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TECHNICAL FIELD
{3061 The mvention relates to pland nutrition and specifically to

encapsulation of nutrents.

BACKGROUND

{6002} Agricultural production across the globe 1s facing unprecedented
challenges due to climate change, extreme weather, soil erosion pathogen
resistance and cavironmental pollution. (lobal population is projected to reach
about 10 billion by 2050, thus the demand for food is expected to mcrease by
60%. The rate of increase of vield and feriihizer {an agri-mput} fo vield ratio
achieved by the green revolation has been declining and detrimental chmate
change 1s expected to further finut crop productivity and nutational guality. To
mcrease vield and improve nutritional quality, plants require balanced nutrition in
addition to water and sunbight. However, conventional agri-mputs and their
delivery are highly inefficient due to low use efficiency and environmental
release. Therefore, more-effective formulations and compositions which can
stimulate plant growth, alleviate the negative effect of abiotic/biotic stress, deliver
active ingredient efficiently to the plant at the right time in nght quantity and
releasg in response to plant’s signal are required.

[6003) Biomass-based renewable materials are bemg explored globally
due to their wmportance for a circular green economy and sustainabiity, Chitin is
the most abundant natoeral amino polysaccharide. It is present most abundantly in
crustaccans, insects, and fungi. Chitin and its derivatives are being considered as a
new functional biomaterial of high potential in interdisciplinary applications. For
mstance, chitosan, a deacetyvlated derivative of chitin, is being used in
industries/sectors such as medicine, textile, food, energy, and water. To date,

transiational application of chitosan in agriculiure 1s under exploited.

SUMMARY
{0004] In a first aspect, the disclosure provides methods of modifying

chitosan for the formulation of chitosan-based nanoparticles.

]
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{0005] In a second aspect, the disclosure provides chitosan-based
nanoparticles. The chitosan based nanoparticles may encapsulate nitrogen and/or
nitrogen nich compound and/or muxtare of compounds such as but not limited to
potassium nitrate, calciom nifrate, magnesigm oitrate, urea nitrate, urea amMMonia
nitrate, ammonium nitrate. ammoniom sulfade, Urea-hydroxyapatite, amine acids
such as argimine, cysting, histiding, leucine, lysing, methionine, threonine,
tryptophan, tyrosine, valine, ghutamine, ghitamic acid, glyeine, proline, tauring,
aspartic acid, serine, and alaning.

{3006} Further aspects and embodiments are provided 1o the foregoing

drawings, detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[6007] The following drawings are provided to Ulustrate ceriain
embodiments described herein. The drawings are merely tlustrative, and are not
infended fo limit the scope of claimed imventions and are not intended to show
every potential feature or embodument of the claimed twentions. The drawings
are not necessanly drawn to scale; in some instances, certaim clements of the
drawing may be enlarged with respect to other clements of the drawing for
purposes of ifastration,

[6008) Figurc 1 15 a depiction of Morphological characterizations of the
hiquid chitosan formulation (TgA-TgE) obtamed by Electron Microscopy.

[6009] Figure 2 15 a depiction of Morphological characterizations of the
tiguid chitosan formulation (CTgA-CTgE) obtained 2 by Electron Microscopy.
{3061 0] Figure 3 is a depiction of Colloidal charactenization with reference
to hydrodynamic size of the liquid chitosan formulation (TgA- E and CTgA-
{TgE} obtained by Dynamic Light Scattening.

{00011} Figurce 4 is a depiction of Colloidal characterization with reference
1o surface zeta potential of the liquid chitosan formulation (TgA- E and CTgA-
CTgE) obtained by Dynamic Light Scattering.

160012} Figure 5 is a table depicting the pH and TKN of Align N Baiches
i-7.



1@

20

25

{0001 3] Figure 61s the UV wavelength analysis of Align N Batches 1-7.
{80014 Figure 7 15 the FTIR analysis of Align N 1.

{8001 5] Figure 8 15 the FTIR analysis of Align N 2,

160016} Figure 9 15 the FTIR analvsis of Align N 3.

{0001 7] Figure 10 is the FTIR analysis of Align N 4,

{0001 8] Figure 11 1s the FTIR analysis of Align N 3.

[00019] Figure 12 ts the FTIR analysis of Align N 6.

jOOG20] Figure 13 1s the FTIR analysis of Align N 7.

DETAILED DESCRIPTION

{00021 ] The following description recites vanous aspects and embodiments
of the iventions disclosed herein. No particular embodiment is intended to define
the scope of the wmvention. Rather, the cmbodiments provide non-limiting
examples of various composifions, and methods that are included within the scope
of the claimed mventions. The description s fo be read from the perspective of
one of ordmary skill in the art. Thercfore, information that 15 well known 1o the
ordinarily skilled artisan 1s not necessanly ncluded.

Definitions

{00022] The following terms and phrases have the meanings indicated
below, unless otherwise provided herein. This disclosure may employ other teoms
and phrases not expressly defined hercin. Such other terms and phrases shall have
the meanings that they would possess within the context of this disclosure to those
of ordinary skill in the art. In some instances, a term or phrase may be defined in
the singular or plural. In such jostances, 1t 15 vnderstood that any term n the
singular may include #ts plural counterpart and vice versa, unless expressly
indicated to the contrary.

{00023] As used herein, the singular forms “a” “an.” and “the” mclude
plural referents unless the context clearly dictates otherwise.  For example,
reference to “a substituent” encompasses a single substifuent as well as two or

more substituents, and the like.
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00024 As used herein, “for example” “for mstance,” “such as.” or
“jacluding” arc meant to introduce examples that further clanfy more general
subject matter. Unless otherwise expressly indicated, such examples are provided
only as an aid for understanding embodiments thustrated in the present disclosure,
and are not meant to be hmiting i any fashion. Nor do these phrases indicate any
kind of preference for the disclosed embodiment.

[00325] Encapsulation and slow release of nutrients is one method for
balancing the nutritional needs of plants. One such nutritional need s nitrogen in
the form of amine, nitraic and ammonia. Encapsulation of nitrogen compounds
having chemical functional groups as amine, nitrate, ammonia, or any one or all of
these such as but not limited to potassnum nitrate, calcium nitrate, magnesiom
nifrate, urea mitrate, urca ammonia nifraie, ammonium nitrate, ammonium sulfate,
Urea-hvdroxvapatite, amino acids such as arginine, cystine, histiding, loucine,
Ivaine, methioning, threonine, trypiophan, tyrosine, valine, glutanune, glutanic
acid, glveine, proline, taurine, aspartic acid, serine and alanine is a way of
releasmg wiirogen in effective amounts for plant growth wiihization. There are
scveral benefits of the use of chitosan as a urea-encapsulating/embedding agent.
The first benefit is that the chitosan polymer is bio-safe and biodegradable. The
chitosan polymer has a biological origin, and bas been used for immohilization of
cuzymes for food, and 1 biosensing applications. Chitosan can be harvested from
fungus, shrimp, crab, lobster, or any combination of these sources. A second
benefit compared to norganic coatings such as sulfur coatings s the absence of
cracks. Cracks in the coating cause an numediate release of the coated nutrient
upon contact with water. Imumediate release of the nutnient defeats the purpose of
the encapsulation, which is to slowly rclease the nutrient. A third benefit of the
chitosan polymer coating 18 the overall health of the soil. The chitosan polymer
results in lowered acidification of the soil. Acidification can of the soil can be
detrimental to specific plant specics. Coatings such as sulfur lower the pH of the
soil. Additionally, the soil microbes are an important part of soil health. Synthetic

polymers cannot be metabolized by soil microbes.

