water-soluble nutrients like nitrogen 
are prone to leaching. 

Young putting greens may receive 6 pounds 
to 8 pounds of actual nitrogen per 1,000 square 
feet annually, and applications of 10 pounds to 
12 pounds during the first year of establish-
ment are not uncommon. 

Often nitrogen is supplied using highly sol-
uble sources like ammonium sulfate or urea. 
Given all of the following conditions — porous 
rootzone media, water-soluble nitrogen appli-
cations, and regular irrigation — it is easy to 
see why nitrogen loss is a concern. 

It is well-documented that a dense mature 
turfgrass system, even on sandy soils, is very 
effective in capturing nitrogen because of its 
extensive root system. Although the potential 
for nitrogen leaching from mature turfgrass sys-
tems may be rather low, the same is not true for 
young turfgrass plants on newly built sand root-
zones. In these situations, turfgrasses are either 
planted as seed or sod that is frequently irrigat-
ed because there is little or no root system to 
absorb water from the rootzone. 

Light, frequent irrigation is required to 
ensure survival. Not only is the shallow root sys-
tem unable to explore the rootzone for water, 
it is also less efficient at nitrogen absorption, 
which further increases the leaching potential. 

Historically, the most popular method for 
sand-based golf green construction has suggest-

ed amending sand with a stabilized organic 
matter, such as peat moss (USGA, 1993). This 
amendment is added to improve water and 
nutrient retention. In the past, many inorganic 
soil amendments, such as porous ceramics, 
diatomaceous earth and clinoptilolite zeolites, 
have been investigated and marketed as alterna-
tives to peat moss (Davis et al., 1970; Wadding-
ton et al., 1974). These inorganic products may 
be better suited to sand rootzones because they 
are not susceptible to biological degradation 
and may sustain the original rootzone physical 
properties longer than peat moss. 

Several researchers have documented the 

Most surprising was that by 
incorporating either of these 
amendments to even a rather 
shallow depth of 1 inch, ammonium 
losses could be decreased by almost 
25 percent. 

benefits of various porous ceramics and zeo-
lites on turf establishment and growth when 
incorporated into sandy growing media. 
These results are not surprising since the base 
mineral for most porous ceramics is clay and 
many clays and zeolites have cation exchange 
capacities ranging from 50 centimoles of 
charge per kilogram (cmolc/kg) to 220 
cmolc/kg compared to sand, which often is 
less than 1 cmolc/kg. 

While a wealth of research information 
exists for several zeolites, comparable data for 
other commercially available inorganic amend-
ments or experiments directly comparing the 
amendments to peat moss has been lacking. 
Thus, the objective of these laboratory studies 
was to evaluate how a variety of inorganic soil 
amendments compared to a sphagnum peat 
moss for reducing nitrogen leaching in simulat-
ed quartz sand putting green rootzones. Specif-



ically, the effects of amendment type, incorpo-
ration rate and depth were documented. 

Experimental procedures 
A locally available washed quartz sand con-
forming to USGA size guidelines was amend-
ed with the following amendments: Irish 
sphagnum peat moss; a clinoptilolite zeolite 
(Ecolite); an extruded diatomaceous earth 
containing 5 percent of a clay binder (Isolite); 
and two porous ceramic products (Green-
schoice and Profile). 

The cation exchange capacity (CEC) of 
each of the inorganic amendments was: 

• 185 cmolc/kg to 220 cmolc/kg for zeolite; 
• 1.0 cmolc/kg for shale-based porous 

ceramic; 
• 0.8 cmolc/kg for diatomaceous earth; 
• 33.6 cmolc/kg for clay-based porous 

ceramic; and 
• 75 cmolc/kg to 100 cmolc/kg for sphag-

num peat. 
Values were taken from the manufactur-

er's product literature. A complete descrip-
tion of all experimental procedures can be 
found in Bigelow et al., 2001. 

Briefly however, sand or amended sand 
mixtures were installed into 3-inch-diameter 
by 12-inch-tall acrylic columns, placed over a 
4-inch-tall gravel sub-layer. 

After 24 hours at saturation, each column 
was placed on a screen and allowed to drain 
for 24 hours to reach field capacity. A liquid 
ammonium nitrate solution containing nitro-
gen equivalent to 1 pound nitrogen per 1,000 
square feet was applied to the surface of each 
rootzone and leached with twice-distilled 
water. 

