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METHOD AND COMPOSITION FOR
AGRICULTURAL POTASSIUM
FERTIGATION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application 1s a continuation 1n part of application

Ser. No. 14/243,184, filed on Apr. 2, 2014, which 1s a
continuation 1n part of Ser. No. 13,385,736, filed Mar. 3,
2012, which 1s a continuation in part of application Ser. No.

13/136,032, filed on Jul. 21, 2011, which 1s a continuation in
part of application Ser. No. 12/283,448, filed on Sep. 12,
2008, claiming the domestic priority benefit of application
No. 61/056,151 filed on May 27, 2008, inventors Miller et

al.

BACKGROUND OF THE INVENTION

The present invention relates to methods for fertilization
by adding fertilizer nutrients to agricultural irrigation sys-
tems.

The agriculture industry adds fertilizers to the plant
environs, such as the soil, to enhance crop growth and
subsequent yields. Commercial {fertilizers are usually
selected of a variety of formulations depending on the crop
and 1ts nutrient requirements.

Fertilizers generally are classified according to their NPK
content. NPK 1s common terminology used 1n the fertilizer
industry and stands for (1) N—the amount of nitrogen 1n the
formulation as N; (2) P—the amount of phosphorus 1n the
tformulation as P,O.; and (3) K—the amount of potassium 1n
the formulation as K,O. Nitrogen, phosphorus and potas-
sium are the basic plant nutrients or macronutrients that are
taken up and utilized by the growing crops, and they are
commonly provided or augmented by the addition of fertil-
1zers (NPK fertilizers).

A fertilizer, as that term 1s used herein and as generally
understood, refers to the nutrient-containing materials used
to deliver fertilizer nutrients to a crop. Conventional fertil-
izers typically will contain materials that are extraneous to
the crops’s nutrient-uptake and solid condition (“yield-
extraneous constutients”) but which, for practical and/or
other reasons, are necessary to the delivery of the nutrients.
The process of delivering fertilizer nutrients to crops 1is
referred to as fertilization.

The fertilization method of adding fertilizers to the water
being used to irrigate the crops 1s called “fertigation”,
reflecting this combination of irrigation and {fertilization.
Fertigation reduces equipment, fuel and labor expended 1n
the addition of fertilizers in comparison to mechanical
delivery of fertilizers to the crops, and thus {fertigation
achieves a significant overall cost savings.

To conserve water, which 1s decreasing in availability and
increasing in cost, current conventional technology includes
micro-irrigation systems that deliver precise amounts of
water directly to the so1l holding the root system of the plant
that 1s being grown. In the past twenty to thirty years, a large
percentage of crop producers in the western and southwest-
ern United States have converted from flood and sprinkler
irrigation systems to micro-irrigation technology. Micro-
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2

irrigation systems contain devices called emitters, micro-
sprinklers or other such devices that provide the precise
amounts of water directly to the desired soil site, namely the
so1l holding the roots of the plant or crop being irrigated.

Micro-1rrigation systems are sensitive to water quality and
the inclusion of fertilizers and other additives stemming
from the refinement of the micro components. These emit-
ters, micro-sprinklers or other micro devices have very tiny
orifices and/or a long tortuous narrow passageway that
provide the requisite pressure for delivery of precise
amounts of water 1n a uniform manner to each plant 1n the
crop being irrigated so long as deposits do not build up
inside them. Deposits from any source foul or plug these
micro components. The smallest particle or foreign material
can cause fouling of these devices. Water quality and the
inclusion of fertilizers can, and frequently does, cause severe
plugging problems. The problems arise from a number of
factors: (1) the 1rrigation water 1s typically obtained from
wells, reservoirs, canals, lakes, or rivers which contain
vartous amounts of dissolved minerals; and (2) fertilizers
can form insoluble salts and/or cause particulate formation
when added to the water. Macro-irrigation systems (macro-
sprinkler irrigation systems) mainly tolerate these condi-
tions, while micro-irrigation systems are extremely 1ntoler-
ant.

In more detail, the addition of conventional fertilizer
formulations to 1rrigation water normally 1ncreases the load-
ing of iorganic salts over that already 1n the water. When
the loading, or the combined loading, 1s too high, the
solubilities of at least some of the naturally-occurring 1rri-
gation-water minerals and/or added compounds are
exceeded and particulate formation increases dramatically.
When particulates form, sigmificant deposits begin to build
up throughout the irrigation system. The end result for
emitters or micro-sprinklers 1s plugging.

Plugging results in uneven distribution of water and
nutrients to the crop being irrigated, and in some cases, the
complete shut-down of the micro-irrigation system. Prob-
lem-free use of additives such as fertilizers 1n micro-irriga-
tion systems 1s normally seen only 1n 1rrigation systems that
use relatively pure water sources.

The conventional agricultural practice 1s to make inter-
mittent or periodic applications of fertilizers. Such intermait-
tent additions might be a single addition, or a plurality of
additions, of large amounts (high concentrations) of fertil-
izer during a brief time 1nterval each growing season or crop
cycle. (The number of applications per growing season or
crop cycle usually depends on the crop and/or the type of
tertilizer being added.) When the fertilizer-delivery method
1s fertigation, fertilizers are typically slug fed into the
irrigation system as quickly as possible to minimize the
labor requirements and ease material handling. Slug feeding
of a block (portion of a field) normally entails feeding the
large amounts (high concentrations) of fertilizer to the
irrigation water over a six to seven hour period during
irrigation, and then, after the fertilizer feed 1s shut off,
continuing the irrigation of that block for an additional two
to three hours to rinse out all of the fertilizer that 1s contained
inside the rrigation system, msuring that all of the fertilizer
intended for the block 1s 1n fact delivered to the block.

The cost of commercial fertilizer formulations 1s, how-
ever, itsell significant, and commercially viable fertilizer
formulations (formulations sufliciently inexpensive for bulk
agricultural use) typically include, as mentioned above,
yield-extraneous constituents which do not contribute to
plant nutrition or soil condition, and can even be undesirable
components. Further, the bulk weight of commercial fertil-
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izer formulations typically 1s water which increases the
shipping costs. The water of a fertilizer formulation 1s
analogous to, or at least approaches being, a yield-extrane-
ous constituent because 1ts contribution to the water require-
ments ol a crop normally 1s negligible, particularly in
comparison to its adverse impact on shipping, storage and
handling but since water 1s normally required for an unim-
peded container-to-irrigation-system fertilizer addition it 1s
analogous to, but still not considered herein, an “essential
yield-extraneous constituent material”.

The terms “micro-irrigation” and “macro-irrigation” as
used herein refer respectively to (1) micro-sprinklers, drip,
and subsurface drip systems and (2) sprinkler systems
without micro components which are primarily overhead
sprinklers. The terms “overhead sprinkler” and “‘overhead
sprinklers” as used herein refer to irrigation systems in
which the irrigation water 1s emitted or sprayed from sprin-
kler heads, nozzles or other irrigation devices disposed at a
position elevated from ground level, that normally (but not
necessarily) are engaged directly above the crop being
irrigated. Overhead sprinkler 1rrigation systems are normally
macro-irrigation systems because micro-irrigation normally
depend on a close proximity between the emitters and soil
immediate the crop while overhead sprinklers are normally
spaced apart from the soil immediate the crop. Such micro-
and macro-irrigation systems are collectively referred to
herein as “emitter-irrigation” systems because they each
emit or eject sequential small quantities of 1wrrigation water
from 1rrigation lines or tubes directed more or less towards
the crop being irrigated.

