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Grows With Nature®

PhoSul utilizes an all natural, patented
process that blends phosphate rock, sulfur,
and amorphous silicon into a homogenous
mineral granule, is not water soluble, and
does not runoff in surface water.

All Ingredients are OMRI Listed and when
activated, start a microbial reaction that
creates a "calcium sink" allowing the
natural liberation of phosphate, making it
almost all entirely plant available.

PhoSul is environmentally friendly and
mineralizes soils. Applied to phosphorous
deficient soils it competes in both
performance and economics with chemical
produced phosphate fertilizers.

Application Rates

Application rates depend on soil tests and crop requirements,

however if you are using 11-52 or MAP, you can safely apply
the same number of pounds of PhoSul with confidence to
attain more of phosphate actually delivered to you crop(s).

OMRI|  pro-cert

For Organic Use

Winner of the 2024 EPA
Green Chemistry
Challenge

The New Standard

For phosphate fertilizer

Validated in the Lab,
Greenhouse and Field

PhoSul has been working with four of
Montana State University research stations
on a variety of field crop tests (wheat and
alfalfa) over the last four years at several of
the MSU Agricultural stations including
those at:

e Moccasin, MT

e Corvallis, MT

e Fort Ellis / Bozeman, MT
e Sydney, MT

Additional commercial field testing has been
conducted on Potatoes, Alfalfa, Canola,
Winter, Wheat, Spring Wheat, and a variety
of fruits, vegetables, and berries.

Brought to you by:

ecoHE.

= Resists Leaching into

= |deal for Organic

= Sustainable
Surface Water

Growing Practices Friendly

Facts You Should Know

PhoSul has multiple benefits compared to
other commercial phosphate fertilizers that
all add up to favorable economics and less
pollution to the earth.

e Also contains Sulfur, Silicon, and Calcium.
o [s NOT water soluble and breaks down
through natural microbial action.

e Does NOT leach or runoff fields into
waterways.

e Positive effects for multiple growing
seasons.

e Less applications saves time, fuel, and
fertilizer.

¢ Not a temporary fix, it mineralizes and
makes soils healthy and alive for the
longterm.

e Favorable results in field trials compared
side by side to commercial Phosphate
fertilizers.

¢ 1/5 the Carbon footprint of conventional
Phosphate fertilizers (MAP/DAP).

o Competitive with current commodity
pricing of conventional (non-organic)
Phosphate fertilizers.
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Not Water Soluble
= Environmentally
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INTRODUCTION

Using rock phosphate (RP) to meet crop P needs is more sustainable and has a lower environmental
impact compared to orthophosphate. While research in the use of RP has been ongoing for the past
100 years [1, 2] there are several challenges that have limited the efficacy of this approach. These
factors include soil chemistry, precipitation, temperature, organic C levels, acid type, RP granule size,
and presence of S solubilizing bacteria [3-6]. Studies of RP and S application also vary greatly in the
optimal ratio of RP:S. Ratios of RP:S range from 2:1-5:1, with pH being one of the major factors in
determining the optimum ratio [3, 6]. Research has shown that in greenhouse studies with soils at field
capacity or in areas of high rainfall (>1000 mm) and acidic soils, RP and S may be nearly as effective
as water soluble P [3, 7]. However, in areas receiving <600 mm, RP is considered ineffective as a P
source because of its low solubility [8].

Previous work has shown that removal of calcium (Ca) with a cation exchange membrane can
enhance RP acidulation and lead to higher concentrations of water-soluble P [9]. Amorphous silica
can adsorb Ca at low ionic strengths [10, 11] and may thus function as a Ca sink. To date, few studies
have evaluated amorphous silica as a Ca sink in soil.

Recent advances in rock micronizing and granulation technologies have enabled enhanced rates of
RP solubilization in soils. This purpose of this study was to evaluate the yield response of dryland
winter wheat grown with micronized blend of RP and S as the sole P source and the efficacy of
amorphous silica to remove Ca for enhanced RP acidulation. This work also characterized two
different silica sources to determine Ca binding capacity and rates of Ca removal in solution.

METHODS

Field Studies

Dryland winter wheat field studies were established at the Montana State University Central
Agricultural Research Center, Moccasin, MT, USA (47.059931N, -109.950159W). The soil type at this
site is a Danvers-Judith clay loam, a complex of well-drained fine, smectitic, frigid Vertic Argiustolls.
Average annual precipitation in this region is 390 mm.