The leachate was collected in small aliquots 
and analyzed for the presence of ammonium 
(NH4 +-N) and nitrate (NO3-N). 

Amendment effects 
When incorporated at 20 percent by volume, 
all amendments significantly decreased 
ammonium loss, which ranged from 8 percent 
to 69 percent (Table 1). 

In this experiment the two most effective 
amendments were Ecolite and Profile, which 
decreased ammonium losses to only 8 percent 
and 21 percent, respectively, compared to 
unamended sand. Since no amendment had a 
significant effect on nitrate leaching — mean-

TABLE 1 

Peak concentration and percentage loss of ammonium in the effluent 
of sand amended at 20 percent by volume with four inorganic soil 
amendments and sphagnum peat: 

Soil amendment 
Nonamended sand 

AMMONIUM (N 
Peak concn. 

(ppm) 
59.3 az 

IH4-N) NITROGEN 
Total loss 
(percent) 
96.2 a 

Ecolite 3.3 c 7.8 e 
Isolite 23.9 b 63.9 b 
Profile 8.4 c 21.3 d 
Greenschoice 26.9 b 69.4 b 
Sphagnum peat 11.0c 37.7 c 

1 Mean separation within columns by Fisher's protected LSD (P=.05). 

ing that more than 90 percent of applied 
nitrate was recovered (data not presented) — 
this aspect will not be discussed. 

As the incorporation rate for the two most 
effective amendments, Profile and Ecolite, 
increased from 1 percent to 20 percent by 
volume, ammonium nitrogen losses decreased 
in a stepwise manner, with the 20 percent rate 
resulting in the least losses for both amend-
ments (Table 2). 

No difference in nitrogen retention 
between the two products was observed, 
except at the 20-percent rate, where signifi-
cantly less ammonium leached from the 
Ecolite-amended sand, probably because of 
the slightly higher CEC soil — 9.6 cmolc/kg 
vs. 4.6 cmolc/kg — for the 20 percent Ecol-
ite- and Profile-amended sand mixtures, 
respectively. 

Incorporating either of these amendments 
at 20 percent by volume throughout the 
entire rootzone depth could be extremely 
expensive. Thus, it was determined that a 10-
percent-by-volume rate would be most cost 
effective for most situations with only modest 
decreases in ammonium losses compared to 
the 20 percent incorporation rate (Table 2). 

Based on the results obtained in the 
amendment rate experiment, the effect of 
incorporation depth was studied with Ecolite 
and Profile mixed at 10 percent by volume to 
1 inch, 6 inches and 12 inches. Again, as 
expected, a step-wise decrease in leaching 
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Continued from page 75 
losses was observed as incorporation depth 
increased from 1 inch to 12 inches (Table 3). 

What was most surprising was that by 
incorporating either of these amendments to 
even a rather shallow depth of 1 inch, ammo-

TABLE 2 

Peak concentration and percentage loss of ammonium in the eff luent 
of sand amended w i t h Ecolite and Profile at 1 percent, 5 percent, 
10 percent and 20 percent by volume: 

Soil amendment 
Depth 

(inches) 

AMMONIUM (NH 
Peak concn. 

(ppm) 

I4-N) NITROGEN 
Total loss 
(percent) 

Nonamended sand 0 58.4 95.7 
Ecolite 1 49.6 ay 75.0 a * x 

5 39.1 a * * * 52.3 b * 
10 10.3 b * * * 17.0 c * 
20 4.3 b * * * 7.7 d * 

Profile 1 52.3 a 78.7 a * 
5 25.4 b * * * 51.6 b * 

10 1 1 . 4 c * * * 32.6 c * 
20 6.7 c * * * 22.4 d * 

x Means within the same column followed by * or * * * are significantly different from 
nonamended sand at P<.05 or .001, respectively. 

y Means within columns for the same soil amendment followed by the same letter are 
not significantly different at P=.05 by Fisher's protected LSD. 