.4
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{000G25] Embodiments mclude chifosan-based nanoparticles.  In ceriain
cronbodiments the chitosan-based nanoparticles comprise nifrogen i the fom of
amine and/or nitrate and/or amumonia.  The nifrogen may be encapsulated bv/in
the chitosan-based nancparticles. o particolar embodiments, the nurogen in the
form of amine, nitrate, and/or ammonia may be selected  potassium nitrate,
calcium nifrate, magnesium mifrate, urea mirate, urca ammonia nitrate, ammaonium
nitrate, ammomium sulfate, urea-hvdroxyapatite, amino acids such as arginine,
cvstine, histidine, lcucing, lysine, mcthionine, thrconine, tryptophan, tyrosine,
valine, glutanioe, ghatamic acid, glveine, proline, taurine, aspartic acid, serine,

alanine, and combination thereof.

00027] In cortaim embodiments, the chitosan-based nanoparbicles may
comprise at feast 1, 5, 16, 15, 20, 25, 30, 35, 40, 45, 50, 35, 60, 65, 76, 75, 35, 90,

or 93% (w/v) nitrogen. In particular erobodiments whercin at least 50, 35, 60, 65,
70, 75, 85, 90, or 95% of the nitrogen 18 m the chemical form of the amine and/or
nitrate and/or ammonia.

{3062 8] {n onc cmbodument, the encapsulation process begins with the
chitosan polymer. The source of chitosan can be fungus, shnimp, crab or lobster or
a3 mixtare of them. In ceriain embodiments the chitosan has a Degree of
DeAcetyiaﬁon (DDA >80%, MW: <110 KBa. In paﬁicuiar embodiments the
DDA 15 > 83%. The DDA may be 90%. The DDA bay be > 95%. In particular
embodumnents the DDA 15 about 80%, 81%, 82%, 83%, §4%, 85%, 86%., 87%,
88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
{00G29] Prior to usage for the formulation of nanoparticles, the chitosan
must be dissolved in a solution. Disselution mediwm: acidie water having pH
ranges between 1 and 535, orhavingapH < 1, <2, <3, <4, <5, <535 The acid
used may be any acid.  In particudar embodiments the acid used is one of or a
combmmation of the acids mcluding nitnc acid and/or acetic acid and/or
hvdrochloric acid and/or sulfuric acid. To dissolve the chitosan, the agueous
acidic solution mav be kept at temperature between about 68 and about 212
degrees F. In particular embodiments, the temperatures s kept at about 68, 72,

&

82,92, 201, 112, 122, 132, 142, 152, 162, 172, 182, 192, 202, or 212 degrees F.
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Durning the entirg reaction period the solution may be kept stirring at rpms
between about 50 and about 2500 rpm. Aficr completion of the reaction, typically
between 0.3 and 4 hours, the solution was filiered through 200 mesh (74 micron)
followed by more than 635 mesh (<20 micron). In the filtered solution,
antinucrobial agents such as but not limited to potassium sorbate are added (0.1%
viv). In certain cases, as described below a linker such as sodium tnpolyphosphate
and/or ammonium sulfate s added in the solution before the addition of
antimicrobial agents.

{00636 in one ombodiment, the reaction s camed ouwt with specific
solutions prepared v accordance with one and/or all of the procedures in Exarople
I at the temperature between 68 and 250 degrees F. During the entire reaction
period the solution was kept stirring at 400 rpm for uniformity of the substances.
After completion of the reaction, typically between 0.3 and 4 bours, the solution
was filiered through 200 mesh (74 micron} followed by more than 635 mesh (<20
micron}. The nitrogen % in the final solution was maintained between 0.1% and
100%, specifically between 18-24% usmg the compound and/or wuxture of
compounds described abave

100031} In certain embodiments, the chitosan naveparticies may be formed
1 the presence of and or loaded with nitrogen in the form of amine and/or nitrate
and/or ammonia. The nitrogen may be encapsulated by/in the chitosan-based
nanopariicles. In particular embodiments, the nitrogen in the form of amine,
nitrate, and/or ammonig may be selected potassium mitrate, calcihum nifrate,
magnesium  nitrate, urea nifrate, urea ammonia nifrate, ammontum nirate,
aramonting sulfate, urca~-hydroxvapatite, amino acids such as argiune, cystine,
histndine, leucine, lysme, methionine, threonine, tryptophan, tvrosine, valine,
chitamine, glotamic acid, glveine, proline, tasrine, aspartic acid, serine, alanine,
and combination thereof.

(60632 >

~
/
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00(136] {Acetic Acid + NaTPP] A gemm firee or autoclaved water was
charged to the tank having agitation speed of 400 rpm. Wheo the temperature
reaches between 68 and 194 degrees F, chitosan flakes (0.1 - 5% w/v) having 80%
DDA but not less than 75% DDA were added. The source of chitosan can be
fungus, shrimp, crab or lobster or a muxture of them. Furthermore, the chitosan
variants can be alpha, beta or gamma or a mixture of them. Followmng the soaking
of the flakes with water, acetic acid between 0.3% and 1.9% {(v/v) was added.
When the flakes became invisible to the solution. a solution of sodium
tripolyphosphate (0.001 - 1% v/v or v/w) was added. The temperature and
agifation was maintained constantly throughout the reaction for up to 4 hours. At
the end, the solution was filtered with 200 mesh followed by <633 mesh filtration
unit. The sohution temperature was cooled down to 77 degree F, and a solution of
potassium sorbate was added (0.01 - 1% v/v) and roixed well using agitation.
0008371 [Acetic Acid + Ammonmum Sulphate] A germ free or autoclaved
water was charged to the tank having agitation speed of 400 rpm. When the
temperature reaches between 68 and 194 degrees ¥, chutosan flakes (0.1 - 5% wiv)
having 80% DDA but not less than 75% DDA were added. The source of chitosan
can be fungus, shrimp, crab or Iobster or a mixture of them. Furthermore, the
chitosan variants can be alpha, beta or gamma or a mixture of them. Following the
snaking of the flakes with water, acetic acid between 0.3% and 1.9% (v/v) was
added. When the flakes became mvisible to the solution, a solution of Ammonium
Sulphate (0.001 - 1% v/v or v/w) was added. The temperatire and agitation was
maintained constantly throvghout the reaction for up to 4 hours. At the end, the
solution was filtered with 200 mesh followed by <635 mesh filiration wnit. The
solution temperature was cooled down to 77 degree F, and a solution of potassinm
sorbate was added {6.01 -~ 1% v/v) and mixed well using agitation.

