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(57) Abstract: Described herein is a method of analyzing nutrient content in
soil, the method comprising a) obtaining a soil sample, b) adding a liquid to
the soil sample to form a soil slurry, c) flowing the soil slurry through a filter,
whereby the filter is oriented such that the soil slurry flows downward through
the filter at least partially under the effects of gravity, d) blending a reagent
composition with the soil slurry to form a soil mixture, and e) measuring an
absorbance of the soil mixture.
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SOIL ANALYSIS COMPOSITIONS AND METHODS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Nos. 63/052070, filed 15
July 2020; 63/052334, filed 15 July 2020, 63/052341, filed 15 July 2020; 63/052345, filed 15
July 2020; 63/052356, filed 15 July 2020, 63/052395, filed 15 July 2020; 63/052399, filed 15
July 2020; 63/052405, filed 15 July 2020, 63/052406, filed 15 July 2020; 63/052410, filed 15
July 2020; 63/052414, filed 15 July 2020, and 63/076977, filed 11 September 2020, all of which

are incorporated herein by reference in their entireties.

BACKGROUND

[0002] Soil analysis of agricultural fields allows a grower to know whether there are sufficient
amounts of nutrients in the soil for planting. If one or more nutrients is deficient, then the
nutrient can be added to soil. There are many standardized soil tests available today, such as
measurement of pH with a pH meter and measurement of soil nutrients by atomic spectroscopy.
These tests, however, were designed for laboratory testing, and they are not suitable for an on the
go soil sampling system. It would be desirable to test soil samples on the go with soil tests that

can provide results while in the field.

BRIEF SUMMARY

{00603] The present disclosure includes a method of analyzing potassium content in soil, the
method comprising: a} obtaining a soil sample; by adding a liquid to the soil sample to form a
soil slurry; ¢) flowing the soil slurry through a filter to form a filtrate; d) blending a reagent
composttion with the filtrate to form a soil mixture; and e) flowing the soil mixture through an
analysis tool along a flow direction whereby a potassium absorbance of the soil mixture is
measured; and wherein the flow direction is oriented such that the soil mixture flows vertically.

[0004] In other embodiments, the present disclosure includes a method of analyzing magnesium
content 1n soil, the method comprising: a) obtaining a soil sample; b} adding a liquid to the soil
sample to form a soil slurry; ¢) flowing the sod slurry through a filter to form a filtrate; d)
blending a reagent composition with the filtrate to form a soil mixture; and ¢) flowing the soil

mixture through an analysis tool along a flow direction whereby a magnesium absorbance of the
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soil mixture 15 measured; and wherein the flow direction is oriented such that the soil mxture
flows vertically.

{0005] In other embodiments, the present disclosure includes a method of analyzing calcium
content 1n soil, the method comprising: a) obtaining a soil sample; b) adding a liquid to the soil
sample to form a soil slurry; ¢) flowing the soil slurry through a filter to form a filtrate; d)
blending a reagent composition with the filtrate to form a soil mixture; and ¢} flowing the soil
mixture through an analysis tool along a flow direction whereby a calcium absorbance of the soil
mixture 1s measured; and wherein the flow direction 1s oriented such that the soil muxture flows
vertically.

[00606] In other embodiments, the present disclosure includes a method of analyzing phosphorus
content in soil, the method comprising: a) obtaining a soil sample; b) adding a liquid to the soil
sample to form a soil slurry; ¢) flowing the sod slurry through a filter to form a filtrate; d)
blending a reagent composition with the filtrate to form a soil mixture; and e) flowing the soil
mixture through an analysis tool along a flow direction whereby a phosphorus absorbance of the
sotl mixture is measured, wherein the flow direction is oriented such that the soil mixture flows
vertically.

{0007] In other embodiments, the present disclosure includes a method of analyzing potassium
content n soil, the method comprising: a) obtaining a soil sample; b} adding a liquid to the soil
sample to form a soil slurry; ¢) flowing the soil slurry through a filter to form a filtrate; d)
blending a reagent composition with the filtrate to form a sotl mixture; and ¢) flowing the soil
mixture through an analysis tool along a flow direction whereby a potassium absorbance of the
soil mixture is measured; and wherein the soil mixture comprises a surfactant and the flow
direction is substantially horizontal and orthogonal to the direction of gravity.

{0008} Other embodiments of the present disclosure include a method of analyzing magnesium
content in soil, the method comprising: a) obtaining a soil sample; b) adding a liquid to the soil
sample to form a soil slurry; ¢} flowing the soil slurry through a filter to form a filtrate; d)
blending a reagent composition with the filtrate to form a soil mixture; and e} flowing the soil
mixture through an analysis tool along a flow direction whereby a magnesium absorbance of the
soil mixture is measured; and wherein soil mixture comprises a surfactant and the flow direction

1s substantially horizontal and orthogonal to the direction of gravity.
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{0009] Other embodiments of the present disclosure include a method of analyzing calcium
content 1n soil, the method comprising: a) obtaining a soil sample; b) adding a liquid to the soil
sample to form a soil slurry; ¢) flowing the soil slurry through a filter to form a filtrate; d)
blending a reagent composition with the filtrate to form a soil mixture; and ¢) flowing the soil
mixture through an analysis tool along a flow direction whereby a calcium absorbance of the soil
mixture is measured; and wherein soil mixture comprises a surfactant and the flow direction is
substantially horizontal and orthogonal to the direction of gravity.

[60616] Other embodiments of the present disclosure include a method of analyzing phosphorus
content in soil, the method comprising: a) obtaining a soil sample; b) adding a liquid to the soil
sample to form a soil slurry; ¢) flowing the sod slurry through a filter to form a filtrate; d)
blending a reagent composition with the filirate to form a soil mixture; and e) flowing the soil
mixture through an analysis tool along a flow direction whereby a phosphorus absorbance of the
soil mixture 1s measured; wherein soil mixture comprises a surfactant and the flow direction is
substantially horizontal and orthogonal to the direction of gravity.

[080611] Other embodiments of the present disclosure include a method of analyzing pH in soil,
the method comprising: a) obtamning a sotl sample; b} adding a hiquid to the sotl sample to form a
sotl slurry; ¢} flowing the soil shurry through a filter to form a filtrate; d) blending an indicator
composttion with the filtrate to form a soil mixture; and e) flowing the soil mixture through an
analysis tool along a flow direction whereby a pH value of the soil mixture 1s measured; and
wherein the flow direction 1s ortented such that the soil mixture flows vertically.

[8012] Other embodiments of the present disclosure include a method of analyzing pH in soil,
the method comprising. a) obtaining a soil sample; b) adding a liquid to the soil sample to form a
soil slurry; ¢} flowing the soil slurry through a filter to form a filtrate; d) blending an indicator
composttion with the filtrate to form a soil mixture; and e) flowing the soil mixture through an
analysis tool along a flow direction whereby a pH value of the soil mixture 1s measured; and
wherein soil mixture comprises a surfactant and the flow direction is substantially horizontal and
orthogonal to the direction of gravity.

{0013] Other embodiments of the present disclosure include a method of analyzing buffer pH in
so1l, the method comprising: a) obtaining a soil sample; b) adding a liquid to the sotl sample to
form a soil slurry; ¢) flowing the soil slurry through a filter to form a filtrate; d) blending an

indicator composition with the filtrate to form a soil mixture; and e) flowing the soil mixture
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through an analysis tool along a flow direction whereby a buffer pH value of the soil mixture is
measured; and wherein the flow direction 15 oriented such that the soil mixture flows vertically.
{0014} Other embodiments of the present disclosure include a method of analyzing buffer pH in
so1l, the method comprising: a) obtaining a soil sample; b) adding a liquid to the sotl sample to
form a soil slurry; ¢) flowing the soil slurry through a filter to form a filtrate; d) blending an
indicator composition with the filtrate to form a soil mixture; and e) flowing the soil mixture
through an analysis tool along a flow direction whereby a pH value of the soil mixture 1s
measured; and wherein soil mixture comprises a surfactant and the flow direction 15 substantially
horizontal and orthogonal to the direction of gravity.

[0015] Accordingly, the present invention is expressly not limited to use with soil sampling at

any particular location but can be used at any location.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will become more fully understood from the detailed description
and the accompanying drawings, wherein:

[0017] FIG. 1 is a schematic representation of a filtration-based analysis system according to one
embodiment;

[0018] FIG. 2 is a schematic representation of a filtration-based analysis system according to
another embodiment; and

[0019] FIG. 3 is a schematic representation of a filtration-based analysis system according to

another embodiment.
DETAILED DESCRIPTION

[0020] The following description of the preferred embodiment(s) is merely exemplary in nature
and 1s in no way intended to limit the invention, its application, or uses.

[0021] As used throughout, ranges are used as shorthand for describing each and every value
that is within the range. Any value within the range can be selected as the terminus of the range.
In addition, all references cited herein are hereby incorporated by referenced in their entireties.
In the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure controls.

[0022] The description of illustrative embodiments according to principles of the present

disclosure is intended to be read in connection with the accompanying drawings, which are to be
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considered part of the entire written description. In the description of embodiments of the
disclosure disclosed herein, any reference to direction or orientation is merely intended for
convenience of description and is not intended in any way to limit the scope of the present

2 <¢

disclosure. Relative terms such as “lower,” “upper,” “horizontal,” “vertical,” “above,” “below,”

13 2

up,” “down,” “top,” and “bottom” as well as derivatives thereof (e.g., ‘“horizontally,”

2 <

“downwardly,” “upwardly,” etc.) should be construed to refer to the orientation as then described
or as shown in the drawing under discussion. These relative terms are for convenience of
description only and do not require that the apparatus be constructed or operated in a particular
orientation unless explicitly indicated as such.

[0023] Terms such as “attached,” “affixed,” “connected,” “coupled,” “interconnected,” and
similar refer to a relationship wherein structures are secured or attached to one another either
directly or indirectly through intervening structures, as well as both movable or rigid attachments
or relationships, unless expressly described otherwise. Moreover, the features and benefits of the
disclosure are illustrated by reference to the exemplified embodiments. Accordingly, the
disclosure expressly should not be limited to such exemplary embodiments illustrating some
possible non-limiting combination of features that may exist alone or in other combinations of
features; the scope of the disclosure being defined by the claims appended hereto.

[0024] Unless otherwise specified, all percentages and amounts expressed herein and elsewhere
in the specification should be understood to refer to percentages by weight. The amounts given
are based on the active weight of the material. According to the present application, the term
“about” means +/- 5% of the reference value. According to the present application, the term
“substantially free” means less than about 0.1 wt. % based on the total of the referenced value.
[0025] The features and benefits of the disclosure are illustrated and described herein by
reference to exemplary (“example”) embodiments. This description of exemplary embodiments
is intended to be read in connection with the accompanying drawings, which are to be considered
part of the entire written description. Accordingly, the disclosure expressly should not be limited
to such exemplary embodiments illustrating some possible non-limiting combination of features
that may exist alone or in other combinations of features.

[0026] The compositions and methods described below can be used with on the go soil sampling

systems, such as those described in PCT Publication No. W02020/012369A2. Also, the tests

and methods can be used in a laboratory. When used in on the go systems, it is desirable to
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obtain results in a short period of time (shorter than traditional laboratory testing) so that
multiple samples can be tested while traversing the field. This allows a grower to adjust
application rates of nutrients in real time.