SUMMARY OF THE INVENTION

The present invention provides a method for emitter-
irrigation potassium fertigation wherein a potasstum-nutri-
ent feedstock comprised of potassium formate and water 1s
charged to an active emitter-irrigation system continuously,
or substantially continuously, at low levels, during the entire
time, or substantially the entire time, that 1rrigation water 1s
suiliciently flowing through the wrrigation system during a
prolonged term (“prolonged-termed continuous charge” or
prolonged-termed continuous fertigation”) wherein the
potassium-nutrient feedstock has a high potassium-nutrient
content, has a high organic carbon content, has a minimal
amount of water, has no essential yield-extraneous constitu-
ent such as sulfate, has no essential yield-adverse constituent
such as degradable thiosulfate, phosphate or chloride and 1ts
mimmal water content drastically reduces shipping, storage
and handling costs.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s an at least partially diagrammatic view of a
system used in certain embodiments of the present imven-
tion;

FIG. 2 1s an at least partially diagrammatic view of a
section of the system of FIG. 1.

FIG. 3 1s an at least partially diagrammatic view of a
section of the system of FIG. 1.

FIG. 4 1s an at least partially diagrammatic view of a
section of a system used 1n certain embodiments of the
present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Prolonged Term

The prolonged-term charge of the potassium-nutrient
feedstock to the 1rrigation system continuously or substan-
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4

tially continuously at low levels of the present invention
provides umiform, consistent levels of available potassium
during a crop cycle until 1t 1s no longer desired as fruiting
approaches, in comparison to conventional fertigation tech-
niques.

By prolonged term i1s meant herein a time period that
extends from an interval (term) during a crop cycle com-
prising at least multiple consecutive irrigations, and prefer-
ably comprising at least a three month time period or a time
period comprising {iity percent of the respective crop cycle,
and more preferably at least a four month time period or a
time period comprising seventy-five percent of the respec-
tive crop cycle, or ninety percent of the respective crop cycle
or even an entire crop cycle. (A crop cycle 1s a crop’s
growing period, from embryonic to maturity or harvest,
during which the crop is wrnigated.) Since potassium pro-
motes fruiting (fruit development), that 1s, the ripeming of a
crop plant’s fruit, when such ripening is at, or approaches,
optimal, potassium fertilization normally 1s ceased to avoid
truit development beyond the point that provides the crop’s
best agronomic output (agronomic payload or payout), such
as fruit, vegetable, nut and the like sections of the plant, prior
to harvest.

Prolonged-Termed Continuous:

The charge of the potassium-nutrient feedstock to the
irrigation water 1s prolonged-termed continuous. By a pro-
longed-termed (or prolonged-term) continuous charge of
potassium-nutrient feedstock (or continuously charging
potassium-nutrient feedstock over a prolonged term) 1s
meant herein that the charge i1s continuous when the 1rriga-
tion system 1s active during a given prolonged term. In more
detail, when an 1rrigation system 1s idled, water usually
drains out and the system becomes mainly filled with air.
Upon reactivation, there 1s a time delay between the start of
water flowing into the 1irrigation system and the point of time
at which the system reaches its full or normal operating
pressure (from about 10 to 150 psi1 depending on the
system). The continuous charge of potassium-nutrient feed-
stock normally ceases when the shutdown (the 1dling) of the
irrigation system initiates (and the water pressure falls below
tull or normal operating pressure for the given system) and
does not recommence until at least a prependerance of the
irrigation system 1s refilled with water, at which point the
system 1s typically approaching, but might not yet be at, 1ts
full or normal operating pressure. In other words, by a
continuous charge of potasstum-nutrient feedstock on a
given 1rrigation day 1s meant herein that the charge 1is
continuous when 1rrigation water 1s flowing at least at ninety
percent of full or normal operating pressure.

-

T'he Potassium-Nutrient Feedstock
The method and/or system of the present invention,
namely the method and/or system for fertigation by charging
a potasstum-nutrient feedstock comprised of potassium for-
mate and water to the 1rrigation system, 1s drastically advan-
tageous because the feedstock has a high potassium-nutrient
content, has a high organic carbon content, has a minimal
amount of water, has no essential yield-extraneous constitu-
ent such as sulfate, has no yield-adverse constituent such as
degradable thiosulfate, phosphate or chloride and 1ts mini-
mal water content drastically reduces shipping, storage and
handling costs. It has no cations or anions (such as phos-
phate as mentioned above) that increase the deposit-forming
load of the irrigation water to which 1t 1s fed. Such anions or
cations, and other adverse constituents such as degradable
thiosulfate, are typically present in commercial fertilizers
because they are needed for the delivery of the nutrient or for

other reasons tied to the respected formulation; in other




US RE49.,085 E

S

words, they are essential yield-adverse constituents with
respect to those formulations.

At the preferred concentration levels of potassium for-
mate of from 50 to 75 wt. percent, the feedstock ranges from
a 0-0-28 NPK fertilizer to a 0-0-42 NPK fertilizer. In more
preferred embodiments, the concentration level of potassium
formate in the feedstock 1s from 65 to 75 wt. percent, and
therefore the feedstock ranges from about a 0-0-36 NPK
tertilizer to a 0-0-42 NPK {fertilizer.

Further, 1n preferred embodiments, the potassium-nutrient
teedstock 1s charged to the irrigation system at levels sul-
ficient to provide a concentration of from 1 to 200 ppm of
potassium at K2O 1n said treated irrigation water, and more
preferably from 5 to 100 ppm of potassium as K20 in said
treated 1rrigation water.

In contrast, the most basic (simple) sources of potassium
used 1n conventional agricultural fertigation are potassium
sulfate and potassium thiosulfate. Potassium sulfate 1s
soluble only up to 8% potassium as K20 (a 0-0-8 NPK
tertilizer), requiring huge costs for (a) the shipment and
storage of thus dilute fertilizer and (b) the time and labor
required to slug-feed such a dilute material to an 1rrigation
system. Potassium thiosulfate (a 0-0-25 NPK fertilizer) has
a higher solubility than potassium sulfate (but still far lower
than the present invention’s more preferred 0-0-36 NPK to
0-0-42 NPK feedstock) but 1t 1s expensive and, since the
sulfur of thiosulfate 1s not 1n its highest oxidation state, it 1s
at risk of decomposition and precipitation, which leads to
fouling of the 1rrigation system and impaired wrrigation. (No
oxidants, such as chlorine, can be used in the irnigation
system at or about the same time as potassium thiosulfate.)
Potassium nitrate, another potassium source, 1s very soluble
but (a) its distribution 1s restricted or prohibited by laws
and/or regulations because of security risks associated with
its mitrate content and (b) 1t 1s prohibitively expensive.
Potassium phosphate, another highly soluble potassium
source, 1s also much too expensive for conventional ferti-
gation practices and the phosphate, an essential yield-ad-
verse constituent with respect to this fertilizer, can cause
precipitation and fouling problems.

The present invention does not exclude sequential and/or
concomitant addition of other materials if desired, including
but not limited to one or more other fertilizers and the like.
In preferred embodiments, particularly with respect to
micro-irrigation systems, concomitant addition of other
materials 1s limited to materials having molecular weights
that do not exceed 1,000 as charged or as developed within
the 1rrigation system.