{00038] INitric Acid + Acetic Acid] A germ free or autoclaved water was
charged to the tank having aguation speed of 400 rpm. When the temperature
reaches between 68 and 194 degrees F, chifosan flakes (1.1 ~ 3% w/v) having 80%
DDA but not less than 75% DDA were added. The source of chitosan can be

fungus, shrirap, crab or lobster or a mixture of thera. Furtbermore, the chitosan
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variants can be alpha, beta or gamma or a mixture of them. Following the soaking
of the flakes with water, acetic acid and niiric acid having a ratio of 1:1, 1.2, 2:1
and a total v/v acid strength between 0.3% and 1.9% was added. The termperature
and agitation were maintained constantly throughout the reaction for up tc 4
hours. At the end, when the flakes became mvisible to the solution, 1t was filtered
with 200 mesh followed by <6353 mesh filtration unit. The solution temperature
was cool down to 77 degree F, and a solution of potassium sorbate was added (1%
v/v) and mixed well using agitation,

{B0G39] [Nitric Acid + Acetic Acid + NaTPP] A gemn fiee or autoclaved
water was charged to the fank having agitation speed of 400 rpm. When the
terperature reaches between 68 and 194 degrees F, chitosan flakes (0.1 - 5% wiv)
having #0% DDA but not less than 75% DDA were added. The source of chitosan
can be fungus, shruup, crab or lobster or a muxture of them. Furthermore, the
chitosan vanants can be aipha, beta or garoma or a mixture of them. Following the
soaking of the flakes with water, acctic acid and mitric acid having a ratic of 1.1,
12, 2:1 and a total v/v acid strength between 0.3% and 1.9% was added. When
the flakes became mvisible to the solution, a solution of sodium tripolyphosphaie
{(0.001 - 1% viv or v/w) was added. The temperature and agitation werg
maintained constantly throughout the reaction for up to 4 hours. At the end, the
solution was filtered with 200 mesh followed by <635 mesh filtration vot. The
solution fernperature was cooled down to 77 degree F, and a solution of potassium
sorbate was added ¢6.01 - 1% v/v) and mixed well using agitation,

[00G40] INitric Acid + Acetic Acid + Ammonium Sulphate} A gemm free or
autoclaved water was charged to the tank having agitation speed of 400 rpo
When the temperature reaches between 68 and 194 degrees F, chitosan flakes (0.1
- 5% wiv} having 80% DDA but not less than 75% DDA were added. The source
of chitosan can be fungus, shrimp, crab or lobster or a muxture of them.
Furthermore, the chitosan variants can be alpba, beta or ganima or a mixture of
them. Following the soakimg of the flakes with water, acetic acid and nitric acid
having a ratio of 1:1, 1:2, 2:1 and a total v/v acid strength between 0.3% and 1.9%

was added. When the flakes became mwvisible to the solution. a solution of
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ammonium sulphate (0.001 - 1% v/v or v/w) was added. The temperature and
agitation were maintained constantly throughout the reaction for up to 4 hours. At
the end, the solution was filtered with 200 mesh followed by <633 mesh filtration

ang ang

unit. The sohution temperature was cooled down to 77 degree F, and a sclution of
potassium sorbate was added (0.01 - 1% v/v) and mixed well using agitation.

00041 ] INitric Acid + NaTPP] A germ free or autoclaved water was
charged to the tank having agitation speed of 400 rpm. When the temperature
reaches between 68 and 194 degrees F, chitosan flakes (0.1 - 5% w/v} having 80%
DDA but not less than 73% DDA were added. The source of chitosan can be
fungus, shrimp, crab or lobsier or a muxture of them. Furthermore, the chitosan
variants can be alpha, beta or gamma or a mixture of them. Following the socaking
of the flakes with water, nitric acid between 0.3% and 1.9% (v/v) was added.
When the flakes became mvisible to the solution, a solution of sodium
tripolyphosphate (8.001 - 196 v/v or viw) was added. The temperature and
agitation was maintained constantly throughout the reaction for up to 4 hours. At
the end, the solution was filtered with 200 mesh followed by <635 mesh filtration
unit. The solution tomperature was cooled down to 77 degree F, and a solution of
potassium sorbate was added (0.01 - 1% v/v) and mixed well using agitation.

{00042] INitric Acid + Ammoniom sulphate] A germ free or autoclaved
water was charged to the tank having agutation speed of 400 rpm. When the
temperature reaches between 68 and 194 degrees F, chitosan flakes (0.1 ~ 3% w/v)
having 80% DDA but not less than 75% DDA were added. The source of chitosan
can be fungus, shrimp, crab or lobster or a mixture of them. Furthermore, the
chitosan vanants can be alpha, beta or ganuna or a muxture of thom. Following the
soaking of the flakes with water, nitric acid between (.3% and 1.9% (v/v) was
added. When the flakes became mvisibie o the solution, a sohition of ammonium
sulphate {0.001 - 1% v/v or v/w) was added. The temperature and agitation werg
maintained constantly throughout the reaction for up to 4 hours. At the end, the
solution was filtered with 200 mesh followed by <635 mesh filtration unit. The
sohution temperabire was cooled down to 77 degree F, and a sclution of potassium

/

sorbate was added (0.01 ~ 1% v/v) and mixed well using agitation.
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{000G43] INftric Acid] A gem free or autoclaved water was charged to the
tank having agitation speed of 400 pm. When the feraperature reaches between
68 and 194 degrees F, chitosan flakes (8.1 - 5% w/v) having 80% DDA but not
less than 75% DDA were added. The source of chitosan can be fungus, shrimp,
crab or lobster or a muxture of them. Furthermore, the chitosan vartants can be
alpha, beta or gamma or a muxture of them. Followmg the soaking of the flakes
with water, nitric acid between 0.3% and 1.9% (v/v} was added. The temperature
and agitation were maintained coustantly throughowt the reaction for up to 4
hours. At the end, when the flakes became mvisible to the solution, 1t was filtered
with 200 mesh followed by <635 mesh filtration unit. The solution temperatare
was cooled down to 77 degree F, and a solution of potassium sorbate was added
{0.01 -1% v/v} and mixed well using agitation.

[00044] [Hydrochloric Acid] A germ firee or autoclaved water was charged
1o the tank having agitation speed of 400 ypm. When the temperature reaches
between 68 and 194 degrees F, chitosan flakes (0.1 - 3% w/v) having 80% DDA
but not less than 75% DDA were added. The source of chitosan can be fungus,
shrimp, crab or lobster or a nuxture of them. Furthermore, the chitosan vanants
can be alpha, beta or gamma or a mixture of them. Following the soaking of the
flakes with water, hydrochlonc acid between 0.3% and 1.9% {v/v) was added. The
teroperature and agitation were maimtamed constantly throughout the reaction for
up to 4 hours. At the end, when the flakes became mvisible {o the solation, it was
filtered with 200 mesh followed by <635 mesh filtratton amit. The solution
temperature was cooled down to 77 degree F. and a sohution of potassium sorbate
was added (0.01 -1% v/v} and nuxed well using agitation.