Winter wheat was planted in 1.5m x 5m plots in a Randomized Complete Block (RCB) design with 6
replicates. Wheat was planted 05 November 2020 and 01 October 2021 and harvested 03 August
2021 and 29 August 2022. Soil sampling was performed post-harvest to determine soluble P levels in
the soil in-furrow and between furrows. Soil cores (0-15 cm) were collected with a 2.54-cm soil probe.
Treatments consisted of PhoSul, a micronized and granulated blend of RP, S, and amorphous silica
(PhoSul, Sugar City, Idaho, USA), standard grower practice of 50 Ib/ac 10:20:20:10 (N:P:K:S) starter
fertilizer, and a control which received no P fertilizer. All plots were fertilized with 120 Ibs/ac urea to

RESULTS

Field Experiments

Field experiments showed a significant (p<0.05) winter wheat yield increase with PhoSul in
2021 but not in 2022 (Figure 1). Mean wheat yields in 2021 were 27% with PhoSul compared
to the controls. In-furrow citrate soluble P concentrations were equivalent between PhoSul
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and conventional starter fertilizer (Figure 2). Soil calcium levels average 3,200 ppm in 2021
and 4,800 ppm in 2022 (Figure 3).
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Figure 1: Winter wheat yields in 2021 (A) and 2022 (B).
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CONCLUSION

PhoSul, a micronized and granulated rock phosphate product was able
maintain or enhance winter wheat yield relative to a control with conventional

Figure 2: Mean citrate soluble P levels in-furrow and in Figure 3: Soil calcium concentrations in 2021 and 2022.

bulk soil.

MAP fertilizer or an unfertilized control. Response to rock phosphate appeared

to be dependent on soil Ca concentrations (Figure 3). Separate lab studies

Laboratory Experiments
The results of the flask studies showed that both analytical grade SiO, and ignimbrite were able
to effectively remove Ca from solution. Ca was reduced below the level of detection within 6

meet crop nitrogen needs.

Rock phosphate acidulation flask experiments

hours with analytical grade SiO, and within 72 hours with ignimbrite (Figure 4). RP acidulation
studies showed that the addition of amorphous silica led to a significant (p<0.05) increase in
water soluble P after 49 hours (Figure 5).

0.5 g rock phosphate was added to several conical flasks along with 20 mL of 1M sulfuric acid. At 49
hours the mixture was neutralized to pH 7 and diluted to 100 mL with Milli-Q water. Water soluble
phosphate was quantified colorimetrically using 100 pL oxidizing reagent (1 mL of 5N sulfuric acid, 0.3
mL of 32.4 mM ammonium molybdate, 0.6 mL of 99.9 mM ascorbic acid, and 0.1 mL of 4.1 mM
potassium antimony tartrate) and 100 yL sample. The sample was allowed to oxidize for 15 minutes
and then measured at 882 nm.

Calcium binding experiments

Laboratory flask studies were established to evaluate calcium removal from an aqueous solution and
to determine the concentrations of amorphous silica needed for complete Ca removal. Analytical
grade silicon dioxide was obtained from Sigma Aldrich (St. Louis, MO, USA) and ignimbrite (76%
SiO,) was obtained from Montana Grow (Missoula, MT, USA). 1.0 g calcium chloride was added to a
conical flask along with 20 mL of 1 M hydrochloric acid. Once the calcium chloride had dissolved, the
solutions were neutralized and diluted to 100 mL with Milli-Q water. 10 mL of the diluted solution was
then allocated to several flasks along with 40 mL of Milli-Q water and 4 mL of 6M sodium hydroxide.
0.72 g of silicon dioxide was added to half the flasks, and 1g of ignimbrite (72% silica) was added to
the other half. At the given time points, 100 L of 1% calconcarboxylic acid was added to the flask
which was titrated with 0.025 M EDTA. Calcium concentrations were calculated based on 1:1 binding
capacity per mol.
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confirmed that amorphous silica contained in PhoSul is able to effectively bind
Ca (Figure 4).

Experiments are underway to verify the Ca response in the field and to
determine the amount of amorphous silica needed to reduce Ca concentrations
to allow complete acidulation of the rock phosphate.
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