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Reservado para o Organismo receptor

0-1 Pedido internacional No. PCT/BR2022/050461
0-2 Data do depésito internacional 24 Novembro 2022 (24_1 1 _2022)
0-3 Nome do Organismo receptor e “Pedide |RO/BR
intemacional PCT”
0-4 Formulario PCT/RO/101 Requerimento
PCT
0-4-1 Preparade Utilizando ePCT-Filing
Version 4.10.010 MT/FOP 20221109/1.1
0-5 Peticao
O abaixo assinado solicita que o presente pedido internacional seja processado de acordo com o Tratado de Cooperagac em
matéria de Patentes
0-6 Organismo receptor (especificado Instituto Nacional da Propriedade Industrial (Brasil) (RO/BR)
pelo requerente)
0-7 Referéncia do processo do requerente |3610-0016
ou do mandatario
1 Titulo da invencao SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT
L Requerente
11-1 Esta pessoa é: Apenas requerente
-2 Requerente para Todos os Estados designados
-4 Nome FIENILE AGRONEGOCIOS LTDA
-5 Enderego Praga Dom Eduardo, n. 255 - sala 01, Centro
38700-124 Patos de Minas-MG
Brasil
11-6 Nacionalidade {nome do Estado) BR
-7 Domicilio {(nome do Estado) BR
11-8 No. de telefone +55 11 2149-4500
11-10 Enderego de correio electronico internacionalglpi@glpi.com.br
I-10(@) |Autorizago relativa ao corrsio exclusivamente sob a forma electrénica (nenhuma notificagido

electrénico

O Organismo receptor, a Autoridade
responsavel pela pesquisa internacional,
a Secretaria Intemacional € a Autoridade
responsavel pelo exame preliminar
internacional tém autorizagdo para
utilizar este endereco de correio
electrénico para enviar, se tal desejarem
esses organismos, notificacdes relativas

sera enviada em papel)

a este pedido internacionatl:
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Hi-1 Requerente e/ou inventor
1H-1-1 Esta pessoa é: Apenas inventor
-1-3  linventor para Todos os Estados designados
11-1-4 Nome (APELIDO, nome préprio) GROSSI, Gustavo Alexandre
M-1-5  |Enderego Fazenda Sao Matheus - Bairro Zona Rural
38500-000 Monte Carmelo-MG
Brasil
I1I-1-10 |Enderego de correio electrénico intemacionalglpi@glpi.com.br
V-1 Mandatario ou representante comun;
ou enderego para a correspondéncia
A pessoa abaixo-identificada é/foi, por Mandatario
este meio, designada para actuar em
nome do{s) requerente(s) perante as
Autoridades Internacionais competentes,
na qualidade de:
1V-1-1 Nome (APELIDO, nome proprio) NAKATA, Carolina
IV-1-2 |Enderego AV. BRIGADEIRO FARIA LIMA, 1485 - 110 ANDAR - TORRE
NORTE
01452-002 Sao Paulo-SP
Brasil
IV-1-3  |No. de telefone 5511 2149-4500
IV-1-4  INo. de fax 55 11 3819-0455
IV-1-5  |Endereco de correio electrénico internacionalglpi@glpi.com.br
IV-1-5(a) ﬁ“ﬁ”?@g‘o relativa ao correio exclusivamente sob a forma electrénica (nenhuma notificagao
electrénico - -
O Organismo receptor, a Autoridade sera enviada em papel)
responsavel pela pesquisa internacional,
a Secretaria Internacional e a Autoridade
responsavel pelo exame preliminar
internacional tém autorizacdo para
utilizar este enderego de correio
electrénico para enviar, se tal desejarem
esses organismos, notificagdes relativas
a este pedido internacionatl:
1V-1-6 No. do registo do requerente junto do APl 1798/SP
Organismo
V-2 Mandatario(s) adicional agente(s) adicional/ais com o0 mesmo enderego do primeiro
mandatario
IV-2-1  |Nome(s) MURAKAMI, Juliano Ryota(APl 2187/SP); DE SOUZA, Thiago
Arpagaus(OAB/SP 273.398)
\' DESIGNAGOES
V-1 O depdsito deste requerimento constitui, de acordo com a Regra 4.9.a), a designagao de todos os Estados
Contratantes vinculados pelo PCT na data do depdsito internacional, para os fins da concessao de qualquer tipo de
proteccgao disponivel e, se for caso disso, para os fins da concessao tanto de patentes regionais como de patentes
nacionais.
Vi1 Reivindicagao de prioridade de um
pedido nacional anterior
VI-1-1  |Data do depdsito 14 Abril 2022 (14.04.2022)
VI-1-2 - INUmero 1020220072728
VI-1-3 Pais ou membro da OMC BR
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Vi-2

Incorporacao por referéncia:

quando um elemento do pedido internacional mencionado no Artigo 11.1)iii)d) ou €) ou uma parte da descricdo, das
reivindicacdes ou dos desenhos mencionados na Regra 20.5.a) ou um elemento ou parte da descrigdo, das reivindicacdes
ou dos desenhos mencionados na Regra 20.5bis.a), ndo estiver de outro modo incluido no pedido interacional mas estiver
totaimente incluido no pedido anterior cuja prioridade € reivindicada na data em que um ou mais elementos menciocnados no
Artigo 11.1)iii) tenham sido recebidos pela primeira vez pelo Organismo receptor, esse elemento ou parte €, sob reserva de
confirmacgao de acorde com a Regra 20.8, incorporada por referéncia neste pedido internacional para os fins da Regra 20.6.

Vil-1  |Autoridade Responsavel pela Instituto de Patentes e Marcas dos Estados Unidos (USPTO)
Pesquisa Internacional Escolhida
(ISA/US)
Vill Declaragoes Ndmero de declaragdes
VIHI-1 Declaracéo relativa a identidade do -
inventor
VIil-2 Declaracgao relativa ao direito do -
requerente, na data do depdsito
internacional, de pedir e obter uma
patente
VIH-3 Declaracéao relativa ao direito do -
requerente, na data do depdsito
internacional, de reivindicar a prioridade
do pedido anterior
Vii-4 Declaragao de autoria da invencao -
{apenas para os fins da designacao dos
Estados Unidos da América)
VII-5 Declaragao relativa a divulgacdes ndo -
prejudiciais ou excepgdes a falta de
novidade
)4 Lista de controle Numero de folhas Ficheiro(s) electrénico(s) anexado(s)
1X-1 Requerimento (incluindo as folhas de 4 "4
declaracao)
IX-2 Descrigéo 33 v
1X-3 Reivindicagdes 6 7
IX-4 Resumo 1 v
IX-5 Desenhos 8 v
IX-6a Listagem de sequéncias fazendo parte - -
da descricdo
I1X-7 TOTAL 52
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Itens anexos Documento(s) em papel anexado(s) Ficheiro(s) electrénico(s) anexado(s)
I1X-8 Folha de calculo das taxas - v
IX-11 Cépia da procuragao geral - v
IX-13 Documento(s) de prioridade - Item/ltens VI-1
IX-19  |Outro Direito a reducgao de taxa v
IX-19  |Outro Documentos no formato v
pré-conversao Declaragao
(Instrugao 706): Isto é uma
coOpia completa e exacta do
pedido internacional antes
da sua conversao ao formato
de documento electrénico no
qual o pedido é depositado.
1X-20 Figura dos desenhos que deve 4
acompanhar o resumo
1X-21 Lingua do depésito do pedido Inglés
internacional
X-1 Assinatura do requerente, do /Carolina NAKATA/
mandatario ou do representante
comun
X-141 Nome (APELIDO, nome préprio) NAKATA, Carolina
X-1-3  |Qualidade (se tal qualidade nao for Mandatario
evidente para quem ler o requerimento)
RESERVADO PARA O ORGANISMO RECEPTOR
10-1 Data efectiva de recepgéo do alegado |24 Novembro 2022 (24.11.2022)
pedido internacional
10-2 Desenhos:
10-2-1 |Recebida
10-2-2 |Nao recebida
10-3 Data efectiva de recepgao, corrigida
devido & recepgao ulterior, mas
dentro do prazo, de documentos ou
desenhos que completam o alegado
pedido internacional
10-4 Data da recepgao, dentro do prazo,
das correcgoes exigidas de acordo
com o Artigo 11.2) do PCT
10-5 Autoridade responsavel pela pesquisa ||]SA/US
internacional
10-6 Transmissao da copia de pesquisa
diferida até ao pagamento da taxa de
pesquisa
RESERVADO PARA A SECRETARIA INTERNACIONAL
11-1 Data da recepgao da via original pela

Secretaria Internacional
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REsumo
“SISTEMA E METODO DE SUPLEMENTACAO LUMINOSA ARTIFICIAL”

O sistema (100) compreende: um dispositivo modular de irrigacdo
(101) posicionado sobre um campo (200) no cultivo de uma cultura (202a) e
compreendendo um dispositivo de acionamento para o deslocamento do
dispositivo modular (101) sobre o campo (200); um dispositivo de asperséo
compreendendo uma pluralidade de aspersores; uma pluralidade de fontes de
iluminacao artificial (10a, 10b, 10c, 10d, 10e) dispostas ao longo do dispositivo
modular (101) a uma distancia predeterminada acima da parte aérea da cultura
(202a), compreendendo uma pluralidade de diodos emissores de luz (LED) do
tipo espectro total (full-spectrum); e uma pluralidade de células fotovoltaicas
que alimentam a pluralidade de fontes de iluminacao (10a, 10b, 10c, 10d, 10e),
o sistema (100) compreendendo ainda: um processador em comunicagdo com
o dispositivo de aspersdo, o dispositivo de acionamento um dimerizador ou
polarizador das fontes de iluminagdo (10a, 10b, 10c, 10d, 10e), e com a
pluralidade de células fotovoltaicas em que o processador é configurado para:
a) ajustar (501), no intervalo do espectro eletromagnético, o balango entre as
bandas espectrais emitidas pela pluralidade de diodos; e b) determinar e
inicializar: uma rotina de irrigagdo (502); e uma rotina de suplementacao
luminosa artificial (503), independentes entre si, sendo que as etapas a) e b)
sao determinadas pelo processador considerando pelo menos um dentre: o tipo
de cultura (202a) sob cultivo; o estagio fenolégico da cultura (202a); o
fotoperiodo e as condigbes meteorolégicas sob as quais 0 campo (200) esta

submetido; e um ou mais objetivos de desenvolvimento da cultura (202a).
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Figura 8
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500

\

Ajustar, nos intervalos do espectro
eletromagnético, o balango entre as bandas
espectrais emitidas por uma pluralidade de diodos
emissores de luz (LED) do tipo espectro total (full-
spectrum) de uma pluralidade de fontes de
iluminacgao artificial

\

L

Determinar e inicializar uma
rotina de irrigagao de um
dispositivo modular agricola
considerando pelo menos
um dentre:

- o tipo de cultura sob
cultivo;

- 0 estagio fenoldgico da
cultura sob cultivo;

- o fotoperiodo e as
condigOes meteoroldgicas
sob as quais o campo
agricola estd submetido; e
- um ou mais objetivos de
desenvolvimento da cultura
sob cultivo a serem

alcangados

Determinar e inicializar uma
rotina de suplementagao
luminosa artificial da
pluralidade de fontes de
iluminagao artificial
considerando pelo menos um
dentre:

- o tipo de cultura sob cultivo;
- 0 estagio fenoldgico da
cultura sob cultivo;

- o fotoperiodo e as condicdes
meteoroldgicas sob as quais o
campo agricola esta
submetido; e
- um ou mais objetivos de
desenvolvimento da cultura
sob cultivo a serem
alcangados

Figura 3

Peticao 870220032428, de 14/04/2022, pag. 41/49

Almendra - EX1002, Page 011
PGR2025-00055



2/8

Figura 2
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campo agricola (200) estd submetido; e
- um ou mais objetivos de desenvolvimento da cultura (202a) sob

cultivo a serem alcancados.
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- uma rotina de suplementacao luminosa artificial (503),

em que as rotinas de irrigacao (502) e de suplementagao
luminosa artificial (503) sdo independentes entre si, sendo que as etapas a) e
b) sdo determinadas pelo processador considerando pelo menos um dentre:

- 0 tipo de cultura (202a) sob cultivo;

- 0 estagio fenolégico da cultura (202a) sob cultivo;

- o fotoperiodo e as condicbes meteoroldgicas sob as quais o
campo agricola (200) esta submetido; e

- um ou mais objetivos de desenvolvimento da cultura (202a) sob
cultivo a serem alcancados.

2. METODO DE SUPLEMENTACAO LUMINOSA ARTIFICIAL
(500), para o cultivo de uma cultura (202a) em um campo agricola (200),
caracterizado por compreender as etapas de:

a) ajustar (501), nos intervalos do espectro eletromagnético, o
balangco entre as bandas espectrais emitidas por uma pluralidade de diodos
emissores de luz (LED) do tipo espectro total de uma pluralidade de fontes de
iluminacao artificial (10a, 10b, 10c, 10d, 10e); e

b) determinar e inicializar:

- uma rotina de irrigacdo (502) de um dispositivo modular de
irrigacao agricola (101); e

- uma rotina de suplementacdo luminosa artificial (503) da
pluralidade de fontes de iluminacao artificial (10a, 10b, 10c, 10d, 10e),

em que as rotinas de irrigagcdo (502) e de suplementagao
luminosa artificial (503) sdo independentes entre si, sendo que as etapas a) e
b) sdo determinadas considerando pelo menos um dentre:

- 0 tipo de cultura (202a) sob cultivo;

- 0 estagio fenolégico da cultura (202a) sob cultivo;

- o fotoperiodo e as condicdes meteoroldgicas sob as quais o

Almendra - EX1002, Page 015
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REIVINDICACOES

1. SISTEMA DE SUPLEMENTACAO LUMINOSA ARTIFICIAL

(100) caracterizado por compreender:

- um dispositivo modular de irrigagao agricola (101) posicionado
sobre um campo agricola (200) no cultivo de uma cultura (202a) e
compreendendo:

- um dispositivo de acionamento para o deslocamenio do
dispositivo modular de irrigagéo agricola (101) sobre o campo agricola (200);

- um dispositivo de aspersdo compreendendo uma pluralidade de
aspersores;

- uma pluralidade de fontes de iluminagéo artificial (10a, 10b, 10c,
10d, 10e) dispostas ao longo do dispositivo modular de irrigagédo agricola (101)
em pontos equidistantes e a uma distancia predeterminada acima das partes
aéreas da cultura (202a), compreendendo uma pluralidade de diodos
emissores de luz (LED) do tipo espectro total; e

- uma pluralidade de células fotovoltaicas que alimentam a
pluralidade de fontes de iluminacao artificial (10a, 10b, 10c, 10d, 10e),

0 sistema de suplementacdo Iluminosa artificial (100)
compreendendo ainda:

um processador em comunicacdo com o dispositivo de aspersao,
o dispositivo de acionamento, um dimerizador ou polarizador da pluralidade de
fontes de iluminacao artificial (10a, 10b, 10c, 10d, 10e) e com a pluralidade de
células fotovoltaicas, em que o processador € configurado para:

a) ajustar (501), nos intervalos do espectro eletromagnético, o
balango entre as bandas espectrais emitidas pela pluralidade de diodos
emissores de luz (LED); e

b) determinar e inicializar:

- uma rotina de irrigacao (502); e

Almendra - EX1002, Page 016
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apresentar modificagbes em sua forma de implementacdo, de modo que o
escopo de protecdo da invencdo se limita tdo somente pelo teor das

reivindicagdes anexas, incluindo ai as possiveis variagbes equivalentes.
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[081] Os custos de producdo das culturas 202a gerados pelo
sistema de suplementacdo luminosa artificial 100, de acordo com a presente
invencao, dependem de varios fatores. Esses fatores incluem a eficiéncia da
estrutura disponivel, por exemplo: maquinario e administracdo da fazenda; e a
tecnologia implementada, por exemplo: materiais genéticos, fertilizantes e o uso de
sistemas agricolas precisos. Outros fatores incluem caracteristicas do sistema de
irrigacao, por exemplo: a altura do pivd de irrigagdo 101 que afeta a dissipagao da
luz, a suplementacdo luminosa artificial em &reas de irrigacdo estatica, a
estruturagdo do solo, por exemplo: sem limitagdo fisica ou quimica, e com
microbiota saudavel, o fornecimento de energia, por exemplo: fiacdo, constancia e
estabilidade, além de internet of things (IOT) e manejo de culturas 202a. Assim, o
custo e a rentabilidade no presente exemplo refletem um cenario especifico da
producdo de soja que pode variar caso a caso. Apesar desta observagdo, a
suplementacio luminosa artificial, de acordo com a presente invencao, apresenta
uma oportunidade para melhorar a producgéo das culturas 202a.

[082] Em conclusao, no contexto do exemplo no qual a presente
invengdo foi implementada, foram necessarias aproximadamente 40 horas de
suplementacio luminosa artificial por planta de soja durante o ciclo da cultura 202a
para positivamente afetar o numero de entrends, vagens, altura da planta e o ciclo
da cultura 202a.

[083] A suplementacdo luminosa artificial, de acordo com a presente
invencao, aumentou a produtividade de graos de soja em 57,3% e sua rentabilidade
em 180% em relagcdo aos processos de cultivo sem suplementacdo luminosa
artificial, e provou-se uma técnica viavel e promissora para melhorar de forma
sustentavel a producdo de culturas na mesma area agricola em que sao cultivadas
atualmente.

[084] Apesar da descricao das realizagbes particulares acima

fazer referéncia a determinadas realizagbes, a presente invencao pode
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processos fisiologicos, época de semeadura, lamina de irrigagdo, doses de
fertilizantes, manejo de pragas de insetos e doencas de plantas e seus
impactos nas relagdes do solo com o meio ambiente. Além disso, a inclusdo de
informacdes climaticas pode esclarecer a relacéo entre a producao agricola e
as oscilagbes climaticas e que, por sua vez, podem ser usadas para aumentar
a resiliéncia do sistema alimentar global e a seguranca alimentar contra
choques climaticos inesperados.

[079] Atualmente, ha um rapido aumento continuo na
digitalizacao e integracdo de tecnologias na agricultura que esta alinhada com
a sustentabilidade dos ecossistemas a serem aprimorados. Essas mudancas
provavelmente impulsionarédo as culturas modernas para um nivel mais alto de
produtividade. Neste sentido, Antes de projetar fatores de cultivo, como o
material genético a ser semeado, vérios fatores devem ser avaliados. Esses
fatores incluem o manejo fitossanitario e o nivel de tecnologias implementadas
em outros fatores primarios como a disponibilidade de nutrientes,
abastecimento de agua e luz (geralmente de uma fonte natural). Embora o uso
da suplementacao luminosa artificial em escala de campo 200 seja um desafio
para controlar, a presente invengao torna possivel o controle da suplementacao
luminosa artificial para producdo de culturas 202a em grandes areas
comerciais 200.

[080] A presente invengdo também tem um grande potencial para
diminuir o desmatamento de novas &reas nativas para fins de producao
agricola. Embora a produtividade da cultura 202a possa ser aumentada com
uma implementacao adequada de suplementacido luminosa artificial ao longo
do ciclo da cultura 202a, o estado da técnica nao revela as interagdes entre os
diferentes fatores, por exemplo, solo, planta, clima, manejo, desempenho da

cultura 202a, construcao do rendimento e a relagdo custo-beneficio.
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[075] Neste exemplo, o rendimento extra de 57,3% gerado pela
suplementagao luminosa artificial ndo pode ser atribuido apenas as horas de
suplementagao luminosa artificial fornecida a cada cultura de soja 202a (cerca
de 40 horas). Tal como mencionado anteriormente, além da extensao do ciclo
da soja por meio da suplementacéo luminosa artificial, outros fatores devem ser
levados em conta, tais como a fotomorfogénese, a alteracdo do fotoperiodo e
do ciclo circadiano da cultura 202a, a sobre regulagédo ou sub regulagao de fito-
hormdnios e fitocromos, bem como a alteragdo no metabolismo secundario da
cultura 202a, os quais sao fatores responsivos ao tratamento de
suplementagao luminosa artificial.

[076] Os insumos agricolas, como fertilizantes, inoculantes de
plantas e produtos fitossanitarios, aplicados durante o ciclo da cultura 202a;
202b, destinam-se exclusivamente a maximizar a producdo agricola € os
retornos econdmicos. Embora tais insumos tenham efeitos adversos na
dindmica do solo, esses efeitos sdo frequentemente negligenciados. No
entanto, a suplementacao luminosa artificial para cultivos de campo 200 de
acordo com a presente invengado, tem o potencial de reduzir a necessidade
desses insumos, principalmente fertilizantes.

[077] A eficiéncia da fertilizacdo neste exemplo provavelmente
resultou do aumento significativo da biomassa dos brotos seguido da
suplementagao luminosa artificial. O aumento da biomassa dos brotos, por sua
vez, causa um aumento proporcional na biomassa das raizes. Este
desenvolvimento radicular melhorado aumenta a eficiéncia da absorgdo de
nutrientes da raiz, aumentando assim a eficiéncia do fertilizante.

[078] A presente invencdo é utilizada como um modelo de
resposta para entender e aplicar de modo reprodutivel as consequéncias e
interagcdes de aspectos nutricionais, microbiolégicos, ambientais e econdmicos

em torno da produgdo agricola ao integrar informacdes valiosas sobre
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altura da planta de soja; Vagens por planta: numero de vagens por planta de
soja. **: diferencas significativas a 0,01.

[071] A cultivar de soja avaliada tem um ciclo de
aproximadamente 17 semanas. No dia 115 apds a semeadura, as plantas de
soja da area sem suplementacdo luminosa artificial 202b (2.000 m?) foram
colhidas; no entanto, a colheita das plantas de soja na area com
suplementagdo luminosa artificial 202a foi feita trés semanas depois,
representando um ciclo de crescimento 17,6% mais longo.

[072] A produtividade estimada da area sem suplementacao
luminosa artificial foi de cerca de 4.500 kg ha™ (75 sacas ha™; 1 saca = 60 kg),
enquanto o tratamento com suplementagdo luminosa artificial foi de cerca de
7.080 kg ha (118 sacas ha). A produtividade de grdos sob suplementacao
luminosa artificial foi 57,3% superior, e 109,5% acima da média da
produtividade brasileira de soja (3.379 kg ha™).

[073] O custo médio para produzir a soja desde o manejo do solo
até a colheita é de cerca de 55 sacas de soja por hectare. O custo médio
exigido pela suplementagdo luminosa artificial foi de cerca de 7 sacas ha.
Assim, a rentabilidade da soja tradicionalmente produzida (sem suplementacao
luminosa artificial) e a soja produzida com suplementacido luminosa artificial foi
de cerca de 20 e 56 sacas ha’, respectivamente.

[074] A extensdao do ciclo da cultura da soja 202a em trés
semanas devido a suplementacdo luminosa artificial também aumentou o
periodo de atividade fotossintética da planta 202a. Este ciclo prolongado
aumentou o acumulo de biomassa via fotossintese diaria natural; processo
ausente no ciclo regular da cultivar de soja (17 semanas) onde nao ha
suplementagao luminosa artificial 202b. Essa conjuncao de fatores resultou em
plantas de soja mais altas, com mais entrenés, mais vagens e,

consequentemente, mais de 57% a mais de produtividade de graos.
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para normalidade da distribuicdo de residuos (p > 0,01). L: Estatistica de
Levene para homogeneidade das variancias dos dados (p > 0,01). *:
normalidade dos residuos (KS) ou homogeneidade das varidncias (L)
cumpridas.

[068] Todos os dados de area sob a curva de progresso das
variaveis da soja (nimero de entrends, altura da planta e vagens por planta)
atenderam aos pressupostos da ANOVA (normalidade da distribuicdo dos residuos
e homogeneidade das variancias). Além disso, os coeficientes de variagdo, CV (%),
foram muito baixos (< 2%). Assim, foi adequado proceder com a ANOVA, que
indicou diferengas significativas (p < 0,01) entre os tratamentos (com
suplementacao luminosa artificial e sem suplementagao luminosa artificial).

[069] A area sob a curva de progresso dos entrends por planta de
soja, a altura da planta e o niUmero de vagens por planta do tratamento com
suplementacao luminosa foram 15,6, 23,3 e 25,3% superiores ao tratamento sem
suplementacao luminosa artificial.

[070] O célculo e a interpretacdo da correlacao de Pearson
requerem que os dados sejam normalmente distribuidos e sem valores atipicos;
esses requisitos foram atendidos, conforme apresentados na Tabela 1. Todas as
correlagcdes observadas na Tabela 3 foram fortes (r > 0,9) e obtiveram significancia

estatistica (p < 0,01).

TABELA 3
Entrends Altura da planta Vagens por planta
Entrends 1 {LOEIR% 0970
Altura da planta 1 0.G90E*
Vagens por planta i

Tabela 3. Correlacao de Pearson (r) entre a area sob a curva de progresso das

variaveis estudadas. Entrends: numero de entrends de soja; Altura da planta:
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suplementagdo luminosa artificial ndo incluiram valores atipicos com base nos
boxplots de todas as varidveis e tratamentos. Essa observacdo indica que as
respostas foram agrupadas em torno de uma média com baixo erro padrdo. As
variaveis da soja e seus respectivos erros padrao durante as nove semanas sao
apresentados nas Figuras 5, 6 e 7, onde as linhas sobre as barras indicam o erro
padrao.

[066] O numero de entrends por planta de soja, a altura da planta e
0 numero de vagens por planta do tratamento com suplementacdo luminosa
artificial 202a foram maiores quando comparados a amostra sem suplementacéo
luminosa artificial 202b. Essas respostas superiores das plantas alvo do tratamento
com suplementacdo luminosa artificial 202a também podem ser observadas na
Figura 8, onde a esquerda sao representadas plantas de soja alvo do tratamento
com suplementacdo luminosa artificial 202a aos 80 dias apd6s a semeadura, no
estégio fenoldgico R5.3, ao passo que a direita sao representadas plantas de soja
sem tratamento com suplementagao luminosa artificial 202b, no estagio fenolégico
R6 — R7. Cada trecho azul na fita métrica representa 0,1 m.

[067] A andlise de variancia da area sob a curva de progresso e 0s

pressupostos (normalidade e homogeneidade) sao apresentados na Tabela 2.

TABELA 2
SV DF Entrends Altura Vagens por planta
3 gk SonEE N La0E
Erro de suplementacgdo i i L35G 2649
luminosa 18
OV e\“a\ 167 .17 898
KS 20 8935 0985 (.964°
L i+18 P 1397 1067 0’!363;"

Tabela 2. Andlise de variancia (teste F) e estatistica das premissas da area sob
a curva de progresso das variaveis de nimero de entrends de soja, altura de
planta e nimero de vagens por planta de soja. **: diferengas significativas a

0,01. CV (%): coeficiente de variacao. KS: Estatistica de Kolmogorov-Smirnov
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de progresso das variaveis avaliadas foram computadas para determinar se
havia uma relagéo linear entre elas.

[062] As areas utilizadas para cada tratamento (2.000 m?), foram
colhidas aos 115 e 136 dias apds a semeadura para a amostra nao
suplementada por iluminacao ariificial e para a amostra suplementada por
iluminagao artificial, respectivamente. A produtividade de graos em cada area
foi expressa em kg ha™.

ANALISE ESTATISTICA

[063] Valores extremos (atipicos) na area sob a curva de progresso
de cada variavel foram identificados usando graficos boxplot dos residuos. Quando
valores atipicos foram identificados, estes foram substituidos usando um valor
médio do conjunto de dados que n&o inclui o valor atipico. Os boxplots foram
gerados no software SPSS Statistics®, que também foi utilizado para calcular os
coeficientes de correlagdo de Pearson e as premissas basicas para a andlise de
varidncia (normalidade da distribuicdo de residuos por Shapiro-Wilk e
homogeneidade de variancias por Levene, ambos em p > 0,01).

[064] A analise de varidncia (ANOVA, teste F) foi realizada apods
confirmacdo de seus pressupostos e considerando um design experimental
inteiramente randomizado. Quando foram observadas diferencas significativas (p <
0,05) na ANOVA, a area sob a curva de progresso do nimero de entrends, altura
das plantas 202a e vagens por planta 202a foram comparados usando o teste de
médias de Tukey (p < 0,05) para distinguir os tratamentos com suplementagao
luminosa artificial e sem suplementagao luminosa artificial. As analises de ANOVA e
teste de Tukey foram realizadas por meio do programa estatistico SISVAR®. O
software Sigma Plot® v.12 foi utilizado para gerar os graficos.

RESULTADOS

[065] Os dados das avaliagbes semanais de todas as variaveis

(numero de entrends de soja, altura das plantas e nimero de vagens por planta de

soja) para ambos os tratamentos com suplementagao luminosa artificial e sem
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suplementagdo luminosa artificial pode ser consequéncia de uma série de
reagbes metabdlicas e morfoldégicas da cultura 202a, tais como a
fotomorfogénese (modificacdo morfoldgica da cultura 202a estimulada pela luz,
que poderia favorecer a fotossintese durante o dia), a alteragao do fotoperiodo
e do ciclo circadiano da cultura 202a (modificagéo da rotina da cultura 202a em
relagdo ao periodo de presenca natural de luz), a regulagdo do metabolismo
secundario da cultura 202a (regulagdo das defesas naturais da cultura 202a a
estresses) e das atividades de fitocromos (substancias foto responsivas e
moduladoras de respostas na cultura 202a).

[058] Supreendentemente, como sera visto adiante, concluiu-se
que através dessas reacgOes ou estimulos (e de outras possiveis causas ou
uma acgéo conjunta dessas respostas) causadas pela suplementagao luminosa
artificial, bem como o correto manejo do solo e dos recursos hidricos, a cultura
202a acaba por produzir mais biomassa através de uma fotossintese mais
eficiente durante o dia.

[059] A medicdo média de cada variavel avaliada foi estimada a
partir de uma avaliagcdo representativa das plantas 202a em 10 pontos
amostrais em cada drea (2.000 m?) sendo cada ponto amostral avaliado
considerado uma replicacéo.

[060] A influéncia da suplementacdo luminosa artificial ou néo
suplementagdo luminosa artificial em cada variavel foi avaliada usando a area
sob a curva de progresso de cada variavel. A area sob a curva de progresso foi

calculada pela integracao trapezoidal:

area sob a curva de progresso = X(dti X ((Yi + Yi+d)/ 2)) (I)

[061] Onde dti é o intervalo de tempo entre cada duas
observacdes de Yi e Yi + d. A area sob a curva de progresso das variaveis foi

calculada com base em nove avaliagdes. Correlagdes entre a area sob a curva
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iluminacao artificial’. A esquematizagao do pivd de irrigacao 101 de acordo com
0 experimento pode ser visto a partir da figura 4, na qual as culturas 202a sob o
vao verde do pivd de irrigacdo 101 receberam suplementacdo luminosa
artificial, ao passo que os retdngulos indicam a posicdo de ambos os
tratamentos, com e sem suplementacdo luminosa artificial, e os pontos em
cada retangulo indicam os pontos de amostragem.

AVALIACOES DA SOJA

[055] As avaliacdes do entrend, altura das plantas 202a do nivel
do solo até o né mais alto do foliolo e vagens por planta 202a foram feitas
semanalmente a partir dos estagios fenoldgicos da soja R3, no inicio da
vagem, ao R7, no inicio da maturidade da soja. Durante essas nove semanas,
as avaliagoes foram feitas uma vez por semana; nenhuma avaliacdo adicional
foi possivel apés R7 porque as plantas no tratamento sem suplementacio
luminosa artificial atingiram a maturidade fisiolégica mais cedo do que as
plantas no tratamento de suplementacao luminosa artificial.

[056] Neste sentido, é importante salientar que o atraso da
maturidade fisiolégica induzido pelo tratamento de suplementagdo luminosa
artificial, ou em outras palavras, a extensdo do ciclo da cultura 202a, ocorre
com periodos variaveis a depender de determinados fatores, tais como a
cultura 202a sob cultivo, a regidao de cultivo e o estagio de inicio e suspensao
da suplementacdo luminosa artificial e o préprio manejo da cultura pelo
produtor.

[057] A cultura de soja 202a, por exemplo, estendeu seu ciclo
entre 5 e 20 dias, a depender da cultivar, do manejo da luz e do local de cultivo.
Essa extensao, contudo, ndo foi proeminente em culturas gramineas testadas,
tais como milho, sorgo e trigo, sendo de apenas poucos dias em relacdo as
areas onde a suplementacdo luminosa artificial ndo foi aplicada. Sem querer se

ater a nenhuma teoria especifica, esta extensdo de ciclo como efeito da
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completo e em dias muito nublados. Aproximadamente 480 horas de
suplementagdo luminosa artificial foram aplicadas em toda a area durante o
ciclo da cultura da soja 202a. Como o pivd de irrigagdo 101 completa uma volta
completa sobre a area de cultivo 200 em 12,8 horas em rotina circular, cada
planta 202a recebeu cerca de 40 horas de suplementacdo luminosa artificial
durante seu ciclo.

[053] A suplementagdo luminosa artificial iniciou-se no estagio
fenolégico da soja V3 - V4 da terceira a quarta folha trifoliada totalmente
expandida e terminou no estagio fenolégico R5 - R6 no inicio do grao cheio. A
escolha do estagio fenoldégico vegetativo V3 — V4 para o inicio da
suplementagdo luminosa artificial permite com que a culiura 202a feche a
entrelinha no campo agricola 200 e comece a cobrir a area de cultivo.
Surpreendentemente descobriu-se que caso a suplementagdo luminosa
artificial seja aplicada antes deste estagio, aumenta-se as chances de
proliferacdo de plantas infestantes, tais como ervas daninhas, que podem
competir significativamente com a cultura 202a por recursos como agua,
nutrientes e luz, prejudicando o desempenho da producdo e aumentando os
gastos com herbicidas. Por sua vez, a escolha do término da suplementacgéao
luminosa artificial no estagio fenolégico reprodutivo R5 - R6 deve-se ao fato de
que neste estagio, a cultura de soja 202a atinge seu desenvolvimento final.
Entretanto, salienta-se que a suplementagdo Iluminosa artificial poderia
continuar apés o estagio R5 - R6, adicionalmente favorecendo a cultura 202a,
contudo, os beneficios ndo seriam superiores aos custos relativos a
suplementagéo luminosa artificial para além desse estagio. Finalmente, os seis
vaos externos do pivd de irrigacdo 101, correspondente a uma area de 69,5 ha,
nao receberam suplementacio luminosa artificial.

[054] Entre a primeira e a segunda torre de deslocamento 103a;
103b, delimitou-se uma area homogénea de 50 por 40 m, correspondente a

uma area de 2.000 m? para ser avaliada como o tratamento “suplementado por
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[049] Na area experimental, insetos, pragas, doencgas de plantas
e plantas daninhas foram controladas com produtos registrados para soja
conforme indicagcdes do fabricante. Todas as areas foram monitoradas antes e
apos a primeira aplicacdo e os produtos reaplicados conforme necessario. Os
manejos das culturas 202a e irrigacdo hidrica também foram semelhantes entre
os tratamentos de suplementacdo luminosa artificial e sem suplementagcao
luminosa artificial.