[00045] {Hydrochlonie Acid + NaTPP] A germ free or autoclaved water
was charged to the tank having agitation speed of 400 rpm. When the temperature
reaches between 68 and 194 degroes F, chitosan flakes (0.1 ~ 3% w/iv) having 80%
DDA but not less than 75% DDA were added. The source of chitosan can be
fungus, shrimp, crab or lobster or a mixture of them. Furthermore, the chitosan
variants can be alpha, beta or gamma or a mixture of them. Following the soaking

of the flakes with water, hvdrochloric acid between 0.3% and 1.9% (v/v) was
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added. When the flakes became invisible to the solution, a solution of sodium
tripolyphosphate (0.001 - 1% v/v or v/w) was added. The temperature and
agitation were mantained constantly throughout the reaction for up to 4 hours. At
the end, the solution was filiered with 200 mesh followed by <635 mesh filtration
unit. The sohution temperature was cooled down to 77 degree F, and a solution of
potassium sorbate was added (0.01 - 196 viv) and moixed well using agitation.
[00846] [Hvdrochloric Acid + Ammonium sulphate] A germ free or
autoclaved water was charged to the tank having agitation speed of 400 rpm.
When the temperature reaches between 68 and 194 degrees F, chitosan flakes (0.1
~ 5% wivy having 80% DDA but not less than 73% DDA were added. The source
of chitosan can be fungus, shrimp, crab or lobster or a mixture of them.
Furthermore, the chitosan variants can be alpha, beta or gamma or a mixture of
them. Following the soaking of the flakes with water, hydrochloric acid between
0.3% and 1.9% {(v/v) was added. When the flakes became mvigible to the sohstion,
a solution of ammoniem sulphate (0.001 - 1% v/v or v/w) was added. The
temperature and agitation were maintamed constantly throughout the reaction for
up to 4 hours. At the ¢nd, the solution was filtered with 200 mesh followed by
<635 mesh filtration unit. The solution temperature was cooled down to 77 degres
F, and a solution of potassium sorbate was added (6.01 - 1% v/v} and mixed well
using agitation.

000471 [Sulfuric Aad] A germ fiee or autoclaved water was charged to the
tank having agitation speed of 400 rpm. When the temperature reaches between
68 and 194 degrees F, chitosan flakes {0.1 - 5% w/v) having 80% DDA but not
less than 75% DDA were added. The source of chitosan can be fungus, shimp,
crab or lobster or a mixture of them. Furthermore, the chitosan vanants can be
alpha, beta or gamma or a mixture of them. Followmg the soaking of the flakes
with water, sulfuric acid between (0.3% and 1.9% (v/v} was added. The
teroperature and agitation were maintained constantly throughout the reaction for
up to 4 hours. At the end, when the flakes became mvisible {o the solation, it was

filtered with 200 mesh followed by <635 mesh filtration unit. The sclution
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temperature was cooled down to 77 degree F, and a solution of potassium sorbate
was added (0.01 ~1% v/v) and nuxed well using agitation.

{30048] [Sulfuric Acid + NaTPP] A germo free or antoclaved water was
charged to the tank having agitation speed of 400 rpm. When the temperatare
reaches between 68 and 194 degrees F, chitosan flakes {0.1 - 5% wiv} having 80%
DDA but not less than 73% DDA were added. The source of chitosan can be
fungus, shrimp, crab or lobster or a mixture of them. Furthermore, the chitosan
variants can be alpha, beta or gamma or a mixture of them. Following the soaking
of the flakes with water, sulfuric acid between 0.3% and 1.9% (v/v) was added.
When the flakes became mvisible to the solution, a solution of sodiam
tripolyphosphate {0.001 - 1% v/v or v/iw} was added. The temperature and
agitation were maintained constantly throughout the reaction for up to 4 hours. At
the end, the solution was filtered with 200 mesh followed by <633 mesh filtration
untt. The solution temperature was cooled down to 77 degree F, and a solution of
potassium sorbate was added (0.01 - 196 v/v) and mixed well using agitation.
{00349] [Sulturic Acid + Ammonium Sulphate] A germm free or autoclaved
water was charged to the tank having agitation speed of 400 rpm. When the
terperature reaches between 68 and 194 degrees F, chutosan flakes (0.1 - 5% wiv)
having #0% DDA but not less than 753% DDA were added. The source of chitosan
can be fungus, shruup, crab or lobster or a muxture of them. Furthermore, the
chitosan vanants can be aipha, beta or garoma or a mixture of them. Following the
soaking of the flakes with water, sulfuric acid between 0.3% and 1.9% (v/v) was
added. When the flakes became invisible to the solution, a solution of ammonium
sulphate (0.001 - 1% v/v or v/w) was added. The temperature and agitation were
maintained constantly throughout the reaction for up to 4 hours. At the end, the
solotion was filtered with 200 mesh followed by <635 mesh filtration onit. The
solution termperature was cooled down to 77 degree F, and a solhution of potassium
sorbate was added (0.01 - 1% v/v) and mixed well using agitation.

[00(50] INitric Acid + Acetic Acid + Hydrochlorie Acid + Sulfuric Acid]
A geom free or autoclaved water was charged to the tank having agitation speed of

400 rpm. When the temperature reaches between 68 and 194 degrees F, chitosan
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flakes (0.1 - 5% w/v} baving 80% DDA but not less than 75% DDA were added.
The source of chitosan can be fungus, shnmp, crab or lobster or a nuxiure of
them. Furthermore, the chitosan varianis can be alpha, beta or gamma or a mixture
of them. Following the soaking of the flakes with water, acetic acid, nitric acid,
hydrochloric acid, sulfuric acid having a ratio of 1:1:0:0, 1O 1.0, 1.0:0:1, 1:1:1:0,
BEEZ2O, ELL BHEZ and & total v/v acid strength between 0.3% and 1.9% was
added. The temperatare and agitation was maintained constanily throughout the
reaction for up o 4 howrs. At the end, when the flakes became mvisible to the
solution, 1t was filtered with 200 mesh followed by <635 mesh filtvation unit. The
solution temperature was cool down to 77 degree F, and a solution of potassinm
sorbate was added (1% v/v) and mixed well asing agitation.

