Summary of Wallace Laboratories Report on Cal-CM
Provided to PACE Turf by Art Wilson Company

To test the theory in which Pace Consulting has stated that Cal-CM Plus calcium sulfate is not
soluble therefore it is not effective in reducing sodicity in soil. The Wallace Laboratories LLC
was commissioned to study and prove or disprove this theory.

A sandy loam soil was obtained from Number 17 Fairway, North Course at Pelican Hill Golf
Course, Newport Beach, California. Untreated soil had a pH of 7.65. Salinity was 2.74 dS/m.
SAR was 9.1. Exchangeable sodium was 10%. Exchangeable calcium was 57%. Soil organic
matter was 2.82%. Water permeability was 0.05 inches per hour.

Samples of the soil were amended with anhydrite, gypsum or Art Wilson Cal-CM Plus. Gypsum
was reagent grade calcium sulfate dihydrate.

All calcium products were applied at the equivalent rate of 50 pounds per 1,000 square feet, 6
inches deep. The leaching water was site irrigation water with a pH of 8.22. Salinity was 1.26
dS/m. SAR was 4.2. Adjusted SAR was 8.0. Sodium was 159 parts per million. Bicarbonate was
245 parts per million. Eighteen inches of water was applied to each column of soil containing 6
inches of treated soil.

The three products were equally effective in reducing exchangeable sodium. After leaching, the
treated soils had 5% exchangeable sodium compared to the untreated soil at 10% exchangeable
sodium. SAR was reduced to 3.9 for the reagent grade gypsum treatment and sodicity was
further reduced to 3.7 by the anhydrite and for the Art Wilson Cal-CM Plus treatments.
Exchangeable calcium in the soil was increased to 59% for both the reagent grade gypsum and
for Art Wilson Cal-CM Plus and to 57% for anhydrite. The percent of applied calcium that did
not remain in the soil but was leached from the soil and recovered in the leachate was 59% for
the reagent grade gypsum, 56% for Art Wilson Cal-CM Plus, and 23% for anhydrite.

Conclusion — All three products were nearly equal in effectiveness in reducing sodicity.
Additional applications of the calcium containing products are recommended for added
reduction in sodicity.

The use of a simple water solubility test to determine rate of dissolution of anhydrite and gypsum
as determined by these results is not a reliable predictor for determining the efficacy of lowering
exchangeable sodium levels in soil when using these calcium sulfate containing products.

A complete and detailed description of the above test is available upon request from the Art
Wilson Co.



WALLACE LABORATOR
365 Coral Circle

El Segundo, CA 90245

phone (310) 615-0116 fax (310) 640-6863

August 7, 2010

LS, LLC

Art Wilson Company
Richard Taylor, rtaylor@calcmplus.com
PO Box 20160
Carson City, NV 89721
: RE: rate of dissolution
of gypsum and gypsum equivalent products
soil reclamation
Pelican Hill Golf Course
Dear Dick,

Two secils were provided to us from the Pelican Hill Golf Course for evaluation.
Reduction in sedicity and rate of release of gypsum and anhydrite were evaluated.

Soil Number 1

The first soil was received June 9, 2010. The soil texture was sandy loam. Based on the
non-gravel fraction, it contained 67.8% sand, 15.7% silt and 16.5% clay. The gravel
fraction was 1.4%. The soil organic matter was 2.59% on a dry weight basis.

The SAR was 9.1.

Exchangeable cations

Potassium 5%
Sodium 13%
Calcium 55%
Magnesium 26%
Hydrogen 2%

A sodic soil is defined as having at least 15% exchangeable sodium or SAR in excess of
13.

The rate of water percolation was very low at 0.002 inch per hour. Due to the slow rate of
permeability, it was not feasible to measure the rate of release of surface applied gypsum
and anhydrite materials. Soil samples were amended with three materials; (A) Art Wilson
Cal-CM Plus, (B) Ludwig anhydrite and (C) Mallinckrodt reagent grade gypsum. The
application rate was equivalent to 50 pounds of gypsum per 1,000 square feet
homogeneously incorporated to a depth of 6 inches.