[0027] As demonstrated by FIG. 1, a filtration-based analysis system 100 may be used in
accordance with soil analysis. The filtration-based system 100 may comprise an analysis tool
110 having housing 111 having an input 120 and an output 130. The input 120 may be fluidly
coupled to the output 130, whereby one or more filtration elements are positioned there-between.
The filtration-based analysis system 100 may be configured such that a fluid may be introduced
to the housing 111 of the analysis tool 110 via the input 120 and pass through the housing 111
along a flow direction FD to reach the output 130, whereby the fluid may pas through the one or
more filtration elements located inside of the housing 111 between the input 120 and the output
130. As the liquid flows along the flow direction FD, the liquid passes through the filtration
element and 1s subjected to a filtration step — as discussed in greater detail herein.

[0028] After the filtration step, the liquid may further be subject to a chemical analysis as the
liquid flows along the flow direction FD from the input 120 to the output 130 — as discussed in
greater detail herein.

[0029] In a non-limiting embodiment, the housing 111 may be formed of a polymeric material.
Non-limiting examples of polymeric material may include one or more of an acrylic polymer,
polycarbonate, and polyurethane. In a non-limiting embodiment, the housing 111 may be
formed of an inorganic material. Non-limiting examples of inorganic material may include one
or more of glass — such as borosilicate glass.

[0030] According to the embodiment demonstrated by FIG. 1, the analysis tool 110 may be
configured within the filtration-based analysis system 100 such that flow direction FD extends
along the gravitational direction GD. The term “gravitational direction” refers to the natural
downward direction of earth’s gravity. According to this embodiment, the filtration-based
analysis system 100 of FIG. 1 may be configured such that the liquid may pass between the input
120 and the output 130 under solely the effects of gravity.

[0031] In a non-limiting embodiment, the filtration-based analysis system 100 is shown in FIG.
1 to be configured such that flow direction FD extends substantially parallel to the gravitational

direction GD. The term “substantially parallel” refers to an angle between two lines that 1s 0° £+
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2°. In some embodiments, the filtration-based analysis system 100 may be configured such that
flow direction FD extends parallel to the gravitational direction GD.

[0032] Although not shown in FIG. 1, the filtration-based analysis system 100 may also be
configured such that the flow direction FD and the gravitational direction GD are oriented at a
first oblique angle so long as the liquid may pass between the input 120 and the output 130 under
solely the effects of gravity. In a non-limiting embodiment, the first oblique angle between the
flow direction FD and the gravitational direction GD may range from about 1° to about 45° -
including all angles and sub-ranges there-between.

[0033] According to the present disclosure, the filtration-based analysis system 100 may be free
of a centrifuge.

[0034] As demonstrated by FIG. 3, a filtration-based analysis system 100a may be used in
accordance with soil analysis. The filtration-based system 100a may comprise an analysis tool
110a having housing 111a having an input 120a and an output 130a. The input 120a may be
fluidly coupled to the output 130a, whereby one or more filtration elements are positioned there-
between. The filtration-based analysis system 100a may be configured such that a fluid may be
introduced to the housing 111a of the analysis tool 110a via the input 120a and pass through the
housing 111a along a flow direction FD to reach the output 130a, whereby the fluid may pass
through the one or more filtration elements located inside of the housing 111a between the input
120a and the output 130a. As the liquid flows along the flow direction FD, the liquid passes
through the filtration element and is subjected to a filtration step — as discussed in greater detail
herein.

[0035] After the filtration step, the liquid may further be subject to a chemical analysis as the
liquid flows along the flow direction FD from the input 120a to the output 130a — as discussed in
greater detail herein.

[0036] In a non-limiting embodiment, the housing 111a may be formed of a polymeric material.
Non-limiting examples of polymeric material may include one or more of an acrylic polymer,
polycarbonate, and polyurethane. In a non-limiting embodiment, the housing 111a may be
formed of an inorganic material. Non-limiting examples of inorganic material may include one
or more of glass — such as borosilicate glass.

[0037] According to the embodiment demonstrated by FIG. 3, the analysis tool 110a may be

configured within the filtration-based analysis system 100a such that flow direction FD extends



WO 2022/013625 PCT/1IB2021/054346

along the gravitational direction GD. According to this embodiment, the filtration-based analysis
system 100a of FIG. 3 may be configured such that the liquid may pass between the input 120a
and the output 130a against the effects of gravity. According to this embodiment, the flow
direction FD of the liquid may be facilitated by a pump that applies pressure to the liquid which
overcomes the force of gravity to allow the liquid to flow along the FD and pass between the
input 120a and the output 130a against the effects of gravity.

[0038] In a non-limiting embodiment, the filtration-based analysis system 100a is shown in FIG.
3 to be configured such that flow direction FD extends substantially parallel to the gravitational
direction GD. The term “substantially parallel” refers to an angle between two lines that is 0° +
2°. In some embodiments, the filtration-based analysis system 100a may be configured such that
flow direction FD extends parallel to the gravitational direction GD.

[0039] Although not shown in FIG. 3, the filtration-based analysis system 100a may also be
configured such that the flow direction FD and the gravitational direction GD are oriented at a
third oblique angle ranging from about 1° to about 45° - including all angles and sub-ranges
there-between.

[0040] As demonstrated by FIG. 2, a filtration-based analysis system 200 may be used in
accordance with soil analysis. The filtration-based analysis system 200 may comprise an
analysis tool 210 having housing 211 having an input 220 and an output 230. The input 220 may
be fluidly coupled to the output 230, whereby one or more filtration elements are positioned
there-between. The filtration-based analysis system 200 may be configured such that a fluid may
be introduced to the housing 211 of the analysis tool 210 via the input 220 and pass through the
housing 211 along a flow direction FD to reach the output 230, whereby the fluid passes through
the one or more filtration elements located inside of the housing 211 between the input 220 and
the output 230. As the liquid flows along the flow direction FD, the liquid passes through the
filtration element and is subjected to a filtration step — as discussed in greater detail herein.

[0041] After the filtration step, the liquid may further be subject to a chemical analysis as the
liquid flows along the flow direction FD from the input 220 to the output 230 — as discussed in
greater detail herein.

[0042] According to the embodiment demonstrated by FIG. 2, the analysis tool 210 may be
configured within the filtration-based analysis system 200 such that flow direction FD extends

substantially orthogonal to the gravitational direction GD. The term “substantially orthogonal”
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refers to an angle between two lines that i1s 90° + 2°. According to this embodiment, the
filtration-based analysis system 200 of FIG. 2 may be configured such that at least a portion of
the liquid may not pass between the input 220 and the output 230 under solely the effects of
gravity during the filtration step.

[0043] In a non-limiting embodiment, the filtration-based analysis system 200 is shown in FIG.
2 to be configured such that flow direction FD extends orthogonal to the gravitational direction
GD. Although not shown in FIG. 2, the filtration-based analysis system 200 of FIG. 2 may also
be configured such that the flow direction FD and the gravitational direction GD are oriented at a
second oblique angle so long as at least a portion of the liquid may not pass between the input
220 and the output 230 under solely the effects of gravity. In a non-limiting embodiment, the
second oblique angle between the flow direction FD and the gravitational direction GD may
range from about 45° to about 90° - including all angles and sub-ranges there-between.

[0044] According to the present disclosure, the filtration-based analysis system 200 may be free
of a centrifuge.

[0045] The soil analysis may be performed to determine an elemental content of a soil sample.
Non-limiting examples of element content include potassium, magnesium, calcium, and
phosphorus.

[0046] The sotl analysis may be performed by collecting a sotl extract or soil sample. The soil
sample may be taken directly from the ground can be used without first drying and grinding.
The so1l sample may be mixed ina 1:2 weight to 1:3 weight ratio with a liquid, such as water, to
form a slurry. In other embodiments, a weight ratio of soil to hgqund 1s 1:1 to 1.5 — including all
ratios and sub-ranges there-between.

[0047] In some embodiments, the shurry may be mixed with a flocculating agent. Non-limiting
examples of flocculating agent include, but are not limited to, calcium chloride, polyacrylamide,
cationic polvacrylamide, anionic polyacrylamide, polydiallyldimethyl ammonium chloride
(PDADMAC), epichlorohydin/dimethylamine copolymer (ECH/DMA), chitosan, and
polyaluminum chlorides. In one embodiment, the flocculating agent may be calcium chloride.
In another embodiment, the flocculating agent may be a combination of polyacrylamide and
calcium chloride. In another embodiment, the flocculating agent may be polyacrylamide. The

amount of flocculating agent varies on the type of flocculating agent chosen.
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[0048] The flocculating agent amount may be chosen to remove organic materials and/or reduce
or elimmate cloudiness. In one embodiment, a 0.017M (aCly 2H>O solution is used.
Alternatively, the anhydride or other hydrates of calcium chloride may be used. In one
embodiment, a molar concentration for calcium chloride 1s 0.005M to 0.1M — including all
concentrations and sub-ranges there-between.

[0049] The soil slurry may be mixed with the flocculating agent in a volume ratio of 9:1 soil
slurry:flocculating agent. In other embodiments, a volume ratio of slurry to flocculating agent
may be 1:1 to 10:1 — including all ratios and sub-ranges there-between. In another embodiment,
the calcium chloride solution can be replaced with a 0.025 weight% polyacrylamide solution. In
one embodiment, the polvacrylamide can have a weight average molecular weight of 5,000,000
to 6,000,000 {(CAS 9003-05-8). Other flocculating agents can be used in amounts that provide
the same amount of flocculation as the above calcium chloride or polyacrylamide solutions. The
sotl slurry and flocculating agent are centrifuged to form the soil extract.

[0050] In a non-limiting embodiment, soil samples may be prepared as for typical laboratory
testing by drying, crushing, and filtering to less than 2 mm particle size. Multiple samples are
prepared to provide a sufficient number to generate a calibration curve.

[0051] Potassium Analysis

{00652} According to an embodiment of the present disclosure, potassium may be tested
according to the following methodologies. A soil sample may be obtained and blended with
liquid to create the soil slurry. The soil slurry may then flow through the filter element to create
a filtrate, whereby one or more reagent may be added to the filtrate to create a mixture.

{0053} The soil mixture may then be analyzed for potassium content by absorbance that may be
read via a spectrophotometer at a wave length ranging from 380 nm to 550 nm — preferably 410
nm to about 510 nm — including all wavelengths and sub-ranges there-between.

{8054] In some embodiments, the potassium content analysis may occur inside of the analysis
tool 110 and as the soil mixture flows along the vertical FD, whereby the vertical ¥D is
substantially paraliel to gravitational direction GD such that the soil mixture flows downward at
least partially under the effects of gravity. In some embodiments, the potassium content analysis
may occur inside of the analysis tool 110a and as the soil mixture flows along the vertical FD,
whereby the vertical FD is substantially parallel to gravitational direction GD such that the soil

mixture flows upward against the effects of gravity.
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{0055} In alternative embodiments, the potassium content analysis may occur inside of the
analysis tool 210 and as the soil mixture flows along the horizontal FD, whereby the horizontal
FD 1s substantially orthogonal to the gravitational direction GD and the soil slurry flows
horizontally through the analysis tool 210.

{0056] According to embodiments of the potassium content analysis using the vertical FD and
horizontal FD, a surfactant may be added to the soil slurry. It has been surprisingly discovered
that the addition of an anionic surfactant provides an unexpected improvement in optical clarity
that enhances the spectrophotometer potassium content analysis while other non-anionic
surfactants fail to provide such improved optical properties. Non-linuting examples of anionic
surfactant include sodium laurate phosphate, sodium laurate sulfate, and sodium dodecyl sulfate.
The surfactant of this embodiment may be substantially free of non-ionic compounds. The
surfactant of this embodiment may be substantially free of cationic compounds.