{00051 ] INitric Acid + Acetic Acid + Hydrochloric Acid + Sulfunic Aaid +
NaTPP] A germ free or autoclaved water was charged to the tank having agitation
speed of 400 rpm. When the temperature reaches between 68 and 194 degrees F,
chitosan flakes (0.1 - 3% w/v} having 80% DDA bat not less than 75% DDA were
added. The source of chitosan can be fungus, shrimp, crab or lobsier or a mixture
of them. Furthermore, the chitosan variants can be alpha, beta or gamma or a
mixture of them. Following the scaking of the flakes with water, acetic acid, nitric
acid, hydrochloric acid, sulfunic acid having a ratic of 1.1:0:0, 1.4:1:0, 1.6:0:1,
EEEO, LL2:0, R B2 and a total viv acid strength between 0.3% and
1.9% was added. When the flakes became mvisible to the solution, a solution of
sodium tripolyphosphate (0.001 - 1% v/v or vAw} was added. The temperature and
agitation were maintained constantly throughout the reaction for up to 4 hours. At
the end, the solution was filtered with 200 mesh followed by <635 mesh filtration
unit. The solution temperature was cooled down to 77 degree F, and a solution of
potassium sorbate was added (0.01 - 1% v/v) and mixed well using agitation.
{00052] INitric Acid + Acetic Acid + Hydrochloric Acid + Sulfunic Aaid +
Ammonium Sulphate] A germ free or autoclaved water was charged to the tank
having agitation speed of 400 rpm. When the temperatare reaches between 68 and
194 degrees F, chitosan flakes (0.1 - 5% w/v) having 80% DDA but not less than

75% DDA were added. The source of chitosan can be fungus, shrimp, crab or
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lobster or a mixture of them. Furthermaore, the chitosan variants can be alpha, beta
or ganuna or a mixture of them. Following the soaking of the flakes with water,
acetic acid, nitric acid, hvdrochlonce acid, sulfurie acid having a ratio of 11:0:0,
EORO, 100 E BRE0, 1120, BELL LRE2 and a total viv acid strength
between 0.3% and 1.9% was added. When the flakes became invisible to the
solution, a solution of ammonium sulphate (0.001 ~ 1% v/v or v/w} was adde
The temperature and agitation were maintained constantly throughout the reaction
for up to 4 hours. At the end, the solution was filicred with 200 mesh followed by
<635 mesh filtration unit. The solution feroperature was cooled down to 77 degree
F, and a solution of potassium sorbate was added (0.01 - 196 v/v} and mixed well
using agitation.

EXAMPLE 2

[00033] Various of the above chitosan solutions were prepared using
chitosan from two different sources. These sources are designated Tg and Clg.
Te and {Tg were used fo create chitosan-based nanoparticles using the above
identified procedures to vield the following products

TgA = Ty source chitosan-based nanoparticles prepared with acetic acid.

TeB = Tg scurce chiiosan-based nanoparticles prepared with acetic acid and
sodiaom tripolyphosphate.

TaC = Tg source chitosan-based nanoparticles prepared with acetic acid and niine
acid.

TeD = Tg source chitosan-based nanoparticles prepared with acctic acid, mitric
acid, and sodium tripolyphosphate.

Tgl = Tg source chitosan-based nanoparicles prepared with otivic acid and
sodium tripolyphosphate.

{TgA = CTg source chitosan-based nanoparticles prepared with acetic acid.
CTgB = CTg source chitosan-based nanoparticles prepared with acetic acid and
sodium tripolyphosphate.

CTel = CTg source chitosan-based nanoparticles prepared with acetic acid and

nitric acid.
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CTeD» = {'Tg source chitosan-based nanoparticies prepared with acetic acid, nitrc
acid, and sodium tapolyphosphate.

CTgl = CTyg source chitosan-based nanoparticles prepared with nfiric acid and
sodiaom tripolyphosphate.

{00034] The formulation and intermediates were characterized for the
physicochemical characterizations. The phvsical morphology (shape and size) was

1

w

characterized using the transmission or scanming clectron microscope {(Figure
and 2} Resultant sohstion/s obtained for the Tg sourced chitosan had > 93%
particles were in the spherical, nearly sphencal shape or small linecar fragments
having size between 0.1 nm and 3 microns. More specifically, the desired size
obtained and utilized for further formolation development was less than 0.5
micron was used for further formudation development and/or other agricultural use
for crop growth, stimwmlation, geomination, and irait improvement purpose.
Similarly, resultant solution obtained for the CTg sourced chitosan had the
physical structure as spherical shape and size ranges between 0.1 nm and 8
nuicrons. More spectfically the size obtained between 0.1 nm and 200 nm was
used as a selection parameter for the delivery to the crop for growth, stimulation,
germination, and frait improvement purposes.

The dvnamic stability and hyvdrodynamic size m the solution was characterized
using the dynamic light scatterimg or DLS the nanoparticles were subjected to
dynamic hight scattering (BLS) and analvzed for £ average, Intensity, Number,
and Polydispersity (PDI} (Figure 3). Resubtant solutions had ranges between 0.1
am and 10 microns with polvdispersity index between 0.01 10 0.99. Furthermmore,
the surface zeta potennial of the resultant sohutions characterized by DLS (Figure
4y and 1t ranged between +35 and 70 mV. The major determinant factor for zeta
potential was chitosan concentration and pH of the sohution. Higher chitosan
concentration and fower pH vielded higher zeta potential.

EXAMPLE 3

The ability of the various chitosan-based nanoparticles generated i Examples 1
and 2 to load nitrogen and/or nitrogen rich compound and/or mixiure of

compounds such as but not limied to potassium odrate, calcium nitrate,
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magnesium nitrate, urea nitrate, urea, urca ammonia nitrate, amymonium nitrate,
armamonting sultate, Urea-hyvdroxvapatite, amine acids such as arginine, cvstine,
histidine, leucine, lysme, methionine, threonmine, tryptophan, tvrosme, valine,
ghtamine, glutamic acid, glycine, proling, taurine, aspartic acid, serine and
alanine was tested. Encapsulation and slow release of nutrients is one method for
balancing the nutritional needs of plants. Several sohutions were prepared and

tested.

[B0G55] Preparation for solution A: Chitosas solution in Acetic Acid
[00056] Step 1. Take 150 mi water i a 250 mlb beaker. Step 2. Tum on

Top head stirrer at room temperature at 300 RPM., The stirrer was continuously
ON through the process until it says stirrer STOP. Step 3. After 3 minutes of step
2, Add 8 gram chitosan flake. Step 4. After 7 motnurtes of step 3, Add 8 mL of 997
% Glacial Acetic Acid. Sep 5. Afler complete dissolution of the flake {(atter 17
minutes after step 4), add 50 mL water. Step 6. After 10 mimutes of step 5, The
stirrer stopped. Step 7. Filter the solution with 200 mesh size filter. The total
volume of the solution was 210 m and 104,335 g/100 mL. The calculated % of

the Chitosan of the solution 18 3.3% (w/v}. The pH of the solution 18 3.88,

LELERYE Preparation for solution B: Chitesan selution in HCL
LELESIY Step 1. Take 130 mi water in 250 mL beaker. Step 2. Tum on Top

head stirrer at room temperature at 300 RPM. The stirrer was continuously ON
through the process until it says stirrer STOP. Step 3 After 3 munutes of step 2,
Add 8 gram chitosan flake. Step 4. After 7 minutes of the step 3, Add 8 mb of
354 % HCL. Step 5. After complete dissolution of the flake {(after 85 vunutes
after step 4), added 30 mL water. Step 6. Afier 26 minuies of the step S, The
stirrer stopped. Step 7. Filier the solution with 200 mesh size filter. The total
volume of the solution v mb was 222.096 mb at 10337 Gram/100 mL. The
calculated 9% CS of the solution was 3.6 % {w/v} with a pH of the solution at

