wo 20137128232 A1 [N N0F 0RO A O 0O

(43) International Publication Date
6 September 2013 (06.09.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

WIPOIPCT

(10) International Publication Number

WO 2013/128232 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:

AOIB 79/00 (2006.01) GOIN 1/16 (2006.01)
A01C 21/00 (2006.01) GOIN 33/24 (2006.01)
GOIN 1/14 (2006.01)

International Application Number:
PCT/IB2012/002718

International Filing Date:
18 October 2012 (18.10.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/603,680 27 February 2012 (27.02.2012) US

Applicant: LABS & TECHNOLOGICAL HOLDING
SOLEA, S.L. [ES/ES]; Ctra. A-433 Km 24 Burguillos, E-
41220 Sevilla (ES).

Inventor: MARTINEZ, Estanislao, Martinez, Ph.D.;
2451 Eastman Avenue, Suite 1, Oxnard, CA 93030 (US).

Agent: RAMBELLI, Paolo; C/o Jacobacci & Partners
S.p.A., Corso Emilia, 8, I-10152 Torino (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: MONITORING AND CONTROL OF SOIL CONDITIONS

106
o)

ooooooo

109
103

112

%ﬁl\\\ _________ |

(57) Abstract: Various methods are provided for
monitoring and control of soil conditions. In one ex-
ample, among others, a method includes obtaining
aqueous samples from suction probes (32) within a
soil substrate and analyzing the aqueous samples to
determine a chemical composition of the soil sub-
strate. Amounts of an additive may be determined to
adjust the chemical composition of the soil substrate.
In another example, a method includes installing a
suction probe within a soil substrate; drawing a vacu-
um to induce hydraulic conduction of aqueous solu-
tions from the soil substrate; extracting an aqueous
sample; and analyzing the aqueous sample to determ-
ine a chemical composition of the soil substrate. In an-
other example, a method includes obtaining a compos-
ition of a fertilizer solution (FS) supplied to a soil sub-
strate and a chemical composition within the soil sub-
strate; determining nutrient utilization, and providing
an amount of additive to produce a subsequent FS for
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MONITORING AND CONTROL OF SOIL CONDITIONS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to copending U.S. provisional application
entitled “MONITORING AND CONTROL OF SOIL CONDITIONS” having serial no.
61/603,680, filed February 27, 2012, which is hereby incorporated by reference in its

entirety.

BACKGROUND

[0002] As population continues to increase, food production becomes an ever
expanding problem. Effective use of water resources affects the productivity of
agricultural farms. In addition, fertilization has become one of the main factors
enhancing productivity and quality of agricultural farms. This has resulted in
increased consumption of fertilizers worldwide, raising new issues such as increased

production costs and contamination effects from agricultural activity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Many aspects of the invention can be better understood with reference to
the following drawings. The components in the drawings are not necessarily to
scale, emphasis instead being placed upon clearly illustrating the principles of the
present invention. Moreover, in the drawings, like reference numerals designate
corresponding parts throughout the several views.

[0004] FIG. 1is a graphical representation illustrating the monitoring of the
condition of the soil using a plurality of suction probes according to various

embodiments of the present disclosure.
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[0005] FIG. 2 is a graphical representation of an example a suction probe of FIG.
1 according to various embodiments of the present disclosure.

[0006] FIG. 3 is a flow chart illustrating an example of monitoring and control of
the soil condition according to various embodiments of the present disclosure.

[0007] FIG. 4is a flow chart illustrating an example of sample analysis according
to various embodiments of the present disclosure.

[0008] FIG. 5is a table illustrating the relationship between various additives and
their effect in a plant according to various embodiments of the present disclosure.

[0009] FIG. 6 is a flow chart illustrating an example of the composition and/or
utilization evaluation of FIG. 3 according to various embodiments of the present
disclosure.

[0010] FIG. 7 is an example of a system that may be utilized in the monitoring
and control of soil conditions according to various embodiments of the present

disclosure.

DETAILED DESCRIPTION

[0011] Disclosed herein are various embodiments related to monitoring and
control of soil conditions in, e.g., agricultural applications. Reference will now be
made in detail to the description of the embodiments as illustrated in the drawings,
wherein like reference numbers indicate like parts throughout the several views.

[0012] Controlled application of water and fertilizers can enhance the productivity
of agricultural farms in a sustainable fashion, providing greater profitability, food
safety, and environmental preservation. Monitoring the nutritional conditions of the
crops may be used to control the application of available resources (e.g., water and

fertilizer) to fulfill the plants nutritional needs throughout their evolution; thereby
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improving productivity and quality of the resulting produce while reducing inputs and
loss through lixiviation.

[0013] Analysis of the chemical composition of the soil and/or liquids about the
roots of the plants, as well as diagnosis of the plant condition, can provide an
indication of nutrient absorption by the plants which may be used to control watering
and/or fertilization. Monitoring of the soil condition may be accomplished using
suction probes installed at different depth levels of the root profiles of the crops. By
extracting aqueous solutions from the soil substrate about the roots, the interaction
of the root activity and soil conditions may be monitored and used to control the
application of nutrients to the soil substrate. For example, the reaction and behavior
of the inputs (e.g., water, effluents, fertilizers, coadyuvants, chelates, efc.) added to
the soil and the reaction of the soil to these inputs, as well as root activity for nutrient
absorption, may be evaluated throughout the phenological cycle of the plants to
provide indications that may be used for controlling the application of additives such
as, e.g., chemical nutrients in a cyclic or continuous manner.

[0014] Referring to FIG. 1, shown is a graphical representation illustrating the
monitoring of the condition of the soil 103 using one or more suction probes 106
according to various embodiments of the present disclosure. For example, plants
109 of the same species are planted in the soil substrate 103 with their roots
extending through a root activity zone 112. Water and/or fertilizer solutions 115 may
be provided to the plants 109 through drip lines, sprinklers, or other delivery system.
In the example of FIG. 1, suction probes 106 are located at a plurality of depths (or
levels) within the root activity zone 112 of the plant(s) 109. For example, suction
probes 106 may be placed at two depths (e.g., about 15 cm and about 30 cm) for

vegetable crops or three depths (e.g., about 20 cm, about 40 cm, and about 60 cm)
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for woody plants. Suction probes 106 may also be located at other depths as can be
understood. The depth(s) may vary based upon the plant species. In addition,
probes may be installed at a depth below the root activity zone 112 to monitor for
propagation of unused nutrients through the root activity zone 112. Additional
suction probes 106 at the same or different depths may also be utilized. For
instance, suction probes 106 may be distributed, either individually or in groups, at
different locations within a row, bed, and/or field to monitor for variations within the
field.

[0015] In other implementations, one or more suction probes 106 may be placed
at one or more depths in the soil substrate 103 for environmental monitoring such as,
e.g., where lixiviation is monitored. For example, in the metal or mining industries
where washes and flushing are often used, monitoring for metal or other
contamination in the soil substrate 103 may be implemented using suction probes
106. Possible applications may include, but are not limited to, static leaching, site
monitoring for decontamination, medium and long term monitoring of restoration
and/or rehabilitation of affected spaces, leakage and/or spoilage monitoring, efc.
using one or more suction probes to obtains samples from a soil substrate. Aqueous
samples may be analyzed for chemical composition to monitor for variations in the
soil substrate 103. Remedial or corrective actions may be taken based upon the
monitored sample composition. Analysis of the samples may be used to provide
warnings and/or alarms and/or to propose corrective measures to eliminate or
reduce the environmental effects.

[0016] FIG. 2 illustrates an example a suction probe 106 of FIG. 1. The suction
probe 106 of FIG. 2 includes a porous capsule 203 of, e.g., porcelain attached to one

end of a tube 206 of inert material such as, e.g., hard rubber, polyethylene, or PVC.
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For example, the porous capsule 203 may be about 50mm in diameter and extend
from the end of the tube by about 85mm. The porous porcelain may have a
thickness of about 5mm with a porosity of about 25-23% and an average porous
diameter of about 8-10A. Other chemically inert materials may also be used for the
porous capsule 203 such as, e.g., porous ceramic. The porous characteristics of the
material used in the porous capsule 203 allow for hydraulic conductivity of aqueous
solutions from the soil when a vacuum is drawn inside the suction probe 106. The
porosity of the porous capsule 203 should aliow the monitored chemical composition
to enter the suction probe 106 without difficulty. In addition, other shapes and
dimensions may also be used for the porous capsule 203 and/or suction probe 106.
A cap 209 (e.g., rubber or PVC) seals the opposite end of the tube 206. A fitting 212
attached to the cap 209 allows for connection to a vacuum pump to draw a vacuum
within the hollow suction probe 106. The fitting 212 may include a valve to allow the
vacuum pump to be disconnected while maintaining the vacuum within the suction
probe 106.

[0017] Referring back to FIG. 1, the suction probes 106 are installed in a vertical
position within the soil 103 at a plurality of depths within the root activity zone 112.
For example, a hole may be drilled into the soil 103 and the suction probe 106 may
be inserted to the appropriate depth. In general, a group of suction probes 106 are
installed in an area of good root activity under the same plant or under neighboring
plants that are in the same phenological stage. For example, a group of suction
probes may be installed along a crop row of plants that were planted together. The
location of the suction probes 106 may also take into account the position of the
irrigation system. For instance, a suction probe 106 may be located in the center of

a wet area under a drip line. Also, suction probes 106 should be adequately spaced
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apart (e.g., about 20-30 cm) to allow room for adequate sampling of aqueous
solutions from the surrounding soil without competing with an adjacent suction probe
106.

[0018] In some implementations, the porous capsules 203 (FIG. 2) of the suction
probes 106 may be submerged in water (e.g., for about 15-20 minutes) to allow for
hydration of the porous capsules 203. Hydration of the porous capsules 203 can
improve the hydraulic connection between the soil 103 and the porous capsules 203.
Hydration may also facilitate insertion of the suction probe 106 into the soil 103. The
surrounding soil 103 may also be packed around the suction probe 106 (e.g., using a
wire) to ensure a good hydraulic connection between the porous capsule 203 and
the soil 103. Samples of the soil 103 at various depths (e.g., 0-30 cm and 30-60 cm)
may be obtained during installation of the suction probes 106. A soil sample may be
obtained for each of the probe depths. A soil sampling protocol may be followed to
ensure that the samples represent a true indication of the soil composition. Analysis
of the soil samples can provide base line information about the composition of the
soil substrate 103.

[0019] After installation of the suction probes 106, aqueous solutions may be
extracted from the substrate surrounding the roots of the plant(s) by drawing a
vacuum in the suction probes 106. A vacuum pump (not shown) may be connected
to the fitting 212 (FIG. 2) to draw a vacuum within a hollow suction probe 106. For
example, the vacuum may be in the range of about 0.5 atmosphere (atm) to about
1.0 atm, in the range of about 0.6 atm to about 0.9 atm, in the range of about 0.7 atm
to about 0.8 atm, or about 0.8 atm. A meter may be used to indicate the vacuum
within the suction probe 106. Once the vacuum has been drawn within the suction

probe 106, a valve included in fitting 212 may be closed to maintain the vacuum in
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the suction probe 106. In some cases, the size of the suction probe 106 may allow a
vacuum to be drawn with a manual pump.

[0020] The vacuum within a suction probe 106 hydraulically conducts an aqueous
solution from the surrounding soil 103 into the suction probe 106 through the porous
capsule 203 (FIG. 2). The volume of the collected solution will depend on the
hydraulic conductivity of the soil substrate 103 and the water content of the soil 103,
as well as the extraction time during which the vacuum is maintained in the suction
probe 106. For example, the extraction period may be about 2 days to about 4 days.
Vacuum conditions and air tightness depends upon porous characteristics of the
material of the porous capsule 203 and the connection with the surrounding soil 103.
In some implementations, the vacuum may be maintained within a range of values
over the extraction period.

[0021] At the end of the extraction period (e.g., after about 48 hours), an aqueous
sample is collected from the suction probe 106. An aqueous sampling protocol may
be followed to ensure that the samples represent a true indication of the chemical
composition of the aqueous sample. For example, the aqueous sample may be
obtained through a micro tube that passes through the open fitting 212 (FIG. 2) to
the porous capsule at the end of the suction probe 106. A syringe (or other
extraction device) may be used to extract the aqueous sample from the suction
probe 106 through the micro tube. Aqueous samples of 30ml or more may be
obtained and provided for analysis. In some implementations, a 125ml aqueous
sample is obtained. In some embodiments, a separate sampling tube is provided for
obtaining aqueous samples through the cap 209 (FIG. 2) of the suction probe 106.
The sampling tube may pass through a separate hermetically sealed opening in the

cap 209. A valve in the sampling tube may be used to close off the sampling tube
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during the extraction period. The valve may then be opened to allow the aqueous
sample to be obtained from the suction probe 106. The aqueous samples from the
suction probe 106 may then be provided for chemical analysis and further
evaluation.

[0022] In addition to the aqueous samples from the suction probe 106, samples of
a fertilizer solution (FS) 115 (FIG. 1) that is supplied to the plants 109 may be
obtained during irrigation of the plants 109 (FIG. 1). The FS 115 includes irrigation
water that may be mixed with additives such as, e.g., fresh or filtered water, residue
water, fertilizers, minerals, chemicals and/or other nutrients. A sampling protocol
may be followed to ensure that the samples represent a true indication of the FS
composition. For example, one or more collection device(s) located in the vicinity of
the suction probes 106 collect FS 115 during plant irrigation. A plurality of collection
devices may be distributed at different locations within a row, bed, and/or field to
monitor for variations in distribution of the FS 115 within the field. In the case of drip
irrigation, a collection device such as, e.g., an appropriately sized liquid container
may receive FS 115 from the drip line through an adapter near the group of suction
probes 106 (FIG. 1). Thus, when the plants 109 are being irrigated, the collection
device collects a sample of the FS 115 being applied. In the case of sprinkler
irrigation, a collection device such as, e.g., an open container may be positioned in
the vicinity of the group of suction probes 106 to collect an FS sample from the
discharge of the sprinkler. These examples provide a sample of the FS 115 that is
representative of that provided over the entire irrigation time period.

[0023] The FS samples may then be provided for analysis. Analysis of the FS
115 provides information regarding the fertilizer contributions and the conditions of

assimilation (e.g., pH, electrical conductivity, and ionic relationship). When
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considered with the aqueous solution analysis and the soil sample analysis, it is
possible to evaluate the interaction of the FS 115 with the plant 109 and soil 103
(FIG. 1). For example, plant absorption and/or utilization of nutrients as well as soil
interactions such as precipitation, solubility, ion desorption, etc. may be evaluated.
[0024] Samples of irrigation water and tissue of the plants 109 may also be
obtained and provided for analysis. Sampling protocols may be followed to ensure
that the samples represent a true indication of the irrigation water composition.
Irrigation water samples may be obtained at the source, before filtering, after filtering,
and/or before addition of one or more additives such as, e.g., nutrients and/or
chemicals to form the FS 115. Composition of the irrigation water may be used as,
e.g., a baseline in determining adjustments to the additive(s) for the FS 115. For
example, mineral salt content may be adjusted based on the analysis of the irrigation
water to meet the nutritional needs of the plants 109. Sampling protocols may also
be followed to ensure that the samples represent a true indication of the plant tissue
composition. Plant tissue samples may be leaves that are neither old nor too young
such as, e.g., the first 5-6 leaves after the apex of a shoot of the plant 109. Other
tissue samples include sap, stems, roots, flowers fruit, seeds, etc. that may be
obtained during the growth of the plant 109. Sampling protocols may be different for
various plant materials such as, e.g., leaf cultivation, sap, fruit, and flowers.
Sampling protocols will depend upon the species of the plant 109. Analysis of the
tissue samples can provide information of the nutritional status of the plant 109
indicating absorption and/or utilization of the additives supplied in the FS 115.
Analysis may take into account evolutionary interpretations considering seasonal
changes of the type of plant materials and variety level and static interpretations

without consideration of seasonal changes.
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[0025] The analysis of the soil samples, aqueous samples, irrigation water
samples, and/or plant tissue samples provides information that may be used in the
evaluation of the availability, balances, intakes, and rate of use of the nutrients over
the growth cycle of the plant 109. For example, analysis of the soil sample at each
depth can provide information about the availability of leaching nutrients, allowing
evaluation of the ion dynamics within the soil 103 (FIG. 1). In addition, it allows for
evaluation of the rate of lixiviation of the fertilizers in the root activity zone 112 (FIG.
1) and/or the behavior of different additives when added to the soil 103. The
information may be used, at least in part, to determine adjustments and/or changes
to the FS 115 (FIG. 1) that is applied to the soil 103 with the root activity zone 112.

[0026] The acquisition and analysis of aqueous samples may also be used for
static leaching processes. For example, the process may be applied in "Heap" and
"Dump” leaching for, e.g., copper lixiviation, oxidized and primary minerals as
porphidic or massive sulphides, with the participation of microorganisms in the
catalysis of chemical reactions. In addition, monitoring and control of the soil
condition may be applied to uranium leaching, gold leaching from oxidized materials
or in free form, and/or bio-leaching of gold in sulphides minerals.

[0027] In general, static leaching processes are based on bed packed percolation
techniques, which are prepared for that purpose and may be distinguished as two
main groups: "heap leaching" and "dumping leaching." The difference between the
two groups is based on the volume, control of the process, and the concentrations of
the substances to be extracted in the solid matter. "Heap leaching” requires less
time to lixiviate, lower volumes of materials, greater legal requirements, and greater
operational control. In both cases, the process is based on gaining accurate and

reliable information about what happens inside the piles during the heap and dump
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leaching. Three chemical phases interact in the chemical processes: solid material,
the leaching agent, and gas that is dissolved in the liquid or introduced in a forced
manner. Moreover, in many cases leaching procedures count on the participation of
microorganisms. These proceedings add additional information to the historical
analysis of percolation, which allows operational measures to be taken to correct and
improve the functioning of the process.

