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Sand-based root zones are well suited for put-
ting greens because they maintain air-fi lled pore 
space, resist compaction and provide excellent 
drainage (7). However, these root zones have rela-
tively poor nutrient and water-holding capabilities 
(5) and have typically been amended with peat 
to improve water and nutrient retention. Because 
peat is a limited resource and naturally decom-
poses over time, inorganic amendments may offer 
an alternative to peat moss for use in sand-based 
root zones (8). Past research has shown that sev-
eral commercially available inorganic soil amend-
ments incorporated at a rate of 20% by volume 
decrease ammonium leaching by 27% to 88% 
when compared to unamended sand (1). Although 
some inorganic amendments increase the total 
water-holding capacity of a root zone, they may 
have little effect on plant-available water (2). 

A 1993 USGA publication reported that the 
average cost of peat was approximately $30/cubic 
yard, whereas the average cost of inorganic amend-
ments was around $200/cubic yard (3). Additional 
research on putting green root-zone amendments 
would allow superintendents to make better-
informed decisions using a cost-benefi t approach 
to selecting such materials. The objectives of the 
following research were: to determine the physi-
cal properties, including water-holding capacity, 
of sand root zones (meeting USGA specifi ca-
tions) modifi ed with various amendments, and to 
determine the effect of amendments on the grow-
in rate and dry-down characteristics of creeping 

bentgrass established in the amended root zones.

Materials and methods
Physical properties study

Moist sand:amendment root zones were 
mixed at the appropriate ratio (Table 1) and then 
each was packed into three replicate brass cylin-
ders (3.2 inches tall × 3.0 inches in diameter [8 
centimeters × 7.5 centimeters]), brought to fi eld 
capacity, and then compacted with a hammer to 
simulate fi eld conditions. 

Saturated hydraulic conductivity was evalu-
ated using a permeameter, which maintained a 
constant head of water on the root-zone treat-
ments for four hours, after which percolation 
water was collected for 10 minutes. The volume 
of water collected for each root zone was used 
to calculate its saturated hydraulic conductivity 
(6). Water retention and pore-size distribution 
were evaluated using a tension table to simulate 
fi eld capacity and a pressure chamber apparatus 
to simulate near-wilting-point conditions. The 
available water-holding capacity for each root 
zone was calculated as the difference between 
water retention at fi eld capacity and water reten-
tion near wilting point.

Establishment/dry-down study
Each amended root-zone treatment (Table 1) 

was packed into three replicate lysimeters to cre-
ate root zones meeting USGA recommendations 
(6). The lysimeters were constructed using PVC 
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pipes that were 16 inches tall × 6 inches in diame-
ter (41 centimeters × 15 centimeters), with screens 
attached to one end to provide adequate drainage 
while retaining the root zones.

The lysimeters were seeded at a rate of 2 
pounds/1,000 square feet (10 grams/square meter) 
with L-93 creeping bentgrass (Agrostis stolonifera). 
Milorganite fertilizer (6-2-0) was applied at 34.4 
pounds/1,000 square feet (168 grams/square 
meter) to dilute and more evenly distribute the 
seed. The lysimeters were irrigated three times 
daily via overhead irrigation during establishment 
and once daily thereafter. Following germination, 
turf cover was evaluated twice weekly using digi-
tal image analysis techniques (4). Lysimeters were 
mowed at 0.5 inch (1.2 centimeters) three times per 
week. Once the lysimeters were completely estab-
lished, each was saturated by soaking in a 5-gallon 
(18.9-liter) bucket full of water for approximately 
one hour, and then subjected to a dry-down period 
in which irrigation was completely withheld.

Turf establishment and green cover during 
the dry-down period were evaluated twice weekly 
using digital image analysis techniques (4). Images 
were collected twice weekly. Turf-wilt symptoms 
were evaluated three times per week during the 
dry-down period using a visual rating scale of 1-9, 
where 1 is no wilt, and 9 is severe wilt.  The estab-
lishment/dry-down study was replicated twice, 
referred to in the results as Run 1 and Run 2.

Results and discussion
Physical properties study

Saturated hydraulic conductivity. The USGA 

recommends saturated hydraulic conductivity 
(Ksat) of 6 inches (15 centimeters)/hour or greater 
(7). All root-zone treatments tested in this study 
met USGA recommendations. Among treatments, 
diatomaceous earth (80:20) had signifi cantly 
lower values for saturated hydraulic conductiv-
ity, and sphagnum peat (80:20) had signifi cantly 
higher values (Figure 1). As the amendment ratio 
increased from 90:10 to 80:20, diatomaceous 
earth decreased saturated hydraulic conductivity, 
whereas sphagnum peat increased it.

