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s URITED STATES PTO/AIA/14
‘ PATENT AND TRADEMARK OFFICE OMB 0651-0032

Application Data Sheet 37 CFR 1.76

The Application Data Sheet is part of the provisional or non-provisional application for which it is being submitted. The
following form contains the bibliographic data arranged in a format specified by the United States Patent and Trademark Office
as outlined in 37 CFR 1.76.

1. Gustavo Alexandre Grossi

Residence Information
Non-US Residency
Monte Carmelo
UNITED STATES

Mailing Address

Fazenda Sao Matheus - Bairro Zona Rural
Monte Carmelo, --- 38500-000

BRAZIL

Customer number 23456 -

Correspondence address

Title of invention System and Method of Agricultural Management
Attorney docket number 028904

Entity status Regular Undiscounted
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Application type Reissue

Subject matter Utility

Representative information should be provided for all practitioners having a power of attorney in the application. Providing this
information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Customer number 23456

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c), 386(c), or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be
made part of the specification.
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This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which
priority is not claimed. Providing this information in the Application Data Sheet constitutes the claim for priority as required by
35 U.S.C. 119 (b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible for retrieval under the
priority document exchange program (PDX) the information will be used by the Office to automatically attempt retrieval
pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a
copy of the foreign application is received by the Office from the participating foreign intellectual property office, or a certified
copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application number PCT/BR2022/050461
Country  Federative Republic Of Brazil
Filing Date  11/24/2022

Access code ---

Checking this box will cause the application to be examined under the first inventor to file provisions of the AlA.

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also contains,
or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 16, 2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
2016, 2013, will be examined under the first inventor to file provisions of the AlA.

When this Application Data Sheet is properly signed and filled with the application, applicant has provided written authority to
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A in
subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application (see
paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE:

This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application. After the
initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access by a
foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

Priority Document Exchange (PDX) Almendra - EX1013, Page 004
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Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned hereby grants the USPTO
authority to provide the European Patent Office (EPO), the Japan Patent Office (JPO), the Korean Intellectual
Property Office (KIPO), the China National Intellectual Property Administration (CNIPA), the World Intellectual
Property Organization (WIPQ), and any other foreign intellectual property office participating with the USPTO in a

A, Dbilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the
instant patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic
data, (2) any foreign or domestic application to which priority or benefit is claimed by the instant application and its
related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) (1).

Search Results from U.S. Application to EPO

Unless box B in subsection 2 (opt-out of authorization) is checked, the undersigned hereby grants the USPTO
authority to provide the EPO access to the bibliographic data and search results from the instant patent application
when a European patent application claiming priority to the instant patent application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to
submit a copy of search results from the instant application without delay in a European patent application that
claims priority to the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

: A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
S application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office
with any documents and information identified in subsection 1A above.

o B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant
b patent application. If this box is checked, the USPTO will not be providing the EPO with the search results
from the instant application.

Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.

The information to be provided in this section is the name and address of the legal representative who is the applicant under
37 CFR 1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the
invention, or person who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46.

1. _Fl_ienile A%rorlgegoc\i/oslhLTDA6 Applicant  Organization
ravessa da Fonte Velha, no. ; i
Rio Maior, - 2040-248 Applicant type  Assignee
PORTUGAL

Phone: ---
Fax: ---
Email: ---
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An assignee-applicant identified in the "Applicant" section will appear on the patent application as an applicant.

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of
CFR to have an assignment recorded by the Office.

Fienile Agronegocios LTDA
Travessa da Fonte Velha, no. 6
Rio Maior, --- 2040-248
PORTUGAL

NOTE:

This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet is
submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the

"Authorization or Opt-Out of Authorization to Permit Access" section, then this form must also be signed in
accordance with 37 CFR 1.14(c)

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.g.,
corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, all

joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g.,
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See CFR 1.4(d) for the manner of making signatures and certifications.

Signature First name Last name Registration # Date
/Mark A. Kilgore, .
75,994/ Mark Kilgore 75994 09/08/2025
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PTOAIALS (11-23)

Approved for use through 11/30/2027. OMB 0851 31

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1998, no persons are required to respond to a collection of information unless i displays a valid OMB cortrol number.

First Named Inventor/Patent Owner:T 1enile Agronegocios LTDA

Application No./Patent No.: U.8. Patent No. 12,088,543

Filed/issue Date: lssued Sept. 17, 2024

Titleg:  Svsterm and Method of Agricuitural Management
Fienile Agronegocios LTDA

4 Corporation

(Mame of Assignes) {Type of Assignee, e.g., corporation, parinership, university, governmeant agency, ato.)

states thal, for the patent application/patent identified above, it is {choose gne of options 1, 2, 3 or 4 helow):

1. The assignee of the entire right, title, and interest.

o

2. [:] An assignee of less than the entire right, title, and interest {(check applicabile box):

_J The extent {by percentage) of its ownership interestis %. Additional Statement{s) by the ownerg
holding the balance of the interest must be submitted to account for 100% of the ownarship intaerest.

E There are unspecified percentages of cwnership. The other parties, including inventors, who together own the entire
right, title and interest are;

3

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted o account for the entir
right, title, and interest.

3. u The assignee of an undivided interest in the entirely (2 complete assignmaent from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement{s) by the owner(s} holding the balance of the interest must be submiited 1o account for the entire
right, litle, and interast.

4. D The recipient, via a court proceeding or the fike (a.g., bankruptey, probate), of an undivided interest in the entirety (a
complete transfer of ownarship interest was made). The certified document(s) showing the transier is altached.

The interest identified in option 1, 2 or 3 above {not option 4) is evidenced by sither (Choose gne of options A or B below):
A m An assignment from tha inventor(s) of the patent application/patent identified above. The assignmant was recorded in

the United States Patent and Trademark Office at Regf 086704 , or for which a copy
thereof is attached™.

B. E A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame . or for which a copy thereof is attached®
2. From: Tor

The document was recorded in the United States Patent and Trademark Office at
Reet , Frame , of for which a copy thereof is altached®.

[Page 1 of 2]

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with
an information collection subject to the requirements of the Paperwork Reduction Act of 18595, unless the information collection has a currently valid GMEB
Controd Number. The OMB Control Number for this information col on is 0651-0031. Public hurden for this form is estimated to average 15 minutes per
response, including the time for reviewing instructions, searching e sources, gathering and maintaining the data needed, and completing and
reviewing the information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions
for reducing this burden to the Chief Administrative Officer, United States Patent and Tradernark Office, P.O. Box 1450, Alexandriz, VA 2 -1450 or email
informationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: cﬁmmisséjm &nﬁ?fla&‘lﬁwi’ age 007

Alexandria, VA& 22313-1450. PGR2025-00055
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PTO/AIAMDE (11-23)

Approved for use through 11/30/2027. OME 065 31

.S, Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Panerwork Reduction Act of 1995, no persons are required o respond 1o a collection of information upless it displays a valid OME control number.,

STATEMENT UNDER 37 CFR 3.73({c}

3. From: Ta:

The document was recordad in the United States Patent and Trademark Office at
Reeal , Framea , of for which a copy thereof is attached™

4, From: To:

The document was recordad in the United States Patent and Trademark Office at

Resl . Frame , or for which a copy thereof is attached™.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , of for which a copy thereof is aftached™
6. Fromu To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy therecf is altached™

m Additional documenis in the chain of title are listed on a supplemental sheet(s).

m “As required by 37 CFR 3.73(c){1){({}, the documentary sevidence of the chain of title from the original owner to the
assignes was, or concurrently is being, submittad for recordation pursuant to 37 CFR 3.11.

INOTE: A separate copy {lL.e., a8 true copy of the original assignment documant(s)) must be submittad to Assignment
Division in accordance with 37 CFR Part 3, 1o record the assignment in the records of the USPTCO. See MPEP 302.08]

The undersigned (whose title is suppiied below) is authorized o act on behalf of the assignes.

Mark A Kilgore, Reg. No. 75,894/ (08/08/2025

Signature Date

Mark A. Kilgore 75,994

Printed or Typed Name Title or Registration Number

[Page 2 of 2]

Almendra - EX1013, Page 008
PGR2025-00055




Privacy Act Statement

The Privacy Act of 1974 {P.L. 93-573} requires that you be given cartain information in connection with your submission
of the attached form related to a patent application or patent. The United States Patent and Trademark Gffice {USPTO)
collects the information in this record under authority of 35 US.C. 2. The USPTO's syster of records is used to manage all
applicant and owner information including name, citizenship, residence, post office address, and other information with
respect to inventors and their legal representatives pertaining to the applicant’s/owner’s activities in connection with the
invention for which a patent is sought or has been granted. The applicable Privacy Act System of Records Notice for the
information coliected in this form is COMMERCE/P

73 FR 19243 {March 29, 2013). hit

le in the Federal Register at

3L

Routine uses of the information in this record may include disclosare to: 1} law enforcement, in the event that the system
of records indicates a violation or potential violation of law; 2} a Federal, state, local, or international agency, in response
to its request; 3} a contractor of the USPTO having need for the information in order to perform a contract; 4) the
Department of Justice for determination of whether the Freedom of Information Act {FOIA) requires disclosure of the
record; 5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record; 6} a court,
magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to opposing counsel in
the course of settlement negotiations; 7) the Administrator, General Services Administration (GSA}, or their designee,
during an inspection of records conducted by GSA under authority of 44 U.5.C. 2804 and 290§, in accordance with the
GSA regulations and any other relevant {i.e., GSA or Commerce} directive, where such disclosure shall not be used 1o
make determinations about individuals; 8} ancther federal agency for purposes of National Security review {35 U.5.C
181} and for review gursuant to the Atomic Energy Act {42 U.S.C. 218{c}); 9) the Office of Personne! Managemeant {OFM)
for parsonnel research purposes; and 3) the Office of Managament and Budget {OMB} for legislative coordination and
clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine your
submission, which may resull in termination of proceedings, abandonment of the application, and/or expiration of the
patent.

Almendra - EX1013, Page 009
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PTG/538/56 {01-25)
Approved for use through 03/31/2026. OMS 0551-0033
and Trademark Office; U.S. DEPARTRMENT OF COMMERCE
information unless it displays a valid OME control number
Docket Number {(Optional}

REISSUE APPUICATION FEE TRANSMITTAL FORM 028804

Under the Paperwork Reduction Act of 1845, no persons are required o respond to a colfection of

Application as Filed—Part 1

{1} [d] {3) Micro Entity Small Entity Undiscounted
Claims Claims Filed Number -
‘»-ec“ aa {8 st 8 g & ;‘_,.‘ om (G
in in Reissue Extra Rate ($) Fee {S} Rate {§} Fee (5} Rate (3) Fee (5}

Patent Application

Totat Claims

aresrasy | wmf | @1 AR = £ - 200 - o
ind. Claims 800 . 0

(37 CFR 1.16{(h)) f"‘z ‘="-)1 =0 L1y

i
x
i

if the specification and drawings exceed 100 sheets of

Application Size | gaper, the application size fee due is S456 {4130 for small
Fee entity, $80 {or micro entity) for each additionsl 56 sheets 0

{37 CFR L.16(s)) or fraction thereof. Ses 35 U.S.C. 4U{a}{1){G) and 37 CFR

1.16{s).
Filing Fee (37 CFR 1.18(e) 350
Search Fee {37 CFR 1.16{n}} 770
Examination Fee {37 CFR L186{r) 2550
Total Filing Fe 3370
Application as Amended —Part 2
{1} {2} {3} Micro Entity Small Entity Undiscounted
ReLr:asrr:mg \dt::i:esf C:;::i Rate {3) Fee (%) Rate {5) Fee () Rate (3) Fee (3)
After Previously | Present
Amendment Paid For
Total Claims G
(37 CFRLAB{)) | *** S f e = % = x - « -
ind. Claims
{37 CFR1.16{h)) | *** S EEEEE = X = X = % = O

if the specification and drawings exceed
Application Size _LO-’J #uegtio: paper, the apphcaugn ;!ff_
fee due is 3450 {5180 for small entity, 580 O
for micro entity) for each additional 50

sheets or fraction thereof. Se LS.
41{a)¥1){G)and 37 CFR 1.16{s).

Fee
{37 CFR 1.16(3})

Total Additional Fee 0
* Enter (B} — 20, or enter “07 if {B) is less than 20
*k Enter (D} — minus 3, or enter "D if {I3) is less than 3.
*ax o After any canceflation of claims.
R

if the “Highest Number of Total Claims Previously Paid For” is ess than 20, enter “20” in this space.
FEEEE H the “Highest Number of Independent Claims Previously Paid For” is less than 3, enter “3” in this space.
E:] Applicant asserts small entity status. See 37 CFR 1.27
m Appticant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SE/LSA oF B or equivalent must either be enclosed ar have been submitted previousty.
m The Director is hereby authorized to charge any additional fees under 37 CFR 1.156 or 1.17 which may be required, or credit any
overpayment to Deposit Account No. 230035
ﬂ Acheckinthe amountof$ to cover the filing/additional fes is enclosed.
| Payment made via USPTO patent electronic filing system.
m Payment by credit card. Form PTO-2038 s attached. WARNING: Information on this form may become pubiic. Credit card information
should not be included on this form. Provide credit card information and authorization on PTO-2038.
Mark A Kilgore, 75,994/ 00/08/2025
Signature
Mark A Kilgore 75,994
Typed or Printed Name Registration Number, if applicable
515-242-2400
Telephone Number

]

sate

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0033. Public burden for this form is estimated to average 30 minutes per response,
including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the
information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this
burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email

InformationCollection @uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for

Patents, P.O. Box 1450, Alexandria, VA 22313-1450. Almendra - EX1013, Page 010
if you need assistance in completing the form, call 1-800-PT0-2189 und select eption 2. PGR2025-00055



Privacy Act Statement

The Privacy Act of 1874 {P.L. 93-579} requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and
Trademark Office {USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO's
system of records is used to manage all applicant and owner information including name, citizenship, residencs,
post office address, and othear information with respect to inventors and their legal representatives pertaining to
the applicant's/owner’s activities in connection with the invention for which a patent is sought or has been
granted. The applicable Privacy Act System of Records Notice for the information collected in this form is
COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR 19243 (March 29,

INANRIAF O ONRAS YOV
; T OVINTQL8Y S S

s

Routine uses of the information in this record may indlude disclosure to: 1} law enforcement, in the event that
the system of records indicates a violation or potential violation of law; 2} a federal, state, local, or international
agency, in response to its request; 3} a contractor of the USPTO having need for the information in order to
perform a contract; 4) the Department of Justice for determination of whether the Freedom of Information Act
{FOIA) reguires disclosure of the record; 5} a Member of Congress submitting a request involving an individual to
whom the record pertains, when the individual has requested the Member's assistance with respect to the
subject matter of the record; 6} a court, magistrate, or administrative tribunal, in the course of presenting
evidence, including disclosures to opposing counsal in the course of settlement negotiations; 7} the
Administrator, General Services Administration {GSA)}, or their designees, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2204 and 2206, in accordance with the GSA regulations and any
ather relevant {l.e.,, G54 or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals; 8) another federal agency for purposes of National Security review {35 U.S.C.
181} and for review pursuant to the Atomic Energy Act (42 U.S.C. 218{c}}; 9) the Office of Personnel
Management {OPM} for personnel research purposes; and 10} the Office of Management and Budget {OMB) for
legisiative coordination and clearance.

if yvou do not furnish the information requested on this form, the USPTO may not be able to process and/or
examine your submission, which may result in termination of proceedings, abandonment of the application,
and/or expiration of the patent.

Almendra - EX1013, Page 011
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UNITED STATES A g Box 1450
ik ; —_ Alexandria, VA 22313 - 1450
PATENT AND TRADEMARK OFFICE WWW_USPLO.gOV
APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/322,633 09/08/2025 11:01:30 PM Z ET 028904
Title of Invention
System and Method of Agricultural Management
Application Information
APPLICATION TYPE  Utility - Reissue PATENT # 12089543
CONFIRMATION # 1124 FILED BY Mark Kilgore
PATENT CENTER # 72205632 AUTHORIZED BY -
CUSTOMER # 23456 FILING DATE -
CORRESPONDENCE - FIRST NAMED  Gustavo Alexandre Grossi
ADDRESS INVENTOR
Payment Information
PAYMENT METHOD PAYMENT TRANSACTIONID PAYMENT AUTHORIZED BY
CARD / 9857 E202598N02415712 Mark Kilgore
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
1014 REISSUE PATENT APPL. FILING 350.00 ] 350,00
FEE
REISSUE SEARCH FEE OR
1114 REISSUE (DESIGN CPA) SEARCH 770.00 1 770.00

FEE

REISSUE EXAMINATION FEE OR
1314 REISSUED (DESIGN CPA) 2550.00 1 2550.00
EXAMINATION FEE

TOTAL

AMOUNT: $3,670.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111 Almendra - EX1013, Page 012
PGR2025-00055
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If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.