[0028] Initially, a number of suction probes 106 are installed within the pile as
described above. The number of probes 106 may be based upon the volume and
surface being examined. The suction probes 106 may be situated at various depths
to obtain the widest range of information possible. For heap leaching, probe
placement can be carried out during construction. Dump leaching may also have
one or more suction probe(s) 106 installed during construction but, due to the
longevity and long term exploitation, suction probes 106 may be installed after the
dump has been built. This may be accomplished by forming (e.g., drilling) a small
perforation to introduce a suction probe 106. After installation, aqueous samples
may be obtained using the suction probes 106 as described above. The sampling
schedule (and durations) may be based upon the monitored process. The collected
aqueous samples may be analyzed to determine data such as, e.g., temperature,
oxygen and other dissolved gases, pH, electro conductivity, metal concentrations,
other dissolved cations and anions, concentration and/or types of microorganisms,
and/or organic substances produced as a result of bacterial digestions. Based on
the analysis data, recommendations may be offered in terms of, e.g., volumes of
flow, concentration of lixiviating agents, and/or air or gas flow to be injected.

[0029] The "in situ" on site monitoring may also be applied in solid-liquid

extraction processes used in the cleaning and decontamination of contaminated
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lands. Applications can include metal contaminated soil close to urban areas or
other large facilities which make extraction and transport of the contaminated soil too
complicated. Examples include, but are not limited to, metallurgic facilities (smelting,
steel industry, transformers, efc.), zones with high concentrations of minerals and
metals, and/or stations or facilities where materials are transferred, loaded or
unloaded. In cases where the treatment is made in soil that has not been moved to
an external waste management platform, suction probes 106 may be used to permit
operational performance follow-ups. The suction probes 106 allow for a simple
implementation that can be used for environmentally friendly monitoring. Suction
probes 106 may be placed and aqueous samples obtained as described above. The
information gained from the analysis of the aqueous samples may be used to prove
the efficiency of the applied processes and to determine any further adjustments or
corrections to conclude the decontamination task.

[0030] Following decontamination of soil or other degraded spaces, medium or
long term monitoring may be established using installed suction probes 106. Suction
probes can be placed for effective monitoring. In general, for homogenous grounds
suction probes 106 are placed a various depths for sampling throughout the soil
substrate. In non-homogenous grounds, probes 106 may be positioned to account
for the soil variations. Agueous samples can be obtained from the probes 106 to
monitor and identify possible metabolites from substances that are not recovered
completely. Samples may be analyzed to determine the behavior of substances
within the soil and how they degrade and/or mobilize under different climatic
conditions. Once the behavior is known, scheduling of measurements can be
optimized and the number of and time between each sampling may be spaced out.

When fully optimized, it may be that suction probes 106 will not provide liquid phase

12
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samples, which may indicate good functioning of the monitored system and a lack of
a liquid phase in the activity zone. Whenever the situation changes, a gathered
sample may be analyzed and the parameters associated with the origin of the
contamination. Corrective actions may be proposed based at least in part upon the
analysis results, followed by additional monitoring and testing.

[0031] Suction probes 106 may also be installed and used to provide alerts
and/or prevent leaks and spoilages in processes where barriers are used to protect
surrounding environments. In situations where there is a risk of spoilage or possible
transfer of products or residues to the ground, early detection of seepage into the
surrounding soil can allow for a rapid response.

[0032] For example, monitoring may be applied in industrial facilities with risk of
leakage or losses such as, e.g., "heap " and/or "dump" leaching of different metals
(e.g., copper, uranium, gold, nickel, or others), dumping sites for hazardous wastes,
urban garbage dumps or sites, and/or chemical industrial areas with pools or ponds.
The use of artificial protection barriers and/or highly impermeable layers in
combination with monitoring with suction probes 106 reduces the chance of
economic loss or negative environmental impact. The configuration and extent of
the barrier used can be taken into consideration to determine the placement of
suction probes 106. The suction probes 106 may be vertically situated outside the
barrier at one or more depths and/or one or more angles of inclination. A sampling
schedule may be defined detailing the frequency and analysis of aqueous samples
obtained from the suction probes 106. Immediate notification may be provided to an
operator upon detection of an agueous sample. A protocol may define the type of
reporting when there is an aqueous sample as well as when no aqueous solution is

present for sampling. Analysis of the aqueous sample can be used to determine if
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the leak is a similar composition to the substances used by the facility. In some
cases, corrective measures may be recommended based at least in part upon the
analysis results.

[0033] Referring to FIG. 3, shown is a flow chart illustrating an example of
monitoring and control of the soil condition according to various embodiments of the
present disclosure. Beginning with block 303, one or more suction probes 106 (FIG.
1) may be installed at one or more depths in the soil substrate 103 (FIG. 1). The soil
substrate 103 may include a root activity zone 112 (FIG. 1) of a plant species in the
soil substrate 103. One or more of the suction probe(s) 106 may be within the root
activity zone 112. The suction probes 106 include porous capsules 203 (FIG. 2) that
allow for hydraulic conduction of aqueous solutions from the soil substrate 103
and/or root activity zone 112 when a vacuum is drawn. Holes may be drilled into the
soil substrate 103 and one or more suction probe(s) 106 inserted at one or more
depths. Samples of the soil substrate 103 may also be obtained at a variety of
depths at this time and analyzed to determine the composition of the soil substrate
103. In block 306, a fertilizer solution 115 (FIG. 1) may be supplied to the plants 109
(FIG. 1) by irrigating with, e.g., a drip line or a sprinkler. A sample of the FS 115 may
also be collected over a portion of the entire irrigation period in block 306.

[0034] Samples are obtained in block 309. For instance, a sample (or samples)
of aqueous solution(s) may be obtained from the suction probe(s) 106 (FIG. 1). A
vacuum is drawn on each suction probe 106 to induce hydraulic conduction of
aqueous solutions from the soil substrate 103 and/or root activity zone 112 (FIG. 1),
After a predefined time period (e.g., 48 hours), one or more sample(s) of the
aqueous solution is extracted from the suction probe(s) 106 and provided for

analysis in block 312. The aqueous samples may be analyzed for pH; electrical
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conductivity; anions such as, e.g., NOg, H,PO,, HCO;', CO5”, SO,”, and/or CI":
cations such as, e.g,, Ca™, Mg™, K*, Na’, and/or NH,"; and microelements such as.
e.g., B, Fe, Mn, Cu, Zn, Mo, and/or Urea. A sample of the FS 115 collected over the
irrigation period may also be obtained from a collection device in block 309 and the
composition analyzed in block 312. Plant tissue samples and/or an irrigation water
sample may also be obtained in block 309 and analyzed in block 312. The FS
sample, as well as an irrigation water sample, may be analyzed for the same
elements as the aqueous solutions. The tissue sample may be analyzed for, e.qg.,
nitrogen, phosphorous, sulfur, chlorine, calcium, magnesium, sodium, potassium,
boron, iron, manganese, copper, zinc, and/or molybdenum.

[0035] In block 315, the chemical composition and/or the nutrient utilization are
evaluated based at least in part upon the sample analysis of block 312. Chemical
mineral, and/or nutrient levels in the root activity zone 112 (FIG. 1) may be examined
and compared to predefined levels associated with the plant species. In some
implementations, the levels used for comparison may vary with the phenological
stage of the plant 109. Concentrations of marker ions (which are present in the root
activity zone 112 but are generally not absorbed by the plant 109) such as, e, g.,
chlorides and/or sodium at the different depths may also be examined and used to
evaluate, e.g., crop absorption of water and evaporation effect. In addition, ion
concentrations with respect to one or more marker ions may be used to evaluate the
utilization of various nutrients. For example, chlorides may be used to determine
utilization of nitrogen and/or other anions such as, e.g., NO3, H,PO,’, and SO,
sodium may be used to determine utilization of potassium, calcium, magnesium
and/or other cations such as, e.g., NH,", and the combination of chlorides and

sodium (e.g., the average of both) may be used to determine utilization of
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phosphorous or other chemicals and/or nutrients. Based at least in part upon the
utilization, consumption of the ions, chemicals, and/or nutrients may also be
determined. Effects of the soil composition may also be taken into account during
the evaluations. Also, plant tissue analysis may also be used to evaluate the
absorption and/or utilization of nutrients by the plants. The evaluation may also take
into account variations in the analyzed sample obtained over the growth of the plants
as well as those obtained at different locations within the field. In some cases,
analysis information may be compared with broader agricultural segment information
during the evaluation.

[0036] Corrective (or remedial) measures are provided in block 318 based at
least in part upon the evaluation of block 315. For example, corrective measures
may include increasing the water dosage to dilute the ions in the root activity zone
112 and/or the soil substrate 103. In some implementations, corrective measures
may include irrigation of the plants 109 using irrigation water without the addition of
other additives such as, e.g., fertilizers or chemicals. In other cases, the amount of
additive(s) to be included in the FS 115 or adjustments to proportions between the
chemical components in the FS 115 may be provided. In some implementations, the
corrective measures may be automatically applied to the next application of FS 115,
In some implementations, other factors may also be considered when determining
corrective measures. For example, weather conditions (e.g., temperature, rainfail,
wind, etc.) and applied fertilization strategies (e.g., UF, fractionation, anticipate DFR,
efc.) may be accounted for.

[0037] The flow chart repeats the monitoring and control of the soil condition by
returning to block 306 where another FS 115, which is based upon the adjustments

provided in block 318, is again supplied to the plants 109. In this way, the condition
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of the soil may be monitored and controlled in a cyclic or continuous manner to
improve crop growth and production.

[0038] FIG. 4 illustrates examples of the composition evaluation that may be
carried out on various obtained samples in block 315 (FIG. 3). For example,
analysis of a sample of the irrigation water 403 may provide information 406
including, e.g., pH level, electrical conductivity (CE), mineral contributions,
bicarbonates, salty ions, efc. In addition, analysis of the FS 115 may provide
information 409 about the irrigation water 406 may include, e.g., pH level, electrical
conductivity (CE), the contribution of additives such as, e.g., chemicals and/or
nutrients on the irrigation solution, efc. Soil solutions 412 (e.g., aqueous solutions
and/or soil samples) may also be analyzed to determine soil composition information
415 such as, e.g., chemical and/or nutrient absorption, leaching, pH level, electrical
conductivity (CE), salinity levels, efc. Samples of the plant 109 may also be obtained
for foliar analysis 418 which may be used to diagnose the nutritional status 421 of
the plant 109.

[0039] Each condition of the obtained samples may be analyzed and evaluated
individually or in conjunction with conditions of the same or other samples in block
315 (FIG. 3) to determine the corrective measures of block 318 (FIG. 3). For
example, pH level may be evaluated throughout the root activity zone 112 of the
plants 109 to quantify the acidity of the soil substrate 103 (FIG. 1) and determine
corrective solutions if needed. In general, pH levels are maintained in a range of
about 6-8, about 6.5-8, or about 6.5-7.5 by adjusting the composition of the supplied
FS 115 (FIG. 1). Lower pH levels can pose a risk by increasing the solubility of
metals such as, e.g., Al, Mn, Fe, Cu, and Zn. A pH <5 could produce Al and Mn

concentrations that may be toxic. Higher pH levels reduce the solubility of metals,
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but may need to use chelating agents for Mn, Fe, and Zn. For example, EDTA may
be used for a pH < 6.7, DTPA may be used for a pH between 6.7 and 7.8, and
EDDHA may be used for a pH > 7.8. Conditions based upon the analysis of the soil
samples may also be considered when evaluating the effect of the FS 115 on pH
levels.

[0040] The salinity condition throughout the root activity zone 112 may also be
evaluated based upon, e.g., electrical conductivity (EC) and chloride and sodium
content within the aqueous samples to provide an indication of salts and/or fertilizer
accumulation and salt leaching in the root activity zone 112. Criteria to evaluate the
EC throughout the root activity zone 112 will depend on the plant species. An
example of general criteria that may be used to evaluate the chloride and Na
concentration ratios is provided in TABLE 1 below. The chloride concentration ratio
(CRqy) is the ratio of the average Cl level in the aqueous samples from throughout
the root activity zone 112 to the Cl level in the supplied FS 115 and the sodium
concentration ratio (CRna) is the ratio of the average Na level in the aqueous

samples from throughout the root activity zone 112 to the Na level in the supplied FS

115.

Cl level Cl concentration ratio

(meg/!) Low Medium High
<3 <15 1.5-2 22
23 <12 1.2-15 215

Na level Na concentration ratio

(meq/l) Low Medium High
<3 <15 1.5-2 >2
23 <12 1.2-1.5 215

TABLE 1.
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[0041] The concentration ratio may also be applied to other ions, chemicals,
and/or nutrients within the root activity zone 112 and the FS 115. For example, the
concentration ratio for an ion, chemical, or nutrient X in an aqueous sample may be
expressed as:

CRx = Xas/Xes
where X,s is the average level of the ion, chemical, or nutrient X in the aqueous
samples from the various depths of the root activity zone 112 and Xgs is the level of
the ion, chemical, or nutrient X in the supplied FS 115.

[0042] The EC concentration ratio (CRgc) may also be used to evaluate salinity
conditions within the root activity zone 112. The CRgc is the ratio of the average EC
level in the aqueous samples from throughout the root activity zone 112 to the EC of
the supplied FS 115. When the CRgg is about 1-1.2, this can indicate that the soil
103 is very permeable. In this case, CR¢ and CRy, being about 1-1.2 can indicate
low plant activity and/or high drainage. When CR¢ and CRy, are > 1.5, this can
indicate high plant activity and/or limited drainage. If the EC decreases
progressively with depth, this may indicate a strong response from the plant root
system (absorption) that is reducing salts from the root activity zone 112. In the case
where the CRgc indicates low permeability (>1.5), salts are entering the root activity
zone 112 faster than they are removed by the plant roots or drained from the root
activity zone 112. High root absorption may be indicted by high rates of fertilizer use
while low plant activity may be indicated by low rates of fertilizer use.

[0043] Crop development and productivity can be limited by the high saline levels
indicated by high EC. If high levels of CI” and Na" are present, there is a risk of
phytotoxicity, antagonism, osmotic stress, and soil peptization. Washing irrigations

and maintaining the soil moisture at field capacity can reduce the concentrations,

19



WO 2013/128232 PCT/IB2012/002718

however CI/NO;~ and Na*/(K'+Ca*"+Mg™) ratios should to be accounted for by
maintaining the ratios at 1 (maximum). If high levels of SO,*", Ca**, and Mg™" are
present, then the irrigation is basically osmotic and washing irrigations and
maintaining the soil moisture at field capacity is needed. High Ca™ and Mg*" levels
can antagonize K* absorption and H,PO,” precipitation, so an increase in these
nutrient supplies is desirable. Where a mix of both conditions is present, a mix of
corrective measures may be used. Acceptable salinity levels and/or limits can vary
based upon the plant species and corrective measures may be determined
accordingly.

[0044] Macronutrients such as, e.g., phosphorous, nitrogen, potassium, calcium,
and magnesium may also be analyzed and evaluated for availability and to identify
nutrient imbalances and risks of fertilizer leaching. Concentration ratios (CR) may be
determined based upon one or more ion levels in the aqueous samples and FS 115.
A utilization rate (UR) of the nutrients with respect to a marker ion may also be
determined based at least in part upon the corresponding CRs. For an ion,
chemical, or nutrient X, the utilization rate may be expressed as:

URx = (1 = (Xas/(Xrs x CRwkr))) x 100
where Xag is the average level of the ion, chemical, or nutrient X in the aqueous
samples from the various depths of the root activity zone 112, Xgs is the level of the
ion, chemical, or nutrient X in the supplied FS 115, and CRukr is the concentration
ratio of the marker ion(s) such as, e.g., chlorides and/or sodium. A consumption
index (CI) of the nutrients may also be determined based at least in part upon the
corresponding URs. For anion, chemical, or nutrient X, the consumption index may
be expressed as:

Clx = (URx / 100) x Xgs.
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The URx and ClIx of the ion, chemical, or nutrient X may be used as key indicators in
the evaluation. For example, the URx and CIx may be compared with predefined
levels or ranges to determine if corrections may be recommended.

[0045] For phosphorous, the condition of H,PO,~ may be examined. In the
aqueous samples from the root activity zone 112, H,PO4~ < 10 ppm can indicate low
availability, H,PO,™ in the range of 10-20 ppm can indicate medium availability, and
H2.PO4~ > 20 ppm can indicate high availability. Inthe FS 115, H,PO,4~ < 20 ppm can
provide a low contribution, HPO,™ in the range of 20-40 ppm can provide a medium
contribution, and H,PO4~ > 40 ppm can provide a high contribution. The H,PO,~
level in the FS 115 should not be higher than 10% of the NO;~ level. The utilization
rate and consumption index for phosphorous may be determined based upon the
levels of H,PO,~. Broadcast fertilization may be periodically applied with H,PO,~ < 6
ppm.

[0046] For nitrogen, the condition of NO3™, NH," and Urea may be analyzed and
evaluated. Inthe aqueous samples from the root activity zone 112, NO;™ < 2 meq/l
can indicate low availability, NO3™ in the range of 2-4 meg/| can indicate medium
availability, and NO3™ > 4 meq/l can indicate high availability. A high NO3~ level at
the bottom of the root activity zone 112 may indicate a risk of leaching. The nitrogen
utilization rate (URy) may also be considered where:

URN = (1 = (Nas/(Nrs x CRc))) x 100
where Nas is the average level of N within the root activity zone 112, which may be
estimated as the average of NO;™ + NH," + Urea in the aqueous samples at each
depth, Nes is the level of N in the FS 115 estimated by the average of NO;™ + NH,* +
Urea, and CR¢; is the concentration ratio of the chloride marker ion. A URy < 33%

can indicate a low use (e.g., excessive contribution or low activity during the period),
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URy in the range of 33-66% ppm can indicate a medium use (e.g., adequate
contribution), and URy > 66% can indicate a high contribution (e.g., a high activity
period or insufficient contribution). The nitrogen consumption index may also be
determined where:

CIn = (URN/ 100) X Nes.
The CIy may also be evaluated based upon predefined levels or ranges.