The potassium-nutrient feedstock 1s charged to an 1rriga-
tion system by feeding it to the imrrigation water either (1)
flowing through a mixing chamber that discharges to a main
line of an irrigation system downstream of any irrigation-
system {filters and upstream of the delivery points of the
irrigation system or (2) flowing through a main line of an
irrigation system (that 1s, directly charging to a main line of
an 1rrigation system) downstream of any irrigation-system
filters and upstream of the delivery points of the wrrigation
system, as 1illustrated in FIG. 1 to FIG. 3 and discussed
below.

The method of the present invention 1n certain preferred
embodiments employs an automated feed system which
teeds or charges the material to the mixing chamber or main
line at a pre-selected or pre-determined rate, which 1is
discussed below. Such an automated feed system therefore
charges the potassium-nutrient feedstock at a pre-selected or
pre-determined rate. The automatic feeding of the potas-
sium-nutrient feedstock at a pre-selected or pre-determined
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rate 1s particularly important when 1t 1s desirable to feed the
teedstock at a rate relative to the irrigation-water flow rate,
so as to automatically provide and maintain a pre-selected or
pre-determined concentration of the feedstock 1n the 1rriga-
tion water throughout the fertigation period, including when
the 1rrigation water flow rate varies from one set to the next.
Such an automated feed system would be inactive or idle
when there 1s no wrrigation water flow in the iwrrigation line
served by the automated feed system. That automated feed
system may be, and 1n certain embodiments 1s preferably,
automatically activated or triggered upon the commence-
ment of water flow in the 1rrigation line, and may be, and 1n
certain embodiments 1s preferably, automatically deact-
vated or halted when the tlow of irrigation water ceases.

The System of FIG. 1 to FIG. 3

Referring to FIG. 1 and, to the extent components are
shown 1n FIG. 2 and FIG. 3, to FIG. 2 and FIG. 3 also, there

1s shown a system of the present invention designated by the
general reference numeral 10. An agricultural 1rrigation
system distributes 1rrigation water typically from a water
source whether 1t be a well, surface water (such as water 1n
a canal, reservorir, stream or the like), reclaimed or recycled
water. A stream of irrigation water 1s pumped 1nto a main
line (1rrigation system main line) and then 1s filtered. The
system 10, as shown in FIG. 1, FIG. 2 and FIG. 3, 1s an
embodiment of an extended system used 1n certain embodi-
ments of the present invention because system 10 includes
such filters and a segment of such a main line from a point
upstream of the filters to a point downstream of the filters,
and the addition of potassium-nutrient feedstock occurs
between these two points.

As described below, a segment of a stream of irrigation
water that 1s running between the irrigation-water source and
the wrrigation line(s) 1n the field(s) 1s withuin the system 10
wherein the irrigation water 1s first filtered and then treated
with the feedstock of the present invention. The system 10
includes a control umt 12, optionally a plurality of filters,
which here are shown as sand-media filters 16, an 1rrigation-
water line, which here 1s shown as a pre-filter (and some-
what higher pressure) segment of an 1rrigation-water main
line, or pre-filter main line 18, which feeds irrigation water
(1dentified and discussed below) through each of the sand-
media filters 16, and also through a mixing chamber 14, to
a post-filter (and somewhat lower pressure) segment of the
irrigation-water main line, or post-filter main line 20. (The
post-filter main lime 20 1s a transport pipe that carries
irrigation water to one or more agricultural fields, such as the
agricultural field 510 shown 1n phantom, and obviously not
to scale, in FIG. 1. One or more secondary transport pipes
service a typical agricultural field, such as transport pipes
520 shown 1 FIG. 1. Devices for delivering the irrigation
water at points 1n the field, shown as devices 530 1n FIG. 1,
can be overhead sprinklers or micro-devices (such as emit-
ters or micro-sprinklers.) The potassium-nutrient feedstock
1s stored in one of the storage containers 22 which may be
conveniently disposed nearby the control unit 12 as shown.
As shown, such storage containers or tanks 22 include one
for each of the materials to be added, including but not
limited to extraneous fertilizers, are shown. (The storage
tanks 22 are shown staggered for stmplicity in showing each
of the feed lines 40.)

In other words, the method of the present invention
requires at least one storage facility, namely one for the
potassium formate solution. The method of the present
invention does not exclude the feeding of other materials as
described in more detail below.
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There 1s a feed line 40 between each of the raw-material
tanks 22 and the mixing chamber 14. These feed lines 40 run
through the interior of the control unit 12 (not shown in FIG.
1) to the mixing chamber 14. (Only one of such feed lines
40 1s shown running to the mixing chamber 14 for simplic-
ity). For each of the materials, and feed lines 40, there 1s an
injection valve 96 along the feed line 40 just ahead of the
point at which the feed line 40 enters the mixing chamber 14,
none of which 1s shown 1n FIG. 1 for simplicity, and all of
which are shown 1n FIG. 2 and FIG. 3.

Irrigation water tlows to and through each of the sand-
media filters 16 through filter feed lines 72. A stream of the
irrigation water also flows from the pre-filter main line 18 to
the mixing chamber 14 through a mixing-chamber feed line
70, except when the mixing-chamber feed line 70 1s closed
ofl. The water flows from the mixing chamber 14 and from
cach of the sand-media filters 16 discharge to the post-filter
main line 20.

Referring now 1n particular to FIG. 2 (where the storage
tanks 22 are again shown staggered for simplicity in show-
ing each of the feed lines 40), each of the feed lines 40 1s
equipped with a feed pump 74. Each of these feed pumps 74
1s controlled by a flow controller 76 and a master controller
78. Each of these feed pumps 74 1s 1n electrical communi-
cation with a flow controller 76 and the master controller 78
(the electrical connections are not shown) and injects or
pumps 1n 1ts respective material to 1ts respective feed line 40
at the rate determined by the flow controller 76 and the
master controller 78.

The control unit 12 1s divided into two chambers, one of
which 1s a lower chamber 82 which houses the feed pumps
74 and a portion of the feed lines 40 downstream of the
respective tanks 22 and upstream of the mixing chamber 14.
The second chamber of the control unit 12 1s an upper
chamber 92 which houses the flow controller 76, the master
controller 78 and an optional temperature controller 77.

Along each of the feed lines 40 downstream of the
respective feed pumps 74 and upstream of the mixing
chamber 14 i1s, as mentioned above, an 1njection valve 96,
cach of which 1s preferably equipped with a backtlow
preventer (not shown). Along the mixing-chamber feed line
70 are, 1n the order of from upstream (closest to the pre-filter
main line 18) to downstream (closest to the mixing chamber
14) an optional booster pumps 98, a mixing-chamber feed-
line flow meter 100, a mixing-chamber feed-line flow sensor
102 and a mixing-chamber feed-line shut-off valve 104. The
line opposite the mixing-chamber feed line 70 1s a mixing-
chamber discharge line 71 that 1s open to the post-filter main
line 20. Along the mixing-chamber discharge line 71, in the
order of from upstream (closest to the mixing chamber 14)
to downstream (closest to the post-filter main line 20), are an
optional mixing-chamber discharge-line thermocouple 106
and a mixing-chamber discharge-line shut-off valve 108.