Almendra - EX1013, Page 013
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PTONASS (12:27)

Approvee kx use firough DXVI/2028, OMB 5851-0043

LS. Patenl and Trademark Otfics; LLS, DEPARTMENT OF COMMERCE

Shlngihe Paperwort Recuition S0t 1008, persone stk reguesd 1y recpoed fo p coffaction of infor Sofran it diaptayy B valld CHAIS covtrat nurviber.

Docket Number (Optional
REISSUE APPLICATION: CONSENT OF ASSIGNEE; | poaooa
STATEMENT OF NON-ASSIGNMENT

{ThIs 15 part of he ApPICBNoN Tor 8 Iessue potent based on he oRgnal potenTTdent g Somu
} Name of Patentee{s) R
jGustavo Alexandre Grossi
} Patent Number o Dato Patent lssued
12,089,543 Seplembaer 17, 2024
Title of Invention

System and Method of Agricultural Management

1, Filed herein is  stalement under 37 GFR 3.73(c). (Form PTO/AIA/S6)

2. D Ownership of the patent is in the inventor(s), and no assignmant of the patent is in effect.

One of boxes 1 or 2 above must be checked. If multiple assignees, complete this form for each assignee, If
box 2 is chacked, skip the next entry and go directly to "Nams of Assignee.”

The written consent of all assignees and inventors owning an undivided interest in the original
patert is included in this application for raissue.

The assignee(s) owning an undivided interest in said original patent is/are
Fienle Agronegocios LTDA

fand the assignaa(s consents to the accompanyin  application for reissus,
Name of assignes (if assigned)/inventor (if not assigned)

Fienile Agrofiggocios LTDA

Date

A Federal sgency may nut conduct or sponsor, 3nd 8 person Is not required ta tespond Yo, nor shell a person be subject to a penalty for fallure to comply with
sn informstion collection subject to the requirements of the Paperwark Reduction Act of 1995, unless the information coliection has a currently valid OMB
Control Number. The OB Contral Nurber for this information collection is G851-0033. Public burden for this form is sstimated to average 30 mindtes per
resporse, including the time for reviewing instructions, searching existing dats sources, gathering and maintaining the data nesded, and completing ang
reviewing the infarmation colfection. Send comments reganding this burden estimats or any ather espect of this Infermation collection, including suggestians
for reducing this burden in the Chief Administrative Dificar; United States Patent and Trademark Office, #.0. Bax 1450, Alexandria, VA 223131450 or small
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it you nesd assislanca in compleling tha form, call 1-800-PTO.0100 and seloc! aption 2,

Almendra - EX1013, Page 014
PGR2025-00055

Digitalizado com CamScanner



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and
Trademark Office (LUSPTO) collects the information In this record under authority of 35 U.S.C. 2. The USPTO's
system of records is used to manage all applicant and owner information including name, citizenship, residence,
post office address, and other information with respect ta inventors and their legal representatives pertaining to
the applicant's/owner’s activities in connection with the invention for which a patent is sought or has been
granted. The applicable Privacy Act System of Records Notice for the information collected in this form is
COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR 19243 (March 29,
2013), https://www.govinfo.gov/content/pkg/FR-2013-03-29/pdi/2013-07341.pdf.

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that
the system of records indicates a violation or potential violation of law; 2) a federal, state, local, or international
agency, in response to its request; 3} a contractor of the USPTO having need for the information in order to
perform a contract; 4) the Department of Justice for determination of whether the Freedom of information Act
{FOIA) requires disclosure of the record; 5) a Member of Congress submitting a request involving an individual to
whom the record pertains, when the Individual has requested the Member’s assistance with respect to the
subject matter of the record; 6) a court, magistrate, or adminjstrative tribunal, in the course of presenting
evidence, including disclosures to opposing counsel in the course of settiement negotiations; 7) the
Administrator, General Services Administration {GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations and any
other relevant (l.e.,, GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals; 8} ancther federal agency for purposes of National Security review (35 U.S.C.
181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)); 9) the Office of Personnel

Management (OPM) for personnel research purposes; and 10) the Office of Management and Budget {OMB) for
legislative coordination and clearance.

if you do not furnish the information requested on this form, the USPTO may not be able to process and/or

examine your submission, which may result in termination of proceedings, abandonment of the apglication,
and/or expiration of the patent.
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The Privacy Act of 1974 {P.L. 83-578)} requires that you be given certain information in connection with your
submission of the altached form related o a patent application or patent.  Accordingly, pursuant to the
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Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject o the following routine uses:

1. The information on this form will be treated confidentially to the exient allowed under the Freedom of
Information Act (5 U.8.C. 55Z) and the Privacy Act (5 U.8.C 552a). Records from this systemn of
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submitting a reguest involving an individual, fo whom the record pertains, when the individual has
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4. Avrecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract.  Recipients of information shali be
raquirad to comply with the requirements of the Privacy Act of 1974, as amended, pursuant 1o 5 U.8.C.
552a(m).

5. A record ralated to an international Application filed under the Fatent Cooperation Treaty in this

system of records may be disclosed, as a routine use, to the International Bureau of the World

intellectual Propernty Organization, pursuant to the Patent Cooperation Treaty.
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purposes of National Security review (35 U.8.C. 181} and for review pursuant to the Alomic Energy Act

(42 14.8.C. 218(c}).
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agency’s responsibility to recommend improvaments in records management practices and programs,

under authority of 44 U S.C. 2804 and 2906, Such disclosure shall be made in accordance with the
3SA regulations governing inspaction of records for this purpose, and any other relevant (1e., GEA or

Commerce) diractive. Such disclosure shail not be used to make determinations about individuals.
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publication of the application pursuant to 35 U.8.C. 122{b) or issuance of a palent pursuant to 35
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proceedings were terminated and which application is referencad by either a published application, an
application open to public inspection or an issued patent.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Reissue Application of: Grossi

U.S. Patent No.: 12,089,543

Issued: September 17, 2024

For: System and Method of Agricultural Management
Attorney’s Docket No.: 028904

Customer No.: 23456

PRELIMINARY AMENDMENT AND STATEMENT OF STATUS
AND SUPPORT FOR ALL CHANGES TO THE CLAIMS

VIA EFS-WEB

Mail Stop Reissue

Commissioner of Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:
Please amend the above identified application as follows prior to taking any action thereon.
Amendments to the Specification begin on page 2.

Claim Amendments begin on page 3.

Remarks begin on page 10.

The Commissioner is authorized to charge any deficiency or credit any overpayment associated

with the filing of this amendment to Deposit Account 23-0035.

CERTIFICATE OF ELECTRONIC TRANSMISSION

I certify that this document and/or fee was transmitted to the United States Patent and Trademark Office using
the EFS-Web filing system on September 8, 2025, by fark A Aitgore, 75 99%
Mark A. Kilgore, Reg. No. 75,994 Almendra - EX1013, Page 029
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Reissue of US 12,089,543
Issued September 17, 2024
Customer No. 23456

AMENDMENTS TO THE SPECIFICATION

Please amend the first paragraph at col. 1, Ins. 7-11 of the specification as follows:

This application is a reissue of U.S. Patent App. Serial No. 18/292.837. filed November 24, 2022,

now U.S. Patent No. 12.089.543. which is a [This application is a] national stage application (under

35 U.S.C. § 371) of PCT/BR2022/050461, filed Nov. 24, 2022, which claims benefit of Brazilian
Application No. 1020220072728, filed Apr. 14, 2022, which are incorporated herein by reference in

their entireties.

Almendra - EX1013, Page 030
PGR2025-00055



Reissue of US 12,089,543
Issued September 17, 2024
Customer No. 23456

PRELIMINARY CLAIM AMENDMENTS

Please amend the issued claims of U.S. Patent No. 12,089,543 as follows:

1. (Amended) An AGRICULTURAL MANAGEMENT SYSTEM (100) [is characterized by]
comprising:

a modular agricultural irrigation [pivot-like] device (101) positioned on an agricultural
field (200) [in]for a [the] cultivation of a crop (202a) species, the modular agricultural irrigation

[pivot-like] device (101) configured to pivot about a fixed point and further comprising:

a plurality of artificial lighting sources (10a, 10b, 10c, 10d, 10e) arranged along the
modular agricultural irrigation [pivot-like] device (101) at a predetermined distance above
[the]an aerial part[s] of the crop (202a), comprising a plurality of light-emitting diodes;
and

a plurality of energy sources that feed the plurality of artificial lighting sources
(10a, 10b, 10c, 10d, 10e), the agricultural management system (100) further comprising:

a processor in communication with a dimerizer [and/]or a polarizer, or both, of the plurality
of artificial lighting sources (10a, 10b, 10c, 10d, 10e) and with the plurality of energy sources,
wherein the processor is configured to:

a) determine and adjust (501), in the intervals of the electromagnetic spectrum, the
balance between the spectral bands emitted by the plurality of light-emitting diodes_such
that during a vegetative stage of the crop, at least 40% of emitted light is from 400 to 500

nm of the spectral bands, and during a reproductive stage of the crop, at least 40% of

emitted light is from 600 to 750 nm of the spectral bands; and

b) determine and implement:
an irrigation routine (502); and[/or]
an artificial light(s) supplementation routine (503);
wherein stages a) and b) are determined by the processor considering at least [one
among]:
a crop (202a) species under cultivation;

a phenological stage of the crop (202a) under cultivation;
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Reissue of US 12,089,543
Issued September 17, 2024
Customer No. 23456

a photoperiod,
a season, [and]
a current weather condition[s] under which the agricultural field (200) is subjected; and

one or more objectives[(s)] intended for the crop (202a) development, wherein the one or

more objectives comprise stimulation or inhibition, or both, of leaves, branches, roots, grains,

fibers, fruits, essences, vegetative or reproductive growth, or photosynthesis, or a combination

thereof.

2. (Canceled)

3. (Amended) The SYSTEM (100), according to claim 1, [characterized in that]wherein the
modular agricultural irrigation [pivot-like] device (101) comprises:

a drive device for the displacement of the modular agricultural irrigation device (101) over
the agricultural field (200); and

a sprinkler device[s] comprising a plurality of sprinklers,

wherein the processor is in communication with the drive device and with the sprinkler

device for the execution of stage b).

4, (Amended) An AGRICULTURAL MANAGEMENT METHOD (500), for [the]a cultivation of
a crop (202a) in an agricultural field (200), [characterized by] comprising the steps of:

a) determining and adjusting (501), in intervals of the electromagnetic spectrum, the

balance between the spectral bands emitted by a plurality of light-emitting diodes of a plurality of
artificial lighting sources (10a, 10b, 10c, 10d, 10e)_such that during a vegetative stage of the crop,

at least 40% of emitted light is from 400 to 500 nm of the spectral bands, and during a reproductive

stage of the crop, at least 40% of emitted light is from 600 to 750 nm of the spectral bands; and

b) determining and implementing:
an irrigation routine (502) of a modular agricultural irrigation device (101)

configured to pivot about a fixed point; and[/or]

a routine of artificial light(s) supplementation (503) of the plurality of artificial
lighting sources (10a, 10b, 10c, 10d, 10e);
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wherein [stages] a) and b) are determined considering at least [one among]:

a crop (202a) species under cultivation;

a phenological stage of the crop (202a) under cultivation;

a season,

a photoperiod, [and]

a current weather condition[s] under which the agricultural field (200) is subjected; and

one or more objectives[(s)] intended for the crop (202) development, wherein the one or

more objectives comprise stimulation or inhibition, or both, of leaves, branches, roots, grains,

fibers, fruits, essences, vegetative or reproductive growth, or photosynthesis, or a combination

thereof.

5. (Canceled)

6. (Amended) The METHOD (500), according to claim 4, [is characterized by] further comprising
the step of: [a stage]

¢) [of] determining a routine of soil management in the agricultural field (200) based on

soil analyses from the agricultural field (200), wherein the determination of the routine of soil

management considers at least:

a crop (202a) species under cultivation;

a phenological stage of the crop (202a) under cultivation;

d §€ason,

a photoperiod, [and]

a current weather condition|s] under which the agricultural field (200) is subjected; and

one or more objectives[(s)] intended for the crop (202) development, wherein the one or

more objectives comprise the stimulation or inhibition, or both, of leaves, branches, roots, grains,

fibers, fruits, essences, vegetative or reproductive growth, or photosynthesis, or a combination

thereof.

7. (Canceled)
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8. (New) The SYSTEM (100), according to claim 1, wherein the dimerizer or polarizer, or both,

are configured to vary a luminous flux intensity of the plurality of light-emitting diodes.

9. (New) The METHOD (500), according to claim 4, wherein the routine of artificial light(s)
supplementation of step b) further comprises implementing photoresponsive sensors to determine
a level of sunlight incidence of one or more plurality of sites of the agricultural field, wherein the
level of sunlight incidence is used, at least in part, to determine the routine of artificial light

supplementation of the artificial lighting sources.

10. (New) The METHOD (500), according to claim 6, wherein step ¢) further comprises a plurality
of sensors disposed about the agricultural field for sensing one or more characteristics of soil of
the agricultural field, wherein the one or more characteristics of soil of the agricultural field are
considered in conjunction with the crop species under cultivation, the phenological stage of the
crop under cultivation, the season, the photoperiod, the current weather condition under which the
agricultural field is subjected, and the one or more objectives intended for crop development for

determining the routine of soil management.

11. (New) An agricultural management system for cultivation of a crop in an agricultural field, the
system comprising:

a pivoting modular agricultural device positioned at least partially within the agricultural
field, the pivoting modular agricultural device having a plurality of artificial lighting sources, each
of the plurality of artificial lighting sources having a plurality of light-emitting diodes, the plurality
of artificial lighting sources being spaced apart along the pivoting modular agricultural device and
positioned above an aerial part of the crop, a plurality of energy sources providing power to the
plurality of artificial lighting sources, and a controller having a processor configured to:

be in communication with machine-readable memory having stored therein database
information comprising data of one or more characteristics of the agricultural field;

be in communication with a dimerizer, a polarizer, or both, wherein the dimerizer and

polarizer are configured to control one or more characteristics of the plurality of artificial lighting
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sources including varying a luminous flux and varying one or more spectral bands emitted by the
plurality of light-emitting diodes;
be in communication with the plurality of energy sources providing power to the plurality
of artificial lighting sources for powering on and off one or more of the plurality of artificial
lighting sources; and
wherein the processor is further configured to receive data from a plurality of sensors and
generate an irrigation routine and an artificial light supplementation routine based at least in part
on the data of one or more characteristics of the agricultural field and the data from the plurality
of sensors, wherein the data of one or more characteristics of the agricultural field or the data from
the plurality of sensors include:
the crop under cultivation,
a phenological stage of the crop under cultivation,
nutrient availability,
a photoperiod,
a season,
a current weather condition, and
one or more objectives intended for crop development, wherein the one or more
objectives comprise stimulation or inhibition, or both, of leaves, branches, roots, grains, fibers,
fruits, essences, vegetative or reproductive growth, or photosynthesis, or a combination thereof;
wherein the processor is further configured to generate control signals for implementing
the irrigation routine and the artificial light supplementation routine, wherein a timing of
implementing the irrigation routine and the artificial light supplementation routine corresponds to

a timing of the nutrient availability.

12. (New) The system of claim 11, wherein the plurality of sensors comprises a plurality of
photoresponsive sensors for sensing a level of sunlight incidence of one or more plurality of sites
of the agricultural field, wherein the level of sunlight incidence is used by the processor, at least

in part, to determine the artificial light supplementation routine.
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13. (New) The system of claim 11, wherein the plurality of sensors comprises a plurality of sensors
in contact with a soil of the agricultural field for sensing one or more characteristics of the soil of
the agricultural field, wherein the one or more characteristics of the soil is used by the processor,
at least in part, to determine the irrigation routine or the artificial light supplementation routine, or

both.

14. (New) The system of claim 11, wherein the artificial light supplementation routine varies the
luminous flux and varies the spectral bands emitted by the plurality of light-emitting diodes such
that during a vegetative stage of the crop, at least 40% of emitted light is from 400 to 500 nm of
the spectral bands, and during a reproductive stage of the crop, at least 40% of emitted light is
from 600 to 750 nm of the spectral bands.

15. (New) The system of claim 11, wherein the database stored on the machine-readable memory
includes the one or more characteristics of the agricultural field including the crop under
cultivation, the phenological stage of the crop under cultivation, nutrient availability, a
photoperiod, a season, and a current weather condition, wherein the processor accesses the
machine-readable memory, analyzes data of the database, and implements, adjusts, or both, the

artificial light supplementation routine based, at least in part, on the one or more characteristics.

16. (New) The system of claim 11, wherein the one or more characteristics of the agricultural field

includes at least a geolocation and historical climatic conditions of the agricultural field.