[8057] It has also been surprisingly discovered that for the embodiments of the potassium
content analysis that utilize a vertical FD, the soil slurry may also be substantially free of
surfactant and still achieve the desire optical clarity while the same optical clarity 1s not achieved
i the absence of such surfactants in the horizontal FD.

[0058] According to the embodiments directed to the potassium analysis, non-limiting examples
of reagents include lithium hydroxide, sodium hydroxide, tetraphenylborate in sodium
hydroxide, and sodium tetraborate decahydate in glycerol.

[{0059] The reagents may comprise a first reagent that includes lithium hydroxide is present in a
concentration of about 0.01 M to about 0.3 M — including all concentrations and sub-ranges
there-between. The reagents may comprise a second reagent that includes tetraphenylborate in a
concentration of 0.5 % to 4 % — including all concentrations and sub-ranges there-between — and
NaQOH in a concentration of about 0.01M to about 0.15M — including all concentrations and sub-
ranges there-between. The reagents may comprise a third reagent that mcludes sodium
tetraborate decahydrate in a concentration ranging from about 0.0001M to about 0.05M —
including all concentrations and sub-ranges there-between — in about 1 % to about 5 % aqueous
glyercol — including all concentrations and sub-ranges there-between.

[0060] An extractant may be blended with the soil slurry. Non-limiting examples of extractant
include nitric acid. The extractant may comprise nitric acid in a concentration ranging from

about 0.01M to about 0.2M — including all concentrations and sub-ranges there-between.
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10061} According to this embodiment, the soil sample may be prepared by mixing the filtrate
with the first reagent, subsequently mixing with the second reagent, subsequently mixing 0.8 mL
of the third reagent, and subsequently performing the absorbance reading.

[0062] According to this embodiment, the soil slurry and soil mixture may not be subjected to a
centrifuge force before performing the potassium absorbance reading.

[0063] Magnesium Analysis

[0064] According to an embodiment of the present disclosure, magnesium analysis may be
performed according to the following methodologies. A soil sample may be obtained and
blended with liquid to create the soil slurry. The soil slurry may then flow through the filter
element to create a filtrate, whereby one or more reagent may be added to the filtrate to create a
mixture.

[0065] The soil mixture may then be analyzed for magnesium content by absorbance that may be
read via a spectrophotometer at a wavelength ranging from 600 nm to 690 nm. In some
embodiments, the soil mixture may then be analyzed for magnesium content by absorbance that
may be read via a spectrophotometer at a wave length ranging from 600 nm to 635 nm —
meluding all wavelengths and sub-ranges there-between — preferably about 615 nm. In some
embodiments, the soil mixture may then be analyzed for magnesium content by absorbance that
may be read via a spectrophotometer at a wave length ranging from 650 nm to 690 nm —
mcluding all wavelengths and sub-ranges there-between — preferably about 669 nm.

{8066] In some embodiments, the magnesium content analysis may occur inside of the analysis
tool 110 and as the soil mixture flows along the vertical FD, whereby the vertical FI3 13
substantially parallel to gravitational direction GD such that the soil muxture flows downward at
least partially under the effects of gravity. In some embodiments, the magnesium content
analysis may occur inside of the analysis tool 110a and as the soil mixture flows along the
vertical FD, whereby the vertical FI} is substantially parallel to gravitational direction GD such
that the soil mixture flows upward against the effects of gravity.

{00667} In alternative embodiments, the magnesium content analysis may occur inside of the
analysis tool 210 and as the soil mixture flows along the horizontal FD, whereby the horizontal
FD 1s substantially orthogonal to the gravitational direction GD and the soil slurry flows

horizontally through the analysis tool 210.
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{0068} According to embodiments of the magnesium content analysis using the vertical FD and
horizontal FD, the soil slurry may comprise a surfactant. It has been surprisingly discovered that
the addition of a non-1onic surfactant provides an unexpected improvement in optical clarity that
enhances the spectrophotometer magnesium content analysis while ionic surfactants fail to
provide such improved optical properties. Non-limiting examples of non-tonic surfactant include
4-nonylphenyl polyethylene glycol, poly(ethylene glycol¥18) tridecylether, and mixtures
thereof The surfactant of this embodiment may be substantially free of ionic surfactant. The
surfactant of this embodiment may be substantially free of anionic surfactant. The surfactant of
this embodiment may be substantially free of cationic surfactant.

[0069] It has also bee surprisingly discovered that for the embodiments of the magnesium
content analysis that utilize a vertical FD, the soil slurry may also be substantially free of
surfactant and still achueve the desire optical clarity while the same optical clarity i1s not achieved
in the absence of such surfactants in t he horizontal FD.

{0670} According to the embodiments directed to the magnesium analysis, non-limiting
examples of reagents include tetrabutylammonium hydroxide in boric acid as well as
chlorophosphonazo L

{0071] The reagents may comprise a first reagent that includes tetrabutylammonium hydroxide
m an concentration of about 0.05 % to about 0.3 % - including all sub-ranges and concentrations
there-between — and boric acid in a concentration of about 0.01 % to about 0.1 % - mcluding all
sub-ranges and concentrations there-between. In some embodiments, the reagents may comprise
a second reagent that includes chliorophosphonazo Il in a concentration of about 0.5 mg to about
1.5 mg per mL of water — including all concentrations and sub-ranges there-between.

{0672} The magnesium analysis may further include the addition of an extractant, which may be
blended with the soil slurry. Non-limiting examples of extractant include ammonium acetate.
The extractant may comprise ammonium acetate in a concentration ranging from about 0.5M to
about 1.5M — including all concentrations and sub-ranges there-between.

{8073} According to this embodiment, the soil sample may be prepared by mixing the filtrate
with the first reagent and subsequently mixing the second reagent, and subsequently performing
the absorbance reading,

[0074] According to this embodiment, the soil slurry and soil mixture may not be subjected to a

centrifuge force before performing the magnesium absorbance reading.
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[0075] Calcium Analysis

{0076} According to an embodiment of the present disclosure, calcium may be tested according
to the following methodology. A soil sample may be obtained and blended with liquid to create
the soil slurry. The soil slurry may then flow through the filter element to create a filtrate,
whereby one or more reagent may be added to the filtrate to create a mixture.

{0077} The soil mixture may then be analyzed for calcium content by absorbance that may be
read via a spectrophotometer at a wavelength ranging from 600 nm to 690 nm. In some
embodiments, the soil mixture may then be analyzed for calcium content by absorbance that may
be read via a spectrophotometer at a wave length ranging from 600 nm to 635 nm — including all
wavelengths and sub-ranges there-between — preferably about 615 nm.

[8878] In some embodiments, the calcium content analysis may occur inside of the analysis tool
110 and as the soil mixture flows along the vertical FD, whereby the vertical FD is substantially
parallel to gravitational direction GD such that the so1l mixture flows downward at least partially
under the effects of gravity.  In some embodiments, the calcium content analysis may occur
inside of the analysis tool 110a and as the soil mixture flows along the vertical FD, whereby the
vertical FD 1s substantially parallel to gravitational direction GD such that the soil mixture flows
upward against the effects of gravity.

{8079] In alternative embodiments, the calcium content analysis may occur inside of the analysis
tool 210 and as the soil mixture flows along the horizontal FD, whereby the horizontal FDJ 1s
substantially orthogonal to the gravitational direction GD and the soil slurry flows horizontally
through the analysis tool 210.

{00808} According to embodiments of the calcium content analysis using the vertical FD and
horizontal FD, the soil slurry may comprise a surfactant. It has been surprisingly discovered that
the addition of a non-tonic surfactant provides an unexpected improvement in optical clarity that
enhances the spectrophotometer calcium content analysis while ionic surfactants fail to provide
such improved optical properties. Non-limiting examples of non-ionic surfactant include 4-
nonylphenyl polyethylene glycol, poly(ethylene glycol)(18) tridecylether, and mixtures thereof.
The surfactant of this embodiment may be substantially free of ionic surfactant. The surfactant
of this embodiment may be substantially free of anionic surfactant. The surfactant of this

embodiment may be substantially free of cationic surfactant.
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{0081} It has also bee surprisingly discovered that for the embodiments of the calcium content
analysis that utilize a vertical FD, the soil slurry may also be substantially free of surfactant and
still achieve the desire optical clarity while the same optical clarity is not achieved in the absence
of such surfactants in the horizontal FD.

{0082] According to the embodiments directed to the calcium analysis, non-limiting examples of
reagents include potassium hydrogen phthalate, chlorophosphonazo I, and combinations
thereof.

{0083] The reagents may comprise a first reagent that includes potassium hydrogen phthalate at
a concentration of about 0.05 M to about 0.15 M — including all concentrations and sub-ranges
there-between. The reagents may comprise a second reagent that includes chlorophosphonazo
I in a concentration of about 0.5 mg to about 1.5 mg per mL of water — including all
concentrations and sub-ranges there-between.

[{80684] The calcium analysis may further comprise the addition of an extractant, which may be
blended with the soil slurry. Non-limiting examples of extractant include ammonium acetate.
The extractant may comprise ammonium acetate in concentration ranging from about 0.5 M to
about 1.5 M — including all concentrations and sub-ranges there-between.

[{8085] According to this embodiment, the soil sample may be prepared by mixing the filtrate
with the first reagent, subsequently mixing with the second reagent, and subsequently performing
the absorbance reading,

[0086] According to this embodiment, the soil slurry and soil mixture may not be subjected to a
centrifuge force before performing the calcium absorbance reading.

[0087] Phosphorus Analysis

{0088] According to an embodiment of the present disclosure, phosphorus analysis may be
performed according to the following methodology. A soil sample may be obtained and blended
with liquid to create the soil slurry. The soil slurry may then flow through the filter element to
create a filtrate, whereby one or more reagent may be added to the filtrate to create a mixture.
{0089} The soil mixture may then be analyzed for phosphorus content by absorbance that may be
read via a spectrophotometer a wavelength ranging from 380 nm to 550 nm — preferably 410 nm
to about 510 nm — including all sub-ranges and wavelengths there-between.

{0098] In some embodiments, the phosphorus content analysis may occur inside of the analysis

tool 110 and as the soil mixture flows along the vertical FD, whereby the vertical FD} is
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substantially parallel to gravitational direction GD such that the soil muxture flows downward at
least partially under the effects of gravity. In some embodiments, the phosphorus content
analysis may occur inside of the analysis tool 110a and as the soil mixture flows along the
vertical FD, whereby the vertical FI) is substantially parallel to gravitational direction GD such
that the soil mixture flows upward against the effects of gravity.

{6091] In alternative embodiments, the phosphorus content analysis may occur inside of the
analysis tool 210 and as the soil mixture flows along the horizontal FD, whereby the horizontal
FD 1s substantially orthogonal to the gravitational direction GD and the soil slurry flows
horizontally through the analysis tool 210.