Bulk density. Compared to the sand control, 
all amendments decreased bulk density (data not 
shown). Bulk density was lowest for diatomaceous 
earth and sphagnum peat and highest for reed sedge 
peat. As the ratio increased from 90:10 to 80:20, 
bulk density signifi cantly decreased. The USGA 
does not publish recommendations for bulk density.

Amendments

Table 1. Amendments investigated along with ratios and amendment source.

Root zone Ratio Amendment source

Sand (Control)                     100:00

Sand: peat 90:10
Dakota reed sedge peat

Sand: peat 80:20

Sand: peat 90:10
sphagnum peat

Sand: peat 80:20

Sand: zeolite 90:10
Clinolite

Sand: zeolite 80:20

Sand: calcined clay 90:10
Profile

Sand: calcined clay 80:20

Sand: diatomaceous earth 90:10
prescription soil amendment

Sand: diatomaceous earth 80:20

The root-zone amendments used 
in this research are (from left to 
right): sphagnum peat, zeolite, 
calcined clay, diatomaceous earth 
and reed sedge peat. Photos by 
D. Karcher
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Total porosity. The USGA recommends total 
porosity of 35% to 55% (7). All root-zone mixes in 
this study (including the sand control) met USGA 
recommendations (Figure 2). Reed sedge peat had 
the lowest total pore space and diatomaceous earth 
had the highest. As the ratio increased from 90:10 
to 80:20, total porosity increased because of the 
higher relative porosity of the amendments.

Air-fi lled porosity. The USGA recommends air-
fi lled porosity of 15% to 30% (7). All root-zone 
mixes in this study (including the sand control) 
met USGA recommendations (data not shown). 
Reed sedge peat had the lowest amount of air-
fi lled pore space, and zeolite had the highest. As 

the sand:amendment ratio increased from 90:10 
to 80:20, air-fi lled porosity also increased, indi-
cating that the amendments had more air-fi lled 
pore space than the root-zone sand.

Capillary porosity. The USGA recommends 
capillary porosity of 15% to 25% (7). All root-
zone mixes in this study, except for the sand con-
trol, met USGA recommendations (data not 
shown). Reed sedge peat had the highest capillary 
porosity, and zeolite had the lowest. The sand:
amendment ratio did not signifi cantly affect cap-
illary porosity. 

Plant-available water. Even though the amount 
of water held increased as the sand:amendment 
ratio increased from 90:10 to 80:20, the percent of 
plant-available water did not increase (Figure 3). 
The sand control held the least amount of water 
at wilting point. Reed sedge peat was the only 
amendment that had signifi cantly more plant-
available water than the sand control. At wilting 
point, diatomaceous earth held a large amount 
of water that probably would not be available to 
plants. These results suggest that although inor-
ganic amendments increase internal pore space 
and water retention, these products may hold 
water very tightly (because of greater surface area 
and the very strong adhesive and cohesive forces 
associated with their microscopic pores) and not 
increase water uptake of turf roots.

 
Conclusions

All root zones met USGA recommendations 
except for capillary porosity in the sand control. 
Reed sedge peat was the only amendment that 
signifi cantly increased plant-available water com-
pared to the sand control.

Greenhouse study
Turf establishment. For Run 1, none of the inor-

ganic amendments had signifi cantly faster estab-
lishment than either reed sedge (80:20) or sphag-
num peat (80:20), in terms of percent green turf 
cover following germination (data not shown). 
Diatomaceous earth (80:20) performed signifi -
cantly better than the other inorganic amend-
ments and the sand control by reaching 50% green 
turf cover within eight days after seeding; the next 
inorganic amendment, zeolite (80:20), took nine 
days to reach 50% green turf cover. Calcined clay 
(90:10) reached 50% green turf cover in 14 days. 
All the amendments at the 80:20 ratio performed 
signifi cantly better than the sand control. The 
inorganic amendment treatment that was slow-
est to establish at the 80:20 ratio was calcined 
clay, which reached 50% green turf cover within 
10 days, whereas the sand control reached 50% 

Figure 1. Saturated 
hydraulic conductivity 

(centimeters/hour) of a 
sand control and fi ve 

root-zone amendments 
investigated at two 

different ratios. Bars that 
do not share a letter are 

signifi cantly different.