17. (New) The system of claim 11, wherein the processor is in communication with a user
interface, wherein the user interface provides for user input of information including the crop under
cultivation, a crop that is to be cultivated at a future time, a previously cultivated crop, a
fertilization activity, a soil correction, a stress occurrence of soil or crop, or both, a crop disease,
an insect observance, a nutritional deficiency of soil, crop, or both, a weed observance, a harvest
productivity or result, or both, an irrigation activity, a supplemental light activity, a distance
between adjacent artificial lighting sources, a distance of artificial lighting sources above the aerial

part of the crop, or current or past weather conditions, or a combination thereof.
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18. (New) The system of claim 17, wherein the database stored within the machine-readable

memory comprises real-time data received from one or more of the sensors, user input, or both.

19. (New) The system of claim 18, wherein the processor receives the real-time data and adjusts
the irrigation routine or the artificial light supplementation routine, or both, based in part on the

real-time data.

20. (New) The system of claim 11, wherein the pivoting modular agricultural device comprises a
drive unit, the processor configured to determine a speed and a distance to drive the pivoting
modular agricultural device, generate control signals to drive the pivoting modular agricultural
device at the speed and the distance, wherein the determination of the speed and distance is based

at least in part on the corresponding irrigation routine and artificial light supplementation routine.

21. (New) The system of claim 11, wherein at least a portion of the artificial light supplementation
routine comprises emitting the luminous flux during a nocturnal time period wherein the luminous

flux is 200 pmol m s! or less.
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REMARKS - STATUS OF CLAIMS AND SUPPORT FOR CHANGES TO CLAIMS

The subject patent application is a narrowing reissue of U.S. Patent No. 12,089,543. Entry
of this preliminary amendment prior to examination of this reissue application is respectfully

requested.

Notification of Concurrent Proceedings (37 C.F.R § 1.178(b))

U.S. Patent No. 12,089,543 is currently involved in ongoing litigation. Specifically, the
’543 Patent has been challenged at the U.S. Patent Trial and Appeal Board, Case No. PGR2025-

00055, with claims 1-7 being challenged as unpatentable. This case is pending and ongoing.

Amendments to the Specification

The specification has been amended at col. 1, Ins. 7-11 to indicate this application is a reissue
of U.S. Patent App. Serial No. 18/292,837, filed November 24, 2022, now U.S. Patent No.

12,089,543.

Status of the Claims

In compliance with 37 CFR § 1.173(c) patentee hereby provides comments about the
status of the claims and support for the changes to the claims.
U.S. Patent No. 12,089,543 issued with claims 1-7. By the present amendment:
* Independent claim 1 has been amended to include additional claim limitations
drawn to specific light frequencies and percentages, as well as specific delineation
of specific objectives for crop development;

*  Original claim 2 has been cancelled;
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* Original claim 3 has been amended to make it consistent with claim 1;

* Original claim 4 has been amended to include additional claim limitations drawn
to specific light frequencies and percentages, as well as specific delineation of
specific objectives for crop development;

*  Original claim 5 has been cancelled;

* Original claim 6 has been amended to include additional claim limitations drawn
to specific considerations required for determining the soil management routine;

* Original claim 7 has been cancelled, part of which has been incorporated into
Original claim 6;

* New claims 8-21 have been added.

Thus claims 1, 3, 4, 6, and 8-21 are pending. Claims 2, 5, and 7 are cancelled.

Support for Changes to the Claims

Amended Claim 1:

Amended claim 1 has been amended to include the additional claim limitations drawn to
specific light frequencies and percentages, as well as specific delineation of specific objectives for
crop development. Support can be found for the added limitations regarding having at least 40%
of emitted light from 400 to 500 nm of the spectral bands for the vegetative state, and at least 40%
of emitted light from 600 to 750 nm of the spectral band for the reproductive state at col. 12, Ins.
5-30 of the ’543 Patent. Claim 1 further includes additional limitations drawn to one or more
objectives for crop development, comprising stimulation or inhibition, or both, of leaves, branches,
roots, grains, fibers, fruits, essences, vegetative or reproductive growth, or photosynthesis, or a

combination thereof. Said limitation can find support at col. 12, Ins. 59-63 of the *543 Patent.
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Amended Claim 3:

Amended claim 3 has been amended to make it consistent with claim 1, and contains the

same subject matter as originally issued.

Amended Claim 4:

Amended claim 4 has been amended to include the additional claim limitations drawn to
specific light frequencies and percentages, as well as specific delineation of specific objectives for
crop development. Support can be found for the added limitations regarding having at least 40%
of emitted light from 400 to 500 nm of the spectral bands for the vegetative state, and at least 40%
of emitted light from 600 to 750 nm of the spectral band for the reproductive state at col. 12, Ins.
5-30 of the ’543 Patent. Claim 1 further includes additional limitations drawn to one or more
objectives for crop development, comprising stimulation or inhibition, or both, of leaves, branches,
roots, grains, fibers, fruits, essences, vegetative or reproductive growth, or photosynthesis, or a

combination thereof. Said limitation can find support at col. 12, Ins. 59-63 of the *543 Patent.

Amended Claim 6:

Amended claim 6 has been amended to include additional claim limitations drawn to
specific considerations required for determining the soil management routine originally found in

issued claim 7.

New Dependent Claim 8:

New dependent claim 8 depends from claim 1 and adds the feature that:
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the dimerizer or polarizer, or both, are configured to vary a luminous flux intensity
of the plurality of light-emitting diodes.

Support for this claim can be found at col. 6, Ins. 13-17 of the *543 Patent.

New Dependent Claim 9:

New dependent claim 9 depends from claim 4 and adds the feature that:

the routine of artificial light(s) supplementation of step b) further comprises implementing
photoresponsive sensors to determine a level of sunlight incidence of one or more plurality of sites
of the agricultural field, wherein the level of sunlight incidence is used, at least in part, to determine
the routine of artificial light supplementation of the artificial lighting sources.

Support for this claim can be found at col. 8, Ins. 11-18 of the *543 Patent.

New Dependent Claim 10:

New dependent claim 10 depends from claim 6 and adds the feature that:

wherein step c) further comprises a plurality of sensors disposed about the agricultural field
for sensing one or more characteristics of soil of the agricultural field, wherein the one or more
characteristics of soil of the agricultural field are considered in conjunction with the crop species
under cultivation, the phenological stage of the crop under cultivation, the season, the photoperiod,
the current weather condition under which the agricultural field is subjected, and the one or more
objectives intended for crop development for determining the routine of soil management.

Support for this claim can be found at col. 10, Ins. 30-40 of the *543 Patent.

New Independent Claim 11:
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New independent claim 11 includes features of original independent claim 1, plus added
features, and thus is narrower than original claim 1. One added feature includes the processor being
in communication with machine-readable memory having stored therein database information
comprising data of one or more characteristics of the agricultural field. Support for said added
feature can be found at col. 9, Ins. 1-6. An additional added feature includes the processor
configured to receive data from a plurality of sensors. Support for said added feature can be found
atcol. 10, Ins. 30-40, and col. 8, Ins. 11-18 of the ’543 Patent. An additional added feature includes
the processor configured to generate control signals for implementing the irrigation routine and
the artificial light supplementation routine, wherein the timing of implementing the routines
corresponds to timing of nutrient availability. Support for said additional added feature can be
found at col. 19, lins. 57-67, at col. 20, Ins. 67-42, col. 21, Ins. 36-40, col. 22, Ins. 22-27 of the

543 Patent.

New Dependent Claim 12:

New dependent claim 12 depends from independent claim 11 and adds the feature
previously discussed in dependent claim 10. Support for this claim can be found at col. 10, Ins. 30-

40 of the ’543 Patent.

New Dependent Claim 13:

New dependent claim 13 depends from independent claim 11 and adds the feature
previously discussed in dependent claim 9. Support for this claim can be found at col. 8, Ins. 11-

18 of the *543 Patent.
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New Dependent Claim 14:

New dependent claim 14 depends from independent claim 11 and adds features that were
previously added and discussed in amended independent claim 1. Support for this claim can be

found at col. 12, Ins. 5-30 of the ’543 Patent.

New Dependent Claim 15:

New dependent claim 15 depends from independent claim 11 and includes features that
were previously included in original independent claim 1. These features are supported at Figure

3, and col. 7, In. 54 —col. 8, In. 3.

New Dependent Claim 16:

New dependent claim 16 depends from independent claim 11 and includes features directed
to one or more characteristics being at least a geolocation and historical climatic conditions of the

agricultural field. Support for these features can be found at col. 9, Ins. 2-6.

New Dependent Claim 17:

New dependent claim 17 depends from independent claim 11 and includes features directed
to a user interface that provides user input to the processor. The user input can include information
including the crop under cultivation, a crop that is to be cultivated at a future time, a previously
cultivated crop, a fertilization activity, a soil correction, a stress occurrence of soil or crop, or both,
a crop disease, an insect observance, a nutritional deficiency of soil, crop, or both, a weed
observance, a harvest productivity or result, or both, an irrigation activity, a supplemental light

activity, a distance between adjacent artificial lighting sources, a distance of artificial lighting
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sources above the aerial part of the crop, or current or past weather conditions, or a combination

thereof. Support for these features can be found at least at col. 9, Ins. 7-32.

New Dependent Claim 18:

New dependent claim 18 depends from dependent claim 17, which depends from
independent claim 11, dependent claim 18 includes features directed to the database comprising

real-time data. Support for these features can be found at col. 9, Ins. 1-6.

New Dependent Claim 19:

New dependent claim 19 depends from dependent claim 18, which depends from
dependent claim 17, which depends from independent claim 11, dependent claim 19 includes
features directed to the processor receiving real-time data and adjusting irrigation and artificial
light supplementation routines based in part on the real-time data. Support for these features can

be found at col. 9, Ins. 53-62, and col. 10, Ins. 30-40.

New Dependent Claim 20:

New dependent claim 20 depends from independent claim 11 and includes features directed
to a pivoting modular agricultural device that has a drive unit, wherein the processor is configured
to determine a speed and a distance to drive the device, and generate control signals to drive the
device a determined speed and distance. Support for these features can be found at col. 7, Ins. 4 —

15, and col. 7, In. 49 —col. 8, In. 3.
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New Dependent Claim 21:

New dependent claim 21 depends from independent claim 11 and includes features directed

to the artificial light supplementation routine emitting the luminous flux during a nocturnal time

period wherein the luminous flux is 200 pmol m? s! or less. Support for these features can be

found at col. 10, In. 55 —col. 11, In. 8.

Consideration and allowance of claims 1, 3, 4, 6, and 8-21 is requested.

Respectfully submitted,

/Mark A. Kilgore, 75,994/

Mark A. Kilgore, PhD

Registration No. 75,994

PATTERSON Intellectual Property Law
A Professional Corporation

1600 Division Street, Suite 500
Nashville, TN 37203

(615) 242-2400

Customer No. 23456
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SYSTEM AND METHOD OF
AGRICULTURAL MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is 2 national stage application {under 35

§ 371) of PCT/BR2022/050461, filed Nov. 24, 2022,
which claims bepefit of Brazian Application No.
1020220072728, tiled Apr. 14, 2022, which are incorporated

herein by reference in their entireties.

FIBLD OF THE INVENTION

The present mvention refers, in general, to an agricultural
management systern. The present invention also refers to an
agricultural management method. In particular, according 1o
the present invention, the system and method of agricultural
management inchide ariificial light(s) supplementation and
are directed to the cultivation of a crop in an agricultaral
field.

BACKGROUND OF THE INVENTION
Large-scale agricultural production has always b
closely linked to and dependent on multiple variables. Su
variables include the nutritional and microbiological factors
of the soil, intrinsic characteristics of a given region (e.g
climate, photoperiod, and rainfall distabotion), as well as a
plurality of stresses that atfect crops, such as pathogens
(plant diseases), insect infestations (plant predations), inva-
sive plaats {weeds}, extrenie (deficit or excess) of climatic,
light irradiation, mutritional and water factors, among others.
fo the C(:vntexi, of the current agro-indusirial scenario,
Brazil notably stands out as one of the largest producers and
exporters of agriculiural corumodities, such as ”()ybezms
(le*ine ma. ‘) and comn {Zea mays), with an anuual grain
production of over 270 million tons according 1o (,()NAB
:\(nmpan&na Nacional de Abastecimento, Brazilian agocul-
tural ministry department) 2622 estimations. Thus, it is
evident that developing new techmques and tech'lologxeﬂ for
crop management has a tremendous economic and ndustrial
impact. In addition, agrcultural production is pressured by
the | growing world population and, consequently, by the
increased international demand for agricultural commodi-
tes.

this sense, there have been several efforts of new
tecl mulobies to model and monitor variables such as eda-
phoclimatic conditions to understand the consequences and
tions between soil and crop. For exa
technologies and strategies for soil management and water
resources, wnfelligent use of agrochemicals, efficient appli-
cation ni fc,mim,m integration of the Internet of Things
{ l( E‘ into agriculture, and climate monitoring practices are
ential for high crop p»riomh.nce and yield.

1 addition to monit m'}g and controlling external factors,
()ther techuologies can improve agricultural activity. For
example, biological technologies, such as genetically mod;—
fied cultivars, benefit farmers, cousumers, the environment,
and the economy; bisactive ¢g -mpuu\-ds, such as <gr(3wthu
regulating phytohormones, result in plant changes from
germination to senescence and the source-demin relationship
of phﬂtoassimﬂates i the plan during its cvcle Such

echnologies also improve the plant’s nee 1 dwr s
conditions during the crop cycle and increase the human
nutritional value of crop production.

mple, the use of

o

[
o
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Over the past fow decades, the use of such technologies
has become constant to intensify agricultural production
around the globe. The freguency of use of such technologies
in South Amenca and Asia farms has almost equated to the
frequency of use i Purope and North America. However,
climate ch iange has recently caused a new demand for
ntensified agmwiiurai production with yuore sustainable
technological approaches. Additionally, the imtensification
of agricultural output 1o meet global demand 1s dnven by the
use of costly non-renewable fertilizers.

In this way, recent advances have been made in studies on
artificial h{,ht- s) suppler mett ation for crop pr(‘-ductioti out-
door (large scales) ed as the process of applying
artificial light(s) to },idmb Crown in the open field, empha-
sizing the beneficial effects of the use of light-emitting
diodes (LEDs) on plant’s retabolism, on the efficiency of
hght absorpum- by the leaves, as well as the mutigation of
abiotic (e.g., extreme temperatures and drought) and biotic

{e.g., insect pests, plant discases, wu,da) stresses, while
applving a sustainable management of the available

Document US 2016/0198640 AT reveals a
tion pivot cqmpp(‘d with sprinkiers and a plurality of light-
emitting diodes configured to enut ditferent frequf*t‘r:ies of
polarized light 1o speciral bands from violet to far red
spectrum over plants of short, long, or neuiral photoperiod
response in an agricultural feld. The hght-emitting dlodes
are fixed on the irrigation pivot structure, illustrated in Fi(x
1 of the referred document.

The described irv gati o pivot can also comprise a control
circuit configured 1o control the operation of light-emitting
n:ii(wies imgailun meters, and pivot moving.

,}*t 5} sll'lp enientation applied to crops can alter plant
o8 5 nificantly. However, these responses are
atfected by several factors, such as plant species, crop
management, soil fertility, water availability, and the pre-
vailing climate. Docoment US 2016/0198640 Al fals to
reveal artificial light{s) supplementation combined with crop
s \nag-umf*m factors. Instead, when artificial light(s) I)L‘ppj(/"

ised aloge, as indicated fn document i
“UI\VONQMO Al, this may not have the desired effect or
may even impair plant development {empirical ()bservati()n)
Artificial Hghi(s) supplementation may, for exawmple, no
achieve high yields if the apphed fertilization does uot
adequately meet the desired level of crop production, or
artificial light(s) supplementation may favor a condition of
intense weeds competition in the crop field if an adequate
positioning of herbicides is nuot made.

Noticeably, the state of the art lacks technological
improvements regarding integrated crop managernent strat-
egies Actions in crop ﬁeidb are still evaluated independently

and not wiegraily. The sustainable use of energy, fertibzers,
water, and adequate artificial light(s) supplemeuntation are
essential for sustainable large-scale improved cropping
activities. These Jarge-scale cropping activities have a great
responsibility in human impact on Harth’s environments.
lmpro\/ ng the sustainability of large-scale cropping activi-
ties is possible with the present invention.

a mobile irriga-

Objectives and Description of the Invention
Therefore, an objective of the present invention is to
provide an agricultueal management system combined with
artificial light(s) su pp‘a,momatmn capable of raising agricul-
fural production 1o a croppilug area, increasing s produc-

tivity, redi 1cmg the negative effects of stresses present in the
cutdoor environment, mmeasngﬁhﬂendﬁajen

Xd0 13, Page 048
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applied inputs for crop production and, in this way, reduce
the hmitations of the currently known cropping techniques.
Another objective of the present invention is to provide an
agricultural yuanagement system via consultaney combined
with adequate artificial light(s} supp}emi:nta‘im routine. The
light- ex*x‘tfing diodes can be imple'nc,n ed in any new or
preexisting rrigation pivol in an agricultural cropping area.
The routine of light(s) supplementation is usually indepen-

dent of the irrdgation routine.
Axnother objective of the present tnvention is 1o provide an
agricultural management systern combined with artificial

ght{s :Jpp}ementatioti capable of sirunlaing plas char-
acteristics uf any spcmc,b at a given phenological stage.

gulated by the moment of artificial

1mementaiion, the predominant color n the arti-
ht 5} applied, and the interaction among these fac-
the c:nv‘ronmem, crop genetics, crop response {0
pho topc,ﬂuq and crop management.