0.66.
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[00039] Preparation {or solution C; Chitosan solution in Nitric Acid

{30660] Step . Take 800 ml water in 2000 mL beaker. Step 2. Turn on Top
head stivrer at room temperature at 600 RPM. The stirer was continuocusly ON
through the process until it says stirrer STOP. Step 3. After 2 minutes of step 2,
Add 20 gram chitosan flake. Step 4. After 5 minutes of the step 3, Add 20 mL of
69. 71 % Nitric Acid. Step 3. After complete dissolution of the flake {after 110
minutes after step 4), added 100 mL water. Step 6. After 14 minutes of the step 5,
The stirrer stopped. Step 7. After 10 nunutes of step 6, add 80 m! of water to make
up the solution to 1000 mL . Step 8. Filter the solution with 200 mesh size filter.
The total volume of the solution in mL was 1000 wb at 100.686Gram/100 ml.
The calculated 9% €8 of the solution 15 2 % {w/v} with a pH of the solution at 0.84,
00061 | Preparation for solution D: Chitosan solution in Acetic Acid

[00062] Step 1. Take 800 ol water in 2000 mL beaker. Step 2. Turm on Top
head stirrer at room fernperature at600 RPM. The stirrer was continuously ON
through the process until it says stirrer STOP. Step 3. After 4 minutes of step 2,
Add 20 gram chitosan flake. Step 4. After 10 nunutes of the siep 3, Add 20 mL of
997 % (lacial Acctic Acid. Step 5. After complete dissolution of the flake (after
10 nmunutes after step 43, Step 6. After 17 minutes of the step 5, The stirrer was
stopped. Step 7. After 10 minutes of the step 6, Add water 180 mli to make up the
solution to 1000 mL. Step 8. Filter the solution with 200 mesh size filter. The total

volume of the solution i mbL was 1000 ML at 100472 Gram/100 ml. The

calculated % CS of the solution was 2 % (w/v} with a pH of the solution at 3 91
{0036 3] Preparation {or solution E: Chitosan soletion in H,50,
{000G64] The H; S50, solution did not work, as the chitosan did not dissolve

in solution, this effectively terminated the experiment, and the H;80, solution
was not used in any encapsulation production.

{00065] Preparation for solution F: Chitosan solution in HCL

[00066] Step 1. Take 800 ml water in 2000 mL beaker. Step 2. Tum on Top
head stirrer at room temperature at 600 RPM. The stitrer was continuously ON
through the process undil it says stirrer STOP. Step 3. After 2 minuies of step 2,

Add 20 gram chitosan flake. Step 4. After 6 munutes of the step 3, Add 20 mL of
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354 % HCL. Step 5. Afier complete dissolution of the flake {after 44 minutes
after step 4), added 100 mb water. Step 6. Aficr 12 vunuies of the stiep 5, The
stirrer stopped. Step 7. After 10 nunutes of the step 6, Added 80 mbL water to
make up to 1600 mb and mixed thoroughly. Step 8. Filter the solution with 200
mesh size filter. The total volume of the solution in mb was 1000 mb at 1060328
Gram/100 mL. The calculated % T8 of the solution was 2% (w/v) with a pH of

the solution at 1.09.

[B0067T] Preparation of Linker - Ammonium suiphate (AS) solution
{00068 Step 1. Take 0.200 gram ammonium sulphate in 30 ml capacity

volumetric flask. Step 2. Add 30 mbL water. Step 3. Vorlex the solution — resultant
solotion becomes clear. Step 4. Make up the volume to 30 mL using 20 mL water.
The total vohume of the solution in mb was 50 mi; 49,764 ¢ The calculated %
AS of the solution was 0.4 % w/v. The calenlated N % of the solution was
0.0856% wiv. The calculated the § % of the solution was 0.0980% wiv. The pH

of the solution was 5.75.

00369 Preparation of Linker - Tri sodium Polyphosphate {(TPP}
solution
{00070] Step 1. Take 0.200 gram m 30 mL capacity volumetric flask. Step

2. Add 30 mbL water. Step 3. Vortex the solution — resuliant solution becomes
clear. Step 4. Make up the volume to 30 mL using 20 mL water. The total volume
of the solution in mL was 50 mL; 49.821 g. The calcudated % TP of the solution
was 0.4 % w/v. The calculated P% of the sohution was .101%. The pH of the

solution was 9.76.

{00671 Formulation ot the Encapsulated Urca
[00072] Align N#1
{00067 3] Step 1. Take 2000 mL beaker. Step 2. Add 175 mb sohution A.

Step 3. Start over head stirrer, it was continued through the process until it says
stop. Step 4. After 5 mimutes of the step 3, add 100 mL water. Step 5. After 6
minutes of the step 4, add 100 gram urea. Step 6. After 13 nunutes of the step 5,
add 100 gram urea. Step 7. After 1 minutes of the step 6, add 50 mb water. Step 8.

After 8 minutes of the step 7, add 50 mal, water. Step 9. After 10 minutes of the
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30

step 8, add 135 gram urea. Step 10, After 9 munutes of the step 9, add 175 sclotion
B. Step 11 After 18 nunutes of step 10, add 25 ml water. Step 12, Afier 52
nunutes of the step 11, add 10 mL Ammonium sulphate solation (0.1 gram in 10
ml or 1% wiv}. Step 12, After 15 minutes of the step 12, sturrer was stopped. The
solution makes up to 1000 mL asing 125 mb water. Step 13. Filter the solution
with 200 mesh size filter. Step 14, Solution is ready for further use/ QC testing
analyses, stored in 1 L bottle. The method resulted in chitosan encapsulation of
the nutrients, with the soletion having Urea: 43.5 9% {w/iv), N % wiv: 20.01
{calculated), 18.249% (analvsed by TKN}, Ammomwm sulphate: 001 (w/v),
Chitosan: 1.29 % (w/v}), Acetic Aaid: 0.7 % (v/v), HCE 0.7 % (v/v), pH: 3.67.
Weight (gram/100 mL): 110832 gram

(30074} Aliga N#2
LELERY Step 1. Take 2000 ml beaker Step 2. Add 200 mb sohmion B

Step 3. Started over head stirrer, 1t was continued through the process until it says
stop. Step 4. After 3 minutes of the step 3, add 200 mL distil water. Step 5. After
5 minutes of the step 4, add 100 gram urea. Step 6. After 7 munutes of the step 3,
add 100 gram urea. Step 7. After 5 minutes of the step 6, add 100gram urea. Step
&. After 8 minutes of the step 7, add 135 gram urea. Step 9. After 10 minutes of
the step &, add 100 solution F. Step 10, Afier 13 minutes of the step 9, add 160
solution F. Step 11, After 19 munutes of step 10, add 75 mL water. Step 12, After
S mumnutes of the step 11, add 25 mL Ammonum sulphate solution (0.1 gram in 25
mL water or $.4% w/v}. Step 13, After 15 mimstes of the step 12, stizrer was
stopped. The solotion was 1 L. Step 14, Filier the sohution with 200 mesh size
filter. Step 15, Selution is ready for further use/ QC testing analvses, stored in | L
bottle. This example of the method resulted in chitosan encapsulation of the
nutrients, with the scletion having, Urea: 4335 % (w/v), N % wiv: 2001
{calculated), 18.05 {(amalysed by TKN), Ammonium suolphate: 0.01 (w/iv),
Chitosan: 0.8 % (w/v), Acetic Acid: 0.4 % (v/v), HCl Aaid: 04 % (viv), pH 4,
and a Weaight (gram/100 mL) 110,622 gram.