Saturated hydraulic conductivity

Figure 2. Total porosity 
(volumetric %) of a sand 

control and fi ve root-zone 
amendments compared 
at varying ratios. Within 
groups, bars that do not 
share a letter are signifi -

cantly different.

Sa
tu

ra
te

d 
hy

dr
au

lic
 c

on
du

ct
iv

ity
 (c

en
tim

et
er

s/
ho

ur
)

70

60

50

40

30

20

10

0

90:10 80:20 USGA minimum

Control

Calcined cla
y

Diatomaceous earth

Reed sedge peat

Sphagnum peat

Zeolite

Total porosity

USGA minimum

To
ta

l p
or

os
ity

 (v
ol

um
et

ric
 %

)

60

45

30

15

0

90:10
80:20

USGA maximum

Control

Calcined cla
y

Diatomaceous earth

Sphagnum peat

Zeolite

Reed sedge peat

AB
A

B
A AB

B

A

B B B

BC

C

B B B

A

B
BC

124-144_Feb 07 Techwell.indd   140124-144_Feb 07 Techwell.indd   140 1/17/07   11:18:40 AM1/17/07   11:18:40 AM

<<
  /ASCII85EncodePages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


Synapse Prepare
Banta_InDesign_090704:Banta_InDesign_090704
QuarkXPressª settings can't be modified by the user
InDesignª Print Style: Banta_PS_CMYK.prst
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: Banta_081804.ppp
PitStop Actions: SynapseLogo.eal
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:   
Job Number:   
Proof Due:  Mon, Jul 10, 2006
Final Due:  Mon, Jul 10, 2006
Company:  Golf Course Management
Contact:  Kelly Neis
Address:  1421 Research Park Drive
City:  Lawrence
State:  KS  Zip:  66049  Country:  USA
Office Phone:  785.832.3646
Email:  kneis@gcsaa.org
�



Irrigation was withheld to determine which root zones retained 
the most plant-available water.
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green turf cover within 12 days. There were two 
peat treatments, reed sedge (80:20) and sphag-
num peat (80:20), in the top four amendments 
that reached 50% green turf cover within 10 days; 
no inorganic amendments performed signifi cantly 
better than these peats.

For Run 2, the data for percent green cover 
during establishment were similar to the data 
for Run 1 (Figure 4). On average, the inorganic 
amendments at the 80:20 ratio reached 100% 
green turf cover before the inorganic amend-
ments at the 90:10 ratio, but there were no sig-
nifi cant differences among treatments. Diatoma-
ceous earth (80:20) performed signifi cantly better 
than the other inorganic amendments except for 
calcined clay (80:20) by reaching 50% green 
turf cover within 14 days. Diatomaceous earth 
(80:20), sphagnum peat (80:20), the sand con-
trol, and calcined clay (80:20) performed the best 
of all the treatments, but no treatment was signifi -
cantly better than the others. There was no consis-
tent trend in amendment performance.

Green cover during dry-down. During the 
dry-down period for Run 1, diatomaceous earth 
(80:20) performed signifi cantly better than all the 
other amendments, including the sand control, 
except for reed sedge (90:10) and sphagnum peat 
(80:20) (Figure 5). In addition, diatomaceous 
earth (90:10) and zeolite (80:20) retained signif-
icantly more green cover than the sand control. 
For Run 2, there were no signifi cant differences 
among treatments (data not shown).

Wilt ratings. For Run 1, on days when root-
zone treatment signifi cantly affected wilt ratings, 
the sand control consistently had the most wilt. 
Diatomaceous earth (80:20) had the lowest wilt 
ratings over the course of the dry-down period, 
but did not perform signifi cantly better than the 
reed sedge (90:10) or sphagnum peat (80:20). 
Reed sedge peat (90:10) was one of the better 

treatments, but at the 80:20 ratio, it did not per-
form signifi cantly better than the sand control. 
Zeolite (90:10) was among the four root zones 
with the least wilt during the dry-down period. 
On average, the inorganic amendments were not 
signifi cantly different from the organic amend-
ments, with regard to wilt ratings.