The amended soil samples were placed in individual columns 2 inches wide to a depth of
6 inches. Irmgation water supplied by the golf course was applied at 6 inches per column,
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applied water equal to the depth of seil. After leaching, the individual soil samples were
evaluated for comparison to the nitial conditions.

Cal-CM Plus | Ludwig anhydrite reagent grade gypsum untreated
Percolation In/Hr 0.026 0,037 0.511 0.002
pH 753 747 7.54 738
Salinity dS/m 1.20 1.49 0.81 2.45
SAR 42 4.0 3.6 9.1

Exchangeable Cations in Percent

Potassium 4 5 4 5
Sodium 6 7 6 3
Calcium 60 60 62 55
Magnesium 25 26 23 26
Hydrogen 4 3 5 2|

All three products increased the rate of water percolation. Reagent grade gypsum was
most effective. SAR values were reduced from 9.1 to the range of 3.6 for reagent grade
gypsum and 4.2 for Cal-CM Plus. Exchangeable sodium was reduced from 13% to 7%
for Ludwig anhydrite and to 6% for Cal-CM Plus and reagent grade gypsum.

All three products were effective in reducing sodicity and in increasing the rate of water
percolation.

The irrigation water had a pH of 7.95. Salinity was 1.30 millimho/cm. SAR was 4.15.
Adjusted SAR was 7.75. Sodium was 151 parts per million. Bicarbonate was 230 parts
per million.

Soil Number 2

Due to the low rate of water percoiation, a second soil sample was provided from the
Pelican Hill Golf Course Number 17 Fairway, North Course.

The second soil was teceived June 28, 2010. The soil texture was sandy loam. Based on
the non-gravel fraction, it contained 63.5% sand, 16.7% silt and 19.8% clay. The gravel
fraction was 1.2%. The soil organic matter was 2.82% on a dry weight basis.

The SAR was 9.1.

Exchangeable cations

Potassium 6%
Sodium 10%
Calcium 57%
Magnesium 27%
Hydrogen 1%

The rate of water percolation was 0.050 inch per hour.
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Soil was placed into three 2-inch wide columns to a depth of 6 inches. One of each
columns was treated with (A) Art Wilson Cal-CM Plus, (B) Ludwig anhydrite and (C)
Mallinckrodt reagent grade gypsum at the equivalent to 50 pounds of gypsum per 1,000
square fect surface applied.

One inch of new irrigation water provided by Pelican Hill Golf Course was applied daily
to each column. The leachate was collected and analyzed for the concentration of
calcium, the concentrations of other minerals, salinity, and pH.

The irrigation water had a pH 8.22. Salinity was 1.26 millimho/cm. SAR was 4.19.
Adjusted SAR was 8.01. Sodium was 159 parts per million. Bicarbonate was 245 parts
per miliion.

Summary Data

Cal-CM Plus | Ludwig anhydrite reagent grade gypsum untreated
pH 779 7.81 7.82 7.65
salinity dS/m 0.81 0.89 0.88 2.74
SAR 3.7 3.7 3.9 9.1

Exchangeable Cations in Percent

Potassium 5 5 5 6
Sodium 5 5 5 10
Calcium 59 57 59 57
Magnesium 23 25 23 27
Hydrogen 3 8 g 1

Each of the three gypsum/anhydrite materials were approximately equal in efficacy to
reclaim the soil.
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The concentration of calcium form Ludwig was lower than the concentrations of calcium
from Cal-CM Plus and reagent grade gypsum. The rate of release of calcium from Cal-
CM Plus appears to be approximately equivalent to reagent grade gypsum.

Salinity of Leachate
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Percent of applied calcium recovered in leachate

Cal-CM Plus 56%
Ludwig anhydrite 23%
Reagent Grade gypsum 59%
Conclusions

Art Wilson Cal-CM Plus, Ludwig anhydrite and Reagent Grade gypsum have equality
efficacy in reclaiming soil containing an excess of sodium.

Ludwig anhydrite releases calcium slower than Cal-CM Plus and Reagent Grade.