[0047] An example of general criteria that may be used to evaluate the nitrogen
and chloride ratio is provided in TABLE 2 below. Indications of NH," concentrations
> 0.3 meqg/l may be an indication of an incipient reducing environment that can lead
to root suffocation problems. Reducing environments may be corrected by, e.g.,
reduction of FS doses, pulse irrigation, or application of strong oxidizing chemicals

such as, e.g., potassium permanganate and/or others.

Cl level N/CI™ ratio
meq/I| Low Adequate
Fertilizer <35 <1 21
Solution >5 <1 21
Aqueous <5 <0.75 > 075
Solution >5 <05 205
TABLE 2.

[0048] For potassium, the condition of K" may be analyzed and evaluated. In the
aqueous samples from the root activity zone 112, a level of K < 0.3 meq/| can
indicate low availability, K* in the range of 0.3-0.6 meg/l can indicate medium
availability, and K" > 0.6 meg/! can indicate high availability. In the FS 115, K* <
0.75 meq/l can provide a low contribution, K" in the range of 0.75-1.5 megq/l can
provide a medium contribution, and K" > 1.5 meg/l can provide a high contribution.
The potassium utilization rate (URk) may also be considered where:

URk = (1 = (Kas/(Krs X CR¢)))) x 100
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where Kas is the average level of K* in the aqueous samples at each depth in the
root activity zone 112, Krs is the level of K* in the FS 115, and CR¢; is the
concentration ratio of the chloride marker ion. A URk < 33% can indicate a low use
(e.g., excessive contribution or low activity during the period), URk in the range of
33-66% ppm can indicate a medium use (e.g., adequate contribution), and URk >
66% can indicate a high contribution (e.g., high activity period or insufficient
contribution). The potassium consumption index may also be determined where:
Clk = (URk / 100) x Kes.
The Clk may also be evaluated based upon predefined levels or ranges.

[0049] In addition, the ratio of K with respect to other cations (or anions), which
may affect utilization of K* by the plant 109, may be examined. For example, the
ratio of K'/(Na" + Ca"" + Mg™™) may also be evaluated. An example of general
criteria that may be used to evaluate the level of Na* + Ca™™ + Mg"™" and the K" ratio

is provided in TABLE 3 below.

Na++ Ca++ + + ++ ++
+ Mg" level K'/(Na"+Ca" + Mg ) level
megq/I Low Adequate
Fertilizer <7 <0.2 20.2
Solution >7 <0.15 =20.15
Solution >10 <0.1 201
TABLE 3.

[0050] For calcium, the condition of Ca™ may be analyzed and evaluated. In the
aqueous samples from the root activity zone 112, Ca™ < 3 meq/! can indicate low
availability, Ca™ in the range of 3-4 meg/l can indicate medium availability, and
Ca'" > 4 meg/l can indicate high availability. The calcium utilization rate:

URca = (1 = (Caas/(Cars x CRya))) x 100
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and/or calcium consumption index:
Clca = (URca / 100) x Cars.

may also be considered, where Caas is the average level of Ca*™ in the aqueous
samples at each depth in the root activity zone 112, Cars is the level of Ca’™ in the
FS 115, and CRya is the concentration ratio of the sodium marker ion. The URca
and/or Clc, may be evaluated based upon predefined levels or ranges.

[0051] In addition, the ratio of Ca™ with respect to other cations (or anions),
which may affect utilization of Ca™" by the plant 109, may be examined. For
example, the ratios of Ca"*/Na” and Ca**/Mg"* may also be evaluated. Examples of

general criteria that may be used to evaluate the ratios are provided in TABLES 4

and 5 below.
[0052] Na® level Ca’'/ Na' ratio
meq/| Low Adequate
Fertilizer <3 <1 21
Solution >3 <0.75 20.75
Aqueous <4 <1 21
Solution >4 <0.75 2075
TABLE 4.

[0053] For magnesium, the condition of Mg"* may be analyzed and evaluated. In
the aqueous samples from the root activity zone 112, Mg** < 1.5 meq/l can indicate
low availability, Mg™™ in the range of 1.5-2 meq/l can indicate medium availability,
and Mg"™* > 2 meg/I can indicate high availability. The magnesium utilization rate:

URwg = (1 — (Mgas/(Mges X CRna))) x 100
and/or magnesium consumption index:
Clmg = (URmg / 100) x Mgrs.
may also be considered, where Mgas is the average level of Mg*™ in the aqueous

samples at each depth in the root activity zone 112, Mges is the level of Mg™ in the
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FS 115, and CRna is the concentration ratio of the sodium marker ion. The URyg
and/or CIyg may be evaluated based upon predefined levels or ranges.

[0054] In addition, the ratio of Mg*" with respect to other cations (or anions),
which may affect utilization of Mg™™ by the plant 109, may be examined. For
example, the ratio of Ca™"/Mg™* may also be evaluated. An example of general

criteria that may be used to evaluate the ratio is provided in TABLE 5 below.

Ca"'level Ca''/ Mg'" ratio
meq/| Low Adequate
Fertilizer <5 <3 23
Solution >5 <2 =2
Aqueous <6 <3 23
Solution >6 <2 23
TABLE 5.

[0055] Microelements (or micronutrients) such as, e.g., iron, manganese, zinc,
copper, boron, etc. may also be analyzed and evaluated for availability and to
identify toxicity risks and nutrient imbalances. An example of general criteria that
may be used to evaluate microelements in the root activity zone 112 and FS 115 is

provided in TABLE 6 below.

Fe Mn Zn Cu B
(ppm) (ppm) (ppm) (ppm) (ppm)

Low <07 <0.5 <0.5 <0.25 <0.15
Medium 0.7-3 0.5-2 0.5-2 0.25-1 0.15-0.6
High >3 >2 >2 > 1 >0.6
TABLE 6.

[0056] The effect(s) of nutrients in the FS 115 on the plant 109 is also considered
when determining a corrective measure such as adjusting nutrient levels in the FS

115 for the next application. FIG. 5 illustrates the relationship between added
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nutrients and their effect in the plant 109. The absorption synergies of the nutrients
may also be taken into account when determining the corrective measure of block
318 (FIG. 3). An example of the synergies between the nutrients is provided in

TABLE 7 below.

Reduces the Increases the
Assimilation of: assimilation of: assimilation of:
NH," Mg, Ca, K, Mo Mn, P, S, Cl
NO;5 Fe, Zn Ca, Mg, K, Mo
P Cu, Zn Mo
K Ca, Mg Mn (acidic soils)
Ca K Mn (basic soils)
Mg Cu, Zn Mo
Fe Cu,
Zn Mo
Cu Zn, Ca, Mo
Mn
TABLE 7.

[0057] Evaluation of the conditions for determination of the appropriate corrective
measures may vary based upon plant species. For example, fruits and vegetables
may flourish under very different nutrient conditions. In addition, the tolerance of the
plant 109 to various ion, chemical and/or nutrient concentrations may also affect the
proposed corrective measures. Appendix A includes examples of evaluation
guidelines for peach and nectarine plant species. Appendix A includes guidelines for
evaluation of irrigation water quality, foliar (plant tissue), FS and aqueous soil
samples. In addition, Appendix A outlines allocation of irrigation according to the
growth cycle for both young and adult plants and includes diagnosis and observed
corrections based upon aqueous sample evaluation. Correction factors are
determined based upon various evaluated conditions to determine the irrigation
allocation. The amount of one or more additive(s) may be further refined based

upon the chemical composition of the aqueous samples and the irrigation water.
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[0058] Monitoring and control of the soil conditions may be implemented as an
application executable by a computing device. For example, evaluation of the
analyzed samples (block 315 of FIG. 3), as well as determination and provision of
corrective measures (block 318 of FIG. 3), may be implemented with a soil
monitoring and control application. Corrective measures may be determined based
at least in part upon evaluation of the analyzed samples using pattern recognition,
neural network evaluation, and/or other rule based identification methods as can be
appreciated. In addition, supplying a fertilizer solution (FS) (block 306 of FIG. 3),
obtaining samples (block 309 of FIG. 3), and/or analyzing the samples (block 312 of
FIG. 3) may be automated and controlled by the soil monitoring and control
application. The soil monitoring and control application may also allow access to
stored analysis data through generated network pages or other graphical displays.

[0059] Appendix B includes examples of graphical displays that may be rendered
for use by a user of the soil monitoring and control application. The graphical
displays may allow the user to access the chemical and/or nutritional monitoring of
monitored crops by accessing, e.g., user profiles, evolutionary dynamics,
phytomonitoring, comparison of plot information, and benchmarking. Evolutionary
dynamics allow the user to monitor changes or patterns in various chemical and/or
nutrient concentrations in the aqueous samples (soil solution), plants, fruit, or other
contributing factors such as, e.g., irrigation and fertilization. Upper and lower limits
may be included as guidelines in the graphical representations. These limits may
vary over the life cycle of the plant species. Comparison of plots (or monitored
areas) allows corrective measures to be tailored for each monitored area.
Phytomonitoring allows the user to compare the effects of multiple parameters to

other monitored environmental conditions. As indicated in Appendix A, the allocation
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of irrigation can vary with the crop cycle of the plant species as well as with the age
of the plant.

[0060] Evaluation results for various parameters for irrigation water, soil
composition, and plants may also be presented for user access. The evaluation
results may also include corrective measures as discussed above, which are
identified based upon the evaluation results. For example, the soil monitoring and
control application may provide one or more additives for addition to the irrigation
water to improve the chemical composition of the root activity zone to increase
growth and productivity. A user may also access client databases to evaluate
historical data. One or more monitored parameter(s) may be selected for rendering.
The historical information may be displayed as a spread sheet or may be rendered in
one of a plurality of graphical formats.

[0061] In addition, a variety of reports may be generated by the soil monitoring
and control application. For example, automatic interpretations of the sample
analysis may be provided in a report such as, e.g., nutritional analysis of the root
activity zone as shown in Appendix C. Such a report can include profile information
related to, e.g., salinity, pH, nutritional/chemical composition, and micro and/or
macro elements. The report may also include corrective actions that may be
implemented to restore and/or maintain the chemical composition of the soil
substrate in balance. For example, the report may indicate suitable washes and/or
additive(s) for application to the soil substrate. The report may also include the
amount of additive(s) that should be added to irrigation water, based at least in part
upon the results of the aqueous solution analysis, to restore a desirable
chemical/nutritional composition to the root activity zone and/or soil substrate. The

amount of additive(s) may be based upon the evaluated levels of ions, chemicals,
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and/or nutrients. For example, a table or database may provide a recommended
amount based at least in part upon the concentration levels, concentration ratio
(CR), utilization rate (UR), and/or consumption index (CI). In other implementations,
the recommended amount may be determined based at least in part upon the
evaluations of the concentration levels, CR, UR, and/or CI using pattern recognition,
neural network evaluation, and/or other rule based identification methods as can be
appreciated.

[0062] Referring next to FIG. 6, shown is a flow chart illustrating an example of
the evaluation that may be carried out in block 315 of FIG. 3. Chemical composition,
concentration ratio (CR), utilization rate (UR), and/or consumption index (CI) can be
evaluated based at least in part upon the sample analysis of block 312 (FIG. 3).
Each condition of the obtained samples may be analyzed and evaluated individually
or in conjunction with conditions of the same or other samples to determine the
corrective measures of block 318 (FIG. 3). Beginning with block 603, a plant species
is determined for the evaluation of the analyzed samples. For example, a user may
identify the species of the plant 109 (FIG. 1) through a user interface or the species
may be determined based upon information associated with the obtained samples or
the location the samples were obtained from (e.g., from a user profile stored in a
data store). The stage in the growth cycle of the identified plant species is
determined in block 606. For example, the stage in the growth cycle may be based
upon the current time of the year. The growth cycle may be defined in terms of
different growth stages during the growing season at the location of the plant
species. In some implementations, the growth cycle is defined by the month of the
year. Months in which the plant species are dormant may not be considered. The

stage of the growth cycle may also be adjusted based at least in part upon the
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maturity of the plant (e.g., a young plant or adult plant). The age of the plant may
also be determined.

[0063] Results of the analysis of the aqueous samples, plant tissue samples,
fertilizer solution (FS) samples, and/or irrigation water samples may be used in the
evaluation of the availability, balances, intakes, and rate of use of the nutrients over
the growth cycle of the plant 109. For example, in block 609 the analysis results of
the aqueous samples may be evaluated to determine the condition of the root activity
zone 112 (FIG. 1). Chemical, mineral, nutrient, ion, and/or conductivity levels of the
aqueous samples may be examined and compared to predefined levels associated
with the plant species. The predefined levels may define two or more ranges. The
ranges may be defined for an average level of the chemical, mineral, nutrient, ion,
and/or conductivity throughout the root activity zone 112 or for each depth of the root
activity zone 112. For instance, the predefined levels may define a desired range
based upon upper and/or lower limits. For example, the level of NO; and CI™ within
the root activity zone 112 can be examined and compared to predefined levels
associated with the plant species. Tables 1 and 6 illustrate examples of predefined
levels for low, medium (or desired), and high ranges for some chemical compounds
and microelements in the root activity zone 112. In other implementations, a desired
level may be specified with defined upper and lower tolerances. In some cases,
predefined levels may be specified for other combinations of ranges such as, e.g.,
very low, low, desired, high, and very high.

[0064] In addition, concentration ratios with respect to other ions, chemicals,
and/or nutrients in the aqueous samples may also be determined and evaluated.

For example, the level of other combinations such as, e.g., K'/Na*, K'/Mg*",

Ca™/Na’, Ca""/Mg"™", and/or NO3/NH," within the root activity zone 112 may also be
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evaluated based upon predefined levels. Tables 2-5 illustrate examples of
predefined levels for low and adequate (or desired) ranges for various ratios of ions
or combinations of ions. The predefined levels for the concentrations and/or ratios
may be based at least in part upon historical data and the growth patterns of the
plant species. The levels (or ranges) may be varied based at least in part upon the
growth cycle and/or maturity of the identified plant species. The predefined levels
may change as the growth cycle moves from initial growth to producing blooms to
development and ripening of the fruit. The predefined levels may also vary with the
maturity of the plant. As the plant species ages, the nutritional needs of the plant
changes. In addition, as the root depth changes the predefined levels may adjust for
different depth levels of the root activity zone 112.

[0065] In block 612, the condition of the plant 109 may be evaluated based at
least in part upon the analysis of the plant tissue samples. Plant tissue samples may
be taken from, e.g., the foliage, stem, fruit, flowers, and/or roots of the plant 109 and
analyzed in block 312 of FIG. 3. Chemical, mineral, nutrient, and/or conductivity
levels of the plant tissue samples may be examined and compared to predefined
levels associated with the plant species. Concentration ratios with respect to other
ions, chemicals, and/or nutrients in the plant tissue samples may also be determined
and evaluated. As described above, the predefined levels may be defined as a
plurality of ranges, which may be based at least in part upon historical data and the
growth cycle of the plant species. The predefined levels (or ranges) may be varied
based at least in part upon where the plant tissue sample was obtained, the growth
cycle, and/or maturity of the identified plant species. The growth cycle may be

defined in terms of different growth stages during the growing season at the location
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of the plant species. In some implementations, the growth cycle is defined by the
month of the year and may include months in which the plant species are dormant.

[0066] In block 615, the condition of the FS 115 (FIG. 1) is evaluated based at
least in part upon the sample analysis of block 312 (FIG. 3). Chemical, mineral,
nutrient, and/or conductivity levels of the FS samples may be examined and
compared to predefined levels. Concentration ratios with respect to other ions,
chemicals, and/or nutrients in the plant tissue samples may also be determined and
evaluated. The concentrations and/or ratios may be the same or different than those
evaluated for the aqueous samples. The predefined levels may define a plurality of
ranges such as, e.g., a desired range based upon high and/or low level limits for
some ions, chemicals, nutrients, and/or microelements in the FS 115. In other
implementations, a desired level may be specified with defined upper and lower
tolerances. In some cases, predefined levels may be specified for other
combinations of ranges such as, e.g., very low, low, desired, high, and very high.
The predefined levels (or ranges) may be varied based at least in part upon the
growth cycle of the plant 109.

[0067] The interaction between the different conditions of the aqueous samples,
the plant tissue samples, and/or FS samples in evaluated in block 618. As
discussed with respect to FIG. 5, the utilization, absorption, and/or consumption of
some ions, chemicals and nutrients may be affected by the concentration of other
ions, chemicals, microelements and/or other nutrients. Different combinations of
elements in the aqueous, plant tissue, and FS samples may be evaluated in block
618. Key indicators that may be used in the evaluation include the concentration
ratio (CR), utilization rate (UR), and consumption index (CI) for various ions,

chemicals, and/or nutrients. For example, the CR, UR, and/or CI may be determined
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and evaluated for one or more of anions such as, e.g., NOs, H,PO,, HCO5, CO;™
and/or SO4™; cations such as, e.g., Ca™, Mg**, K*, and/or NH,": and/or
microelements such as, e.g., B, Fe, Mn, Cu, Zn, Mo, and/or Urea. The UR for the
anions may be determined using, e.g., Cl” as the marker ion and the UR for the
cations may be determined using, e.g., Na* as the marker ion. The CR, UR, and/or
CI may also be determined and evaluated for one or more macronutrients such as,
e.g., phosphorous and/or nitrogen based upon one or more anions and/or cations.
The CR, UR, and/or CI may be compared to predefined levels defining a plurality of
ranges, which may be varied based at least in part upon the growth cycle and/or
maturity of the identified plant species.