The pre-filter main line 18 1s open to the mixing chamber
14 through the mixing-chamber feed line 70, and 1s open to
cach of the sand-media filters 16 through filter feed lines 72
or openings. Untreated wrrigation water, that 1s, mrrigation
water that 1s not vet treated by the system of the present
invention, which 1s shown by flow arrows and 1s designated
as untreated irrigation water 110 1n FIG. 3, flows through the
pre-filter main line 18 and discharges to the mixing chamber
14 and the sand-media filters 16 through these respective
lines.

As noted above, the mixing-chamber discharge line 71 1s
open to, and discharges to, the post-filter main line 20, which
1s best seen 1n FIG. 3. In addition, each of the sand-media
filters 16 1s open to and discharges to, the post-filter main
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line 20 via filter discharge lines 114 or openings. The
untreated irrigation water 110 of the pre-filter main line 18
thus flows to the post-filter main line 20 and therein receives
the discharge from the mixing-chamber discharge line 71,
becoming 1rrigation water that carries or has been treated
with the potassium-nutrient feedstock of the present inven-
tion. Such treated wrrigation water 1s shown by flow arrows
and 1s designated as treated 1rrigation water 111 1n FIG. 3
and elsewhere herein.

Along the post-filter main line 20, 1n the order of from
upstream (closest to the mixing-chamber discharge line 71)
to downstream (farthest from the mixing-chamber discharge
line 71), are a post-filter main-line pressure gauge 126 and
a post-filter main-line flow sensor 128.

Along the pre-filter main line 18, in the order of from
upstream (closest to the mixing-chamber feed line 70) to
downstream (farthest from the mixing-chamber feed line
70), are a pre-filter main-line pressure sensor 130 and a
pre-filter main-line pressure gauge 132.

The storage tanks 22 can vary 1n size depending on the
size and nutrient needs of the irrigation site they service.
Typical storage container sizes are between 300 and 6,500
gallons. The electrical connections between the feed pumps
74 along the feed lines 40 and the controlling flow controller
76 and master-controller 78 each consist separately of an
on/off power control (not shown) and a feedback loop (not
shown) which controls the output of the respective feed
pumps 74, and the construction and operation of such
clectrical connections are well within the skall of an ordinary
person skilled in the art. The upper chamber 92 of the control
umt 12, which houses the electrical controls, namely the
flow controller 76, the temperature controller 77 and the
master controller 78, 1s 1solated from the lower chamber 82
(which houses the feed pumps 74) to avoid, or at least
inhibit, corrosion of the electrical components of the elec-
trical controls. The control unit 12 generally 1s preferably
constructed of heavy gauge steel that 1s anodized to 1nhibat
corrosion. It preferably 1s secured with a high security lock
system (not shown) and 1s preferably anchored to the ground
with several six foot deep spikes (not shown) to prevent
tampering and/or theft of the equipment held within the
control unit 12.

The flow controller 76 within the control unit 12, which
1s one of the controls over the feed pumps 74, 1s also 1n
clectrical connections (not shown) with the post-filter main-
line flow sensor 128 along the post-filter main line 20. (The
construction and operation of these electrical connections
are well withun the skill of an ordinary person skilled in the
art.) The flow controller 76 proportionately varies the mput
of the materials through the respective feed pumps 74 based
on the flow rate of the treated wrrigation water 111 which 1s
read by the post-filter main-line flow sensor 128 downstream
of (beyond) the sand-media filters 16.

The temperature controller 77 within the controller unit
12 1s 1n electrical connection (not shown) with the mixing-
chamber discharge-line thermocouple 106 along the mixing-
chamber discharge-line 71. (The construction and operation
of these electrical connections are well within the skill of an
ordinary person skilled in the art.) The materials from the
storage tanks 22 are routed through the respective feed lines
40 and charged to the mixing chamber 14. The potassium-
nutrient feedstock 1s ntermixed with any other material
being concomitantly fed and with a stream of untreated
irrigation water 110 being fed into the mixing chamber 14
through the mixing-chamber feed line 70. The treated 1rri-
gation water may be monitored by the mixing-chamber
discharge-line thermocouple 106 as 1t exits the mixing
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chamber 14. If that temperature 1s undesirably high, for
instance 40° C. or hugher (higher than 39° C.), the tempera-
ture controller 77 sends a feedback signal to the measure
controller 78 and the master controller 78 shuts ofl the feed
pumps 74 until a safe temperature 1s seen at the mixing-
chamber discharge-line thermocouple 106, and this ofl/on
sequence 1s repeated until a safe temperature, as seen at the
mixing-chamber discharge-line thermocouple 106, 1s main-
tained.

The master controller 78 automatically turns the system
10 on. The master controller 78 is electrically connected (not
shown) both to the pre-filter main-line pressure sensor 130
and to the mixing-chamber feed-line flow sensor 102. (The
construction and operation of these electrical connections
are well within the skill of an ordinary person skilled 1n the
art.) When a minimum pressure (typically 15 psi1) 1s seen at
the pre-filter main-line pressure sensor 130 and a minimum
flow of water (typically twenty gallons per minute) i1s seen
at the mixing-chamber feed-line flow sensor 102, the master
controller 78 actuates the feed pumps 74 and injection
valves 96 any other component of the system 10 which
tacilitate the treatment of the untreated 1rrigation water that
are then 1n an 1mactive state. Upon such actuation, materials
start feeding to, and mixing 1n, the mixing chamber 14. (The
master controller 78, pre-filter main-line pressure sensor 130
and mixing-chamber feed-line flow sensor 102 are typically
always 1n an active state.) The master controller 78 will not
allow such actuation unless both minimums are met. Once
the feed pumps 74 and 1njection valves 96 are actuated, the
master controller 78, for safety reasons and preferably, will
automatically shut down the feed pumps 74 and 1njection
valves 96 when either of the values seen at the pre-filter
main-line pressure sensor 130 and the mixing-chamber
teed-line tlow sensor 102 falls below 1ts respective mini-
mum, and automatically restart the feed pumps 74 and
injection valves 96 when both of the values seen at the
pre-filter main-line pressure sensor 130 and the mixing-
chamber feed-line flow sensor 102 meet or exceed its
respective minimum. In other words, once the flow of
untreated 1rrigation water 110 to the fields begins, 1t starts
flowing (a) through the pre-filter main line 18, (b) to and
through the sand-media filters 16, (c¢) discharging to, and
flowing through the post-filter main line 20, and (d) from
there to the wrrigation lines 1n the field(s) (not shown), the
master controller 78 will actuate the feed pumps 74 and
injection valves 96 if the irrigation water 1s at the normal or
expected pressure, tlow and flow rate. Note that generally
the tlow of 1rrigation will occur as described above regard-
less of whether the master controller 78 has actuated the feed
pumps 74 and 1njection valves 96 or has shut down the feed
pumps 74 and injection valves 96 after initial actuation
because that tlow sequence and infrastructure are the con-
ventional elements of the irrigation system.

Based on the potassium-nutrient-application profile (the
amount of potassium nutrient that 1s required for a given
time period of the given crop cycle), the master controller 78
automatically determines and sets the correct synchroniza-
tions of the feed pumps 74 to provide the desired potassium-
nutrient feedstock.

As mentioned elsewhere herein, the master controller 78
controls the temperature within the mixing chamber 14,
preventing the temperature from straying out of (normally
exceeding) the desired range, by shutting ofl the feed pumps
74 until that temperature drops to, and can be maintained
within, the desired range.