Sincerely,

Garn A. Wallace, Ph. D.
GAW:n

Copy: Gary Gilliland, gmigary@cox.net
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WALLACE LABS

Elements are expressed as mg/kg dry soll or mg/l for safuration extract
pH and ECe are measured in & saturation paste extract. nd means not detected,
Analytical data determined on soil fraction passing a 2 mm siave,

SOILS REPORT  |PuintDate Aug. 4, 2010 RecsiveDate /410
365 Coral Cirele Location Leaching Study, Post Leaching
El Segundo, CA 50245  [[Requester Richard Taylor, Art Wilson Company
(310) 6150116 oraphic interpretation: * very low, ** low, ¥** moderate
Fnmonium bicarbonate/DTPA B fpiph % b R yery hinh
' wtable - mg/kg soil Sample ID Number 10-216-10 10-216-11 10-216-12
mtsrpretation of data Sample Description] #1 Cal-CM Plus #2 Ludwig #3 Reagent Grade
low medivr high elemnents graphic graphic graphic
0-7 815 overis phosphorus 30.21 sk 32,65 orme 35.48
0-60 60 -120 121-180 potassium 215.68 e 238,12 weewen 210,52 et
0-3 3-35 overs iron 108,11 e 114,35 ki 114,46 ik
0-0.5 0.6-1 overl Mmanganese 40,09 46.59 eweer 40,27 ol
0-1 1-15 overl5 zinc 1.89 ke 1.9] e 177 ohes
0-0.2 03-0.5 over 0.3 copper 3.35 whwx 3.5] s 3.3 wieek
0-0.2 0.2-0.5 overl boron 0.18 *= 0.19 = 0.17 **
ratio of calcium to magnesium  calciwm 22350 #w 233.64 e 219,70
needs to be more than 2 or 3 mnagiesinm 273,89 wda 320,15 wee 280,36 wwwen
should be less than potassium . sodium 142,98 e 169,42 148.59 v
sulfin* 36.20 32.66 ** 2237 *
molybdenum 0,15 e (.16 e (.17 ek
nickel 252 A 2.61 3.56
The following trace alerninuim 0.78 = 0.26 = 030 =
elements-may be toxic arsenic 033 * 028 * 034 *
The degree of toxicity barjum 025 = 027 » 027 *
depends upon the pH of cadraivm 0.19 = 0.18 = 0.16 ¢
the scil, soil texture, chromium 008 = 0.09 * 0.09 =
organic matter, and the cobalt 0.66 = 0.76 0.73
concentrafions of the lead 1.3F ** 143 1.50
indlviduzl elements as well lithfom 008 * 0.09 * 0.13 »
as to their interactions. ITErcury nd * nd * nd
selenimm nd * nd * nd
The pH optimum depends silver nd * nd * nd *
upon soil organic strontium 132 * 1.84 » 1.48 =
+er and clay content- tin nd * ad * nd *
clay amnd loam sofls: vanadium 5.06 s 329 ki 3.20 s
under 3.2 is too acidic
6.5 to 7 is ideal Sataration Extract
over 9 is too alkaline pH value 779 ek T8 e 7.82 wwan
The ECe is a measure of ECe (milli- 0.81 mee 0.8 xse 0.88 wew
the seil salinity: mho/cn) miillieq/] millieq/? miliieq/l
1-2 affects a few plants calcium 304 1.5 353 1.8 313 16
2-4 affects some plants, magnesium 11.6 1.0 13.4 1.1 11.9 1.0
> d afferts many plants. sodivm 94.0 4.1 02,7 4.5 100.3 4.4
potassium 9.9 03 181 0.5 9.5 02
cation sum 6.8 78| 72
problems over 150 ppm chloride 34 1.3 61 1.7 &7 1.9
nitrate as N 2 .1 1 01 2 0.1
phosphorus as P 0.5 0.0 0.4 0.0 0.4 0.9
toxic over 800 sulfate as S 47.6 5.0 ¢ 574 3.6 43.8 27
anion sum 4.7 5.4 4.8
toxic ever 1 for many plants  boron as B 0.12 * 012 * 0,15 *
{incrensing prablems start at 6 SAR A/ /l/fl 3.7 3.7 an 3.9 W
1bs of nitrate as nitrogen in top 12 inches/acre 5“ ; 3 3 3
est. gypsum requirement-Ibs. per 1,000 square feet 33 52 35
! relative infiltration rate slow siow slow
] estimated soil texture clay loam clay loam clay Ioam
i lime {calcium carbunate) 10 no yes
| organic matter Tow/fair low/fair low/fair
moisture content of soil 5.0% 5.1% 4.7%
lialf saturation percentage 21.8% 22.6% 21.3%
ideal percentages of cations : % saturation % saturation i % safuration
2%-5% potassium millieq ¥ 0.66 5% 0.67 5% ¢.69 3%
< 3% sodivm millisq Na 0.65 5% 0.71 3% 6.76 5%
-+ 70%  calclum miilieq Ca 838 35% 8.37 57% 8.77 59%
15% meapgnesium mitiieq Mg 334 23% 3.63 25% 3.50 23%
[1v-15% hydrogen Millieg H 1.20 8% 1.20 3% 1.20 8%
total millieq/100 grams 14.23 14.5% 14.92