TRATAMENTOS E INVESTIGACAO EXPERIMENTAL

[050] O pivd de irrigacdo 101 onde a presente invengao foi
implementada possui dez vaos e um raio de cerca de 571 m. Nos quatro vaos
internos do pivd de irrigagdo 101, que corresponde a uma area de 33,5 ha, foi
instalada a pluralidade de fontes de iluminacgao artificial 10a, 10b, 10c, 10d, 10e
compreendendo a pluralidade de placas de diodos emissores de luz (LED) do
tipo espectro total (full-spectrum). As principais bandas espectrais RGB foram
cerca de 59% vermelho, 33% verde e 8% azul. Uma faixa de luz continua de
aproximadamente 40 m de largura por 230 m de comprimento foi projetada
abaixo da extensdo dos quatro vaos internos do pivd de irrigagdo 101.

[051] Cada placa de diodos emissores de luz, (LED) tem uma
poténcia que varia entre 50 e 200 W. Cerca de 600 W h' ha' foram
consumidos durante o processo de suplementacdo luminosa artificial. As
placas de diodos emissores de luz (LED) foram posicionadas cerca de 3 metros
acima das partes aéreas das plantas 202a e distribuidas para garantir uma
poténcia de luz igualmente distribuida, independentemente das diferentes
velocidades de movimento dos varios vaos do pivd de irrigagdo 101. O fluxo
luminoso por unidade de area ao nivel das partes aéreas da soja 202a foi de
cerca de 30 Ix.

[052] O sistema de suplementacdo luminosa artificial 100, de

acordo com a presente invencgao, foi ligado todas as noites apds o pdr do sol
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TABELA 1

pHHO0 Ca Mg Al H+Al  cT1C i P 58 M.O.S
1-2.5 L 15 1 | T 1 R memm 8% wmme-imig J Feeeeee p kel
fmmmms : -(3-0.2 w1 Profundidade dosolo  -—-

6.8 &03 2.57 Q 126 1044 88 188 56 29

—-{32-0.4 1 Pprofundidade do solo

6.8 370 278 & 1.08 377 &8 i38 82 2.3
B Co Cu Fe M Mo Si Zn
— : --mg ™ S ——

0-0.2 11 profundidade dosolo -
0.19 .7 9.0 i4.8 1.8 2§ 124 2.8
- Tt et : Q:’-{}—i 313 Profundidade do solo  -====sw=emsmmmann -
a.14 1.3 7.3 T 35 2.3 1.4 it.d

Tabela 1. Caracterizagdo quimica do solo em 0 a 0,2 e 0,2 a 0,4 m de camada
de solo, em que CTC = capacidade de troca de cations em pH = 7; V = saturagao
de bases; e M.O.S = matéria organica do solo.

[047] Apesar de possuir uma grande proporgao de argila no solo
e uma alta fertilidade, 3.000 kg ha™ de remineralizante de solo (p6 de rocha)
(FMX® Tratto. Aparecida de Goiania, Brasil) foi aplicado em toda a area
experimental 200, 30 dias antes da semeadura da soja 202a; 400 kg ha' de
organomineral 06-30-05 (% de N, P20s, KoO) (Valoriza Agro Ltda. Patos de
Minas, Brasil) e 150 kg de KCI foi aplicado na época da semeadura, e 2 L ha
de Mn foi pulverizado nas partes aéreas das plantas 202a, 40 dias apds a
emergéncia da cultura 202a.

[048] A cultivar de soja 202a avaliada neste experimento foi a
Desafio 8473 RSF (Brasmax® GDM. Cambé, Brasil) de crescimento
indeterminado, grupo de maturidade 7.4. Foram semeadas quatorze sementes
por metro quadrado (280.000 plantas por hectare); as plantas 202a foram
colhidas aproximadamente 4 meses depois. A temperatura média diaria do ar

durante o periodo experimental variou de 24 a 34 °C.
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[043] De acordo com o exemplo, cerca de 40 horas de
suplementacdo luminosa artificial foram aplicadas nas plantas de soja 202a
durante o ciclo da cultura da soja 202a. A area sob os vaos externos do
pivd de irrigagdo 101 nado receberam suplementacao luminosa artificial. O
niamero de entrends, a altura das plantas de soja 202a, bem como a
quantidade de vagens por planta de soja 202a foram avaliadas
semanalmente para calcular a area sob a curva de progresso. A
produtividade de graos na colheita também foi avaliada. Como sera
aparente mais adiante, a area sob a curva de progresso do numero de
entrends, altura das plantas de soja 202a e vagens por planta de soja 202a
foram afetadas positivamente pelo sistema e método de suplementagao
luminosa artificial 100; 500, de acordo com a presente invencéo.

[044] O ciclo regular da soja 202a, sem suplementacgéo
luminosa artificial, € de cerca de 15 a 17 semanas; no entanto, a colheita
da soja ocorreu trés semanas depois. Como sera entendido adiante, a
suplementacao luminosa artificial aumentou o rendimento de graos de soja
em 57,3% e a lucratividade em 180% quando comparado a colheita sem
suplementacao luminosa artificial.

METODOLOGIA: AREA EXPERIMENTAL E CULTIVO DE SOJA

[045] O experimento foi implantado em uma fazenda comercial
em Monte Carmelo, Minas Gerais, Brasil. Localizada a uma latitude e longitude
de 182 57" Sul, 47° 25" Oeste, a 980 m acima do nivel do mar, a fazenda utiliza
pivé de irrigacao 101. O bioma mais comum e representativo da regido é o
Cerrado. O clima da regidao é Cw; subtropical imido com inverno seco.

[046] A analise fisica do solo, de 0 a 0,4 m de profundidade,
indicou 450, 100 e 450 g kg' de areia, silte e argila, respectivamente. As
caracteristicas quimicas do solo até a profundidade de 0,4 m sdo apresentadas

na Tabela 1.

Almendra - EX1002, Page 030

Peticdo 870220032428, de 14/04/2022, pag. 22/49 PGR2025-00055



15/29

[041] Por sua vez, a figura 3 ilustra 0 método de suplementacgao
luminosa artificial 500 para o cultivo de uma cultura 202a em um campo
agricola 200, compreender as etapas de: ajustar 501, nos intervalos do
espectro eletromagnético, o balango entre as bandas espectrais emitidas por
uma pluralidade de diodos emissores de luz (LED) do tipo espectro total (full-
spectrum) de uma pluralidade de fontes de iluminac&o artificial 10a, 10b, 10c,
10d, 10e; e determinar e inicializar: uma rotina de irrigacdo 502 de um
dispositivo modular de irrigacao agricola 101; e uma rotina de suplementacéo
luminosa artificial 503 da pluralidade de fontes de iluminagéo artificial 10a, 10b,
10c, 10d, 10e, em que as rotinas de irrigacdo 502 e de suplementacao
luminosa artificial 503 s&do independentes entre si, sendo que o ajuste 501 e as
rotinas de irrigagdo e suplementagdo luminosa artificial 502; 503 sao
determinadas considerando pelo menos um dentre: o tipo de cultura 202a sob
cultivo; o estagio fenoldgico da cultura 202a sob cultivo; o fotoperiodo e as
condicdes meteoroldgicas sob as quais o campo agricola 200 esta submetido;
e um ou mais objetivos de desenvolvimento da cultura 202a sob cultivo a
serem alcangados.

EXEMPLO 1

[042] Referéncia é feita a um exemplo no qual a presente
invencgao foi implementada a fim de constatar sua eficacia. O referido exemplo
avaliou as respostas relativas a produtividade das plantas de soja 202a em
uma area comercial aberta 200 (escala de campo) cultivada sob condigdes de
suplementacio luminosa artificial, de acordo com a presente invencao. O pivd
de irrigagdo 101 que irriga a area comercial 200, recebeu uma pluralidade de
fontes de iluminacao artificial 10a, 10b, 10c, 10d, 10e, de acordo com a
presente invengdo, em um vao interno do pivd 101 para a suplementacao

luminosa artificial das plantas de soja 202a.
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[038] Especificamente culturas consideradas de dias curtos tais
como a soja (Glycine max), sao largamente influenciadas por fatores abidticos
como o fotoperiodo e a temperatura. Seu florescimento e ciclo reprodutivo
regular ocorrem sob um fotoperiodismo curto, ou seja, em dias cujo tempo de
auséncia de luz (noite) é maior do que o tempo de presencga de luz (dia). Ao
passo que o contrario, isto €, dias mais longos que noites, podem atrasar ou
inibir o florescimento e o inicio do ciclo reprodutivo. Dessa forma, nota-se que a
extensao do ciclo da cultura 202a, o niumero de nds, vagens e sementes por
vagem e a distribuicdo de vagens nas partes aéreas da soja sao positivamente
afetados por fotoperiodos estendidos por meio de suplementacdo luminosa
artificial, uma vez que se aumenta o periodo de atividade fotossintética da
cultura 202a e o acumulo de biomassa devido ao ciclo estendido.

[039] E importante mencionar também, que para realizacdo da
fotossintese com saldo positivo geralmente o fluxo luminoso fica entre 200 e
600 umol m? s'. Contudo, a suplementacao luminosa artificial atua em outros
aspectos fisioldégicos que afetam direta e indiretamente a fotossintese na
planta, e ndo necessariamente a suplementagido luminosa artificial € aplicada
para ser a fonte luminosa para causar a fotossintese.

[040] Em geral, fontes de iluminacao artificial (10a, 10b, 10c, 10d,
10e) com fluxo luminoso inferior a 200 umol m=2 s nio sio capazes de causar
quantidades consideraveis de fotossintese positiva. Contudo, mesmo fluxos
luminosos menores podem causar estimulos nas culturas 202a que podem
direta ou indiretamente afetar positivamente a fotossintese a ser realizada no
dia seguinte. Portanto, tanto uma luminosidade baixa, capaz apenas de causar
reacdes, mas incapaz de causar quantidades consideraveis de fotossintese
positiva, quanto uma luminosidade maior, terao aplicagdes distintas e Uteis de

acordo com a presente invengéo.
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202a sob cultivo, do atual estagio fenoldgico da cultura 202a, bem como do
local de desenvolvimento e do manejo aplicado a cultura 202a.

[036] Em outras palavras, o fluxo luminoso, bem como o balango
entre as bandas espectrais emitidas pela pluralidade de diodos emissores de
luz (LED) sao variaveis por meio do dimerizador ou polarizador e controlaveis
pela interagdo entre as células fotovoltaicas e o processador, bem como de
acordo com dada rotina de suplementacao luminosa artificial, que por sua vez
leva em consideracao os fatores mencionados anteriormente. Por exemplo,
para as culturas 202a de modo geral, os estagios fenoldgicos basicos séo o
vegetativo (V) (onde ocorre o pré florescimento) e o reprodutivo (R) (que se
inicia com a primeira flor ou estrutura reprodutiva), em que cada estagio
fenoldgico além dos estagios basicos recebe um balanco de bandas espectrais
especificos para cada estagio e para cada cultura 202a. Além disso, em
aplicagdes noturnas, o fluxo luminoso pode ser ajustado para ser menor, por
exemplo, do que o fluxo luminoso em aplicagdes diurnas, intendendo apenas
causar estimulos na cultura 202a, que serdo comentados adiante.
Especialmente em aplicagdes diurnas, o fluxo luminoso pode ser ajustado para
ser maior em periodos nublados, intendendo mitigar os efeitos da reducao
fotossintética.

[037] Isto é especialmente vantajoso, visto que a nebulosidade
pode reduzir a capacidade fotossintética de culturas 202a em mais de 50% em
situacdes criticas muito nebulosas, fazendo com que a cultura 202a produza
menos acucares, 0 que resulta em menores quantidades de exsudatos
radiculares liberados ao solo e aos microrganismos simbiontes, que por sua
vez tém a funcdo de obter nutrientes a cultura 202a, tornando-as mais
resistentes a patdgenos e pragas agricolas. Desta forma, fica evidente que a
compensacao pela baixa incidéncia de luz solar € fator decisivo para o combate

a patégenos e pragas agricolas.
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artificial 10a, 10b, 10c, 10d, 10e, bem como um processador em comunicagao
com o dispositivo de asperséao, o dispositivo de acionamento e um dimerizador
ou polarizador da pluralidade de fontes de iluminagao artificial (10a, 10b, 10c,
10d, 10e), em que o processador é configurado para ajustar, em intervalos do
espectro eletromagnético, o balanco entre as bandas espectrais emitidas pela
pluralidade de diodos emissores de luz (LED) do tipo espectro total (full-
spectrum); e determinar e inicializar uma rotina de irrigagao; e uma rotina de
suplementagdo luminosa artificial, em que as rotinas de irrigacdao e de
suplementagado luminosa ariificial s@o independentes entre si. Em outras
palavras, o0 processador pode comandar a atuacdo do dispositivo de
acionamento, do dispositivo de aspersao e do dimerizador ou polarizador de
forma individual, de acordo com a rotina estabelecida, as quais sé&o
determinadas pelo processador considerando pelo menos um dentre: o tipo de
cultura 202a sob cultivo; o estagio fenoldgico da cultura 202a sob cultivo; o
fotoperiodo e as condigbes meteorolégicas sob as quais o campo agricola 200
esta submetido; e um ou mais objetivos de desenvolvimento da cultura 202a
sob cultivo a serem alcancgados.

[034] Em uma realizacdo, o processador pode adicionalmente
estar em comunicacdo com a pluralidade de células fotovoltaicas, a fim de
determinar um limiar de incidéncia de luz solar nas referidas placas
fotovoltaicas, para o qual abaixo deste, e a depender de uma determinada
rotina de suplementagdo luminosa artificial, o processador comanda a atuacao
da pluralidade de diodos emissores de luz (LED) do tipo espectro total (full-
spectrum), compensando por adversidades meteorolégicas sob as quais o
campo agricola 200 esta submetido, tais como dias nublados com baixa
incidéncia de luz solar.

[035] Destaca-se ainda, que o limiar de incidéncia de luz pode

adicionalmente ser dependente de demais fatores, tais como o tipo de cultura
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[030] O dispositivo modular 101 compreende também um
dispositivo de aspersdao dotado de uma linha hidraulica de pressao em
comunicagao hidrica com um reservatério que pode estar disposto, por
exemplo, no pivd central, a linha hidraulica se estendendo ao longo do primeiro
e do pelo menos um segundo brago de irrigacdo 102a; 102b, os quais séo
dotados de uma pluralidade de aspersores a fim de promover a irrigagcdo do
campo agricola 200.

[031] O sistema de suplementacdo luminosa artificial 100
incorpora uma pluralidade de fontes de iluminagao artificial 10a, 10b, 10c, 10d,
10e dispostas, por exemplo, ao longo dos bragos de irrigacédo 102a; 102b do
dispositivo modular de irrigagdo agricola 101 podendo estar localizadas em
pontos equidistantes e a uma distancia predeterminada acima das partes
aéreas da cultura 202a, a distancia em relacdo ao solo e as demais fontes de
iluminagao artificial 10a, 10b, 10c, 10d, 10e pode ainda ser ajustada conforme
necessario, a depender do tipo de dispositivo modular 101 que recebera as
referidas fontes, e do tipo de cultura 202a sob cultivo.

[032] Além disso, a pluralidade de fontes de iluminacao artificial
10a, 10b, 10c, 10d, 10e compreendem uma pluralidade de diodos emissores de
luz (LED) do tipo espectro total (full-spectrum) capazes de emitir radiacao
fotossinteticamente ativa, com comprimentos de ondas que variam de 280nm,
no limite do espectro UV-C com o UV-B, até 1200nm, no espectro
infravermelho préximo, os quais estdo diretamente associados a producio de
biomassa, a morfologia vegetal e ao desenvolvimento de culturas 202a de
maneira geral. Em uma realizacdo, o intervalo de comprimento de ondas
aplicado podem ser os mesmos no periodo diurno ou noturno, mas com
intensidades de fluxo luminoso variaveis.

[033] O sistema 100 compreende ainda, uma pluralidade de

células fotovoltaicas que alimentam a pluralidade de fontes de iluminagao
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existente em um campo agricola 200, tal como um pivd de irrigacao central,
seja ele rebocavel ou nao rebocavel ou mesmo um pivd de irrigagao linear. No
presente relatorio descritivo o pivd € descrito de uma maneira geral como
“dispositivo modular de irrigacao agricola 1017,

[028] Este dispositivo modular de irrigacdo agricola 101 é
posicionado sobre o campo agricola 200 sobre o qual ocorre o cultivo de uma
cultura 202a, sendo que o dispositivo modular 101 compreende um primeiro
maodulo, tendo um primeiro braco de irrigacdo 102a que possui um formato
substancialmente oblongo, tendo uma extremidade distal do primeiro braco de
irrigagdo 102a suportada por, € mecanicamente associada a, uma primeira
torre de deslocamento 103a dotada de um primeiro dispositivo de acionamento,
tal como um motor ou equivalente, e de primeiras rodas 104a; 105a, sendo que
uma extremidade proximal do primeiro brago de irrigagao 102a ¢é
mecanicamente associada de forma rotativa, ao pivd central, de maneira a
permitir o movimento circular do primeiro moédulo em relagdo ao pivd central,
quando a primeira torre de deslocamento 103a é acionada pelo primeiro
dispositivo de acionamento.

[029] O dispositivo modular 101 pode adicionalmente
compreender pelo menos um segundo médulo dotado de um segundo braco de
irrigacao 102b que possui um formato substancialmente oblongo, em que uma
extremidade distal do segundo braco de irrigacdo 102b € suportada por, €
mecanicamente associada a, uma segunda torre de deslocamento 103b dotada
de um segundo dispositivo de acionamento, tal como um motor ou equivalente,
e de segundas rodas 104b; 105b, sendo que uma extremidade proximal do
segundo brago de irrigacdao 102b é mecanicamente associada de forma
rotativa, a primeira torre de deslocamento 103a, de maneira a permitir o
movimento circular do primeiro médulo e do pelo menos um segundo mddulo

em relacdo ao pivo central.
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executadas de diferentes formas e variacbes e conforme a aplicacao desejada
pelo técnico no assunto.

[024] Em uma realizagao, a presente invencao revela um sistema
de suplementacao luminosa artificial 100 para o cultivo de uma cultura 202a em
um campo agricola 200.

[025] Em uma outra realizagdo, a presente invencao revela um
método de suplementacao luminosa artificial 500 para o cultivo de uma cultura
202a em um campo agricola 200.

[026] Cumpre notar que as expressdes “planta” ou “cultura”
devem ser entendidas como quaisquer cultivares, sejam de dias longos, tais
como aveia (Avena sativa) ou batata (Solanum tuberosum) ou dias curtos,
como soja (Glycine max) ou café (Coffea sp.), que se beneficiem da
suplementagdo luminosa artificial de acordo com a presente invencao.
Exemplos ndo exaustivos de tais cultivares sao soja (Glycine max), feijao
(Phaseolus vulgaris), milho (Zea mays), tomate (Solanum lycopersicum),
cenoura (Daucus carota) algodao (Gossypium L), cana-de-agucar (Saccharum
officinarum), tabaco (Nicotiana tabacum), alho (Allium sativum), cebola (Allium
cepa), ervilha (Pisum sativum), girassol (Helianthus annuus), batata-inglesa
(Solanum tuberosum), ldpulo (Humulus Ilupulus), morango (Fragaria x
ananassa), pitaya (Hylocereus undafus) entre outros, cabendo ajustes na
suplementacao luminosa artificial para cada cultura 202a e regido de cultivo,
bem como outros fatores tais como o estagio fenolégico da cultura 202a sob
cultivo, o fotoperiodo e as condigbes meteoroldgicas sob as quais 0 campo
agricola 200 estad submetido e um ou mais objetivos de desenvolvimento da
cultura 202a a serem alcancados.

[027] Conforme pode ser visto através das figuras 1 e 2, o
sistema de suplementagdo luminosa artificial 100 de acordo com uma

realizagdo da presente invengéo, pode ser adaptado a um pivd de irrigagéo ja
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- a Figura 3 ilustra as etapas da légica de funcionamento do
método de suplementac¢do luminosa artificial 500, conforme uma realizagao da
presente invencao;

- a Figura 4 ilustra uma vista superior de uma esquematizacao de
um pivd de irrigagdo no qual o sistema de suplementacao luminosa artificial
100 foi instalado, de acordo com um exemplo da presente invencao;

- a Figura 5 ilustra um primeiro grafico de uma andlise de uma
primeira variavel da cultura 202a ao longo do tempo, sob a atuagao do sistema
de suplementagdo luminosa artificial 100, de acordo com o exemplo da
presente invencao;

- a Figura 6 ilustra um segundo grafico de uma analise de uma
segunda variavel da cultura 202a ao longo do tempo, sob a atuacdo do sistema
de suplementacao luminosa artificial 100, de acordo com o exemplo presente
invengao;

- a Figura 7 ilustra um terceiro grafico de uma analise de uma
terceira variavel da cultura 202a ao longo do tempo, sob a atuacédo do sistema
de suplementacado luminosa artificial 100, de acordo com o exemplo da
presente invengao;

- a Figura 8 mostra uma comparagao entre uma primeira amostra
da cultura 202a sob a atuacido do sistema de suplementacao luminosa artificial
100, e uma segunda amostra da cultura 202b fora da atuacao do sistema de
suplementagdo luminosa artificial 100, de acordo com o exemplo da presente
invengao.

DESCRICAO DE REALIZACOES DA INVENCAO

[023] Inicialmente, cumpre destacar que o sistema e método da
presente invengdo serao descritos a seguir de acordo com realizagles

particulares, mas n&o limitativas, uma vez que suas realizagbes poderao ser
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de iluminacéo artificial; e

b) determinar e inicializar:

- uma rotina de irrigacdo de um dispositivo modular de irrigacao
agricola; e

- uma rotina de suplementagdo luminosa artificial da pluralidade
de fontes de iluminagao artificial,

em que as rotinas de irrigacdo e de suplementacdo luminosa
artificial sdo independentes entre si, sendo que as etapas a) e b) séo
determinadas considerando pelo menos um dentre:

- 0 tipo de cultura sob cultivo;

- 0 estagio fenolégico da cultura sob cultivo;

- o fotoperiodo e as condicbes meteorolégicas sob as quais o
campo agricola esta submetido; e

- um ou mais objetivos de desenvolvimento da cultura sob cultivo

a serem alcangados.

BREVE DESCRICAO DOS DESENHOS

[022] Os objetivos, efeitos técnicos e vantagens da presente
invengado serao aparentes aos técnicos no assunto a partir da descrigido
detalhada a seguir que faz referéncia as figuras anexas, que ilustram
realizagbes exemplificadoras, mas nao limitadoras, dos objetos
reivindicados:

- a Figura 1 ilustra um sistema de suplementacdo luminosa
artificial 100 operando junto a um dispositivo modular de irrigacdo agricola
101 sobre um campo agricola 200, de acordo com a presente invencao;

- a Figura 2 mostra uma ampliagdo de uma cultura 202a no
campo agricola 200 sob a atuacao do sistema de suplementagado luminosa

artificial 100, de acordo com a presente invencao;
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[020] O sistema de suplementagdo Iluminosa  artificial
compreende ainda:

- um processador em comunicacdo com o dispositivo de
aspersao, o dispositivo de acionamento, um dimerizador ou polarizador da
pluralidade de fontes de iluminacéo artificial, e com a pluralidade de células
fotovoltaicas, em que o processador é configurado para:

a) ajustar, nos intervalos do espectro eletromagnético, o balango
entre as bandas espectrais emitidas pela pluralidade de diodos emissores de
luz (LED) do tipo espectro total (full-spectrum); e

b) determinar e inicializar:

- uma rotina de irrigacao; e

- uma rotina de suplementacado luminosa artificial,

em que as rotinas de irrigagcdo e de suplementagao luminosa
artificial sao independentes entre si, sendo que as etapas a) e b) séo
determinadas pelo processador considerando pelo menos um dentre:

- 0 tipo de cultura sob cultivo;

- 0 estagio fenolégico da cultura sob cultivo;

- o fotoperiodo e as condicbes meteoroldgicas sob as quais o
campo agricola esta submetido; e

- um ou mais objetivos de desenvolvimento da cultura sob cultivo
a serem alcangados.

[021] Um ou mais objetivos da presente invengdo acima
mencionado(s), dentre outros, é(sdo) também alcancado(s) por meio de um
método de suplementacado luminosa artificial para o cultivo de uma cultura em
um campo agricola, compreendendo as etapas de:

a) ajustar, nos intervalos do espectro eletromagnético, o balango
entre as bandas espectrais emitidas por uma pluralidade de diodos emissores

de luz (LED) do tipo espectro total (full-spectrum) de uma pluralidade de fontes
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fenolégicos durante todas as etapas de desenvolvimento de uma cultura,
promovendo uma produgédo agricola em quantidade e qualidade.

[017] A presente invengdo também tem por objetivo proteger a
cultura sob cultivo ao repelir pragas agricolas por meio da modulagao da luz
impedindo a inoculagédo de doencas na cultura, o que reduz a necessidade da
aplicacdao de produtos fitossanitarios e por consequéncia mitiga os danos a
longo prazo que tal aplicagdo poderia causar ao solo.

[018] Por fim, a presente invengdo objetiva o aumento da
eficiéncia da irrigagdo e do uso de fertilizantes e agroquimicos (inseticidas,
fungicidas, bactericidas,...), em virtude dos efeitos causados pela
suplementagdo luminosa artificial, tal como o desenvolvimento do sistema
radicular da cultura.

[019] Um ou mais objetivos da presente invengdo acima
mencionado(s), dentre outros, é(sdo) alcancado(s) por meio de um sistema de
suplementagdo luminosa artificial, que compreende:

- um dispositivo modular de irrigacdo agricola posicionado sobre
um campo agricola no cultivo de uma cultura e compreendendo:

- um dispositivo de acionamento para o deslocamento do
dispositivo modular de irrigacédo agricola sobre o campo agricola;

- um dispositivo de aspersao compreendendo uma pluralidade de
aspersores;

- uma pluralidade de fontes de iluminagdo artificial dispostas ao
longo do dispositivo modular de irrigagédo agricola em pontos equidistantes e a
uma distancia predeterminada acima das partes aéreas da cultura,
compreendendo uma pluralidade de diodos emissores de luz (LED) do tipo
espectro total (full-spectrum); e

- uma pluralidade de células fotovoltaicas que alimentam a

pluralidade de fontes de iluminacgao artificial.
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e implementado em qualquer pivd de irrigacao pré-existente em uma plantacao
agricola no cultivo de uma cultura, em que uma rotina de suplementagio
luminosa independa de uma rotina de irrigacao.

[013] Ainda, a presente invencao tem por objetivo prover um
sistema de suplementagao luminosa artificial que seja capaz de estimular uma
Ou mais caracteristicas de uma determinada cultura, por exemplo, a
germinagao ou floracao de plantas de dias longos por meio do estabelecimento
de uma rotina de suplementacdo luminosa artificial, por exemplo, apés o fim do
periodo matutino e vespertino, estabelecendo um fotoperiodismo da referida
cultura superior ou pelo menos igual ao seu fotoperiodo critico.

[014] Outro objetivo da presente invengdo € prover um sistema
de suplementacao luminosa artificial que seja capaz de estimular uma ou mais
caracteristicas de uma determinada cultura, por exemplo, a germinaciao ou
floragao de plantas de dias curtos por meio do estabelecimento de uma rotina
de suplementacao luminosa artificial, por exemplo, em consideracdo de
condigcdes meteorolégicas adversas a fotossintese por meio da luz natural
durante o periodo matutino e vespertino, compensando pela baixa
luminosidade durante o dia, estabelecendo um fotoperiodismo da referida
cultura inferior ao seu fotoperiodo critico.

[015] E ainda um objetivo da presente invengdo prover meios
para automaticamente dimerizar ou polarizar bandas do espectro
eletromagnético total emitidas em virtude da rotina de suplementagao luminosa
artificial conforme as diferentes demandas e condigbes ideais de
desenvolvimento de uma ou mais culturas, em considera¢gdes de um ou mais
fatores tais como o tipo de cultura, a regido do cultivo e o tipo de sistema
produtivo agricola em uso.

[016] A presente invencdo adicionalmente objetiva manter e

adaptar a rotina de irrigagdo e suplementagao luminosa em diferentes periodos
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[007] Desta forma, foram feitos avancos recentes em estudos
sobre suplementacgao luminosa artificial destacando-se efeitos benéficos do uso
de diodos emissores de luz (LEDs) no metabolismo de cultivares, na eficiéncia
de absorcao de luz em suas partes aéreas (ou seja, as partes das plantas que
estdao acima do nivel do solo), bem como a mitigacdo de estresses bidticos
como o controle de pragas e patdégenos na produgéo agricola, ao passo que se
aplica um manejo consciente de recursos energéticos para tal.

[008] O documento US 2016/0198640 A1 revela um pivé de
irrigagcdo movel dotado de aspersores e uma pluralidade de diodos emissores
de luz (LEDs) configurados para emitir diferentes frequéncias de luz polarizada
em bandas especitrais desde o violeta, o vermelho e o vermelho extremo, sobre
plantas de dias curtos ou dias longos em um campo agricola durante a
operacao moével do pivd, conforme ilustrado pela figura 1 do referido
documento.

[009] O pivd de irrigacdo descrito pode compreender também,
um circuito de controle configurado para controlar a operacao dos diodos
emissores de luz (LEDs), dos aspersores ou de rodas do pivd de irrigacao.

[010] No entanto, fica claro que o estado da técnica carece de
melhorias tecnolégicas em relagdo ao gerenciamento consciente de recursos
energéticos e hidricos em conjunto com um sistema de suplementagado
luminosa artificial que leve em consideracdo as condigbes meteoroldégicas sob

as quais um campo agricola esta submetido.

OBJETIVOS E DESCRICAO DA INVENCAO

[011] Portanto, um objetivo da presente invencao € prover um
sistema de suplementacdo luminosa artificial capaz de eliminar ou ao menos
reduzir as limitagdes das técnicas conhecidas atualmente.

[012] Além disso, € um objetivo da presente invencao prover um

sistema de suplementacdo luminosa artificial versétil e que possa ser adaptado
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risco climatico (ZARC) para uma dada cultivar, diversos tém sidos os esforgos
de novas tecnologias a fim de modelar e monitorar varidveis como a pedologia
do solo e condigbes edafoclimaticas a fim de entender as consequéncias e
interagdes que estas causam a uma determinada cultura. Como exemplo, cita-
se 0 uso de tecnologias e estratégias de manejo do solo e recursos hidricos, 0
uso inteligente de agroquimicos, a aplicagdo eficiente de fertilizantes, a
integracdo de Internet of Things (loT) as praticas de monitoramento agricola e
climatico.

[005] Além do monitoramento e controle de fatores externos,
também ¢é desejado pelos produtores agricolas a implementagdao de
tecnologias bioldgicas, tais como cultivares geneticamente modificadas
(GMOs), que sejam benéficas aos produtores, consumidores € a economia
de modo geral, bem como o uso de compostos bioativos, como fito-
horménios reguladores de crescimento da cultivar, resultando na alteragédo
de aspectos desde a germinacao até processos metabdlicos como a
senescéncia plantar, podendo também estimular o desenvolvimento e a
relacdo fonte-dreno de fotoassimiados de uma cultivar. Tais tecnologias
trazem beneficios ao produto, que pode melhor suportar condi¢cbes
adversas ao seu desenvolvimento, bem como a incrementagao do valor
nutricional ao consumidor final.

[006] Ao longo das Ultimas décadas, o uso de tais tecnologias
tornou-se constante a fim de intensificar producbes agricolas ao redor do
globo, visto que a frequéncia de uso de tais tecnologias como na Asia e
América do Sul quase se equiparou a frequéncia de uso na Europa e
América do Norte. No entanto, o uso de tais tecnologias em larga escala
em adicdo as crescentes mudangas climaticas recentemente causaram
uma nova demanda pela intensificacdo da produgéo agricola, desta vez por

meio de abordagens tecnoldgicas mais sustentaveis.
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“SISTEMA E METODO DE SUPLEMENTACAO LUMINOSA ARTIFICIAL”

CAMPO DA INVENCAO

[001] A presente invencao refere-se, de uma maneira geral, a um
sistema de suplementacdo luminosa artificial. A presente invencéo refere-se
também a um meétodo de suplementagio luminosa artificial. Particularmente, o
sistema e método de suplementagido luminosa artificial de acordo com a
presente invengado sao direcionados para o cultivo de uma cultura em um
campo agricola.

ANTECEDENTES DA INVENCAO

[002] A producédo agricola em larga escala sempre esteve
intimamente interligada a e dependente de variaveis multiplas tais como fatores
nutricionais e microbiolégicos do solo de plantio, caracteristicas intrinsecas a
uma determinada regido, tal como o clima e o fotoperiodo, bem como uma
pluralidade de estresses bidticos e abidticos que pairam sobre as cultivares,
tais como inoculacdes de organismos nocivos as cultivares como patdégenos de
solo, infestacbes de pragas agricolas, plantas invasoras, bem como a
deficiéncia hidrica, irradiagao, entre outros.

[003] No contexto do atual cenario agroindustrial, o Brasil
notadamente se destaca como um dos maiores produtores e exportadores de
commodities agricolas, tais como a soja (Glycine max) e o milho (Zea mays)
com uma produgdo anual de grdos de 124,8 milhdes de toneladas. Neste
sentido, € evidente que o desenvolvimento de novas técnicas e tecnologias de
manejo agricola tém grande impacto econdmico e industrial. Além disso, a
intensificacao da producdo agricola é pressionada pela crescente populagéao
mundial e por consequéncia pelo aumento da demanda internacional por tais
commodities.

[004] Neste sentido, além de ferramentas dindmicas e

macroscopicas como a determinacdo de zoneamentos agroecoldgicos e de
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SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT
FIELD OF THE INVENTION

The present invention refers, in general, to an agricultural management

system. The present invention also refers to an agricultural management method. In
particular, according to the present invention, the system and method of agricultural
management include artificial light(s) supplementation and are directed to the
cultivation of a crop in an agricultural field.

BACKGROUND OF THE INVENTION

Large-scale agricultural production has always been closely linked to and

dependent on multiple variables. Such variables include the nutritional and
microbiological factors of the soil, intrinsic characteristics of a given region (e.g.,
climate, photoperiod, and rainfall distribution), as well as a plurality of stresses that
affect crops, such as pathogens (plant diseases), insect infestations (plant predations),
invasive plants (weeds), extreme (deficit or excess) of climatic, light irradiation,
nutritional and water factors, among others.

In the context of the current agro-industrial scenario, Brazil notably
stands out as one of the largest producers and exporters of agricultural commodities,
such as soybeans (Glycine max) and corn (Zea mays), with an annual grain production
of over 270 million tons according to CONAB (Companhia Nacional de Abastecimento,
Brazilian agricultural ministry department) 2022 estimations. Thus, it is evident that
developing new techniques and technologies for crop management has a tremendous
economic and industrial impact. In addition, agricultural production is pressured by the
growing world population and, consequently, by the increased international demand
for agricultural commodities.