For Run 2, on the days when treatments signif-
icantly affected wilt ratings, the sand control and 
diatomaceous earth (80:20) had the most severe 
wilt (data not shown). Reed sedge peat (80:20) 
was one of the better treatments over the course of 
the dry-down period, but it did not perform sig-
nifi cantly better than the sphagnum peat (90:10) 

Available water content

Figure 3. Available water content 
(volumetric %) of a sand control and 
fi ve root-zone amendments compared 
at varying ratios. Within evaluations 
and groups, bars that do not share 
a letter are signifi cantly different. 
(-1,000 kilopascals = -145 pounds/
square inch)
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Figure 4. Days until 50% green 
turf cover following germination on 
a sand control and fi ve root-zone 
amendments compared at varying 
ratios. Bars represent the range 
of days during which the turf is 
expected to reach  50% green cover 
for each root-zone treatment, based 
on statistical analysis (Run 2).

Days after germination

12 13 14 15 16 17 18 19 20

Diatomaceous earth 20% (13.2)

Sphagnum peat 20% (13.8)

Sand control (13.8)

Calcined clay 20% (15.2)

Zeolite 10% (15.3)

Zeolite 20% (15.7)

Calcined clay 10% (16.4)

Sphagnum peat 10% (16.6)

Reed sedge peat 10% (16.7)

Reed sedge peat 20% (17.0)

Diatomaceous earth 10% (17.4)
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➔ All root-zone treatments met 
USGA recommendations except for 

capillary porosity in the sand control. 
➔ In the laboratory, reed sedge 

peat was the only amendment that 
significantly increased plant-available 

water compared to the sand control.
➔ Increasing amendment 

ratios from 10% to 20% enhanced 
germination, but the difference was 
significant in only one of two trials. 

➔ Diatomaceous earth 
enhanced establishment rate, green 

cover during dry-down and resis-
tance to wilt, but using it for putting 

green construction would greatly 
increase costs. Long-term studies 

must be conducted to determine 
whether this product has long-term 

benefits compared to traditional 
peats. 

➔ This experiment was per-
formed in a controlled setting that 

favored turf growth. The results 
might be different if this experiment 

were performed under field condi-
tions that included foot traffic, mow-
ing stress and greater environmental 

variability.

The research says

Vv
v
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or diatomaceous earth (90:10). On average, no 
inorganic amendment treatments performed sig-
nifi cantly better than the organic amendments.

Conclusions
For Run 1, increasing the amendment ratio 

from 10% to 20% signifi cantly enhanced germina-
tion. Diatomaceous earth (20%), reed sedge (10%) 
and sphagnum (20%) peat had the least amount of 
wilt and maintained green cover the longest during 
dry-down. For Run 2, increasing the amendment 
ratio from 10% to 20% enhanced germination, 
but there was not a signifi cant difference among 
amendment ratios overall. Diatomaceous earth 
(10%), reed sedge (20%) and sphagnum (10%) 
peat had the least amount of wilt and maintained 
green cover the longest during dry-down. 

It is apparent from these studies that root-zone 
performance is inherently variable as results were 
somewhat inconsistent between Run 1 and Run 
2. In addition, it should be noted that these results 
were obtained in a greenhouse environment (high 
relative humidity) and that results would likely 
vary in a fi eld situation.

Overall conclusions
Diatomaceous earth enhanced establishment 

rate, green cover during dry-down, and resis-
tance to wilt, but did not perform consistently 
better than organic peat treatments. Diatoma-
ceous earth, if used in a putting green construc-

tion situation, could increase construction costs 
by approximately $86,000 (3). Long-term studies 
must be conducted to determine whether diato-
maceous earth has long-term benefi ts compared to 
traditional peats. Replacing peats with inorganic 
amendments during putting green construction 
may not be economically prudent.

This experiment was performed in a controlled 
setting that favored turf growth. The results might 
be different if this same experiment were per-
formed under fi eld conditions that included foot 
traffi c, mowing stress and greater environmental 
variability.
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Figure 5. Days until 50% 
green turf cover during a 
dry-down period for fi ve 
root-zone amendments 

compared at varying ratios 
and a sand control. Bars 

represent the range of 
days during which the turf 
is expected to reach  50% 
green cover for each root-
zone treatment, based on 

statistical analysis (Run 1).

50% cover vs. dry-down

Days after irrigation withheld

Diatomaceous earth 20% (26.5)

Sphagnum peat 20% (26.2)

Sand control (17.6)

Calcined clay 20% (19.5)

Zeolite 10% (19.5)

Zeolite 20% (23.8)

Calcined clay 10% (16.2)

Sphagnum peat 10% (18.2)

Reed sedge peat 10% (25.0)

Reed sedge peat 20% (19.2)

Diatomaceous earth 10% (22.4)
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