[0068] Recommendations for corrective measures are then determined in block
621. The recommendations may be determined based at least in part upon the
evaluations of the analyzed samples using, e.g., pattern recognition, neural network
evaluation, and/or other rule based identification methods as can be appreciated.
The recommendations can include, but are not limited to, changes to the chemical
composition of the FS 115. The recommendations may be take into account the
condition (or quality) of the irrigation water (block 624) as determined from analysis
of irrigation water samples and/or the condition of the soil in the activity zone 112
(block 627), which may have been determined from the initial samples taken during
the installation of the suction probes 106. Chemical, nutrient and/or ion
concentrations and/or ratios of different chemicals, nutrients, or ions may be
determined as described above. The recommendation may also account for the
unused portion of the chemicals, nutrients, and/or ions that remain at the various
depths of the root activity zone 112 and/or the portions of the chemicals, nutrients,

and/or ions that are lost. Recommendation may include the current condition of the
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chemicals, microelements, pH, electrical conductivity, and/or other nutrients in the
activity zone 112, the plant tissue, and/or the FS 115 as well as recommended
corrections to return the conditions to their desired levels. The recommendations
may include specified amounts of chemicals and/or nutrients to the FS 115. The
addition of a specific chelating agent may also be recommended based upon the
current or projected pH of the activity zone 112. In other cases, the
recommendations may also include the addition of irrigation water to the FS 115 to
reduce levels of certain elements. The recommendations may be based upon ion,
chemical and nutrient levels throughout the root activity zone 112. In some cases,
the recommendations may take into account the concentrations at different depths
within the activity zone 112.

[0069] For example, current nitrogen levels may be compared to desired levels
at that stage in the growth cycle to determine if adjustments may be recommended.
This may include comparison of concentrations at one or more of the probe depths
to determine whether the corresponding nitrogen levels need to be adjusted.
Current levels in the FS 115 can also be considered in the evaluation. Key
indicators such as CRy, URy, and/or CIy may be determined and utilized to
determine the recommendations for corrective measures to eliminate or reduce the
environmental effects. The relationship between the analyzed levels and predefined
levels corresponding to the plant 109 may be used to determine if the nitrogen level
of the FS 115 should be adjusted by increasing or reducing the levels of, e.g., NO3’
and/or NH,". If the nitrogen is below or above the desired range, then the current
condition may be reported and recommendations may be provided to adjust the
conditions. In some cases, the amount of increase or decrease in the chemicals

and/or nutrients added to the FS 115 may be determined based at least in part upon
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the deviation from the desired range. In addition, the frequency of the addition may
be provided.

[0070] Changes between the current and previous nitrogen levels in plant
samples from the leaves, stalks, sap, efc., as well as variations from historical
profiles over the growth cycle of the plant 109 may also be evaluated and used to
determine the recommended adjustment. The interaction with other chemicals
and/or nutrients and the effect on absorption and utilization by the plant 109 may
also be accounted for. For instance, the relationship between the concentrations of
NO3; and CI' can be examined to determine if the appropriate ratio exists for the plant
109. Based upon these relationships, recommendations regarding adjustments to
the FS 115 may be adjusted. For example, if analysis of the aqueous and plant
samples indicates that the nitrogen levels are above the predefined level in the root
activity zone 112 but are below the predefined level in the plant, the recommendation
may be to maintain the current nitrogen level in the FS 115 to ensure that the needs
of the plant 109 are met. This recommendation may take into account the stage in
the growth cycle and/or the historical profile of the plant 109, as well as current pH
level and electrical conductivity.

[0071] Similar evaluations may be carried out for other ions, chemicals and/or
nutrients such as, e.g., phosphorus, potassium, calcium, magnesium, ammonium,
chlorides, sodium, and/or microelements such as, e.g., iron, manganese, copper,
zinc, boron, and/or molybdenum. Key indicators such as CR, UR, and/or CI can be
determined for one or more of these ions, chemicals and/or nutrients and utilized to
determine a recommendation. The relationship between the analyzed levels and
predefined levels corresponding to the plant 109 may be used to determine if the

chemical and/or nutrient level of the FS 115 should be adjusted. The interaction with
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other chemicals and/or nutrients and the effect on absorption, utilization and
consumption by the plant 109 may also be accounted for. For potassium, the
relationships between the concentrations of K" and Na* and/or K* and Mg** can be
examined to determine if the appropriate ratios exist for the plant 109. For calcium,
the relationships between the concentrations of Ca™ and Na* and/or Ca™ and Mg™”
can be examined to determine if the appropriate ratios exist. For magnesium, the
relationship between the concentrations of Ca*™ and Mg™* can be examined to
determine if the appropriate ratio exists. The recommendation of one chemical
and/or nutrient may be adjusted to take into account changes in the recommendation
of another chemical and/or nutrient.

[0072] If accumulation of one or more microelement(s) is detected, then an
appropriate chelating agent (e.g., EDTA, DTPA, EDDHA) may be recommended,
while taking into account the current and/or projected pH levels of the root activity
zone 112. Adjustment to amino acids, monoammonium phosphate, monopotasium
phosphate, magnesium nitrate, and/or calcium fertilizers that are provided to the
plant 109 may also be recommended based upon the evaluation of the analysis
information. Recommendations regarding adjustments to the irrigation patterns
and/or amounts may also be recommended based upon the available information.
Drainage and aeration conditions may also be evaluated.

[0073] The recommendations may also take into account the locations of the
different samples within the field where the plants 109 are located. For example,
adjustments to the configuration of the irrigation system may be recommended
based at least in part upon differences in the chemical and/or nutrient levels at
different locations within the field. Differences in the soil composition at different

locations within the field may also be accounted for by recommending different
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fertilization solutions 115 for use in different areas of the field. In addition,
corrections to the irrigation practices may be recommended such as, e.g., increasing
or decreasing the irrigation cycle. In some cases, variations in weather conditions
(current and/or predicted) may also be taken into account when determining the
corrective recommendations. Other cultivation operations may also be
recommended based at least in part upon the evaluation of the aqueous, plant
tissue, and FS samples

[0074] Referring now to FIG. 7, shown is an example of a system 700 that may
be utilized in the monitoring and control of soil conditions. The system 700 includes
one or more computing device(s) 703 and one or more user device(s) 706. The
computing device 703 includes at least one processor circuit, for example, having a
processor 709 and a memory 712, both of which are coupled to a local interface 715.
To this end, the computing device(s) 703 may comprise, for example, a server
computer or any other system providing computing capability. The computing
device(s) 703 may include, for example, one or more display devices such as
cathode ray tubes (CRTs), liquid crystal display (LCD) screens, gas plasma-based
flat panel displays, LCD projectors, or other types of display devices, etc. The
computing device(s) 703 may also include, for example various peripheral devices.
In particular, the peripheral devices may include input devices such as, for example,
a keyboard, keypad, touch pad, touch screen, microphone, scanner, mouse, joystick,
or one or more push buttons, etc. Even though the computing device 703 is referred
to in the singular, it is understood that a plurality of computing devices 703 may be
employed in the various arrangements as described above. The local interface 715
may comprise, for example, a data bus with an accompanying address/contro! bus or

other bus structure as can be appreciated.
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[0075] Stored in the memory 712 are both data and several components that are
executable by the processor 709. In particular, stored in the memory 712 and
executable by the processor 709 are a soil monitoring and control application 718
and potentially other applications. Also stored in the memory 712 may be a data
store 721 and other data. The data stored in the data store 721, for example, is
associated with the operation of the various applications and/or functional entities
described below. For example, the data store may include sample analysis resuits,
corrective measures, and other data or information as can be understood. In
addition, an operating system 724 may be stored in the memory 712 and executable
by the processor 709. The data store 721 may be may be located in a single
computing device or may be dispersed among many different devices.

[0076] The user device 706 is representative of a plurality of user devices that
may be communicatively coupled to the computing device 703 through a network
727 such as, e.g., the Internet, intranets, extranets, wide area networks (WANs),
local area networks (LANs), wired networks, wireless networks, networks configured
for communication over a power grid, or other suitable networks, etc., or any
combination of two or more such networks. In some embodiments, a user device
706 may be directly connected to the computing device 703.

[0077] The user device 706 may comprise, for example, a processor-based
system such as a computer system. Such a computer system may be embodied in
the form of a desktop computer, a laptop computer, a personal digital assistant, a
cellular telephone, web pads, tablet computer systems, or other devices with like
capability. The user device 706 includes a display device 730 upon which various
network pages 733 and other content may be rendered. The user device 706 may

be configured to execute various applications such as a browser application 736
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and/or other applications. The browser application 736 may be executed in a user
device 706, for example, to access and render network pages 733, such as web
pages, or other network content served up by the computing device 703 and/or other
servers. The user device 703 may be configured to execute applications beyond
browser application 736 such as, for example, e-mail applications, instant message
(IM) applications, and/or other applications.

[0078] The components executed on the computing device 703 include, for
example, a soil monitoring and control application 718 and other systems,
applications, services, processes, engines, or functionality not discussed in detail
herein. The soil monitoring and control application 718 can generate network pages
733 such as web pages or other types of network content that are provided to a user
device 706 in response to a request for the purpose of viewing stored data or
recommended corrective measures.

[0079] Itis understood that there may be other applications that are stored in the
memory 712 and are executable by the processor 709 as can be appreciated.
Where any component discussed herein is implemented in the form of software, any
one of a number of programming languages may be employed such as, for example,
C, C++, C#, Objective C, Java, Java Script, Perl, PHP, Visual Basic, Python, Ruby,
Delphi, Flash, or other programming languages.

[0080] A number of software components are stored in the memory 712 and are
executable by the processor 709. In this respect, the term "executable" means a
program file that is in a form that can ultimately be run by the processor 709.
Examples of executable programs may be, for example, a compiled program that
can be translated into machine code in a format that can be loaded into a random

access portion of the memory 712 and run by the processor 709, source code that
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may be expressed in proper format such as object code that is capable of being
loaded into a random access portion of the memory 712 and executed by the
processor 709, or source code that may be interpreted by another executable
program to generate instructions in a random access portion of the memory 712 to
be executed by the processor 709, etc. An executable program may be stored in
any portion or component of the memory 712 including, for example, random access
memory (RAM), read-only memory (ROM), hard drive, solid-state drive, USB flash
drive, memory card, optical disc such as compact disc (CD) or digital versatile disc
(DVD), floppy disk, magnetic tape, or other memory components.

[0081] The memory 712 is defined herein as including both volatile and
nonvolatile memory and data storage components. Volatile components are those
that do not retain data values upon loss of power. Nonvolatile components are those
that retain data upon a loss of power. Thus, the memory 712 may comprise, for
example, random access memory (RAM), read-only memory (ROM), hard disk
drives, solid-state drives, USB flash drives, memory cards accessed via a memory
card reader, floppy disks accessed via an associated floppy disk drive, optical discs
accessed via an optical disc drive, magnetic tapes accessed via an appropriate tape
drive, and/or other memory components, or a combination of any two or more of
these memory components. In addition, the RAM may comprise, for example, static
random access memory (SRAM), dynamic random access memory (DRAM), or
magnetic random access memory (MRAM) and other such devices. The ROM may
comprise, for example, a programmable read-only memory (PROM), an erasable
programmable read-only memory (EPROM), an electrically erasable programmable

read-only memory (EEPROM), or other like memory device.
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[0082] Also, the processor 709 may represent muitiple processors 709 and the
memory 712 may represent multiple memories 712 that operate in parallel
processing circuits, respectively. In such a case, the local interface 715 may be an
appropriate network that facilitates communication between any two of the multiple
processors 709, between any processor 709 and any of the memories 712, or
between any two of the memories 712, efc. The local interface 715 may comprise
additional systems designed to coordinate this communication, including, for
example, performing load balancing. The processor 709 may be of electrical or of
some other available construction.

[0083] Although the soil monitoring and control application 718, and other
various systems described herein, may be embodied in software or code executed
by general purpose hardware as discussed above, as an alternative the same may
also be embodied in dedicated hardware or a combination of software/general
purpose hardware and dedicated hardware. If embodied in dedicated hardware,
each can be implemented as a circuit or state machine that employs any one of or a
combination of a number of technologies. These technologies may include, but are
not limited to, discrete logic circuits having logic gates for implementing various logic
functions upon an application of one or more data signals, application specific
integrated circuits having appropriate logic gates, or other components, etc. Such
technologies are generally well known by those skilled in the art and, consequently,
are not described in detail herein.

[0084] The flowcharts of FIGS. 3 and 6 show the functionality and operation of
an implementation of portions of a soil monitoring and control application 718. If
embodied in software, each block may represent a module, segment, or portion of

code that comprises program instructions to implement the specified logical
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function(s). The program instructions may be embodied in the form of source code
that comprises human-readable statements written in a programming language or
machine code that comprises numerical instructions recognizable by a suitable
execution system such as a processor 709 in a computer system or other system.
The machine code may be converted from the source code, etc. If embodied in
hardware, each block may represent a circuit or a number of interconnected circuits
to implement the specified logical function(s).

[0085] Although the flowcharts of FIGS. 3 and 6 show a specific order of
execution, it is understood that the order of execution may differ from that which is
depicted. For example, the order of execution of two or more blocks may be
scrambled relative to the order shown. Also, two or more blocks shown in
succession in FIGS. 3 and/or 6 may be executed concurrently or with partial
concurrence. Further, in some embodiments, one or more of the blocks shown in
FIGS. 3 and/or 6 may be skipped or omitted. In addition, any number of counters,
state variables, warning semaphores, or messages might be added to the logical
flow described herein, for purposes of enhanced utility, accounting, performance
measurement, or providing troubleshooting aids, etc. It is understood that all such
variations are within the scope of the present disclosure.

[0086] Also, any logic or application described herein, including soil monitoring
and control application 718, that comprises software or code can be embodied in any
non-transitory computer-readable medium for use by or in connection with an
instruction execution system such as, for example, a processor 709 in a computer
system or other system. In this sense, the logic may comprise, for example,
statements including instructions and declarations that can be fetched from the

computer-readable medium and executed by the instruction execution system. In
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the context of the present disclosure, a "computer-readable medium" can be any
medium that can contain, store, or maintain the logic or application described herein
for use by or in connection with the instruction execution system. The computer-
readable medium can comprise any one of many physical media such as, for
example, electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
media. More specific examples of a suitable computer-readable medium would
include, but are not limited to, magnetic tapes, magnetic floppy diskettes, magnetic
hard drives, memory cards, solid-state drives, USB flash drives, or optical discs.
Also, the computer-readable medium may be a random access memory (RAM)
including, for example, static random access memory (SRAM) and dynamic random
access memory (DRAM), or magnetic random access memory (MRAM). In addition,
the computer-readable medium may be a read-only memory (ROM), a
programmable read-only memory (PROM), an erasable programmable read-only
memory (EPROM), an electrically erasable programmable read-only memory
(EEPROM), or other type of memory device.

[0087] Briefly described, one embodiment, among others, comprises a method
including obtaining aqueous samples extracted from a plurality of suction probes
positioned at multiple depths within a soil substrate including a root activity zone of a
plant species in the soil substrate; analyzing the aqueous samples to determine a
chemical composition of the soil substrate; and determining amounts of an additive
that is added to irrigation water supplied to the soil substrate to adjust the chemical
composition of the soil substrate based at least in part upon the determined chemical
composition and the plant species. At least one of the plurality of suction probes

may be positioned within the root activity zone. Determining the chemical
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composition of the soil substrate may comprise determining a chemical composition
of the root activity zone.

[0088] The method may comprise determining amounts of a plurality of additives
that are added to the irrigation water supplied to the soil substrate to adjust the
chemical composition of the soil substrate based at least in part upon the determined
chemical composition and the plant species. The additive may comprise water,
residue water, fertilizer, or any combination thereof. The method may comprise
obtaining a sample of a fertilizer solution (FS) that has been supplied to the soil
substrate and analyzing the FS sample to determine a composition of the FS,
wherein the determined amount of additive is based at least in part upon the
determined FS composition. The FS may be supplied to the soil substrate at least a
predetermined time before extracting the aqueous samples from the plurality of
suction probes. The sample of the FS may be collected over an entire irrigation time
during which the FS is supplied to the soil substrate.

[0089] The method may comprise extracting the aqueous samples from the
plurality of suction probes. A vacuum may be drawn on each of the plurality of
suction probes to induce hydraulic conduction of aqueous solutions from the soil
substrate into each suction probe. The method may comprise obtaining a sample of
the irrigation water and analyzing the irrigation water sample to determine a
composition of the irrigation water, wherein the determined amount of additive is
based at least in part upon the determined irrigation water composition. The method
may comprise obtaining a tissue sample of the plant species in the root activity zone
and analyzing the plant tissue sample to determine a nutritional condition of the
plant. The method may comprise providing the determined amounts of additive that

is added to the irrigation water to produce a fertilizer solution (FS) that is supplied to
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the soil substrate. The method may comprise mixing the determined amounts of
additive with the irrigation water to produce the FS and applying the FS to the soil
substrate. The FS may be applied through a drip line.

[0090] Another embodiment, among others, comprises a method including
installing a suction probe at a depth within a soil substrate; drawing a vacuum on the
suction probe to induce hydraulic conduction of aqueous solutions from the soil
substrate into the suction probe; extracting an aqueous sample from the suction
probe after applying the vacuum for a predetermined period of time; and analyzing
the aqueous sample to determine a chemical composition at the depth of the soil
substrate. The method may comprise installing a plurality of suction probes at
multiple depths within the soil substrate; drawing a vacuum on each of the plurality of
suction probes to induce hydraulic conduction of aqueous solutions from the soil
substrate into each suction probe; extracting aqueous samples from the plurality of
suction probes after applying the vacuum for the predetermined period of time; and
analyzing the aqueous samples to determine a chemical composition at the different
depths of the soil substrate.

[0091] The aqueous samples may be analyzed to determine chemical
composition at different depths of the soil substrate. At least one of the plurality of
suction probes may be installed within a root activity zone of a plant species in the
soil substrate. The aqueous samples may be analyzed to determine a chemical
composition of the root activity zone. The method may comprise determining a
corrective measure based at least in part upon the determined chemical composition
of the root activity zone. The corrective measure may be a washing irrigation. The
method may comprise obtaining a plurality of soil samples at different depths of the

root activity zone. The method may comprise determining a corrective measure
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based at least in part upon the determined chemical composition of the soil
substrate.