In this sense, there have been several efforts of new technologies to
model and monitor variables such as edaphoclimatic conditions to understand the
consequences and interactions between soil and crop. For example, the use of
technologies and strategies for soil management and water resources, intelligent use
of agrochemicals, efficient application of fertilizers, integration of the Internet of Things
(loT) into agriculture, and climate monitoring practices are essential for high crop
performance and yield.

In addition to monitoring and controlling external factors, other
technologies can improve agricultural activity. For example, biological technologies,

such as genetically modified cultivars, benefit farmers, consumers, the environment,
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and the economy; bioactive compounds, such as growth-regulating phytohormones,
result in plant changes from germination to senescence and the source-drain
relationship of photoassimilates in the plant during its cycle. Such technologies also
improve the plant’s resistance to adverse conditions during the crop cycle and increase
the human nutritional value of crop production.

Over the past few decades, the use of such technologies has become
constant to intensify agricultural production around the globe. The frequency of use of
such technologies in South America and Asia farms has almost equated to the
frequency of use in Europe and North America. However, climate change has recently
caused a new demand for intensified agricultural production with more sustainable
technological approaches. Additionally, the intensification of agricultural output to meet
global demand is driven by the use of costly non-renewable fertilizers.

In this way, recent advances have been made in studies on artificial
light(s) supplementation for crop production outdoor (large scales), defined as the
process of applying artificial light(s) to plants grown in the open field, emphasizing the
beneficial effects of the use of light-emitting diodes (LEDs) on plant’s metabolism, on
the efficiency of light absorption by the leaves, as well as the mitigation of abiotic (e.q.,
extreme temperatures and drought) and biotic (e.g., insect pests, plant diseases,
weeds) stresses, while applying a sustainable management of the available resources.

Document US 2016/0198640 AT reveals a mobile irrigation pivot
equipped with sprinklers and a plurality of light-emitting diodes configured to emit
different frequencies of polarized light in spectral bands from violet to far red spectrum
over plants of short, long, or neutral photoperiod response in an agricultural field. The
light-emitting diodes are fixed on the irrigation pivot structure, illustrated in Figure 1 of
the referred document.

The described irrigation pivot can also comprise a control circuit
configured to control the operation of light-emitting diodes, irrigation parameters, and
pivot moving.

Light(s) supplementation applied to crops can alter plant responses
significantly. However, these responses are affected by several factors, such as plant
species, crop management, soil fertility, water availability, and the prevailing climate.
Document US 2016/0198640 A1 fails to reveal artificial light(s) supplementation
combined with crop management factors. Instead, when artificial light(s)

supplementation is used alone, as indicated in document US 2016/0198640 A1, this
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may not have the desired effect or may even impair plant development (empirical
observation). Artificial light(s) supplementation may, for example, not achieve high
yields if the applied fertilization does not 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 not made.

Noticeably, the state of the art lacks technological improvements
regarding integrated crop management strategies. Actions in crop fields are still
evaluated independently and not integrally. The sustainable use of energy, fertilizers,
water, and adequate artificial light(s) supplementation are essential for sustainable
large-scale improved cropping activities. These large-scale cropping activities have a
great responsibility in human impact on Earth’s environments. Improving the
sustainability of large-scale cropping activities is possible with the present invention.

OBJECTIVES AND DESCRIPTION OF THE INVENTION

Therefore, an objective of the present invention is to provide an

agricultural management system combined with artificial light(s) supplementation
capable of raising agricultural production in a cropping area, increasing its productivity,
reducing the negative effects of stresses present in the outdoor environment,
increasing the efficiency of the applied inputs for crop production and, in this way,
reduce the limitations of the currently known cropping techniques.

Another objective of the present invention is to provide an agricultural
management system via consultancy combined with adequate artificial light(s)
supplementation routine. The light-emitting diodes can be implemented in any new or
preexisting irrigation pivot in an agricultural cropping area. The routine of light(s)
supplementation is usually independent of the irrigation routine.

Another objective of the present invention is to provide an agricultural
management system combined with artificial light(s) supplementation capable of
stimulating plant characteristics of any species at a given phenological stage. These
responses are regulated by the moment of artificial light(s) supplementation, the
predominant color in the artificial light(s) applied, and the interaction among these
factors and the environment, crop genetics, crop response to photoperiod, and crop
management.

Another objective of the present invention is to provide an agricultural
management system combined with artificial light(s) supplementation capable of

stimulating plant characteristics of a given species at a given phenological stage.

Almendra - EX1002, Page 056
PGR2025-00055



10

15

20

25

30

WO 2023/197049 4 PCT/BR2022/050461

These stimulated characteristics can improve plant performance against adverse
stressful conditions that impair photosynthesis using natural light (sunlight) and reduce
the negative effects of low natural luminosity during cloudy days.

Another objective of the present invention is to provide dimerization
and/or polarization of the spectral bands in the artificial light(s) supplementation
according to the crop species, region, soil physical and chemical conditions, climate,
predominant agronomic management and type of agricultural production system in use
(e.g., no-tillage cropping system).

Another objective of the present invention is to maintain and adapt the
routine of water irrigation and light(s) supplementation at different phenological stages
during all crop development stages, improving agricultural production in quantity,
quality, and sustainability.

Another objective of the present invention is to protect crops against plant
diseases and insect pests by modulating artificial light(s) supplementation. Artificial
light(s) can be used to affect plant diseases and insect pest development, cycle, and
pressure on crop performance. The improved crop protection advantageously has the
potential to reduce the need for the application of phytosanitary products. This potential
reduction in use of phytosanitary products (e.g., insecticides and fungicides)
consequently reduces the damage caused to the environment by the excessive use of
such products.

Another objective of the present invention is to act beyond the mere
application of light(s) supplementation, as it must consider soil factors, plant nutrition
levels, climate, photoperiod responses, agronomic management, and crop variety
selection, among others, to achieve the balance between the demand of the plant
stimulated by light(s) supplementation and the technical use of production resources.
In other words, according to the present invention, artificial light(s) supplementation is
a tool that must be inserted in a set of appropriate technical actions to achieve the best
production results and sustainability of large-scale agriculture.

Finally, the present invention aims to increase the efficiency of production
resources, such as irrigation, fertilizers, and agrochemicals (insecticides, fungicides,
bactericides, fertilizers, stimulants, ...), due to the effects caused by artificial light(s)
supplementation, such as a great development of the plant root system, allowing
improved exploration of the soil profile and reduce the water, nutrients and
agrochemicals losses.
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One or more objectives of the above-mentioned invention(s), among
others, are achieved by means of an agricultural management system combined with
artificial light(s) supplementation, comprising:

- a modular agricultural irrigation device positioned on an agricultural field
using a plurality of artificial lighting sources arranged along the modular agricultural
irrigation device, optionally at equidistant points and at a predetermined distance
above the aerial crop parts.

- a plurality of light-emitting diodes capable of emitting a plurality of
electromagnetic 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 nm); and

a plurality of energy sources that feed a plurality of artificial lighting
sources.

The agricultural management system also comprises

- a processor in communication with a dimerizer and/or polarizer of a
plurality of artificial lighting sources and a plurality of energy sources, in which a
processor is configured to

a) adjust, in the intervals of the electromagnetic spectrum, the balance
between the spectral bands emitted by a plurality of light-emitting diodes; and

b) determine and implement - an irrigation routine; and/or - an artificial
light(s) supplementation routine; in which stages a) and b) are determined by a
processor considering at least one among

- the crop species 202a under cultivation;

- the phenological stage of the crop 202a under cultivation;

- the photoperiod, station and current weather conditions under which the
agricultural field 200 is subjected; and

- one or more objective(s) intended for the crop 202a development under
light(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 light(s) management, or protocol, is applied; however, if the crop is
only intended for cattle grazing, then another crop and artificial light(s) management,

or protocol, is applied.
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The objective(s) of the above-mentioned invention, among others, is also
achieved by means of adequate agricultural management methods combined with
artificial light(s) supplementation for crop cultivation in an agricultural field, comprising
the stages

a) adjusting the balance between the spectral bands emitted by a plurality
of light-emitting diodes of a plurality of lighting sources artificially capable of emitting a
plurality of electromagnetic spectrum bands applied alone, or in combinations of
spectral bands from the limit of ultraviolet C and B (wavelength of 280 nm) to infrared
(wavelength > 700 nm); and

b) determine and implement - an irrigation routine of a modular
agricultural irrigation device; and/or

- a routine of artificial light(s) supplementation of a plurality of artificial
lighting sources; in which stages a) and b) are determined considering at least one
among

- the crop species under cultivation;

- the phenological stage of the crop under cultivation;

- the crop photoperiod response, crop cropping season and current
weather conditions under which the agricultural field is subjected; and

- the objective(s) intended for the crop 202a development under light(s)
supplementation.

BRIEF DESCRIPTION OF THE DRAWINGS
The objectives, technical effects and advantages of the present invention

will be apparent with the following detailed description that refers to the attached
figures, which illustrate, but not limited, embodiments of the objects claimed

- Figure 1 illustrates a 100 agricultural management system combined
with light(s) supplementation operating on a modular agricultural irrigation device 101
on an agricultural field 200, according to the present invention;

- Figure 2 shows an expansion of a crop 202a in the agricultural field 200
under the action of the agricultural management system 100 combined with artificial
light(s) supplementation, according to the present invention;

- Figure 3 illustrates the stages of the logic operation of the agricultural
management method 500 combined with artificial light(s) supplementation, according

to an embodiment of the present invention;
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- Figure 4 illustrates a superior view of a schematization of an irrigation
pivot in which the agricultural management system 100 combined with artificial light(s)
supplementation was installed, according to an embodiment of the present invention;

- Figure 5 illustrates a first graph of an analysis of a sovbean plant
internode variable of the crop 202a over time, under the performance of the agricultural
management system 100 allied to artificial light(s) supplementation, according to the
embodiment of the present invention;

- Figure 6 illustrates a second graph of an analysis of soybean plant
height variable of the crop 202a over time, under the action of the agricultural
management system 100 allied to artificial light(s) supplementation, according to the
present invention embodiment;

- Figure 7 illustrates a third graph of an analysis of third plant variable of
the crop 202a over time, under the action of the agricultural management system 100
combined with artificial light(s) supplementation, according to the embodiment of the
present invention;

- Figure 8 illustrates a comparison between crop 202a plants under the
intervention of the agricultural management system 100 combined with artificial light(s)
supplementation, and crop 202b plants with no artificial light(s) supplementation and
corresponding crop management, according to the embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Initially, it should be noted that the system and method of the present

invention will be described below according to particular but non-limiting embodiments
since it may be executed in different ways and variations and according to the
objective(s) intended for the crop 202a development under light(s) supplementation.

In one embodiment, the present invention reveals a 100 agricultural
management system combined with artificial light(s) supplementation for the cultivation
of a crop 202a in an agricultural field 200.

In another embodiment, the present invention reveals a 500 agricultural
management method combined with artificial light(s) supplementation for the
cultivation of a crop 202a in an agricultural field 200.

It is emphasized that adjustments in agricultural management and
artificial light(s) supplementation should be implemented for each crop 202a and

cropping region due to latitude, the height of the area compared to sea level, soil
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characteristics, and climate variations. The crop 202a phenological stage, photoperiod,
the weather conditions under which the agricultural field 200 is submitted, and the
objective with the plant development should also be considered to define the
wavelength range applied and its combinations of electromagnetic spectrum bands to
meet the specified objective. The luminous flux and the balance between the specitral
bands emitted by a plurality of light-emitting diodes are, therefore, variable by means
of digital dimerization and/or polarization and controllable by an electronic processor,
according to the routine of artificial light(s) supplementation, which in turn takes into
account the factors mentioned above.

It should be noted that the expressions “plant”, “cultivate”, or “culture”
should be understood as any plant varieties, whether from long-day, such as oats
(Avena sativa) or potato (Solanum tuberosum) or short-day plants, such as soy
(Glycine max) or coffee (Coffea sp.), or neutral plants, which benefit from artificial
light(s) supplementation in accordance with the present invention. Crop species
evaluated with adequate crop corrections and management combined with ariificial
light(s) supplementation include soybean (Glycine max), bean (Phaseolus vulgaris),
corn (Zea mays), tomato (Solanum lycopersicum), carrot (Daucus carota), sugarcane
(Saccharum officinarum), tobacco (Nicotiana tabacum), garlic (Allium sativum), onion
(Allium cepa), pea (Pisum sativum), sunflower (Helianthus annuus), sorghum
(Sorghum bicolor), cotton (Gossypium hirsutum), potato (Solanum tuberosum), hops
(Humulus lupulus), strawberry (Fragaria x ananassa), pitaya (Hylocereus undatus),
lettuce (Lactuca sativa), arugula (Eruca vesicaria ssp. sativa) and agricultural soil
cover crops. Each crop species received adjusted in artificial light(s) supplementation
for each crop 202a and region of cultivation, as well as other factors such as the
phenological stage of the crop 202a under cultivation, the photoperiod, and the
meteorological conditions under which the agricultural field 200 is submitted and the
objective(s) intended for the crop 202a development. All these crop species 202a
showed positive results with adequate agricultural management and artificial light(s)
supplementation, according to the present invention, compared to control (no artificial
light(s) supplementation). The positive results are discussed below.

Furthermore, this descriptive report means “corrections” as any practice
carried out by the producer in the agricultural area to improve the conditions available
for plant development. In this sense, all practices that affect soil management

(chemical and physical structure) and plant nutrition management (fertilizers) can be
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considered “corrections”. Examples of corrections are the application of limestone (soil
acidity correcting, calcium and magnesium source), the application of gypsum
(reducing potential acidity in depth in the soil, source of calcium and sulfur), and the
cultivation of cover crops (soil compaction management, nutrient recycling, pest control
such as phytonematodes).

As can be seen in figures 1 and 2, the agricultural management system
100 combined with artificial light(s) supplementation, according to the application of
the present invention, can be adapted to an irrigation new pivot or already existing in
an agricultural field 200, such as a central irrigation pivot, whether towed or non-
towable, or even a linear irrigation pivot. In this descriptive report, the pivot is generally
described as “agricultural irrigation modular device 101”.

This modular agricultural irrigation device 101 is positioned on the
agricultural field 200 on which the cultivation of a crop 202a occurs, and the modular
device 101 comprises an irrigation line 102a with wheeled towers and many spans
(irrigation space between towers presenting oblong arms). The distal end of the first
irrigation span 102a is supported by a wheeled tower 103a, and mechanically
associated with a drive device, such as an engine or equivalent, and wheels 104a;
105a; the proximal end of the first irrigation span 102a is mechanically connected in a
circular rotating way to the center of the pivot. The drive device triggers the tower 103a
displacement.

The modular agricultural irrigation device 101 may have one or many
wheeled towers and spans.

The span(s) of the modular device 101 presents a plurality of water
sprinklers connected to a hydraulic pressure line in water communication with a
reservoir which may be arranged, for example, at a central pivot, in the hydraulic line
extending along the pivot spans 102a; 102b, which are equipped with water sprinklers
in order to promote the irrigation of the agricultural field 200.

The agricultural management system 100, combined with artificial light(s)
supplementation, incorporates a plurality of artificial lighting sources 10a, 10b, 10c,
10d, 10e arranged, for example, along the irrigation spans 102a; 102b 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 2023,
the distance from the ground and other sources of artificial lighting 10a, 10b, 10c, 10d,

10e can also be adjusted as necessary, depending on the type of modular device 101
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that will receive the artificial lighting sources and the crop 202a species under
cultivation.

In addition, a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e
comprise a plurality of light-emitting diodes. In a preferred embodiment, light-emitting
diodes are full-spectrum with wavelengths ranging from 280 nm, at the limit of the UV-
C spectrum with UV-B, up to 1200 nm, in the near-infrared spectrum, over agricultural
crop 202as (whether short, long or neutral-day plants) which are directly associated
with biomass production, plant morphology, plant resistance to stresses, and crop
development 202a. In one embodiment, the wavelength interval applied may be the
same during the day or night but with variable luminous flux intensities.

The system 100 also comprises a plurality of energy sources, feed a
plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e, as well as a processor in
communication with the water sprinkles, the pivot drive device, and a dimerizer or
polarizer of a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e The referred
processor is configured to adjust 501 the light spectral bands, the balance between
these spectral bands emitted by a plurality of light-emitting diodes, and determine an
irrigation routine 502 and an artificial light(s) supplementation 503 routine. The
irrigation routines and artificial light(s) supplementation are independent. In 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 model, considering
the crop 202a species under cultivation; the phenological stage of the crop 202a under
cultivation; the photoperiod and weather conditions under which the agricultural field
200 is/was subjected; the objectives intended for the crop 202a development, and
information provided by users (farmers) through a user interface, which will be
commented on below.

In an embodiment of the artificial light(s) supplementation routine, the
crop 202a plant development can be stimulated or inhibit the production of leaves,
branches, flowers, and roots; stimulate or inhibit the production of grains, fibers, fruits,
and essences; stimulate or inhibit vegetative and reproductive growth, and stimulate
plant photosynthesis.

In an embodiment of the artificial light(s) supplementation routine, a
processor may be in communication with a plurality of photoresponsive sensors to

determine a threshold of sunlight incidence, which controls the performance of a
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plurality of light-emitting diodes and routines of application, reducing the negative
effects of weather adversities under which the agricultural field 200 is subjected, such
as cloudy days with a low sunlight incidence.

It is also noteworthy that the threshold of light incidence may additionally
depend on other factors, such as the crop 202 species under cultivation, current crop
202a phenological stage, the region (e.g., information regarding soil, climate, history
of the cropping area), and crop 202a management applied.

A light dimerizer or polarizer adjusts the luminous flux and the balance
between the spectral bands emitted by a plurality of light-emitting diodes. The light
dimerization or polarization is controllable by the interaction between photoresponsive
cells and a processor to define a routine of light artificial supplementation. The
definition of such routine takes into account the factors mentioned above. For example,
for crops 202a in general, the basic phenological stages are vegetative (V) (crop cycle
period before flowering and where pre-flowering occurs) and reproductive (R) (begins
with the first reproductive structure, usually flowers), in which specific artificial light(s)
supplementation with specific spectral band composition is applied. This balance of
spectral bands can be the same applied during the day or night or may diverge
between these periods, varying the intensity of the luminous flux and spectral band
composition. In nocturnal applications, the luminous flux can be adjusted to be lower,
for example, than the luminous flux in daytime applications, intending only to cause
stimuli in crop 202a plants, which will be commented on below. Especially in daytime
applications, the luminous flux can be adjusted to be higher in cloudy periods, intending
to mitigate the effects of photosynthetic reduction due to low natural light availability.

This is especially advantageous, as cloudiness can reduce the
photosynthetic capacity of the crop 202a plants by more than 50%, causing the crop
202a to produce fewer sugars (assimilated organic carbon via photosynthesis) and
consequently grow less and produce less biomass (e.g., grains, fruits, fibers). This
reduction in photosynthetic activity also results in smaller amounts of root exudates
released to the soil (decreasing the soil aggregating effect) and lower symbiont
microorganisms (due to decreased root exudate supply), which in turn have the
function of obtaining nutrients from the environment to the crop 202a, making them
more resistant to pathogens and agricultural pests. Thus, it is evident that
compensation for the low incidence of natural sunlight is a decisive factor for soil

structuring and plant protection against pathogens and agricultural pests.
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In another embodiment, a plurality of energy sources can be generated
by wind, sunlight, thermal, or combustion generators in order to feed a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e. In any of these embodiments, a
processor may be in communication with a machine-readable memory, which stores
database information comprising real-time updates on the geolocation of agricultural
field 200 and climate indicators to suggest to the user, through a user interface, the
crop 202a variety to be cultivated.

The user interface is in communication with a processor, and in turn, the
user feeds other information to a processor, through the interface, such as

- the history of cultivation of the agricultural field 200 in order to identify
successful plants species and crop varieties previously cultivated in the agricultural
field 200;

- the history of agricultural inputs used in the agricultural field 200, such
as fertilizations and corrections made;

- the occurrence of stresses in plants, such as the emergence of plant
diseases and insect pest infestation, nutritional deficiencies, extreme of temperatures
and rainfall distribution;

- the occurrence, intensity and determination of the principal weeds;

- results of productivity from previous harvests;

- the characteristics of the irrigation pivot 101, such as irrigated area,
irrigation flow, working speeds and the height of the structure wherein a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e are fixed in order to adjust the
ilumination of the light-emitting diodes as a function of the distance of a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e

- the current crop season weather conditions and weather indicators of
the crop field area.

The user interfaces in an embodiment implemented on a panel, mobile
phone, tablet, or similar mobile devices with a direct connection to a center of
information where the reported data will be processed, and the artificial intelligence will
be fed.

In another embodiment, a plurality of energy sources uses information
such as the sunlight duration, cloudiness, sunlight brightness as well as the insolation
index (ratio between the actual number and the maximum possible number of hours of

sunlight brightness) to determine the threshold of sunlight incidence in the agricultural
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field 200. Below the calculated threshold and depending on a certain routine of artificial
light(s) supplementation, a processor interacts with the dimerizer or polarizer to
command the performance of a plurality of light-emitting diodes and project artificial
light(s) with specific spectral band composition, reducing the negative impact of
meteorological adversities (e.g., cloudy days) under which the agricultural field 200 is
subjected.

In one embodiment, data on the crop 202a species, crop 202a
phenological stage, photoperiod, meteorological conditions under which the
agricultural field 200 is submitted, objective(s) intended for the crop 202a development,
as well as the technologies implemented in the agricultural field (fertilizers,
agrochemicals, and soil management techniques) are stored in a machine-readable
memory and accessed by a processor, in order to properly apply light(s)
supplementation, according to parameters provided by the machine-readable memory.

Such previous information on the agricultural field 200 and the routine of
artificial light(s) supplementation is important because they help

- in understanding and predict the consequences and interactions
potentially present in the agricultural field 200;

- indicate improvements and corrections to be implemented in the
agricultural field 200 for the optimization of the results of artificial light(s)
supplementation;

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

- assist in the intelligent use of agrochemicals and in the efficient
application of fertilizers; - assist in the integration of internet of things (IOT) to monitor
crop (satellite), climate and agricultural practices; and

- help to improve the application format of the routine of artificial light(s)
supplementation, such as the type of artificial lighting source 10a, 10b, 10C, 10D, 10e
to be used, such as light-emitting diode panels (LEDs), led strips (LED), lamps in
general, and their respective power, frequency and wavelength.

In addition, pedological, edaphological, mineralogical, textural,
phytopathological, and nutritional analyses are essential before the agricultural field
200 receives adequate agricultural management and artificial light(s) supplementation
routine. It is impossible to define the best inputs management for crop production

without knowing such mentioned information. How many, how much, and when to
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apply fertilizers for high crop performance under artificial light supplementation? Sail,
irrigation, and phytosanitary management, what is the best routine? It is necessary to
know the soil conditions before implementing adequate agricultural and artificial light(s)
supplementation management to understand how soil will behave after the referred
implementation.

The 100 system of the present invention comprises a plurality of soil
sensors under the agricultural field 200 to capture nutritional data from the soil of the
agricultural field 200. A processor uses the data to determine and suggest routines for
soil treatment/corrections of the agricultural field 200. The respective recommendation
made by a processor, using an artificial intelligence model fed with specific parameters
and users information, considering the crop parameters, adjusts the balance between
the spectral bands 501, and determines the irrigation routine 502 and artificial light(s)
supplementation 503.

Short-day crops, such as soybean (Glycine max), are largely influenced
by abiotic factors such as photoperiod and temperature. Soybean flowering and
reproductive cycle occur under short photoperiodisms, that is, on days when the
absence of light (night period) is longer than the presence of light (day period). While
the opposite, extended day periods can delay or inhibit flowering and the beginning of
the reproductive cycle. This condition of dependence on the photoperiod allows light(s)
supplementation to influence the extension of the crop 202a cycle. Consequently, plant
height, number 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 is also important to mention that for a positive balance for
photosynthesis, the luminous flux is usually between 200 and 600 pmol m2 s,
However, artificial light(s) supplementation acts on other physiological aspects that
directly and indirectly affect photosynthesis in the plant, and not necessarily artificial
light(s) supplementation is applied to be the light source that momentarily causes
photosynthesis. This light source may have a luminous flux of less than 200 upmol m-2
s™.

In general, artificial lighting sources 10a, 10b, 10c, 10d, 10e with
luminous flux less than 200 umol m=2 s are not able to cause considerable amounts
of positive photosynthesis on most plants. However, even smaller luminous fluxes can

cause stimuli in crop 202a that can directly or indirectly positively affect photosynthesis
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to be performed the following day after the night of application of artificial light(s)
supplementation. Therefore, a low luminosity, capable only of causing other responses
but unable to directly cause considerable amounts of positive photosynthesis; a higher
luminosity, will consequently have specific and useful applications according to the
present invention.

Artificial light(s) supplementation, according to the present invention, is,
therefore, a tool within a broad technical project that interacts both with the agricultural
management of soil aspects, such as soil fertility and texture, and plant nutrition, as
well as with the pathological and beneficial microbiological aspects, environmental
aspects, such as temperature and rain in the agricultural region, and economic
aspects, such as the cost of production and marketing of agricultural commodities that
receive agricultural management combined with artificial light(s) supplementation
according to the present invention.

The increase in agricultural production, according to the present
invention, is the result of the interaction among stimulated crop 202a physiological
processes by light(s) supplementation, the time defined for sowing, irrigation volume,
time of application, formulation, frequency, and dosage of fertilizers, climate variation,
management of insect pests and plant diseases and their impacts on the relationships
with the environment. Agricultural cultivation with this integration of adequate technical
knowledge (agricultural management) and artificial light(s) supplementation, according
to the present invention, increases the resilience and stability of crop production, which
increases regional and global food security.

It is noteworthy here that artificial light(s) supplementation improves the
result of good management but does not correct poor management. In other words,
according to the present invention, artificial light(s) supplementation enhances the
development of plants that are well nourished, with good water distribution throughout
the crop cycle, and that present soil physical and chemical structure suitable for high
yields. Under these conditions, supplement artificial light(s) will generate the best
results. However, if light(s) supplementation is not combined with adequate agricultural
management, then light(s) supplementation alone cannot fix preexisting limitations for
the full development of plants, such as nutritional deficiencies, lack of water, insect
infestations, or the presence of agricultural pathogens.

The application of agricultural management and artificial light(s)

supplementation, according to the present invention, does not present
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contraindications regarding - crop 202a species (any cultivated plant specie would
benefit from adequate agricultural management and artificial light(s) supplementation);
- phenological stage during crop 202a cycle (vegetative or flowering/reproductive); -
joint application, or not, with water irrigation.

In addition, the application of agricultural management and artificial
light(s) supplementation, according to the present invention - can be handled to raise
the levels of specific substances in the final product (e.g., grains, fruits, and fibers); -
recommend the dimerization/polarization of the light spectrum to be applied with the
development of the crop 202a (e.g., modification of the bluish spectrum in the
vegetative to the reddish spectrum in the reproductive stage); and - recommend the
application of artificial light(s) supplementation at specific periods of the crop 202a
cycle, and not applied throughout the crop cycle, from sowing to harvest.

Without getting in the light of any specific theory, it was observed that
light dimerization/polarization effects are beneficial, including changes in plant
morphology, crop cycle extension, physiological responses, and plant productivity.

For example, it was observed that the bluish spectrum (spectral band of
approximately 400 to 500 nm) is a stimulant of vegetative growth, which is appropriate
for plants before flowering. After flowering, plants paralyze growth investments and
start investing in grain, fiber, fruit, or essence production.

In turn, it was observed that the reddish spectrum (spectral band of
approximately 600 to 750 nm) is a stimulant of reproductive growth, with beneficial
effects for flowering, the rate of photosynthesis, and fruit formation. In this post-
flowering period, the photosynthetic activity for biomass accumulation and the
translocation of these reserves produced to “fill” production is essential. Therefore,
avoiding the blue spectrum, or having less blue, is important in the reproductive
phenological stage because blue is a stimulant of the vegetative stage, which would
cause nutrient reserves to be consumed and not destined to fill the production. On the
other hand, having the red spectrum, or having redder to stimulate photosynthesis and
the distribution of reserves, is essential for the best results in the reproductive stage.

In a preferred embodiment, the balance between red-green-blue spectral
bands presents at least 40% blue color for vegetative phenological stages and about
60% or at least 40% red color for the reproductive phenological stage of the crop 202a
under cultivation. More than 40% red color in the artificial light(s) supplementation is

recommended for any plant phenological stage.
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Figure 3 illustrates the agricultural management method 500 combined
with artificial light(s) supplementation for the cultivation of a crop 202a in an agricultural
field 200, which comprises the stages a) adjusting 501, in the 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; and b) determine and implement an irrigation routine 502 of a modular
agricultural irrigation device 101; and/or a routine of artificial light(s) supplementation
503 of a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e in which the
irrigation routine 502 and the supplementation routine are independent of each other,
and in which stages a) and b) are determined through an artificial intelligence model
considering at least one of the type of crop 202a under cultivation; the phenological
stage of the crop 202a under cultivation; the photoperiod, station and current weather
conditions under which the agricultural field 200 is subjected; and the objective(s)
intended for the crop 202a development.

Method 500 also comprises stage ¢) determining and suggesting a soil
treatment routine based on soil nutritional data from the agricultural field 200, stage c)
being defined through the artificial intelligence model considering at least one of the
same parameters considered for stages a) and b), in addition to considering the
irrigation routine 502 and/or the routine of artificial light(s) supplementation 503.

In a preferred embodiment, the objective(s) with crop 202a development
is to stimulate or inhibit the production of leaves, branches, roots, grains, fibers, fruits,
and essences and, also, to stimulate or inhibit vegetative and reproductive growth and
photosynthesis.

In a preferred embodiment, the routine of artificial light(s)
supplementation 503 occurs, preferably, between the phenological stages V3-V4 to
R5-R6 of the crop 202a under cultivation, and the balance between the spectral bands
is adjusted 501, the balance between red-green-blue spectral bands presents at least
40% blue color for vegetative phenological stages and about 60% or at least 40% red
color for the reproductive phenological stage of the crop 202a under cultivation. More
than 40% red color in the artificial light(s) supplementation is recommended for any
plant phenological stage.

EXAMPLE 1
Reference is made to an example (technically adequate and

representative study) in which the present invention was carefully implemented in order
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to verify its effectiveness. According to the present invention, this example evaluated
the soybean 202a plant responses related to plant development and crop productivity
in an open commercial area 200 (field scale) cultivated under agricultural management
conditions and artificial light(s) supplementation. An irrigation pivot 101, irrigating a
commercial cropping area 200, received an artificial lighting source 10a, 10b, 10c, 10d,
10e, according to the present invention, in internal pivot 101 spans for artificial light(s)
supplementation of the soybean plants 202a.

According to the example, about 40 hours of ariificial light(s)
supplementation was applied to soybean plants 202a during the soybean crop 202a
cycle. The number of plant internodes, soybean plant height, and the number of pods
per soybean plant were evaluated weekly to calculate the area below the variable
progression curve. Grain yield at harvest was also evaluated. Later, the area below the
progression curve of the number of internodes, soybean plants height, and pods per
soybean plant was positively affected by the system and method of adequate
agricultural management combined with artificial light(s) supplementation 100, 500,
according to the present invention.

The regular soybean 202a cycle, without artificial light(s)
supplementation, is about 15 to 17 weeks; however, soybean harvesting occurred two
weeks later when no artificial light(s) supplementation was applied. The artificial light(s)
supplementation increased soybean grain yield by 57.3% and profitability by 180%
when compared to soybean cropping without artificial light(s) supplementation.

METHODOLOGY EXPERIMENTAL AREA AND SOYBEAN CULTIVATION

The experiment with light(s) supplementation on soybean was carried out
in an irrigation pivot 101, on a commercial farm in Monte Carmelo, Minas Gerais state,
Brazil. Located at a latitude and longitude of 182 57” South, 47° 25” West, at 980 m
above sea level. The most common and representative biome of the region is the
Cerrado (savannah-like biome). The climate of the region is humid tropical, with rainy
summers and dry winters.

Physical analyses of the soil in the agricultural area 200, from 0 to 0.4 m
deep, indicated 450, 100, and 450 g kg of sand, silt, and clay, respectively. The
chemical analyses of the soil up to the depth of 0.4 m did not indicate the acute
deficiency of any nutrient necessary for the crops to complete their cultivation cycle

fully. The soil analyses are presented in Table 1.
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TABLE 1
pH H20 Ca Mg Al H+AI CEC A\ P K S.OM
1-2.5 SOU—— cmole dm™ %  emeee-mg dmPeeeees g kgl
- 0-0.2 m soil depth e -- -
6.9 6.03 2.87 0 1.26 10.44 88 188 96 2.9
--------------------------------------- 0.2-0.4 m so1l depth-- —— -—- e
Los o ae s Lo s g 8 s B2
Co Cu Fe Mn Mo Si Zn
——————————————————————— mg dm™ S S —
e s 6-0.2 m soil depth-- - e
0.19 1.7 9.0 14.0 1.9 29 12.4 12.8
———— e 0.2-0.4 m soil depth- - - -
0.14 1.3 7.7 17.0 3.5 2.3 i1.4 111

Despite the large soil clay proportion and high soil fertility, 3,000 kg ha™
of soil remineralizer (rock powder) (FMX® Tratto. Aparecida from Goiania, Brazil) was
applied throughout the experimental area 200, 30 days before the soybean sowing
202a; 400 kg ha™ of organomineral 6-30-05 (% of N, P20s, K20) (Valoriza Agro Ltda.
Patos de Minas, Brazil) and 150 kg ha™* of KCI was applied at the time of sowing, and
2 L ha of Mn was sprayed on the aerial parts of the soybean plants 202a, 40 days
after the crop 202a seed germination.

The soybean cultivar 202a evaluated in this example was Desafio 8473
RSF (Brasmax® GDM. Cambé, Brazil), which is a soybean variety 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 m; plants 202a were harvested
approximately 4 months later. The soybean plants cultivated with no artificial light(s)
supplementation were harvested first. The average daily air temperature during the
experimental period ranged from 24 to 34 °C.

In the experimental area, insects, pests, plant diseases, and weeds were
controlled with products registered for soybeans as indicated by the manufacturer. All
areas were monitored before and after the first application, and the products were
reapplied as needed. The management of crop plants 202a and water irrigation were
similar between the areas that received the artificial light(s) supplementation and the
control [area with no without artificial light(s) supplementation].