TABLE 3 

Peak concentrat ion and percentage loss of a m m o n i u m in the 
e f f luent for sand a m e n d e d w i t h Ecolite and Profi le a t 10 percent 
(v/v) incorporated to 1-, 6 - and 12-inch depths: 

AMMONIUM (NH4-N) NITROGEN 
Depth 

AMMONIUM (NĤ  
Peak concn.2 

4-N) NITROGEN 
Total loss 

Soil amendment (inches) (ppm) (percent) 
Nonamended sand 0 61.9 97.6 
Ecolite 1 30.7 ay * * * x 68.2 a * 

6 20.1 a b * * * 38.2 b * 
12 10.4 b * * * 17.6 c * 

Profile 1 38.1 a * * * 76.6 a * 
6 19.9 b * * * 49.4 b * 

12 1 1 . 4 c * * * 32.2 c * 

x Means within the same column followed by * or * * * are significantly different from 
nonamended sand at P<.05 or .001, respectively. 

y Means within columns for the same soil amendment followed by the same letter are 
not significantly different at P=.05 by Fisher's protected LSD. 

nium losses could be decreased by almost 25 
percent, compared to the unamended sand. 

Conclusions 
These experiments support previously pub-
lished reports regarding ammonium and 
nitrate movement in newly constructed sand-
based rootzones. 

As was previously reported by numerous 
other researchers, nitrogen leaching in una-
mended quartz sands can be initially very 
high, exceeding 95 percent of the applied 
nitrogen especially when turfgrass is not pres-
ent or mature. 

Ammonium losses, however, can be reduced 
substantially to more than 8 percent by incorpo-
rating certain inorganic amendments like Ecol-
ite or perhaps Profile and to a lesser extent 
sphagnum peat, provided these amendments 
are providing sufficient CEC to capture the pos-
itively charged ammonium nitrogen molecule. 

Nitrate leaching will continue to be a con-
cern in any sand-based rootzone, particularly 
during turfgrass establishment. One potential 
solution to this problem would be to implement 
best-management practices to minimize leach-
ing. These would be selecting a properly sized 
sand that does not allow excessive percolation 
and amending the sand with one or more of the 
following amendments: peat moss, zeolite or a 
relatively high CEC porous ceramic like Profile. 

During the grow-in period the young turf 
should be fertilized with either a controlled-
release fertilizer or a water-soluble fertilizer that 
is predominantly ammonium based so that any 
nitrogen that bypasses the roots can be retained 
in the amendments. 

Some practical questions remain: Is more 
amendment really better? Should I use amend-
ments in a new construction? 

Although Ecolite and Profile were effective 
in these experiments for decreasing nitrogen 
leaching, they cost considerably more (five 
times greater or more) than peat moss when 
used at equal incorporation amounts (Moore, 
1999). This may limit their widespread adop-
tion as peat moss replacements. 

Secondly, how do the inorganic amend-
ments affect the rootzone physical properties? 
In related experiments it was demonstrated 
that although the amendments do offer some 
degree of water retention because of their 
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Looking for some 
opt ions for turfgrass 
seed? Or w a n t to 
ident i fy a turfgrass 
tha t w i l l beat the 
summer heat? Come 
f ind the solut ions at 
www.scottspros-
eed.com and learn 
more about all the 
new developments 
f rom Scotts. 
Superintendents 
n o w have easy 
access to pr intable 
specif icat ion sheets 
on more than 55 
tur f seed varieties 
and 20 blends and 
mixes. In addi t ion, 
the site provides 
in format ion on new 
developments at 
Scotts, such as the 
new Thermal Blue, 
the f irst selection in 
the Hybrid Bluegrass 
Series. 

Continued from page 76 

internal porosity, they we r e not as effect ive as 

pea t moss in ex t r eme ly drought-prone sands 

w h e n combined w i th three varying sand sizes. 

(Bigelow, 2 0 0 4 ) . 

Last ly how best can you use the inorganic 

amendments in an exist ing putt ing green root-

zone? This m a y be the best s ituation for using 

these amendments . Because they are packaged 

as dry products (wh ich means they are f low-

able), they can easily be incorporated into the 

core cul t ivat ion holes. These smal ler amend-

men t quant i t ies could m a k e t h e m cost effec-

t ive and, w h e n repea ted l y appl ied , w o u l d 

improve fert i l izer use eff ic iency once a crit ical 

vo lume of amendment is achieved. 

Ca/e Bigelow is an assistant professor of agrono-
my/turfgrass science at Purdue University in 
West Lafayette, Ind. His research program focus-
es on practical cultural management practices 
that affect turfgrass nutrition and soil-related 
problems in commercial/home-lawns and fine 
turfgrass areas. He can be reached at 
cbigelow@purdue. edu. 
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