Agnother objective of the present invention 1s to provide an
agricultural management system combined with artiticial
light{s) supplemcmanun capable of stimulating plant char-
acteristics of a given species at a given phenclogical stage.

These stin hatc,d characteristics can improve plcml pei’f()r-
raance against adverse stressiul conditions that impair pho-
tosynthesis using natural light (sunlight) and reduce the
negative effects of low natural luminoesity during cloudy
days.

Another objective of the present inveution is to provide
dimenzation and/or polanzat;on of the spectral bands m the
artificial bighi(s) supplementation according to the croy
species, re soil physical and chemical conditions, cli-
mate, predorul irant agronomic managenent and

icnlinural production system in use {e.g., no-tillage crop-
ng system).

Axnother objective of the present invention is to maintain
and adapt the routine of water trrigation and light(s) supple-
mentation at different phenological stages during all crop
development stages, improving agricultural pn,duumn n
quantity, qualit 3

Another objective of the pr resent invention is

gl
gion,

p

s

o protect

crops against plant discases and insect pests by modulating
artificial light(s) supplementation. Artificial {(s) can be

used to affect plant diseases and insect pest deve h,pmem
cycle, and pressure on crop performance. The improved cro
protection advantageously has the potennal o reduce thv
need for the application of phytosanitary products. This
potential reduction in use of phytos 'ﬁta*y products {e.g.,
insecticides and fungicides} consequently reduces the dam-
age caused to the environment by the excessive use of such
products.

Another objective of the present imvention is to act
beyond the mere appli ion of hight(s) supplementation, as
it must consider soil factors, plant nutrition levels, climate,

photoperiod respouses, agronomic management, and crop
varlely selection, among others, to achieve the balance
between the demand of the plant sumnlated by lghi(s)
supplementation and the techmcal use of production
FeSOUTC

es. In other words, according 1o the present iven-
tion, artificial light(s) su ppiememation is a tool that must be
wserted in a set of appropriate techmeal actio
the best production results and sustainability of large
agriculture.

Fiually, the present invention aims 1o increase the efli-
ciency of production resources, such as irrigation, fertilizers,
and agrocheruicals -\Lmeulmdes fungicides, bactericides,
fertilizers, stimulants, , doe to the effects caused by
artificial light(s) x-,\ppicmc.n.dtwn such as a great dcvdop-

type of

o

40
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ment of the plant root system, allowing improved explora-
tion of the soil profile and reduce the water, putrients and
agrochemicals losses.

One or more objectives of the above-meniioned inveslion
{(s), among others, are achieved by wmeans of an agrt al
management system combined with artificial lighi(s
mentalion, coruprising:

a modular agricultural irrigation device pomi'\ncd on an
agricultural field using a plarality of artificial lighting
sotrces arranged along the modudar agricultural ir ga-
tion device, optionally at equidistant points and at a
predetermined distance above the aerial crop parts.

a phurality of light-emitting diodes capable of emitting a
plurality of electromaguetic spectrum bands applied
alone or in combinations of different proportions of
spectral bands from the limit of ultraviolet C and B
(wavelength of 280 nm) to infrared {(wavelength>700

o

IS

nm}; and
a plarality of energy sources that feed a plurality of
artificial lighting sources

(=l

The agricul tur'\‘ ma'l'\oemcqt bys‘(r.“n also comprises

a Processor ll- communication with a dimerizer and/or
polarizer of a plurality of artificial lighting sources and

a plurality of energy sources, in WLI(.h a Processor 1s

coufigured to
a} adibst in the intervals of the electromagnetic spectrum,

the balance between the spectral bands emitted by a

plurality of emitting dicdes; and
b) determine and implement—an irrigation rontine; and/

or-——an artificial lighi(s) supplementation routine; in

which stages a) and b} are determined by a processor

considering at least one among

the crop species 282a under a,ul vation;

the phenological stage of the crop 2024 under cuttiva-
tHon;

the photoperiod,
under which the agr
arnd

one or more objective(s) intended for the crop 202a
development under hght{s) supplementation.

Understand “objective(s) intended for the crop™ as the
main purpose of the cropping of such plant specie; if, for
example, the crop is for grain production, then a crop and
artificial hght{s) management, or protocol, is apphec. how-
ever, if the crop is only futended for cattle grazing, then
another crop and artifictal light(s) managerment, or protocol,
is applied.

The objective(s) of the above-mentioned invention,
among others, is also achieved by means of adequate agri-
cultnral management methods combined with artificial ight
(s) supplementation for crop cultivation in an a‘)f‘bbh—i}-dl
field, comprising the stages

a} adjusting the balance between the spectral bands emit-

ted by a plurality of light-emitting diodes of a plurality
of lighting sources artificially capable of emitting 2
plurality of electron ¢ spectruna bands applied

in combinations of spectral bands from the

station and current weather conditions
rcuitural field 286 15 subjected;

alone, or

Iiait of nltraviolet C and B {wavelength of 280 nm) to

infrared (wavelength>700 am); and

) determine and implement—an wrigation woutine of 2

raodular agricultural irvigation device; and/or

a routine of artificial hght(s} C;upnlemﬂmat‘oq of a
phurality of artificial Eigl-hno sources; 10 which stages
a} and by are determined considering at least one
among

the crop species under cultivation;

the phenological stage of th‘khﬁqﬁmd@arcﬂ}@lt@ﬂﬁ, Page 049
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the crop photoperiod response, crop « ropp;ng season
and current weather conditions under which the
agriculiural field is subjected; and
the objective(s) intended for the crop 202a develop-
ment wader light(s) supplementation.

BRIEF DESCRIPTION OF THE DRAWINGS

The objectives, techuical effects and advantages of the
present loveution will be apparent with the following
detailed description that refers to the attached figures, which

ithustrate, but not fimited, embodiments of the objects
claimed

FIG. 1 illustrates a 166 agricultaral managernent system
conmbined with light(s) supplementation operating on a
modular agricultural irpigation device 181 on an agrcultural
field 286, according 1o the present inveniion;

FIG. 2 shows an expansion of a crop .»!ﬁ2(e in the agr-
cuitural field 288 under the action of the agricultural man-
agenient system 180 combined with artiticial light{s) supple-
mentation, according to the preseut invention;

FIG. 3 illustrates the stages of the logic operation of the
agriculiural management method 506 combined with artifi-
cial light(s) supplements mon, according to an embodiment
of the preseut invention

FIG. 4 illustrates a b.}p erior view of a schematization of

an rpgation pivot in which the agricultural management
system 10 combined with artificial hight(s) supplementa-
tion was installed, according to an embodiment of the
present invention;

FIG. 3 illustrates a first graph of an analysis of a soybean

plant laternode variable of the crop 2062a over tme, under
the performance of the agriculiural management system 180
alfied to artificial light{s) supplementation, according to the
embodiment of the present tnveution;

FIG. 6 tllustrates a second graph of an analysis of soybean

plant height variable of the crop 2024 over tme, under the
action of the agricultural macagement system 148 allied to
artificial light(s) supplementation, according 1o the present
invention embodiment;

FIG. 7 tllustrates a third graph of an analysis of third plaat
vanable of the crop 202a over time, under the action of the
agricultural msnagement systera 148 combined with artifi-
cial hight(s) supplernentation, according to the embodiment
of the present invention;

FIG. 8 illustrates a comparison between crop 2820 plants
under the intervention of the agricultural managernent sys-
tem 180 combined with artificial light(s) supplemeuntation,
and crop 2026 plants with no artificial light(s) supplemen-
tation and corresponding crop ruanagement, ucc\xrdmg o the
embodiment of the present mvention.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Iuitially, it should be noted that the system and method of

the present invention will be described below according to
particular but noun-limiting embodiments since it may be
executed in different ways and variations and according 1o
the ol*jecfi\/e/ ) intended for the crop 202Za developruent
under lighi(s) supplemeuniation.

in one embodiment, the present mvention reveals a 166
agricultural management system combined with artificial
light{(s) supplementation for the culitvation of a crop 202¢ in
an agricultural field 206,

In another embodiment, the present invention reveals a
586 agneunltural management method combined with artifi-

o

o

P

<

s

e
&<
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cial Axgl i(s) supplementation for the cultivation of a crop
2824 1n ap agricultoral feld 266,
It is emphasized that adjustments in agricultural manage-
ment and artificial Hght(s) supplementa'ion should be iruple-
ented for each crop 2824 and cropping region due to
latitude, the height of the area compared to sea level, soil
characteristics, and climate variations. The crop 2024 phe-
nological sitage, photoperiod, the weather conditions under
which the agricultural field 266 is submitted, and the objec-
tive with the plcml developruent should also be counsidered to
define the wavelength range applied and its combinations of
electromagnetic spectrum bands to xueet the specified objec-
tive, The lnminous flux and the balance between the spectral
bands emitted by a plurality of light-emitiing diodes are,
herefore, variable by means of digit

tal dimerization and/or
polarization and controllable by an electronic processor,
according to the routine of artificial lght(s) supplemenia-
tion, which in turn takes into account the factors mentioned
above.
it should be noted that the expressions “plant”, “culti-
vate”, or “culture” should be understood as any plant vari-
eties, whether from long-day, such as oats {dvena sariva) or
potato (SO/dhu”' tuberosum) or short-day plants, such as soy
(Glvcine max)y or coffee (Coffea sp.), or neutral plants, which
bene 3t 'mm artificial light(s) supplementation in accordance
with the present invention. Crop species evaluated with
a'iequale crop corrections and management combined with
artificial light(s) supplementation include soybean (Glycine
maxy, bean (Phaseolus vulgaris), cor {Zea mays), tomato
\n/ﬂmmr fycopersicum), carrot {Daucus carota), sugarcane
\bauh(u wm officinarim), tobacco (Nicotiana tabacum), gar-
lic (Allivm sadivum), onion {(Alfium cepa), pea {Pisum
sativum), sunflower (Helianthus annuus), sovghum (Sor-
ghum bicolory, cotton (Gossypium hirsutum), potate (Sola-
nuwm  tuberosum), hops {(Humuius fupuiusy, strawberry
(Fragariox ananassa), pitaya (Hylocercus undatus), lettuce
{{aciuca sativay, aragula (Fruca vesicaria ssp. sativa) and
& -ultural soil cover crops. Bach crop species received
adjusted in artificial light(s) supplementation for each crop
202a and region of ullt]\'aum-, as well as other factors such
as the phenological stage of the crop 202« under cultivation,
the photoperiod, and the meteorclogical conditions nd oY
wi 'nc\". the agricultural field 204 is submitted and the obje
e ]m,d for the crop 202a¢ development. All these
cies 2024 showed positive resulls with adequate

agy

CTOp spec
agricultural management and aritficial light(s) supplemen-

tation, according to the present invention, compared to
control (eo artificial light(s) supplementation). The positive
resuits are discussed bciuw

Purthermore, this descriptive report means “corrections”
v practice carried out by the producer in the agricultural
area 1o improve the conditions available for plant develop-
went. In this sense, all practices that affect soil management
{chemical and physical structure) and plant nutrition man-
agement (fertilizers) can be considered “corrections”.
Hxamples of corvections are the application of lmestone
{sonl acidity correcting, calcium and magnesiur source), the
apmx(,(:i;c-n of gypsuim {reducing potenttal acidity in depth in
the soil, source of calciwm and sulfur}, and the mitivatmn of
cover crops {soil compaction management, nutrient recy-
cling, pest couirol such as phytonematodes).

As can be seen in FIGS. 1 and 2, the agricultural man-
agement system 188 combined with artificial light(s) supple-
mentation, according to the application of the present inven-
ron, can be adapted 1o an irnganon new pivot or already
existing in an agricudiural | field 204, xli»h a5 a central

irrigation pivot, whether towed AzlmeﬁdrabkEX&\(}l& Page 050
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linear irnigation pivot. In this descriptive report, the pivot is
generally described as “agdcultueal irmgation modniar
device 141",

This modular agricuttural wrigation device 181 18 posi-
ttoned on the :32‘1‘}{‘1,]1 ral field 286 on which the cultivation
of a crop 282¢ occurs, and the modular device 181 com-
prises an irrigation hue 162¢ with wheeled towers and many
spans (irr‘;:,:. ion space between towers presenting oblon g
arms). The distal end of the first irrigation span 1624 is
supnnﬂed lw a wheeled tower 103a, and mechanically
associated with a drive device, such as an engine or eq’uiva-
lent, and wheels 184a; 1054; the proximal end of the fir
irri g;m'\n span 1820 is mwl‘amca;ly connected in a circular
rotating way to the center of the pivot. The drive device
triggers the tower H3a displacement.

The modular agriculm-ul trrigation device 101
one or many wheeled towers and spans.

The span(s) ofthe m’\duhr device 191 presents a plurali ty
of water sprinkiers connected 10 a hydraulic pressure hne in
water communication with a reservoir which may be
arranged, for example, at a central pivot, in the hydraulic
hue extending along the pwot spans 182a; 1928, which are
equi}"ped with water sprinklers in order to promote the
irrigation of the agricultural field 266,

The agricultural management system 188, combined with
artificial light(s) s xpplemcmatiur‘ incorporates
artificial hghting sources 1fa, 105, e, 184, e amranged,
for example, along the frvigation spans 182q; 1025 of the
agricultural irrigation modular device 101 and may be
located at specific points and at a predetermined distance
above the aerial part (canopy, plant shoot) of the crops 2024,
the distance frorn the ground aud other sources of artificial
lighting 10a, 185, 10c, 104, 10e can also be adjusted as
necessary, dc% iding on the type of modular device 181 that
will receive the artificial fighting sources and the crop 2024
specics under culitvation.

in addition, a plurality of artificial lighting sources 18a,
164, 18c, 104, 16e comprise a phwality of Vhtﬂmitiing
diodes. In a preferred embodiment, light-emitting diodes are
fuil-spectrum with wavelengths ranging frora 280 num, at the
hrm- of the UV-C spectrom with UV-B, up 1o 1200 nm, in

he near-infrared spectrurn, over agn uultu"al crop 202as
(W hether short, lmw or neatral day plants) which are divectly
with bomass production, plant morphology,
ance 1o stresses, and crop development 262a. In
mbodiment, the wavelength interval applied may be

miay have

one e
the same during the day or night but with variable lnminous
flux intensities.

The system 16€ also

onpnses a plurality of energy
sources, feed a plurality of artificial ig}“tn sources 1da,
106, 16c, 184, 18, as well as apr'\ ©380r in communicatior
with the water sprinkles, the pivot drw:, dt,\/if:". and a
dimerizer or polarizer of a phuality of artificial lighting
sources 18a, 185, 10c, 184, 10e The referred processor is
configured to adjnst 361 the lght spectral bands, the balance
between these spectral b311(i> emitied by a pl.m.hty of
light-emitting diodes, and determine an irrigation routine
582 and an artificial hght{s) supplementation 363 routine.
The irrigation routines and artificial light(s) supplementation
are mdependent. o other words, according to the established
routine, a processor can command the action of the drive
device, water sprinkle device, and the light dimerizer or
polarizer. A processor determines this routine, preferably
using an artificial intelligence medel, considering the crop
262a species under cultivation; the phenological stage of the
crop 2822 under endtivation; the photoperiod and weather
conditions under which the agrienitural field 206 is/was

s a plurality of

o

o

40
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subjected; the objectives intended for the crop 2024 devel-
opment, and mformation provided by users (fammers)
through a user interface, which will be commented on below.

in an embodiment of the artificial hght{s) supplementa-
ion routine, the crop 2024 plant developwment can be stimu-
lated or inhibit the production of leaves, branches, flowers,
and roois; stimulate or inhibit the production of grains,
fibers, fruits, and essences; stimulate or inhibit vegetative
and reproductive growth, and simulate plant photosynthe-

4

in an embodiment of the artificial light(s) supplementa-
fion routine, a processor may be in cormmunication with a
plurality of phiotoresponsive sensors to determine a thresh-
old of sunlight incidence, which controls the p-ur'ormwlw of
a plurality of light-enuitting diodes and rowtines of applica-
tion, reducing the negative effects of weather adversities
under which the agricuttural Seld 208 15 subjected, such as
clondy days with a low sunlight incidence,

It is also noteworthy that the threshold of fight incidence
may additionally depend on other factors, such as the crop
202 spectes under cultivation, current crop 2820 phenologi-
cal stage, the region (e.g., information regarding soil, cli-
wate, history of the cropping area}, and crop 202¢ manage-
ment applied.