[0092] According to embodiments of the phosphorus content analysis that utilize the vertical FD
and horizontal FD, a surfactant may be added to the soil slurry. Tt has been surprisingly
discovered that the addition of a non-ionic surfactant provides an unexpected improvement n
optical clanty that enhances the spectrophotometer phosphorus content analysis while ionic
surfactants fail to provide such improved optical properties. Non-limiting examples of non-ionic
surfactant include 4-nonylphenyl polyethylene glycol, poly(ethylene glycol}(18) tridecylether,
and muxtures thereof The surfactant of this embodiment may be substantially free of ionic
compounds. The surfactant of this embodiment may be substantially free of cationic
compounds. The surfactant of this embodiment may be substantially free of anionic compounds.
{0093] It has also bee surprisingly discovered that for the embodiments of the phosphorus
content analysis that utilize a vertical FD, the soil slurry may also be substantially free of
surfactant and still achieve the desire optical clarity while the same optical clarity 1s not achieved
in the absence of such surfactants in t he horizontal FD.

{8094] According to the embodiments directed to the phosphorous analysis, non-limiting
examples of reagents include ammonium molybdate in sulfuric acid.

{0095} According to the embodiments directed toward a horizontal FD used in phosphorus
analysis, the reagents may comprise a first reagent that includes ammonium molybdate at a
concentration of about 2.5 % in sulfuric acid.

{0096] According to the embodiments directed toward a vertical FD used in phosphorus
analysis, the reagents may comprise a first reagent that includes ammonium molybdate at a

concentration of about 2.5 % in sulfuric acid.

16



WO 2022/013625 PCT/1IB2021/054346

{00897} According to the embodiments directed toward a vertical FD used in phosphorus
analysis, an extractant may be blended with the soil slurry. Non-limiting examples of extractant
include HCI in ammonium fluoride or acetic acid in ammonium fluoride.

[0098] The extractant in the embodiments directed to the vertical FD may comprise HCI at a
concentration of about 0.025 M in ammonium fluoride at a concentration of about 0.03 M.
Alternatively, the extractant in the embodiments directed to the vertical FD may comprise acetic
acid at a concentration of about 0.25 M in aqueous ammonium fluoride, the ammonium fluoride
at a concentration of about 0.015 M.

[8099] The extractant in the embodiments directed to the horizontal FD may comprise HCl at a
concentration of about 0.025 M in ammonium fluoride at a concentration of about 0.03 M.
Alternatively, the extractant in the embodiments directed to the horizontal FD may comprise
acetic acid at a concentration of about 0.25 M 1n aqueous ammonium fluoride, the ammonum
fluoride at a concentration of about 0.015 ML

{0106] According to this embodiment, the soil sample may be prepared by mixing the filtrate
with the first reagent and subsequently performing the absorbance reading.

[0101] According to this embodiment, the soil slurry and soil mixture may not be subjected to a
centrifuge force before performing the phosphorus absorbance reading.

[0102] pH Test Analysis

{8183] According to an embodiment of the present disclosure, pH may be tested according to the
following methodology. A soil sample may be obtained and blended with liquid to create the
soil slurry. The soil slurry may then flow through the filter element to create a filtrate, whereby
one or more indicators may be added to the filtrate to create a mixture.

{0104] The soil mixture may then be analyzed for pH by absorbance that may be read via a
spectrophotometer at a wavelength of 575 nm or 615 nm.

{0105} In some embodiments, the pH test analysis may occur inside of the analysis tool 110 and
as the soil mixture flows along the vertical FD, whereby the vertical FD is substantially parallel
to gravitational direction GID such that the soil mixture flows downward at least partially under
the effects of gravity. In some embodiments, the pH test analysis may occur inside of the
analysis tool 110a and as the soil mixture flows along the vertical FD, whereby the vertical FD is
substantially parallel to gravitational direction GD such that the soil mixture flows upward

against the effects of gravity.
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{0106} In alternative embodiments, the pH test analysis may occur inside of the analysis tool 210
and as the soil mixture flows along the horizontal FD, whereby the horizontal FD is substantially
orthogonal to the gravitational direction GD and the soil slurry flows horizontally through the
analysis tool 210,

{0107} According to embodiments of the pH test analysis that utilize vertical FD and horizontal
FD, the soil slurry may comprise a surfactant. It has been surprisingly discovered that the
addition of a non-ionic surfactant provides an unexpected improvement in optical clanty that
enhances the spectrophotometer pH test analysis while ionic surfactants fail to provide such
improved optical properties.  Non-limiting examples of non-ionic surfactant include 4-
nonylphenyl polyethylene glycol, poly{ethylene glycol}(18) tridecylether, and mixtures thereof.
The surfactant of this embodiment may be substantially free of 1onic surfactant. The surfactant
of this embodiment may be substantially free of antonic surfactant. The surfactant of this
embodiment may be substantially free of cationic surfactant.

[{0108] It has also bee surprisingly discovered that for the embodiments of the pH test analysis
that utilize a vertical FD, the soil slurry may also be substantially free of surfactant and still
achieve the desire optical clarity while the same optical clanty is not achieved in the absence of
such surfactants in t he horizontal FD.

[0109] According to the embodiments directed to the pH analysis, non-limiting examples of
indicator may include chlorophenol red sodium salt, phenol red sodium salt, Bromocresol Green
sodium salt, Bromocresol green (2,6-Dibromo-4-[7-(3,5-dibromo-4-hydroxy-2-methyl-phenyl)-
9,9-diox0-8-oxa-9A6-thiabicyclo[4.3.0]nona-1,3,5-trien-7-yl]-3-methyl-phenol, 3,3".5,5'-
Tetrabromo-m-cresolsulfonphthalein Bromocresol green, CAS 76-60-8) with Nitrazine yellow
(2-(2,4-Dinitrophenylazo)-1-hydroxynaphthalene-3,6-disulfonic acid disodium salt, 2-(2,4-
Dinitrophenylazo)naphthol-3,6-disulfonic acid disodium salt, Nitrazol Yellow, CAS 5423-07-4).
[0110] In one embodiment, the indicator composition may include Bromocresol green and
Nitrazine yellow in a weight ratio of Bromocresol green to Nitrazine yellow of 6.1:1 t0 100:1. In
other embodiments, the weight ratio 18 0.2:1 to 20:1. In one embodiment, the indicator
composition may include 0.01 wt. % to 0.02 wi. % Bromocresol green, 0.0125 wt. % to 0.025
wt. % Nitrazine vellow, and a liquid.

[0111] In one embodiment, the indicator may include 0.01 wt. % to about 0.08 wt % of

Bromocresol green sodium salt and 0.01 wt. % to about 0.1 wt. % of Nitrazene vellow. In one
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embodiment, the indicator may include 0.02 wt. % of Bromocresol Green sodium salt and 0.025
wt. % of Nitrazene vellow. In one embodiment, the indicator may include Bromocresol Green
sodium salt and Nitrazene vellow ina 1:1 weight ratio.

[0112] In one embodiment, the indicator may include 0.01 wt. % to about 0.08 wt. % of
chlorophenol red sodium salt and 0.01 wt. % to about 0.1 wt. % of phenol red sodium salt. In
one embodiment, the indicator may include 0.04 wt. % of chlorophenol red sodium salt and 0.05
wt. % of phenol red sodium salt. In one embodiment, the indicator may include chlorophenol
red sodium salt and phenol red sodium salt in a 1.1 weight ratio.

[0113] Optionally, a flocculating agent can be added (as described above, for example using
polvacrylamide as described above). The flocculating agent amount may be chosen to remove
organic matenals and/or reduce or eliminate cloudiness. In one embodiment, a 0.017M
CaCly 2H,0 solution 15 used. Alternatively, the anhydride or other hydrates of calcium chloride
may be used. In one embodiment, a molar concentration for calcium chlonde 1s 0.005M t0 0. 1M
—including all concentrations and sub-ranges there-between.

[0114] The soil slurry may be mixed with the flocculating agent in a volume ratio of 9:1 soil
slurry flocculating agent. In other embodiments, a volume ratio of slurry to flocculating agent
may be 1:1 to 10:1 — including all ratios and sub-ranges there-between. In another embodiment,
the calcium chloride solution can be replaced with a 0.025 weight% polvacrylamide solution. In
one embodiment, the polyacrylamide can have a weight average molecular weight of 5,000,000
to 6,000,000 (CAS 9003-05-8}. Other flocculating agents can be used in amounts that provide
the same amount of flocculation as the above calcium chloride or polyacrylamide solations. The
soil slurry and flocculating agent are centrifuged to form the soil extract.

[0115] In a non-limiting example of the liquid is water, but other liquids can be used.

{0116} According to the embodiments directed toward a vertical FD used in pH analysis, an
extractant may be blended with the soil slurry. Non-limiting examples of extractant include
calcium chloride, potassium chloride, sodium chloride, or magnesium chloride. The extractant
may be present in concentration ranging from about 0.05 M to about 0.15 M — including all
concentrations and sub-ranges there-between. In one embodiment, the extractant comprises

calcium chloride 1in a concentration of about 0.1M.
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{18117} In some embodiments, the soil sample may be prepared by mixing the the filtrate with the
indicator and subsequently performing the absorbance reading at 615 nm when using indicator
that includes Bromocresol Green sodium salt and Nitrazene yellow.

{6118] In some embodiments, the soil sample may be prepared by mixing the filtrate with the
indicator and subsequently performing the absorbance reading at 575 nm when using indicator
that includes chlorophenol red sodium salt and phenol red sodium salt.

[0119] According to this embodiment, the soil slurry and soil mixture may not be subjected to a
centrifuge force before performing the pH absorbance reading.

[0120] Buffer pH Test Analysis

{0121] According to an embodiment of the present disclosure, buffer pH may be tested
according to the following methodology. A soil sample may be obtained and blended with liquid
to create the soil slurry. The soil slurry may then flow through the filter element to create a
filtrate, whereby one or more indicators may be added to the filtrate to create a mixture.

{0122] The soil mixture may then be analyzed for buffer pH by absorbance that may be read via
a spectrophotometer at a wavelength of about 575 nm.

{0123] The buffer pH analysis may occur inside of the analysis tool 110 and as the soil mixture
flows along the vertical FD, whereby the vertical FD 1s substantially parallel to gravitational
direction GD such that the soil mixture flows downward at least partially under the effects of
gravity.  In some embodiments, the buffer pH analysis may occur inside of the analysis tool
110a and as the soil mixture flows along the vertical FD, whereby the vertical FI 1s substantially
parallel to gravitational direction GD such that the sotl mixture flows upward against the effects
of gravity.

{8124] In alternative embodiments, the buffer pH analysis may occur inside of the analysis tool
210 and as the soil mixture flows along the horizontal FD, whereby the horizontal FD is
substantially orthogonal to the gravitational direction GD and the soil slurry flows horizontally
through the analysis tool 210.

{0125] According to embodiments of the pH buffer analysis that utilize a vertical FD and
horizontal FD, the soil slurry may comprise a surfactant. It has been surprisingly discovered that
the addition of a non-ionic surfactant provides an unexpected improvement in optical clarity that
enhances the spectrophotometer pH buffer analysis while ionic surfactants fail to provide such

mproved optical properties. Non-limiting examples of non-ionic surfactant include 4-
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nonylphenyl polyethylene glycol, poly{ethylene glycol}(18) tridecylether, and mixtures thereof.
The surfactant of this embodiment may be substantially free of ionic surfactant. The surfactant
of this embodiment may be substantially free of anionic surfactant. The surfactant of this
embodiment may be substantially free of cationic surfactant.

{0126] It has also bee surprisingly discovered that for the embodiments of the pH buffer analysis
that utilize a vertical FD, the soil slurry may also be substantially free of surfactant and still
achieve the desire optical clarity while the same optical clarity is not achieved in the absence of
such surfactants in t he horizontal FD.