When filter(s) are disposed within the path of the 1rriga-
tion water flowing through the system of the present inven-
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tion (which 1s standard but not universal for commercial
irrigation systems), such as the sand-media filters 16 shown
within the path of the irrigation water between the pre-filter
main line 18 and post-filter main line 20 (except the small
stream of 1rrigation water that 1s routed through the mixing
chamber 14), there 1s normally a small but significant
water-flow pressure drop across the filters, such as sand-
media filters 16. A tflow rate of at least 20 gallons per minute
or more of untreated irrigation water 110 through the mixing
chamber 14 1s preferred, and the optional booster pump 98
1s preferably included to provide such flow rate it the
pressure drop across the sand-media filters 16 would result
in a lower flow rate through the mixing chamber 14 or 1f a
higher flow rate 1s required to maintain a mixing chamber
temperature below 40 degrees C.

As noted elsewhere, disposed along the mixing-chamber
feed line 70 are the booster pump 98, the mixing-chamber
teed-line flow meter 100, the mixing-chamber feed-line tlow
sensor 102 and the mixing-chamber feed-line shut-oil valve
104. The mixing-chamber feed-line flow meter 100 deter-
mines the actual flow rate of untreated irrigation water 110
to, and therefore through, the mixing chamber 14. The
mixing-chamber feed-line tlow sensor 102 determines if a
flow of untreated 1rrigation water 110 1s occurring to, and
therefore through, the mixing chamber 14. The flow of
materials to the mixing chamber 14 will not be permitted
unless a tlow of untreated 1rrigation water 110 1s occurring,
through the mixing chamber 14. There of course are elec-
trical connections (not shown) between the mixing-chamber
feed-line flow meter 100 and the master controller 78, and
between the mixing-chamber feed-line flow sensor 102 and
the master controller 78.

The mixing-chamber feed-line shut-ofl valve 104 1s not
generally an active element 1n the operation of the present
system, but 1nstead 1t 1s an optional, and typically manual,
expedient. The mixing-chamber feed-line shut-oil valve 104
and the mixing-chamber discharge-line shut-ofl valve 108
(which likewise 1s an optional, and typically manual, expe-
dient) can be conveniently used together to 1solate the
mixing chamber 14 from the flows of 1rrigation water for
maintenance or repair purposes, if ever needed. When the
mixing-chamber feed-line shut-off valve 104 and the mix-
ing-chamber discharge-line shut-off valve 108 are open (or
in embodiments when they are not present), the small stream
of untreated 1rrigation water 110 tflows through the mixing
chamber 14 whenever the rrigation water 1s flowing to the
fields (not shown), regardless of whether or not any mate-
rials are being fed to the mixing chamber 14.

Along the mixing-chamber discharge line 71, downstream
of the mixing chamber 14, 1s the mixing-chamber discharge-
line thermocouple 106 which senses the temperature of the
potassium-nutrient feedstock and irrigation water mixture as
it exits the mixing chamber 14, and sends that data signal
(temperature reading) to the master controller 78 for its
processing and control of the temperature within the mixing
chamber 14 as discussed elsewhere herein. There of course
are electrical connections (not shown) between the mixing-
chamber discharge-line thermocouple 106 and the master
controller 78.

The dispositions and functions of the post-filter main-line
pressure gauge 126, pre-filter main-line pressure sensor 130
and the post-filter main-line flow sensor 128 are discussed
clsewhere.

The sand-media filters 16 are typically large, for instance
300 gallons, stainless steel filters. Such type of filters 1is
routinely used by growers to remove debris from untreated
irrigation water before 1t enters the rrigation system 1n the
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fields. The sand-media filters 16 of the system 10 of the
present invention generally and preferably would be filters
that are already 1n place at the given 1rrigation-system site.
As the untreated 1rrigation water 110 passes through the sand
of the sand-media filters 16, the flow of the untreated
irrigation water 110 1s restricted and that flow restriction
causes a small but significant pressure drop across the
sand-media filters 16. Such pressure drop 1s typically 1n the
range of from 5 to 15 psi1 (but can be higher as debris builds
up 1n the filter), and 1s the reason that there 1s a pressure
differential between the pre-filter main line 18 and the
post-filter main line 20. This pressure drop facilitates a large
(fast) tlow of untreated irrigation water 110 through the
mixing chamber 14 that 1s needed to temper or mitigate any
temperature increase within the mixing chamber 14. The
previously-described optional booster pump 98 1s available
to create and/or maintain the requisite water flow through
the mixing chamber 14, and 1t 1s a highly recommended
option for wrrigation systems that do not have a large enough
pressure drop across the filters 16 to provide the requisite
cooling by the untreated irrigation water 110 when the
potassium-nutrient feedstock 1s charged to the mixing cham-
ber 14. In other words, the flow of untreated 1rrigation water
110 water through the mixing chamber 14 1s large (fast)
compared to the feed rate (injection rate) of the materials
into the mixing chamber 14.

In contrast, the system shown in FIG. 4 and described
below charges the potassium-nutrient feedstock directly into
the 1rrigation main line.

Master controller 78 includes various electronic compo-
nents that are designed to monitor various electrical signals
from the sensing devices. Depending on what signals are
input, the master controller 78 turns on the various compo-
nents ol the system once the irrigation system i1s fully
operational and 1n a mode to msure the proper feed of all the
materials 1n the correct proportions, under controlled con-
ditions, to satfely add the potassium-nutrient feedstock to the
irrigation system. Numerous configurations of electric com-
ponents could be designed to achieve this control. As shown,
the master controller 78 consists of various relays, timing,
devices and power supplies that take the various signals
from the sensing equipment and turn on and off the various
control systems to safely control the chemical feed pumps
74. (A master controller could of course send the sensing and
control data, via wireless communication networks, to an
operator stationed 1n a distant oflice.) If any incorrect or
out-of-range signal 1s recerved by the master controller 78
and circuitry inside the master controller 78 responds and
sends the appropriate feedback signal to the appropriate
device or system to immediately correct the out-of-range
condition, change the flow rate of the material feed pumps
74 or totally shut ofl the material feed pumps 74.

The system 10 can determine and adjust the pH of the
treated 1rrigation water 111, particularly as illustrated i FIG.
2 and FIG. 3 1n which the lower chamber 82 as shown also
houses a pH monitoring system 83 (shown i phantom lines
in FIG. 2) which, as shown, 1s comprised of a pH monitor-
ing-system pump 84, a pH sensor 86, a pH feed line 88 and
a pH return line 90, and in which the upper chamber 92
includes a pH controller 80. Also along the post-filter main
line 20, 1n the order of from upstream (closest to the
mixing-chamber discharge line 71) to downstream (farthest
from the mixing-chamber discharge line 71), are the termi-
nal end 116 of the pH return line 90, the starting end 120 of
the pH feed line 88 (along which 1s a pH line shut-off valve
122 and a solenoid 124). The pH control additives, for
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preferably stored as concentrated solutions 1n a storage
container(s) served by a feed pump(s) and a feed line(s) as
discussed above and illustrated for the materials.