A light dimerizer or polarizer adjusts the Inminous flux
and the balance between the speciral bands cmitted by a

phurality of Hght-eruitting diodes. The hght diruerization or
polarization is controllable by the interaction between pho-
toresponsive cells and a processor to define a routine of hight
artificial supplementation. The definttion of such rouvtine
takes into account the factors mentioned above. For
example, for crops 2024 in general, the basic phenological
stages are vegetative (V) (crop cycle period betore flowering
and where pre-flowering oceurs) and reproductive (R) (be-
gins with the first reproductive structure, usually ﬂ()wer.;;, in
which specific artificial light(s) melemema"%on with spe-
cific spectral band composition is applied. This balance of
spectral bands can be the same applied during the day or
might or 7 diverge between these periods, varying the
ntensity of the humuous flux and spectral band coruposi-
ion. In nocturnal applications, the luminous flux can be
adjusted to be lower, for example, than the luminous flux in
daytime applications, tutending ouly to cause stimul in crop
282a plants, which will be commented on below. Especially
in daytime applications, the Juminous fux can be adjusted to
be higher in cloudy perieds, intending to mitigate the effects
of photosynthetic reduction due to low natural light avail-

-

ability.
This s especially advantageous, as clondiness can rednce
the photosy ihetic capacity of the crop 262a :ants by more

than 50%, causing the crop 282¢ to piuduce fewer sugars
{assimilated organic carbon via photosynthesis) and conse-
quently grow less and produce less biowmass (e.g., graius,
fruits, fibers). This reduction in photosynthetic f:ctiviw also
results in smaller amounts of root exudates released to the
soil {decreasing the soil aggregating effect) and lnwu sym-
biont miicroorganisins (due to decreased root exudate sup-
ply), which 1o turn have the function of obisining nutrients
from the enviropnient to the crop 202a, making them more
resistant o pathogens and agricoltural pe Thus, it 3s
evident that compensation for the low ncidence of natural
sunlight is a decisive factor for soil structuring and plant
protection against pathogens and agricuttural pests.

In another embodimer 1t, a plurality of energy sources can
be generated by wind, sunlight, thermal, or ccnnbn%ii(‘-n
generators i order to feed 2 plurality of artificial 1
sources 1fa, 10686, e

, 1684, mAlmmdxfankE}éii&vh& Page 051
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ments, a processor may be in comununication with a
machine-readable memory, which stores database informa-
fion comprising real-time updates on the geolocation o
agricultural field 268 and climate indicators to suggest to the
user, through a user nterface, the crop 202q varety o be
(:mti‘v'a&,ai
The wvser interface ts in communication with a processor,
and i tum, the user feeds other information 1o a processor,
throngh the interface, suc
the lstory of culuvation of the agricuitural field 260 in
order to identtfy successful plants species and ¢
vaneties previousty cultivated in the agricuitural ﬁ H
286,
history of agriculiural inputs used m the agricultural
field 200, such as fertilizations and corrections made;
the occurrence of stresses in plants, such as the emergence
of plant diseases and tnsect pest infestation, nuiritional
deficiencies, extreme of temperatures and raiafall dis-
tribution
the occurrence, intensity and determination of the prnci-
pal weeds;

oty

o

th

€

resuits of productivity {rom previous harvests;
the characteristics of the irrigation pivot 161, such as

irrigated area, irrigation flow, working speeds and the
height of the structure wherein a plurality of artificial
lighting sources 18a, 185, 106¢, 184, 18e are fixed in
order to adjust the illomination of the light-emitiing
diodes a5 a function of the distance of a phuality
wiifictal lighting sources 18a, 105, 10c, 104, 18e
the cwrrent cro on weather conditions and we
indicators ()i the crop field area.
The user interfaces 1 an embod 1mem iraplemented on a
anel, mobile phoune, tablet, or ilar ruobile devices with
direct comnection to a center of information where the
reported data will be processed, and the artiificial intelligence
will be fed.

In another embodiment, a plurality of energy sources uses
information such as the sunlight duration, cloudiness, sun-
light brightness as well as the iasclation index (ratio
between the actual nnmber and the maximum possible
munber of hours of sunlight brightuess) to determine the
threshold of sunlight incidence in the agricultural field 260.
Below the calenjated threshold and depending ou a certain
routine of artificial lighi(s) supplementation, a pr’m ssOr

interacts with the dimerizer or polanizer to comnmand the
performance of a plurality of light-ewitting diodes aud
project artificial light(s) with bpu,ift, spectral band compo-
sition, reducing the negative impact of meteorclogical
adversities {e.g., cloudy days} under which the agricultaral
field 206 is subjected.

in one erubodiment, data on the crop 202a species, crop
282« phenological stage, photoperiod, meteorological con-
ditions under which the agriculiual field 200 is snbumitted,
objective(s} tutended for the crop 282a developrient, as well
as the technologies impler wented in the agricultural field
(fertilizers, agrochemicals, aund soil wmanagement tech-
niques) are stored in a machine-readable memory and
accessed by a proc , 10 order to property apply Hght(s)
supplementation, accotd ing to parameters provided lw the
machine-readable MEmnory.

Such previous information on the agricuitural field 286
and the routine of artificial lighi(s) supplementation is
wmportant because they help

in understanding and predict

actions potentiaily present

of

ther

s

o

the consequences and inter-
in the agricuitural field 206;

o
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indicate improvements and corrections to be 1('1p lemented
in the agnwi ural fietd 286 for the opti ion of the
results of artificial light(s) supplementation;

assist in the use of technologies aud strategies for soil and
water resources management;

assist n the inteliigent use of agro
efficient application of fertilizers; sist in the e~
gration of internet of things {IUT) monitor crop

{ C;atellite), climate and agricultural pmmwb, and
improve the application format of the routine of
al Hght(s) supplementation, such as the type of
ia} lighting source 18a, 185, 18C, 18D, 182 to be
such as iigh“—emittir‘b diode panels (LEDs), led
3 (UL 3, lamps in general, and their respective

power, frequency and wavelength.

In addition, pedological, edapl 1ﬁlngxcal nrineralogical,
textural, phytopathological, and nutritonal analyses are
c<sent1a before the agricultural field 2890 receives ad\\}ua&e

agricultural management and artificial hight(s) supplemen-

tation routine. It is impossible o define the best inputs
management for crop production without knowing such
mentioned wformation. How many, how rauch, and wheo to
apply fertilizers for high crop performance vnder artificial
hght supplementation? Soii, irrigation, and phyiosanitary
management, what is the best routipe? 1t is necessary to
know the soil conditions before implementing adeguate
agricultural and artificial hight(s) supplernentation manage-
went to understand how sotl will behave alier the referred
implemertation.

The 108 svstem of the present invention coruprises 2
plurality of soil sensors under the agricultural ficld 208 to
caphure nutritional data frora the soil of the agricutural field
209, A processor uses the data 1o determine and suggest
voutines for soil treatment/corrections of the agriculmural
field 206. The respective 'e-:ommendation made by a pro-
cessor, using an artificial intelligence model fed with spe-
cific parameters and users mimmai*on -onsidering the crop
parameters, adjusts the balance between the spectra
501, and determines the irrigation routine 302 and artificial
Lng.s) supplementation 543,

Short-day crops, such as soybean (Glycine max), are
largely mﬁu-unu,d by abiotic factors such as photoperiod and
temperature. Sovbean fowering apd reproductive cycle
occur under short photoperiodismes, that is, on days when the
absence of hght (night period) is longer than the prese fee o
light (day penod). While the opposite, extended day perio
can delay or inhibit flowering and the beginning of the
reproductive cycle. This condition of dependence oun the
photoperind a‘low< light{s) supplementiation to influence the
extension of the crop 202q cycle. Consequently, plant
height, m.mba,r of internodes, pods, seeds per pod, and
distribution of pods in the aerial parts of soybean are affected
by extended photoperiods through adequate agricultural and
artificial light(s) supplementation management.

it i3 also wnportant to mention that for a positive balance
for photosynthesis, the luminous thix is hsual]y between 200
and 600 wnol m™ 5% However, artificial Hght(s) supple-
mentation acts on other physiological aspects that directly
and indirecily affect photosynthesis in the phm and ot
necessarily ami icial Hght(s) supplementation is applied to be
the light source that momentartly causes pliotosynthesis.

This light source may have a luminous ﬁux of less than 200

wmaol w2 57
in gc,ncxﬂh artificial lighting sources 18a, iﬁb 18c, 104,
18e with humnous fux less than 200 prool m” are not

able to cause considerable amonuts uf positive photosyn-

ocher Is and in the

'''' as

of
10ds
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fluxes can cause stinali 1 crop 202a that can directly or

indirectly posittvely affect photosynthesis to be performed
the following day after the night of application of artificial
light(s} supplemeuntation. Therefore, a low luminosity,

S

capable onl vy of causing other responses but unable to
use considerable amounts of positive photosyn-
thesis; @ higher laninosity, wx] (,umeq vently have specific
and wsefnl applications to the present invention.

Artzficial ght(s) supplememanom according to the pres-
ent wvention, is, therefore, a tool within a broad technical
project that interacts both with the agricultural management
of soil aspects, such as soil fertifity and texture, and plant
mutrition, as well as with the pathological and beneficial
nicr hloi ogical aspects, environmental aspecis, such
temperature and rain in the agricultural region, and eco-
nomic aspects, such as the cost of production and marketing
of agricultural comumodities that receive agrcultural man-
agement combined with artificial lght(s) supplementation

according o the present nvention.

The increase in agriculiural production, according to the

present invention,

divectly ca
¥

ACCH

is the result of the mteraction Hmoug
stimulated crop 282¢ physiological processes by [§i
supplementation, the time defined for sowing, Amge.-. ion
vohume, timae of application, formulation, frequency, and
dosage of fertilizers, climate variation,
insect pests and plant diseases and their impacts on the
relationships with the environment. / wral euliivat
b this integration of adequate technical knowledge (agri-
cultural management) and artificial hight(s) supplementa-
tion, according to the present invention, increascs the resil-
ience and stability of crop production, which increases
regional and global food security.
it is noteworthy here that artificial light(s) supplementa-
tion mmproves the resnlt of good managenes ot but does not
correct poor management. In other words, according
present  invennon, arificial Ehi,gs} supplementation
eshances the development of plants that are well nowrished,
with good water distribution throughout the crop cycle, and
that present soil physical and cheruical structure suitable for
high vields. Under these conditions, supplement artificial
{5y will generate the best results. However, if lighi(s)
entation is not combined with adequate agricultural
mang, g&.mett then hight{s) supplementation alone cannot fix
preexisiing Hmitations for the full developrent of plants,
such as mutritional defciencies lack of water, insect infes-
tations, or the presence of ,\Q,n&,uhut al pathogens.
The application of agricultural management aud artificial
light{s) supplementation, according to the present invention,
does not present contraindications regarding—crop 2024

ot
=]
et
=y
@

specics (any cultivated plant specie would benefit from
adequate agricultural management and artificial lighi(s)
supplementation}; phenol owcal stage during crop 282

cycle {vegetative or flowering/reproductive); —joint appli-
cation, or not, with water irrigation.

In addition, the application of agricultural management
and artifical Hght(s) gL\pplcmemdmon, according 1o the
present invention—can be handled to raise the
specific substances in the final product (e.g., grains, fruits,
and fibers); —recommend the diuerization/polarization of
the light spwlmr to be applied with the development of the
crop 2820 (e.g., modification of the bluish spectrum i the

vegetative to the reddish spectram in the reproductive
stage); and—recommend the application of artificial light(s)
supmet nextation at specific periods of the crop 282a cycle,
and not applied thrimghoat the crop cvcle, from sowing to
harvest.

management of

levels of

o
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Without getting i the LCLt of any specific theory, it was
served that lig 17 larization effects are ben-
eficial, including changes in plant morphology, crop cycle
extension, physiclogical respouses, and plant productivity.

For example, 1t was observed that the bluish spectnum
s cu.m; band of approximately 400 to 500 nm) is a stirau-
fant of " vegetative growth, which is approynaie for plants
before flowering. Afier flowering, plants paralyze growth
investments and start investing in grain, fiber, frmt, or
essence production.

intarn, it was observed that the reddish spectrum (spectra
band of approximately 600 to 750 um) 15 a stimulant of
reproductive growth, with beneficial effects for flowering,

the rate of photosynthesis, and frmt formation. In this
post-flowering period, the photosynthetic activity for bio-

mass accumulation and the translocation of these reserves
p“oduced to “fl” production is essential. Therefore, avoid-
ing the blue spectrum, or having less blue, is important in the
reproductive phenological stage because blue is a stirnulant
of'the vegetative stage, which would cavse nutrient reserves
to be consumed and not destined to fill the production. On
the other hand, having the red specirum, or having redder to
stimutlate photosynthesis and ths, distribution of reserves, is
ential for the best re buhb in the reproductive stage.

in a preferred embodiment, the balance between red-
green-biue <pec‘frf:1 bands presents at least 40% biue color
for vegetative phenological stages and about 60% or at Jeast
40% red color for the reproductive phenological stage of'the

rﬂ}, 2862« under cultivation. More than 40% red color in the
artificial tight(s) supplemeniation 15 recomumended for any
plant phenoclogical stage.

FIG. 3 illustrates the agricultueal management method

386 combined with artificial light(s) supplementation ior the
cultivation of a crop 282¢ in an agricultural tield 200, which
coruprises the stages a) adjusting 501, o the tervals of the
electromagnetic spectrum, the balance between the spectral
bands emitted by a plurality of lght-eruitting diodes of a
pharal ity of arti fi@ial highting sources 18a, 185, 140, 184,
1Ge; dﬂh by determine and implement an irrigation routine
502 of a uodJ;ar agricultural irngation device 181; m(i/or
a routine of artificial light{s} supplementation 583 of
plurahw of artificial lighting sources 18a, 185, 18¢, 184, lOe‘
in which the irrigation routine 582 and the supplementation
routine are independent of each other, and in which stages a}
and b} are determived through an ariificial m\ehl&ence
model considering at least one of the type of crop 262«
under cuitivation; the phenological stage of the crop 262«
under cultivation; the photoperiod, station and current
weather conditions under which the agricnltural field 286 s

subjected; and the objective(s) intended for the crop 202%a
developrment.

Method 368 also comprises stage <) determining and
suggesting a soil treatment routine based on soil nutritional
data from: the agriculivral field 208, stage ¢} being defined
through the artificial intelligence model considering at least
one of the same param;aierx coustdered for stages a} and b),
in addition to considering the irrigation routine 562 and/or
the routine of artificial light(s) supplementation 543.

In a preferred c,mbudlm cnt, the objective(s) with crop
202a development is to stimulate or mbibit the production of
leaves, branches, roots, g:,r'\ ns, fibers, fruits, and essences
and, also, to stimulate or inhibit vegetative and reproductive
growth and photosynthesss.

In a preferred embodiment, the routine of artificial light(s)
ion 563 ocours, preferably, between the phe-
s V3.¥4 1o R5-R6 of the crop 2024 under

o

cultiw’;xtic)x) aﬁd the balance botdkmeéndgaerE Xak0d 3, Page 053
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561, the balance between red-green-blue speciral

p resents at least 40% blue color for vegetative phe-
and about 60% or at least 40% red color for

12,089,543 B2

at 98¢ m above sea level. The most common and repre
tative biome of the region is the Cerrado (savannah-lik
biome). The climate of the region is humid tropical, with

o tnoa IS . .
a: productive phenclogical siage of the crop 2024 under rainy summers and dry winters.
cul \Wa\mn More than 4’)% red eolor in the artificial light(s} 5 o L o R
supplementation is recommended for any plant phenological Phiysical analyses of the soil in the agricultural area 268,
ist ¥ VP 0
stage. from 0 to (0.4 m deep, indicated 458, 100, and 450 ¢ kg"
) sand, silt, and clay, respectively. The chermical analyses of
Example 1 . . i
£ the soil up to the depth of 3.4 m did not wdicate the acute
daficiancy Ay itetent 1iace far the o Y N -
Reference is made fo an example (iechnically adeguate deficiency of any nutrient necessary for the crops to com
- . b L s Tete thot 111 vt ~iede Fadly 2wl analvieae are
and representative study) 1n which the present invention was plete their cultivation cycle fuily. The soil analyses are
carefully implemented i order to verify its effectiveness. presented in Table 1.
TAL
PHEC Ca Mg Al H+Al P X S.0M

il depth

26 1044 8%
0.2-0.4 1 soil depth
6.8 Q77 8% 23
B Co Cu Fe Mn Mo Si Zn
mg dm™—
s e m e J 0.2 1 8011 depths s mmn s o
0.12 1.9 2.9 12.8
4 m soil depth - onen
0.14 3.3 2.3 11.1

According to the present invention, this example evaluated
the soybean 202¢ plant responses related to plant develop-
reent and crop productivity in an open comuercial area 240
(field scale) cultivated under agricuitural management con-
ditions and artificial ight(s) supplementation. Ax irigatior
pivot 161, irrigating a commercial cropping area 266,
erved an artificial lighting source 10a, 164, 16¢, 184, 18e,
ording to the present invention, in internal pivot 161
spans for artificial light(s) supplementation of the soybea
plants 202a.