[0092] Another embodiment, among others, comprises a method including
obtaining, by a computing device, a composition of a fertilizer solution (FS) that has
been supplied to a soil substrate including a root activity zone of a plant species;
obtaining, by the computing device, a chemical composition within the root activity
zone, the chemical composition determined by analysis of an aqueous sample
obtained from a suction probe positioned within the root activity zone after the FS is
supplied to the soil substrate; determining, by the computing device, nutrient
utilization by the plant species based at least in part upon the FS composition and
the chemical composition of the root activity zone; and providing, by the computing
device, an amount of additive that is added to irrigation water to produce a
subsequent FS that is supplied to the soil substrate. The method may comprise
obtaining the chemical composition at multiple depths within the root activity zone,
the chemical composition determined by analysis of aqueous samples obtained from
suction probes positioned at the multiple depths of the root activity zone after the FS
is supplied to the soil substrate.

[0093] The method may comprise obtaining the chemical composition at multiple
depths within the root activity zone, the chemical composition determined by analysis
of aqueous samples obtained from suction probes positioned at the multiple depths
of the root activity zone after the FS is supplied to the soil substrate. The method
may comprise obtaining nutritional status of the plant species that is based upon
analysis of a tissue sample of the plant species and determining the amounts of
nutrients for the subsequent FS based at least in part upon the determined nutrient

utilization and the nutritional status of the plant species. Determining nutrient
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utilization may include evaluating marker ion concentrations determined by analysis
of the aqueous sample. Determining nutrient utilization may include determining a
nitrogen utilization rate and/or a potassium utilization rate.

[0094] It should be emphasized that the above-described embodiments of the
present disclosure are merely possible examples of implementations set forth for a
clear understanding of the principles of the disclosure. Many variations and
modifications may be made to the above-described embodiment(s) without departing
substantially from the spirit and principles of the disclosure. All such modifications
and variations are intended to be included herein within the scope of this disclosure
and protected by the following claims.

[0095] It should be noted that ratios, concentrations, amounts, and other
numerical data may be expressed herein in a range format. Itis to be understood
that such a range format is used for convenience and brevity, and thus, should be
interpreted in a flexible manner to include not only the numerical values explicitly
recited as the limits of the range, but also to include all the individual numerical
values or sub-ranges encompassed within that range as if each numerical value and
sub-range is explicitly recited. To illustrate, a concentration range of “about 0.1% to
about 5%" should be interpreted to include not only the explicitly recited
concentration of about 0.1 wt% to about 5 wt%, but also include individual
concentrations (e.g., 1%, 2%, 3%, and 4%) and the sub-ranges (e.g., 0.5%, 1.1%,
2.2%, 3.3%, and 4.4%) within the indicated range. The term “about’ can include
traditional rounding according to significant figures of numerical values. In addition,

G (N1

the phrase “about X’ to 'y includes “about X’ to about ‘y™.

47



PCT/IB2012/002718

WO 2013/128232

A4190dDo J244nqg oU Yim JBLDAN

A4190d02 ua14Nq fuDfaodwil Yim Ja oMM

q/baw 2> by + D)

1/baw g < by « 07

SUOILDAJRSGO)

‘3[1304d |10S ay4 40

sa1rdadoud (D31wWay2-|215AYd 3Y4 jo ALijonb B4y U) PUD WOILINPOId Ul S3SD2UIIP 04 PD3| UDI {DY{ SIIUD[DQWH [DUCILIILNY JO XSIy

"uoiLDb1udl 40 SO140a Yb1Y Yitm puo Apifiquawuad ybiy 1o s|10S pub SdoJI LUDID|0L Ul 3|GDINOADY SISOWSQ

AdLSIWaYa (108 244 Jo saipdadodd |0915Ayd ay4 uo Buipuadap 2)quJoAD) SISOWSO

‘Astj1qoawaad ybry pup saipaadodd [021waya-|paisAYd 224pds YiIMm §[105 Ul 4INdy BuIDID, SO STy

"{uaIpoJb Jaom [owiLdo UD SMO|(Y

sisouboiq

Agtjonb poq Auaa Jo Jafopm

Agjonb pog o Jajopm

ALl[onb au201paw 4o Ja4DM

Afjonb 21qo1da990 §o 4210/

Apjonb poob Jo uagop

Apyonb 1ua||23xa 40 JaLOM

3BUDY/U01I01 94049 U
Ayodoy Jaging ‘21

Wa/soyww 000¢ « D3

wa /sy 000 > 93 > 0062

wo/soyww 009 > 73

SUOILOAJRS ()

sisouboiqQ

2bUDY /01401 84da84uUT

A4uyog o) T

ALTTVND ¥3ILVYM NOLLYIIYNI '

v Xipuaddy

48



PCT/IB2012/002718

WO 2013/128232

‘5J42/0M t_UEmem ul mEm_:UmLOOLu_E J2yjo puo Nﬂm_c %0 CO;ULN%__OLQ %O b k3|

Ja1om 2(qoLod-uoN q/baw 2 < -gON

SUDILDAJDS OO

‘Sjuawjoady LU__O% LO% papuawwodad jou J3[DMA
,EN.rm%m e} _-_ULU\,I Ut 54U3W2|2 |ofaw %O UoI1S0UJ0D wo ASIy

S1S0UBDIq _ 3bUDY /UI1524da31UT

3DIN 2T

s240yd|ns $520x3 Y4m J240M q/baw 9 < 2-p05

“puppd ur Adouainap Jnjins Jo ysiy s2,04d|NS 10 UOILDIUBIUOD MO q/baw | > 2-40S
SUOILDAISAO sisouboiq | 3bUDY/UGI1D] 240J37U]

240405 "I°H°T

suoT "¢
“S{UBWLDAUL JDI|Of JD) PAPUBWIWOIDI LOU JILOM

‘2bupu Hd s1y4 U1 2)qN|0s AddA BUD LOUL (W | V) SID4AW 04 ALaixorosAyd Jo ysiy SJ3L0M DIPIDD Adap G'g>Hd

2+DJ UOL 9y 1O UDI{DJ4UDIUGI BYL Ul FSDDUIUI UD O} E.:a.&._..:.mu m 4 ‘m_.mw.m,..m.f.w..m.:._ :H ......................................................................................................
+H uol Aq sj1os jo apiidad fisupus 450[dodolYd 4o uoILobIIIT
|v AQ ALIDIXOL 0 %Sy

"A130dD2 Jaling oN Ja,DMm 21pIDY G'9>HAd>g'g

‘uoropidiasd Jo uoILDLSNIDUL SO XSIY
‘Ay120doa Ja44nq 4paug

J2LDM |DU4N3N - G/>Hd> g9

SUDILDAJIS )

SbUDY /0|03 2udua}uT

sysouboiq

He g1

Vv Xipuaddy

49



PCT/IB2012/002718

WO 2013/128232

g Aq A u_xEo;;m

SUOILDAJASA0)

SUOI4DAJRS GO

3 yiim uoipisoddp
oN Aq Apa1xojorAyd Joisiy

4424u02 wnipos ybiy Auaa yiim aagopm
ua4u03 wnipos ybiy Yiim 240

JUBLUOD WINIPOS MO| L4IM JBLDM

wblJo |onpIsad Jo Jajiom A|qoqo.y wn 1ss040d 4O Jua4u00 YBIY YpM Lu,G\S , q/baw ¢ o < +V.
sisouboiq 2bUDY U010} 94dI3 U]

wnisosod "L b T

T/baw g < 4N

SUOILDAJS )

.UNN_ULO&OU_, 2q U__._O\S +cu_Lt.E SIyL 4o Ay qO[{DAD 244 m<< 40 UOI4DJLUBIUOI MO| D Y4IM S||0S UT [0 UOHDJ{UBIU0D Juraoipjnsut yiim Luhc\s

sysoubviq

q/baw 1> z+bw

SUOI4DAJRS ()

| SUOI4LDAURSGN)

2DUDY /U044 ddduaiuT

sisouboiQ

sisouboiq

plaojy2 4o ss32x3 juaJoddo Y4im J240M

JU34U02 3pLUoly2 Ybiy YLim JaLom

wnisaubow ‘G'p 1

2bUDY /UoI{0}24dJ2 UT

wnpy vyt

._\SE ol <-|2

SUOLLOAIPSA0) s1souboigq 2bUDY/u0I104 3403 [UT
3pHIOY) EPT

Vv Xipuaddy

50



PCT/IB2012/002718

WO 2013/128232

A}|1qoawJad Jo 550| Buipuadsaa.0 D Y4im (105 ayy Jo apiidad {1supdy 4sojdodojya o ysiy
"2|140u4d |105 2y¢ 40 SY4dap 4a40aub LD P240DQLLI2I0XD 2q ||IM {0Y4 X3jdwod 26ubYoIXD 3yt AQ DN 40 U0LLdUoSPD O Sid YbiH (7/baw) 1 > oN/DD

SUOLLDAIISTO) | sisouboiq | 2budy/uciioiaidiaiuy

BN/DD) UBaMiaq UOHD[AY ‘2°G T

'JS PI2D PUD S|10S BUOLS3WI| Ut P34DNU220 ‘Byy fo Aduaia1)3p pasnpuT v 04 by 40 voiruododd 2A140|24 MO

D7) 40 Aduaia1}ap paInpul By o1 by Jo uoijuodoud aalDjad MO

wnwisdo (/baw) 9-¢ = by oy
20UDYy /Uo14D434dJIUT

| SUOILDAJSQ0) | sisouboiQ |

By /o) uaamiaq uoiyojay "1°G [
SUDI UBAMIBQ SUOHD[BY G

'SUBLLINA JO UOIINIISAQ) -SIPIXOIPAYIXO U J0 U0I1011d122.d Jo 2uaydsOM|D BUIZIPIXO PUD 2U1[0X]D U %513 wdd g'0 < uw
SUOILDAJBSA0) | s1souboiq I 2bUGY /U010 24dI24UT

asauvbuow 0T # T

'SUBLLIWD L0 UOHINALSTO SPPIXOJPAYIXO uodl Jo uolosidivadd 4o auaydsowsb Buizipixo pub auijos(D ur 4sIy wdd g'0 <24

suoloAIaSq0 [ sisouboiq [ 2buon/uonsreidRiT

uod ‘6’1

Vv Xipuaddy

51



PCT/IB2012/002718

WO 2013/128232

IN>X SANTVA MO AY3A
INET>X>IN SANTVA MO
IN > X >SN SIMIVA WNWILJO

INET>X >SN
73A3THOIH IHL 40 $530X3 NI %0€

S3ANTYA HIIH
S3ANIVA 3AISSIOXa

NOILY 13YdYIINI

Ge< 0l< 0£-0€ 08¢ 08-0p €81 002> Ggo€0 | 91« oosl> | 1O< G0£0 | 9v-8€ |AINT 4saasoy-4sog "(24) sAop GoT
G« 01¢ QL-0€ 08¢ 08-0r | G291 002> G0-€0 £1¢ 00G1» GO€E0 | 0G0v uoDUNLOW 241404262
Ge« Ol< 0/-0¢ 08¢ 08-0v | G271 002> §0-€0 g0« 0os1> 10¢ G0-GEO0 | 959 buiynouds jo juoig
(wdd)uz | (wdd)ny | (wdd)uw | (wdd)ay | (wdd)g (%M | (wddjoN | (%)6w | (%o | (wdd)o | (%)s (%) N |
(U226 puz - 151) ANIAVL1JIN-HOV3d INNOA 40 SISAIVNY JVII0Od 404 SINIVA JoNTE3439
GI< 0s-0¢ | or1-08 | 08-0g £-22 00b> G0-£0 y2¢ 00G1> 10< 020 | 2ege (4aquaydag) 2242 Jo pu3
G« 0/-0¢ 0%1-08 08-0t €22 00¢> G'0-€0 02« 0og1> 10¢ '0-620 | v'e-Gz |AnL 4seaupy-4sog "(24) sAop GOT
GI< oz-0t | ovi-08 | os-op £-22 0o¢> G0-£0 971¢ 00G1> 10¢ Gr'0-€0 | ve-82 uol4paniowi -butuadiy
Gl 0/-0¢ | og1-08 | 08-Ob g2z | oo G0-€0 s 00S1> 10 |sy0-G20| 8€-0¢ 414} jo juawdojaaaq
Ge< 21¢ 0s0¢ | oz1-08 | os0¢f | 8281 00¢> G0-€0 1< 00G1> 1o« | gogo | zpze unys jo bujuapioH
Ga« 01« 0/-08 | 0z1-08 | o0z-08 | 82-91 00¢> G0-£0 g0¢ 001> 1'0< 60-620 | 26-G¥ Bunnouds Jo juoyg
(wddjuz | (wdd)ny | (wddjuy | (wdd)ay | (wdd)g (%M | (wdd)oN | (%)6w (%)op | (wdd))p (%)s (%)d (%N

(ua2ub pJg<) INTYVIIIN-HOVId LTNQAY 40 SISATVNY JVIN04 JO4 SINIVA IONIYI43Y

v Xipuaddy

52



PCT/IB2012/002718

WO 2013/128232

S PIPA %0 => X/A
‘uonnjos ButAjipow Aq A X bw
$934400 S{UBW3(3 ({0 Ul [puoljdodoad 51 U0 DINSP Y4 ST Y4S 423dJ02UTy %0P <> X/A
Y4S P![°A %0t => X/A
“uown|os buiksipow Aq A X %]
£234402 SLUIWI|2 ||D Ul [DUO1L10doud S| U0 |4DIADP B} 4T Y4S 4224u00u] %0t <> X/A
d4S PIPA %0p => X/A
uoinjos Buidsipow Aq A X bl
1934403 $}UW3(3 ||D Ul (DO odoud S| UOIDIABD BYE 4T, Y4S +234d00uT %0F <> X/A
Y4S PIPA %0t => X/A
‘uonjos BuiA)ipow Aq A X 4
1934409 $4UaW3|2 ||0 U| [ouo|yJodoad S1 USIEDIADP By} 4T J4G $234400uT %0 <> X/A
Y4 PUOA %0 =» X/A
‘uoin(os BuiAyipow Aq A X N
423403 54UBW3|2 (|0 Wl [DUoJodoud 51 UOILDIABP Y4 4T Y4S L220100uT %0¥ <> X/A
¥U0NOAI23G0) S1S0UBDIQ Uoi{042dda U1 1/baw 1/baw

UoIn[os JazZl[1jJ3} [onjoy Uoin|as JaZi[1jJa] pauudjqd

Xipuaddy

U0I4N|OS JAZI|14u3} BY4 4O 4IPNY [

NOILNTIOS 7105 40 SITLITWNDINI

53



PCT/IB2012/002718

WO 2013/128232

Wbaw 20 <«
/baw G271 >
920 ‘potuad snotaasd ut upyy puowap Jamo % 0> 001x { ( 1-u 240p°g9[-y0Od2H] / 4 2+0p'09[-¥Od2H] ) -1}
21 ‘por4ad snotaaud ur upyy puowap Jaybip % 02 ¢ 001> { { 1-¥ 240P'09{-¥Od2H] / Y 24P '09[-t0Od2H] ) -1}
01 ‘patuad snojazud woudy paBudyIun Ajjonidia pubwaq %02 - 0 001X { ( 1-u 240p'09[-p0Od2H] / U 240p 09[-¥Od2H] ) -1}
‘po1Jad snoiaadd U upy) pUDWap Jamo % 0> 001> { ( 1-u 240p"0p{-yOd2H] / U 240p 0b-¥Od2H] ) -1}
potuad snoiraud ut uoyy pubwap saybiH % 02 < 001 { ( 1-u 3+0p’Qp[-t0d2H] / U 340P°0b(-¥0Od2H] ) -1}
'poiaad snoinaad wad ) pabubyaun A(onisia pubwaq %02-0 001x { ( 1-4 340p Obl -pOd2H] / Y 240p Obl-v0O42H] ) -1}
"poiad 5n0iAa.d Ui UDY{ pUDWIP J2maT] % 0> 001 { ( 1-u 340p°02(-¥Od2H] / U 240p°02[-pOd2H] ) -1}
potuad snoiraud ut uoyy puowap Jaybiy % 02 ¢ 001X { ( t-u 240p°02{-p0d2H] / U 2+0p'02[-vOd2H] } -1}
‘poiuad snoinaud wou ) pabuoyaun Ajjoniaia pupuiaq %02 - 0 000x { ( £-v 34op’Q2[-vOd2H] 7 v 34op 02[-vOdaH] ) -1}
Adoysiy § SUOI{DAISGO) sisouboiq 2buoy /uol4osauduaiu]
0’1 = sdiysuoiyojaa 3ol J
11 “JUaWa|2 3y Jo puDWap 2boJaAy 2,02 <
€1 1UaWa2 3y} 4o} puowap ybiy %02 > 845(-b0d2H] > 09(-yOd2H]
01 JU3W3|3 2Y4 JO4 PUDWIP fUDLSIXI-UOU JO MO ¥45[-pOd2H] = 09(-y0OdzH]
90 “{uawz|2 3yl LD% puDW3p [U2{5IX3-UoU JO MO7]
U1 40BIIUl O JUBIDI{1B0D 2SDBUIUT ‘M0JJD 3UI(0S 3(qrssod| aj1joud ul WawWaa Jo uoipLuBdUIFY |yas[-pOd2H] < 09(- bOd2H]
09ss § SUOI4DAISqO) sisouboiq 26uny suotsosaudiaur
o1 "juaWa|a 3y} Jo) puowap abouary %02 <
21 Ju2aW3|2 2y4 Jo§ puowap ybi %02 > u3s{ - yOd2H) > or'02[-+Od2H]
o1 "{UDW|2 BYL JO} PUDWIP LUDLSIXD-UOU JO MO 445[-¥0Qd2H) = or'02[-y0dzH]
90 1UDBW2|2 BY4 JOJ PUDWBP fUDLSIX2-UOU JO MO
U0l (DBl JO {UB121 4203 F503UIUT]| "MOJJD 2UI|0s 2}q1Ssod] 2(1404d Ul JUBW2(D JO UOILDJUAIU0IRY Yuis[-HOd2H] « 0v'02( - yOd2ZH]
ot’'02ss 4 SUOI4OAISQ0) sisouboig um:ud\__o:n«u._a.._u«cH
G0 £0 U01422||03- 4504
Go €0 uoy23jj0)
90 90 suawdojarap 4inay
90 80 uiys jo BuluapJoy
90 20 Buiynouds jo 4uoys
(1/baw) 4 (1/baw) g
Hinay Bunog 4Inay 4 npy