[0127] According to the embodiments directed to the pH analysis, non-limiting examples of
indicator may include chlorophenol red sodium salt, phenol red sodium salt, methyl red (2-{[4-
(Dimethylamino)phenyl]diazenyl } benzoic acid) with bromothymol blue (4,4'-(1,1-Dioxido-3H-
2,1-benzoxathiole-3,3-diyl)bis(2-bromo-6-isopropyl-3-methylphenol), CAS 76-59-5).

[0128] In one embodiment, there is a composition that includes methyl red and bromothymol
blue in a molar ratio of 2.5:1 to 50:1. In other embodiments, the molar ratio is 20:1 to 30:1 or
about 25:1. The mixed indicator solution is made by taking 1% methyl red indicator in water
and mixing it 1:1 with 0.04% bromothymol blue in a 90/10 water/ethanol mixture to make a final
concentration of 0.5% methyl red, 0.02% bromothymol blue in a 95/5 water/ethanol solution by
weight.

[0129] In one embodiment, the indicator may include 0.01 wt. % to about 0.08 wt % of
chlorophenol red sodium salt and 0.01 wt. % to about 0.1 wt. % of phenol red sodium salt. In
one embodiment, the indicator may include 0.02 wt. % of chlorophenol red sodium salt and
0.025 wt. % of phenol red sodium salt in water. In one embodiment, the indicator may include
chlorophenol red sodium salt and phenol red sodium salt in a 1:1 weight ratio.

{0130} According to the embodiments directed toward a vertical FD used in pH analysis, an
extractant may be blended with the soil shurry.

[0131] In ancther embodiment, the buffer pH of a soil extract can be measured by obtaining a
so1l extract, combining with a buffer, adding methyl red and bromothymol blue to the soil extract
to form a mixture, and then measuring absorbance of the mixture. In some embodiments, the
buffer 1s added to the soil extract before adding the methyl red and bromothymol blue. The soil
extract can be prepared as described above for the soil slurry. The soil slurry can be combined

with a buffer solution in a volume ratio of 9:1 slurry to buffer. In one embodiment, the volume
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ratio 1s 1:1 to 11:1.  In one embodiment, the buffer solution is Sikora buffer. Sikora buffer is
available from GFS Chemicals of Powell, Ohio, and it is about 85.6% water, 13.7% potassium
chloride, 0.278% triethanol amine and balance minors. Optionally, a flocculating agent can be
added (as described above, for example using polyacrylamide as described above) and
centrifuged to form a filtrate.

[0132] In a non-limiting example of the liquid is water, but other liquids can be used.

{0133] In some embodiments, the soil sample may be prepared by mixing the 2 mL of the filtrate
with 0.2 mL of the indicator and subsequently performing the absorbance reading at 575 nm
when using indicator that includes chlorophenol red sodium salt and phenol red sodium salt.
[0134] According to this embodiment, the soil slurry and soil mixture may not be subjected to a
centrifuge force before performing the pH absorbance reading.

[0135] To perform the absorbance readings, a calibration curve can be obtained and used with
the correlation chart. Soil slurry before adding indicator composition is measured for absorbance
to establish a blank reading. The indicator composition (as described above) is then added to this
sample and remeasured for absorbance. The difference in the absorbance readings is used for a
calibration curve. This calibration can be done as needed, such as once per day. The calibration
curve is used to adjust the correlation chart.

[0136] Cartridge

[0137] In one embodiment, a multi-chamber cartridge can be provided in which each chamber
contains one of the above compositions in a combination that tests for at least two of the above
listed tests (e.g., two or more of the pH test, buffer pH test, potassium test, phosphorous test,
calcium test, and/or magnesium tests). In one embodiment, the cartridge has a chamber for the
pH test composition, a chamber for the buffer pH test composition, a chamber for the potassium
test composition, a chamber for the phosphorous test composition, a chamber for the calcium test
composition, and a chamber for the magnesium test composition. In one embodiment, any of the
cartridges can contain an additional chamber that does not contain any of the compositions for

the above tests.

EXAMPLES

[0138] A number of experiments were performed to test the impact of flow configuration and

surfactant during soil analysis. For the purposes of these experiments, the flow directions (“FD”)
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were tested at a substantially horizontal orientation (herein referred to as “H”), whereby the
angle of the horizontal FD was substantially orthogonal to the gravitational direction (“GD”),
and the FD was tested at a substantially vertical orientation (herein referred to as “V”), whereby
the angle of the vertical FD was substantially parallel to the GD.

[0139] Experiment 1 — Potassium Analysis

[0140] A first experiment was performed to test the impact of horizontal FD and vertical FD as it
relates to surfactant for a potassium soil analysis.

[0141] The samples of Examples 1-4 were prepared by blending soil and water together ata 1:3
ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system and
potassium is extracted in a 1:3 ratio of slurry to extractant with 0.03 M nitric acid. After
extraction, the extracted samples were filtered and the filtrate was subsequently blended with
reagent to create a soil mixture, the reagent including lithium hydroxide solution and then
subsequently mixed with tetraphenylborate in NaOH, and subsequently, each sample 1s mixed
with sodium tetraborate decahydrate in glycerol and sodium dodecyl sulfate (SDS) in an aqueous
solution. Each soil mixture of Examples 1-4 were then flowed along the horizontal FD through
the analysis tool.

[0142] The sample of Example 1 included a non-ionic surfactant. The sample of Example 2
included an anionic surfactant. The sample of Example 3 included a cationic surfactant. The
sample of Example 4 was free of surfactant.

[0143] The samples of Examples 5-8 were prepared by blending soil and water together ata 1:3
ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system and
potassium is extracted in a 1:3 ratio of slurry to extractant with 0.03 M nitric acid. After
extraction, the extracted samples were filtered and the filtrate was subsequently blended with
reagent to create a soil mixture, the reagent including lithium hydroxide solution and then
subsequently mixed with tetraphenylborate in NaOH, and subsequently, each sample 1s mixed
with sodium tetraborate decahydrate in glycerol and sodium dodecyl sulfate (SDS) in an aqueous
solution. Each soil mixture of Examples 1-4 were then flowed along the vertical FD through the
analysis tool.

[0144] The sample of Example 5 included a non-ionic surfactant. The sample of Example 6
included an anionic surfactant. The sample of Example 7 included a cationic surfactant. The

sample of Example 8 was free of surfactant.
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[0145] Each sample of Examples 1-8 were analyzed by the analysis tool at a wavelength
between 380 - 550 nm to determine the potassium concentration in the sample. After mixing,
each sample produces turbidity and the ability to read through each sample was recorded as
either a pass or fail value — whereby the pass value equates to an optical property sufficiently
clear to allow for the reading of the potassium concentration at a wavelength between 380 - 550
nm and the fail value equates to an optical property insufficiently clear to not allow for reading
of the potassium concentration at a wavelength between 380 - 550 nm. The results are set forth

below in Table 1.

Table 1
Ex 1|Ex2|Ex 3|Ex 4|Ex 5|Ex. 6|Ex. 7|Ex. 8
FD H H H H AV AV AV AV
Non-Ionic Surfactant | Y N N N Y N N N
Anionic Surfactant N Y N N N Y N N
Cationic Surfactant N N Y N N N Y N
No Surfactant N N N Y N N N Y
Optical Analysis | Fail | Pass | Fail | Fail | Fail | Pass | Fail | Pass

[0146] As demonstrated by Table 1, it was discovered that the addition of anionic surfactant
provided for the optical clarity needed to perform the potassium analysis at wavelengths of 380
nm to 550 nm when operating in the horizontal FD and vertical FD while non-anionic surfactants
failed such test. Table 1 also demonstrates that no surfactant in the filtration systems having a
vertical FD exhibited sufficient optical clarity for the potassium analysis as compared to the
horizontal FD filtration systems which surprisingly failed the same test.

[0147] Experiment 2 — Magnesium Analysis

[0148] A second experiment was performed to test the impact of horizontal FD and vertical FD
as it relates to surfactant for a magnesium soil analysis.

[0149] The samples of Examples 9-12 were prepared by blending soil and water together at a 1:3
ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system and
magnesium is extracted in a 1:3 ratio of slurry to extractant with ammonium acetate. After
extraction, the extracted samples were filtered and the filtrate was subsequently blended with

reagent to create a soil mixture, the reagent including Tetrabutylammonium hydroxide and boric
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acid and subsequently mixed with Chlorophosphonazo III. Each soil mixture of Examples 9-12
were then flowed along the horizontal FD through the analysis tool.

[0150] The sample of Example 9 included a non-ionic surfactant. The sample of Example 10
included an anionic surfactant. The sample of Example 11 included a cationic surfactant. The
sample of Example 12 was free of surfactant.

[0151] The samples of Examples 13-16 were prepared by blending soil and water together at a
1:3 ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system
and magnesium is extracted in a 1:3 ratio of slurry to extractant with ammonium acetate. After
extraction, the extracted samples were filtered and the filtrate was subsequently blended with
reagent to create a soil mixture, the reagent including Tetrabutylammonium hydroxide and boric
acid and subsequently mixed with Chlorophosphonazo III. Each soil mixture of Examples 13-16
were then flowed along the vertical FD through the analysis tool.

[0152] The sample of Example 13 included a non-ionic surfactant. The sample of Example 14
included an anionic surfactant. The sample of Example 15 included a cationic surfactant. The
sample of Example 16 was free of surfactant.

[0153] Each sample of Examples 9-16 were analyzed by the analysis tool at a wavelength
between 600 — 690 nm to determine the magnesium concentration in the sample. After mixing,
each sample produces turbidity, and the ability to read through each sample was recorded as
either a pass or fail — whereby the pass value equates to an optical property sufficiently clear to
allow for the reading of the magnesium concentration at a wavelength between 600 - 690 nm and
the fail value equates to an optical property insufficiently clear to not allow for reading of the
magnesium concentration at a wavelength between 600 - 690 nm. The results are set forth below

in Table 2.

Table 2
Ex 91 Ex 10| Ex. 11 | Ex. 12 | Ex. 13 | Ex. 14 | Ex. 15 | Ex. 16
FD H H H H A\Y A\Y \Y% \Y%
Non-Ionic Surfactant | Y N N N Y N N N
Anionic Surfactant N Y N N N Y N N
Cationic Surfactant N N Y N N N Y N
No Surfactant N N N Y N N N Y
Optical Analysis | Pass | Fail | Fail | Fail | Pass | Fail | Fail | Pass
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[0154] As demonstrated by Table 2, it was discovered that the addition of non-ionic surfactant
provided for the optical clarity needed to perform the magnesium analysis at wavelengths of 600
nm to 690 nm when operating in the horizontal FD and vertical FD while ionic surfactants failed
such test. Table 2 also demonstrates that no surfactant in the filtration systems having a vertical
FD exhibited sufficient optical clarity for the magnesium analysis as compared to the horizontal
FD filtration systems which surprisingly failed the same test.

[0155] Experiment 3 — Calcium Analysis

[0156] A third experiment was performed to test the impact of horizontal FD and vertical FD as
it relates to surfactant for a calcium soil analysis.