.
X

According to the example, about
light{s) suppiementation was applied ¢
during the soybean crop 282¢ cycle. The number of plant
internodes, soybean plant height, and the mumber of pods per
soybean p

40 howrs of artificial
o soybean plants 2020

plant were evaluated weekly to calculate the area
below me variable progression curve. Grain yield at harvest
was also evaluated. Later, the area below the progression
ight,

and ps)ds per soybean plant was positively affected by the

curve of the unmber of lnternodes, soybean plauts he
system and method of adequate agrcultural managerent
combined with arzficial light(s}
15 according to the present mvention.

supplementation 166, 549,

The regular soybean 262a cyele, without artificial bight(s)
supplementation, is about 15 to 17 weeks; however, soybean
harvesting occurred two weeks later when no 4m icial
Iight{s) supplementation was applied. The artificial light(s)
sup*ﬁet'lefxtatifm increased sovbean gram vield by 57.3%
and profitability by 180% when compared to sovbean crop-
ping without artificial light(s} supplementation.

=

rimental Avea And S

I\/iethodoiogy {1'/77 S oybesn {Ulrivation

The experiment with light{s) supplementation on soybean
was carried out in an irdgation pivot 11, on a commercial
farm in Monte Carmielo, Minas Gerai te, Brazil. Located
at a latitude and longitade of 18° 57" South, 47° 25" West,

R X

40

the large soil clay proportion and hi
3,000 kg ha™" of scil remineralizer (rock powder)
Tratto. Aparecida from Gotania, Brazil) was applie i
throughout the experimental area 2868, 30 days before the
soybean sowing 282a; 400 kg ha™ of organomineral 6-30-
65 (9% of N, P,O,, K,O) (Valoriza Agro Lida. Patos de
yand 150 kg ha™! of KCl was applied at the
time of sowing, and 2 L ha™ of Mn was sprayed on the aerial
parts of the soybean plants 202¢, 40 days after the crop 20620
seed germination,

The soybean cultivar 202« evaluated in this example was
Desafic 8473 RSF (Brasmax® GIIM. Cambé, Brazil),
which is a soybean vaviety with indeterminate growth and
7 4 maturity group. Fourteen seeds per linear meter {280,000
plants per hectare) were sowed in lines spaced by 0.5 my
plants 2020 were harvested approximately 4 m’\mhs later,
The soybean plants cultivated with no artificial Hght( a\
"'Jpp]i:mematior- were harvested first. The average daily air
ure during the experimental period ranged from 24

t() 340

In the experimental arca, insects, pests, plant diseases, and
weeds were controfled with products registered for soybeans
icated by the manufacturer. All areas were monitored
before and after the first application, and the products were
reapphied as needed. The management of crop plants 2624

as g

and water irrigation were similar between the areas that
received the umﬁudi light(s) supplementation and the con-

(s}
[area with uo without ar

St
trol mn tal light{s) supplemienta-

EXPERIMENTAL TREATMENT
RESEARCH

S AND

The central irrigation pivot 161 that was implemented
with the artificial light(s) supplementanon bght source had
ten spans and an irrigatinn radius of about 571 m. In the four

internal spans of the referred ijmendiat EKMMQ%&, Page 054
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corresponds to an area of 33.3 ha, the artificial hight source
16a, 185, 16, 104, 10e was installed, but the six external
spans of irrigation pivof 161, corresponding to an area of
69.5 ha, did not receive artificial light{s} s Uppicmer‘mno-'x
{control}. The main covnp()sm(m of the red-green-bhe
(RGB) light delivered to the soybean plants presenied about
S59% red, 33% green, aud 8% blue. A continuous | band
of approximately 40 m wide by 230 m long was projected
below the arm extension of the f()br internal spans of the
irngation pivot 161,

Hach light-enutting diode has a power ranging from 50 10
200 W. A’bout 600 W ™ ha™' were consumed during the
artificial Light{s) supplementation process. The light-emit-
ting diode module were positioned about 2 meters above the
acrial parts of the crop 202« plants and distributed to ensure
an equally distributed light power in each span of the
circnlar pivot. The luminous flux per unit area at the level of
the aerial parts of soybean 282a plants was about 30 Ix.

The artificial Hght(s) supplementation systemn 106§,
according 1o the present inveution, was tumed on every
might after the full sunset and on very ¢ f'E-')udy days. Approxi-
ruately 480 hours of artificial hght(s) supplementation was
applied throughout the area dur ng -&--; sovbean crop 282a
cycle. As irrigation pivot 161 completes a turnover the
cultivation area 266 in 12.8 hours in a circular routine, each
crop 2020 plant received about 40 hours of artificial light(s)
suppieme'ltati'\n during its cycle. During the soybean cycle,
foliar fertilizers countaining micronntrients, such as boron
and manganese, were applied throughout the area fwith and
without artificial light(s) supplementation] to cowmpeusate
for the intense development of plants stimulated by artificial
hght{s) <=uppiementati0n
Artzficial light(s) suppleruentation began in V3-V4 (third
fourth fully expanded trifoliated leaf) soybean phenologi-
cal stage and ended in the RS-RS soybean phenclogical
stage (full grain stage). The choice of vegetative phenologi-
cal stage V3-V4 for the beginning of artificial light(s)
supplementation allows crop 2022 the space
between lines in the agricultural field 206 and begin culti-
vation area covering (a situation where the plant’s growth s
enough to shelter all exposed soil from an up- -sight perspec-

s

to close

tivey. I artificaal light(s) bup'hb[']b nitation is applied before
soybean plants cover the cropping area, weed plants start to

compete for resources with crop 202¢. The plant competi-
tion for resources such as water, nutrients, and light, tmpairs
crop performance and vield and increases herbicide costs. {n
torn, the choice of “the end of artificial light(s) supplemen-
tation inthe reproductive phenological stage R5-R61s due 1o
the fact that at this stage, the soybean crop 202¢ reached its
final developmem. However, it should be noted that artificial
Iight{s) supplementation could contimie after R5-R& stage,
iavumng some exira crop 282¢ production; however, the
benefits would not be higher than the energy costs related to
artificial light(s) supplemeuniation bevond this plant stage.
Between the tirst and second pivot span towers 103«;
1635, 3 homogencous area of 50 b‘f 40 m was delimited,
COFYespo '\ndmg 0 an area of 2,000 m*tobe e 'al.}ate\. as the
treatment “supplemented by artificial hght{sY”. The schera-
tfization of rrigation ]"W= 161 ac Ur".mg o th experiment
can be seen i FIG. 4, i winch the crop 202as under the
green span of irngaton pivot 141 recetved artificial bight(s)
supp‘iemematien, while the rectangles indicate the position
{ both treatiments, with and without artificial

: Hght(s)
supmemmtahc-n and the dots in each rectangle mdiw the
sampling points.
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The evaluations of plant intemode mumber, plant height
from the soil level 1o the highest node, and pods per plant
202a were assessed weekly from the R3 soybean pheno-
logical stage {beginuing of the pod formation) 1o R7 (begin-
ning of soybean maturity). )wmg nine weeks, evaluations
were performed weekly; no further evaluation was possible
atter R7 because the plants in the treatment without artificial
hght(s) supplementation reached physiological matunty ear-
lier than the plants in the treatment of artificial hight(s)

supplementation.
In this sense, it

18 important o highhght the delay of

physiclogical maturity induced by the treatment with arti-
ficial Hight(s) supplementation. This extension of the or

202a cvele stimwlated by artificial light sbpn]emmtg ion
depends on factors such as the crop 2020 species, the
geographic region of the cropping area, prevailing climate,
crop phenological stage, period of suspension of artificial
Lght(s) supplementation, and the crop management.

The soybean crop 202aq, for example, extended its cycle
between S and 20 days, dependmg on the cultivar, hgh‘(
management, and cropping region. However, this extension
was not prominent io grass crops fested, such as comn,
sorgfim, and wheat, being only a few days longer thar
where arfificial light(s) supplementation was not apphied.
Avoiding any specific theory, this crop cycle extension as
affected by aruficial hoht(b' supplementation may be a
consequence of a series of metabolic aud worphological
reactions, such as photomorphogenesis (morphological
m\ni*hmﬁ-,n of the 2424 culhure stimulated by bight, which

ould favor photosynthesis during the day), alteration of the
cmp 282a predominant photoperiod and crop 282a circadian
cycle (moditication of the crop 2824 routine compared o the
period of natural light), r-ugu,m(m of crop 262« secondary
metabolism (regulation of natural defenses of crop 262a o

stresses), and crop 202¢ phyiochrome activities (photore-
sponsive substances and response modulators in calture
202a)

Amd!n gly, it was concluded that through these reactions
or stunuli {and other possible causes or joint action of these
responses) caused by artificial light(s) supplementation, as
weli as the correct management of soil and water resourees,
the crop 282¢ ends up producing more biomass through a
more efficient photosyrthesis process. Even afier the study,
it was observed that the pisz stand {quantity of piants‘ per

area} could be reduced by about 20%, considering this

greater amount of biomass produced {(larger canopy and
larger root Ww:ms) e )varall, gw product"ve recu‘\% were

in addition to ‘ﬁClﬂ,ﬁblng ‘(he sustair 1amlftV of agricultural
activity by producing more food using precise resources and
technologies.
The mean measurement of each evaluated variable was
esumated from a representative evaluation of the plants
202a in 10 sampling points in each area (2,000 m?). Fach
sample point evaluated was considered a replication.

The infhwence of artificial light(s) supplementation or no
artificial light(s) supplementation in each variable was
i using the area below the progression curve of each
speci E]c x(-r\zzbie to interpret the results of the evaluations in
various times. The area below the progression curve was
calenlated by trapezoidal integration area below the progres-

sion curve={dtix{({Yi+Yi+d}2))

Where dii is the time jnierval betwaen every two obser-
vations, Yi and Yi+d. The area below the variable progres-
sion curve was calculated

A s:
ava
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relations between the area below the progression curve of

the evaluated variables were computed to determine whether
there was, or not, a linear relationship between them.

The agrienitural areas used for each treatment (2,000 m?)
harvested at 115 and 136 days after sowing without and
ight(s} supplementation, respectively. Grain
h area was expressed in kilograms per hectare

NTATIS TICAL ANALYSIS

Extreme values (outliers) in the area below the progres-
sion curve of each vanable were identified using boxplot
graphs of the data restdunals. When outliers’ values wers
identified, these were replaced by an average dataset value
that does not include the outlier(s). The boxplois were
generated in the Software SPSS Statistics®, whi ich was aso
-\bcd 1o caleulate Pearson’s correlation coeficients and the

basic prewises for analysis of variance (ANOVA), normality

of residue distribution by Shapiro-Wilk, and homogeneity of

vanances by Levene, both at p>0.01.

‘ariance analysis (ANGVA, F test) was performed after
confirmation of its assumptions a'}d considering a com-
pletely randomized experimental design. When significaut
differences were ohserved (p<0.05) in ANOVA, the area
below the progression curve of the vanables was compared
using the Tukey test of averages (p<0.05) to distingnish
treatments with artificial Hght(s) supplerentation and mth-
out artificial lighi(s) supplementation. The ANOVA and
Tukey test were pa,r‘fnmcd using SISVAR® statistical pro-

g S
gram. Sigma Pl v.12 software was used to generate the
graphics.

ot E
DR

The weekly evaluation data of all variables

soybean internodes, plant height, and nvmber of pod< per
soybean plant) for both treatments with amificial light(s)
supplementation and without artificial l' ht(s) supplemen-
tation did not include extreme values. 5 observation
indicates that the responses were grouped around an average
with low standard error. The soybean variables and their
pective standard errors during the mue weeks are pre-
sented in FIGS. 8, 6, and 7, where the lines on the bars
indicate the data standard error.

The sumber of miternodes per soybean plant, plant height,
and the number of pods per plant treated with artificial
light(s) bup*)lwlcntatmn 292q were higher when compared
to the sample without artificial light(s) supplementation
2026, These superior responses can alse be observed in FIG,
8, where on the left side are represented soybean plants
treated with artificial light(s) supplementation 262q¢ at 80
days after sowing, while on the right are represented soy-
bean plants without artificial mg}‘t s} supplenentation 2026,
Hach segment on the measuring tape illustrates 0.1 m.

The ANOVA of the area below the progression curve and
the assumptions (normality and homogeneity) are presented
i Table 2

e ANGVA
rve of the
ight, and the

mumber of pods per sevbean piant,

Internodss Height Pods per plant

1,590 2,649%%

{number of

o

s
<

40
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TABLE 2-continued

Analysis of variance {F

of the ANC \
presumptions of the area A

height, asd tm

DF Intemodes Height Pods per plant
Error 18
CV (%) 1.67 117 C.9%8
K5 20 0.935+ 5.985% 0.564"
L 1+18 1.139" 0.106" 02627

1 Levene statistics for

1o residues (K8 seneity of the variances (L) fulfilled.

All the area data below the progression curve of the
soybean variables (number of internodes, plant height, and

pods per plant) met the assumptions of ANOVA (normality
of residue disiribution and ho-’r‘c-uenem of variances). In
addition, the coeflicients of variation, TV (%6), were very
low {(<2%). Thus, it was appropriate fo proceed with
ANOVA, winch indicated siguificant differences (p<0.01)
between treatments {with artificial hght{s) supplementation
and without arnficial light(s} supplementation].

The area below the progression curve of the mumber of
internodes per soybean plant, plant height, and the number
" pods per plant in the treatmoent with hght{s) supplemen-
tation were 15,6, 23.3, and 25.39% higher than the treatment
without artificial 1i gnt(s ) supplemeniation.

Pearson’s calculation and iuterpretation of correlation
requ re that data be normaily distributed and without outli-
ers. These requirements were met, as presented in Table 1.
All correlations observed 1o Table 3 were strong (¢>3.9) and
obtained statistical significance (p<0.01).

[

9

o

TABLE 3

atton (1) between the area below the progression

curve of the varishles 5 d. Titerncdes mumber of soybesn

infernodes; Flant height scybean plant height; Fods per plant
somber of pods per sovbean plant,

Internodes Plant height Pods per plant

Internodes i 0.962%*
Plant height { 0.4
Pods per plant i

C. 9"0**

**significant differences ot 0.01

The evaiuzited soybean cultivar has a cycle of approxi-
mately s. On day 115 after sowing, soybean plaxts
from the area Withou{ artificial hght(s) supplementation
2025 (2,000 m?) were harvested; however, the harvest of
soybean plants in the arca with artificial light(s) supplemen-
tation occurred three weeks later, representing a 17.6%
louger crop 2024 cycle.

The estimated productivity of the area without artific
lig V\E(c) supplementation was about 4,500 kg ha™ {75 ba
ha™l; 1 bag=6¢ kg), while treatment with Jmﬁua- hight(s
Jppiemejlat]ou was about 7,080 kg ha™’ (318 bags ha™’ ).
Grain yield under artificial light(s) supplementation was
57.3% higher and 109.5% above the average Brazilian
soybean vield (3,379 kg ha™').

The average cost to produce soyh can from soil manage-
ment to harvesting is ahou 55 bags of sovbean per hectare.
The average cost mqu red by artmua wht(s supplemen-
tation was about

7 weg]

cial
g
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soybean traditionally produced {without artificial light(s)
su}"n lementation} and soybean produced with artificial light
(s} supplementation was about 20 and 56 bags ha™', respec-
tively.

The extension of the soybean crop 202a cycle by three
weeks due o artificial lighi(s) supplementation also
increased the period of plant 2624 }"hoiosv*nheﬁ activity.
This prolonged cycle also contributes to increasing biomass
accumulation via natural daily photosynthesis, an absent
process 1o the regular soybean cultivar sycle (17 weeks)
where no artificial light(s) supplementation 2025 was
zi}"piied This combination of factors resulted in taller soy-
bean plants, with more internodes, more pods, and, conse-
quently, more than 57% extra grain 3 'm,ld

In the exposed example, the extra vield generated by the
application of adegnate crop management and artificial
hght{s) supplemen"iti()n cannot be attobuoted only to the
hours of anificial light(s) supplementation provided to cach
soybean (.Eup 282a (about 40 hours ). As mentioned above, in
addition to the exteusion of the soybean cyecle through
artificial light(s) supplementation, other factors should be
taken into acconnt, such as photomorphogenesis, alieration
ot the plant photoperiod and circadian cyele of cu a,
upper or lower regulation of phytohormones and phv~
tochromes, as well as changes in secondary metabolism of
the cro P 2024 plant, which are factors res pomwe 1o artificial
hght{s) supplementation.

Agriculiral mpatx such as fertilizers, plant inoculauts,
and plant protection products, appt hed during crop 202«
cycle 2825, are inten ded to maximize agricutiural produc-
tion and economic retums, Althou gl such agricultural inputs
have adverse effects on soil dypamics and these effects are
often overlooked. However, according to the present inven-
tion, artificial light(s) supplementation 264 to field crops can
potentially reduce the proportional need for such inputs,
mainly fertilizess.