EXPERIMENTAL TREATMENTS AND RESEARCH
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The central irrigation pivot 101 that was implemented with the artificial
light(s) supplementation light source had ten spans and an irrigation radius of about
571 m. In the four internal spans of the referred irrigation pivot 101, which corresponds
to an area of 33.5 ha, the artificial light source 10a, 10b, 10c, 10d, 10e was installed,
but the six external spans of irrigation pivot 101, corresponding to an area of 69.5 ha,
did not receive artificial light(s) supplementation (control). The main composition of the
red-green-blue (RGB) light delivered to the soybean plants presented about 59% red,
33% green, and 8% blue. A continuous light band of approximately 40 m wide by 230
m long was projected below the arm extension of the four internal spans of the irrigation
pivot 101.

Each light-emitting diode has a power ranging from 50 to 200 W. About
600 W h' ha' were consumed during the artificial light(s) supplementation process.
The light-emitting diode module were positioned about 3 meters above the aerial parts
of the crop 202a plants and distributed to ensure an equally distributed light power in
each span of the circular pivot. The luminous flux per unit area at the level of the aerial
parts of soybean 202a plants was about 30 Ix.

The artificial light(s) supplementation system 100, according to the
present invention, was turned on every night after the full sunset and on very cloudy
days. Approximately 480 hours of artificial light(s) supplementation was applied
throughout the area during the soybean crop 202a cycle. As irrigation pivot 101
completes a turnover the cultivation area 200 in 12.8 hours in a circular routine, each
crop 202a plant received about 40 hours of artificial light(s) supplementation during its
cycle. During the soybean cycle, foliar fertilizers containing micronutrients, such as
boron and manganese, were applied throughout the area [with and without artificial
light(s) supplementation] to compensate for the intense development of plants
stimulated by artificial light(s) supplementation.

Artificial light(s) supplementation began in V3-V4 (third to fourth fully
expanded trifoliated leaf) soybean phenological stage and ended in the R5-R6
soybean phenological stage (full grain stage). The choice of vegetative phenological
stage V3-V4 for the beginning of artificial light(s) supplementation allows crop 202a to
close the space between lines in the agricultural field 200 and begin cultivation area
covering (a situation where the plant’s growth is enough to shelter all exposed soil from
an up-sight perspective). If artificial light(s) supplementation is applied before soybean

plants cover the cropping area, weed plants start to compete for resources with crop
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202a. The plant competition for resources such as water, nutrients, and light, impairs
crop performance and yield and increases herbicide costs. In turn, the choice of the
end of artificial light(s) supplementation in the reproductive phenological stage R5-R6
is due to the fact that at this stage, the soybean crop 202a reached its final
development. However, it should be noted that artificial light(s) supplementation could
continue after R5-R6 stage, favoring some extra crop 202a production; however, the
benefits would not be higher than the energy costs related to artificial light(s)
supplementation beyond this plant stage.

Between the first and second pivot span towers 103a; 103b, a
homogeneous area of 50 by 40 m was delimited, corresponding to an area of 2,000
m? to be evaluated as the treatment “supplemented by artificial light(s)”. The
schematization of irrigation pivot 101 according to the experiment can be seen in figure
4, in which the crop 202as under the green span of irrigation pivot 101 received artificial
light(s) supplementation, while the rectangles indicate the position of both treatments,
with and without artificial light(s) supplementation, and the dots in each rectangle
indicate the sampling points.

SOYBEAN EVALUATIONS

The evaluations of plant internode number, plant height from the soil level
to the highest node, and pods per plant 202a were assessed weekly from the R3
soybean phenological stage (beginning of the pod formation) to R7 (beginning of
soybean maturity). During nine weeks, evaluations were performed weekly; no further
evaluation was possible after R7 because the plants in the treatment without artificial
light(s) supplementation reached physiological maturity earlier than the plants in the
treatment of artificial light(s) supplementation.

In this sense, it is important to highlight the delay of physiological maturity
induced by the treatment with artificial light(s) supplementation. This extension of the
crop 202a cycle stimulated by artificial light supplementation depends on factors such
as the crop 202a species, the geographic region of the cropping area, prevailing
climate, crop phenological stage, period of suspension of artificial light(s)
supplementation, and the crop management.

The soybean crop 202a, for example, extended its cycle between 5 and
20 days, depending on the cultivar, light management, and cropping region. However,
this extension was not prominent in grass crops tested, such as corn, sorghum, and

wheat, being only a few days longer than where artificial light(s) supplementation was
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not applied. Avoiding any specific theory, this crop cycle extension as affected by
artificial light(s) supplementation may be a consequence of a series of metabolic and
morphological reactions, such as photomorphogenesis (morphological modification of
the 202a culture stimulated by light, which could favor photosynthesis during the day),
alteration of the crop 202a predominant photoperiod and crop 202a circadian cycle
(modification of the crop 202a routine compared to the period of natural light),
regulation of crop 202a secondary metabolism (regulation of natural defenses of crop
202a to stresses), and crop 202a phytochrome activities (photoresponsive substances
and response modulators in culture 202a).

Amazingly, it was concluded that through these reactions or stimuli (and
other possible causes or joint action of these responses) caused by artificial light(s)
supplementation, as well as the correct management of soil and water resources, the
crop 202a ends up producing more biomass through a more efficient photosynthesis
process. Even after the study, it was observed that the plant stand (quantity of plants
per area) could be reduced by about 20%, considering this greater amount of biomass
produced (larger canopy and larger root systems). Overall, good productive results
were observed, even with smaller stands, which reduces investment in seeds and their
agrochemical treatment for sowing, in addition to increasing the sustainability of
agricultural activity by producing more food using precise resources and technologies.

The mean measurement of each evaluated variable was estimated from
a representative evaluation of the plants 202a in 10 sampling points in each area
(2,000 m?). Each sample point evaluated was considered a replication.

The influence of artificial light(s) supplementation or no artificial light(s)
supplementation in each variable was evaluated using the area below the progression
curve of each specific variable to interpret the results of the evaluations in various
times. The area below the progression curve was calculated by trapezoidal integration
area below the progression curve= (dti x ({(Yi + Yi+d)/ 2))

Where dliis the time interval between every two observations, Yiand Yi
+ d. The area below the variable progression curve was calculated based on nine
evaluations. Correlations 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 agricultural areas used for each treatment (2,000 m?) were harvested

at 115 and 136 days after sowing without and with artificial light(s) supplementation,
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respectively. Grain yield in each area was expressed in kilograms per hectare (kg ha
1)_

STATISTICAL ANALYSIS

Extreme values (outliers) in the area below the progression curve of each
variable were identified using boxplot graphs of the data residuals. When outliers’
values were identified, these were replaced by an average dataset value that does not
include the outlier(s). The boxplots were generated in the Software SPSS Statistics®,
which was also used to calculate Pearson’s correlation coefficients and the basic
premises for analysis of variance (ANOVA), normality of residue distribution by
Shapiro-Wilk, and homogeneity of variances by Levene, both at p > 0.01.

Variance analysis (ANOVA, F test) was performed after confirmation of
its assumptions and considering a completely randomized experimental design. When
significant differences were observed (p < 0.05) in ANOVA, the area below the
progression curve of the variables was compared using the Tukey test of averages (p
< 0.05) to distinguish treatments with artificial light(s) supplementation and without
artificial light(s) supplementation. The ANOVA and Tukey test were performed using
SISVAR® statistical program. Sigma Plot® v.12 software was used to generate the
graphics.

RESULTS

The weekly evaluation data of all variables (number of soybean
internodes, plant height, and number of pods per soybean plant) for both treatments
with artificial light(s) supplementation and without artificial light(s) supplementation did
not include exireme values. This observation indicates that the responses were
grouped around an average with low standard error. The soybean variables and their
respective standard errors during the nine weeks are presented in Figures 5, 6, and 7,
where the lines on the bars indicate the data standard error.

The number of internodes per soybean plant, plant height, and the
number of pods per plant treated with artificial light(s) supplementation 202a were
higher when compared to the sample without artificial light(s) supplementation 202b.
These superior responses can also be observed in Figure 8, where on the left side are
represented soybean plants treated with artificial light(s) supplementation 202a at 80
days after sowing, while on the right are represented soybean plants without artificial

light(s) supplementation 202b. Each segment on the measuring tape illustrates 0.1 m.
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The ANOVA of the area below the progression curve and the
assumptions (normality and homogeneity) are presented in Table 2.

TABLE 2
SV DF Internodes Height Pods per plant
Light supplementation i 375%* 1,590** 2.649%%
Error 18
CV (%%) 1.67 1.17 0.98
KS 20 0.935" 0.985" 0.964"
L 1+18 1.139" 0.106" 0.262°

Table 2. Analysis of variance (F test) and statistics of the ANOVA presumptions of the area below the
progression curve of the variables number of soybean internodes, plant height, and the number of
pods per soybean plant. ** significant differences at 0.01. CV (%) coefficient of variation. KS
Kolmogorov-Smirnov statistics for normality of waste distribution (p > 0.01). L Levene statistics for
homogeneity of data variances (p > 0.01). + normality of the residues (KS) or homogeneity 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 distribution and homogeneity of variances). In addition,
the coefficients of variation, CV (%), were very low (< 2%). Thus, it was appropriate to
proceed with ANOVA, which indicated significant differences (p < 0.01) between
treatments [with artificial light(s) supplementation and without artificial light(s)
supplementation].

The area below the progression curve of the number of internodes per
soybean plant, plant height, and the number of pods per plant in the treatment with
light(s) supplementation were 15.6, 23.3, and 25.3% higher than the treatment without
artificial light(s) supplementation.

Pearson’s calculation and interpretation of correlation require that data
be normally distributed and without outliers. These requirements were met, as
presented in Table 1. All correlations observed in Table 3 were strong (r > 0.9) and
obtained statistical significance (p < 0.01).

TABLE 3
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Internodes Plant height Pods per plant
Internodes { 0.962%* 0.970%*
Plant height 1 0,950%*
Pods per plant |

Table 3. Pearson correlation (r} between the area below the progression curve of the variables
studied. Internodes number of soybean internodes; Plant height soybean plant height; Pods per plant

number of pods per soybean plant. ** significant differences at 0.01.

The evaluated soybean cultivar has a cycle of approximately 17 weeks.
On day 115 after sowing, soybean plants from the area without artificial light(s)
supplementation 202b (2,000 m?) were harvested; however, the harvest of soybean
plants in the area with artificial light(s) supplementation occurred three weeks later,
representing a 17.6% longer crop 202a cycle.

The estimated productivity of the area without artificial light(s)
supplementation was about 4,500 kg ha™' (75 bags ha'; 1 bag = 60 kg), while treatment
with artificial light(s) supplementation was about 7,080 kg ha™' (118 bags ha). Grain
yield under artificial light(s) supplementation was 57.3% higher and 109.5% above the
average Brazilian soybean yield (3,379 kg ha™).

The average cost to produce soybean from soil management to
harvesting is about 55 bags of soybean per hectare. The average cost required by
artificial light(s) supplementation was about 7 bags ha™. Thus, the profitability of
soybean traditionally produced (without artificial light(s) supplementation) and soybean
produced with artificial light(s) supplementation was about 20 and 56 bags ha’,
respectively.

The extension of the soybean crop 202a cycle by three weeks due to
artificial light(s) supplementation also increased the period of plant 202a
photosynthetic activity. This prolonged cycle also contributes to increasing biomass
accumulation via natural daily photosynthesis, an absent process in the regular
soybean cultivar cycle (17 weeks) where no artificial light(s) supplementation 202b was
applied. This combination of factors resulted in taller soybean plants, with more
internodes, more pods, and, consequently, more than 57% extra grain yield.

In the exposed example, the extra yield generated by the application of
adequate crop management and artificial light(s) supplementation cannot be attributed
only to the hours of artificial light(s) supplementation provided to each soybean crop
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202a (about 40 hours). As mentioned above, in addition to the extension of the
soybean cycle through artificial light(s) supplementation, other factors should be taken
into account, such as photomorphogenesis, alteration of the plant photoperiod and
circadian cycle of culture 202a, upper or lower regulation of phytohormones and
phytochromes, as well as changes in secondary metabolism of the crop 202a plant,
which are factors responsive to artificial light(s) supplementation.

Agricultural inputs such as fertilizers, plant inoculants, and plant
protection products, applied during crop 202a cycle 202b, are intended to maximize
agricultural production and economic returns. Although such agricultural inputs have
adverse effects on soil dynamics and these effects are often overlooked. However,
according to the present invention, artificial light(s) supplementation 200 to field crops
can potentially reduce the proportional need for such inputs, mainly fertilizers.

The efficiency of fertilization in this exemplified study probably resulted
from a significant increase in shoot biomass followed by artificial light(s)
supplementation. The increase in the biomass of the shoots, in turn, causes a
proportional increase in the biomass of the roots. This improved root development
increases the efficiency of absorption of nutrients by the roots, thus increasing fertilizer
efficiency.

The present invention is used as a response model to reproducibly
understand and apply the consequences and interactions of nutritional,
microbiological, environmental, and economic aspects around agricultural production
by integrating valuable information on physiological processes, sowing time, irrigation
frequency, and time, fertilizer doses, management of insects and plant diseases, and
soil relations with the environment. The inclusion of climate information may clarify the
relationship between agricultural production and weather fluctuations. This integrated
approach increases the resilience of the global food production system and food
security against unexpected climate shocks.

Currently, there is a rapid continuous increase in the integration of
technologies and digitization in agriculture. This movement is also aligned with the
sustainability of the ecosystems explored for agricultural activities. In this sense, before
starting cropping, other factors must be considered for a productive and sustainable
agricultural activity. Such other factors include crop management strategies and their

consequences, the level of technologies implemented, and soil water and nutrient
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availability. Although the use of artificial light(s) supplementation on a field scale 200
is a challenge to control, the present invention makes it possible.

The present invention also has great potential to reduce deforestation of
new native areas for agricultural production purposes since more food can be
produced in the same agricultural area. Although crop 202a productivity can be
increased with adequate implementation of artificial light(s) supplementation
throughout the crop 202a cycle, the state of the art does not reveal the interactions
between the different factors. For example, soil, plant, climate, agronomic
management, crop 202a performance, yield formation, and cost-benefit ratio indicate
its inherent complexity. In addition, the present invention has the potential to reduce
the use of agrochemicals, fertilizers, and water since the plant becomes more efficient
in soil exploration through an improved root system stimulated by artificial light(s)
supplementation and other technologies implemented.

According to the present invention, the production costs of crops 202a
cultivated by the artificial light(s) supplementation system 100 depend on several
factors. These factors include the efficiency of the available cropping structure, for
example, machinery and farm administration; the technology implemented, for
example, genetic materials and fertilizers; and the use of precise agricultural systems.
Other factors include the characteristics of the irrigation system, for example, the
irrigated area and the height of the irrigation pivot 101 that affects light dissipation,
artificial light(s) supplementation in areas of static irrigation, soil structuring, for
example without physical or chemical limitation, and with healthy microbiota; electricity
supply, for example, source, spinning, constancy, and stability, in addition to the
internet of things and agronomic management of agricultural crops 202a. Thus, the
cost and profitability in this example reflect a specific scenario of soybean production
that may vary on a case-by-case basis. Despite this observation, according to the
present invention, artificial light(s) supplementation presents an opportunity to improve
crop 202a production.

In conclusion, in the exemplified study, the present invention was
implemented and delivered approximately 40 hours of artificial light(s) supplementation
to each soybean plant were required during the crop 202a cycle to positively affect the
number of internodes, pods, plant height, and crop 202a cycle.

Artificial light(s) supplementation, according to the present invention,

increased soybean yield by 57.3% and its profitability by 180% in relation to cultivation
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processes without artificial light(s) supplementation and proved to be a viable and
promising technique to improve sustainably of crop production in the same agricultural
field.

Due to the youth of ouidoor artificial light(s) supplementation technology
and due to its success being associated with its application integrated with technically
adequate and balanced agriculture, preliminary studies were conducted for other crops
besides soybeans (Glycine max). However, the results obtained have been positive for
biomass production by plants were light(s) supplementation was(were) present. The
responses observed for other crops and perceptions of the application of artificial
light(s) supplementation integrated with appropriate agronomic technologies and
management will be briefly discussed below.

BEANS (PHASEOLUS VULGARIS)

The common bean was cultivated in the winter crop season and received
artificial light(s) supplementation from post-sowing until pre-harvest. Soil
remineralizers and biological products were applied before sowing. The plant stand
was reduced by 15% compared to the regular stand recommendation for traditional
crop cultivation without artificial light(s) supplementation.

A lower number of fungicide applications and 36% more grain yield were
observed in the area that received artificial light(s) supplementation. Other studies with
beans were conducted in different regions and confirmed the positive response of this
crop when artificial light(s) supplementation is applied according to the present
invention.

CORN (ZEA MAYS)

Corn was grown in spring/summer and received artificial light(s)
supplementation from post-sowing until pre-harvest, as well as soil remineralizers,
organominerals, and biological products that were applied to the soil before sowing. In
this study, the plant stand (plant number per hectare) was 60% higher than the stand
regularly used in traditional cultivation without artificial light(s) supplementation.

Differences were observed among the studied varieties (hybrids), such
as plants generally higher (> 4 m), higher average ear number per plant, and greater
crop health. Healthier plants in the area that received artificial light(s) supplementation
allowed crop cultivation with fewer fungicide applications. Grain yield was 183% higher
than the regional grain yield average for the same year.

TOMATO (SOLANUM L YCOPERSICUM)
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Different varieties of tomato for pulp were evaluated, and the area that
received artificial light(s) supplementation presented plants with superior development
of the aerial plant part compared to the area without artificial light(s) supplementation.
This further development of the aerial part allowed the early plant cover of the space
between planting lines and doubled the production of tomato fruits.

Only the area that did not receive artificial light(s) supplementation had
problems with calcium deficiency, causing the “blossom end rot’ symptom in the fruits.
In the area that received ariificial light(s) supplementation, no such stress was
observed that would impair the development of the plants and their respective
productions.

Both areas received soil remineralizers and foliar nutrients. Artificial
light(s) supplementation occurred throughout the crop cycle in the respective area, and
the light color combination used in soybean (59% red, 33% green, and 8% blue)
showed excellent results in tomato plant development.

COTTON (GOossYPIUM HIRSUTUM)

Cotton was tested in different regions and different varieties. As observed
for the other crops, the aerial part of the cotton plants that received the artificial light(s)
supplementation project was significantly higher than the plants that did not receive
artificial light(s) supplementation.

The cotton tree that received the artificial light(s) supplementation project
produced 20 to 40% more “apples” (structure containing the plume, the cotton fiber)
per plant and about 12% more final fiber production. The artificial light(s)
supplementation positively impacted the final production and quality of the cotton fiber.
The presence of insects in the area that received artificial light(s) supplementation was
reduced compared to traditional cotton cultivation without artificial light(s)
supplementation.

SUGARCANE (SACCHARUM OFFICINARUM)

Artificial light(s) supplementation in sugarcane has brought many
beneficial effects. The area received the application of soil remineralizer and was
cultivated without any fungicide application. Initially, sugarcane with artificial light(s)
supplementation showed a higher number of tillers (seedlings) per clump, which
increased the production of crop biomass.

Stem height, total soluble solids content, apparent sucrose, and

recovered total sugars were higher in sugarcanes grown with artificial light(s)
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supplementation. The “brown spof’ was a foliar fungal disease that occurred only in
the area that did not receive artificial light(s) supplementation, indicating how the
present invention promotes not only increases in yield, but also increases the plant
resistance to stresses and reduces the cost and environmental impacts with lower
frequencies of fungicide application.

ToBAcco (NICOTIANA TABACUM)

More vigorous tobacco plants, larger leaves, and higher leaf production
were commonly observed in the area that received artificial light(s) supplementation.
The tobacco cropping area received the application of soil remineralizer and was
cultivated without any application of insecticide or fungicide. Light supplementation
with the predominance of blue collors favored the development of tobacco plants.

GARLIC (ALLium SATivuMm) AND ONION (ALLiuM CEPA)
Areas that received the application of soil remineralizer and

organominerals were cultivated without any insecticide application and with a reduced
amount of fungicide applications. The yields were higher than 80% in the areas that
received artificial light(s) supplementation all night during specific periods, both for
garlic and onion.

The application of foliar fertilizers was similar between the areas [with or
without light(s) supplementation]; however, the excellent plant development caused by
artificial light(s) supplementation turned the plant more sensitive to the lack of essential
nutrients, especially those required in smaller amounts (micronutrients).

PEA (PisuM SATIVUM)

Pea is a crop that responds satisfactorily well to artificial light(s)
supplementation. Depending on its application (grain production or cover crop), it
should be changed the color composition of artificial light(s) supplementation.

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

SUNFLOWER (HELIANTHUS ANNUUS)

Artificial light(s) supplementation increased the size of the sunflowers,

increasing the production of larger seeds with improved quality parameters such as
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size and integrity. Sunflower areas cultivated with artificial light(s) supplementation
showed high vegetative-productive development and plant sanity.

In areas where artificial light(s) supplementation was applied,
insecticides or fungicides were not applied to the crop plants. The production of
sunflower seeds was 44% higher in the area that received the artificial light(s)
supplementation compared to the traditional cultivation area without artificial light(s)
supplementation.

POTATO (SOoLANUM TUBEROSUM)

Different varieties and planting stands were studied for potatoes that
received artificial light(s) supplementation. Artificial light(s) supplementation in this crop
can be used from emergence until about ten days before harvest desiccation. The
production occurred with lower use of fungicides compared to the area without artificial
light(s) supplementation and the commercial cropping area adjacent to the
experimental area 200.

There was a large production of root tubers, and production was about
38% higher than in traditional cultivation without artificial light(s) supplementation. Soil
and organomineral remineralizers were used in both areas to complement the basic
fertilization and support higher root tuber productions.

Hops (HumMULUS LUPULUS)

The artificial light(s) supplementation applied to hop plants generated
promising results. It was possible to develop and harvest the second crop of hops in
the same agricultural year, which was not observed in the area without artificial light(s)
supplementation. The number of floral cones (structures used as raw material for beer)
was much higher, and their dimensions were larger in plants that received artificial
light(s) supplementation.

The beer produced using the hops produced with artificial light(s)
supplementation did not present any harm in relation to traditional cultivation.
Therefore, artificial light(s) supplementation allowed more than doubling the productive
capacity of hops in an area, besides not negatively affecting beer production and
quality.

STRAWBERRY (FRAGARIA x ANANASSA)

Production, fruit sanity, and shelf time were superior for strawberries
produced with artificial light(s) supplementation applied throughout the crop cycle.

Some strawberry varieties respond better to artificial light(s) supplementation. In
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general, reddish artificial light(s) supplementation provides better results in fruit
production and seedlings of plant development.
PITAYA (HYLOCEREUS UNDATUS)

The number of crops and fruits was positively affected by artificial light(s)
supplementation. The harvests became continuous with adequate crop management
and artificial light(s) supplementation. About 4 to 6 hours of artificial light(s)
supplementation per night were enough to maintain this fruit harvest constancy and
increase the number of fruits per plant. With increased harvests per year and fruits per
plant, the required amounts of fertilizers, soil pH correctors and conditioners, soil
remineralizers, and organominerals were necessary to support the production.

This situation of great fertilizer need to compensate for a higher total
production is further indication that the full functioning of artificial light(s)
supplementation, according to the present invention, is dependent on other factors that
need to be available so that plant responses are not limited by factors whose deficiency
may compromise crop full development and yield.

LETTUCE (LACTUCA SATIVA) AND ARUGULA (ERUCA VESICARIA SSP. SATIVA)

All  experiments with horticultural crops with artificial light(s)
supplementation showed more accelerated plant development from seedlings to adult
plants, allowing for more year-round harvests. In addition, they presented more intense
colors and more pleasant flavors.

The use of more bluish artificial light(s) supplementation allowed better
results; however, there are significant differences in responses between the varieties
studied in each plant species. This observation indicates that each region should be
studied for adequate crop varieties to select those with better responses to artificial
light(s) supplementation.

CoVER CROPS

Different cover crops were responsive to artificial light(s)
supplementation, and all responses were positive. The higher the plant biomass (e.g.,
leaves, stems, and roots) growth, the faster the covering of the cropping area, which
improves soil protection and reduces crop competition with invasive plants (weeds).
The cropping of solitary crop species (only one predominant species) or mixtures of
different species presented improved results under artificial light(s) supplementation.

The use of more bluish artificial light(s) supplementation also allowed

better results. However, it was clear how each cover crop (such as Sudan grass, fodder
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turnip, millet, crotalaria, wheat, and buckwheat) in different regions presented
differentiated responses to the same spectral signature of artificial light(s)
supplementation, indicating that different crop species would have distinct and unique
spectral band composition for each plant species and edaphoclimatic condition.

The achievements exposed above indicated that the present invention
accomplishes significant advances in the application and development of artificial
light(s) supplementation, highlighting the beneficial effects of the use of artificial lighting
sources 10a, 10b, 10c, 10d, 10e in the metabolism and agronomic management of
plants, in the efficiency of light absorption and photosynthesis in their respective aerial
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 light(s) supplementation.
These effects benefit the agricultural production process by extending the plant
resistance to adverse conditions during crop development, improving qualitative and
nutritional aspects of the final crop product, and elevating the sustainability of the
agricultural activity.

Despite the description of crop yield achievements to specific
accomplishments, the present invention may present modifications in its
implementation so that the scope of protection of the invention is limited to the content

of the attached claims, including possible equivalent variations.
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SET OFCLAIMS

1. AGRICULTURAL MANAGEMENT SYSTEM (100) is
characterized by comprising:

- a modular agricultural irrigation pivot-like device (101) positioned on an
agricultural field (200) in the cultivation of a crop (202a) species, the modular
agricultural irrigation pivot-like device (101) 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 aerial parts 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 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) adjust (501), in the intervals of the electromagnetic spectrum, the
balance between the spectral bands emitted by the plurality of light-emitting diodes;
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;

- a photoperiod, a season and current weather conditions under which
the agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202a) development.

2. SYSTEM (100), according to claim 1, characterized in that stages
a) and b) determined by the processor using an artificial intelligence model.

3. SYSTEM (100), according to any of claims 1 and 2, characterized

in that the modular agricultural irrigation pivot-like device (101) comprises:

Almendra - EX1002, Page 087
PGR2025-00055



10

15

20

25

30

WO 2023/197049 35 PCT/BR2022/050461

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

- sprinkler devices 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. SYSTEM (100), according to any of claims 1 to 3, characterized
by in that a plurality of soil sensors under the agricultural field (200) captures nutritional
data of the soil of the agricultural field (200).

5. SYSTEM (100), according to claim 4, characterized in that the
processor using all data available from the agricultural field (200):

C) determines and suggests the routines for crop and artificial light(s)
supplementation management.

6. SYSTEM (100), according to claim 5, characterized in that stage
c) determined by the processor using the artificial intelligence model, considers one of
the following:

- the irrigation routine (502);

- the routine of artificial light(s) supplementation (503);

- the crop (202a) species under cultivation;

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

- the photoperiod responses, the season and the current weather
conditions under which the agricultural field (200) is subjected; and

- the one or more objective(s) intended for the crop (202a) development.

7. SYSTEM (100), according to any of claims 1 to 6, characterized in
that the one or more objectives intended for the crop (202a) development under
cultivation is/are:

- stimulating or inhibiting a production of leaves, branches, and roots;

- stimulating or inhibiting a production of grains, fibers, fruits, and
essences

- stimulating or inhibiting vegetative growth; and

- stimulating photosynthesis.

8. SYSTEM (100), according to any of the claims 1 to 7,
characterized in that the routine of artificial light(s) supplementation (503), majorly
occurs, but not exclusively, between phenological stages V3-V4 to R5-R6 of the crop
(202a) under cultivation.
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9. SYSTEM (100), according to any of claims 7 to 8, characterized in
that the balance between spectral bands being adjusted (501) to understand
compositions of red-green-blue spectral bands presenting at least 40% blue color for
vegetative phenological stages and about 60% or at least 40% red color for the
reproductive phenological stage of the crop 202a under cultivation, more than 40% red
color in the artificial light(s) supplementation is recommended for any plant
phenological stage.

10. SYSTEM (100), according to any of the claims 1 to 9,
characterized in that the processor further considers:

- the geolocation of the agricultural field (200) and climatic indicators for
the determination of agricultural zoning of climatic risk (ZARC) to suggest a crop (202a)
to be cultivated, if regional information regarding the most adapted crop varieties is
unavailable.

11. SYSTEM (100), according to any of claims 5 to 10, characterized
in that an user interface is in communication with the processor, wherein an user feeds
the following information to the processor:

- history of crops previously cultivated in the agricultural field (200);

- history of agricultural inputs used in the agricultural field (200);

- occurrence of stresses during the crop (202a) cycle, such as at least
one of the following: the occurrence of phytopathology; the occurrence of pests and
the occurrence of weeds;

- productivity results from previous harvests; and

- characteristics of the modular agricultural irrigation device (101), among
irrigated area, irrigation flow, pivot working speed and height of the agricultural
irrigation modular device (101);

wherein stages a), b) and c) are determined by the processor using the
artificial intelligence model, considering at least one of the following:

- the crop (202a) species under cultivation;

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

- the photoperiod, the season and the current weather conditions under
which the agricultural field (200) is subjected,;

- the one or more objective(s) for crop (202a) development and
responses; and

- the user-fed information through the user interface.
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12. SYSTEM (100), according to claim 11, characterized in that the
processor using information on the height of the modular agricultural irrigation device
(101) to adjust (501) the illumination emitted by the LEDs as a function of the distance
of the plurality of artificial lighting sources (10a, 10b, 10c, 10d, 10e) for the crop (202a)
under cultivation.

13. SYSTEM (100), according to claims 1 to 12, characterized in that
the plurality of energy sources being a plurality of photovoltaic and wind cells for energy
production to support the energy needed for the artificial light(s) supplementation
working during nights (majorly).

14. SYSTEM (100), according to claim 13, characterized in that the
processor, in communication with a plurality of photosensor cells, determines a
threshold of incidence of sunlight in the photovoltaic cells, for which below this, and
depending on a certain routine of artificial light(s) supplementation (503), a processor
commands the performance of the plurality of light-emitting diodes.

15. SYSTEM (100), according to any of claims 1 to 12, characterized
in that the plurality of energy sources being at least one of the following: wind, thermal,
or combustion generators.

16. SYSTEM (100), according to claim 15, characterized in that the
processor using information of insolation index and cloudiness to determine a
threshold of incidence of sunlight in the agricultural field (200) for which below this, and
depending on a certain routine of artificial light(s) supplementation (503), the processor
commands the performance of the plurality of light-emitting diodes.

17.  SYSTEM (100), according to any of claims 1 to 16, characterized
in that the crop under cultivation being at least one of: soybean, beans, corn, tomato,
carrot, cotton, sugar cane, tobacco, garlic, onion, pea, sunflower, sorghum, potato,
hops, strawberry, pitaya, lettuce, arugula, oats, coffee, and soil cover crops and
grasses.

18. AGRICULTURAL MANAGEMENT METHOD (500), for the
cultivation of a crop (202a) in an agricultural field (200), characterized by comprising
the steps of:

a) 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); and

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

- a routine of artificial light(s) supplementation (503) of the plurality of
artificial lighting sources (10a, 10b, 10c, 10d, 10e);

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 current weather conditions under which
the agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202) development.

19. METHOD (500), according to claim 18, characterized in that
stages a) and b) are determined by the processor using an artificial intelligence model.

20. METHOD (500), according to any of the claims 18 to 19, is
characterized by further comprising a stage c) of determining a routine of soil
management in the agricultural field (200) based on soil analyses from the agricultural
field (200).

21. METHOD (500), according to claim 20, characterized in that stage c)
of determining through the artificial intelligence model considers at least one of the following:

- the irrigation routine (502);

- the routine of artificial light(s) supplementation (503);

- the crop (202a) species under cultivation;

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

- the photoperiod, the season and the current weather conditions under
which the agricultural field (200) is subjected; and

- the one or more objective(s) intended for the crop (202a) development.

22. METHOD (500), according to any of the claims 18 to 21,
characterized in that the one or more objectives intended for the crop (202a)
development to:

- stimulate or inhibit the production of leaves, branches, and roots;

- stimulate or inhibit the production of grains, fibers, fruits, and essences
- stimulate or inhibit vegetative growth; and - stimulate photosynthesis.

23. METHOD (500), according to any of the claims 18 to 22,

characterized in that the routine of artificial light(s) supplementation (503) that majorly,
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but not always, occurs between phenological stages V3-V4 to R5-R6 of the crop (202a)
under cultivation.

24. METHOD (500), according to any of the claims 22 to 23,
characterized in that the balance between the spectral bands being adjusted (501) to
understand compositions of red-green-blue spectral bands that should present at least
40% blue color for vegetative phenological stages and about 60% or at least 40% red
color for the reproductive phenological stage of the crop 202a under cultivation, more
than 40% red color in the artificial light(s) supplementation is recommended for any

plant phenological stage.
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1.

This opinion contains indications relating to the following items:

Box No. | Basis of the opinion

Box No. Il Priority

Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 43 bis. 1 (a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

Box No. VI  Certain documents cited

Box No. VIl Certain defects in the international application

XOL XX

Box No. VIII Certain observations on the international application

2. FURTHERACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA™) cxcept that this docs not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15is(b) that wrilten
opinions of this International Searching Authority will not be so considered.
If this opinion is. as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendinents, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.
For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer

Mail Stop PCT, Attn: ISAIUS Kari Rodriquez

Commissioner for Patents

P.O. Box 1450, Alexandria, Virginia 22313-1450 3 Apr" 2023 (03'04'2023) PCT Help Desk

Facsimile No. 571-273-8300 Telephone No. .§71-272-4300

Form PCT/ISA/237 (cover sheet) (revised July 2022)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY

PCT/BR 22/50461
Box No. I Basis of this opinion
1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.
D a translation of the international application into which is the language ot a translation

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. L—_| This opinion has been established taking into account the reetification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43bis. 1(b)).

3. |:I With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing;

a. I:I forming part of the international application as filed.

b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13ter.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in
the international application as filed.

4. [:, With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has bzen
established to the extent that a meaningful opinion could be formed without a WIPO Standard ST.26 compliant sequence
listing.

5. Additional comments;

Form PCT/ISA/237 (Box No. I) (revised July 2022)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY
PCT/BR 22/50461

Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially
applicable have not been examined in respect of:

I:] the entire international application.

claims Nos. 4-17,22-24

because:

l:] the said international application, or the said claims Nos. relate to the following
subject matter which does not require an international search (specify):

the description, claims or drawings (indicate particular elements below) or said claims Nos. _4-17, 22-24
are so unclear that no meaningful opinion could be formed (specify):

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

D the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

no international search report has been established for said claims Nos. 4-17, 22-24

D ameaningful opinion could not be formed withoul the sequence listing;' the applicant did not, within the prescribed time limit:

D furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the International
Searching Authority in the form and manner acceptable to it: or the sequence listing fumished did not comply with the
standard provided for in Annex C of the Administrative Instructions.

D furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex
C of the Administrative Instructions, and such listing was not available (o the International Searching Authority in the
form and manner acceptable to it: or the sequence listing furnished did not comply with the standard provided for in
Annex C of the Administrative Instructions.