3943 4

s3n04s1y § X SAIYSUCLLD|3L JMOI § X 09SS } X Op 02SS } X 3242 § = -HOd2H

v Xipuaddy

ajoydsoyqd 1°2
UDI4N|OS |10S 4O SISA|DUD WOJ4 D4DP 4O UOI4D4AJdUa4UT "2

NOLLNIOS 110S 40 S3TLTIVADANI

54



PCT/IB2012/002718

WO 2013/128232

"UOILDBILUI 4O SUOILDIO|(D U0 4 DJNUIIO) Ul UCI4OBIUU| D404 SO 4UDI1J}30D JUL L23UU0D O} 2AJBS {{IM 2N[DA SIY|
% (001x[09(+|2 1/baw) /ads(-1D 1/bau)]} - 001

/baw o >
‘poi4ad snoiA3Jd Ul UDY) PUDWaP JaMoT %0 001 { ( 1-Y 240p’09(-Od2H]) / ¥
poruad snoiaaud up ubyy puowap Jaybip % 02 < 001x { ( 1-u 240p’09(-40d2H] 7 U
‘paruad snoiaadd wouy pabuoyaun Ajjoniaia pubwaq %02 -0 001x% { ( 1-u 240p'09(-Od2H] / v
‘potuad snoiaa.d ut UDyY) puUDWaP JaMo") o 0> 001x { ( 1-v 240p’Opl-0Od2H] / v
poiwad snoiaaud ur ubyy puowap JaybiH % 02 < 001% { ( 1-u 240p"0b(-pOd2zH] / U
“poruad snoirzud wou} pabuoyaun Ajjonjuia puowaq %02-0 001X { ( 1-u 240p°0¢{-bOd2H] / U
‘poruad snotazdd ur uoyy puowap Jamo % 0> 001x { ( 1-Y 34op°Q2[-pOdeH] / U
potuad snoiaaud ur uoyy pubwap uaybi % 02 < 00¢1x { ( [-u 340p°02[-+OdeH] / U
potuad snonaud wouy pabuoyoun Ajongua pubwaq %02 -0 007% ( ( 1-v 340p'02[-pOdeH] / u
Adoysiy ouboiq 26Uy /uoiioiaudaaur
ot1-=
s3pido|y2 Aq ALIaxoLo4Ayd Jo ALtjigissog “JUaW3|2 24} U0 4 puowoap 2bouany %02 <
1224402 U01LOBIUI SO (U114 4200) JUBWI(I By JO 4 puowap ybi %02 > w4s{-12] > 09[-|9]
432440 UO[DBIII 0 Ju1D1) 43079 "JUBWI)3 YL SO} PUDWIP {UBLSIXD-UDU JO MO ¥4s[-12] = 0s{-12]
“JUDIUB3 YL JOJ PUDILAP {UDLSIXD-UOU JO MO
U0140BIIE 0 JUD1D1 420D 2SDIUIUT "MOJJD BULDS B|q1sSad| 3]1404d Ui uaWa|D 4O UOi{DJUIURIU0TY [¥ds[-19] < 09(-1D]
095s } 5U014DAI3SqO sisouboiq 3buoy suolyoiaadusiuy
52p140|y7 Aq AaixojorAyd Jo Apljiqissay “JUaWa|3 3y} J04 pUDWap 3bouaAy %02 <
1934403 uol4DBIIdl JO Jui31§)3a07) "JuaWaja 3y} 4oy puowap ybi 02 > wis{-(7] » ov'02[-~[9]
4924409 UO(LDBLIUI JO JU13144207) “JUBWD|D BY| JOJ PUDWIBP 4UDLSIXB-UOU U0 MO ¥4s[-12] = ov'02[-17]
"JUBW32 By O PUDWAP LUDL5(X2-UOU JO MO
U01LDBIII O JUDID14130D BSDBUUT "MO.ID 3U1{0s 2(qissod| 3|1joJd u (uawaja Jo uoLDIUadU0Y |uds{~|o] < or'02(-|7]
ob'02ss SUOIDALISGO sisouboiq 3bupy /uoi4pyaaduajug

Xipuaddy

SN JI4OM
| saddny

240p'09[-¥Od2H] ) -1}
230p"09[-¥0d2H] ) -1}
340p'09[-¥Od2H] ) -1}
240p 0t -v0OdzH] ) -1}
240p°0b{-$0d2H] ) -1}
24op 0pl-+0d2H] ) -1}
aop°02(-vod2H] ) -1}
240p°02[-v0Od2H] ) -1}
240p°02(-v0d2H] ) -1}

sdiysuoiioyad ol 4

¥4S 2y 04 Buipuedsa.uod anjop = 2)24d 4

$210451Y 4 X SAIYsSUOILD(Ad JIUOI § X Q9SS § X O 0255 § X 3[2Ad § = -|)

apuoy) Z'2

55



PCT/IB2012/002718

WO 2013/128232

baw 20 < Huil| damo
q/baw gz1 > 4wy daddny
‘poruad snoiraud uf unys puowap Jame] %0 001x { ( 1-u 240p°09(-2(p0s)] / U 240p°09(-2(¥OS)] ) -1}
potaad snoiaaad Ul uoyy pubwap Jaybiy % 02 ¢ 001X { ( 1-U 240p°09(-2(+0S)] / U 340p’09(-2(+0OS) ) -1}
‘potad snoiazud wouy pabuvyaun Ajjonidia puowsq %02 - 0 001> { ( 1-U 240p°09(-2(+0S)] / U 340p'Q9(-2(+0S)] ) -1}
-poruad snoiraud ul upyy PUDWAP J2M07| %0 001X { ( 1-u 240p°0%l - 2(b0s)] / U 310p 0p(-2(#0S)] ) -1}
‘poitad snoiaa.d ur uby4 pupwiap Jaybiy % 02 < 001x { ( 1-u a40p°0¢l - 2(+0S)] / u 310 op(-2(40S)] ) -1}
'poluad snoiaa.ud wou pabupyaun Ajjpnidia puowaq %02 - 0 001 { ( 1-v 240p°0¢l - 2(+05)] / U 310p vl -2(bOS)] ) -1}
‘pojuad snoiaaud uf upyy pubwap Jamao % Q> 001x { ( 1-u a4op'g2[-2(vos)] / v 3op 02l -2(bOS)] ) -1}
potuad snoiaadd ul uoyy puowap Jaybiy % 02 < 001x { ( 1-u 240p’02(-2(P0OS)] 7 ¥ 0P 0z[--2(POS)] ) -1}
‘potad snoirz.d wo.y pabubyaun Ajjonidia puouiaq %02 - 0 001x { ( 1-v 340p’02(-2(+0OS)] / U a+ep'0z(-2(yOS)] ) -1}

sdiysuoi 40|24 o) 4

Adoysty 4 SUOILDAIISO sisouboiQ abuoyuolyosaaduajuy
Ol =
"JU2W2[3 3y} Jo} pubwap abousay 2,02 <
“juawa|2 24} Jo 4 puowap ybiy %02 > ¥45[-2(y0s)] > osl-2(bos)]
"JUBWI|2 Y4 0} PUDLIBP LUDJSIX3-UOU IO MO 44s{ - 2(p0s)] = 09[ - 2(rOS)]
“JU3W2|2 B JO PUDWIP LUDLSIXD-UOU JO MO
U0ILOBIIJI L0 JUFID144209 BSDIUIUT] MOUJD 3UIDS 3(qIssog| 3(140Jd Ul {UBWID JO UOIDULUBIU03Y [44s(- 2(p0s)] < 09[-2(bOS)]
09ss } SUOILOAIFSGO s1souboiq 3bupysuolipiauduau]
"JUaW3(3 Y4 J0} pudwap abouany %02 <
JUaWa|2 244 0} puowap ybiy %02 > 445 - 2(pOS) > ov'02[-2(vOS)]
JUBWI(B By L JOJ PUDWDP LUDLSIX2-UOU JO MO u3s( - 2(b0s)] = ov'02(-2(+0O5)]
"JU2W2(? Y4 JOJ PUDWIP JUDLSIX-UOU JO MO
uo40614u 40 JU3121 44202 3503JUT MOUJD BUI|DS 2(qISS04 m_;o._n_ Ul JUaWa[2 JO U014DJuadu023y luss(-2(y0s)] < ov'02(-2(40s)]
ov’02ss 3 suo4DbALIBSq() sisouboiq 3buoyuoiyoyaadiajuy

v Xipuaddy

A4S 3y 04 Buipuodsauuod anjpa = 32A2 4

saw04s1y 4 x sdiysuonv(aa U0l 4 X 09SS § X Op 0255 § X 2242 § = -2(p0OS)

3|1 4oud Y4 Ul F|GOJIDAD PUD LuFSBd SI 41 UNS IHDW 04 UOM AldWis am ' JU14INU SIYL JO

3oYns ‘g2

56



PCT/IB2012/002718

WO 2013/128232

Abaw zg < M| gama]
/baw g7 7 > | Jaddn
80 "poiuad snoiraud ur UDyL puDWap JamoT %0
21 ‘poraad snoiaaud uy uoyy puowap Jaybiy %, 02 <
o1 poluad snojaaud wou ) pabuoyoun AjjonLdia puwaq %02 -0 001x ( ( 1-u 240p 09(~-€ONI] / u a4op‘09[-gON] ) -1}
. ‘poiaad snoiaaad ur ubyy pubwap Jamo % 0>
poiuad snoiavud ui uoyi pubwap Jaybi % 02 <
‘potuad snoiaaJdd woug pabupyaun Ajonidia pubwaq %02 -0 001 { ( 1-u 240p" Opl-gON] / v 24op 0b{-€ONT ) -1}
‘potsad snojAa.d Ul UDYL PUDWIP JaMOT] % 0>
poruad snoirzud ur upyL puowap Jaybiy % 02 <
“pordad snoiaauad we. pabuoyaun Ajjongdia puowaq %02 -0 00tx { ( 1-u 240p 02(-£ON] 7 ¥ 240p 02(-£ON] ) -1}
Adoysiy J 140AJISqO) sisouboiq 26uny /uoisoaadaaur
91 1<[-121 / [-€0N] 04 dn [-£ON] 25D242uT IpIIojy2 S523%3 1
o1 diysuor4o|ad {34407 1< 09(-12] 7 03[-EON]
91 1<[-121 /7 [-€ON] o4 dn [-gON] 25D2u0uT JPIJojYD 552I3%3 1>
ot diysuoiypjad 3alu0) 1< ovl-19] 7 o¥l-£ON]
91 1 <[~12] 7 [-ON] o4 dn {-£ON] 25024201 3p1doy> ssa3x3 4
o1 diysuoiojad 4534407 1< 0z2[-191 7 o2l-£ON]
sdiysuoi4o(ad 2luol 4 SUOI4DAJISqD sisouborq abuoy/uoi4piauadiau
FAl {U3Wa(2 24 JOJ pubwap abouary 202 <
Sl HUBW3B 3Y4 J04 puowap ybiy %022 335[-€ON] > 09[-€ON]
o1 "JUW3(3 3y} JOJ PUDWAP (UDL5IX-UOU JO MO ¥as(-£oN] = 09[-£ONI
90 "JU2aWa(a 3YL JOJ PUDWAP |USIX-UOU JO MO
U014DB1udl fO {U312144302 ISDAUIUT MouJD 2U1[DS 3(qissod| aj1joud Ui yuaWala o uoiypauaU0I3Y |aas[- cON] « 09[- EONI
09ss 4 SUOILDAJISQO sisouboiq 3buoy /uotoiauduauy
‘JU2W2|2 3y} JoJ pubwap aB0JaAY 2,02 <
JuaW3(3 3y oy puowap ybit %02 > 445(-gON] > ov'oz( -€ONI
"UBW3(2 3y} JOJ PUDWIP JU245IX3-UOU JO MO u4s[-gONI = ov°02[- £ON]
"JU2W2(2 2yl JOJ PUDWAP JU251X3-UOU U0 MO
U014DBIIUL JO {UDIDI}JI0D FSDAJOUT "MO.JD 2UI[0s 315504 2|140ud U1 JUBWR|3 JO UDIDIIUBIU0IAY [y4s[-EON] < or02[ - EON]
ov'02ss § SUOI{DAUBS GO sisouboiq 26uDy /uo14043uduauT
[ 1 U014921(07- 4504
G 1 uol4a2|(0)
1 H suawdojarap inag
8 g unfs o buiuapJoy
] / buignouds jo 4uvig
(/baw) N (/baw) N
4inJj Bunog Hnay {npy

21242 }

Xipuaddy

saogsiy § x sdiysuoriojad IO § X Q9SS } X Op 0255 4 X 3243 4 = -EON

JUDMIN b2

57



PCT/IB2012/002718

WO 2013/128232

'pordad snoiaaad ur Ubyy pUOWap Jamo baw gz1 > | vaddn
‘poisad snotaaud ut upyy puowap Jaybi
80 ‘potuad snoiaaud wouy pabuoyaun Ajjonidia puowaq %0 001x { ( 1-v 240p 05(+pHN] / U 240p Q9[+pHN] ) -1}
21 .bo_gma sno1Adud U UDY4 pUDWBP JAMOT 5,02 < 0071 ( ( 1-U 240p Qo[ +HHN] / u 240p 09{ +&HN] ) -1}
o1 Uoimn snowaaud ur uoy{ puowap Jaybi %02 - 0 001 { ( 1-u 230p" Qo[ +pHN] / U 240p"09{ +bHN] )} -1}
‘poruad snoiaaJdd wouy pabubyoun Ajjoniaia puowaq % 0> 001X { ( 1-u 250p 0t +HN] /7 U 240p 0p(+¥HNT ) -1}
vo:mn snoiaaad u UDY | pUDWIID J3MO7] %, 02 ¢ 00tx { ( 1-u 240p ' 0p{+HN] /7 ¥ 240p 0p{+bHN] ) -1}
‘poiuad snoinaud ut uoyy puowap saybi %02 - 0 001 { ( 1-u 210p°Q2[+pHN] / U 240p"02(+pHN] ) -1}
‘poruad snoiraud wo.y pabuoysun Ajjoniuia pubwaq %,02 - O 008> { ( 1-u 240p°02(+#HN] / U 24op 02 +pHNI ) -1}
Adoysiy 3 SUOILDAJASqO sisouboiq abuoyuoryviaudiaur
01 = sdiysuoispjad ot J
UDIDDI IR 340nbapY SUOILIPUOD BUIZIPIXO JU31214ING 1/baw o170 >
90 's25|nd AQ 24D61ul 0} PA2I0UG[USILOIIJIUMU JOJ DUIIL OU (BUNLXDL ISIDOT AJDA LLiM 3|1 404
'SUOILIPUOY BUIZIPIXO 3L0WO0UJR1409044ns 400u :Buaydsowi Buranpad yum a) youd 3(qissog q/baw Q10 < 09 +HN]
09ss } SUOILOAIISGO) _ sisouboiq A_ 2buoyuoiyoiaudaaur
UOID3[ 1 {1u 3/0Nb3aPY "SUOIIPUOD BuIZiPIXD Ju3I21 44N bswore >
"s35|nd Aq 240611 04 P3220IJ|UOILOIYIILIU U0 | BUIIL OU 12UNIXBL FSIDOD AJBA YLIM )1 104d
SUOLLIPU02 BUIZIpIXe 3Lowoug)iin2044ns tood :auaydsouo Buonpad yum ijoud 2|qissog q/baw 010 < or"02( + pHN]
'sasind AqQ 24061ud1 04 paasouay UOI4DINJ 14U JOJ W)} OU 12UNLX3) 3SUDOI AJDA YLIM 31404
'SUDILIPU0S BUIZipIX0 2L0W04d}1402044NS 400l 2u3ydsoW (D Buanpad yLum 31 foud 2jqissad
‘uo1pbiadl JO JU219(4}203 350249U]] "MOJJD 2UI[0s 3]q1ssod] 2(140ud Ul Juzwala Jo uorouuaIU0BY fuds{+pHN] < ov 02[+PHN]
0b'025s 4 SUDILDAISG0) sisouboiq 2bupy /uoiynyauduasur