The efficiency of fertilization in this c:\empl fied stady
probably resulted from a sigunificant tncrease in shoot bio-
mass followed by artificial light(s) xtmpk,r entation. The
orease in the biomass of the sL()ots, I tum, causes a
proportional increase in the biomass of the roots. This
improved root development increases the efficiency of
absorption of untrients by the roots, thus increasing fertilizer
efficiency.

The presexut wvention is used as a response model 1o
reproducibly understand and apply the consequences and
interactions of nutritional, microbiological, environrental,
and ecouonuc aspects around agrienlnral production by
integrating valuable information on physiclogical processes,
sowing fime, irngation freguency, and time, fertilizer doses,
management of insects and plant diseases, and soil relations
with the environment. The wclusion of Lhmate information
may clarity the relationship between agricultural production
and weather thuctuations. This integrated anpmaeb INCreases
the resibience of the global food pr\-du\.um- system and
security agaiust unexpect ed climate shocks.

C un"cnﬂy there is a rapid continuous increase in the
integration of & ch\-uiog&s and digitization i czigr‘-uhlnhc,
This movement is also aligned ‘Mth the sustainability of the
ecosystems explored for agricultural activines. In this sense,
before starting cropping, other factors must be considered
for a productive and sustainable agricuitural activity. Such
other factors inchude crop management sirategies and their
consequences, the level of technologics implemented, and

el
&L

foo

x

soll water and nuirient availability. Although the wse of

artificial Hight(s) supplementation on a field scale 200 is a
challenge to control, the present invention makes it possible.
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The present invention also has great potential to reduce
deforestation of new native areas f()r agriculiural production
purposes since more food can be produced in the same
agriculiueal area. Although crop 282a pr()'iuclivli\/ can be
increased with adeguate mapl:a”ne\ iation of artificial hight{s}
supplementation throughout the crop 262a cyele, the state of
the art does not reveal the 1nteractions between the dilferent
factors. For example, soil, plant, climate, agronomic man-
agcmcm crop 2424 performance, yield formation, and cost-
benefit ratio indicate its inherent complexity. In addition, the
present invention has the potential to reduce the use of
agrochenicals, ferttlizers, and water since the plant becomes
more eificient in soil exploration through an improved root
sstem stimulated by artificial light(s) supplementation and

other technologies implemented.
According to the present invention,

of crops 282a cultivated by the artificial light(s)

ta‘ion system 196 depend on several factors. These factors
nchude the eficiency of the available cropping structure, for

the production costs
supplemen-

example, machinery and farm administration; the techuol-
ogy implemented, for example, genetic materials and fertil-
izers; and the vse of precise agucultural systems. Other
factors include the characteristics of the irrigation system,
for example, the irrigated area and the height of the irrga-
ion pivet 101 that affects light dissipation, artificial hight(s)
supplementation in arcas of static irrigation, soil structuring,
for example without physical or chemical Himitation, and
with healthy microbiota; electricity supply, for example,
source, spinning, constancy, and stability, in addition to the
intervet of things and agronomic management of agricultral
crops 262a. Thus, the cost and profitability in this example
reflect a specific scenario of soybean production that may
vary on & case-by-case basis. Despite this 0bservaaon
according to the present invention, artificial light(s) supple-

mentation presents an opporhuity to improve crop 262a
producnon

In conchusion, in the exemplified study, the present inven-
tion was iniplemented and delivered approximately 40 hours
of artificial light(s} supplementation to each soybean plant
were reqmred dbrmv the crop 202a cyele to positively affect
the number of internodes, pods, plant height, and crop 262«
cycle.

Axtificial light{s) supplementation, a(mrdmg,t the pres-
ent invention, increased sovbean vield by 57.3% and i
profitabibity by 180% 1 relation o cudtivation processes
without artificial iigllt(s) supplememation and 'pmved

crop P 'un"--)cm,n in f\"-e, same az,r.u)ltma Aeld(

Due to the youth of outdoor artificial light(s) supplemen-
tation technology and due to its success being associated
with its application integrated with technically adequate and
balanced agriculture, preliminary studies wi efe conducted for
other crops besides soybeans {Glycine max). However, the
results obtained hiave been positive for bmmass production
by plants were Hight(s) supplementation was {were} preseut.
e responses observed for other cmps and perceptions of
the application of artificial hohtf ) supplementation wte-
grated with appropriate agronontic technologies and man-
agement will be briefly discussed below.

Brans {(Phaseolus Vilgaris)

The common bean was cultivated in the winter crop
season and recerved artificial light(s) supplementation from
post-sowing unul pre-harvest. Soil remineralizers and bio-
logical products were applied before sowing. The plant stand
was reduced by 15% cormpared to the regular stand recom-
mendation for traditional crop enltivation without artificial
light(s) supplementation.

Almendra - EX1013, Page 057
PGR2025-00055



21

A lower mamber of fungicide applications and 36% more
grain yield were observed in the area that recerved artificial
light(s} bupp‘a,mcqtatmn Other studies with beans were
conducted in different regions and confiomed the positive
respouse of this crop when artificial light(s) sxmphzmﬂ wation
is applied according to the present invention.
CornN (Zea Maysy

Corn was grown in spring/summer and received artificial
light(s) supplementation from post-sowing nntil pre-harvest,
as well a3 sot] reruineralizers, organominerals, and biologi-
cal products that were applied to the soil before sowing. in
this smdy the plant stand { pl' at ¥
60% higher than the stand
cultivation without artiticial It ght( x‘

Differences were observed among the studied varieties
(hybrids), such as plants generally m;:,her (>4 m), higher
average ear number per plant, and greater crop health.
Healthier plants in the area that received artificial ligh (s)
supplementation allowed crop cultivation with fewer fungi-
cide applications. Grain yield was 183% higher thaun the
regional grain yield average for the same year.
Tomaro (%/wmm /y(‘opersicum)

3 -,\ppicmc.mdmon.

Difterent varieties of tomato for pulp were evaluated, aud
the a that received artificial lighi(s) supplementation
pl sented plants with superior development of the aerial
plant part compared to the area without artificial lighi(s)
supplementation. This further development of the aenal par
allowed the early plant cover of the space between planting

lines and doubled the production of tomato frmits

Ouly the area that did not receive artificial light(s)
mentation had problems with calcium deficiency, causing
the “blossom end rot” symptom in the frudts. In the area that
recetved artificial light(s) cwpple mentation, o such stress
was observed that would wmpair the development of the
plants and their respective productions

Both areas received soil remineralizers and foliar nutri-
ents. Artificial light(s) suppleruentation occurred throughout
the crop cycle in the respective area, and the light color

combination used in soybean (59% red, 33% green, and 8%
biue) showed excellent results in tornato plant development.
Cotton (Gossypium hivsutum)

Cotton w ed in different regions and different van-
eties. As observed for the other crops, the aerial part of the
cotton plants that recerved the artificial hght{s) supplemen-
tation "ﬂ"()]e(f[ was significantly higher than the plangs that
did not receive artificial hgh-.(ﬂ wnplememation.

The cotton tree that received the artificial light(s) suppie-
mentation project produced 20 o 43% more “apples” {stre-
ture comtaining the plume, the cotion fiber) per plant and
about 12% more final fiber production. The adtificial Hght(s)
supplementation positively impacted the final productior
and quality of the cotton fiber. The presence of insects in the
area that received artificial lig\"i(ﬂ) supplementation was
reduced compared to traditional cotion cultivation without
artificaal light(s) supplementation.

SUGARC Saccharum officinarum)

Artificial  hght(s) 3-\pp1cmc.n.duon in sugarcane has
brought many beneficial effects. The area reccived the
application of soil remineralizer and was cultivated without
any fongicide applicanon. Initally, sugarcane with artificial
light(s) supplementation showed a higher unber of tillers
(seedlings) per clomp, which increased the production of
crop blomass.

Stem: height, total soluble solids content, apparent
suctose, and recovered total sugars were higher in sng
caues gr()wr with arttficial light(s) supplementation. The
“brown spot” was a foliar fungal disease that occurred only
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in the area that did not receive artificial light(s) supplemen-
tation, indicating how the present invention promotes not
only increases in yield, but also increases the plant resistance
1o siresses and reduces the cost and enviroumental impacts
with lower frequencies of fimgicide application.
{Nicatiana tebacum)
rous tobacco plawts, larger leaves, and hig
nction were commonly observed in the area that
received artificial light(s} ppiememalioti The twhacco
cmppmc area received the applhication of soi} renuneralizer

and was cultivated without any application of insecticide or
fungicide. Light supplementation with the predominance of
blue collars favored the development of tobacco plants.
Garlic (4fium sativumy and Onton (4flium cepa)

Aveas that received the application of soil remineralizer
and organominerals were cultivated without any insecticide
application and with a reduced amount of fixngicide appli-
cations. The vields were higher than 80% in the areas that
veceived artificial Hght(s) supplementation all night during
specific periods, both for gadic and ondon.

The application of foliar fertilizers was similar between
the areas [with or without light(s) supplementation]; how-
over, the excellent plant development caused by artificial
light(s) supplementation turned the plant wore ﬂem"iive to
the lack of essential nutrients, especially those reguired in
srualler amonnts (micronutnents).

Pra (Pisum mnvun,,)

Pea is a crop that responds satisfactorily well to artificial
3 g"]t'%\ supplementation. Depending on its application
{grain production or cover crop), it should be changed the
C(v}or composition of artificial hight(s) supplementation.

The high pea btomass production, which iucreased the
crop residues added to the soil surface, was produced with
a predomnance of bhue coloration in the artificial hght(s)
supplementation; however, for exclusive grain production,
the composition of artificial lighi(s) supplementation in
soybean (59% red, 33% green and 8% blue) was more
adequate.

SonvLower (Helianthus anmius)

Artificial light(s) suppieme‘-’xtatinp increased the size of
the sunfiowers, increasing the production of lar
with imiproved guality pammtaiers such as size 'md integrity.
Sunflower areas cultivated with t.ruﬁud hight(s) supplemen-
tation showed high vegetative-productive development and
plant sanity.

in areas where artificial hght
applied, 1asecticides or fungic were not applied to the
crop plants. The pmd.}cmun of suntlower sceds was 44%
higher 1n the area that received the artificial hght(s) supple-

mentation conpared to the traditional cultivation area with-
- artificial light(s) supplementation.

70 (Solanum tuberosum)

Difforent varieties and planting stands were studied for
potatoes that received artificial Hghi(s) supplernentation.
Artificial light(s) supplemeuniation in this crop can be used
from emergence until about ten days before harvest desic-
cation. The production occurred with lower use of fungi-
cides compared to the area without artificial light(s}) mppie—
mentation and the commercial cropping area adjacent to the
experimental area 208,

There was a large production of root tubers, and produc-
tion was about 38% hgher than in traditional enltivation
without artificial light(s} supplementation. Scil and organ-
oraineral rew hnerahiers were used 10 both areas 1o corple-
ment the basic fe stion and support higher root tuber
pi‘oducnons.

» seeds

=

3y supplementation was

».g
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Hoes (Humuldis fupulus)
The artificial hght(s) supn‘ememation applied o hop

plants genecrated promising results. It was po<<ibie o

develop and harvest the seccmd crop of hops in the s

agricultural vear, which was not observed 1u the area wi i cut
artificial hght(s) supplemerntation. The number of floral

cones {structures used as raw mutena for beer} was much
higher, and their dimensions were larger in plamis that
received artificial light(s) supplemnentation.

The beer produced using the hops produced with artificial
hi{s) supplementation did not present any harm 1 relation
1o traditional cultivation. Therefore, artz Emdi high supple-
mentation allowed more than doubling the productive capac-
ity of hops 1n an area, besides not negatively affecting beer
production and quality.

STRAWEERRY (Fragariax Ananassa)

Production, frmt sanity, and shelf time were superior for
strawberries produced with artificial light(s) supplementa-
tion applied throughout the crop cyvele. Some strawberry
varieties respond better to artificial light(s) supplementation.
In general, reddish artificial light(s) supplementation pro-
vides better results in frust production and seedlings of plant
development.

Proava (Hylocereus undatis)

The number of crops and finits was positively affected by
artificial light{s) supplementation. The harvests became con-
tunous with adequate crop managersent and artificial 1&.&1-
(s} suppleraentation. About 4 10 6 ha)dl‘) of artificial B
supplementation per ni 'oht were enough 1o me nn:,nn th
harvest constancy and icrease the mumber of fruits per
plant. With increased harvests per year and fruits per plant,
the required amounts of fertibizers, soil pH correctors and
conditioners, soil remineralizers, and orgatontinerals wers
ssary 1o support the production.

This simation of great fertibzer need to compensate for a

higher total production is further indication that the full
functioning of ariificial iiOht(s\ supplernentation, according
0 the present invention, is dependent on other factors ﬂm-

need to be available so that plant responses are not limited
by factors whose deflciency may compromise crop full
development and yield.

Lerruce (Lactuca sativay AND ARUC
Sativa)

All experiments with horticultural crops with artificial
light(s) suppie*nen"iti()n showed miore accelerated plant
development from scedlings to adult plants, allowing for
more year-round harvests addition, they presented more
intense colors apd more ple= nt flavors.

The use of more bluish artificial light(s) supplementation
allowed better resulis; however, there are significant diffec-
ences in responses between the varicties studied in each
plant species. t each region

LA (Erica vesicaria Ssp.

L in

This observation indicates that
should be studied for adequate crop varieties to select those
with better responses to artificial lighi(s) supplementation.
Croes

Ferent cover crops were responsive to artificial lght(s)
fementation, and all responses were positive. The
leaves, stems, and roots)

supp
higher the plant biomass (e.g.,
growthy, the faster the covering of the cropping area, which

wmproves soil protection and reduces crop competition with
wvasive plants (weeds). The cropping of solitary crop
species (only one predominant bpu.xcb) or mixfurﬂs o'"
different species presented improved resulis r artificial
light{s} suppiementation.

The use of yuore blmsh artificial hght{s) supplementation
also allowed better results. However, it was clear how eacl

each
cover crop (such Sudan grass, fodder turnip, millet,

o

o
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crotals wheat, and buckwheat} in
sented differentiated responses 1o the s
ot artificial light{s) supplementation,

different regions pre-
anie speciral signature
dicating that different

crop spec a,s would have distinct and unigue spectral band
coraposition for each plaut species and edaphocliniatic con-
dition.

The achievements exposed above indicated that the pres-

ent vention accornplishes siguificant advances in the appli-
cation and development of artificial highi(s) s-xpyiemen
tion, highlighting the beneficial effects of the nse of a 1al
hghting sources 18a, 168, 10¢, 184, 10e m the metabolism
and agronomic managerent of plants, in the efficiency of
hight absorption and photosyuthesis in their respective acrial
parts, as well as in the mitigation of stresses such as insect
pests and plant pathogens that can be repelled or controlled
in the areas that receive a lighi(s) supplementation. These
etfects benetit the agricultural prodiction process by extend-
ing the plant resistance 1o adverse conditions durmg crog
development, improving qualitative and untntional aspects
of the final crop product, and elevating the sustainability of
the agriculural activity.

Despite the description of crop vield achievements 1o
specific accomplishments, the present invention may present
modifications in its mnplementation so that the scope of
protection of the invention is limited to the content of the
attached claims, inciuding possible equivalent variations.

The invention claimed is:

1. AGRICULTURAL MANAGEMENT 8YST

is characterized by Compriﬂing:

modular agrcultural irggation pivot-hike device (161)

ps)sitiomd on an abm ultural field (208) 1o the cultiva-

tion of a crop (2024) bp”(.:"‘, the modular agriculmral
rrigation pivot-like device (161 comprising:

a plurality of artificial lighting sourees \iﬁ(e 1856, 1dc,
164, 16e) arranged a iono the modular agricultaral ieri-
gation pivot-like device (141) at a predetermined dis-
tance above the aerial pdm of the crop (282a), com-
prising a phivality of light-emitiing diodes; and

a plurality of energy sources that feed the plurality of
artificial highting sources (1fla, 165, 10c¢, 164, 10e),
the agricultural management system (168} further com-

brising:

a processor i communication with a dimerizer and/or

a polarizer of the plurality of artificial lighting

sources (18¢, 166, e, 104, 10e) and with 1

phicality of energy sources, wherein the processor ts

configured fo:

adjust (881}, in the ntervals of the eleciromagnetic

spectrum, the balance between the spectral bands

emitted by the plurality of light-emitiing diodes; and
b} determine aud implement:

an irrigation routine (382); and/or

an artificial hght(s) supplementation routine (543 };
wherein stages a) and b) are determined by the proces-

sor considering at least one

a crop (282q) species under cultivation;

a phenclogical stage of the crop (2024} under cultivation;
shotoperiod, a season and current weather conditions
uder which the agricultural field (288) is subjected;
and

one or more objectivel(s) mtended for the
development.