WALLACE LABS
365 Coral Circle

£ Segnudo, CA 90245
(310) 615-0116

SCILS REPORT

ﬁPrint Date

Location

Retuester

graphic interpretation: * very low,

Jup. 10, 2010

Dick Taylor, Art Wilson Co.

** low, *** moderate

ammoniwm bicarbonate/DTPA J * k% #high % %% ¥ gary high
wtable - wg/ke soil Sample I Number 10-161-27
rprefation of data Sample Description]  Pebican Hills Soils
low mediim high elements graphic
0-7 813 overls phosphorus 41,18 Hwkak
0-60 60-120 121-180 potassinm 246.36 wHaEE
0-4 4-10 over10 iron 31.63 ®EwRE
0-0.5 0.6-1 overl manganese 1.78 wewk
0-1 1-15o0verl5 zine 6.61 FwEE
0- 0.2 0.3-0.f over 0.5 copper 429 ek
(-0.2 0.2-0.3 overl horon 0.35 =¥
ratio of calcium to magnesium  caleinm 32720 =%
needs to be mere than 2 or 3 magnesium 32{).28 derk
should be less than potassium  sodiwm 30717 wEEEk
sutlur 83,88 **
molybdenim 0.36 #wdE
‘nickel 195 #%
Tha following trace aluminum 1,07 *#x
elements may be toxic arsenic 026 ¥
The degree of toxicity barium 027 *
depends upon the pH of cadmium 1.67 **
the soil, soil f=xture, chromium nd
arganic matter, and the cobalt 602 *®
concentrations of the [ead 1.00 **
individual elements as fithium 021
well as to thelr interactions. mereury nd
[selenium 034 *
The pH optimum depends  [silver nd ¥
upon soif organic strontium 227 ®
matter and clay content- tin nd *
for clay and loam soils: vanadinm 1.76 =*
vsnder 5.2 is oo acidic
to 7 is iden} iSaturation Extract
wver 9 is too alkaline __JlpH value 738 ex
The ECe Is a measure of ECe (milli- 2.45 FeEE
the soil salinity: mho/en) miliieq/]
1-2 affects a few plants calcium 68.4 3.4
2-4 affects some plants, magnesim 28.1 23
> 4 affects many plants. sodium 335.3 15,3
potassinm 283 0.7
cation sum 21.9
problems over 150 ppm chloride 270 7.6
nitrate as N 2 0.2
phospherns as P 23 0.1
toxic over S0 suifpte as S 168.3 10.5
anion sum 18.4
toxic over 1 for many plants  boronas B (.63
increasing problems start at & SAR l 0] ke
est. gypsum requirement-1bs./1,000 square feet 10%
infiltratien rate inches/Mour 0.002
soil texture sandy loam  gravel >2 mm
sand 67.8% 1.4%
silt 15.7%
clay 16.5%
lime (¢aleium carbenate) o
Total nitrogen 0.142%
Tetal carbon 1.295%
carbon:nitrogen ratio 9.1
organic nmatter based on carbon 2.59%
moisture content of soil 12.5%
half spturation percentage 26.5%
ideal percentages of cations % saturation
abt 5%  potassinm millieg K Q.70 3%
< 3% sodium millieq Na 1.76 15%
T+70%  calcium millieq Ca 761 55%
20% magnesium millieq Mg 3.61 26%
|>-10%  hydrogen millieq I¥ 0.24 2%
total miltieq/100 grams 13.92

Elements ate expressed as mg/ky dry soil or mg/l for safuration extract.
pH and ECe are measured in a saturation paste pxiract. nd means not detected.
sand, ilt, clay and mineral content based an fraction passing a 2 mnt scresm.