¥4S 244 0} Burpuodsauuod anpp = 21942 §
sa104s1y 4 x sdiysuolibjad J1Uol § X O9SS § X Qb 02SS 4 X 3D § = +HHN

wnvowwy ‘g’z

v Xipuaddy

58



PCT/IB2012/002718

WO 2013/128232

80 ‘poiuad snotazud ul UDy 4 PUDWIP JaMOT % 0>
21 ‘potuad snoiaaud ur uoyy puowap JaybiH %, 02 <
o1 ‘poruad snoinaad wou} pabuoyoun Ajjonjua puowaq %02-0 001x { ( 1-u a4op'09[+gol] / U 24op’'O9[+2o3] ) -1}
‘poruad snoiaaud Ul uDy 4 pUDWap Jamo- % 0>
‘potdad snoiaadd ur uoys pupwap JaybiH %, 02 <
‘potuad snoiAzud wouj pabuoyaun AjjonidiA pubwaq %02 -0 001x { ( [-u 240p Op[+20D] 7 U 240p 'Op{+202] ) -1}
porsad snoiaaad ur uby | pudwWap Jamo1 %0
‘poruad snoiazaad ur uoyy puowap Jaybiy % 02 <
potdad snojaaud wouy pabuoyaun Ajjoniaia puowaq %02 - 0 00fx { ( 1-u 240p"02(+2o7] 7 U asop'Q2[+2o7] ) -1}
Adoysiy 4 suolOAISqO sisouboiq 3buDy /U010 BuduauT
¥ > [+26wW] / [+200] 04 dn [+26w] asp2u0uT wn)3|oJ §523X3 9< by /00
91 € < [+20W] /7 [+20D] 04 dn [+2D7] aspauauT wnisaubow ss23x3 €> bw /o)
ol diysuaiiojad 42auio 9> bw/m)o ¢ 09{+26w) / 09[+2v3]
> [+2bw] /7 [+200] 04 dn [+26] asoauouy wni3|pd $537x3 9¢< by /o7
97 £ «[+26w] 7 {+2027] 04 dn [+2D9] @svauou] wnisaubow ssa3x3 ¢ by
ol diysuoy4p(ad 43340 9> 6w/ ¢ ovl+26w] / ovl+2v0]
v > [+2bW) / [+202] 04 dn [+26w] asvauoul WnIJ|Dd §532%3 9< by/o)
9 € «[+26W] 7 [+202] 04 dn [+2D)] @spauouT wnisaubow ssa2x3 £ bw/o)
o1 diysuoi4pjad 4734407 9> bw/0) > € 02[+26w] / 02(+202)
0|24 MU0l § SUOILOAJIS]() sisouboiq 2b6uvy/uo1iD4aduasuT
91 1 <[+oN] 7 (+209] 04 dn [+207] @svausuy wnipos ssax3 1>
[o}} diysuol(o|ad 1224407 1< ool+oN] / 09{+200]
91 1< [+oN] 7 [+2pD] 04 dn {+209] aspausut WmMpos $s35x3 1>
(o} diysuo1ojau 92,4409 1< ov{+oN] 7 opl+2oD)
91 1 <[+oN] / [+2o0] o4 dn [+zp)] 25D2u2uT WNipos ssasx3 1>
01 diysuoriojad 1224407 1< 020+oN] 7 02[+2v)]
sdiysuoi4oja. Juor 4 5U0I4UAIBSA0) sisouboiq 2buoy uo1yD auduasuT
71 "JUaW32 3y Jo4 pupwap abouary %02 <
€l {UawWa|2 244 40} puowap ybiy %02 > 445[+209] > 09[+200]
[oll§ “JUBWI(2 YL JOJ PUDWAP (UD4SIXD-UOU U0 MO 345[+207] = 09{+202]
90 “juawa|a 2yi LD% pubwap [u2jsI1x2-uou JOo MoT]
u01oBlual O JUBI21}4302 2SD3UDUT "MOJJD UI[DS 3|qiSS04| 2[1404d Ul JUWD|2 JO UOILDIIBIU0DDY [das[+20] <« 09[+2D2]
09ss § SUOI4DAIISqOD sisouboiq 3bupy /uolio4audiasul
[eR} “{uawa|a ayi Loue UCGEU_U MMGLU)( %02 <
o1 ‘Ju2Wa3 ayg Joy puowap ybiy %02 > ¥4s[+203] > ov'oz(+2o7]
o1 "JU2W2|2 3Y} JO4 PUDWIP LUDLSIX3-UOU JO MOT] 4s[+200] = or'02[+207]
(o8 .&CUEU_U Y4 LOLv _U:_UEUmu JU4SI1X2-U0U JO MO
“UO({DBILL 4O |UB131) 420 2SDRUIUT] "MOJJD 2UI[0S 3(qisSOd] 3]14oud Ul LUAWaa Jo U1 DJIUAIU0IAY [y45[+207] < ov'02[+207]
ob'02ss $ SUOIDAI2SQ0) sisouborq 2buoy suotyoyaudiasur

Vv Xlpuaddy

¥4S 2y4 0} Buipuodsauuod anjpp = 31243 }

$31404s1y 4 X SAIYSUOHD[AJ DIUOI § X 9SS § X O 0255 4 X 943 § = +20)

wnize) ‘9'2

59



PCT/IB2012/002718

WO 2013/128232

v Xipuaddy

A/baw g0 <
b 2 >

HU| Jamo]
4wy aaddn

60



PCT/IB2012/002718

WO 2013/128232

baw gp < Huy Jamo]
qbaw 2 > 4wy gaddn
90 ‘pordad snoiaaud ur Uy PUDWAP J3moT % 0>
21 ‘porsad snotaaad us uoyy puowap Jaybi % 02 <
o1 ‘poruad snojaaud wouy pabuoyoun Ajjoniin puowaq %02 - 0 001 { ( -y 340p°g9l+26w] / u 340p 09l +26wW] ) -1}
‘porsad snoinaJd ul uDyy puowap Jamo %0
'poiuad snoiazud Ul uoy puowap Jaybi % 02 <
‘poruad snotaaud wodf pabuoyaun Aonidia puowag 702 -0 001x ( ( 1-v atop'op{+26W] / u asop’opl+2bw] ) -1}
‘potsad snoiraud ul uby) puowap Jamo %0
poruad snoiraud ul upyy pubwap Jaybiy o 02 <
‘nacua snoiaaJd wWou pabucyoun >__§:. IA puowaq %402 -0 001x { { 1-v 310p’02[+26w] / u aop’02(+26W] ) -1}
Adoysiy 4 SUDI4BALISAO sisoubolq 26Uy /uctyosaudizsur
91 > (+26w] / [+207] o4 dn [+2Byy] aspausu] WnIojpd §539%3 9< by /o)
£ «[+26w] / [+207] 01 dn [+207] aspausuT wrisaubow ssax3 ¢ bw/o)
ol diysuoi4pjad 4334407 9> bw/o0> g 090 +26w] 7 09(+20]
97 > [(+26wW]1 / [+297] o4 dn [+26w] asvauoul wnIo|jod $537%3 9< by /07
€ «[+26w] 7 [+202} 04 dn [+207] asD24oUT wnisaubow ssax3 £> by /o)
o1 diysuolLp(ad (924407 9> bw/moo g ol +26w] / opl+200]
91 > [+26W] / [+200] o4 dn [+2bw] astadsuT wn)p3 §535%3 9< bw /)
€ < [+26w] / [+207] 04 dn [+207] aspasauT wnisaubow ss2x3 € by o)
o1 diysuoiyo|ad (224400 9> 6w/07> ¢ 02(+26wl 7 02l+203]

sdiysuoljojad Jor

SUOI4OAIDSGO)

sisouboiq

abuvy/uolyosaadiaiuy

1T “JUDW3|2 34 J0} pubwap abouary %02 <
€1 “uawa)a ayy Joy puowap ybiy %02 > 44s[+26w] > 09[+26w]
01 “JUIWD2 DY JOS PUDWDP LUDLSIXI-UOU O MO ud4s{+26w] = 09[+26w)
90 “juawala ayl LQ% pupbwap ua}5(x3a-uou Jo Mo
UOILDBIJIT 4O JUR12141202 3SDAUIT] “MDJJD 3U1jOS 2(qIssod| 3(14oud Ul LUBW3(D J0 UOILDIUIIU0IFY [uds{+z2Bw] < o9[+2Bw]
09ss } SUOI4OAISqO s1s0uboIq 26uoy/uolyoiauduauy
ot “juaiua|2 ayy Louﬁ pubwap wm.u:_u)( %02 ¢
ot |uawa|2 Y} 4o} puowap ybiH %02 > 445[+26w] > ov'oz[+26w]
01 “JUDW2|2 YL JOJ PUDWIP LUBLSIXI-UOYU JO MO, w4s[ +26w] = ov o2 +26w]
ol “JU2Waj2 3y JO PUDWap {U2}5IX2-UdU JO MOT|
W01 {0BIUal JO JUDID1}130D SDAJIUT] “MDJJD 3UI[DS 2|qIs504| 3[1404d Ul LUaW|D J0 UOILDILUBIU0IDY |u4s]+2Bw] <« av oz +26w]
ob'02ss 4 SUOI4DAIISqD sisouboiq 36upy /uoi4vsauduauT

v Xipuaddy

¥4S 244 04 buipuodsauuod anjop = 2243 §

S31404s1Y 4 X sdIySuOI4D[aL IMUOY } X 9SS } X Op' 0255 § X 242 § = +2by

61



PCT/IB2012/002718

WO 2013/128232

80 ‘potuad snoiaaad ur uby} puowap Jamo- % 0>
21 ‘poruad snoiaaud Ul UbyL PUDWaP JaYbIH %, 02 <
o1 ‘parad snoia2ud woudy pabuobyaun AjjoniJdia puowaq %0z -0 001x { ( [-u a40p’'Q9[+2UD] 7 U 240p'Qg(+200] ) -1}
‘potsad snoinaad ut ubyy pubwap Jamo % 0>
‘porsad snaaaad uj ubys puowap Jaybiy % 02 <
‘portad snoraaud wouy pabubyaun Ajjongdia puowaq %02 -0 001> { ( 1-u 240p 0p{+20D] 7 u 240p'Op{+202] ) -1}
‘poitad snoirzud ur UoyL pubwap Jamo %0
potuad snoiaaud ul uoys puowap JaybiH % 02 ¢
poruad snoiaaud wouy pabuoyaun A((on(diA pubwag %02 -0 001X { ( 1-u a4op’02[+2vD] 7 u a4op02[+207] } -1}
Adogsiy 4 SUO({DAI2S0 sisouboiq 2buoy /uol0audaauT
¥ > [+26W] 7 [+202]) o4 dn {+26w] 2s0240uT W[ $539%3 9< by /o)
9 € <[+26W] 7 [+209] 04 dn [+203] 2sD342uT wrisaubow ssasx3 £> By/oo
[oll} diysuoi4oad 433407 96wy 09[+25w] / 09{+2v7]
t > [+26W] / [+202] o4 dn {+2bw) asp3u3uT WNI2|D3 §529X3 9< bw /o)
91 ¢ <[+26w] 7 [+209] 04 dn [+207] asDadouT wrisaubow ssax3 ¢» bw/o)
01 diysuor|p|ad f23440) 96w/ ¢ o¥l+26w] /7 ovl+zeol
b > [+26w] / [+200] o4 dn [+26w] 2s0a40uT W3 5529x3 9< 6w /o)
9] € < {+2bw] / [+207] o4 dn [+z00] asvoUOUT wn saubow 5529x3 ¢ bw/oo
01 d14s4014D|2d 133.440) 9> bW/ g 02[+26w] / 02l+20]

sdiysuorjo(aa ol §

suoloAdSqO

sisouboiq

26uDy /u0140LIduUT

97 1< [+0N] /7 [+202]) 04 dn [+zD)] asbaudouT WMpos ss235x3 1>
01 diysuolp|aJ 4234400 1< 09{+oN1 7 09[+200]
91 1 < [+oN] / [+202]) o4 dn (+2D7] 2502u5u] WNIPOs $522x3 1>
01 diysuoip|ad 4234409 1< o¥{+oN] 7 op{+200]
97 1 < [+0N] / [+207] 04 dn [+2D7)] @50345uT wnpos 5537x3 T»
ot diysuo1o|ad §92440) 1< 02(+oN] / 02[+2zvI]

sdiysuoiLojad 21uor 4

SU0ILDAIZSAO

sisouboiq

2buoy/uoiyosauduasuy

11 “JuaWala 3y{ Joj pupwap abouany %02 <
£l ‘1uaW3|2 2y} Jo} puowap ybiH %02 > ¥45{+207] > 09[+20)]
o} JU2W3{2 Y| JO ] PUDWIP {UDJ5IXI-UDU U0 MOT| ¥4s{+207] = 09[+207]
90 TJUBWR|2 Y4 JO S PUDILAD [UD|SIX2-UDU 40 MO
U014DBIJJl JO JUI14§202 2SDIJIT] “MOJJD 3UI[OS 2(qISS0df 2]1404d Ul JUBWD(2 JO UOIIDU{UAIU0IDY [¥4s[+20D] « 09[+20D]
09ss J Su01BAIISq0 sisouboiq 2Buoy/uoiyojaudaaur
o1 "Ju2W2|3 3y} 40} pubwap 3bouaay %02 <
ot 4U3W3|3 3y} o4 puow3p Y %02 > 445 +209] > ov'02[+207]
ol “JUDW3)2 JY| JO PUDWAP JUSS5IXI-UOU JO MO, 445{ +2v2] = ov'0z[+2v7]
[oR “JU3W3)2 DY JO PUDWBP LUBLSIXB-UOU L0 MOT|
UOIDBII JO JUD(D14430) ISDAUINT] "MOJJD BU(DS 2jq1SS0d| 2(1404d Ul JUIWS(3 JO UOHDAUBIU0IDY Ju4s{+2D)] « op'02[+207]
ov'02ss § SUCILDAJISqO) sisouboiq abuny /uolypduduasur

Xipuaddy

345 244 0} Buipuodsausod anDA = 3242 }

SI04sIY J x SAIYsuoI4O[ad dIUOI } X Q9SS § X Op 02SS 4 X 394 § = +20)

wnipos ‘g'g

62



PCT/IB2012/002718

WO 2013/128232

VY Xlpuaddy

/baw g0 «
/baw 2 >

JOIIFJUI D4
woradns 24w

63



PCT/IB2012/002718

WO 2013/128232

80 ‘potuad snoiaaad ut uby| pubwap Jama % 0>
21 ‘poisad snoiaadad U uby pubwap Jaybiy % 02 <
o1 ‘patuad snoraadd wod) paBuoyaun Ajjon (i puowaq %02 -0 001x { ( 1-u 250p°09[+X] / u 34op‘09(+%] ) -1}
‘porsad snoiraJd ul UYL PUDWAP JaMOT] % 0>
poruad snoiaaud ur ubyy pubwap Jaybi % 02 <
‘noimn_ snoaauad wouy pabuoyoun Ajoniaa puowaq %02 -0 00tx { ( 1-u 240p’Opl+N] 7 v a4op’op{+A] ) -1}
"poiJad snoiAadd ut UDyL pUDWap Jfama 70>
‘porsad snoirasd ur uoyy pubwap JaybiH %, 02 <
‘potJad snolaaad wouy pabupyoun Ajjonidia pubwaq %02 -0 00tx { ( 1-u 240p’02[+A] / v aiop o2(+Al ) -1}
Adoysiy 4 SUOI4DAIISD stsouboiq 26udy /U0l D43 duauT
91 1 <[-12] 7 {-€ON] 04 dn [-£ON] @5D2u2uT apldo(y? s539%3 1
01 diysuo1pjau 4924409 1< 09(+oN] 7 090+
91 1<[-2] 7 [-€ON] o4 dn [-gON] 2sp323uT 2p1Jo(YI 5530%3 1>
o1 diysuol|pjad 224400 1< ovl+oN] /7 ol +X]
91 1<[-12] 7 [-€ON] o4 dn [-gON] @spa4ouT 3p1iojys ss37x3 1
01 dIysu0140|24 (924407 ] < 0z[+oN] / o2l+x]
sdiysuoliojad sjuor 4 suol{OALaSqD sisouboiq 26uDy /uo14D4audaaiuy
21 ‘JUaWal2 ay4 Joj puowap aboary %02 <
! HUBW3[3 3Y4 Joy puowap ybiy %02 > 34s{+3] > 09[+3]
o1 "§U3W3|2 Iy} JOJ PUDWIP JUT|5IXI-UOU JO MO ads(+A] = o9(+]
90 "JU2W2(d 3y JOJ PUDWIP JUBLSIX2-UOU JO MO
U014DB1JJ( JO 4UDID)1 420D DSDAIOUT "MO.1ID 3UI(DS 2(qiss0d| 2j1404d Ul JUW2|2 JO UOI4DUIUBIU0ITY [aas(+X] < 09[+]
09ss } SUOIL0AUISYO sisouboiq abuoy U010 audaaul
"JUaW3(2 3y} JoJ pubwap 2604aAy %02 <
4uBW(2 BY¢ 404 pUDWAP YBiH %02 > d4s(+4] > ov'oz[ +X]
“AUBWE|D BY4 JOJ PUDWIP UILSIXA-AOU U0 MO7] 4s[+3] = op'oz[+X]
“{UdW2|D 2YL JOJ PUDWDP U3 LSIX2-UOU JO MO7)
Lo 0B JO (U2121)4230) 350245u] "M04JD JUI[bs 3|qissod| 3j1joud W Juawala Jo UoIDIIUBIUEIDY |uds[+Y] < op oz{+]
ob'0z2ss 4 SU0ILOAIFSTO sisouboiq 2bupy/uoiioiauduaur
90 02 U01192((09- 4504
90 02 uotia2(je3
90 2 {uawdotasap pnay
) 0? unis Jo Buiuapaoy
o] 91 Bupnouds Jo Lioig
(1/baw) 3 (/baw)
4+inay Bunog HnJ} ynpy

21942 §

Xipuaddy

$3104s1Y J X SAIYSUCILOIAU JMUOI § X 09SS § X O 02SS 4 X I[2A § = +)

wnissoiod "6°2

64



WO 2013/128232 PCT/IB2012/002718

Appendix A

ALLOCATION OF IRRIGATION FOR PEACH-NECTARINE TO START FROM
3rd GREEN ACCORDING TO THE PHENOLOGICAL CYCLE
I Beginning of sprouting-formation of fruit
Provision of irrigation (m3/ha)
Dr = Et0 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x f(¥)
Crop coefficient Ke = 0.5
Correction factors :