[00HY76] Align N#3
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60077} Step 1. Take 2006 mL beaker. Step 2. Add 206 mL water. Step 3.
Started over head stirrer, it was continued through the process until it says stop.
Step 4. After 2 minutes of the step 3, add 200 mL solation D Step 5. After 5
minutes of the step 4, add 100 gram urea. Step 6. After 3 munutes of the step 5,
add 100 gram urea. Step 7. After 6 munutes of the step 6, add 100 gram urea. Siep
8. After 11 mmutes of the step 7, add 135 gram urea. Step 9. After 10 minutes of
the step &, add 200 solution €. Step 10, Afier 50 munotes of the step 9, add
Ammonium suiphbate soletion (0.1 gram n 25 ml water or $.4% w/v). Step 11,
After 35 nunuies of the step 10, stirrer was stopped. The solution was made up to
1000 mL, by addmg 60 mL water. Step 12. Filter the solution with 200 mesh size
filter. Step 13, Solution 1s ready for further use/ QC testing analvses, stored in 1 L
bottle. This example of the method resulied in chitosan encapsulation of the
nutrients, with the solution havimg: Urea: 435 % (wiv), N % w/v: 201
{caleulated);, 18.17 (amnalysed by TEN), Ammonium sulphate: 0.01% (w/v),
Chitosan: 0.8 % (w/v), Acetic Actd: 0.4 {(v/v), Nitrie Aad: 0.4 (v/v}, a pH:3.22,
and a Weight (gran/100 mb): 110,622 gram.

[G0078] Align N#4

{80079 Step 1. Take 1000 mL beaker. Step 2 Add 300 mL water. Step 3.
Start magnetic stirrer, it was continued through the process until it says stop. Siep
4. After 07 minutes of the step 3, add 100 gram urea. Step 5. After 4 minutes of
the step 4, add 100 gram urea. Step 6. Afler 2 minutes of the step 5, add 100 gram
urea. Step 7. After 4 munutes of the step 6, add 135 gram urea. Step 8. After 15
minutes of the step 7 {solution was not completely dissolved like semi crystals
appearing bottom of the beaker), and stivrer stop. Step 9. Afier step 8, Take
another separate 2 L beaker and added 200 mL solution € and started overhead
stirrer. Step 10, After 2 minutes of step 9, add semi dissolve solution of urea
{prepared n the step 7) transfer imto solution €. Step 11, After 3 minutes of siep
16, add 100 mL water. Step 12, After 17 mioutes of step U, add 50 mi water.
Step 13, After 8 minuies of the step 12, added ammonium sulphate solution (0.1
gram in 25 mL water or 0.4% wiv). Step 14, After 25 minutes of the step 13,

stirrer was stopped. The solution was make up to 1000 ml. for that 235 ml. water
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was added. Step 135, Filer the sclution with 200 mesh size filter. Step 16. Sclution
1s ready for further use/ QC testing analvses, stored i 1 L bottie. This example of
the method resulted in chitosan encapsulation of the nutrients, with the solution
having; Urea: 435 % (wiv), N % w/v: 2001 {(calculated);, 1842 {analysed by
TKN}, Ammounium sulphate: 0.01 {w/v), Chitosan: 0.4 % {w/v) Nitric Aaid: 0.4%
(viv), pH: 2.87, and Weight {gram/100 mL): 110.586 gram.

[GO080] Align N#S5

00081} Step 1. Take 2000 mb beaker. Step 2. Add 200 mb solution B
Step 3. Started over head stirer, it was continued through the process until it says
stop. Step 4. After 2 minutes of the step 3, add 200 L water. Step 5. Afier 4
minutes of the step 4, add 100 gram urea. Step 6. After 4 ounutes of the step 5,
add 100 gram urea. Step 7. After 12 minutes of the step 6, add 100gram urea. Step
&. After 1l minutes of the step 7, add 135 gram urca. Step 9. After 13 mnutes of
the step 8, add 200 solution C. Step 10, After 25 manutes of the step 9, add TPP
solution {0.1 gram TPP m 25 mbL water or 0.4% wiv). Step 11, Afier 20 mimustes
of the step 10, stirrer was stopped. The solution was made up to 1000 mL by
adding 8 mb water. Step 12, Filter the solution with 200 mesh size filier. This
example of the method resulted in chitosan encapsulation of the nutrients, with the
solution having, Urear 435 % {w/iv) N % w/v: 2001 (calculated), 18.06
{analysed by TKN}, TPP: 0.01% (w/v), Chitosan: 0.8 9% {w/v), Acetic Acid: 0.4 %
{viv}, Ninic Acid: 0.4 % (v/v}, pH: 314, and g Weight {gram/100 mL}: 110,726

gram.
[G0082] Align N#6
{B0G83] Step 1. Take 1000 mL beaker. Step 2. Add 400 ml water. Siep 3.

Started magnetic {bottom head) stirrer, it was continued through the process until
it says stop. Step 4. After 5 minutes of the step 3, add 100 gram urea. Step 5. After
9 punutes of the step 4, add 100 gram urea. Step 6. After 4 minutes of the step 3,
add 100 gram urea. Step 7. Afier 12 minutes of the siep 6, add 133 gram urea.
Step 8. After 30 mmutes of the step 7 {solution was not completely dissolved,
crystals were appearing at bottom of the beaker), and stirrer stop. Step 9. Take

another separate 2 L volume beaker and added 200 mL solution €. The overhead

]
ol
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stirrer was started. Step 10, After 4 minutes of step 9, added urea senu dissolve
solution {preparcd in step 7) transfer nto solution €. Step 11, Step 12, Afier |
nunutes of step 19, add 50 mL water. Step 13, After 13 minutes of the step 11,
add TPP solution (0.1 gram m 25 mb water or 0.4% wiv} Step 14. After 20
minutes of the step 12, stirrer was stopped. Step 15, The sohution was made up to
1000 mL by adding 23 mL water. Step 16. Filter the solution with 200 mesh size
filter. This example of the method resulted m chitosan encapsolation of the
nutrients, with the sohstion having; Urea: 4335 % (w/v), N % w/v: 20.01
{calculated), 17.9 {(analvsed by TKN), TPP: 6.01 % (w/v), Chitosan: 0.4% (w/v),
Nitrie Acid: 0.4% (v/vy, pH 2.88, Weight (gran/100 mL}: 110.306 gram.