When this optional feature i1s present, the pH controller
80, which 1s 1n electrical connection (not shown) with the
flow controller 76, might override the flow controller 76 at
times for the specific control of the feed pump(s) (such as
one of the feed pumps 74 shown) along the feed line (such
as one ol the feed lines 40 shown) of the sulturic acid
material (or other mineral acid material or even one or more
separate pH-control additives) tank (such as one of the tanks
22 shown) to given the target pH. (The construction and
operation of these electrical connections are well within the
skill of an ordinary person skilled 1n the art.)

The pH controller 80 1s electrically connected (not shown)
to the pH monitoring system 83. (The construction and
operation of these electrical connections are well within the
skill of an ordinary person skilled in the art.) The pH
controller 80 1n conjunction with the pH monitoring system
83 controls the pH of the treated 1rrigation water 111 as 1t
leaves the system 10. The pH of the treated 1rrigation water
111 1s monitored by diverting a very small stream of treated
irrigation water 111 through the starting end 120 of the pH
feed line 88 (see FIG. 3) to the pH sensor 86 (see FIG. 2)
whereat the pH of that small stream 1s determined. Based on
the pH of the treated irnigation water 111 and based on the
feed being produced in the mixing chamber 14, the pH
controller 80 adjusts (increases or decreases) the feed of one
or more pH adjustment additives to achieve a target treated
irrigation water pH. (Under the present invention, a base 1s
optionally available for increasing the pH if needed to
achieve a constant target pH, although in practice a pH
increase would normally not be required. Further discussion
herein a pH adjustment presumes that decreasing the pH 1s
the only adjustment required.) The target treated 1rrigation
water pH 1s typically a pH of about 6.5, or between 6.5 and
7, and usually 1s lower than the pH of the untreated irrigation
water, because untreated irrigation water 1s usually alkaline.

The solenoid 124 allows the small stream of the treated
irrigation water 111 to be delivered to the pH monitoring
system 83 via the pH feed line 88. The master controller 78
will normally and preferably activate the solenoid 124 when
it actuates the feed pumps 74 and injection valves 96. The
clectrical connections between the solenoid 124 and the
master controller 78 are not shown.

As mentioned above, a small stream of treated irrigation
water 111 1s diverted from the post-filter main line 20 to the
pH monitoring system 83 through the pH feed line 88 and 1s
returned to the post-filter main line 20 (preferably, as shown,
upstream of 1ts diversion point) through the pH return line
90. Along the starting end 116 of the pH feed line 88 1s a pH
teed-line shut-ofl valve 122. Along the terminal end 120 of
the pH return line 90 1s a pH return-line shut-ofl valve 123.
The pH feed-line shut-off valve 122 and the pH return-line
shut-oil valve 123 are not normally active elements of the
system 10 but instead are optional, and typically manual,
expedients which can be conventionally used together to
isolate the pH momnitoring system 83 from the flows of
irrigation water for maintenance or repair purposes, 1f ever
needed, without discontinuing the irrigation water flow
through the remainder of the system 10.

The small stream of treated 1rrigation water 111 that 1s
diverted from the post-filter main line 20 at the starting end
120 of the pH feed line 88 feeds into the pH momnitoring
system 83 through pH feed line 88. (The starting end 120 of
the pH feed line 88 as seen in FIG. 3 and the pH feed line

88 as seen 1n FIG. 2 are opposite ends of a single tlow line.)
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The pH of that small stream 1s read by the pH sensor 86 of
the pH monitoring system 83. Electrical connections
between the pH sensor 86 and the pH monitoring system 83
exist but are not shown. The pH monitoring-system pump 84
pumps the small stream through the pH monitoring system
83, and the pH monitoring-system pump 84 1s controlled by
the master controller 78 (electrical connections between
these elements are not shown.)

To summarize, the pH monitoring system 83 includes the
pH monitoring-system pump 84 which pumps treated 1rri-
gation water 111 from the post-filter main line 20 through the
pH feed line 88, past the pH sensor 86, and then back to the
post-filter main line 20 through the pH return line 90. The
clectrical connections between the pH monitoring system 83
and the pH controller 80 are not shown.

The solenoid 124 shuts off treated irrigation water 111
flow from the post-filter main line 20 through the starting
end 120 of the pH feed line 88 when the water-flow pressure
seen at the pre-filter main-line pressure sensor 130 and/or at
the mixing-chamber feed-line flow sensor 102 drop below
predetermined threshold values. The solenoid 124 is in

clectrical connection (not shown) with the master controller
78.

The System of FIG. 4

Referring to FIG. 4, there 1s shown a segment of a system
ol the present mmvention designated by the general reference
numeral 310, which differs from the system 10 of FIG. 1 to
FIG. 3 by the omission of a separate mixing chamber
component such as the mixing chamber 14 of the embodi-
ment shown 1 FIG. 1 to FIG. 3. In the system 310 of FIG.
4, the material feed lines 340 (only two shown for simplic-
ity) feed directly into a main line (as shown, 1into the main
line segment that 1s the post-filter main line 320.

The system 310 includes a control unit 310 (partially
shown 1 FIG. 4), a plurality of filters 316, an 1rrigation-
water line or main line (which 1s designated in two seg-
ments, namely a pre-filter main line 318 and a post-filter
main line 320) and filters 316 along the main line between
its pre-filter segment (pre-filter main line 318) and 1ts
post-filter segment (post-filter main line 320). Components
of system 310 that are not shown in FIG. 4 include the
components within the control unit 312, namely a lower
chamber which houses a feed-line feed pump, pH monitor-
ing-system pump, a pH sensor, a pH feed line and a pH
return line, and also an upper chamber which houses a flow
controller, a master controller, a pH controller and a tem-
perature controller. Other components of system 310 that are
not shown 1n FIG. 4 include at least one storage container
(one for the potassium-nutrient feedstock, although this
system 310 could just as well have more storage containers
to hold other materials as discussed above for system 10 of
FIG. 1 through FIG. 3). In each mstance the components of
system 310 that are not shown 1n FIG. 4, and their electrical
connections, are analogous to those described above for the
system 10 shown in FIG. 1 to FIG. 3, and therefore no
turther description 1s needed here. Further, the components
of system 310 that are shown 1n FIG. 4, and their electrical
connections, also are analogous to those described above for
the system 10 shown 1n FIG. 1 to FIG. 3, except as explicitly
stated otherwise herein, and therefore little or no further
description 1s needed here.

As mentioned above, there 1s a raw-material feed line 340
between the raw-maternial tank (not shown) and the post-
filter main line 320. This raw-material feed line 340 runs
through the interior of the control umt 312 and, as seen in
FIG. 4, from there to the post-filter main line 320. For each
of the matenials, and raw-material feed lines 340, which for
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system 310 1s at least one material and one raw-material feed
line 340, there 1s an injection valve 396 along the raw-
material feed line 340 just ahead of the point at which the

feed line 340 enters, or discharges to, the post-filter main
line 320.

Irrigation water tlows to and through each of the filters

316 through filter feed lines 372, and discharges from each
of the filters 316 to the post-filter main line 320. The
materials also discharge to the post-filter main line 320 (via
the feed lines 340) and along each of the material feed lines
340 upstream of the post-filter main line 320 1s, as men-
tioned above, an 1injection valve 396, each of which 1s
equipped with a backtlow preventer (not shown).