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule 13ser.1(a)
or (b). '

D See Supplemental Box for further details.

Form PCT/ISA/237 (Box No. I11) (revised July 2022)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/BR 22/50461

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-3, 18-21 VES

Inventive step (IS) Claims 1-3, 18-21 YES
Claims NONE- NO

Industrial applicability (IA) Claims 1-3, 18-21 . YES
Claims NONE NO

2. Citations and explanations:
Claims 1-3 and 18-21 meet the criteria of PCT Article 33(2) - 33(3) because, as will be shown, the prior art does not teach, nor does it
fairly suggest, the claimed limitations.

Regarding claims 1-3 and 18-21, the most similar prior art is exemplified by 1) US 2020/0359550 A1 to Tran; and 2) US 2013/0263503 A1
to Firefly-One, LL.C (hereinafter ‘Firefly").

1) Tran teaches an agricuitural method (Fig. 1A-6), the method comprising:

selecting a seed with predetermined end product properties (para [0233]-{0236]);

selecting microbes to assist seed growth and providing the microbes to help the seed during early stage growth (Fig. 4C, 4D: para [0244),
[0245));

planting the seed on a farm and periodically capturing growth data with one or more sensors (Fig. 1A-6; para [0270], [0271]);

storing the growth data on a blockchain (para [0305]-[0312));

viewing the growth data by an interested party [0004]); and

controlling an irrigation system in response to the growth data (para [0158]).

2) Firefly teaches a system for encouraging maturation and growth of a plant (the system 2 — Fig. 1-6; para [0025], [0028]), comprising:
at least ane stroboscopic lamp adapted to be disposed adjacent the plant (the stroboscapic lamp 14 — Fig. 1-6; para [0026], [0027]);

a controller in communication with and contralling the at least one stroboscopic lamp, the controller configured to cycle the stroboscopic
lamp through at least one on-period and at least one off-period for a predetermined cycling time {the contraller 8 - Fig. 1-6; para [0028]-
[0030)).

Regarding claim 1 (NOTE: See Box VIII), Tran teaches an agricultural method (Fig. 1A-6), the method comprising:

selecting a seed with predetermined end product properties {para {0233]-(0236]);

selecting microbes to assist seed growth and providing the microbes to help the seed during early stage growth (Fig. 4C, 4D; para [0244],
[0245]);

planting the seed on a farm and periodically capturing growth data with one or more sensors (Fig. 1A-6; para [0270], {0271]);

storing the growth data on a blockchain (para [0305]-[0312]);

viewing the growth data by an interested party [0004]); and

controlling an irrigation system in response to the growth data (para [0158]), and

Firefly teaches a system for encouraging maturation and growth of a plant (the system 2 — Fig. 1-6; para [0025], [0026]), comprising:

at least one stroboscopic lamp adapted to be disposed adjacent the plant {the stroboscapic lamp 14 — Fig. 1-6; para [0026], [0027]);

a controller in communication with and controlling the at least one stroboscopic lamp, the controller configured to cycle the stroboscopic
lamp through at least one on-period and at least one off-period for a predetermined cycling time (the controller 8 — Fig. 1-6; para [0028)-
[0030]), .

but the prior art does not teach nor fairly suggest the combination of a modular agricultural irrigation pivot-like device positioned on an
agricultural field in the cultivation of a crop species, the modular agricultural irrigation pivot-like device including a plurality of artificial
lighting sources arranged along the modular agricultural irrigation pivot-like device at a predetermined distance above the aerial parts of
the crop, comprising a plurality of light-emitting dicdes, and a plurality of energy sources that feed the plurality of artificial lighting sources,
the agricultural management system further including a processor in communication with a dimerizer and/or a polarizer of the plurality of
artificial lighting sources and with the piurality of energy sources, wherain the processor is configured to: a) adjust. in the inlervals of the
electromagnetic spectrum, the balance between the spectral bands emitted by the plurality of light-emitting diodes; and b) determine and
implement: an irrigation routine; andfor an artificial light(s) supplementation routine, and wherein stages a) and b) are determined by the
processor considering at least one among: a crop species under cultivation; a phenological stage of the crop under cultivation; a
photoperiod, a season and current weather conditions under which the agriculturai field is subjected; and one or more objective(s)
intended for the crop development.

Regarding claims 2 and 3 (NOTE: See Box VIl!), the prior art does not teach or fairly suggest the system as claimed since they are
dependent on claim 1.

"*Please See Supplemental Box**
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INTERNATIONAL SEARCHING AUTHORITY PCT/BR 22150461

Box No. VIII  Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Regarding claim 1, the recitation ‘Agricultural Managemerit System' lacks proper antecedent basis.
Accordingly, claim 1 is interpreted to recite 'An agricultural management system’.

Regarding claims 2 and 3, the recitation 'System, according to claim’ lacks proper antecedent basis.
Accordingly, claims 2 and 3 are interpreted to recite ‘The system according to claim'.

Regarding claim 18, the recitation 'Agriculturai Management Method' lacks proper antecedent basis.
Accordingly, claim 18 is interpreted to recite ‘An agricultural management method'.

Regarding claims 19-21, the recitation ‘Method, according to claim’ tacks proper antecedent basis.
Accordingly, claims 18-21 are interpreted to recite ‘The method according to claim’.

Form PCT/ISA/237 (Box No. VIII) (revised July 2022)

Almendra - EX1002, Page 109
PGR2025-00055



WRITTEN OPINION OF THE International application No.
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:
Box No. V.2. Citations and Explanations:

Regarding claim 18 (NOTE: See Box VIIl), Tran teaches an agricultural method (Fig. 1A-6), the method comprising:

selecting a seed with predetermined end product properties (para [0233]-[0236]);

[select]i?g microbes to assist seed growth and providing the microbes to help the seed during early stage growth (Fig. 4C, 4D; para [0244],
0245]),

planting the seed on a farm and periodically capturing growth data with one or more sensors (Fig. 1A-6; para [0270], [0271));

storing the growth data on a blockchain (para [0305]-[0312]);

viewing the growth data by an interested party [0004]); and

controlling an irrigation system in response to the growth data (para [0158]), and

Firefly teaches a system for encouraging maturation and growth of a plant (the system 2 — Fig. 1-6; para [0025}, [0026]), comprising:

at least one stroboscopic lamp adapted to be disposed adjacent the plant (the stroboscopic lamp 14 — Fig. 1-6; para {0026], [0027});

a controller in communication with and controlling the at least one stroboscopic lamp, the controller configured to cycle the stroboscopic
lamp through at least one on-period and at least one off-periad for a predetermined cycling time (the controller 8 — Fig. 1-6; para [0028]-
{0030]),

but the prior art does not teach nor fairly suggest the combination of an agricultural management method, for the cultivation of a crop in an
agricultural field, including a) adjusting, in intervals of the electromagnetic spectrum, the balance between the spectral bands emitted by a
plurality of light-emitting diodes of a piurality of artificial lighting sources; and b) determining and implementing: an irrigation routine of a
modular agricultural irrigation device; and/or a routine of artificial light(s) supplementation of the plurality of artificial lighting sources;
wherein stages a) and b) are determined considering at least one among: a crop species under cultivation; a phenological stage of the
crop under cuitivation; a season, a photoperiod, and current weather conditions under which the agricultural field is subjected; and one or
more objective(s) intended for the crop (202) development.

Regarding claims 19-21 (NOTE: See Box VIII), the prior art does not teach or fairly suggest the method as claimed since they are

dependent on claim 18.

Claims 1-3 and 18-21 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used by
industry. '

Form PCT/ISA/237 (Supplemental Box) (revised July 2022)
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ABSTRACT
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

The system (100) comprises a modular agricultural irrigation pivot-like
device (101) positioned on an agricultural field (200) in the cultivation of a crop (202a),
the device (101) comprising artificial lighting sources (10a, 10b, 10c, 10d, 10e)
arranged along the irrigation pivot device (101) at a predetermined distance above the
aerial parts of the crop, comprising LEDs, and a plurality of energy sources that feed a
plurality of artificial lighting sources, a processor in communication with a dimerizer
and/or polarizer of artificial lighting sources and with power sources, wherein a
processor a) adjusts (501), in the intervals of the electromagnetic spectrum, the
balance between the spectral bands emitted by the light-emitting diodes; and b)
determines and implements - an irrigation routine (502); and/or - light(s)
supplementation routine (503); in which stages a) and b) are determined by a

processor different parameters.
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This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of sheets.

D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
the international application in the language in which it was filed.

a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. D This international search report has been established taking into account the rectification of an ebvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1.

N

Certain claims were found unsearchable {see Box No. II).

W

D Unity of invention is lacking (see Box No. HI).

4. With regard to the title,
the text is approved as submitted by the applicant.
D the text has been established by this Anthority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may,
within one month from the date of mailing of this interational search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 4
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/BR 22/50461

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that nc meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-17, 22-24

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims,

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

000

As only some of the required additional search fees were timely paid by the applicant, this internationai search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

v

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2022)
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/BR 22/50461

ADD. A01G 25/08

A. CLASSIFICATION OF SUBJECT MATTER

IPC - INV. A01G 7/04, AO1G 9/20, HO5B 47/10 (2023.01)
ADD. A01G 25/09 (2023.01)

cPC - Ny, AQ1G 7/045, A01G 9/20, AO1G 9/249, HOSB 47/10

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2020/0359550 A1 (Tran), 19 November 2020 (19.11.2020), entire document, especially Fig. | 1-3, 18-21
1A-6; para [0233)-[0236], [0244], [0245], [0270], [0271], [0305}-[0312].
A US 2013/0263503 A1 (Firefly-One, LLC), 10 October 2013 (10.10.2013), entire document, 1-3, 18-21
especially Fig. 1-6; para [0025]-[0030].
A US 2016/0262313 A1 (LED Living Technology), 15 September 2016 (15.09.2016), entire 1-3, 18-21
document.
A US 2012/0038281 A1 (Verfuerth), 16 February 2012 (16.02.2012}, entire document. 1-3, 18-21
A US 2002/0154504 A1 (Fang et al.), 24 October 2002 (24.10.2002), entire document. 1-3, 18-21

D Further documents are listed in the continuation of Box C.

D ‘See patent family annex.

*

AT

“py
“g»

“e

Lok
“p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason {as specified)

document referring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than
the priority date claimed

™

wyr

oy

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

30 March 2023 (30.03.2023)

Dat

e of mailing of the international search report

APR 24 2023

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Kari Rodriquez

Telephone No. PCT Helpdesk: §71-272-4300

Form PCT/ISA/210 (second sheet) (July 2022)
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From the
INTERNATIONAL SEARCHING AUTHORITY

To: CAROLINA NAKATA P CT

AV. BRIGADEIRO FARIA LiMA 1485 - 110
ANDAR- TORRE NORTE

01452-002 SAO PAULO-SP " WRITTEN OPINION OF THE
BRASIL INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailine | APR 24 2023

Applicant’s or agent’s file reference FOR FURTHER ACTION

3610-0016 i See paragraph 2 below
International application No. International filing date (dayvmonth/year) Priority date (day/morth/year)
PCT/BR 22/50461 24 November 2022 (24.11.2022) 14 April 2022 (14.04.2022)

International Patent Classification (IPC) or both national classification and IPC
IPC - INV. A01G 7/04, A01G 2/20, HO5B 47/10 (2023.01)

ADD. AD1G 25/09 (2023.01)
CPC - INV. AQ1G 7/045, AO1G 9/20, AD1G 9/249, HOS5B 47/10

ADD. A01G 25/09

Applicant FIENILE AGRONEGOCIOS LTDA

1. This opinion contains indications relating to the following items:

X

Box No. 1 Basis of the opinion

Box No. Il Priority

Box No. {Il  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box Na. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 434is.1(a)(i) with regard to novelty, inventive step and industrial appl iéabi!ity;
citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VIl  Certain defects in the international application

XU XX

Box No. VIII Certain observations on the international application

2. FURTHERACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) tha: written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer

Mail Stop PCT, Attn: ISA/US Kari Rodriquez
Commissioner for Patents 3

P.0. Box 1450, Alexandria, Virginia 22313-1450 3 Apﬂl 2023 (03'04'2023) PCT Help Desk

Facsimile No. 571-273-8300 Telephone No. -571-272-4300
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY

PCT/BR 22/50461
Box Ne. I Basis of this opinion
1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.
D a translation of the international application into which is the language of a translation

fumished for the purposes of intemational search (Rules 12.3(a) and 23.1(b)).

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 435is.1(b)).

3. !:l With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing:
a. D forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13ter. [{a}).

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in
the international application as filed.

4. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application. this opinion has been
established to the extent that a meaningful opinion could be formed without a WIPO Standard ST.26 compliant sequence
listing.

5. Additional comments:

Form PCT/ISA/237 (Box No. 1) (revised July 2022)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY
PCT/BR 22/50461

Box No. Il  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially
applicable have not been examined in respect of:

D the entire international application.

claims Nos. 4-17, 22-24

because:

D the said international application, or the said claims Nos. relate to the following
subject matter which does not require an international search (specify):

the description, claims or drawings (indicate particular elements below) or said claims Nos. _4-17, 22-24
are so unclear that no meaningful opinion could be formed (specify):

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

D the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

no international search report has been established for said claims Nos. 4-17, 22-24

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time Hmit:

D furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the International
Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not comply with the
standard provided for in Annex C of the Administrative Instructions.

D furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex
C of the Administrative Instructions, and such listing was not available (o the International Searching Authority in the
form and manner acceptable to it: or the sequence listing furnished did not comply with the standard provided for in
Annex C of the Administrative Instructions.

D pay the required late furnishing fee for the fumishing of a sequence listing in response to an invitation under Rule 13/er.1(a)
or (b}. '

I:] See Supplemental Box for further details.

Form PCT/ISA/237 (Box No. I11) {revised July 2022)
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Box No. V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-3, 18-21 VES
Claims NONE : NO

Inventive step (IS) Claims 1-3, 18-21 YES
Claims NONE- NO

Industrial applicability (1A) Claims 1-3, 18-21 . YES
Claims NONE NO

2. Citations and explanations:
Ciaims 1-3 and 18-21 meet the criteria of PCT Article 33(2) - 33(3) because, as will be shown, the prior art does not teach, nor does it
fairly suggest, the claimed limitations.

Regarding claims 1-3 and 18-21, the most similar prior art is exemplified by 1) US 2020/0359550 A1 to Tran; and 2) US 2013/0263503 A1
to Firefly-COne, LLC (hereinafter ‘Firefly’).

1) Tran teaches an agricuitural method (Fig. 1A-6), the method comprising:

selecting a seed with predetermined end product properties (para {0233]-[0236});

selecting microbes to assist seed growth and providing the microbes to help the seed during early stage growth (Fig. 4C, 4D; para [0244],
[0245]);

planting the seed on a farm and periodically capturing growth data with one or more sensors (Fig. 1A-6; para [0270], [02711]);

storing the growth data on a blockchain (para [0305]-[0312]);

viewing the growth data by an interested party [00041); and

controlling an irrigation system In response to the growth data (para [0158]).

2) Firefly teaches a system for encouraging maturation and growth of a plant (the system 2 — Fig. 1-6; para [0025], [00286]), comprising:
at least one stroboscopic lamp adapted to be disposed adjacent the plant (the stroboscopic lamp 14 — Fig. 1-6; para [0026], [0027});

a controller in communication with and controlling the at least one stroboscopic lamp, the controller configured to cycle the stroboscopic
lamp through at teast one on-period and at least one off-period for a predetermined cycling time {the controller 8 — Fig. 1-6; para [0028]-
[00301).

Regarding claim 1 (NOTE: See Box Vill), Tran teaches an agricultural method (Fig. 1A-6), the method comprising:

selecting a seed with predetermined end product properties (para {0233]-[0236]);

selecting microbes to assist seed growth and providing the microbes fo help the seed during early stage growth (Fig. 4C, 4D; para [0244],
[0245]);

planting the seed on a farm and periodically capturing growth data with one or more sensors (Fig. 1A-6; para [0270], [0271]);

storing the growth data on a blockchain (para [0305]-{0312]);

viewing the growth data by an interested party [0004]}); and

controlling an irrigation system in response to the growth data (para [0158]), and

Firefly teaches a system for encouraging maturation and growth of a plant {the system 2 — Fig. 1-6; para [0025), [0026]), comprising:

at least one stroboscopic lamp adapted to be disposed adjacent the plant (the stroboscopic lamp 14 — Fig. 1-6; para [0028], [0027]);

a controller in communication with and controlling the at least one stroboscopic lamp, the controller configured to cycle the stroboscopic
lamp through at least one on-period and at least one off-period for a predetermined cycling time (the controller 8 — Fig. 1-8; para [0028}-
[0030)). .

but the prior art does nat teach nor fairly suggest the combination of a modular agricultural irrigation pivot-like device positioned on an
agricuitural field in the cultivation of a crop species, the modular agricultural irrigation pivot-like device including a plurality of artificial
lighting sources arranged along the modular agricultural irrigation pivot-like device at a predetermined distance above the aerial parts of
the crop, comprising a plurality of light-emitting diodes, and a plurality of energy sources that feed the plurality of artificial lighting sources,
the agricultural management system further including a processor in communication with a dimerizer and/or a polarizer of the plurality of
artificial lighting sources and with the piurality of energy sources, wherein the processor is configured to: a) adjust, in the intervals of the
electromagnetic spectrum, the balance between the spectral bands emitted by the plurality of light-emitting dicdes; and b) determine and
implement: an irrigation routine; and/or an artificial light(s) supplementation routine, and wherein stages a) and b) are determined by the
processor considering at least one among: a crop species under cultivation; a phenological stage of the crop under cultivation; a
photoperiod, a season and current weather conditions under which the agricuitural field is subjected; and one or more objective(s)
intended for the crop development.

Regarding claims 2 and 3 (NOTE: See Box VIil), the prior art does not teach or fairly suggest the system as claimed since they are
dependent on claim 1.

**Please See Supplemental Box**

Form PCT/ISA/237 (Box Ne. V) (revised July 2022)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/BR 22/50461

Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Regarding claim 1, the recitation ‘Agricuitural Managemen-t System’ lacks proper antecedent basis.
Accordingly, claim 1 is interpreted to recite 'An agricultural management system'.

Regarding claims 2 and 3, the recitation 'System, according to claim’ lacks proper antecedent basis.
Accordingly, claims 2 and 3 are Interpreted to recite ‘The system according to claim'.

Regarding claim 18, the recitation 'Agricultural Management Method' lacks proper antecedent basis.
Accordingly, claim 18 is interpreted to recite ‘An agricultural management method'.

Regarding claims 19-21, the recitation ‘Methed, according to claim’ lacks proper antecedent basis.
Accordingly, claims 19-21 are interpreted to recite ‘The methad according ta claim’.

Form PCT/ISA/237 (Box No. VIII) (revised July 2022)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/BR 22/50461

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of’
Box No. V.2. Citations and Explanations:

Regarding claim 18 (NOTE: See Box Viil), Tran teaches an agricuitural method {Fig. 1A-6), the method comprising:

selecting a seed with predetermined end product properties (para [0233]-[0236]);

[select]i)ng microbes to assist seed growth and providing the microbes to heip the seed during early stage growth (Fig. 4C, 4D; para [0244],
0245]);

planting the seed on a farm and periodically capturing growth data with one or more sensors (Fig. 1A-6; para [0270], [0271]);

storing the growth data on a blockchain (para [0305]-[0312]);

viewing the growth data by an interested party [0004]); and

controiling an irrigation system in response to the growth data (para [0158]), and

Firefly teaches a system for encouraging maturation and growth of a plant (the system 2 — Fig. 1-6; para [0025], {0026]), comprising:

at least one stroboscopic lamp adapted to be disposed adjacent the plant (the stroboscopic lamp 14 — Fig. 1-6; para {0026], {0027]);

a controller in communication with and controlling the at least one stroboscopic iamp, the controller configured to cycle the stroboscopic
lamp through at least one on-period and at least one off-pericd for a predetermined cycling time (the controller 8 — Fig. 1-6; para [0028]-
{0030]),

but the prior art does not teach nor fairly suggest the combination of an agricultural management method, for the cultivation of a crop in an
agriculturat field, including a) adjusting, 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; and b) determining and implementing: an irrigation routine of a
modular agricultural irrigation device; and/or a routine of artificial light(s) supplementation of the plurality of artificial lighting sources;
wherein stages a) and b) are determined considering at least one among: a crop species under cultivation; a phenological stage of the
crop under cultivation; a season, a photoperiod, and current weather conditions under which the agricuitural field is subjected; and one or
more objective(s) intended for the crop (202) development.

Regarding claims 19-21 (NOTE: See Box VIlI), the prior art does not teach or fairly suggest the method as claimed since they are
dependent on claim 18.

Claims 1-3 and 18-21 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used by
industry.

Form PCT/ISA/237 (Supplemental Box) (revised July 2022)
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SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT
FIELD OF THE INVENTION

The present invention refers, in general, to an agricultural management

system. The present invention also refers to an agricultural management method. In
particular, according to the present invention, the system and method of agricultural
management include artificial light(s) supplementation and are directed to the
cultivation of a crop in an agricultural field.

BACKGROUND OF THE INVENTION

Large-scale agricultural production has always been closely linked to and

dependent on multiple variables. Such variables include the nutritional and
microbiological factors of the soil, intrinsic characteristics of a given region (e.g.,
climate, photoperiod, and rainfall distribution), as well as a plurality of stresses that
affect crops, such as pathogens (plant diseases), insect infestations (plant predations),
invasive plants (weeds), extreme (deficit or excess) of climatic, light irradiation,
nutritional and water factors, among others.

In the context of the current agro-industrial scenario, Brazil notably
stands out as one of the largest producers and exporters of agricultural commodities,
such as soybeans (Glycine max) and corn (Zea mays), with an annual grain production
of over 270 million tons according to CONAB (Companhia Nacional de Abastecimento,
Brazilian agricultural ministry department) 2022 estimations. Thus, it is evident that
developing new techniques and technologies for crop management has a tremendous
economic and industrial impact. In addition, agricultural production is pressured by the
growing world population and, consequently, by the increased international demand
for agricultural commodities.

In this sense, there have been several efforts of new technologies to
model and monitor variables such as edaphoclimatic conditions to understand the
consequences and interactions between soil and crop. For example, the use of
technologies and strategies for soil management and water resources, intelligent use
of agrochemicals, efficient application of fertilizers, integration of the Internet of Things
(loT) into agriculture, and climate monitoring practices are essential for high crop
performance and yield.

In addition to monitoring and controlling external factors, other
technologies can improve agricultural activity. For example, biological technologies,

such as genetically modified cultivars, benefit farmers, consumers, the environment,
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and the economy; bioactive compounds, such as growth-regulating phytohormones,
result in plant changes from germination to senescence and the source-drain
relationship of photoassimilates in the plant during its cycle. Such technologies also
improve the plant’s resistance to adverse conditions during the crop cycle and increase
the human nutritional value of crop production.

Over the past few decades, the use of such technologies has become
constant to intensify agricultural production around the globe. The frequency of use of
such technologies in South America and Asia farms has almost equated to the
frequency of use in Europe and North America. However, climate change has recently
caused a new demand for intensified agricultural production with more sustainable
technological approaches. Additionally, the intensification of agricultural output to meet
global demand is driven by the use of costly non-renewable fertilizers.

In this way, recent advances have been made in studies on artificial
light(s) supplementation for crop production oufdoor (large scales), defined as the
process of applying artificial light(s) to plants grown in the open field, emphasizing the
beneficial effects of the use of light-emitting diodes (LEDs) on plant’'s metabolism, on
the efficiency of light absorption by the leaves, as well as the mitigation of abiotic (e.q.,
extreme temperatures and drought) and biotic (e.g., insect pests, plant diseases,
weeds) stresses, while applying a sustainable management of the available resources.

Document US 2016/0198640 A1 reveals a mobile irrigation pivot
equipped with sprinklers and a plurality of light-emitting diodes configured to emit
different frequencies of polarized light in spectral bands from violet to far red spectrum
over plants of short, long, or neutral photoperiod response in an agricultural field. The
light-emitting diodes are fixed on the irrigation pivot structure, illustrated in Figure 1 of
the referred document.

The described irrigation pivot can also comprise a control circuit
configured to control the operation of light-emitting diodes, irrigation parameters, and
pivot moving.

Light(s) supplementation applied to crops can alter plant responses
significantly. However, these responses are affected by several factors, such as plant
species, crop management, soil fertility, water availability, and the prevailing climate.
Document US 2016/0198640 A1 fails to reveal artificial light(s) supplementation
combined with crop management factors. Instead, when artificial light(s)
supplementation is used alone, as indicated in document US 2016/0198640 A1, this
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may not have the desired effect or may even impair plant development (empirical
observation). Artificial light(s) supplementation may, for example, not achieve high
yields if the applied fertilization does not 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 not made.

Noticeably, the state of the art lacks technological improvements
regarding integrated crop management strategies. Actions in crop fields are still
evaluated independently and not integrally. The sustainable use of energy, fertilizers,
water, and adequate artificial light(s) supplementation are essential for sustainable
large-scale improved cropping activities. These large-scale cropping activities have a
great responsibility in human impact on Earth’'s environments. Improving the
sustainability of large-scale cropping activities is possible with the present invention.

OBJECTIVES AND DESCRIPTION OF THE INVENTION

Therefore, an objective of the present invention is to provide an

agricultural management system combined with artificial light(s) supplementation
capabile of raising agricultural production in a cropping area, increasing its productivity,
reducing the negative effects of stresses present in the outdoor environment,
increasing the efficiency of the applied inputs for crop production and, in this way,
reduce the limitations of the currently known cropping techniques.

Another objective of the present invention is to provide an agricultural
management system via consultancy combined with adequate artificial light(s)
supplementation routine. The light-emitting diodes can be implemented in any new or
preexisting irrigation pivot in an agricultural cropping area. The routine of light(s)
supplementation is usually independent of the irrigation routine.

Another objective of the present invention is to provide an agricultural
management system combined with artificial light(s) supplementation capable of
stimulating plant characteristics of any species at a given phenological stage. These
responses are regulated by the moment of artificial light(s) supplementation, the
predominant color in the artificial light(s) applied, and the interaction among these
factors and the environment, crop genetics, crop response to photoperiod, and crop
management.

Another objective of the present invention is to provide an agricultural
management system combined with artificial light(s) supplementation capable of
stimulating plant characteristics of a given species at a given phenological stage.
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These stimulated characteristics can improve plant performance against adverse
stressful conditions that impair photosynthesis using natural light (sunlight) and reduce
the negative effects of low natural luminosity during cloudy days.

Another objective of the present invention is to provide dimerization
and/or polarization of the spectral bands in the artificial light(s) supplementation
according to the crop species, region, soil physical and chemical conditions, climate,
predominant agronomic management and type of agricultural production system in use
(e.g., no-tillage cropping system).

Another objective of the present invention is to maintain and adapt the
routine of water irrigation and light(s) supplementation at different phenological stages
during all crop development stages, improving agricultural production in quantity,
quality, and sustainability.

Another objective of the present invention is to protect crops against plant
diseases and insect pests by modulating artificial light(s) supplementation. Artificial
light(s) can be used to affect plant diseases and insect pest development, cycle, and
pressure on crop performance. The improved crop protection advantageously has the
potential to reduce the need for the application of phytosanitary products. This potential
reduction in use of phytosanitary products (e.g., insecticides and fungicides)
consequently reduces the damage caused to the environment by the excessive use of
such products.

Another objective of the present invention is to act beyond the mere
application of light(s) supplementation, as it must consider soil factors, plant nutrition
levels, climate, photoperiod responses, agronomic management, and crop variety
selection, among others, to achieve the balance between the demand of the plant
stimulated by light(s) supplementation and the technical use of production resources.
In other words, according to the present invention, artificial light(s) supplementation is
a tool that must be inserted in a set of appropriate technical actions to achieve the best
production results and sustainability of large-scale agriculiure.

Finally, the present invention aims to increase the efficiency of production
resources, such as irrigation, fertilizers, and agrochemicals (insecticides, fungicides,
bactericides, fertilizers, stimulants, ...), due to the effects caused by artificial light(s)
supplementation, such as a great development of the plant root system, allowing
improved exploration of the soil profile and reduce the water, nutrients and
agrochemicals losses.
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One or more objectives of the above-mentioned invention(s), among
others, are achieved by means of an agricultural management system combined with
artificial light(s) supplementation, comprising:

- a modular agricultural irrigation device positioned on an agricultural field
using a plurality of artificial lighting sources arranged along the modular agricultural
irrigation device, optionally at equidistant points and at a predetermined distance
above the aerial crop parts.

- a plurality of light-emitting diodes capable of emitting a plurality of
electromagnetic 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 nm); and

a plurality of energy sources that feed a plurality of artificial lighting
sources.

The agricultural management system also comprises

- a processor in communication with a dimerizer and/or polarizer of a
plurality of artificial lighting sources and a plurality of energy sources, in which a
processor is configured to

a) adjust, in the intervals of the electromagnetic spectrum, the balance
between the spectral bands emitted by a plurality of light-emitting diodes; and

b) determine and implement - an irrigation routine; and/or - an artificial
light(s) supplementation routine; in which stages a) and b) are determined by a
processor considering at least one among

- the crop species 202a under cultivation;

- the phenological stage of the crop 202a under cultivation;

- the photoperiod, station and current weather conditions under which the
agricultural field 200 is subjected; and

- one or more objective(s) intended for the crop 202a development under
light(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 light(s) management, or protocol, is applied; however, if the crop is
only intended for cattle grazing, then another crop and artificial light(s) management,
or protocol, is applied.
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The objective(s) of the above-mentioned invention, among others, is also
achieved by means of adequate agricultural management methods combined with
artificial light(s) supplementation for crop cultivation in an agricultural field, comprising
the stages

a) adjusting the balance between the spectral bands emitted by a plurality
of light-emitting diodes of a plurality of lighting sources artificially capable of emitting a
plurality of electromagnetic specirum bands applied alone, or in combinations of
spectral bands from the limit of ultraviolet C and B (wavelength of 280 nm) to infrared
(wavelength > 700 nm); and

b) determine and implement - an irrigation routine of a modular
agricultural irrigation device; and/or

- a routine of artificial light(s) supplementation of a plurality of artificial
lighting sources; in which stages a) and b) are determined considering at least one
among

- the crop species under cultivation;

- the phenological stage of the crop under cultivation;

- the crop photoperiod response, crop cropping season and current
weather conditions under which the agricultural field is subjected; and

- the objective(s) intended for the crop 202a development under light(s)
supplementation.

BRIEF DESCRIPTION OF THE DRAWINGS
The objectives, technical effects and advantages of the present invention

will be apparent with the following detailed description that refers to the attached
figures, which illustrate, but not limited, embodiments of the objects claimed

- Figure 1 illustrates a 100 agricultural management system combined
with light(s) supplementation operating on a modular agricultural irrigation device 101
on an agricultural field 200, according to the present invention;

- Figure 2 shows an expansion of a crop 202a in the agricultural field 200
under the action of the agricultural management system 100 combined with artificial
light(s) supplementation, according to the present invention;

- Figure 3 illustrates the stages of the logic operation of the agricultural
management method 500 combined with artificial light(s) supplementation, according

to an embodiment of the present invention;

Almendra - EX1002, Page 134
PGR2025-00055



10

15

20

25

30

WO 2023/197049 7 PCT/BR2022/050461

- Figure 4 illustrates a superior view of a schematization of an irrigation
pivot in which the agricultural management system 100 combined with artificial light(s)
supplementation was installed, according to an embodiment of the present invention;

- Figure 5 illustrates a first graph of an analysis of a sovbean plant
internode variable of the crop 202a over time, under the performance of the agricultural
management system 100 allied to artificial light(s) supplementation, according to the
embodiment of the present invention;

- Figure 6 illustrates a second graph of an analysis of soybean plant
height variable of the crop 202a over time, under the action of the agricultural
management system 100 allied to artificial light(s) supplementation, according to the
present invention embodiment;

- Figure 7 illustrates a third graph of an analysis of third plant variable of
the crop 202a over time, under the action of the agricultural management system 100
combined with artificial light(s) supplementation, according to the embodiment of the
present invention;

- Figure 8 illustrates a comparison between crop 202a plants under the
intervention of the agricultural management system 100 combined with artificial light(s)
supplementation, and crop 202b plants with no artificial light(s) supplementation and
corresponding crop management, according to the embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Initially, it should be noted that the system and method of the present

invention will be described below according to particular but non-limiting embodiments
since it may be executed in different ways and variations and according to the
objective(s) intended for the crop 202a development under light(s) supplementation.

In one embodiment, the present invention reveals a 100 agricultural
management system combined with artificial light(s) supplementation for the cultivation
of a crop 202a in an agricultural field 200.

In another embodiment, the present invention reveals a 500 agricultural
management method combined with artificial light(s) supplementation for the
cultivation of a crop 202a in an agricultural field 200.

It is emphasized that adjustments in agricultural management and
artificial light(s) supplementation should be implemented for each crop 202a and
cropping region due to latitude, the height of the area compared to sea level, soil
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characteristics, and climate variations. The crop 202a phenological stage, photoperiod,
the weather conditions under which the agricultural field 200 is submitted, and the
objective with the plant development should also be considered to define the
wavelength range applied and its combinations of electromagnetic spectrum bands to
meet the specified objective. The luminous flux and the balance between the spectral
bands emitted by a plurality of light-emitting diodes are, therefore, variable by means
of digital dimerization and/or polarization and controllable by an electronic processor,
according to the routine of artificial light(s) supplementation, which in turn takes into
account the factors mentioned above.

It should be noted that the expressions “plant”, “cultivate”, or “culture”
should be understood as any plant varieties, whether from long-day, such as oats
(Avena sativa) or potato (Solanum tuberosum) or short-day plants, such as soy
(Glycine max) or coffee (Coffea sp.), or neutral plants, which benefit from artificial
light(s) supplementation in accordance with the present invention. Crop species
evaluated with adequate crop corrections and management combined with artificial
light(s) supplementation include soybean (Glycine max), bean (Phaseolus vulgaris),
corn (Zea mays), tomato (Solanum lycopersicum), carrot (Daucus carota), sugarcane
(Saccharum officinarum), tobacco (Nicotiana tabacum), garlic (Allium sativum), onion
(Allium cepa), pea (Pisum sativum), sunflower (Helianthus annuus), sorghum
(Sorghum bicolor), cotton (Gossypium hirsutum), potato (Solanum tuberosum), hops
(Humulus lupulus), strawberry (Fragaria x ananassa), pitaya (Hylocereus undatus),
lettuce (Lactuca sativa), arugula (Eruca vesicaria ssp. sativa) and agricultural soil
cover crops. Each crop species received adjusted in artificial light(s) supplementation
for each crop 202a and region of cultivation, as well as other factors such as the
phenological stage of the crop 202a under cultivation, the photoperiod, and the
meteorological conditions under which the agricultural field 200 is submitted and the
objective(s) intended for the crop 202a development. All these crop species 202a
showed positive results with adequate agricultural management and artificial light(s)
supplementation, according to the present invention, compared to control (no artificial
light(s) supplementation). The positive results are discussed below.