[(30084] Akgn N#7
{00085] Step 1. Take 1000 mb beaker. Step 2. Add 400 mb water. Step 3.

Start magnetic stirer, it was continued through the process until it says stop. Step
4. After S minutes of the step 3, add 100 gram urea. Step 5. After 10 minutes of
the step 4, add 100 gram wrea. Step 6. After 20 mimutes of the step 3, add 100
gram urea. Step 7. After 10 munutes of the step 6, add 135 gram urca. Siep 8.
After 305 muinutes of the step 7 {solution was not corapletely dissolved hike senu
crystals appearing bottom of the beaker), and stirrer stop. Step 9. Take another
separate 21 beaker and added 200 ml solution D, and started overhead stirrer,
Step 10, Afier 2 munuies of siep 9, add urca senu dissolve solution (prepared in
the step 8) transfer into solution D, Step 11, After 3 minutes of step 10, add 25 mL
water. Step 12, After 11 munutes of the step 11, add ammonium solphate solution
(0.1 gram in 25 mi water or 0.4% w/v}. Step 13. After 26 minutes of the step 12,
stirrer was stopped and the solution was made up to 1000 ml by adding 50 mL
water. Step 4. Filter the solution with 200 mesh size filter. This example of the
method resulted in chitosan encapsulation of the nutnents, with the sohution
having; Urea: 43.5 % {w/v}, N % w/v : 20.01 (calculated); 18.19 {analysed by
TN}, Ammonaum sulphate: 0.01 % (w/v), Chitosan: 0.4 % (w/v), Acetic Acid:
0.4 % (v/vy, pH 1 4.76, and Weight {gram/100 mL}: 110.29 gram.

{000G85] pH analysis (Figure 3} was performed according to standard

protocals for drinking water as described by the United States EPA. Total

24
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Kjendahl Nitrogen {TKN} analysis (Figure 5) was performed in accordance with
method 1688 of the U, 5. EPA Office of Water. The UV-Vis analysis (Figure 6}
was performed according to OPPTS 8306.7050. The FTIR analvsis (Figures 7-13)
was performed on and according to the manual for the Agilent-Cary 630.
Example 4: Application and ases of the chitosan and/or chitosan/sitrogen
aanoparticles The resultant chitosan and/or chitosan loaded nitrogen nanoparticle
products or mixtures of products obtained as a result of the above Examples were
used for the multidimensional effects on plants such as growth, protection, and
nutrition.  The multidimensional effects on plants were obtained by applying the
resultant product of the above Examples onto the seed surface, muxing in the soil,
exposing root and/or exposing leaves. The application rate ranged between 0.01%
o 30% v/w or v/v. Farthemmore, the resultant products of the above Examples
were used to mux with other agrochemicals to act as growth promoter, symbiord,
nutrient, protection agent agamnst pathogens or non-desired plants for syvnergistic
cffects.

{00687 The mvention has been described with reference to various specific
and preferred embodiments and techumigues. Nevertheless, i 1s understood that
many variations and modifications may be made while remaining within the spirit

and scope of the invention.
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We Claim:

1. A composition comprising: chitosan and at least 1% {(w/v) nitrogen.
2. The composition of clamm 1, wherem at least 50% of the nitrogen is m the

chenuecal form of amine and/or nitrate and/or ammonia.

3. The composition of claim 2, wherein the composition comprises
nanoparticle of chitosan and a nitrogen rich compound and/or mixture of
compounds selected from the group consisting of potassium nitraie, calcium
nitrate, magnesium mitrate, urea nitrate, urea ammonia nifrate, ammonium wifrate,
aramonting sulfate, urca~-hydroxvapatite, amino acids such as argiune, cystine,
histidine, leucine, lysme, methionine, threonine, tryptophan, tyrosine, valine,
glutamine, glutamic acid, glvcine, proling, taurine, aspartic acid, serine and

alanine.

4. The composition of claim 1, wherein the chitosan is present at between

about 0.01% and about 1.3% (w/ivy.

5. The composition of claim 1, further comprising a finker.

6. The composition of claim 5, where the binker 13 sodnum tmpolyvphosphate

and/or amumonium sulfate.

7. A method of producing chitosan nanoparticles, the method comprising:

dissolving chitosan in acidic water, where the water 15 made acidic by
an acid selected from the group of acetic acid, mitric acid, sulfuric acid,
hydrochloric acid, and combinations thereof, and

forming nanoparticles from the dissolved chitosan.



10

20

N
(¥ 2]

30

&. The method according o claim 7. wherein a linker is added to the

dissolved chitosan.

8. The method according to clamm 8, wherein the lmker is sodiom

tripolyphosphate and/or ammonium sulfate.

10. The method according to claim 7, wherein nitrogen rich compound and/or
mixture of compounds sclected from the group consisting of potassium nifrate,
calcium mitrate, magnesium nifrate, urea nitrate, urca ammonia nitrate, ammonium
pitrate, ammonium sulfate, urea~hydroxvapatite, amino acids such as arginine,
cysting, histidine, leucine, lysine, methionine, threonine, tryptophan, tyrosine,
valine, ghitamine, glutamic acid, glycine, proline, taurineg, aspartic acid, serine and

alanme 1s/are added the dissolved chitosan.

11. The method according to claim 10, wherein the nanoparticles comprise

chitosan and nitrogen rich compound and/or reixture of compounds.

12. The method according to claim 11, wherein the nanoparticles comprise at

least 1% (w/v} nifrogen.

13., The method according to claim 11, wherein the chitosan is present at

between about 0.01% and about 1.5% (w/v).

14. A method of treating a3 plant or a plant part, the method comprising

treating the plant or plant part with a composition according to any of claims 1-7.

15. The method according to claim 14, wherein the plant part 1s selected from

the group consisting of a seed, leaf, stem, flower, or root of a plant.

16. A method of preparing a plant growth medium, the method comprismg

treating the growth medivm with a composition according to any of claims 1-7.



i the growth medium is soil,

ore

p=g

17. The method according to claim 16, wh
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ABSTRACT
COMPOSITIONS AND METHODS FOR AGREINPUTS AND USES
THEREQF
Disclosed herein are compositions comprising. chitosan and at least 1% (w/v}
nifrogen. In certain cases, at least 50% of the nitrogen is in chemical form of
amine and/or nitrate and/or ammonia. Also disclosed herein arc methods of
producing chitosan nanoparticies by dissolving chitosan in acidic water, where the
water 1s made acidic by an acid selected from the group of acetic acid, mitric acid,
sulfuric acid, hydrochloric acid, and combinations thereof, and formmg
nanoparticles from the dissolved chutosan. Funher disclosed is the treatment of

plants or plant parts with the compositions disclosed herem,
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