[0157] The samples of Examples 17-20 were prepared by blending soil and water together at a
1:3 ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system
and potassium is extracted in a 1:3 ratio of slurry to extractant with ammonium acetate. After
extraction, the extracted samples were filtered and the filtrate was subsequently blended with
reagent to create a soil mixture, the reagent including potassium hydrogen phthalate and
subsequently Chlorophosphonazo III. Each soil mixture of Examples 17-20 were then flowed
along the horizontal FD through the analysis tool.

[0158] The sample of Example 17 included a non-ionic surfactant. The sample of Example 18
included an anionic surfactant. The sample of Example 19 included a cationic surfactant. The
sample of Example 20 was free of surfactant.

[0159] The samples of Examples 21-24 were prepared by blending soil and water together at a
1:3 ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system
and potassium is extracted in a 1:3 ratio of slurry to extractant with ammonium acetate. After
extraction, the extracted samples were filtered and the filtrate was subsequently blended with
reagent to create a soil mixture, the reagent including potassium hydrogen phthalate and
subsequently Chlorophosphonazo III. Each soil mixture of Examples 21-24 were then flowed
along the vertical FD through the analysis tool.

[0160] The sample of Example 21 included a non-ionic surfactant. The sample of Example 22
included an anionic surfactant. The sample of Example 23 included a cationic surfactant. The
sample of Example 24 was free of surfactant.

[0161] Each sample of Examples 17-24 were analyzed by the analysis tool at a wavelength of

615 nm to determine the calcium concentration in the sample. After mixing, each sample
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produces turbidity, and the ability to read through each sample was recorded as either a pass or
fail — whereby the pass value equates to an optical property sufficiently clear to allow for the
reading of the calcium concentration at a wavelength of 615 nm and the fail value equates to an
optical property insufficiently clear to not allow for reading of the calcium concentration at a
wavelength of 615 nm. The results are set forth below in Table 3.

Table 3

Ex 17 | Ex 18 | Ex. 19 | Ex. 20 | Ex. 21 | Ex. 22 | Ex. 23 | Ex. 24
FD H H H H A\Y A\Y \Y% \Y%
Non-Ionic Surfactant Y N N N Y N N N
Anionic Surfactant N Y N N N Y N N
Cationic Surfactant N N Y N N N Y N
No Surfactant N N N Y N N N Y
Optical Analysis | Pass | Fail | Fail | Fail | Pass | Fail | Fail | Pass

[0162] As demonstrated by Table 3, it was discovered that the addition of non-ionic surfactant
provided for the optical clarity needed to perform the magnesium analysis at a wavelength of 615
nm when operating in the horizontal FD and vertical FD while ionic surfactants failed such test.
Table 3 also demonstrates that no surfactant in the filtration systems having a vertical FD
exhibited sufficient optical clarity for the calcium analysis as compared to the horizontal FD
filtration systems which surprisingly failed the same test.

[0163] Experiment 4 — Phosphorus Analysis

[0164] A fourth experiment was performed to test the impact of horizontal FD and vertical FD as
it relates to surfactant for a phosphorus soil analysis.

[0165] The samples of Examples 25-32 were prepared by blending soil and water together at a
1:3 ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system
and potassium is extracted in a 1:3 ratio of slurry to extractant, the extractant selected from either
HCl in ammonium fluoride or acetic acid in ammonium fluoride. After extraction, each
extracted sample is filtered, and the filtrate of each sample was then mixed with ammonium
molybdate in sulfuric acid.

[0166] Each soil mixture of Examples 25-28 were then flowed along the horizontal FD through
the analysis tool, and each soil mixture of Examples 29-32 were then flowed along the vertical

FD through the analysis tool.
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[0167] The sample of Example 25 included a non-ionic surfactant. The sample of Example 26
included an anionic surfactant. The sample of Example 27 included a cationic surfactant. The
sample of Example 28 was free of surfactant. The sample of Example 29 included a non-ionic
surfactant. The sample of Example 30 included an anionic surfactant. The sample of Example
31 included a cationic surfactant. The sample of Example 32 was free of surfactant.

[0168] Each sample of Examples 25-32 were analyzed by the analysis tool at a wavelength
between 380 - 550 nm to determine the phosphorus concentration in the sample. After mixing,
each sample produces turbidity, and the ability to read through each sample was recorded as
either a pass or fail — whereby the pass value equates to an optical property sufficiently clear to
allow for the reading of the phosphorus concentration at a wavelength between 380 - 550 nm and
the fail value equates to an optical property insufficiently clear to not allow for reading of the
phosphorus concentration at a wavelength between 380 - 550 nm. The results are set forth below

in Table 4.

Table 4
Ex 25| Ex 26 | Ex. 27 | Ex. 28 | Ex. 29 | Ex. 30 | Ex. 31 | Ex. 32
FD H H H H A\Y A\Y \Y% \Y%
Non-Ionic Surfactant Y N N N Y N N N
Anionic Surfactant N Y N N N Y N N
Cationic Surfactant N N Y N N N Y N
No Surfactant N N N Y N N N Y
Optical Analysis | Pass | Fail | Fail | Fail | Pass | Fail | Fail | Pass

[0169] As demonstrated by Table 4, it was discovered that the addition of non-ionic surfactant
provided for the optical clarity needed to perform the phosphorus analysis at wavelengths of 380
nm to 550 nm when operating in the horizontal FD and vertical FD while ionic surfactants failed
such test. Table 4 also demonstrates that no surfactant in the filtration systems having a vertical
FD exhibited sufficient optical clarity for the phosphorus analysis as compared to the horizontal
FD filtration systems which surprisingly failed the same test.

[0170] Experiment 5 — pH Analysis

[0171] A fifth experiment was performed to test the impact of horizontal FD and vertical FD as

it relates to surfactant for a pH soil analysis.
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[0172] The samples of Examples 33-40 were prepared by blending soil and water together at a
1:3 ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system
and extractant is added at a 1:3 ratio of slurry to extractant, with the extractant being 0.1 M
calcium chloride. After extraction, the extracted samples were filtered and the filtrate was
subsequently blended with indicator to create a soil mixture, the indicator including a 1:1 ratio of
bromocresol green sodium salt and nitrazene yellow. Each soil mixture of Examples 33-36 were
then flowed along the horizontal FD through the analysis tool, and each soil mixture of Examples
37-40 were then flowed along the vertical FD through the analysis tool.

[0173] The sample of Example 33 included a non-ionic surfactant. The sample of Example 34
included an anionic surfactant. The sample of Example 35 included a cationic surfactant. The
sample of Example 36 was free of surfactant. The sample of Example 37 included a non-ionic
surfactant. The sample of Example 38 included an anionic surfactant. The sample of Example
39 included a cationic surfactant. The sample of Example 40 was free of surfactant.

[0174] Each sample of Examples 33-40 were analyzed by the analysis tool at a wavelength of
615 nm to determine the pH in the sample. After mixing, each sample produces turbidity and the
ability to read through each sample was recorded as either a pass or fail value — whereby the pass
value equates to an optical property sufficiently clear to allow for the reading of the pH a
wavelength of 615 nm the fail value equates to an optical property insufficiently clear to not
allow for reading of the pH at a wavelength of 615 nm. The results are set forth below in Table
5.

Table S
Ex. 33 | Ex. 34 | Ex. 35 | Ex. 36 | Ex. 37 | Ex. 38 | Ex. 39 | Ex. 40
FD H H H H A\Y A\Y \Y% \Y%
Non-Ionic Surfactant Y N N N Y N N N
Anionic Surfactant N Y N N N Y N N
Cationic Surfactant N N Y N N N Y N
No Surfactant N N N Y N N N Y
Optical Analysis | Pass | Fail | Fail | Fail | Pass | Fail | Fail | Pass

[0175] As demonstrated by Table 5, it was discovered that the addition of non-ionic surfactant
provided for the optical clarity needed to perform the pH test analysis at a wavelength of 615 nm

when operating in the horizontal FD and vertical FD while ionic surfactants failed such test.
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Table 5 also demonstrates that no surfactant in the filtration systems having a vertical FD
exhibited sufficient optical clarity for the pH test analysis as compared to the horizontal FD
filtration systems which surprisingly failed the same test.

[0176] Experiment 6 — Buffer pH Analysis

[0177] A sixth experiment was performed to test the impact of horizontal FD and vertical FD as
it relates to surfactant for a buffer pH soil analysis.

[0178] The samples of Examples 41-48 were prepared by blending soil and water together at a
1:3 ratio to create a slurry, whereby the slurry is pulled into the extraction portion of the system
and extractant is added at a 1:3 ratio of slurry to extractant, with the extractant being sikora
buffer. After extraction, the extracted samples were filtered and the filtrate was subsequently
blended with indicator to create a soil mixture, the indicator including a 1:1 ratio of chlorophenol
red sodium salt and phenol red sodium salt. Each soil mixture of Examples 41-44 were then
flowed along the horizontal FD through the analysis tool, and each soil mixture of Examples 45-
48 were then flowed along the vertical FD through the analysis tool.

[0179] The sample of Example 41 included a non-ionic surfactant. The sample of Example 42
included an anionic surfactant. The sample of Example 43 included a cationic surfactant. The
sample of Example 44 was free of surfactant. The sample of Example 45 included a non-ionic
surfactant. The sample of Example 46 included an anionic surfactant. The sample of Example
47 included a cationic surfactant. The sample of Example 48 was free of surfactant.

[0180] Each sample of Examples 41-44 were analyzed by the analysis tool at a wavelength of
575 nm to determine the buffer pH in the sample. After mixing, each sample produces turbidity
and the ability to read through each sample was recorded as either a pass or fail value — whereby
the pass value equates to an optical property sufficiently clear to allow for the reading of the
buffer pH a wavelength of 575 nm the fail value equates to an optical property insufficiently
clear to not allow for reading of the buffer pH at a wavelength of 575 nm. The results are set

forth below in Table 6.

Table 6
Ex 41 | Ex. 42 | Ex. 43 | Ex. 44 | Ex. 45 | Ex. 46 | Ex. 47 | Ex. 48
FD H H H H A\Y A\Y A\Y A\Y
Non-Ionic Surfactant Y N N N Y N N N
Anionic Surfactant N Y N N N Y N N
Cationic Surfactant N N Y N N N Y N
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NoSurfactant | N | N | N | Y | N | N | N | Y

Optical Analysis | Pass | Fail | Fail | Fail | Pass | Fail | Fail | Pass

[0181] As demonstrated by Table 6, it was discovered that the addition of non-ionic surfactant
provided for the optical clarity needed to perform the pH buffer analysis at a wavelength of 575
nm when operating in the horizontal FD and vertical FD while ionic surfactants failed such test.
Table 6 also demonstrates that no surfactant in the filtration systems having a vertical FD
exhibited sufficient optical clarity for the pH buffer analysis as compared to the horizontal FD
filtration systems which surprisingly failed the same test.