2. SYSTEM (186}, according to claim 1, characterized in

that stages a) and b) deiumm»d by the processor using

artificial intelligence model.

OM (106)

oo

the

£5
N

crop (262a)

an

Almendra - EX1013, Page 059
PGR2025-00055



US 12,089,543 B2

25
3. SYSTEM (188), according 1o claim 1, characterized it
that the modular agricultural irvigation pwot--hke device
(161) comprises:

a drive device for the displac
cultural irrigation device
field (286); and

spritkler devices comprising & phwality of spraklers,

wheretn the processor is in communication with the
drive device and with the spriokler device for the
exgcuiton of stage b).

4. AGRICULTURAL MANAGEMENT METHOD
(589), tor the cultivation of a crop {202a) in an agricultoral
field (208), chamc-.enzed by comr)rising the steps oft
tag {861), in intervals of the electromag
spectmm thc, balance between the speciral bands emit-
i by a plurahity of light-emitting dindes of a plurality
am‘lmal lighting sources (18q, 188, 10c, 194, 18e);

ement of the modular agri-
{161} over the agricultural

»-r

o
i
B

by determining and implementing:
an rigation routine (582) of a modular agricultural
irrigation device (181}; and/or

a routine of artificial light(s) supplementation (583) of
the plurality of artificial lighting sources (18q, 184,
16, 184, 18e);
wherein stages a) and b) are deterruined considenng

at least one among:

o

P

[

(282a) specieq under cultivation;
stage of the crop (202a) under cultiva-

a suasmﬁ, a photoperiod, and current weather conditi ions
under which the agricultural field (204} is subjecte
and

one or more objective(s)
development.

5. METHOD (588), according 1o claim 4, characterized i
that stages a} and b) ) are determined by the processor usin
an artificial mtcH:;:,c,ncc model.

6. METHOD (586), according to claim 4, ts characterized
by further comprising a stage ¢) of determining a routine of
soi] ruanagement 1o the agacultural Seld (286} based on soil
analyses from the agriculiural feld QZ 68,

7. METHOD (568 ,onrdmg to claim 6, charactenized in
that stage ¢} of determining through the artificial intelligence
model considers at lcabt one of the followin ng:

the irrigation routine (542);

the routine of artificial lighi(s) supplementation (583);

the crop {202ae) species under cultivation;

the phenological stage of the crop (2820) nuder culti-

vation;

&--u photoperiod, the season and the current weather
conditions under

which the agricultaral field (260) is subjected; and

the one or more objective(s) intended for the crop
{282a) development.

uended for the crop (202)

% B
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NOIE: Signature <This form must be signad by the applicant in accordancs with 37 CER 1.33. Sea 37 CFR 1.4 for signature requiremsnts
and certifications. if more than one applicant, use mulliple forms.

Toial of 1 forms are submitied.

A Fedoral Bgancy misy not conduct ur &ponsor, snd & person is 0ot required mmpmdto,mrm; Wbasubjmmapemﬁyfmhgummmmtyn\d@m information
ealiection subject 1 the tequirements of i Papsrwork Reduciion A of 1285, unless the informatias cofisclion has & cuirertly valid OMB Contral Numbat, The OMB

Control Number for this information coRection 1s 08510015, Public burden for Bus form fs estimstag to sveragnr 30 minutoa per nesponte, fnthuting the ime for reviewing
instruciions, ssarching sxisting dala sourcas, gathering and maintsining the dita neaded, and complsting and reviewing ihe information coliection, Send comments reganding
thia burden estimats ar any other aspert of tile: informbtion coliaction; indluding Sugysstions for reducing this burdan o the Chief Administialive Officsr, Unlted Sisles Patent
and Tredumark Office, P.O. Box 1450, Alxsndris, VA 22313-1450 of emadl InformationColection@uspio.goy. DO NOT S8END FEES QR ¢ ETED FORMS YO THIS
ADDRESS. ¢ iing thin complelnd form by mall, send do: Commizalanar for Patiads, P.O, Box $450, Abesandds, VA 223131450,

it you nasd agsistance in compleling the foum, call 1-800-PTO-188 and select oplion
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PTO/AIAB2C (07-13)

Approved Tor use ihrough 09/3072028, OMA8 06510035

0.8, Patant and Tredemark Office; LS, DEPARTMENT OF COMMERCE

Undar the Papsrwork Reduction Act of 1985, no parsons ars required ta respond to a-collection ol infermation unlass it displays a valld OMB contrel number

[ POWER OF ATTORNEY BY APPLICANT

No more than ten (10) patent praclitioners total may be appointed as set forth balow by name and registration number,
This page nead not be submitted if appointing the Patent Practitioner(s) associated with a Customer Number {ses form
PTO/AIA/828):

Registration
Nama Number
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579} requires that you be given certain information in connection with your
submisslon of the attached form related to a patent application or patent. The United States Patent and
Trademark Office (USPTO) collects the infarmation in this record under authority of 35 U.S.C. 2. The USPTO's
system of records is used to manage all applicant and owner information Including name, citizenship, residence,
post uffive address, and other Information with respect to Inventors and thelr legal representatives pertaining to
the applicant's/fowner’s activities in connection with the invention for which a patent Is sought or has been
granted. The applicable Privacy Act System of Records Notice for the information collected in this form is
COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR 19243 (March 28,
2013), hitps:/www.govinfo.gov/content/pkg/FR-2013-03-29/pdf/2013-07343 pdf.

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that
the system of records indicates a violation or potential violation of law; 2) a federal, state, local, or international
agency, in response to its request; 3} a contractor of the USPTO having need for the information in order to
perform a contract; 4) the Department of Justice for determination of whether the Freedom of Information Act
{FOIA) requires disclosure of the record; 5} a Member of Congress submitting 3 request involving an individual to
whom the record pertains, when the individual has requested the Member’s assistance with respect to the
subject matter of the record; 6) a court, maglstrate, or administrative tribunal, in the course of presenting
evidence, including disclosures to opposing counsel in the course of settlfement negotiations; 7} the
Adminlstrator, General Services Administration {GSA), or thelr designee, during an Inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regutations and any
other relevant {i.e., GSA or Commerce) divective, where such disclosure shali not be used to make
determinations about individuals; 8} another federal agency for purppses of National Security review {35 US.C.
181} and for review pursuant to the Atomic Energy Act {42 U.5.C. 218(c)); 8) the Office of Personnel
Management (OPM] for personnel research purposes; and 10} the Office of Management and Budget {OMB) for
legistative coordination and clearance.

if you do not furnish the informatipn requested on this form, the USPTO may not be able to process andfor
examine your submissien, which fhay result in termination of proceedings, abandonment of the application,
andfor expiration of the patent

E
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eeeeBioC Codle: REIS.DECL
Document Description: Reissue Osth or Declaration PTORIADS (06-12)
Approved for use through 03/31/2026. OMB 08510033
U5, Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE
Undar ths Paperwork Reduction Adl of 1885, no persons a8 required 1o reapond to a collection of informalion nless it displays & vald OMB control number,
Docket Number (Optional)

REISSUE APPLICATION DECLARATION BY THE INVENTOR 028904

t hersby declare that: )

Each inventor's residence and matling address are stated below next to their name. »

I believe | am the original inventor or an ariginal joint inventor of the subject matier which Is described and claimed

In patent number _US 12068543 granted S 7 200 and forwhich a
relssue patent is sought on the invention Stled _Sytem and Metod of Agriculturs] Management .

the specification of which
] is attached hereto,
was filed on September 9, 2025 as reissue application number 18/322.6 .

The above-identified application was made or autharized to be made by me.

{ hereby acknowiadge that any willful false statement made in this declaration is punishable urider 18 U,S.C. 1001 by fine
orimprisanment of not mare than five (5) years, or both,

| befleve the origine! patent t be wholly or partly inoperative or invalid, for the reasons described
below. {Chack all boxes that apply.)

D by reason of & defective specification or drawing.

by reason of the patentes claiming more or less than he had the right to claim In tha patent,

D by reason of other errors,

Al lgast one error upon which relssue is based Is describad below. [f the relssus is a broadening
reissus, & claim that the application seeks o broaden must ba identified:

The patent claims more than applicant had a right to claim in view of U.S. Patent Pub. No.
2018/0098843 which describes an agricultural lighting system Intended for optimizing plant
growth by sensing environmental conditions and plant conditions, and the system then
performs responsive actions to the conditions. Claims 1 and 4 of the patent are amended in

this reissue application adding additional claim limitations that are not disclosed In the subject
matter of the ‘843 patent publication.

{Page 1 0f2)
A Fastersl agency may not conduct or sponsor, and & person s not required 1o respond fo, nior shall & person bo subject ta s penalty for fallure to comply with an
Information coliaction subject 1o the roqurements of the Paperwark Reduction Ad of 19985, unless the Information colisction has 8 cumrently velid OMB Control
Number, The OMS Control Number for this information ocfiection i 0651-0033. Public burden for ihls form is sstimated o average 48 minules per
response, including the lime for reviewing instructions, searchinig oxisting dats sources, gathering and maintaining the dats needed, and complating snd
reviewing ihe Wnformation coaction. Send commenis regarding s bursden estimain or eny " olhwr aspact ‘of this Infomalion coflecilon, Incuding
suggsstions for reducing s burdens 1o the Chial. Administrativa' Officer, Unitad Stales Patent and Trademark Offics, §.0. Box 1450, Alexandria,

VA 223131450 or emsk InformatinCollscionBusplo.gov. DO NOT SEND FEES OR COMPLETED FORMS TO S ADDRESS. 8END TO:
Commisaloner for Patants, P.0. Box 1450, Alexandrfa, VA 22)13.1458,

¥ you need assistance in comploting the form, call 1-800-PTO-9182 and selett opil
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PTOMAIADS (08-12)
Approved for use through 0331/2026. OMB 06540033
U,8, Patent and Trademark Office; L1.S, DEPARTMENT OF COMMERCE
Under tha Paperwork Reduction Act of 1995, no persons ang required fo respond to & coltection of information unloss it displays & valld OMB control number,

7 Docket Number (Optional)
{REISSUE APPLICATION DECLARATION BY THE INVENTOR, page 2) 028904

Note: To appoint a power of attorney, use form PTO/AIA/81,

Comrespondence Address: Direct all communications about the appiication to;

The address assoclated with Customer Numbar:
oE ! 23456 I

Firm or
Individual Nams
Address

City ' State Zp

Country

Telephone Email

WARNING:

Petitoner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft.  Personal information such as social security numbers, bank account numbers, or credit card
numbers [other than a check or credit card authorization form PTO-2038 submitted for payment purposes) Is never required by
the USPTO fo suppart a patilion or an application, If this type of persanal information is included in documents submitted to
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting
them to the USPTO. Petitloner/applicant is advised thet the record of a patent application is available to the public after
publication of the application (unless a non-publicalion request in compliance with 37 CFR 1.213(a) is made in the application)
ar issuance of a patent. Furthermore, the record from an abandoned application may afso be available to the public if the
application is referenced in a published application of an issued patent (see 37 CFR 1.14). Chacks and credit card
authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therelore are not
publicly available,

Legal name of sole or first inventor (E.g., Given Name (first and middle {if any) and Family Name or Sutname)
Gustavo A{Lepyéjajz

rossi

Date (Dptional)
\.Wérz?é&f 7‘ AeS
Stats Country
. Minas Gerais Brazil
Manfng Address
Fazenda Sao Matheus - Bairra Zona Rural
City State 2ip Country
Monte Carmelo Minas Gerais 38500-000 Brazil

| | Adaitional joint inventors ara named on the . supplemantal shest(s) PTO/AIN10 atiached harslo.
(Page 2 of2)
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and
Trademark Office {USPTO) collects the Information in this record under authority of 35 U.S.C. 2. The USPTO's
system of records is used to manage all applicant and owner information Including name, citizenship, residence,
post office address, and ather information with respect to inventors and thelr legal representatives pertaining to
the applicant's/owner’s activities in connection with the invention for which a patent is sought or has been
granted. The applicable Privacy Act System of Records Notice for the information collected in this form is
COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR 19243 (March 29,
2013), https://www.govinfo.gov/content/pka/FR-2013-03-29/pdf/2013-07341 pdf.

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that
the system of records indicates a violation or potential violation of law; 2) a federal, state, local, or international
agency, in response to its request; 3} a contractor of the USPTO having need for the information in order to
perform a contract; 4) the Department of Justice for determination of whether the Freadom of Information Act
{FOIA) requires disclosure of the record; 5} a Member of Congress submitting a request involving an individual to
whom the record pertains, when the Individual has requested the Member's assistance with respect to the
subject matter of the record; 6) a court, magistrate, or administrative tribunal, in the course of presenting
evidence, including disclosures to oppaosing counsel in the course of settlement negotiations; 7) the
Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.5.C, 2904 and 2906, in accordance with the GSA regulations and any
other relevant {i.e., GSA or Commerce) directive, where such disciosure shall not be used to make
determinations about individuals; 8) another federal agency for purposes of National Security review (35 U.S.C.
181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218{c)); 9) the Office of Personnel

Management {OPM) for personnel research purposes; and 10} the Office of Management and Budget {OMB) for
legislative coordination and clearance,

if you do not furnish the information requested on this form, the USPTO may not be able to process and/or

examine your submission, which result in termination of proceedings, abandonment of the application,
and/or explration of the patent.
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UNITED STATES PO Box 1450
PATENT AND TRADEMARK OEFICE Ao, Y e onto. oV

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/322,633 09/08/2025 11:15:39 PM Z ET 028904

Title of Invention

System and Method of Agricultural Management

Application Information

APPLICATION TYPE  Utility - Reissue PATENT #
CONFIRMATION # 1124 FILEDBY Mark Kilgore
PATENT CENTER # 72205854 FILING DATE
CUSTOMER # 23456 FIRST NAMED Gustavo Alexandre Grossi
INVENTOR
CORRESPONDENCE - AUTHORIZED BY
ADDRESS
Documents TOTAL DOCUMENTS: 2
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
Reissue_POA_executed.pdf 4 Power of Attorney 7784 KB
Reissue_Declaration_Grossi 3 Reissue Oath or Declaration 5598 KB

_executed.pdf
Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

DECEC1629520BC7ED4D309F750A59E6FOAOF8D5C3DDACS37
Reissue_POA_executed.pdf 92D827E757EA73B20A383FFD82FC7DB1BFE04C2F58873BB1
EA2396D07965EF4EDAF8BFC7802B3DDO01

8984E576A7B11D7B456B54B016F4C4967A565551 ECCD25785
FO3050F33C9185663187E601DD4D011F6EC4EF4E0B13C22CH
FC3DC8553A6514385142886A49DE7 T mendra - EX1013, Page 068
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by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.

Almendra - EX1013, Page 069
PGR2025-00055



S

A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

APIE%JIISIEE;ON 3S{E:L)NDGA?II:E GI?JII)\I?"FT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
19/322,633 09/08/2025 3643 3670 028904 18 3
CONFIRMATION NO. 1124
23456 FILING RECEIPT
PATTERSON InclecualPropery Lo .. I

NASHVILLE, TN 37203
Date Mailed: 09/16/2025

Receipt is acknowledged of this reissue patent application. The application will be taken up for examination in due
course. Applicant will be notified as to the results of the examination. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Gustavo Alexandre Grossi, Monte Carmelo;
Applicant(s)

Fienile Agronegocios LTDA, Rio Maior, PORTUGAL, Assignee (with 37 CFR 1.172 Interest);
Assignment For Published Patent Application

Fienile Agronegocios LTDA, Rio Maior, PORTUGAL

Power of Attorney: The patent practitioners associated with Customer Number 23456

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent
Prosecution Highway program at the USPTO. Please see http://www.uspto.gov for more information.)
BRAZIL PCT/BR2022/050461 11/24/2022 No Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes
Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as

appropriate.

page 10f 3
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If Required, Foreign Filing License Granted: 09/12/2025

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 19/322,633

Projected Publication Date: None
Non-Publication Request: No

Early Publication Request: No
Title

System and Method of Agricultural Management
Preliminary Class
047
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at hitp://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 19/322,633
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(3), (b), or (@) N/A N/A N/A N/A 350
SEARCH FEE
AT o N/A N/A N/A N/A 770
EXAMINATION FEE
i e N/A N/A N/A N/A 2550
TOTAL CLAIMS } .
(37 GFR 1.16(i)) 20 minus 20 = 0 OR Ix 0
INDEPENDENT CLAIMS ’ *
(37 GFR 1.16(h)) 3 minus 3 = X 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 3670
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE(®) FEE($)
E AMENDMENT PAID FOR
L Total g i - =
= (37 ch ?.160)) Minus X = OR X
[m] - - =
E (:I;g%erRe? .?g(nht)) s x = OR |x
<§E Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE(®) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = X =
= @7 ch ?.160)) OR |x
% Independent * Minus | ** = M _ OR |x
w (37 CFR 1.16(h)) B
<§E Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
herHi Preyi Pai " egends i ahi L hoxincolumn
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