Furthermore, this descriptive report means “corrections” as any practice
carried out by the producer in the agricultural area to improve the conditions available
for plant development. In this sense, all practices that affect soil management
(chemical and physical structure) and plant nutrition management (fertilizers) can be
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considered “corrections”. Examples of corrections are the application of limestone (soil
acidity correcting, calcium and magnesium source), the application of gypsum
(reducing potential acidity in depth in the soil, source of calcium and sulfur), and the
cultivation of cover crops (soil compaction management, nutrient recycling, pest control
such as phytonematodes).

As can be seen in figures 1 and 2, the agricultural management system
100 combined with artificial light(s) supplementation, according to the application of
the present invention, can be adapted to an irrigation new pivot or already existing in
an agricultural field 200, such as a central irrigation pivot, whether towed or non-
towable, or even a linear irrigation pivot. In this descriptive report, the pivot is generally
described as “agricultural irrigation modular device 101",

This modular agricultural irrigation device 101 is positioned on the
agricultural field 200 on which the cultivation of a crop 202a occurs, and the modular
device 101 comprises an irrigation line 102a with wheeled towers and many spans
(irrigation space between towers presenting oblong arms). The distal end of the first
irrigation span 102a is supported by a wheeled tower 103a, and mechanically
associated with a drive device, such as an engine or equivalent, and wheels 10443;
105a; the proximal end of the first irrigation span 102a is mechanically connected in a
circular rotating way to the center of the pivot. The drive device triggers the tower 103a
displacement.

The modular agricultural irrigation device 101 may have one or many
wheeled towers and spans.

The span(s) of the modular device 101 presents a plurality of water
sprinklers connected to a hydraulic pressure line in water communication with a
reservoir which may be arranged, for example, at a central pivot, in the hydraulic line
extending along the pivot spans 102a; 102b, which are equipped with water sprinklers
in order to promote the irrigation of the agricultural field 200.

The agricultural management system 100, combined with artificial light(s)
supplementation, incorporates a plurality of artificial lighting sources 10a, 10b, 10c,
10d, 10e arranged, for example, along the irrigation spans 102a; 102b 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 202a,
the distance from the ground and other sources of artificial lighting 10a, 10b, 10c, 10d,
10e can also be adjusted as necessary, depending on the type of modular device 101
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that will receive the artificial lighting sources and the crop 202a species under
cultivation.

In addition, a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e
comprise a plurality of light-emitting diodes. In a preferred embodiment, light-emitting
diodes are full-spectrum with wavelengths ranging from 280 nm, at the limit of the UV-
C spectrum with UV-B, up to 1200 nm, in the near-infrared spectrum, over agricultural
crop 202as (whether short, long or neutral-day plants) which are directly associated
with biomass production, plant morphology, plant resistance to stresses, and crop
development 202a. In one embodiment, the wavelength interval applied may be the
same during the day or night but with variable luminous flux intensities.

The system 100 also comprises a plurality of energy sources, feed a
plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e, as well as a processor in
communication with the water sprinkles, the pivot drive device, and a dimerizer or
polarizer of a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e The referred
processor is configured to adjust 501 the light spectral bands, the balance between
these spectral bands emitted by a plurality of light-emitting diodes, and determine an
irrigation routine 502 and an artificial light(s) supplementation 503 routine. The
irrigation routines and artificial light(s) supplementation are independent. In 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 model, considering
the crop 202a species under cultivation; the phenological stage of the crop 202a under
cultivation; the photoperiod and weather conditions under which the agricultural field
200 is/was subjected; the objectives intended for the crop 202a development, and
information provided by users (farmers) through a user interface, which will be
commented on below.

In an embodiment of the artificial light(s) supplementation routine, the
crop 202a plant development can be stimulated or inhibit the production of leaves,
branches, flowers, and roots; stimulate or inhibit the production of grains, fibers, fruits,
and essences; stimulate or inhibit vegetative and reproductive growth, and stimulate
plant photosynthesis.

In an embodiment of the artificial light(s) supplementation routine, a
processor may be in communication with a plurality of photoresponsive sensors to

determine a threshold of sunlight incidence, which controls the performance of a
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plurality of light-emitting diodes and routines of application, reducing the negative
effects of weather adversities under which the agricultural field 200 is subjected, such
as cloudy days with a low sunlight incidence.

It is also noteworthy that the threshold of light incidence may additionally
depend on other factors, such as the crop 202 species under cultivation, current crop
202a phenological stage, the region (e.g., information regarding soil, climate, history
of the cropping area), and crop 202a management applied.

A light dimerizer or polarizer adjusts the luminous flux and the balance
between the spectral bands emitted by a plurality of light-emitting diodes. The light
dimerization or polarization is controllable by the interaction between photoresponsive
cells and a processor to define a routine of light artificial supplementation. The
definition of such routine takes into account the factors mentioned above. For example,
for crops 202a in general, the basic phenological stages are vegetative (V) (crop cycle
period before flowering and where pre-flowering occurs) and reproductive (R) (begins
with the first reproductive structure, usually flowers), in which specific artificial light(s)
supplementation with specific spectral band composition is applied. This balance of
spectral bands can be the same applied during the day or night or may diverge
between these periods, varying the intensity of the luminous flux and spectral band
composition. In nocturnal applications, the luminous flux can be adjusted to be lower,
for example, than the luminous flux in daytime applications, intending only to cause
stimuli in crop 202a plants, which will be commented on below. Especially in daytime
applications, the luminous flux can be adjusted to be higher in cloudy periods, intending
to mitigate the effects of photosynthetic reduction due to low natural light availability.

This is especially advantageous, as cloudiness can reduce the
photosynthetic capacity of the crop 202a plants by more than 50%, causing the crop
202a to produce fewer sugars (assimilated organic carbon via photosynthesis) and
consequently grow less and produce less biomass (e.g., grains, fruits, fibers). This
reduction in photosynthetic activity also results in smaller amounts of root exudates
released to the soil (decreasing the soil aggregating effect) and lower symbiont
microorganisms (due to decreased root exudate supply), which in turn have the
function of obtaining nutrients from the environment to the crop 202a, making them
more resistant to pathogens and agricultural pests. Thus, it is evident that
compensation for the low incidence of natural sunlight is a decisive factor for soil
structuring and plant protection against pathogens and agricultural pests.
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In another embodiment, a plurality of energy sources can be generated
by wind, sunlight, thermal, or combustion generators in order to feed a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e. In any of these embodiments, a
processor may be in communication with a machine-readable memory, which stores
database information comprising real-time updates on the geolocation of agricultural
field 200 and climate indicators to suggest to the user, through a user interface, the
crop 202a variety to be cultivated.

The user interface is in communication with a processor, and in turn, the
user feeds other information to a processor, through the interface, such as

- the history of cultivation of the agricultural field 200 in order to identify
successful plants species and crop varieties previously cultivated in the agricultural
field 200;

- the history of agricultural inputs used in the agricultural field 200, such
as fertilizations and corrections made;

- the occurrence of stresses in plants, such as the emergence of plant
diseases and insect pest infestation, nutritional deficiencies, extreme of temperatures
and rainfall distribution;

- the occurrence, intensity and determination of the principal weeds;

- results of productivity from previous harvests;

- the characteristics of the irrigation pivot 101, such as irrigated area,
irrigation flow, working speeds and the height of the structure wherein a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e are fixed in order to adjust the
illumination of the light-emitting diodes as a function of the distance of a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e

- the current crop season weather conditions and weather indicators of
the crop field area.

The user interfaces in an embodiment implemented on a panel, mobile
phone, tablet, or similar mobile devices with a direct connection to a center of
information where the reported data will be processed, and the artificial intelligence will
be fed.

In another embodiment, a plurality of energy sources uses information
such as the sunlight duration, cloudiness, sunlight brightness as well as the insolation
index (ratio between the actual number and the maximum possible number of hours of
sunlight brightness) to determine the threshold of sunlight incidence in the agricultural

Almendra - EX1002, Page 140
PGR2025-00055



10

15

20

25

30

WO 2023/197049 13 PCT/BR2022/050461

field 200. Below the calculated threshold and depending on a certain routine of artificial
light(s) supplementation, a processor interacts with the dimerizer or polarizer to
command the performance of a plurality of light-emitting diodes and project artificial
light(s) with specific spectral band composition, reducing the negative impact of
meteorological adversities (e.g., cloudy days) under which the agricultural field 200 is
subjected.

In one embodiment, data on the crop 202a species, crop 202a
phenological stage, photoperiod, meteorological conditions under which the
agricultural field 200 is submitted, objective(s) intended for the crop 202a development,
as well as the technologies implemented in the agricultural field (fertilizers,
agrochemicals, and soil management techniques) are stored in a machine-readable
memory and accessed by a processor, in order to properly apply light(s)
supplementation, according to parameters provided by the machine-readable memory.

Such previous information on the agricultural field 200 and the routine of
artificial light(s) supplementation is important because they help

- in understanding and predict the consequences and interactions
potentially present in the agricultural field 200;

- indicate improvements and corrections to be implemented in the
agricultural field 200 for the optimization of the results of artificial light(s)
supplementation;

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

- assist in the intelligent use of agrochemicals and in the efficient
application of fertilizers; - assist in the integration of internet of things (IOT) to monitor
crop (satellite), climate and agricultural practices; and

- help to improve the application format of the routine of artificial light(s)
supplementation, such as the type of artificial lighting source 10a, 10b, 10C, 10D, 10e
to be used, such as light-emitting diode panels (LEDs), led strips (LED), lamps in
general, and their respective power, frequency and wavelength.

In addition, pedological, edaphological, mineralogical, textural,
phytopathological, and nutritional analyses are essential before the agricultural field
200 receives adequate agricultural management and artificial light(s) supplementation
routine. It is impossible to define the best inputs management for crop production
without knowing such mentioned information. How many, how much, and when to
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apply fertilizers for high crop performance under artificial light supplementation? Soil,
irrigation, and phytosanitary management, what is the best routine? It is necessary to
know the soil conditions before implementing adequate agricultural and artificial light(s)
supplementation management to understand how soil will behave after the referred
implementation.

The 100 system of the present invention comprises a plurality of soil
sensors under the agricultural field 200 to capture nutritional data from the soil of the
agricultural field 200. A processor uses the data to determine and suggest routines for
soil treatment/corrections of the agricultural field 200. The respective recommendation
made by a processor, using an artificial intelligence model fed with specific parameters
and users information, considering the crop parameters, adjusts the balance between
the spectral bands 501, and determines the irrigation routine 502 and artificial light(s)
supplementation 503.

Short-day crops, such as soybean (Glycine max), are largely influenced
by abiotic factors such as photoperiod and temperature. Soybean flowering and
reproductive cycle occur under short photoperiodisms, that is, on days when the
absence of light (night period) is longer than the presence of light (day period). While
the opposite, extended day periods can delay or inhibit flowering and the beginning of
the reproductive cycle. This condition of dependence on the photoperiod allows light(s)
supplementation to influence the extension of the crop 202a cycle. Consequently, plant
height, number 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 is also important to mention that for a positive balance for
photosynthesis, the luminous flux is usually between 200 and 600 pmol m=2 s,
However, artificial light(s) supplementation acts on other physiological aspects that
directly and indirectly affect photosynthesis in the plant, and not necessarily artificial
light(s) supplementation is applied to be the light source that momentarily causes
photosynthesis. This light source may have a luminous flux of less than 200 pmol m-2
s

In general, artificial lighting sources 10a, 10b, 10c, 10d, 10e with
luminous flux less than 200 umol m= s are not able to cause considerable amounts
of positive photosynthesis on most plants. However, even smaller luminous fluxes can

cause stimuli in crop 202a that can directly or indirectly positively affect photosynthesis
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to be performed the following day after the night of application of artificial light(s)
supplementation. Therefore, a low luminosity, capable only of causing other responses
but unable to directly cause considerable amounts of positive photosynthesis; a higher
luminosity, will consequently have specific and useful applications according to the
present invention.

Artificial light(s) supplementation, according to the present invention, is,
therefore, a tool within a broad technical project that interacts both with the agricultural
management of soil aspects, such as soil fertility and texture, and plant nutrition, as
well as with the pathological and beneficial microbiological aspects, environmental
aspects, such as temperature and rain in the agricultural region, and economic
aspects, such as the cost of production and marketing of agricultural commodities that
receive agricultural management combined with artificial light(s) supplementation
according to the present invention.

The increase in agricultural production, according to the present
invention, is the result of the interaction among stimulated crop 202a physiological
processes by light(s) supplementation, the time defined for sowing, irrigation volume,
time of application, formulation, frequency, and dosage of fertilizers, climate variation,
management of insect pests and plant diseases and their impacts on the relationships
with the environment. Agricultural cultivation with this integration of adequate technical
knowledge (agricultural management) and artificial light(s) supplementation, according
to the present invention, increases the resilience and stability of crop production, which
increases regional and global food security.

It is noteworthy here that artificial light(s) supplementation improves the
result of good management but does not correct poor management. In other words,
according to the present invention, artificial light(s) supplementation enhances the
development of plants that are well nourished, with good water distribution throughout
the crop cycle, and that present soil physical and chemical structure suitable for high
yields. Under these conditions, supplement artificial light(s) will generate the best
results. However, if light(s) supplementation is not combined with adequate agricultural
management, then light(s) supplementation alone cannot fix preexisting limitations for
the full development of plants, such as nutritional deficiencies, lack of water, insect
infestations, or the presence of agricultural pathogens.

The application of agricultural management and artificial light(s)
supplementation, according to the present invention, does not present
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contraindications regarding - crop 202a species (any cultivated plant specie would
benefit from adequate agricultural management and artificial light(s) supplementation);
- phenological stage during crop 202a cycle (vegetative or flowering/reproductive); -
joint application, or not, with water irrigation.

In addition, the application of agricultural management and artificial
light(s) supplementation, according to the present invention - can be handled to raise
the levels of specific substances in the final product (e.g., grains, fruits, and fibers); -
recommend the dimerization/polarization of the light spectrum to be applied with the
development of the crop 202a (e.g., modification of the bluish spectrum in the
vegetative to the reddish spectrum in the reproductive stage); and - recommend the
application of artificial light(s) supplementation at specific periods of the crop 202a
cycle, and not applied throughout the crop cycle, from sowing to harvest.

Without getting in the light of any specific theory, it was observed that
light dimerization/polarization effects are beneficial, including changes in plant
morphology, crop cycle extension, physiological responses, and plant productivity.

For example, it was observed that the bluish spectrum (spectral band of
approximately 400 to 500 nm) is a stimulant of vegetative growth, which is appropriate
for plants before flowering. After flowering, plants paralyze growth investments and
start investing in grain, fiber, fruit, or essence production.

In turn, it was observed that the reddish spectrum (spectral band of
approximately 600 to 750 nm) is a stimulant of reproductive growth, with beneficial
effects for flowering, the rate of photosynthesis, and fruit formation. In this post-
flowering period, the photosynthetic activity for biomass accumulation and the
translocation of these reserves produced to “fill” production is essential. Therefore,
avoiding the blue spectrum, or having less blue, is important in the reproductive
phenological stage because blue is a stimulant of the vegetative stage, which would
cause nutrient reserves to be consumed and not destined to fill the production. On the
other hand, having the red spectrum, or having redder to stimulate photosynthesis and
the distribution of reserves, is essential for the best results in the reproductive stage.

In a preferred embodiment, the balance between red-green-blue spectral
bands presents at least 40% blue color for vegetative phenological stages and about
60% or at least 40% red color for the reproductive phenological stage of the crop 202a
under cultivation. More than 40% red color in the artificial light(s) supplementation is
recommended for any plant phenological stage.
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Figure 3 illustrates the agricultural management method 500 combined
with artificial light(s) supplementation for the cultivation of a crop 202a in an agricultural
field 200, which comprises the stages a) adjusting 501, in the 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; and b) determine and implement an irrigation routine 502 of a modular
agricultural irrigation device 101; and/or a routine of artificial light(s) supplementation
503 of a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e in which the
irrigation routine 502 and the supplementation routine are independent of each other,
and in which stages a) and b) are determined through an artificial intelligence model
considering at least one of the type of crop 202a under cultivation; the phenological
stage of the crop 202a under cultivation; the photoperiod, station and current weather
conditions under which the agricultural field 200 is subjected; and the objective(s)
intended for the crop 202a development.

Method 500 also comprises stage c) determining and suggesting a soil
treatment routine based on soil nutritional data from the agricultural field 200, stage c)
being defined through the artificial intelligence model considering at least one of the
same parameters considered for stages a) and b), in addition to considering the
irrigation routine 502 and/or the routine of artificial light(s) supplementation 503.

In a preferred embodiment, the objective(s) with crop 202a development
is to stimulate or inhibit the production of leaves, branches, roots, grains, fibers, fruits,
and essences and, also, to stimulate or inhibit vegetative and reproductive growth and
photosynthesis.

In a preferred embodiment, the routine of artificial light(s)
supplementation 503 occurs, preferably, between the phenological stages V3-V4 to
R5-R6 of the crop 202a under cultivation, and the balance between the spectral bands
is adjusted 501, the balance between red-green-blue spectral bands presents at least
40% blue color for vegetative phenological stages and about 60% or at least 40% red
color for the reproductive phenological stage of the crop 202a under cultivation. More
than 40% red color in the artificial light(s) supplementation is recommended for any
plant phenological stage.

EXAMPLE 1
Reference is made to an example (technically adequate and

representative study) in which the present invention was carefully implemented in order
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to verify its effectiveness. According to the present invention, this example evaluated
the soybean 202a plant responses related to plant development and crop productivity
in an open commercial area 200 (field scale) cultivated under agricultural management
conditions and artificial light(s) supplementation. An irrigation pivot 101, irrigating a
commercial cropping area 200, received an artificial lighting source 10a, 10b, 10c, 10d,
10e, according to the present invention, in internal pivot 101 spans for artificial light(s)
supplementation of the soybean plants 202a.

According to the example, about 40 hours of artificial light(s)
supplementation was applied to soybean plants 202a during the soybean crop 202a
cycle. The number of plant internodes, soybean plant height, and the number of pods
per soybean plant were evaluated weekly to calculate the area below the variable
progression curve. Grain yield at harvest was also evaluated. Later, the area below the
progression curve of the number of internodes, soybean plants height, and pods per
soybean plant was positively affected by the system and method of adequate
agricultural management combined with artificial light(s) supplementation 100, 500,
according to the present invention.

The regular soybean 202a cycle, without artificial light(s)
supplementation, is about 15 to 17 weeks; however, soybean harvesting occurred two
weeks later when no artificial light(s) supplementation was applied. The artificial light(s)
supplementation increased soybean grain yield by 57.3% and profitability by 180%
when compared to soybean cropping without artificial light(s) supplementation.

METHODOLOGY EXPERIMENTAL AREA AND SOYBEAN CULTIVATION

The experiment with light(s) supplementation on soybean was carried out
in an irrigation pivot 101, on a commercial farm in Monte Carmelo, Minas Gerais state,
Brazil. Located at a latitude and longitude of 182 57” South, 47° 25” West, at 980 m
above sea level. The most common and representative biome of the region is the
Cerrado (savannah-like biome). The climate of the region is humid tropical, with rainy
summers and dry winters.

Physical analyses of the soil in the agricultural area 200, from 0 to 0.4 m
deep, indicated 450, 100, and 450 g kg™ of sand, silt, and clay, respectively. The
chemical analyses of the soil up to the depth of 0.4 m did not indicate the acute
deficiency of any nutrient necessary for the crops to complete their cultivation cycle
fully. The soil analyses are presented in Table 1.
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TABLE 1
pHH:0 Ca Mg Al  H+Al CEC  V P K SOM
12,5 e cmole dm™ % e mg dm~>--aer g kg
------- 0-0.2 m soil depth~- - -
6.9 6.03 2.87 0 1.26 16.44 88 188 96 2.9

0.2-0.4 m soil depth------------- —

LS8 s o hes o 8 s B2
Co Cu Fe Mn Mo St Zn
--------------------- mg dm> e ———-
-~0-0.2 m soil depth-- -
0.19 1.7 9.0 14.0 1.9 2.9 124 12.8
- e 0.2-0.4 m soil depth---—-~--—--cmmmmmememeeeee
0.14 1.3 7.7 17.0 3.5 2.3 114 i1.1

Despite the large soil clay proportion and high sail fertility, 3,000 kg ha
of soil remineralizer (rock powder) (FMX® Tratto. Aparecida from Goiénia, Brazil) was
applied throughout the experimental area 200, 30 days before the soybean sowing
202a; 400 kg ha' of organomineral 6-30-05 (% of N, P20s, K20) (Valoriza Agro Ltda.
Patos de Minas, Brazil) and 150 kg ha™' of KCI was applied at the time of sowing, and
2 L ha of Mn was sprayed on the aerial parts of the soybean plants 202a, 40 days
after the crop 202a seed germination.

The soybean cultivar 202a evaluated in this example was Desafio 8473
RSF (Brasmax® GDM. Cambé, Brazil), which is a soybean variety 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 m; plants 202a were harvested
approximately 4 months later. The soybean plants cultivated with no artificial light(s)
supplementation were harvested first. The average daily air temperature during the
experimental period ranged from 24 to 34 °C.

In the experimental area, insects, pests, plant diseases, and weeds were
controlled with products registered for soybeans as indicated by the manufacturer. All
areas were monitored before and after the first application, and the products were
reapplied as needed. The management of crop plants 202a and water irrigation were
similar between the areas that received the artificial light(s) supplementation and the
control [area with no without artificial light(s) supplementation].

EXPERIMENTAL TREATMENTS AND RESEARCH
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The central irrigation pivot 101 that was implemented with the artificial
light(s) supplementation light source had ten spans and an irrigation radius of about
571 m. In the four internal spans of the referred irrigation pivot 101, which corresponds
to an area of 33.5 ha, the artificial light source 10a, 10b, 10c, 10d, 10e was installed,
but the six external spans of irrigation pivot 101, corresponding to an area of 69.5 ha,
did not receive artificial light(s) supplementation (control). The main composition of the
red-green-blue (RGB) light delivered to the soybean plants presented about 59% red,
33% green, and 8% blue. A continuous light band of approximately 40 m wide by 230
m long was projected below the arm extension of the four internal spans of the irrigation
pivot 101.

Each light-emitting diode has a power ranging from 50 to 200 W. About
600 W h' ha' were consumed during the artificial light(s) supplementation process.
The light-emitting diode module were positioned about 3 meters above the aerial parts
of the crop 202a plants and distributed to ensure an equally distributed light power in
each span of the circular pivot. The luminous flux per unit area at the level of the aerial
parts of soybean 202a plants was about 30 Ix.

The artificial light(s) supplementation system 100, according to the
present invention, was turned on every night after the full sunset and on very cloudy
days. Approximately 480 hours of artificial light(s) supplementation was applied
throughout the area during the soybean crop 202a cycle. As irrigation pivot 101
completes a turnover the cultivation area 200 in 12.8 hours in a circular routine, each
crop 202a plant received about 40 hours of artificial light(s) supplementation during its
cycle. During the soybean cycle, foliar fertilizers containing micronutrients, such as
boron and manganese, were applied throughout the area [with and without artificial
light(s) supplementation] to compensate for the intense development of plants
stimulated by artificial light(s) supplementation.

Artificial light(s) supplementation began in V3-V4 (third to fourth fully
expanded trifoliated leaf) soybean phenological stage and ended in the R5-R6
soybean phenological stage (full grain stage). The choice of vegetative phenological
stage V3-V4 for the beginning of artificial light(s) supplementation allows crop 202a to
close the space between lines in the agricultural field 200 and begin cultivation area
covering (a situation where the plant’s growth is enough to shelter all exposed soil from
an up-sight perspective). If artificial light(s) supplementation is applied before soybean
plants cover the cropping area, weed plants start to compete for resources with crop
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202a. The plant competition for resources such as water, nutrients, and light, impairs
crop performance and yield and increases herbicide costs. In turn, the choice of the
end of artificial light(s) supplementation in the reproductive phenological stage R5-R6
is due to the fact that at this stage, the soybean crop 202a reached its final
development. However, it should be noted that artificial light(s) supplementation could
continue after R5-R6 stage, favoring some extra crop 202a production; however, the
benefits would not be higher than the energy costs related to artificial light(s)
supplementation beyond this plant stage.

Between the first and second pivot span towers 103a; 103b, a
homogeneous area of 50 by 40 m was delimited, corresponding to an area of 2,000
m? to be evaluated as the treatment “supplemented by artificial light(s)’. The
schematization of irrigation pivot 101 according to the experiment can be seen in figure
4, in which the crop 202as under the green span of irrigation pivot 101 received artificial
light(s) supplementation, while the rectangles indicate the position of both treatments,
with and without artificial light(s) supplementation, and the dots in each rectangle
indicate the sampling points.

SOYBEAN EVALUATIONS

The evaluations of plant internode number, plant height from the soil level
to the highest node, and pods per plant 202a were assessed weekly from the R3
soybean phenological stage (beginning of the pod formation) to R7 (beginning of
soybean maturity). During nine weeks, evaluations were performed weekly; no further
evaluation was possible after R7 because the plants in the treatment without artificial
light(s) supplementation reached physiological maturity earlier than the plants in the
treatment of artificial light(s) supplementation.

In this sense, it is important to highlight the delay of physiological maturity
induced by the treatment with artificial light(s) supplementation. This extension of the
crop 202a cycle stimulated by artificial light supplementation depends on factors such
as the crop 202a species, the geographic region of the cropping area, prevailing
climate, crop phenological stage, period of suspension of artificial light(s)
supplementation, and the crop management.

The soybean crop 202a, for example, extended its cycle between 5 and
20 days, depending on the cultivar, light management, and cropping region. However,
this extension was not prominent in grass crops tested, such as corn, sorghum, and

wheat, being only a few days longer than where artificial light(s) supplementation was
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not applied. Avoiding any specific theory, this crop cycle extension as affected by
artificial light(s) supplementation may be a consequence of a series of metabolic and
morphological reactions, such as photomorphogenesis (morphological modification of
the 202a culture stimulated by light, which could favor photosynthesis during the day),
alteration of the crop 202a predominant photoperiod and crop 202a circadian cycle
(modification of the crop 202a routine compared to the period of natural light),
regulation of crop 202a secondary metabolism (regulation of natural defenses of crop
202a to stresses), and crop 202a phytochrome activities (photoresponsive substances
and response modulators in culture 202a).

Amazingly, it was concluded that through these reactions or stimuli (and
other possible causes or joint action of these responses) caused by artificial light(s)
supplementation, as well as the correct management of soil and water resources, the
crop 202a ends up producing more biomass through a more efficient photosynthesis
process. Even after the study, it was observed that the plant stand (quantity of plants
per area) could be reduced by about 20%, considering this greater amount of biomass
produced (larger canopy and larger root systems). Overall, good productive results
were observed, even with smaller stands, which reduces investment in seeds and their
agrochemical treatment for sowing, in addition to increasing the sustainability of
agricultural activity by producing more food using precise resources and technologies.

The mean measurement of each evaluated variable was estimated from
a representative evaluation of the plants 202a in 10 sampling points in each area
(2,000 m?). Each sample point evaluated was considered a replication.

The influence of artificial light(s) supplementation or no artificial light(s)
supplementation in each variable was evaluated using the area below the progression
curve of each specific variable to interpret the results of the evaluations in various
times. The area below the progression curve was calculated by trapezoidal integration
area below the progression curve= (dti x ((Yi + Yi+d)/ 2))

Where dliiis the time interval between every two observations, Yiand Yi
+ d. The area below the variable progression curve was calculated based on nine
evaluations. Correlations 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 agricultural areas used for each treatment (2,000 m?) were harvested
at 115 and 136 days aifter sowing without and with artificial light(s) supplementation,
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respectively. Grain yield in each area was expressed in kilograms per hectare (kg ha
1)_

STATISTICAL ANALYSIS

Extreme values (outliers) in the area below the progression curve of each
variable were identified using boxplot graphs of the data residuals. When outliers’
values were identified, these were replaced by an average dataset value that does not
include the outlier(s). The boxplots were generated in the Software SPSS Statistics®,
which was also used to calculate Pearson’s correlation coefficients and the basic
premises for analysis of variance (ANOVA), normality of residue distribution by
Shapiro-Wilk, and homogeneity of variances by Levene, both at p > 0.01.

Variance analysis (ANOVA, F test) was performed after confirmation of
its assumptions and considering a completely randomized experimental design. When
significant differences were observed (p < 0.05) in ANOVA, the area below the
progression curve of the variables was compared using the Tukey test of averages (p
< 0.05) to distinguish treatments with artificial light(s) supplementation and without
artificial light(s) supplementation. The ANOVA and Tukey test were performed using
SISVAR® statistical program. Sigma Plot® v.12 software was used to generate the
graphics.

RESULTS

The weekly evaluation data of all variables (number of soybean
internodes, plant height, and number of pods per soybean plant) for both treatments
with artificial light(s) supplementation and without artificial light(s) supplementation did
not include extreme values. This observation indicates that the responses were
grouped around an average with low standard error. The soybean variables and their
respective standard errors during the nine weeks are presented in Figures 5, 6, and 7,
where the lines on the bars indicate the data standard error.

The number of internodes per soybean plant, plant height, and the
number of pods per plant treated with artificial light(s) supplementation 202a were
higher when compared to the sample without artificial light(s) supplementation 202b.
These superior responses can also be observed in Figure 8, where on the left side are
represented soybean plants treated with artificial light(s) supplementation 202a at 80
days after sowing, while on the right are represented soybean plants without artificial
light(s) supplementation 202b. Each segment on the measuring tape illustrates 0.1 m.
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The ANOVA of the area below the progression curve and the
assumptions (normality and homogeneity) are presented in Table 2.

TABLE 2
Y DF Internodes Height Pods per plant
Light supplementation i 375%* 1,590%* 2.649%%
Error 18
CV (%%) 1.67 1.17 0.98
KS 20 0.935" 0.985% 0.9647
L 1+18 1.139% 0.106% 0.2627

Table 2. Analysis of variance (F test) and statistics of the ANOVA presumptions of the area below the
progression curve of the variables number of soybean internodes, plant height, and the number of
pods per soybean plant. ** significant differences at 0.01. CV (%) coefficient of variation. KS
Kolmogorov-Smirnov statistics for normality of waste distribution (p > 0.01). L Levene statistics for
homogeneity of data variances (p > 0.01). + normality of the residues (KS) or homogeneity 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 distribution and homogeneity of variances). In addition,
the coefficients of variation, CV (%), were very low (< 2%). Thus, it was appropriate to
proceed with ANOVA, which indicated significant differences (p < 0.01) between
treatments [with artificial light(s) supplementation and without artificial light(s)
supplementation].

The area below the progression curve of the number of internodes per
soybean plant, plant height, and the number of pods per plant in the treatment with
light(s) supplementation were 15.6, 23.3, and 25.3% higher than the treatment without
artificial light(s) supplementation.

Pearson’s calculation and interpretation of correlation require that data
be normally distributed and without outliers. These requirements were met, as
presented in Table 1. All correlations observed in Table 3 were strong (r > 0.9) and
obtained statistical significance (p < 0.01).

TABLE 3
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Internodes Plant height Pods per plant
Internodes { 06.962%* 0,970%*
Plant height i 0,990%*
Pods per plant 1

Table 3. Pearson correlation (r) between the area below the progression curve of the variables
studied. Internodes number of soybean internodes; Plant height soybean plant height; Pods per plant

number of pods per soybean plant. ** significant differences at 0.01.

The evaluated soybean cultivar has a cycle of approximately 17 weeks.
On day 115 after sowing, soybean plants from the area without artificial light(s)
supplementation 202b (2,000 m?) were harvested; however, the harvest of soybean
plants in the area with artificial light(s) supplementation occurred three weeks later,
representing a 17.6% longer crop 202a cycle.

The estimated productivity of the area without artificial light(s)
supplementation was about 4,500 kg ha™* (75 bags ha™; 1 bag = 60 kg), while treatment
with artificial light(s) supplementation was about 7,080 kg ha™' (118 bags ha). Grain
yield under artificial light(s) supplementation was 57.3% higher and 109.5% above the
average Brazilian soybean yield (3,379 kg ha™).

The average cost to produce soybean from soil management to
harvesting is about 55 bags of soybean per hectare. The average cost required by
artificial light(s) supplementation was about 7 bags ha'. Thus, the profitability of
soybean traditionally produced (without artificial light(s) supplementation) and soybean
produced with artificial light(s) supplementation was about 20 and 56 bags ha,
respectively.

The extension of the soybean crop 202a cycle by three weeks due to
artificial light(s) supplementation also increased the period of plant 202a
photosynthetic activity. This prolonged cycle also contributes to increasing biomass
accumulation via natural daily photosynthesis, an absent process in the regular
soybean cultivar cycle (17 weeks) where no artificial light(s) supplementation 202b was
applied. This combination of factors resulted in taller soybean plants, with more
internodes, more pods, and, consequently, more than 57% extra grain yield.

In the exposed example, the extra yield generated by the application of
adequate crop management and artificial light(s) supplementation cannot be attributed
only to the hours of artificial light(s) supplementation provided to each soybean crop
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202a (about 40 hours). As mentioned above, in addition to the extension of the
soybean cycle through artificial light(s) supplementation, other factors should be taken
into account, such as photomorphogenesis, alteration of the plant photoperiod and
circadian cycle of culture 202a, upper or lower regulation of phytohormones and
phytochromes, as well as changes in secondary metabolism of the crop 202a plant,
which are factors responsive to artificial light(s) supplementation.

Agricultural inputs such as fertilizers, plant inoculants, and plant
protection products, applied during crop 202a cycle 202b, are intended to maximize
agricultural production and economic returns. Although such agricultural inputs have
adverse effects on soil dynamics and these effects are often overlooked. However,
according to the present invention, artificial light(s) supplementation 200 to field crops
can potentially reduce the proportional need for such inputs, mainly fertilizers.

The efficiency of fertilization in this exemplified study probably resulied
from a significant increase in shoot biomass followed by artificial light(s)
supplementation. The increase in the biomass of the shoots, in turn, causes a
proportional increase in the biomass of the roots. This improved root development
increases the efficiency of absorption of nutrients by the roots, thus increasing fertilizer
efficiency.

The present invention is used as a response model to reproducibly
understand and apply the consequences and interactions of nutritional,
microbiological, environmental, and economic aspects around agricultural production
by integrating valuable information on physiological processes, sowing time, irrigation
frequency, and time, fertilizer doses, management of insects and plant diseases, and
soil relations with the environment. The inclusion of climate information may clarify the
relationship between agricultural production and weather fluctuations. This integrated
approach increases the resilience of the global food production system and food
security against unexpected climate shocks.