EMBODIMENTS
[0182] The following are non-limiting embodiments.
[0183] Embodiment I. A method of analyzing potassium content i soil, the method comprising:
a) obtairung a soil sample; b) adding a liquid to the soil sample to form a soil slurry; ¢) flowing
the soil slurry through a filter to form a filtrate; d) blending a reagent composition with the
filtrate to form a soil mixture; and e} flowing the soil mixture through an analysis tool along a
flow direction whereby a potassium absorbance of the soil mixture 15 measured; and wherein the
flow direction 1s oriented such that the soil mixture flows vertically.
[0184] Embodiment 2. The method according to embodiment I, wherein the hiquid comprises
water and the soil slurry of step b) 1s formed at a weight ratio of soil sample to liquid ranging
from about 1:2 to about 1:4.
[0185] Embodiment 3. The method according to any one of embodiments 1 to 2, wherein the
reagent composition includes a first reagent comprising lithium hydroxide and a second reagent
comprising tetraphenylborate in sodium hydroxide, and wherein the reagent composition
includes a third reagent comprising sodium tetraborate decahydrate in aqueous glyercol.
[0186] Embodiment 4. The method according to any one of embodiments T to 3, wherein an
extractant is blended with the soil slurry, the extractant comprises nitric acid.
[0187] Embodiment 5. The method according to any one of embodiments 1 to 4, wherein the soil
sharry of steps b) and ¢) and the soil mixture of step €) are substantially free of surfactant.
[0188] Embodiment 6. The method according to any one of embodiments 1 to 4, wherein the soil

slurry of steps b) and ¢} and the soil mixture of step ) comprise an anionic surfactant.
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[0189] Embodiment 7. The method according to embodiment 6, wherein the anionic surfactant is
selected from sodium laurate phosphate, sodium laurate sulfate, and sodium dodecyl sulfate.
[0190] Embodiment 8. The method according to any one of embodiments 6 to 7, wherein the soil
shurry of steps b) and ¢} and the soil mixture of step e} is substantially free of cationic surfactant.
[0191] Embodiment 9. A method of analyzing magnesium content in soil, the method
comprising: a) obtaining a sotl sample; by adding a liquid to the soil sample to form a soil slurry;
¢) flowing the soil slurry through a filter to form a filtrate; d) blending a reagent composition
with the filtrate to form a soil mixture; and e) flowing the soil mixture through an analysis tool
along a flow direction whereby a magnesium absorbance of the soil mixture i3 measured; and
wheremn the flow direction 1s oriented such that the soil mixture flows vertically.

[0192] Embodiment 10. The method according to embodiment 9, wherein the liquid comprises
water and the soil slurry of step b) 1s formed at a weight ratio of soil sample to liquid ranging
from about 1.2 to about 1:4.

[0193] Embodiment 11. The method according to any one of embodiments 9 to 10, wherein the
reagent composition includes a first reagent comprising tetrabutylammonium hydroxide and
boric acid and a second reagent comprising chlorophosphonazo L

[0194] Embodiment 12. The method according to any one of embodiments 9 to 12, wherein an
extractant 1s blended with the soil slurry, wherein the extractant comprises ammonium acetate.
[0195] Embodiment 13. The method according to any one of embodiments 9 to 13, wherein the
soil slurry of steps b} and ¢) and the soil mixture of step e) are substantially free of surfactant.
[0196] Embodiment 14. The method according to any one of embodiments 9 to 13, wherein the
soil slurry of steps b} and ¢} and the soil mixture of step e) comprise a non-ionic surfactant.
[0197] Embodiment 15. The method according to embodiment 14, wherein the non-ionic
surfactant is selected from 4-nonylphenyl polyethylene glycol and poly(ethylene glycol)(18)
tridecylether.

[0198] Embodiment 16. The method according to any one of embodiments 14 to 15, wherein the
soil slurry of steps b) and ¢} and the soil mixture of step e) are substantially free of ionic
surfactant.

[0199] Embodiment 17. A method of analyzing calcium content in soil, the method comprising;
a) obtaining a soil sample; b) adding a liquid to the soil sample to form a soil slurry; ¢) flowing

the soil slurry through a filter to form a filtrate; d) blending a reagent composition with the
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filtrate to form a soil mixture; and e) flowing the soil mixture through an analysis tool along a
flow direction whereby a calcium absorbance of the soil mixture is measured; and wherein the
flow direction is oriented such that the soil mixture flows vertically.

[0200] Embodiment 18. The method according to embodiment 17, wherein the liquid comprises
water and the soil slurry of step b) 1s formed at a weight ratio of soil sample to liquid ranging
from about 1:2 to about 1:4.

[0201] Embodiment 19. The method according to anyone of embodiments 17 to 18, wherein the
reagent composition includes a first reagent comprising potassium hydrogen phthalate and a
second reagent comprising chlorophosphonazo IIL

[0202] Embodiment 20. The method according to any one of embodiments 17 to 20, wherein an
extractant is blended with the soil slurry, wherein the extractant comprises ammonium acetate.
[0203] Embodiment 21. The method according to any one of embodiments 17 to 20, the soil
sturry of steps b} and ¢) and the soil mixture of step e) are substantially free of surfactant.

[0204] Embodiment 22. The method according to any one of embodiments 17 to 21, the soil
sturry of steps b) and ¢) and the soil mixture of step ) comprises a non-ionic surfactant.

[0205] Embodiment 23. The method according to embodiment 22, wherein the non-ionic
surfactant 1s selected from 4-nonylphenyl polyethylene glycol and poly{ethylene glycol}{(18)
tridecylether.

[0206] Embodiment 24. The method according to any one of embodiments 22 to 23, the soil
shurry of steps b) and ¢} and the soil mixture of step e) are substantially free of tonic surfactant.
[0207] Embodiment 25. A method of analyzing phosphorus content in soil, the method
comprising: a} obtaining a soil sample; b) adding a liquid to the soil sample to form a soil slurry;
¢} flowing the soil slurry through a filter to form a filtrate; d) blending a reagent composition
with the filtrate to form a soil mixture; and e) flowing the soil mixture through an analysis tool
along a flow direction whereby a phosphorus absorbance of the soil mixture s measured;
wherein the flow direction is oriented such that the soil mixture flows vertically.

[0208] Embodiment 26. The method according to embodiment 25, wherein the liquid comprises
water and the soil slurry of step b) 1s formed at a weight ratio of soil sample to liquid ranging
from about 1:2 to about 1:4.

[0209] Embodiment 27. The method according to any one of embodiments 25 to 26, wherein the

reagent composition includes a first reagent comprising ammonium molybdate and sulfuric acid.
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[0210] Embodiment 28. The method according to any one of embodiments 25 to 27, wherein an
extractant is blended with the soil slurry, wherein the extractant is selected from a first biend of
HC1 and ammonium fluoride and a second blend of acetic acid and aqueous ammonium fluoride.
[0211] Embodiment 29. The method according to any one of embodiments 25 to 28, the soil
slurry of steps b) and ¢} and the soil mixture of step e) are substantially free of surfactant.

[0212] Embodiment 30. The method according to any one of embodiments 25 to 28, the soil
slurry of steps b) and ¢} and the soil mixture of step €) comprises a non-ionic surfactant.

[0213] Embodiment 31. The method according to embodiment 30, wherein the non-ionic
surfactant is selected from 4-nonylphenyl polyethylene glycol and poly{ethylene glycol)}(18)
tridecylether.

[0214] Embodiment 32. The method according to any one of embodiments 30 to 31, the soil
slurry of steps b) and ¢} and the soil mixture of step e) are substantially free of 1onic surfactant.
[0215] Embodiment 33. A method of analyzing potassium content in soil, the method
comprising: a} obtaining a soil sample; b) adding a hiquid to the soil sample to form a soil slurry;
¢) flowing the soil slurry through a filter to form a filtrate; d) blending a reagent composition
with the filtrate to form a soil mixture; and e) flowing the soil mixture through an analysis tool
along a flow direction whereby a potassium absorbance of the soil mixture 15 measured; and
wherein the sotl mixture comprises a surfactant and the flow direction 1s substantially horizontal
and orthogonal to the direction of gravity.

[0216] Embodiment 34. The method according to embodiment 33, wherein the hquid comprises
water and the soil slurry of step b) 1s formed at a weight ratio of soil sample to liquid ranging
from about 1:1 to about 1:5.

[0217] Embodiment 35. The method according to any one of embodiments 33 to 34, wherein the
reagent composition includes a first reagent comprising lithium hydroxide is present.

[0218] Embodiment 36. The method according to embodiment 35, wherein the reagent
composition includes a second reagent comprising tetraphenylborate and sodium hydroxide and
a third reagent comprising sodium tetraborate decahydrate and aqueous glyercol

[0219] Embodiment 37. The method according to any one of embodiments 33 to 36, wherein an
extractant is blended with the soil slurry, wherein the extractant is nitric acid.

[0220] Embodiment 38. The method according to any one of embodiments 33 to 37, wherein the

surfactant is an anionic surfactant.
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[0221] Embodiment 39. The method according to embodiment 38, wherein the anionic
surfactant is selected from sodium laurate phosphate, sodium laurate sulfate, and sodium dodecyl
sulfate.

[0222] Embodiment 40. The method according to any one of embodiments 33 to 39, wherein the
surfactant is substantially free of cationic compounds.

[0223] Embodiment 41. The method according to any one of embodiments 33 to 40, wherein the
surfactant is substantially free of non-ionic compounds.

[0224] Embodiment 42, A method of analyzing magnesium content in soil, the method
comprising: a) obtaining a sotl sample; b) adding a liquid to the soil sample to form a soil slurry;
¢) flowing the soil slurry through a filter to form a filtrate; d) blending a reagent composition
with the filtrate to form a soil mixture; and e) flowing the soil mixture through an analysis tool
along a flow direction whereby a magnesium absorbance of the soil mixture is measured; and
wherein soil mixture comprises a surfactant and the flow direction 1s substantially horizontal and
orthogonal to the direction of gravity.

[0225] Embodiment 43. The method according to embodiment 42, wherein the liquid comprises
water and the soil slurry of step by i1s formed at a weight ratio of soil sample to liquid ranging
from about 1.1 to about 1.5,

[0226] Embodiment 44. The method according to any one of embodiments 42 to 43, wherein the
reagent composition includes a first reagent comprising tetrabutylammontom hydroxide and
boric acid and a second reagent comprising chlorophosphonazo L

[0227] Embodiment 45. The method according to claim 44, wherein the first reagent and the
second reagent are present in a weight ratio of about 1:1.

[0228] Embodiment 46. The method according to any one of embodiments 42 to 45, wherein an
extractant is blended with the soil slurry, the extractant comprising ammonium acetate

[0229] Embodiment 47. The method according to any one of embodiments 42 to 46, wherein the
surfactant is a non-ionic surfactant.

[0230] Embodiment 48. The method according to embodiment 47, wherein the non-ionic
surfactant is selected from one or more of 4-nonylphenyl polyethylene glycol and poly{ethylene
glycol)(18) tridecylether.

[0231] Embodiment 49. The method according to any one of embodiments 42 to 48, wherein the

surfactant 1s substantially free of tonic compounds.

35



WO 2022/013625 PCT/1IB2021/054346

[0232] Embodiment 50. A method of analyzing calcium content in so1l, the method comprising;
a} obtaining a soil sample; b) adding a liquid to the soil sample to form a soil slurry; ¢} flowing
the soil slurry through a filter to form a filtrate; d) blending a reagent composition with the
filtrate to form a soil mixture; and e) flowing the soil mixture through an analysis tool along a
flow direction whereby a calcium absorbance of the soil mixture is measured; and wherein soil
mixture comprises a surfactant and the flow direction is substantially horizontal and orthogonal
to the direction of gravity.

[0233] Embodiment 51. The method according to embodiment 50, wherein the hiquid comprises
water and the soil slurry of step b) 1s formed at a weight ratio of soil sample to liquid ranging
from about 1:1 to about 1:5.

[0234] Embodiment 52. The method according to any one of embodiments 50 to 51, wherein the
reagent composition includes a first reagent comprising potassium hydrogen phthalate and a
second reagent comprising chlorophosphonazo IIL

[0235] Embodiment 53. The method according to embodiment 52, wherein the second reagent
and the first reagent are present in a weight ratio of about 1:11.