In system 310, unlike the system 10 shown in FIG. 1 to
FIG. 3, not only 1s there no sequence mixing chamber
component, there 1s no mixing-chamber feed line, no
optional booster pump, no mixing-chamber feed-line tlow
meter, no mixing-chamber feed-line flow sensor, no mixing-
chamber feed-line shut-oil valve, no mixing-chamber dis-
charge line and no mixing chamber discharge-line shut-oif
valve. There 1s a component that 1s the functional equivalent
of the mixing-chamber discharge-line thermocouple 106,
and that 1s a post-filter main-line thermocouple 406 that 1s
positioned along the post-filter main line 320 downstream of
the points at which the feed lines 340 discharge to the
post-filter main line 320. The post-filter main-line thermo-
couple 406 (“thermocouple 406”), like the mixing-chamber
discharge-line thermocouple 106 of system 10, monitors the
irrigation-water temperature in the water stream to which the
feedstock 1s charged.

The pre-filter segment of the main line (pre-filter main
line 318) 1s open to each of the filters 316 through filter feed
lines 372 or opemings. Untreated irrigation water, that 1is,
irrigation water that 1s not yet treated by the method of the
present invention, which 1s shown by flow arrows and 1s
designated as untreated 1rrigation water 410 in FI1G. 4, tlows
through the pre-filter main line 318 and discharges to the
filters 316 through the respective filter feed lines 372. In
addition, each of the filters 316 1s open to, and discharges to,
the post-filter main line 320 via filter discharge lines 314 or
openings. The untreated irrigation water 410 thus tlows
through the filters 316 and thereafter receives the charge of
matenals from their feed lines 340, becoming treated irri-
gation water that carries or has been treated with the
potassium-nutrient feedstock of the present invention.
Although charging the potassium-nutrient feedstock along a
post-filter section of the main line (post-filter main line 320)
1s preferred, charging the potassium-nutrient feedstock
along a pre-filter section of the main line (pre-filter main line
318) 1s not excluded from the present invention. The potas-
sium-nutrient feedstock charge should, however, be pre-
delivery (upstream of the point(s) of delivering the irrigation
water to the crop). Such 1rrigation water 1s shown by flow
arrows and 1s designated as treated 1rrigation water 411 1n
FIG. 4 and elsewhere herein.

Along the post-filter main line 320, 1n the order of from
upstream (where the stream of irnigation water has not
flowed past the feed lines 340 and therefore the water 1s
filtered but not yet irrigation water 409) to downstream
(farthest along the post-filter main line 320), are a post-filter
main-line pressure gauge 426 and a post-filter main-line
flow sensor 428.

Along the pre-filter main line 318, 1n the order of from
upstream (closest to the water source, not shown) to down-
stream, are a pre-filter main-line pressure sensor 430 and a
pre-filter main-line pressure gauge 432.
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The temperature controller (not shown) within the control
unit 312 1s 1n electrical connection (not shown) with the
thermocouple 406 along the post-filter main line 320. (The
construction and operation of these electrical connections
are well within the skill of an ordinary person skilled 1n the
art.) The materials from the various storage tanks (not
shown) are routed through the respective matenial feed lines
340 and charged to the post-filter main line 320 as the
potassium-nutrient feedstock of the present invention. The
potassium-nutrient feedstock intermixes with any other
material being fed and with the relatively large stream of
filtered 1rrigation water 409 flowing out from the filter 316.
The treated 1rrigation water 1s preferably monitored by the
thermocouple 406 downstream of the points at which the
teed lines 340 discharge the materials to the post-filter main
line 320. If that temperature 1s undesirably high, for instance
40° C. or higher (higher than 39°C.), the temperature con-
troller (not shown) sends a feedback signal to the master
controller (not shown) and the master controller shuts ofl the
teed pumps (not shown) until a sate temperature 1s seen at
the thermocouple 406, and this off/on sequence 1s repeated
until a safe temperature, as seen at the thermocouple 406, 1s
maintained. The volume and tflow of 1rrigation water 409 in
the post-filter main line 320 are, however, far greater than
that through the mixing chamber 14 of system 10 shown in
FIG. 1 to FIG. 3, and therefore the likelihood of an exces-

sively high temperature being seen at the thermocouple 406
approaches negligible, regardless of the concentration of
materials which are being fed, outside of, of course, a major
water-tlow problem 1n the irrigation system itself.

The master controller (not shown) automatically turns the
system 310 on. The master controller 1s electrically con-
nected (not shown) to the pre-filter main-line pressure sensor
430. (The construction and operation of these electrical
connections are well within the skill of an ordinary person
skilled 1n the art.) When a minimum pressure (typically 15
ps1) 1s seen at the pre-filter main-line pressure sensor 430,
the master controller actuates the feed pumps (not shown)
and 1njection valves 396 and any other component of the
system 310 which facilitate the treatment of the 1rrigation

water that are then in an 1nactive state. Upon such actuation,
the potassium-nutrient feedstock of the present invention
starts feeding to the post-filter main line 320. The master
controller will not allow such actuation unless the minimum
1s met. Once the feed pumps (not shown) and 1njection
valves 396 are actuated, the master controller, for safety
reasons and preferably, will automatically shut down the
feed pumps and 1njection valves 396 when the value seen at
the pre-filter main-line pressure sensor 430 falls below its
mimmum, and automatically restart the feed pumps and
injection valves 396 when the value seen at the pre-filter
main-line pressure sensor 430 meets or exceeds 1ts respec-
tive mimmimum. In other words, once the flow of untreated
irrigation water 410 to the fields begins, the irrigation water
starts flowing (a) through the pre-filter main line 318, (b) to
and through the filters 316, (c) discharging to, and flowing
through the post-filter main line 320, and (d) from there to
the 1rrigation lines 1n the field(s) (not shown), and when this
flow starts, the master controller will actuate the feed pumps
and 1njection valves 396 provided this irrigation water tlow
1s at the normal, or expected, pressure, flow and tlow rate.
Note that generally the flow of 1rrigation will occur as
described above regardless of whether the master controller
has actuated the feed pumps and 1njection valves 396 or has
shut down the feed pumps and 1njection valves 396 after
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initial actuation because that water flow sequence and 1nira-
structure are the conventional elements of the 1irrigation
system.

The starting end 420 of the pH feed line 1s downstream of
the point(s) at which the materials are charged to the
post-filter main line 320 and therefore, as m system 10
shown 1 FIG. 1 to FIG. 3, 1t 1s the pH of the treated
irrigation water 411, not the irrigation water prior to treat-
ment, which 1s being monitored by diverting a very small
stream of treated irrigation water 411 through the starting
end 420 of the pH feed line to the pH sensor (not shown)
whereby the pH controller (not shown) adjusts (increases or
decreases) the feed of acid(s) and/or base(s) to achieve a
constant target treated irrigation water pH. The target treated
irrigation water pH 1s typically a pH of about 6.5. Along the
post-filter main line 320, in the order of from upstream
(where the stream of 1rrigation water has not tflowed past the
feed lines 340 and therefore the water 1s filtered but not yet
irrigation water 409) to downstream (farthest along the
post-filter main line 320), are the terminal end 416 of the pH
return line, the material feed lines 340 and the thermocouple
406 (both mentioned above), the starting end 420 of the pH
feed line (along which 1s a pH line shut-off valve 422 and a
solenoid 424), a post-filter main-line pressure gauge 426 and
a post-filter main-line tflow sensor 428 (both mentioned
above).