Reeeive Date

6/9/10
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WATER ANALYSES June 10, 2010
365 Coral Circle Location Pelican Hill Goif Course water
El Segundo, CA 98245 Requester  Dick Taylor
(310) 6150116 Linigation water
maxintm
10-161W-01  milliequivalent/liter concentrations
cation anion for agronomic uses
elements me/liter FAO & UC
phosphoruos 0.837 0.03
potassium 14.431 0.37
iron 0.009 0.00 1
manganese 0.022 0.00 0.2
zinc 0.016 0.00 2
copper < 0.0006 0.00 6.2
boron 0.308 0.03 0.5t010
calcium 57.816 2.89
magnesium 25.363 2.10
sodium 151.111 6.57 70 foliar
sulfor 52919 331
molybdenum 0.050 0.01
aluminum < (.0067 5
"arsenic < (.0066 0.1
barinm 0.014 -
cadmium <0.0015 0.01
chromium <0.0021 01
~nbalt 0.604 0.01
ad 0.018 5
lithinm 0.052 0.01 ' 2.5
mercury 0.002
nickel <{.0032 0.00 0.2
selenium <(.0246 0.02
silicon 7.325
silver < 0.0008
strontium 0.483 0.01
tin <(.0140
titamiym 0.004
vanadium 0.003 0.1
pH 7.95 ‘ 6.5-8.4
ECw (dS/m) 1.30 3
bicarbonate 230 377 100 foliar
carbonate nd 0.00 '
nitrate as N 6.4 0.46
ammonium as N 5.1 0.36
chloride 164 4.61 105 foliar, 150
SAR 415 6
Adjusted SAR 7.75
ion sum 12.31 12.20
Gypsum requirement in pounds per acre foot of water (234 pounds equals | me/l)
: sodiun control 112 recommended rate of gypsum
for total bicarbonate 1,253
and sodium control
for magnesham condrol 303

Units are milligrams per liter (parts per million) except as noted.



Units are milligrams per liter (paris per million) except as noted.

WALLACE LABS WATER ANALYSES June 30, 2010
365 Coral Circle Location #17 Farway, Pelican Hill Golf Course
El Segundo, CA 30245 Requester  Richard Taylor, At Wilson Company
(310) 615-0116
mastimum
10-181W-01  milliequivalent/liter concentrations
_ cation amion for agronomic uses
elements mp/liter FAO & UC
phosphorus 0.704 0.02 '
potassium 14,389 0.37
iron <(.0014 0.00 1
manganese 0.000 0.00 0.2
zine 0.015 0.00 2
copper <{.0006 0.60 0.2
boron 0.324 0.03 0.5t010
calcium 60.348 3.02
magnesium 20437 245
sodium 159.471 6.93 70 foliar
sulfur 59325 3.71
molybdenum 0.022 0.01
aluminum < (.0067 5
arsenic < 0.00606 0.1
barium 0.042
cadmimn <0.0015 0.01
chromium < 0.0021 0.1
balt 0.006 0.01
-_.ad <0.0155 5
lithinm 0.057 0.01 2.5
mercury <0.0015
nickel 0.006 0.00 0.2
selenium < 0.0246 0.02
silicon 2.454
silver < 0.0008
strontium 0.535 0.01
tin <0.0140
titanium < (10003
vanadium 0.006 0.1
pH 8.22 65-84
ECw (dS/m) 1.26 3
bicarbonate 245 4.02 100 foliar
carbonate 0 0.00
nitrate as N 6.1 0.44
ammoniuwn as N 3.4 0.24
chloride 179 5.04 105 foliar, 150
SAR 4,19 6
Adjusted SAR 8.01
ion sum 13.03 13.25
“wpsum requirement in pounds per acre foot of water (234 pounds equals 1 me/T}
‘sodium control 76
for total bicarbonate 1,283
and sadium control
for magnesivm control 438
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