[0236] Embodiment 54. The method according to any one of claims 50 to 53, wherein an
extractant 1s blended with the soil slurry, the extractant comprising ammonium acetate

[0237] Embodiment 55. The method according to any one of embodiments 50 to 54, wherein the
surfactant is a non-tonic surfactant.

[0238] Embodiment 56. The method according to embodiment 55, wherein the non-ionic
surfactant 1s selected from one or more of 4-nonylphenyl polyethylene glycol and poly(ethylene
glycol}(18) tridecylether.

[0239] Embodiment 57. The method according to any one of embodiments 55 to 56, wherein the
surfactant is substantially free of tonic compounds.

[0240] Embodiment 58. A method of analyzing phosphorus content in soil, the method
comprising: a} obtaining a soil sample; b) adding a liquid to the soil sample to form a soil slurry;
¢} flowing the soil slurry through a filter to form a filtrate; d) blending a reagent composition
with the filtrate to form a soil mixture; and e) flowing the soil mixture through an analysis tool
along a flow direction whereby a phosphorus absorbance of the soil mixture i1s measured;
wherein soil mixture comprises a surfactant and the flow direction is substantially horizontal and

orthogonal to the direction of gravity.
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[0241] Embodiment 59. The method according to embodiment 58, wherein the liquid comprises
water and the soil slurry of step b) is formed at a weight ratio of soil sample to liquid ranging
from about 1:2 to about 1:4.

[0242] Embodiment 60. The method according to any one of embodiments 58 to 59, wherein the
reagent composition includes a first reagent comprising ammonium molybdate and sulfuric acid.
[0243] Embodiment 61. The method according to any one of embodiments 58 to 60, wherein an
extractant is blended with the soil slurry, the extractant comprising selected from a first blend of
HCI and ammonium fluoride and a second blend of acetic acid and aqueous ammmonium fluoride
[0244] Embodiment 62. The method according to any one of embodiments 58 to 61, wherein the
surfactant comprises a non-tonic surfactant.

[0245] Embodiment 63. The method according to embodiment 62, wherein the non-ionic
surfactant 1s selected from one or more of 4-nonylphenyl! polyethylene glycol and poly(ethylene
glycol}(18) tridecylether.

[0246] Embodiment 64. The method according to any one of embodiments 62 to 63, wherein the
surfactant is substantially free of 1onic compounds.

[0247] Embodiment &5. A method of analyzing pH in soil, the method comprising: a} obtaining
a soil sample; b) adding a liquid to the soil sample to form a soil slurry; ¢} flowing the soil slurry
through a filter to form a filtrate; d) blending an indicator composition with the filtrate to form a
soil mixture; and e} flowing the soil mixture through an analysis tool along a flow direction
whereby a pH value of the soil mixture ts measured; and wherein the flow direction 1s oriented
such that the soil mixture flows vertically.

[0248] Embodiment 66. The method according to embodiment 65, wherein the liquid comprises
water and the soil slurry of step b) is formed at a weight ratio of soil sample to liquid ranging
from about 1.2 to about 1:4.

[0249] Embodiment ¢7. The method according to any one of embodiments 65 to 66, wherein the
indicator is selected from one of bromocresol green sodium salt, nitrazene yellow, chlorophenol
red sodium salt, and phenol red sodium salt.

[0250] Embodiment 68. The method according to any one of embodiments 65 to 67, wherein an
extractant is blended with the soil slurry, the extractant comprising calcium chloride

[0251] Embodiment 69. The method according to any one of embodiments 65 to 68, the soil

shurry of steps b) and ¢} and the soil mixture of step ) comprises a non-ionic surfactant.
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[0252] Embodiment 70. The method according to embodiment 69, wherein the non-ionic
surfactant is selected from 4-nonylphenyl polyethylene glycol and poly{ethylene glycol}(18)
tridecylether.

[0253] Embodiment 71. The method according to any one of embodiments 65 to 68, the soil
slurry of steps b) and ¢} and the soil mixture of step e) are substantially free of ionic surfactant.
[0254] Embodiment 72. The method according to any one of embodiments 65 to 68, the soil
slurry of steps b) and ¢} and the soil mixture of step e) are substantially free of surfactant.

[0255] Embodiment 73. A method of analyzing pH in soil, the method comprising: a) obtaining
a soil sample; b) adding a liquid to the soil sample to form a soil slurry; ¢} flowing the soil slurry
through a filter to form a filtrate; d) blending an indicator composition with the filtrate to form a
soil mixture; and e) flowing the soil mixture through an analysis tool along a flow direction
whereby a pH value of the soil mixture 1s measured; and wherein soil mixture comprises a
surfactant and the flow direction 1s substantially horizontal and orthogonal to the direction of
gravity.

[0256] Embodiment 74. The method according to embodiment 73, wherein the liquid comprises
water and the soil slurry of step by i1s formed at a weight ratio of soil sample to liquid ranging
from about 1.2 to about 1:4.

[0257] Embodiment 75. The method according to any one of embodiments 73 to 74, wherein the
mdicator 1s selected from one of bromocresol green sodium salt, nitrazene yellow, chlorophenol
red sodium salt, and phenol red sodium salt.

[0258] Embodiment 76. The method according to any one of embodiments 73 to 75, wherein an
extractant is blended with the soil slurry, the extractant comprises calcium chioride

[0259] Embodiment 77. The method according to any one of embodiments 73 to 76, the soil
sharry of steps b) and ¢) and the soil mixture of step ) comprises a non-ionic surfactant.

[0260] Embodiment 78. The method according to embodiment 77, wherein the non-ionic
surfactant is selected from 4-nonylphenyl polyethylene glycol and poly(ethylene glycol)(18)
tridecylether.

[0261] Embodiment 79. The method according to any one of embodiments 73 to 78, the soil
shurry of steps b) and ¢} and the soil mixture of step e} are substantially free of 1onic surfactant.
[0262] Embodiment 80. A method of analyzing buffer pH in soil, the method comprising: a)

obtaining a sotl sample; b) adding a liquid to the soil sample to form a soil slurry; ¢) flowing the
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soil slurry through a filter to form a filtrate; d) blending an indicator composition with the filtrate
to form a soil mixture; and e) flowing the soil mixture through an analysis tool along a flow
direction whereby a buffer pH value of the sotl mixture is measured; and wherein the flow
direction is oriented such that the soil mixture flows vertically.

[0263] Embodiment 1. The method according to embodiment 80, wherein the liquid comprises
water and the soil slurry of step b) is formed at a weight ratio of soil sample to liquid ranging
from about 1:2 to about 1:4.

[0264] Embodiment 82. The method according to any one of embodiments 80 to 81, wherein the
indicator 1s selected from one of bromocresol green sodium salt, nitrazene vellow, chlorophenol
red sodium salt, and phenol red sodium salt.

[0265] Embodiment 3. The method according to any one of embodiments 80 to 82, wherein an
extractant is blended with the soil slurry, the extractant comprising sikora buffer

[0266] Embodiment 84. The method according to any one of embodiments 80 to 83, the soil
shurry of steps b) and ¢} and the soil mixture of step ) comprises a non-ionic surfactant.

[0267] Embodiment 85 The method according to embodiment 84, wherein the non-ionic
surfactant 1s selected from 4-nonylphenyl polyethylene glycol and poly(ethylene glycol}(18)
tridecylether.

[0268] Embodiment 86. The method according to any one of embodiments 80 to 85, the soil
slurry of steps b} and ¢} and the soil mixture of step e} are substantially free of 1onic surfactant.
[0269] Embodiment 87. The method according to any one of embodiments 80 to 83, the soil
slurry of steps b} and ¢} and the soil mixture of step e} are substantially free of surfactant.

[0270] Embodiment 88. A method of analyzing buffer pH in soil, the method comprising: a)
obtaining a sotl sample; b) adding a liquid to the soil sample to form a soil slurry; ¢) flowing the
soil slurry through a filter to form a filtrate; d) blending an indicator composition with the filtrate
to form a soil mixture; and ¢) flowing the soil mixture through an analysis tool along a flow
direction whereby a pH value of the soil mixture is measured; and wherein soil mixture
comprises a surfactant and the flow direction 1s substantially horizontal and orthogonal to the
direction of gravity.

[0271] Embodiment 89. The method according to embodiment 88, wherein the liquid comprises
water and the soil slurry of step b) 1s formed at a weight ratio of soil sample to liquid ranging

from about 1:2 to about 1.4
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[0272] Embodiment 90. The method according to any one of embodiments 88 to 89, wherein the
idicator 1s selected from one of bromocresol green sodium salt, nitrazene yellow, chlorophenol
red sodium salt, and phenol red sodium salt.

[0273] Embodiment 91. The method according to any one of embodiments 88 to 90, wherein an
extractant is blended with the soil slurry, the extractant comprises calcium chloride

[0274] Embodiment 92. The method according to any one of embodiments 88 to 91, the soil
slurry of steps b) and ¢} and the soil mixture of step €) comprises a non-ionic surfactant.

[0275] Embodiment 93. The method according to embodiment 92, wherein the non-ionic
surfactant is selected from 4-nonylphenyl polyethylene glycol and poly{ethylene glycol)}(18)
tridecylether.

[0276] Embodiment 94. The method according to any one of embodiments 88 to 93, the soil
slurry of steps b) and ¢} and the soil mixture of step e) are substantially free of 1onic surfactant.
[0277] Embodiment 95. The method according to any one of embodiments | to 94, wherein the
soil slurry of steps b} to d} 1s not subject to a centrifuge force.

[0278] Embodiment 96. The method according to any one of embodiments 1 to 95, wherein the

soil mixture of steps e) 1s not subject to a centrifuge force.
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CLAIMS

1. A method of analyzing calcium content 1n soil, the method comprising:
a} obtaining a soil sample;
b) adding a liquid to the soil sample to form a soil slurry;
c) flowing the soil slurry through a filter to form a filtrate;

d) blending a reagent composition with the filtrate to form a sotl mixture; and

e) flowing the soil mixture through an analysis tool along a flow direction whereby a
calcium absorbance of the soil mixture is measured; and
wherein the flow direction is oriented such that the soil mixture flows downward at least partially

under the effects of gravity.

2. The method according to claim 1, wherein the liquid comprises water and the soil slurry of

step b} 1s formed at a weight ratio of soil sample to liquid ranging from about 1:2 to about 1.4,

3. The method according to anyone of claims 1 to 2, wherein the reagent composition includes a

first reagent comprising potassium hydrogen phthalate.

4. The method according to claim 3, wherein the reagent composition includes a second reagent

comprising chlorophosphonazo 1L

5. The method according to any one of claims 1 to 4, wherein an extractant is blended with the

soil slurry.
6. The method according to claim S, wherein the extractant comprises ammonium acetate.

7. The method according to any one of claims 1 to 6, the soil slurry of steps b} and ¢) and the soil

mixture of step e) are substantially free of surfactant.

8. The method according to any one of claims 1 to 6, the soil slurry of steps b} and ¢} and the soil

mixture of step e) are substantially free of 1onic surfactant.

9. The method according to any one of claims 1 to 8, wherein the soil shurry of steps b) to d) is

not subject to a centrifuge force.

10. The method according to claim 1 to 9, wherein the soil mixture of steps ) 1s not subject to a

centrifuge force.
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