Again, the remainder of the system 310 i1s analogous to
the system 10 shown in FIG. 1 to FIG. 3 and described in
detail above. Further, as described above for system 310, the
mixing chamber” concept 1s part of, or within, the 1rrigation
main line, namely the post-filter section of the irrigation
main line (post-filter main line 320). The dilution of the
potassium-nutrient feedstock in this far greater water stream
1s of course highly increased. Further, system 310 1s simpler
than system 10 because most of the controls associated with
a separate mixing chamber component such as the mixing
chamber 14 of system 10 are eliminated, as described above.

Demonstrative Example 1

The method of the present invention was assessed for use
at a 150 acre almond ranch which will normally receive a
total of four acre-feet of 1rrigation water over 1ts eight-month
(March 1 to October 31) growing season, delivered as
follows: (a) 1.0 acre-foot during the first three months
(March 1 through June 1); 2.5 acre-feet during the second
three months (June 1 through September 1); and 0.5 acre-
foot during the last two months (September 1 through
November 1). The source of potasstum 1s a potassium-
nutrient feedstock of the present invention, which in this
instance 1s a 75 wt. % aqueous solution of potassium formate
(a nonconventional 0-0-42 NPK fertilizer), continuously
added with the 1rrigation water 1n the amount of 50 Ib/acre
potassium (as K20) over the March, April and May three-
month time interval period, 25 Ib/acre over the June, July
and August three-month time period, and 50 lb/acre over the
September and October two-month time period. In addition
to delivering 125 Ib/acre potassium (as K20O) during the crop
cycle, this prolonged-term continuous irrigation delivers 119
Ib/acre of organic formate and no yield-extraneous materal.

Demonstrative Comparative Example A

In comparison to Example 1, if the source of potassium
used 1s potassium thiosulfate (K25203) fed to the 1rrigation
system as a 25 wt. percent aqueous solution (a conventional
0-0-25 NPK f{fertilizer), the soil receives no organic materal,
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the soil receives yield-extraneous material, and the weight
and volume of the potassium source are multiples of the
potassium-nutrient feedstock of Example 1 which seriously
escalates shipping, storage and handling costs and conve-
nience.

Demonstrative Comparative Example B

In comparison to Example 1, 1f the source of potassium
used 1s potassium sulfate (K2504) fed to the irrigation
system as an 8 wt. percent aqueous solution (a concentration
0-0-8 NPK fertilizer), the soil receives no organic material,
the soi1l recerves yield-extraneous matenal, and the weight
and volume of the potassium source are multiples of the
potassium-nutrient feedstock of Example 1 which seriously
escalates shipping, storage and handling costs and conve-
nience.

While the foregoing written description of the mmvention
enables one of ordinary skill 1n the art to make and use the
invention, and to make and use what 1s presently considered
the best mode of the invention, those of ordinary skill 1n the
art will understand and appreciate the existence of varia-
tions, combinations and equivalents of the specific embodi-
ments, methods and examples provided herein. The present
invention should not be limited by the above described
embodiments, methods and examples.

We claim:

1. A method of prolonged-termed emitter-irrigation potas-
sium fertigation of an agricultural field, said agricultural
field being irrigated by [means of] an [active] emitter-
irrigation system having a stream of tlowing 1rrigation water
upstream of said agricultural field, said method comprising
[the steps of]:

(step 1) converting said 1rrigation water to treated 1rriga-
tion water by continuously charging a potassium-nu-
trient feedstock to said stream of said flowing 1rrigation
water upstream of said agricultural field whereby said
irrigation water 1s converted to treated 1rrigation water,

wherein said potassium-nutrient feedstock [is comprised
of] comprises potassium formate and water;

(step 2) irngating said agricultural field with said treated
irrigation water; and

(step 3) repeating step 1 and step 2 each wrrigation day
over a prolonged term.

2. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim [1] /4, wherein said potassium-nutrient feedstock [is]
comprises a S0 to 75 wt. percent aqueous solution of
potassium formate.

3. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim 1, wherein said potassium-nutrient feedstock is a [65]
50 to 75 wt. percent aqueous solution of potassium formate.

4. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim 1, wherein said [emitter-irrigation] irrigation system
[is a] comprises said micro-irrigation system.

5. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim 1, wherein said [emitter-irrigation] irrigation system
[is] comprises an overhead sprinkler system.

6. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim 1 wherein, 1n step 3, said prolonged term 1s from 50
to 100 percent of said crop cycle.

7. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]

18
claim [1] /4, wherein|, in step 3.] said [prolonged term]

potassium-nutrient feedstock is [from] continuously or sub-

stantially continuously charged to said stream of irrigation

water during 75 to 100 percent of said crop cycle.
d 8. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim [1] 7, wherein[, in step 3,] said [prolonged term]
potassium-nutrient feedstock is [from] continuously or sub-
stantially continuously charged to said stream of irrigation
water during 90 to 100 percent of said crop cycle.

9. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim [1] /4, wherein|, in step 3.] said [prolonged term]
potassium-nutrient feedstock 1s continuously or substan-
tially comtinuously charged to said stream of irrigation
water in a three month time period during said crop cycle.

10. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claam 1 wherein, 1n step 3, said prolonged term 1s a five
month time period during said crop cycle.

11. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim [1] /4, wherein[, in step 1, said] continuously charging
[0of] said potassium-nutrient feedstock provides a concen-
tration of from 1 to 200 ppm of potassium as [K20] X,0O in
said treated irrigation water.

12. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim 1 wherein, in step 1, [said] continuously charging [of]
said potassium-nutrient feedstock provides a concentration
of from 5 to 100 ppm of potassium as [K20] K,O in said
treated 1rrigation water.

13. The method of [prolonged-termed emitter-irrigation
potassium fertigation of an agricultural field according to]
claim 1 wherein said [active agricultural] emitter-irrigation
system 1ncludes a main line and a side-arm mixing chamber
ofl said main line, and said stream of flowing irrigation
water [is flowing] flows through said side-arm mixing cham-
ber and [discharging] discharges to said main line, and

wherein, in step 1, [said] continuously charging [of] said

potassium-nutrient feedstock to said stream of said
flowing 1rrigation water upstream of said agricultural
field [is a] comprises continuously charging [of] said
potassium-nutrient feedstock to side-arm mixing cham-
ber.

14. A method of potassium fertigation of an agricultural
field, said agricultural field being irrvigated using an irriga-
50 tiom system having a stream of irrigation water upstream of
said agricultural field, said method comprising:

charging a potassium-nutrient feedstock to said stream of

said irrigation water upstream of said agricultural field
to convert said irrigation water to treated irvigation
water, wherein said potassium-nutrvient feedstock
includes potassium formate and water; and

irvigating said agricultural field with said treated ivriga-

tion water,

wherein, during at least 50% of a growing season ov crop

cvcle, said potassium-nutrvient feedstock is continu-
ously or substantially continuously chavged to said
stream of irrigation water upstream of said agricultural
field, and said agricultural field is irrigated with said
treated ivrigation water in multiple consecutive irriga-
lions.

15. The method of claim 11, wherein said concentration is

from 5 to 100 ppm of potassium as K,O.
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16. The method of claim 14, wherein said irrigation
system comprises an emilter-irrvigation system, a mIiCro-
irrigation system, or an overhead sprinkler system.

17. The method of claim 14, wherein said potassium-
nutrient feedstock includes 25-42% of potassium as K,O, 5

and does not include sulfate, thiosulfate, phosphate or
chloride.
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