Currently, there is a rapid continuous increase in the integration of
technologies and digitization in agriculture. This movement is also aligned with the
sustainability of the ecosystems explored for agricultural activities. In this sense, before
starting cropping, other factors must be considered for a productive and sustainable
agricultural activity. Such other factors include crop management strategies and their
consequences, the level of technologies implemented, and soil water and nutrient
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availability. Although the use of artificial light(s) supplementation on a field scale 200
is a challenge to control, the present invention makes it possible.

The present invention also has great potential to reduce deforestation of
new native areas for agricultural production purposes since more food can be
produced in the same agricultural area. Although crop 202a productivity can be
increased with adequate implementation of artificial light(s) supplementation
throughout the crop 202a cycle, the siate of the art does not reveal the interactions
between the different factors. For example, soil, plant, climate, agronomic
management, crop 202a performance, yield formation, and cost-benefit ratio indicate
its inherent complexity. In addition, the present invention has the potential to reduce
the use of agrochemicals, fertilizers, and water since the plant becomes more efficient
in soil exploration through an improved root system stimulated by artificial light(s)
supplementation and other technologies implemented.

According to the present invention, the production costs of crops 202a
cultivated by the artificial light(s) supplementation system 100 depend on several
factors. These factors include the efficiency of the available cropping structure, for
example, machinery and farm administration; the technology implemented, for
example, genetic materials and fertilizers; and the use of precise agricultural systems.
Other factors include the characteristics of the irrigation system, for example, the
irrigated area and the height of the irrigation pivot 101 that affects light dissipation,
artificial light(s) supplementation in areas of static irrigation, soil structuring, for
example without physical or chemical limitation, and with healthy microbiota; electricity
supply, for example, source, spinning, constancy, and stability, in addition to the
internet of things and agronomic management of agricultural crops 202a. Thus, the
cost and profitability in this example reflect a specific scenario of soybean production
that may vary on a case-by-case basis. Despite this observation, according to the
present invention, artificial light(s) supplementation presents an opportunity to improve
crop 202a production.

In conclusion, in the exemplified study, the present invention was
implemented and delivered approximately 40 hours of artificial light(s) supplementation
to each soybean plant were required during the crop 202a cycle to positively affect the
number of internodes, pods, plant height, and crop 202a cycle.

Artificial light(s) supplementation, according to the present invention,
increased soybean yield by 57.3% and its profitability by 180% in relation to cultivation
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processes without artificial light(s) supplementation and proved to be a viable and
promising technique to improve sustainably of crop production in the same agricultural
field.

Due to the youth of outdoor artificial light(s) supplementation technology
and due to its success being associated with its application integrated with technically
adequate and balanced agriculture, preliminary studies were conducted for other crops
besides soybeans (Glycine max). However, the results obtained have been positive for
biomass production by plants were light(s) supplementation was(were) present. The
responses observed for other crops and perceptions of the application of artificial
light(s) supplementation integrated with appropriate agronomic technologies and
management will be briefly discussed below.

BEANS (PHASEOLUS VULGARIS)

The common bean was cultivated in the winter crop season and received
artificial light(s) supplementation from post-sowing until pre-harvest. Soil
remineralizers and biological products were applied before sowing. The plant stand
was reduced by 15% compared to the regular stand recommendation for traditional
crop cultivation without artificial light(s) supplementation.

A lower number of fungicide applications and 36% more grain yield were
observed in the area that received artificial light(s) supplementation. Other studies with
beans were conducted in different regions and confirmed the positive response of this
crop when artificial light(s) supplementation is applied according to the present
invention.

CORN (ZEA MAYS)

Corn was grown in spring/summer and received artificial light(s)
supplementation from post-sowing until pre-harvest, as well as soil remineralizers,
organominerals, and biological products that were applied to the soil before sowing. In
this study, the plant stand (plant number per hectare) was 60% higher than the stand
regularly used in traditional cultivation without artificial light(s) supplementation.

Differences were observed among the studied varieties (hybrids), such
as plants generally higher (> 4 m), higher average ear number per plant, and greater
crop health. Healthier plants in the area that received artificial light(s) supplementation
allowed crop cultivation with fewer fungicide applications. Grain yield was 183% higher
than the regional grain yield average for the same year.

TOMATO (SOLANUM L YCOPERSICUM)

Almendra - EX1002, Page 156
PGR2025-00055



10

15

20

25

30

WO 2023/197049 29 PCT/BR2022/050461

Different varieties of tomato for pulp were evaluated, and the area that
received artificial light(s) supplementation presented plants with superior development
of the aerial plant part compared to the area without artificial light(s) supplementation.
This further development of the aerial part allowed the early plant cover of the space
between planting lines and doubled the production of tomato fruits.

Only the area that did not receive artificial light(s) supplementation had
problems with calcium deficiency, causing the “blossom end rot’ symptom in the fruits.
In the area that received artificial light(s) supplementation, no such stress was
observed that would impair the development of the plants and their respective
productions.

Both areas received soil remineralizers and foliar nutrients. Artificial
light(s) supplementation occurred throughout the crop cycle in the respective area, and
the light color combination used in soybean (59% red, 33% green, and 8% blue)
showed excellent results in tomato plant development.

COTTON (GOSSYPIUM HIRSUTUM)

Cotton was tested in different regions and different varieties. As observed
for the other crops, the aerial part of the cotton plants that received the artificial light(s)
supplementation project was significantly higher than the plants that did not receive
artificial light(s) supplementation.

The cotton tree that received the artificial light(s) supplementation project
produced 20 to 40% more “apples” (structure containing the plume, the cotton fiber)
per plant and about 12% more final fiber production. The artificial light(s)
supplementation positively impacted the final production and quality of the cotton fiber.
The presence of insects in the area that received artificial light(s) supplementation was
reduced compared to traditional cotton cultivation without artificial light(s)
supplementation.

SUGARCANE (SACCHARUM OFFICINARUM)

Artificial light(s) supplementation in sugarcane has brought many
beneficial effects. The area received the application of soil remineralizer and was
cultivated without any fungicide application. Initially, sugarcane with artificial light(s)
supplementation showed a higher number of tillers (seedlings) per clump, which
increased the production of crop biomass.

Stem height, total soluble solids content, apparent sucrose, and
recovered total sugars were higher in sugarcanes grown with artificial light(s)
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supplementation. The “brown spof’ was a foliar fungal disease that occurred only in
the area that did not receive artificial light(s) supplementation, indicating how the
present invention promotes not only increases in yield, but also increases the plant
resistance to stresses and reduces the cost and environmental impacts with lower
frequencies of fungicide application.

ToBACCO (NICOTIANA TABACUM)

More vigorous tobacco plants, larger leaves, and higher leaf production
were commonly observed in the area that received artificial light(s) supplementation.
The tobacco cropping area received the application of soil remineralizer and was
cultivated without any application of insecticide or fungicide. Light supplementation
with the predominance of blue collors favored the development of tobacco plants.

GARLIC (ALtium SATivuM) AND ONION (ALLiUM CEPA)
Areas that received the application of soil remineralizer and

organominerals were cultivated without any insecticide application and with a reduced
amount of fungicide applications. The yields were higher than 80% in the areas that
received artificial light(s) supplementation all night during specific periods, both for
garlic and onion.

The application of foliar fertilizers was similar between the areas [with or
without light(s) supplementation]; however, the excellent plant development caused by
artificial light(s) supplementation turned the plant more sensitive to the lack of essential
nutrients, especially those required in smaller amounts (micronutrients).

PEA (PIsuMm SATIVUM)

Pea is a crop that responds satisfactorily well to artificial light(s)
supplementation. Depending on its application (grain production or cover crop), it
should be changed the color composition of artificial light(s) supplementation.

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

SUNFLOWER (HELIANTHUS ANNUUS)

Artificial light(s) supplementation increased the size of the sunflowers,
increasing the production of larger seeds with improved quality parameters such as
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size and integrity. Sunflower areas cultivated with artificial light(s) supplementation
showed high vegetative-productive development and plant sanity.

In areas where artificial light(s) supplementation was applied,
insecticides or fungicides were not applied to the crop plants. The production of
sunflower seeds was 44% higher in the area that received the artificial light(s)
supplementation compared to the traditional cultivation area without artificial light(s)
supplementation.

POTATO (SoLANUM TUBEROSUM)

Different varieties and planting stands were studied for potatoes that
received artificial light(s) supplementation. Artificial light(s) supplementation in this crop
can be used from emergence until about ten days before harvest desiccation. The
production occurred with lower use of fungicides compared to the area without artificial
light(s) supplementation and the commercial cropping area adjacent to the
experimental area 200.

There was a large production of root tubers, and production was about
38% higher than in traditional cultivation without artificial light(s) supplementation. Soil
and organomineral remineralizers were used in both areas to complement the basic
fertilization and support higher root tuber productions.

Hops (HuMuLUS LUPULUS)

The artificial light(s) supplementation applied to hop plants generated
promising results. It was possible to develop and harvest the second crop of hops in
the same agricultural year, which was not observed in the area without artificial light(s)
supplementation. The number of floral cones (structures used as raw material for beer)
was much higher, and their dimensions were larger in plants that received artificial
light(s) supplementation.

The beer produced using the hops produced with artificial light(s)
supplementation did not present any harm in relation to traditional cultivation.
Therefore, artificial light(s) supplementation allowed more than doubling the productive
capacity of hops in an area, besides not negatively affecting beer production and
quality.

STRAWBERRY (FRAGARIA x ANANASSA)

Production, fruit sanity, and shelf time were superior for strawberries
produced with artificial light(s) supplementation applied throughout the crop cycle.
Some strawberry varieties respond better to artificial light(s) supplementation. In

Almendra - EX1002, Page 159
PGR2025-00055



10

15

20

25

30

WO 2023/197049 32 PCT/BR2022/050461

general, reddish artificial light(s) supplementation provides better results in fruit
production and seedlings of plant development.
PITAYA (HYLOCEREUS UNDATUS)

The number of crops and fruits was positively affected by artificial light(s)
supplementation. The harvests became continuous with adequate crop management
and artificial light(s) supplementation. About 4 to 6 hours of artificial light(s)
supplementation per night were enough to maintain this fruit harvest constancy and
increase the number of fruits per plant. With increased harvests per year and fruits per
plant, the required amounts of fertilizers, soil pH correctors and conditioners, soil
remineralizers, and organominerals were necessary to support the production.

This situation of great fertilizer need to compensate for a higher total
production is further indication that the full functioning of artificial light(s)
supplementation, according to the present invention, is dependent on other factors that
need to be available so that plant responses are not limited by factors whose deficiency
may compromise crop full development and yield.

LETTUCE (LACTUCA SATIVA) AND ARUGULA (ERUCA VESICARIA SSP. SATIVA)

All  experiments with horticultural crops with artificial light(s)
supplementation showed more accelerated plant development from seedlings to adult
plants, allowing for more year-round harvests. In addition, they presented more intense
colors and more pleasant flavors.

The use of more bluish artificial light(s) supplementation allowed better
results; however, there are significant differences in responses between the varieties
studied in each plant species. This observation indicates that each region should be
studied for adequate crop varieties to select those with better responses to artificial
light(s) supplementation.

COVER CROPS

Different cover crops were responsive to artificial light(s)
supplementation, and all responses were positive. The higher the plant biomass (e.g.,
leaves, stems, and roots) growth, the faster the covering of the cropping area, which
improves soil protection and reduces crop competition with invasive plants (weeds).
The cropping of solitary crop species (only one predominant species) or mixtures of
different species presented improved results under artificial light(s) supplementation.

The use of more bluish artificial light(s) supplementation also allowed
better results. However, it was clear how each cover crop (such as Sudan grass, fodder
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turnip, millet, crotalaria, wheat, and buckwheat) in different regions presented
differentiated responses to the same spectral signature of artificial light(s)
supplementation, indicating that different crop species would have distinct and unique
spectral band composition for each plant species and edaphoclimatic condition.

The achievements exposed above indicated that the present invention
accomplishes significant advances in the application and development of artificial
light(s) supplementation, highlighting the beneficial effects of the use of artificial lighting
sources 10a, 10b, 10c, 10d, 10e in the metabolism and agronomic management of
plants, in the efficiency of light absorption and photosynthesis in their respective aerial
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 light(s) supplementation.
These effects benefit the agricultural production process by extending the plant
resistance to adverse conditions during crop development, improving qualitative and
nutritional aspects of the final crop product, and elevating the sustainability of the
agricultural activity.

Despite the description of crop yield achievements to specific
accomplishments, the present invention may present modifications in its
implementation so that the scope of protection of the invention is limited to the content
of the attached claims, including possible equivalent variations.
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SET OFCLAIMS
1. AGRICULTURAL MANAGEMENT  SYSTEM (100) is

characterized by comprising:

- a modular agricultural irrigation pivot-like device (101) positioned on an
agricultural field (200) in the cultivation of a crop (202a) species, the modular
agricultural irrigation pivot-like device (101) 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 aerial parts 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 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) adjust (501), in the intervals of the electromagnetic spectrum, the
balance between the spectral bands emitted by the plurality of light-emitting diodes;
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;

- a photoperiod, a season and current weather conditions under which
the agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202a) development.

2. SYSTEM (100), according to claim 1, characterized in that stages
a) and b) determined by the processor using an artificial intelligence model.

3. SYSTEM (100), according to any of claims 1 and 2, characterized
in that the modular agricultural irrigation pivot-like device (101) comprises:
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- a drive device for the displacement of the modular agricultural irrigation
device (101) over the agricultural field (200); and

- sprinkler devices 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. SYSTEM (100), according to any of claims 1 to 3, characterized
by in that a plurality of soil sensors under the agricultural field (200) captures nutritional
data of the soil of the agricultural field (200).

5. SYSTEM (100), according to claim 4, characterized in that the
processor using all data available from the agricultural field (200):

c) determines and suggests the routines for crop and artificial light(s)
supplementation management.

6. SYSTEM (100), according to claim 5, characterized in that stage
c) determined by the processor using the artificial intelligence model, considers one of
the following:

- the irrigation routine (502);

- the routine of artificial light(s) supplementation (503);

- the crop (202a) species under cultivation;

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

- the photoperiod responses, the season and the current weather
conditions under which the agricultural field (200) is subjected; and

- the one or more objective(s) intended for the crop (202a) development.

7. SYSTEM (100), according to any of claims 1 to 6, characterized in
that the one or more objectives intended for the crop (202a) development under
cultivation is/are:

- stimulating or inhibiting a production of leaves, branches, and roots;

- stimulating or inhibiting a production of grains, fibers, fruits, and
essences

- stimulating or inhibiting vegetative growth; and

- stimulating photosynthesis.

8. SYSTEM (100), according to any of the claims 1 to 7,
characterized in that the routine of artificial light(s) supplementation (503), majorly
occurs, but not exclusively, between phenological stages V3-V4 to R5-R6 of the crop
(202a) under cultivation.
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9. SYSTEM (100), according to any of claims 7 to 8, characterized in
that the balance between spectral bands being adjusted (501) to understand
compositions of red-green-blue spectral bands presenting at least 40% blue color for
vegetative phenological stages and about 60% or at least 40% red color for the
reproductive phenological stage of the crop 202a under cultivation, more than 40% red
color in the artificial light(s) supplementation is recommended for any plant
phenological stage.

10. SYSTEM (100), according to any of the claims 1 to 9,
characterized in that the processor further considers:

- the geolocation of the agricultural field (200) and climatic indicators for
the determination of agricultural zoning of climatic risk (ZARC) to suggest a crop (202a)
to be cultivated, if regional information regarding the most adapted crop varieties is
unavailable.

11. SYSTEM (100), according to any of claims 5 to 10, characterized
in that an user interface is in communication with the processor, wherein an user feeds
the following information to the processor:

- history of crops previously cultivated in the agricultural field (200);

- history of agricultural inputs used in the agricultural field (200);

- occurrence of stresses during the crop (202a) cycle, such as at least
one of the following: the occurrence of phytopathology; the occurrence of pests and
the occurrence of weeds;

- productivity results from previous harvests; and

- characteristics of the modular agricultural irrigation device (101), among
irrigated area, irrigation flow, pivot working speed and height of the agricultural
irrigation modular device (101);

wherein stages a), b) and c¢) are determined by the processor using the
artificial intelligence model, considering at least one of the following:

- the crop (202a) species under cultivation;

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

- the photoperiod, the season and the current weather conditions under
which the agricultural field (200) is subjected,;

- the one or more objective(s) for crop (202a) development and
responses; and

- the user-fed information through the user interface.
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12. SYSTEM (100), according to claim 11, characterized in that the
processor using information on the height of the modular agricultural irrigation device
(101) to adjust (501) the illumination emitted by the LEDs as a function of the distance
of the plurality of artificial lighting sources (10a, 10b, 10c, 10d, 10e) for the crop (202a)
under cultivation.

13. SYSTEM (100), according to claims 1 to 12, characterized in that
the plurality of energy sources being a plurality of photovoltaic and wind cells for energy
production to support the energy needed for the artificial light(s) supplementation
working during nights (majorly).

14. SYSTEM (100), according to claim 13, characterized in that the
processor, in communication with a plurality of photosensor cells, determines a
threshold of incidence of sunlight in the photovoltaic cells, for which below this, and
depending on a certain routine of artificial light(s) supplementation (503), a processor
commands the performance of the plurality of light-emitting diodes.

15. SYSTEM (100), according to any of claims 1 to 12, characterized
in that the plurality of energy sources being at least one of the following: wind, thermal,
or combustion generators.

16. SYSTEM (100), according to claim 15, characterized in that the
processor using information of insolation index and cloudiness to determine a
threshold of incidence of sunlight in the agricultural field (200) for which below this, and
depending on a certain routine of artificial light(s) supplementation (503), the processor
commands the performance of the plurality of light-emitting diodes.

17. SYSTEM (100), according to any of claims 1 to 16, characterized
in that the crop under cultivation being at least one of: soybean, beans, corn, tomato,
carrot, cotton, sugar cane, tobacco, garlic, onion, pea, sunflower, sorghum, potato,
hops, strawberry, pitaya, lettuce, arugula, oats, coffee, and soil cover crops and
grasses.

18. AGRICULTURAL MANAGEMENT METHOD (500), for the
cultivation of a crop (202a) in an agricultural field (200), characterized by comprising
the steps of:

a) 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); and

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

- a routine of artificial light(s) supplementation (503) of the plurality of
artificial lighting sources (10a, 10b, 10c, 10d, 10e);

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 current weather conditions under which
the agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202) development.

19. METHOD (500), according to claim 18, characterized in that
stages a) and b) are determined by the processor using an artificial intelligence model.

20. METHOD (500), according to any of the claims 18 to 19, is
characterized by further comprising a stage c) of determining a routine of soil
management in the agricultural field (200) based on soil analyses from the agricultural
field (200).

21. METHOD (500), according to claim 20, characterized in that stage c)
of determining through the artificial intelligence model considers at least one of the following:

- the irrigation routine (502);

- the routine of artificial light(s) supplementation (503);

- the crop (202a) species under cultivation;

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

- the photoperiod, the season and the current weather conditions under
which the agricultural field (200) is subjected; and

- the one or more objective(s) intended for the crop (202a) development.

22. METHOD (500), according to any of the claims 18 to 21,
characterized in that the one or more objectives intended for the crop (202a)
development to:

- stimulate or inhibit the production of leaves, branches, and roots;

- stimulate or inhibit the production of grains, fibers, fruits, and essences
- stimulate or inhibit vegetative growth; and - stimulate photosynthesis.

23. METHOD (500), according to any of the claims 18 to 22,
characterized in that the routine of artificial light(s) supplementation (503) that majorly,
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but not always, occurs between phenological stages V3-V4 to R5-R6 of the crop (202a)
under cultivation.

24. METHOD (500), according to any of the claims 22 to 23,
characterized in that the balance between the spectral bands being adjusted (501) to
understand compositions of red-green-blue spectral bands that should present at least
40% blue color for vegetative phenological stages and about 60% or at least 40% red
color for the reproductive phenological stage of the crop 202a under cultivation, more
than 40% red color in the artificial light(s) supplementation is recommended for any

plant phenological stage.
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Dados do Pedido

Natureza Patente: 10 - Patente de Invengao (PI)
Titulo da Inveng&io ou Modelo de SISTEMA E METODO DE SUPLEMENTAGAO LUMINOSA

Utilidade (54): ARTIFICIAL
Resumo: O sistema (100) compreende: um dispositivo modular de irrigagéo

(101) posicionado sobre um campo (200) no cultivo de uma cultura
(202a) e compreendendo um dispositivo de acionamento para o
deslocamento do dispositivo modular (101) sobre o campo (200); um
dispositivo de aspersdo compreendendo uma pluralidade de
aspersores; uma pluralidade de fontes de iluminacgéo artificial (10a,
10b, 10c, 10d, 10e) dispostas ao longo do dispositivo modular {(101)
a uma distancia predeterminada acima da parte aérea da cultura
(202a), compreendendo uma pluralidade de diodos emissores de luz
(LED) do tipo especitro total (full-spectrum); e uma pluralidade de
células fotovoltaicas que alimentam a pluralidade de fontes de
iluminacao (10a, 10b, 10c, 10d, 10e), o sistema (100)
compreendendo ainda: um processador em comunicagdo com o
dispositivo de aspersao, o dispositivc de acionamento um
dimerizador ou polarizador das fontes de iluminagao (10a, 10b, 10c,
10d, 10e), e com a pluralidade de células fotovoltaicas em que o
processador € configurado para: a) ajustar (501), no intervalo do
especitro eletromagnético, o balango entre as bandas espectrais
emitidas pela pluralidade de diodos; e b) determinar e inicializar: uma
rotina de irrigacdo (502); e uma rotina de suplementacéao luminosa
artificial (503), independentes entre si, sendo que as etapas a) e b)
sao determinadas pelo processador considerando pelo menos um
dentre: o tipo de cultura (202a) sob cultivo; o estagio fenolégico da
cultura (202a); o fotoperiodo e as condigdes meteoroldgicas sob as
quais o campo (200) esta submetido; e um ou mais objetivos de
desenvolvimento da cultura (202a).
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“SISTEMA E METODO DE SUPLEMENTACAO LUMINOSA ARTIFICIAL”

CAMPO DA INVENCAO

[001] A presente invencao refere-se, de uma maneira geral, a um
sistema de suplementacdo luminosa artificial. A presente invencao refere-se
também a um método de suplementacao luminosa artificial. Particularmente, o
sistema e método de suplementacdao luminosa artificial de acordo com a
presente invencao sao direcionados para o cultivo de uma cultura em um
campo agricola.

ANTECEDENTES DA INVENCAO

[002] A producao agricola em larga escala sempre esteve
intimamente interligada a e dependente de variaveis multiplas tais como fatores
nutricionais e microbiolégicos do solo de plantio, caracteristicas intrinsecas a
uma determinada regido, tal como o clima e o fotoperiodo, bem como uma
pluralidade de estresses bibticos e abibticos que pairam sobre as cultivares,
tais como inoculagbes de organismos nocivos as cultivares como patégenos de
solo, infestacbes de pragas agricolas, plantas invasoras, bem como a
deficiéncia hidrica, irradiacao, entre outros.

[003] No contexto do atual cenario agroindustrial, o Brasil
notadamente se destaca como um dos maiores produtores € exportadores de
commodities agricolas, tais como a soja (Glycine max) e o milho (Zea mays)
com uma produgdo anual de graos de 124,8 milhdes de toneladas. Neste
sentido, é evidente que o desenvolvimento de novas técnicas e tecnologias de
manejo agricola tém grande impacto econdmico e industrial. Além disso, a
intensificacdo da producdo agricola é pressionada pela crescente populacao
mundial e por consequéncia pelo aumento da demanda internacional por tais
commodities.

[004] Neste sentido, além de ferramentas dindmicas e

macroscopicas como a determinacdo de zoneamentos agroecoldgicos e de
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risco climatico (ZARC) para uma dada cultivar, diversos tém sidos os esforgos
de novas tecnologias a fim de modelar e monitorar variaveis como a pedologia
do solo e condigbes edafoclimaticas a fim de entender as consequéncias e
interacdes que estas causam a uma determinada cultura. Como exemplo, cita-
se o uso de tecnologias e estratégias de manejo do solo e recursos hidricos, o
uso inteligente de agroquimicos, a aplicacao eficiente de fertilizantes, a
integracao de Internet of Things (loT) as praticas de monitoramento agricola e
climatico.

[005] Além do monitoramento e controle de fatores externos,
também ¢é desejado pelos produtores agricolas a implementagdo de
tecnologias biolégicas, tais como cultivares geneticamente modificadas
(GMOs), que sejam benéficas aos produtores, consumidores € a economia
de modo geral, bem como o uso de compostos bioativos, como fito-
horménios reguladores de crescimento da cultivar, resultando na alteragao
de aspectos desde a germinacdo até processos metabdlicos como a
senescéncia plantar, podendo também estimular o desenvolvimento e a
relacado fonte-dreno de fotoassimiados de uma cultivar. Tais tecnologias
trazem beneficios ao produto, que pode melhor suportar condi¢cdes
adversas ao seu desenvolvimento, bem como a incrementagcao do valor
nutricional ao consumidor final.

[006] Ao longo das ultimas décadas, o uso de tais tecnologias
tornou-se constante a fim de intensificar produgdes agricolas ao redor do
globo, visto que a frequéncia de uso de tais tecnologias como na Asia e
América do Sul quase se equiparou a frequéncia de uso na Europa e
América do Norte. No entanto, o uso de tais tecnologias em larga escala
em adicdo as crescentes mudancgas climaticas recentemente causaram
uma nova demanda pela intensificacdo da producao agricola, desta vez por

meio de abordagens tecnoldgicas mais sustentaveis.

Almendra - EX1002, Page 185

Petigiio 870220032428, de 14/04/2022, pag. 8/49 PGR2025-00055



3/29

[007] Desta forma, foram feitos avancos recentes em estudos
sobre suplementacao luminosa artificial destacando-se efeitos benéficos do uso
de diodos emissores de luz (LEDs) no metabolismo de cultivares, na eficiéncia
de absorgdo de luz em suas partes aéreas (ou seja, as partes das plantas que
estdo acima do nivel do solo), bem como a mitigacdo de estresses bibticos
como o controle de pragas e patdégenos na producao agricola, ao passo que se
aplica um manejo consciente de recursos energéticos para tal.

[008] O documento US 2016/0198640 A1 revela um pivd de
irrigacdo moével dotado de aspersores e uma pluralidade de diodos emissores
de luz (LEDs) configurados para emitir diferentes frequéncias de luz polarizada
em bandas especitrais desde o violeta, o vermelho e 0 vermelho extremo, sobre
plantas de dias curtos ou dias longos em um campo agricola durante a
operagcdo moével do pivd, conforme ilustrado pela figura 1 do referido
documento.

[009] O pivd de irrigacdo descrito pode compreender também,
um circuito de controle configurado para controlar a operagdo dos diodos
emissores de luz (LEDs), dos aspersores ou de rodas do pivd de irrigagao.

[010] No entanto, fica claro que o estado da técnica carece de
melhorias tecnoldgicas em relagdo ao gerenciamento consciente de recursos
energéticos e hidricos em conjunto com um sistema de suplementagao
luminosa artificial que leve em consideracao as condi¢bes meteoroldgicas sob

as quais um campo agricola esta submetido.

OBJETIVOS E DESCRICAO DA INVENCAO

[011] Portanto, um objetivo da presente invencdo & prover um
sistema de suplementacdao luminosa artificial capaz de eliminar ou ao menos
reduzir as limitacdes das técnicas conhecidas atualmente.

[012] Além disso, € um objetivo da presente invencao prover um

sistema de suplementagdo luminosa artificial versatil e que possa ser adaptado
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e implementado em qualquer pivd de irrigacao pré-existente em uma plantacao
agricola no cultivo de uma cultura, em que uma rotina de suplementagcao
luminosa independa de uma rotina de irrigacao.

[013] Ainda, a presente invencao tem por objetivo prover um
sistema de suplementacao luminosa artificial que seja capaz de estimular uma
ou mais caracteristicas de uma determinada cultura, por exemplo, a
germinacgao ou floracdo de plantas de dias longos por meio do estabelecimento
de uma rotina de suplementacao luminosa artificial, por exemplo, apds o fim do
periodo matutino e vespertino, estabelecendo um fotoperiodismo da referida
cultura superior ou pelo menos igual ao seu fotoperiodo critico.

[014] Outro objetivo da presente invencao é prover um sistema
de suplementagao luminosa artificial que seja capaz de estimular uma ou mais
caracteristicas de uma determinada cultura, por exemplo, a germinagao ou
floracao de plantas de dias curtos por meio do estabelecimento de uma rotina
de suplementacao luminosa artificial, por exemplo, em consideragcdo de
condicdes meteoroldgicas adversas a fotossintese por meio da luz natural
durante o periodo matutino e vespertino, compensando pela baixa
luminosidade durante o dia, estabelecendo um fotoperiodismo da referida
cultura inferior ao seu fotoperiodo critico.

[015] E ainda um objetivo da presente invencdo prover meios
para automaticamente dimerizar ou polarizar bandas do espectro
eletromagnético total emitidas em virtude da rotina de suplementagéo luminosa
artificial conforme as diferentes demandas e condicbes ideais de
desenvolvimento de uma ou mais culturas, em consideracdes de um ou mais
fatores tais como o tipo de cultura, a regido do cultivo e o tipo de sistema
produtivo agricola em uso.

[016] A presente invengdo adicionalmente objetiva manter e

adaptar a rotina de irrigagéo e suplementacao luminosa em diferentes periodos
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fenologicos durante todas as etapas de desenvolvimento de uma cultura,
promovendo uma produgédo agricola em quantidade e qualidade.

[017] A presente invengao também tem por objetivo proteger a
cultura sob cultivo ao repelir pragas agricolas por meio da modulagdo da luz
impedindo a inoculagé&o de doencas na cultura, o que reduz a necessidade da
aplicacao de produtos fitossanitarios e por consequéncia mitiga os danos a
longo prazo que tal aplicagao poderia causar ao solo.

[018] Por fim, a presente invengao objetiva o aumento da
eficiéncia da irrigacdo e do uso de fertilizantes e agroquimicos (inseticidas,
fungicidas, bactericidas,...), em virtude dos efeitos causados pela
suplementagao luminosa artificial, tal como o desenvolvimento do sistema
radicular da cultura.

[019] Um ou mais objetivos da presente invengdo acima
mencionado(s), dentre outros, €(sdo) alcancado(s) por meio de um sistema de
suplementagao luminosa artificial, que compreende:

- um dispositivo modular de irrigacdo agricola posicionado sobre
um campo agricola no cultivo de uma cultura e compreendendo:

- um dispositivo de acionamento para o deslocamento do
dispositivo modular de irrigagao agricola sobre o campo agricola;

- um dispositivo de aspersdo compreendendo uma pluralidade de
aspersores;

- uma pluralidade de fontes de iluminacao artificial dispostas ao
longo do dispositivo modular de irrigacdo agricola em pontos equidistantes e a
uma distancia predeterminada acima das partes aéreas da cultura,
compreendendo uma pluralidade de diodos emissores de luz (LED) do tipo
espectro total (full-spectrumy; e

- uma pluralidade de células fotovoltaicas que alimentam a

pluralidade de fontes de iluminagio artificial.
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[020] O sistema de suplementagcdo Iluminosa artificial
compreende ainda:

- um processador em comunicagdo com o dispositivo de
aspersdo, o dispositivo de acionamento, um dimerizador ou polarizador da
pluralidade de fontes de iluminacao artificial, e com a pluralidade de células
fotovoltaicas, em que o processador é configurado para:

a) ajustar, nos intervalos do espectro eletromagnético, o balanco
entre as bandas espectrais emitidas pela pluralidade de diodos emissores de
luz (LED) do tipo espectro total (full-spectrum); e

b) determinar e inicializar:

- uma rotina de irrigacao; e

- uma rotina de suplementagao luminosa artificial,

em que as rotinas de irrigagdo e de suplementagdo luminosa
artificial sdo independentes entre si, sendo que as etapas a) e b) sao
determinadas pelo processador considerando pelo menos um dentre:

- 0 tipo de cultura sob cultivo;

- 0 estagio fenolégico da cultura sob cultivo;

- o fotoperiodo e as condicdes meteorolégicas sob as quais o
campo agricola esta submetido; e

- um ou mais objetivos de desenvolvimento da cultura sob cultivo
a serem alcancgados.

[021] Um ou mais objetivos da presente invengcdo acima
mencionado(s), dentre outros, é(sdo) também alcancado(s) por meio de um
método de suplementacido luminosa artificial para o cultivo de uma cultura em
um campo agricola, compreendendo as etapas de:

a) ajustar, nos intervalos do espectro eletromagnético, o balanco
entre as bandas espectrais emitidas por uma pluralidade de diodos emissores

de luz (LED) do tipo espectro total (full-spectrum) de uma pluralidade de fontes
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de iluminacgéo artificial; e

b) determinar e inicializar:

- uma rotina de irrigagdo de um dispositivo modular de irrigacao
agricola; e

- uma rotina de suplementagado luminosa artificial da pluralidade
de fontes de iluminacgao artificial,

em que as rotinas de irrigagdo e de suplementagdo luminosa
artificial sao independentes entre si, sendo que as etapas a) e b) sao
determinadas considerando pelo menos um dentre:

- 0 tipo de cultura sob cultivo;

- 0 estagio fenolégico da cultura sob cultivo;

- o fotoperiodo e as condicdes meteoroldgicas sob as quais o
campo agricola esta submetido; e

- um ou mais objetivos de desenvolvimento da cultura sob cultivo

a serem alcancados.

BREVE DESCRICAO DOS DESENHOS

[022] Os objetivos, efeitos técnicos e vantagens da presente
invencdo serdao aparentes aos técnicos no assunto a partir da descrigao
detalhada a seguir que faz referéncia as figuras anexas, que ilustram
realizagbes exemplificadoras, mas nao limitadoras, dos objetos
reivindicados:

- a Figura 1 ilustra um sistema de suplementacdo luminosa
artificial 100 operando junto a um dispositivo modular de irrigagdo agricola
101 sobre um campo agricola 200, de acordo com a presente invengao;

- a Figura 2 mostra uma ampliacdo de uma cultura 202a no
campo agricola 200 sob a atuacao do sistema de suplementacao luminosa

artificial 100, de acordo com a presente invencgao;
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- a Figura 3 ilustra as etapas da légica de funcionamento do
método de suplementacao luminosa artificial 500, conforme uma realizagédo da
presente invengao;

- a Figura 4 ilustra uma vista superior de uma esquematizagao de
um pivd de irrigacdo no qual o sistema de suplementacdo luminosa artificial
100 foi instalado, de acordo com um exemplo da presente invencgao;

- a Figura 5 ilustra um primeiro grafico de uma analise de uma
primeira variavel da cultura 202a ao longo do tempo, sob a atuacao do sistema
de suplementagido luminosa artificial 100, de acordo com o exemplo da
presente invencao;

- a Figura 6 ilustra um segundo gréafico de uma analise de uma
segunda variavel da cultura 202a ao longo do tempo, sob a atuagéo do sistema
de suplementagao luminosa artificial 100, de acordo com o exemplo presente
invencao;

- a Figura 7 ilustra um terceiro grafico de uma analise de uma
terceira variavel da cultura 202a ao longo do tempo, sob a atuacdo do sistema
de suplementagado luminosa artificial 100, de acordo com o exemplo da
presente invencgao;

- a Figura 8 mostra uma comparagao entre uma primeira amostra
da cultura 202a sob a atuacao do sistema de suplementacéo luminosa artificial
100, e uma segunda amostra da cultura 202b fora da atuagao do sistema de
suplementagao luminosa artificial 100, de acordo com o exemplo da presente
invencao.