A Based on values provided by pressure meter
T30cm <15 cb f(Ts)= 07
T30cm 15-20 cb f(Ts)= 1
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm <2 Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green foc)-= 04
2nd green floc)= 07
3rd green floc)= 1
Adult planting floc)= 1
D Based on the quality of water
Cl-waters 25 megq/L f(Cag)= 12
E Based on the difference in values between sampiings
C1-40cm current sample >1.3 Cl-40cm previous sample  f(t)= 12
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2
Limitation

f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t) < 2,5

II Hardening of skin
Provision of irrigation (m3/ha)
Dr = Et0 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x f(1)
Crop coefficient Ke = 0.6
Correction factors :

A Based on values provided by pressure meter
T30cm <10 cb f(Ts)= 07
T30cm 12 - 20 cb £(Ts)=
T60cm <18 T30cm f(Ts)=
T60cm >1.8 T30cm f(Ts)= 13
B Based on the water coefficient
Cl-40cm «d5 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm @ Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
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EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green foc)= 04
2nd green floc)= 07
3rd green floc)= 1
Adult planting floc)= 1
D Based on the quality of water
Ci-waters 25 meq/L f(Cag)= 12
E Based on the difference in values between samplings
Cl-40cm current sample >13 Cl-40cm previous sample  f(t)= 12
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2

Limitation
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(+) < 2,0
Si (NH4+)60cm > 0.03 meg/L
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(1) < 1.5

Development of the fruit
Provision of irrigation (m3/ha):
Dr = E10 x 10 x Ke x f(Ts) x f(Ch) x f(oc) x f(Cag) x (1)

Crop coefficient Ke = 0.8
Correction factors :

A Based on values provided by pressure meter
T30cm 10 - 18 cb f(Ts)= 1
T30cm <10 cb f(Ts)= 08
T60cm >1.8 T30cm f(Ts)= 13
B Based on the water coefficient
Cl-40cm «15 Cl-water f(Ch)= 1
C1-40cm >1.5 Cl-water f(Ch)= 1.3
Cl-40cm ¥4 Cl-water f(Ch)= 13
Cl-40¢cm 2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 1.7
EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
C Based on the activity
Young planting 1st green floc)= 04
2nd green f(oc)= 07
3rd green floc)= 1
Adult planting floc)= 1
D Based on the quality of water
Cl-waters 25 meq/L f(Cag)= 1.2
E Based on the difference in values between samplings
Cl-40cm current sample >13 Cl-40cm previous sample  f(t)= 1.2
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2
Limitation

f(Ts) x f(Ch) x f(oc) x f(Cag) x f(¥) < 1.9
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Si (NH4+)60cm > 0.04 meq/L
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t) < 1.5

v Ripening of fruit-harvest
Provision of irrigation (m3/ha):
Dr = EY0 x 10 x Kec x f(Ts) x f(Ch) x f(oc) x f(Cag) x (1)

Crop coefficient Ke = 0.7
Correction factors :

A Based on values provided by pressure meter
T30cm 10- 18 cb f(Ts)= 1
T30cm <10 cb f(Ts)= 08
T60cm >18 T30cm f(Ts)= 13
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm <2 Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(ch)= 2
c Based on the activity
Young planting 1st green floc)= 04
2nd green floc)= 07
3rd green floc)= 1
Adult planting floc)= 1
D Based on the quality of water
Cl-waters <25 meq/L f(Cag)= 12
E Based on the difference in values between samplings
Cl-40cm current sample >1.3 Cl-40cm previous sample  f(t)= 12
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2
Limitation
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(+) < 1.3
v Post-harvest I - up to 10 days after collection

Provision of irrigation (m3/ha):
Dr = ET0 x 10 x Kec x f(Ts) x f(Ch) x f(oc) x f(Cag) x (1)

Crop coefficient Ke = 0.5
Correction factors :

A Based on values provided by pressure meter
T30cm 20- 30 cb f(Ts)= 1
T30cm <15 cb f(Ts) 07
T60cm >2 T30cm f(Ts)= 11
B Based on the water coefficient
C1-40cm <15 Cl-water f(Ch)= 1
Cl-40cm 515 Cl-water f(Ch)= 13
C1-40cm <2 Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
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EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
C Based on the activity
Young planting 1st green floc)= 04
2nd green f(oc)= 07
3rd green floc)=
Adult planting f(oc)=
D Based on the quality of water
Cl-waters 2.5 meq/L f(Cag)= 12
E Based on the difference in values between samplings
Cl-40cm current sample 1.3 Cl-40cm previous sample  f(t)= 12
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2

Limitation
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t) < 1.2

Vi Post-harvest II - of 10 to 25 days after collection
Provision of irrigation (m3/ha):
Dr = Et0 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t)

Crop coefficient Ke = 0.4
Correction factors :

A Based on values provided by pressure meter
T30cm 20- 30 cb f(Ts)= 1
T30cm <15 cb f(Ts)= 07
T60cm >2 T30cm f(Ts)= 11
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm 2 Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
EC60cm >4 0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green floc)= 04
2nd green f(oc)= 07
3rd green floc)= 1
Adult planting f(oc)= 1
D Based on the quality of water
Cl-waters 25 meq/L f(Cag)= 12
E Based on the difference in values between samplings
Cl-40cm current sample 1.3 Cl-40cm previous sample  f(t)= 1.2
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2
Limitation

f(Ts) x f(Ch) x f(oc) x f(Cag) x f(+) < 1.2

VII End of cycle
Provision of irrigation (m3/ha):
Dr = Et0 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t)

68



WO 2013/128232 PCT/IB2012/002718

Appendix A

Crop coefficient Ke = 0.3
Correction factors :
A Based on values provided by pressure meter
T30cm 30-50 cb f(Ts)= 1
T30cm <25 ¢b f(Ts)= 0.7
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm <2 Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green floc)= 04
2nd green f(oc)= 07
3rd green floc)=
Adult planting floc)= 1
D Based on the quality of water
Cl-waters <25 meq/L f(Cag)-= 1.2
E Based on the difference in values between samplings
Cl-40cm current sample >1.3 Cl-40cm previous sample  f(t)= 12
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2
Limitation

f(Ts) x f(Ch) x f(oc) x f(Cag) x f(1) < 1
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ALLOCATION OF TRRIGATION FOR PEACH-NECTARINE TO START FROM
1st-2nd GREEN ACCORDING TO THE PHENOLOGICAL CYCLE
I Beginning of sprouting-formation of fruit
Provision of irrigation (m3/ha)
Dr = Et0 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x (1)
Crop coefficient Ke = 0.5
Correction factors :

A Based on values provided by pressure meter
T30cm <15 cb f(Ts)= 0.7
T30cm 15- 20 cb f(Ts)= 1
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm <2 Cl-water f(Ch)= 1.3
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green floc)= 04
2nd green floc)= 07
3rd green floc)= 1
Adult planting floc)= 1
D Based on the quality of water
Cl-waters <25 meq/L f(Cag)= 12
E Based on the difference in values between samplings
Cl-40cm current sample >13 Cl-40cm previous sample  f(1)= 12
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(1)= 1.2
Limitation

f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t) < 2,5

II Hardening of skin
Provision of irrigation (m3/ha)
Dr = Et0 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x (1)

Crop coefficient Ke = 0.6
Correction factors :

A Based on values provided by pressure meter
T30cm <10 ¢cb f(Ts)= 07
T30cm 12 - 20 cb f(Ts)=
T60cm <18 T30cm f(Ts)=
T60cm >1.8 T30cm £(Ts)= 13
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm ¥4 Cl-water f(Ch)= 13
Cl-40cm 2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
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Appendix A

EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green floc)= 04
2nd green f(oc)= 07
3rd green f(oc)=
Adult planting f(oc)= 1
D Based on the quality of water
Cl-waters 25 meq/L f(Cag)= 12
E Based on the difference in values between samplings
C1-40cm current sample >1.3 Cl-40cm previous sample  f(1)= 1.2
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(1)= 1.2

Limitation
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(1) < 2,0
Si (NH4+)60cm > 0.03 megq/L
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t) < 1.5

Development of the fruit
Provision of irrigation (m3/ha):
Dr = E10 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x f(tiempo)

Crop coefficient Ke = 0.8
Correction factors :

A Based on values provided by pressure meter
T30cm 10- 18 cb f(Ts)= 1
T30cm <10 cb f(Ts)= 0.8
T60cm >1.8 T30cm £(Ts)= 13
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm <@ Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
Cl-60cm >3 Cl-water f(Ch)= 17
EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green floc)= 04
2nd green f(oc)= 07
3rd green f(oc)-= 1
Adult planting foc)= 1
D Based on the quality of water
Cl-waters <25 meq/L f(Cag)= 12
E Based on the difference in values between samplings
Cl-40cm current sample >1.3 Cl-40cm previous sample  f(t)= 1.2
Cl-60cm current sample >1.3 Cl-60cm previous sample  f(t)= 1.2
Limitation

f(Ts) x f(Ch) x f(oc) x f(Cag) x f(¥) < 1.9

71



WO 2013/128232 PCT/IB2012/002718

Appendix A

Si (NH4+)60cm > 0.04 meq/L
f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t) < 1.5

v End of cycle
Provision of irrigation (m3/ha):
Dr = Et0 x 10 x Kc x f(Ts) x f(Ch) x f(oc) x f(Cag) x f(tiempo)
Crop coefficient Kc = 0.5
Correction factors :

A Based on values provided by pressure meter
T30cm 20- 30 cb £(Ts)= 1
T30cm <15 cb £(Ts)= 0.7
T60cm >2 T30cm f(Ts)= 11
B Based on the water coefficient
Cl-40cm <15 Cl-water f(Ch)= 1
Cl-40cm >15 Cl-water f(Ch)= 13
Cl-40cm <2 Cl-water f(Ch)= 13
Cl-40cm >2 Cl-water f(Ch)= 15
C1-60cm >3 Cl-water f(Ch)= 17
EC60cm >4.0 mmhos/cm f(Ch)= 2
EC60cm >3 ECwater f(Ch)= 2
c Based on the activity
Young planting 1st green floc)= 04
2nd green f(oc)= 07
3rd green floc)= 1
Adult planting floc)= 1
b} Based on the quality of water
Cl-waters 25 meq/L f(Cag)= 12
E Based on the difference in values between samplings
Cl-40cm current sample >1.3 Cl-40cm previous sample  f(t)= 1.2
Cl-60cm current sample >13 Cl-60cm previous sample  f(t)= 12
Limitation

f(Ts) x f(Ch) x f(oc) x f(Cag) x f(t) < 1.2
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Appendix C

Client: Date:
Property: Crop: Citrus Fruit
Parcel: Variety: Mandarin
Saline profile

Mid-EC of the fertilizer solution
Elec. Cond. Slight salt stress in the root activity area
Suitable salt wash

Mid CI concentration within the fertilizer solution S
Chlorine  High Cl concentration in soil solution, possible toxicity risk
Suitable salt wash

Fertilizer solution containing high Na concentration
Sodium High Na concentration in soil, toxicity risk and clay dispersion
Insufficient Na wash, unsuitable irrigation dose/ frequency

PH profile

S.F.R. Low pH of the F.S.I.
Soil Optimat soil pH. Conditions of high solubility of most nutrients
The acidic pH of the soil makes sufficient the use of chelating agent EDTA

Nutritional profile

Medium Nitrogen content in the F.S I

Correct NO3-/Cl- ratio in the F.S.1.
Nitrogen  High uptake of the dose of nitrogen applied
Low NO3-/CI- ratio in the soil solution due to excess of Cl

" Low Phosphorus content in the F.S.I.
Phosphorous High Phosphorus availability in the higher density of roots area
Optimal Phosphorus solubility conditions

Medium Potassium content in the F.S.I.
Potasium
Medium uptake of the applied Potassium dose

Very high Calcium content in the F.S.I.

Balanced Calcium concentration respect to the Sodium in the F.S.I.
Calcium  Favourable Ca/Mg ratio in the F.S.1. for the Calcium absorption

High Calcium concentration in the soil solution

Low Ca/Na ratio in the soil solution because of the low Calcium content.

High Magnesium content in the F.S.I.
Magnesium Unfavourable Ca/Mg ratio in the F.S.1. for the Magnesium absorption due to high Ca content

Fe  Very high iron content in the F.S.I. and medium availability in the soil
Micro Mn  Very high Manganese content in the F.S.1. and Very high availability in the soil
Elements Cu  Very high Copper content in the F.S.1. and Very high availability in the soil
Zn  Very high Zinc content in the F.S.1. and Very high availability in the soil
B Very high Boron content in the F.S.I. and Very high availability in the soil
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CLAIMS

Therefore, at least the following is claimed:

1. A method, comprising:

obtaining aqueous samples extracted from a plurality of suction probes
positioned at multiple depths within a soil substrate including a root activity
zone of a plant species in the soil substrate;

analyzing the aqueous samples to determine a chemical composition
of the soil substrate; and

determining amounts of an additive that is added to irrigation water
supplied to the soil substrate to adjust the chemical composition of the soil
substrate based at least in part upon the determined chemical composition

and the plant species.

2. The method of claim 1, wherein at least one of the plurality of suction probes

is positioned within the root activity zone.

3. The method of claim 2, wherein determining the chemical composition of the
soil substrate comprises determining a chemical composition of the root

activity zone.

4. The method of claim 1, further comprising determining amounts of a plurality
of additives that are added to the irrigation water supplied to the soil substrate
to adjust the chemical composition of the soil substrate based at least in part

upon the determined chemical composition and the plant species.
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10.

11.

The method of claim 1, wherein the additive comprises water.

The method of claim 1, wherein the additive comprises residue water.

The method of claim 1, wherein the additive includes fertilizer.

The method of claim 1, further comprising:

obtaining a sample of a fertilizer solution (FS) that has been supplied to
the soil substrate; and

analyzing the FS sample to determine a composition of the FS,
wherein the determined amount of additive is based at least in part upon the

determined FS composition.

The method of claim 8, wherein the FS has been supplied to the soil substrate

at least a predetermined time before extracting the aqueous samples from the

plurality of suction probes.

The method of claim 8, wherein the sample of the FS is collected over an

entire irrigation time during which the FS is supplied to the soil substrate.

The method of claim 1, further comprising extracting the aqueous samples

from the plurality of suction probes.
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12.

13.

14,

15.

16.

The method of claim 11, wherein a vacuum is drawn on each of the plurality of
suction probes to induce hydraulic conduction of aqueous solutions from the

soil substrate into each suction probe.

The method of claim 1, further comprising:

obtaining a sample of the irrigation water; and

analyzing the irrigation water sample to determine a composition of the
irrigation water, wherein the determined amount of additive is based at least in

part upon the determined irrigation water composition.

The method of claim 1, further comprising:

obtaining a tissue sample of the plant species in the root activity zone;
and

analyzing the plant tissue sample to determine a nutritional condition of

the plant.

The method of claim 1, further comprising providing the determined amounts
of additive that is added to the irrigation water to produce a fertilizer solution

(FS) that is supplied to the soil substrate.

The method of claim 15, further comprising:
mixing the determined amounts of additive with the irrigation water to
produce the FS; and

applying the FS to the soil substrate.
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17.

18.

19.

20.

The method of claim 16, wherein the FS is applied through a drip line.

A method, comprising:

installing a suction probe at a depth within a soil substrate;

drawing a vacuum on the suction probe to induce hydraulic conduction
of aqueous solutions from the soil substrate into the suction probe;

extracting an aqueous sample from the suction probe after applying the
vacuum for a predetermined period of time; and

analyzing the aqueous sample to determine a chemical composition at

the depth of the soil substrate.

The method of claim 18, further comprising:

installing a plurality of suction probes at multiple depths within the soil
substrate;

drawing a vacuum on each of the plurality of suction probes to induce
hydraulic conduction of aqueous solutions from the soil substrate into each
suction probe;

extracting aqueous samples from the plurality of suction probes after
applying the vacuum for the predetermined period of time; and

analyzing the aqueous samples to determine a chemical composition

at the different depths of the soil substrate.

The method of claim 19, wherein the aqueous samples are analyzed to

determine chemical composition at different depths of the soil substrate.
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21.

22.

23.

24.

25.

26.

27.

The method of claim 19, wherein at least one of the plurality of suction probes

is installed within a root activity zone of a plant species in the soil substrate.

The method of claim 21, wherein the aqueous samples are analyzed to

determine a chemical composition of the root activity zone.

The method of claim 22, further comprising determining a corrective measure
based at least in part upon the determined chemical composition of the root

activity zone.

The method of claim 23, wherein the corrective measure is a washing

irrigation.

The method of claim 18, further comprising obtaining a plurality of soil

samples at different depths of the root activity zone.

The method of claim 18, further comprising determining a corrective measure
based at least in part upon the determined chemical composition of the soil

substrate.

A method, comprising:

obtaining, by a computing device, a composition of a fertilizer solution
(FS) that has been supplied to a soil substrate including a root activity zone of
a plant species;

obtaining, by the computing device, a chemical composition within the
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28.

29.

root activity zone, the chemical composition determined by analysis of an
aqueous sample obtained from a suction probe positioned within the root
activity zone after the FS is supplied to the soil substrate;

determining, by the computing device, nutrient utilization by the plant
species based at least in part upon the FS composition and the chemical
composition of the root activity zone; and

providing, by the computing device, an amount of additive that is added
to irrigation water to produce a subsequent FS that is supplied to the soil

substrate.

The method of claim 27, further comprising obtaining the chemical
composition at multiple depths within the root activity zone, the chemical
composition determined by analysis of aqueous samples obtained from
suction probes positioned at the multiple depths of the root activity zone after

the FS is supplied to the soil substrate.

The method of claim 27, further comprising:

obtaining nutritional status of the plant species that is based upon
analysis of a tissue sample of the plant species; and

determining the amounts of nutrients for the subsequent FS based at
least in part upon the determined nutrient utilization and the nutritional status

of the plant species.
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30.

31.

32.

The method of claim 27, wherein determining nutrient utilization inciudes
evaluating marker ion concentrations determined by analysis of the aqueous

sample.

The method of claim 27, wherein determining nutrient utilization includes

determining a nitrogen utilization rate.

The method of claim 27, wherein determining nutrient utilization includes

determining a potassium utilization rate.
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