DESCRICAO DE REALIZACOES DA INVENCAO

[023] Inicialmente, cumpre destacar que o sistema e método da
presente invencdo serdo descritos a seguir de acordo com realizagbes

particulares, mas ndo limitativas, uma vez que suas realizagdes poderao ser
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executadas de diferentes formas e variacdes e conforme a aplicacao desejada
pelo técnico no assunto.

[024] Em uma realizagao, a presente invencao revela um sistema
de suplementacao luminosa artificial 100 para o cultivo de uma cultura 202a em
um campo agricola 200.

[025] Em uma outra realizacdo, a presente invengdo revela um
método de suplementacao luminosa artificial 500 para o cultivo de uma cultura
202a em um campo agricola 200.

[026] Cumpre notar que as expressdes “planta” ou “cultura”
devem ser entendidas como quaisquer cultivares, sejam de dias longos, tais
como aveia (Avena sativa) ou batata (Solanum tuberosum) ou dias curtos,
como soja (Glycine max) ou café (Coffea sp.), que se beneficiem da
suplementagdo luminosa artificial de acordo com a presente invengao.
Exemplos ndo exaustivos de tais cultivares sdo soja (Glycine max), feijao
(Phaseolus vulgaris), milho (Zea mays), tomate (Solanum lycopersicum),
cenoura (Daucus carota) algodao (Gossypium L), cana-de-aclcar (Saccharum
officinarum), tabaco (Nicotiana tabacum), alho (Allium sativum), cebola (Allium
cepa), ervilha (Pisum sativum), girassol (Helianthus annuus), batata-inglesa
(Solanum tuberosum), lopulo (Humulus Ilupulus), morango (Fragaria x
ananassa), pitaya (Hylocereus undaitus) entre outros, cabendo ajustes na
suplementacdo luminosa ariificial para cada cultura 202a e regiao de cultivo,
bem como outros fatores tais como o estagio fenoldgico da cultura 202a sob
cultivo, o fotoperiodo e as condigdes meteorolégicas sob as quais o campo
agricola 200 esta submetido e um ou mais objetivos de desenvolvimento da
cultura 202a a serem alcangados.

[027] Conforme pode ser visto através das figuras 1 e 2, o
sistema de suplementagdo Iluminosa artificial 100 de acordo com uma

realizacdo da presente invencgdo, pode ser adaptado a um pivd de irrigacdo ja
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existente em um campo agricola 200, tal como um pivd de irrigacdo central,
seja ele rebocavel ou nao rebocavel ou mesmo um pivé de irrigacao linear. No
presente relatdério descritivo o pivd € descrito de uma maneira geral como
“dispositivo modular de irrigacéo agricola 101”.

[028] Este dispositivo modular de irrigacdo agricola 101 ¢é
posicionado sobre o campo agricola 200 sobre o qual ocorre o cultivo de uma
cultura 202a, sendo que o dispositivo modular 101 compreende um primeiro
modulo, tendo um primeiro braco de irrigagdo 102a que possui um formato
substancialmente oblongo, tendo uma extremidade distal do primeiro braco de
irrigacao 102a suportada por, e mecanicamente associada a, uma primeira
torre de deslocamento 103a dotada de um primeiro dispositivo de acionamento,
tal como um motor ou equivalente, e de primeiras rodas 104a; 105a, sendo que
uma extremidade proximal do primeiro bragco de irrigagcdo 102a é
mecanicamente associada de forma rotativa, ao pivé central, de maneira a
permitir o movimento circular do primeiro médulo em relagdo ao pivé central,
quando a primeira torre de deslocamento 103a € acionada pelo primeiro
dispositivo de acionamento.

[029] O dispositivo modular 101 pode adicionalmente
compreender pelo menos um segundo modulo dotado de um segundo brago de
irrigacao 102b que possui um formato substancialmente oblongo, em que uma
extremidade distal do segundo bragco de irrigacdo 102b é suportada por, €
mecanicamente associada a, uma segunda torre de deslocamento 103b dotada
de um segundo dispositivo de acionamento, tal como um motor ou equivalente,
e de segundas rodas 104b; 105b, sendo que uma extremidade proximal do
segundo braco de irrigacdo 102b € mecanicamente associada de forma
rotativa, a primeira torre de deslocamento 103a, de maneira a permitir o
movimento circular do primeiro médulo e do pelo menos um segundo médulo

em relacao ao pivd central.
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[030] O dispositivo modular 101 compreende também um
dispositivo de aspersdao dotado de uma linha hidraulica de pressao em
comunicagao hidrica com um reservatério que pode estar disposto, por
exemplo, no pivd central, a linha hidraulica se estendendo ao longo do primeiro
e do pelo menos um segundo brago de irrigacao 102a; 102b, os quais s&o
dotados de uma pluralidade de aspersores a fim de promover a irrigagdo do
campo agricola 200.

[031] O sistema de suplementacao Iluminosa artificial 100
incorpora uma pluralidade de fontes de iluminagéo artificial 10a, 10b, 10c, 10d,
10e dispostas, por exemplo, ao longo dos bragos de irrigagao 102a; 102b do
dispositivo modular de irrigagdo agricola 101 podendo estar localizadas em
pontos equidistantes e a uma disténcia predeterminada acima das partes
aéreas da cultura 202a, a distancia em relagdo ao solo e as demais fontes de
iluminagao artificial 10a, 10b, 10c, 10d, 10e pode ainda ser ajustada conforme
necessario, a depender do tipo de dispositivo modular 101 que recebera as
referidas fontes, e do tipo de cultura 202a sob cultivo.

[032] Além disso, a pluralidade de fontes de iluminagéo artificial
10a, 10b, 10c, 10d, 10e compreendem uma pluralidade de diodos emissores de
luz (LED) do tipo espectro total (full-spectrum) capazes de emitir radiacao
fotossinteticamente ativa, com comprimentos de ondas que variam de 280nm,
no limite do espectro UV-C com o UV-B, até 1200nm, no espectro
infravermelho préoximo, os quais estdo diretamente associados a producdo de
biomassa, a morfologia vegetal e ao desenvolvimento de culturas 202a de
maneira geral. Em uma realizagdo, o intervalo de comprimento de ondas
aplicado podem ser os mesmos no periodo diurno ou noturno, mas com
intensidades de fluxo luminoso variaveis.

[033] O sistema 100 compreende ainda, uma pluralidade de

células fotovoltaicas que alimentam a pluralidade de fontes de iluminacao
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artificial 10a, 10b, 10c, 10d, 10e, bem como um processador em comunicagao
com o dispositivo de asperséo, o dispositivo de acionamento e um dimerizador
ou polarizador da pluralidade de fontes de iluminacao artificial (10a, 10b, 10c,
10d, 10e), em que o processador é configurado para ajustar, em intervalos do
espectro eletromagnético, o balanco entre as bandas espectrais emitidas pela
pluralidade de diodos emissores de luz (LED) do tipo espectro total (full-
spectrum); e determinar e inicializar uma rotina de irrigagdo; e uma rotina de
suplementagdo Iluminosa artificial, em que as rotinas de irrigacdo e de
suplementacado luminosa artificial sdo independentes entre si. Em outras
palavras, o processador pode comandar a atuagao do dispositivo de
acionamento, do dispositivo de aspersao e do dimerizador ou polarizador de
forma individual, de acordo com a rotina estabelecida, as quais sao
determinadas pelo processador considerando pelo menos um dentre: o tipo de
cultura 202a sob cultivo; o estagio fenoldgico da cultura 202a sob cultivo; o
fotoperiodo e as condigdes meteoroldgicas sob as quais o campo agricola 200
estd submetido; e um ou mais objetivos de desenvolvimento da cultura 202a
sob cultivo a serem alcangados.

[034] Em uma realizacdo, o processador pode adicionalmente
estar em comunicacdo com a pluralidade de células fotovoltaicas, a fim de
determinar um limiar de incidéncia de luz solar nas referidas placas
fotovoltaicas, para o qual abaixo deste, e a depender de uma determinada
rotina de suplementacao luminosa artificial, o processador comanda a atuagio
da pluralidade de diodos emissores de luz (LED) do tipo espectro total (full-
spectrum), compensando por adversidades meteorolégicas sob as quais o
campo agricola 200 esta submetido, tais como dias nublados com baixa
incidéncia de luz solar.

[035] Destaca-se ainda, que o limiar de incidéncia de luz pode

adicionalmente ser dependente de demais fatores, tais como o tipo de cultura
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202a sob cultivo, do atual estagio fenolégico da cultura 202a, bem como do
local de desenvolvimento e do manejo aplicado a cultura 202a.

[036] Em outras palavras, o fluxo luminoso, bem como o balanco
entre as bandas espectrais emitidas pela pluralidade de diodos emissores de
luz (LED) sao variaveis por meio do dimerizador ou polarizador e controlaveis
pela interagao entre as células fotovoltaicas e o processador, bem como de
acordo com dada rotina de suplementacao luminosa artificial, que por sua vez
leva em consideragado os fatores mencionados anteriormente. Por exemplo,
para as culturas 202a de modo geral, os estagios fenoldgicos basicos sao o
vegetativo (V) (onde ocorre o pré florescimento) e o reprodutivo (R) (que se
inicia com a primeira flor ou estrutura reprodutiva), em que cada estagio
fenoldgico além dos estagios basicos recebe um balanco de bandas espectrais
especificos para cada estagio e para cada cultura 202a. Além disso, em
aplicagdes noturnas, o fluxo luminoso pode ser ajustado para ser menor, por
exemplo, do que o fluxo luminoso em aplicagbes diurnas, intendendo apenas
causar estimulos na cultura 202a, que serdo comentados adiante.
Especialmente em aplicagdes diurnas, o fluxo luminoso pode ser ajustado para
ser maior em periodos nublados, intendendo mitigar os efeitos da reducéao
fotossintética.

[037] Isto é especialmente vantajoso, visto que a nebulosidade
pode reduzir a capacidade fotossintética de culturas 202a em mais de 50% em
situacgbes criticas muito nebulosas, fazendo com que a cultura 202a produza
menos acucares, 0 que resulta em menores quantidades de exsudatos
radiculares liberados ao solo e aos microrganismos simbiontes, que por sua
vez tém a fungdo de obter nutrientes a cultura 202a, tornando-as mais
resistentes a patdégenos e pragas agricolas. Desta forma, fica evidente que a
compensacao pela baixa incidéncia de luz solar é fator decisivo para o combate

a patdégenos e pragas agricolas.
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[038] Especificamente culturas consideradas de dias curtos tais
como a soja (Glycine max), sdo largamente influenciadas por fatores abibticos
como o fotoperiodo e a temperatura. Seu florescimento e ciclo reprodutivo
regular ocorrem sob um fotoperiodismo curto, ou seja, em dias cujo tempo de
auséncia de luz (noite) é maior do que o tempo de presenga de luz (dia). Ao
passo que o contrario, isto €, dias mais longos que noites, podem atrasar ou
inibir o florescimento e o inicio do ciclo reprodutivo. Dessa forma, nota-se que a
extensdo do ciclo da cultura 202a, o numero de nds, vagens e sementes por
vagem e a distribuicdo de vagens nas partes aéreas da soja sao positivamente
afetados por fotoperiodos estendidos por meio de suplementacdo luminosa
artificial, uma vez que se aumenta o periodo de atividade fotossintética da
cultura 202a e o acumulo de biomassa devido ao ciclo estendido.

[039] E importante mencionar também, que para realizagédo da
fotossintese com saldo positivo geralmente o fluxo luminoso fica entre 200 e
600 umol m=2 s'. Contudo, a suplementacio luminosa artificial atua em outros
aspectos fisioldégicos que afetam direta e indiretamente a fotossintese na
planta, e ndo necessariamente a suplementacao luminosa artificial € aplicada
para ser a fonte luminosa para causar a fotossintese.

[040] Em geral, fontes de iluminacgdo artificial (10a, 10b, 10c, 10d,
10e) com fluxo luminoso inferior a 200 umol m2 s ndo sédo capazes de causar
quantidades consideraveis de fotossintese positiva. Contudo, mesmo fluxos
luminosos menores podem causar estimulos nas culturas 202a que podem
direta ou indiretamente afetar positivamente a fotossintese a ser realizada no
dia seguinte. Portanto, tanto uma luminosidade baixa, capaz apenas de causar
reagbes, mas incapaz de causar quantidades consideraveis de fotossintese
positiva, quanto uma luminosidade maior, terao aplicagdes distintas e Uteis de

acordo com a presente invengéo.
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[041] Por sua vez, a figura 3 ilustra o método de suplementacéo
luminosa artificial 500 para o cultivo de uma cultura 202a em um campo
agricola 200, compreender as etapas de: ajustar 501, nos intervalos do
espectro eletromagnético, o balango entre as bandas espectrais emitidas por
uma pluralidade de diodos emissores de luz (LED) do tipo espectro total (full-
spectrum) de uma pluralidade de fontes de iluminacgao artificial 10a, 10b, 10c,
10d, 10e; e determinar e inicializar: uma rotina de irrigacao 502 de um
dispositivo modular de irrigacao agricola 101; e uma rotina de suplementacio
luminosa artificial 503 da pluralidade de fontes de iluminacao artificial 10a, 10b,
10c, 10d, 10e, em que as rotinas de irrigacdo 502 e de suplementacao
luminosa artificial 503 sdo independentes entre si, sendo que o ajuste 501 e as
rotinas de irrigagdo e suplementagdo Iluminosa artificial 502; 503 s&o
determinadas considerando pelo menos um dentre: o tipo de cultura 202a sob
cultivo; o estagio fenoldgico da cultura 202a sob cultivo; o fotoperiodo e as
condicdes meteoroldgicas sob as quais o campo agricola 200 esta submetido;
e um ou mais objetivos de desenvolvimento da cultura 202a sob cultivo a
serem alcancgados.

EXEMPLO 1

[042] Referéncia é feita a um exemplo no qual a presente
invencao foi implementada a fim de constatar sua eficacia. O referido exemplo
avaliou as respostas relativas a produtividade das plantas de soja 202a em
uma area comercial aberta 200 (escala de campo) cultivada sob condicdes de
suplementagdo luminosa artificial, de acordo com a presente invengao. O pivd
de irrigacdo 101 que irriga a area comercial 200, recebeu uma pluralidade de
fontes de iluminacao artificial 10a, 10b, 10c, 10d, 10e, de acordo com a
presente invengdo, em um vao interno do pivd 101 para a suplementacéo

luminosa artificial das plantas de soja 202a.
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[043] De acordo com o exemplo, cerca de 40 horas de
suplementacdo luminosa artificial foram aplicadas nas plantas de soja 202a
durante o ciclo da cultura da soja 202a. A area sob os vaos externos do
pivo de irrigagdo 101 nao receberam suplementagédo luminosa artificial. O
numero de entrends, a altura das plantas de soja 202a, bem como a
quantidade de vagens por planta de soja 202a foram avaliadas
semanalmente para calcular a area sob a curva de progresso. A
produtividade de grdos na colheita também foi avaliada. Como sera
aparente mais adiante, a area sob a curva de progresso do numero de
entrends, altura das plantas de soja 202a e vagens por planta de soja 202a
foram afetadas positivamente pelo sistema e método de suplementacgao
luminosa artificial 100; 500, de acordo com a presente invengao.

[044] O ciclo regular da soja 202a, sem suplementagao
luminosa artificial, € de cerca de 15 a 17 semanas; no entanto, a colheita
da soja ocorreu trés semanas depois. Como serd entendido adiante, a
suplementagao luminosa artificial aumentou o rendimento de graos de soja
em 57,3% e a lucratividade em 180% quando comparado a colheita sem
suplementacgao luminosa artificial.

METODOLOGIA: AREA EXPERIMENTAL E CULTIVO DE SOJA

[045] O experimento foi implantado em uma fazenda comercial
em Monte Carmelo, Minas Gerais, Brasil. Localizada a uma latitude e longitude
de 182 57" Sul, 47° 25" Oeste, a 980 m acima do nivel do mar, a fazenda utiliza
pivd de irrigagdo 101. O bioma mais comum e representativo da regido é o
Cerrado. O clima da regido € Cw; subtropical imido com inverno seco.

[046] A analise fisica do solo, de 0 a 0,4 m de profundidade,
indicou 450, 100 e 450 g kg' de areia, silte e argila, respectivamente. As
caracteristicas quimicas do solo até a profundidade de 0,4 m s&o apresentadas

na Tabela 1.
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TABELA 1

pHH:O  Ca M Al H#AL  co7C v P 53¢ M.O.S

‘-~ I i iaSE
S e ctode Gy e mem - e e 1 Ll 13 IR

=

m— : (-0.7 11 Profundidade do solo ---.
6.4 603 2587 ¢ 1.26 1044 88 188 54 25

£2-6.41m  profundidade do solo - -

&8 370 278 0 1.08 837 &2 i38 82 2.3

B To Cu Fe hE Ao Si Zi

0-0.2111  profundidade do solo -

019 137 5.0 14.0 1.9 29 124 12.8
S san it oo G 20 441 Profundidade do solo e- e
.14 1.3 7.7 17.0 3.3 2.3 114 111

Tabela 1. Caracterizagao quimica do solo em 0 a 0,2 e 0,2 a 0,4 m de camada
de solo, em que CTC = capacidade de troca de cations em pH = 7; V = saturacao
de bases; e M.O.S = matéria organica do solo.

[047] Apesar de possuir uma grande proporgdo de argila no solo
e uma alta fertilidade, 3.000 kg ha™ de remineralizante de solo (p6 de rocha)
(FMX® Tratto. Aparecida de Goiania, Brasil) foi aplicado em toda a éarea
experimental 200, 30 dias antes da semeadura da soja 202a; 400 kg ha' de
organomineral 06-30-05 (% de N, P20s5, K2O) (Valoriza Agro Ltda. Patos de
Minas, Brasil) e 150 kg de KCI foi aplicado na época da semeadura, e 2 L ha™’
de Mn foi pulverizado nas partes aéreas das plantas 202a, 40 dias apo6s a
emergéncia da cultura 202a.

[048] A cultivar de soja 202a avaliada neste experimento foi a
Desafio 8473 RSF (Brasmax® GDM. Cambé, Brasil) de crescimento
indeterminado, grupo de maturidade 7.4. Foram semeadas quatorze sementes
por metro quadrado (280.000 plantas por hectare); as plantas 202a foram
colhidas aproximadamente 4 meses depois. A temperatura média diaria do ar

durante o periodo experimental variou de 24 a 34 °C.
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[049] Na area experimental, insetos, pragas, doencas de plantas
e plantas daninhas foram controladas com produtos registrados para soja
conforme indicacdes do fabricante. Todas as areas foram monitoradas antes e
apos a primeira aplicacao e os produtos reaplicados conforme necessario. Os
manejos das culturas 202a e irrigacao hidrica também foram semelhantes entre
os tratamentos de suplementacdo luminosa artificial e sem suplementacéo
luminosa artificial.

TRATAMENTOS E INVESTIGACAO EXPERIMENTAL

[050] O pivé de irrigacdo 101 onde a presente invengao foi
implementada possui dez vaos e um raio de cerca de 571 m. Nos quatro vaos
internos do pivo de irrigagdo 101, que corresponde a uma area de 33,5 ha, foi
instalada a pluralidade de fontes de iluminacao artificial 10a, 10b, 10c, 10d, 10e
compreendendo a pluralidade de placas de diodos emissores de luz (LED) do
tipo espectro total (full-spectrum). As principais bandas espectrais RGB foram
cerca de 59% vermelho, 33% verde e 8% azul. Uma faixa de luz continua de
aproximadamente 40 m de largura por 230 m de comprimento foi projetada
abaixo da extensao dos quatro vaos internos do pivo de irrigagdo 101.

[051] Cada placa de diodos emissores de luz, (LED) tem uma
poténcia que varia entre 50 e 200 W. Cerca de 600 W h' ha' foram
consumidos durante o processo de suplementacdo luminosa artificial. As
placas de diodos emissores de luz (LED) foram posicionadas cerca de 3 metros
acima das partes aéreas das plantas 202a e distribuidas para garantir uma
poténcia de luz igualmente distribuida, independentemente das diferentes
velocidades de movimento dos varios vaos do pivd de irrigacdao 101. O fluxo
luminoso por unidade de area ao nivel das partes aéreas da soja 202a foi de
cerca de 30 Ix.

[052] O sistema de suplementagdo luminosa artificial 100, de

acordo com a presente invencgao, foi ligado todas as noites apdés o pdbr do sol
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completo e em dias muito nublados. Aproximadamente 480 horas de
suplementagao luminosa artificial foram aplicadas em toda a area durante o
ciclo da cultura da soja 202a. Como o pivd de irrigacdo 101 completa uma volta
completa sobre a area de cultivo 200 em 12,8 horas em rotina circular, cada
planta 202a recebeu cerca de 40 horas de suplementacdo luminosa artificial
durante seu ciclo.

[053] A suplementacdo luminosa artificial iniciou-se no estagio
fenolégico da soja V3 - V4 da terceira a quarta folha trifoliada totalmente
expandida e terminou no estagio fenolégico R5 - R6 no inicio do grao cheio. A
escolha do estagio fenoldgico vegetativo V3 — V4 para o inicio da
suplementacao luminosa artificial permite com que a cultura 202a feche a
entrelinha no campo agricola 200 e comece a cobrir a area de cultivo.
Surpreendentemente descobriu-se que caso a suplementagdo luminosa
artificial seja aplicada antes deste estagio, aumenta-se as chances de
proliferacdo de plantas infestantes, tais como ervas daninhas, que podem
competir significativamente com a cultura 202a por recursos como agua,
nutrientes e luz, prejudicando o desempenho da producdo e aumentando os
gastos com herbicidas. Por sua vez, a escolha do término da suplementacao
luminosa artificial no estagio fenoldgico reprodutivo R5 - R6 deve-se ao fato de
que neste estagio, a cultura de soja 202a atinge seu desenvolvimento final.
Entretanto, salienta-se que a suplementacao luminosa artificial poderia
continuar apés o estagio R5 - R6, adicionalmente favorecendo a cultura 202a,
contudo, os beneficios n&do seriam superiores aos custos relativos a
suplementacéo luminosa artificial para além desse estagio. Finalmente, os seis
vaos externos do pivd de irrigagédo 101, correspondente a uma area de 69,5 ha,
nao receberam suplementagdo luminosa artificial.

[054] Entre a primeira e a segunda torre de deslocamento 103a;
103b, delimitou-se uma area homogénea de 50 por 40 m, correspondente a

uma area de 2.000 m? para ser avaliada como o tratamento “suplementado por
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iluminacéao artificial”. A esquematizagao do piv6 de irrigacdao 101 de acordo com
0 experimento pode ser visto a partir da figura 4, na qual as culturas 202a sob o
vao verde do pivd de irrigacdo 101 receberam suplementaciao luminosa
artificial, ao passo que os retdngulos indicam a posicdo de ambos os
tratamentos, com e sem suplementagao luminosa artificial, € os pontos em
cada retangulo indicam os pontos de amostragem.

AVALIACOES DA SOJA

[055] As avaliacOes do entrend, altura das plantas 202a do nivel
do solo até o né mais alto do foliolo e vagens por planta 202a foram feitas
semanalmente a partir dos estagios fenolégicos da soja R3, no inicio da
vagem, ao R7, no inicio da maturidade da soja. Durante essas nove semanas,
as avaliagdes foram feitas uma vez por semana; nenhuma avaliacdo adicional
foi possivel apds R7 porque as plantas no tratamento sem suplementagao
luminosa artificial atingiram a maturidade fisiolégica mais cedo do que as
plantas no tratamento de suplementacao luminosa artificial.

[056] Neste sentido, € importante salientar que o atraso da
maturidade fisioldégica induzido pelo tratamento de suplementacdo luminosa
artificial, ou em outras palavras, a extensédo do ciclo da cultura 202a, ocorre
com periodos variaveis a depender de determinados fatores, tais como a
cultura 202a sob cultivo, a regiao de cultivo e o estagio de inicio e suspensao
da suplementacdao luminosa artificial e o préprio manejo da cultura pelo
produtor.

[057] A cultura de soja 202a, por exemplo, estendeu seu ciclo
entre 5 e 20 dias, a depender da cultivar, do manejo da luz e do local de cultivo.
Essa extensao, contudo, nao foi proeminente em culturas gramineas testadas,
tais como milho, sorgo e trigo, sendo de apenas poucos dias em relagdo as
areas onde a suplementacéao luminosa artificial n&o foi aplicada. Sem querer se

ater a nenhuma teoria especifica, esta extensdo de ciclo como efeito da
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suplementacado luminosa artificial pode ser consequéncia de uma série de
reagbes metabdlicas e morfolégicas da cultura 202a, tais como a
fotomorfogénese (modificacdo morfoldgica da cultura 202a estimulada pela luz,
que poderia favorecer a fotossintese durante o dia), a alteragdo do fotoperiodo
e do ciclo circadiano da cultura 202a (modificacao da rotina da cultura 202a em
relacdo ao periodo de presenca natural de luz), a regulacdo do metabolismo
secundario da cultura 202a (regulagao das defesas naturais da cultura 202a a
estresses) e das atividades de fitocromos (substancias foto responsivas e
moduladoras de respostas na cultura 202a).

[058] Supreendentemente, como serd visto adiante, concluiu-se
que através dessas reacdes ou estimulos (e de outras possiveis causas ou
uma agao conjunta dessas respostas) causadas pela suplementacao luminosa
artificial, bem como o correto manejo do solo e dos recursos hidricos, a cultura
202a acaba por produzir mais biomassa através de uma fotossintese mais
eficiente durante o dia.

[059] A medicao média de cada variavel avaliada foi estimada a
partir de uma avaliacao representativa das plantas 202a em 10 pontos
amostrais em cada area (2.000 m?) sendo cada ponto amostral avaliado
considerado uma replicacdo.

[060] A influéncia da suplementacao luminosa artificial ou nao
suplementacgdo luminosa artificial em cada variavel foi avaliada usando a area
sob a curva de progresso de cada variavel. A area sob a curva de progresso foi

calculada pela integracao trapezoidal:

area sob a curva de progresso = X(dti X ((Yi + Yi+d)/ 2)) (I)

[061] Onde dti € o intervalo de tempo entre cada duas
observacdes de Yi e Yi + d. A area sob a curva de progresso das variaveis foi

calculada com base em nove avaliacdes. Correlagdes entre a area sob a curva
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de progresso das variaveis avaliadas foram computadas para determinar se
havia uma relagdo linear entre elas.

[062] As areas utilizadas para cada tratamento (2.000 m?), foram
colhidas aos 115 e 136 dias apdés a semeadura para a amostra nao
suplementada por iluminacao ariificial e para a amostra suplementada por
iluminagao artificial, respectivamente. A produtividade de graos em cada area
foi expressa em kg ha™.

ANALISE ESTATISTICA

[063] Valores extremos (atipicos) na area sob a curva de progresso
de cada variavel foram identificados usando graficos boxplot dos residuos. Quando
valores atipicos foram identificados, estes foram substituidos usando um valor
médio do conjunto de dados que n&o inclui o valor atipico. Os boxplots foram
gerados no software SPSS Statistics®, que também foi utilizado para calcular os
coeficientes de correlacdo de Pearson e as premissas basicas para a analise de
varidncia (normalidade da distribuicao de residuos por Shapiro-Wilkk e
homogeneidade de variancias por Levene, ambos em p > 0,01).

[064] A andlise de varidncia (ANOVA, teste F) foi realizada apds
confirmagdo de seus pressupostos e considerando um design experimental
inteiramente randomizado. Quando foram observadas diferencas significativas (p <
0,05) na ANOVA, a area sob a curva de progresso do numero de entrends, altura
das plantas 202a e vagens por planta 202a foram comparados usando o teste de
médias de Tukey (p < 0,05) para distinguir os tratamentos com suplementagao
luminosa artificial e sem suplementagao luminosa artificial. As analises de ANOVA e
teste de Tukey foram realizadas por meio do programa estatistico SISVAR®. O
software Sigma Plot® v.12 foi utilizado para gerar os graficos.

RESULTADOS

[065] Os dados das avaliagbes semanais de todas as variaveis

(numero de entrends de soja, altura das plantas e nimero de vagens por planta de

soja) para ambos os tratamentos com suplementacdo luminosa artificial e sem
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suplementagdo luminosa artificial ndo incluiram valores atipicos com base nos
boxplots de todas as variaveis e tratamentos. Essa observagao indica que as
respostas foram agrupadas em torno de uma média com baixo erro padrdo. As
varidveis da soja e seus respectivos erros padrao durante as nove semanas sao
apresentados nas Figuras 5, 6 e 7, onde as linhas sobre as barras indicam o erro
padrao.

[066] O numero de entrends por planta de soja, a altura da planta e
0 numero de vagens por planta do tratamento com suplementagdao luminosa
artificial 202a foram maiores quando comparados a amostra sem suplementacao
luminosa artificial 202b. Essas respostas superiores das plantas alvo do tratamento
com suplementagdo luminosa artificial 202a também podem ser observadas na
Figura 8, onde a esquerda s&o representadas plantas de soja alvo do tratamento
com suplementacdo luminosa artificial 202a aos 80 dias apds a semeadura, no
estagio fenoldgico R5.3, ao passo que a direita sao representadas plantas de soja
sem tratamento com suplementagdo luminosa artificial 202b, no estagio fenoldgico
R6 — R7. Cada trecho azul na fita métrica representa 0,1 m.

[067] A analise de variancia da area sob a curva de progresso e 0s

pressupostos (normalidade e homogeneidade) s&o apresentados na Tabela 2.

TABELA 2
SV DF Entrends Altura Vagens por planta
; gk eTat =1 N AATRE
Erro de suplementacdo t 375 L3s 2.649
luminosa ig
OV 9%} 1.67 1.7 a8
KS 20 0.9357 0985 0.9647
i I+is 11397 41067 02627

Tabela 2. Andlise de variancia (teste F) e estatistica das premissas da area sob
a curva de progresso das variaveis de nimero de entrends de soja, altura de
planta e nimero de vagens por planta de soja. **: diferengas significativas a

0,01. CV (%): coeficiente de variacdo. KS: Estatistica de Kolmogorov-Smirnov
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para normalidade da distribuicdo de residuos (p > 0,01). L: Estatistica de
Levene para homogeneidade das varidncias dos dados (p > 0,01). *:
normalidade dos residuos (KS) ou homogeneidade das variancias (L)
cumpridas.

[068] Todos os dados de area sob a curva de progresso das
variaveis da soja (nUmero de entrends, altura da planta e vagens por planta)
atenderam aos pressupostos da ANOVA (normalidade da distribuigao dos residuos
e homogeneidade das variancias). Além disso, os coeficientes de variacao, CV (%),
foram muito baixos (< 2%). Assim, foi adequado proceder com a ANOVA, que
indicou diferengas significatvas (p < 0,01) enire os tratamentos (com
suplementacao luminosa artificial e sem suplementacao luminosa artificial).

[069] A area sob a curva de progresso dos entrends por planta de
soja, a altura da planta e o numero de vagens por planta do tratamento com
suplementacéo luminosa foram 15,6, 23,3 e 25,3% superiores ao tratamento sem
suplementacéo luminosa artificial.

[070] O calculo e a interpretagdo da correlagdo de Pearson
requerem que os dados sejam normalmente distribuidos e sem valores atipicos;
esses requisitos foram atendidos, conforme apresentados na Tabela 1. Todas as
correlacbes observadas na Tabela 3 foram fortes (r > 0,9) e obtiveram significancia

estatistica (p < 0,01).

TABELA 3
Entrends Altura da planta Vagens por planta
Entrends 1 {3 HERRE 097
Altura da planta H 0 SGH

Vagens por planta i

Tabela 3. Correlacao de Pearson (r) entre a area sob a curva de progresso das

variaveis estudadas. Entrends: numero de entrends de soja; Altura da planta:
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altura da planta de soja; Vagens por planta: niumero de vagens por planta de
soja. **: diferencas significativas a 0,01.

[071] A cultivar de soja avaliada tem wum ciclo de
aproximadamente 17 semanas. No dia 115 apds a semeadura, as plantas de
soja da area sem suplementacdo luminosa artificial 202b (2.000 m?2) foram
colhidas; no entanto, a colheita das plantas de soja na area com
suplementacdo luminosa artificial 202a foi feita trés semanas depois,
representando um ciclo de crescimento 17,6% mais longo.

[072] A produtividade estimada da area sem suplementacao
luminosa artificial foi de cerca de 4.500 kg ha™' (75 sacas ha'; 1 saca = 60 kg),
enquanto o tratamento com suplementacao luminosa artificial foi de cerca de
7.080 kg ha' (118 sacas ha™). A produtividade de grdos sob suplementagéo
luminosa artificial foi 57,3% superior, e 109,5% acima da média da
produtividade brasileira de soja (3.379 kg ha™).

[073] O custo médio para produzir a soja desde o manejo do solo
até a colheita é de cerca de 55 sacas de soja por hectare. O custo médio
exigido pela suplementagédo luminosa artificial foi de cerca de 7 sacas ha™.
Assim, a rentabilidade da soja tradicionalmente produzida (sem suplementagao
luminosa artificial) e a soja produzida com suplementacao luminosa artificial foi
de cerca de 20 e 56 sacas ha™, respectivamente.

[074] A extens&o do ciclo da cultura da soja 202a em trés
semanas devido a suplementacdao luminosa artificial também aumentou o
periodo de atividade fotossintética da planta 202a. Este ciclo prolongado
aumentou o acumulo de biomassa via fotossintese diaria natural; processo
ausente no ciclo regular da cultivar de soja (17 semanas) onde ndo ha
suplementacéo luminosa artificial 202b. Essa conjungao de fatores resultou em
plantas de soja mais altas, com mais entrendés, mais vagens e,

consequentemente, mais de 57% a mais de produtividade de graos.
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[075] Neste exemplo, o rendimento extra de 57,3% gerado pela
suplementagao luminosa artificial nao pode ser atribuido apenas as horas de
suplementacao luminosa artificial fornecida a cada cultura de soja 202a (cerca
de 40 horas). Tal como mencionado anteriormente, além da extensao do ciclo
da soja por meio da suplementagdo luminosa artificial, outros fatores devem ser
levados em conta, tais como a fotomorfogénese, a alteragdo do fotoperiodo e
do ciclo circadiano da cultura 202a, a sobre regulacédo ou sub regulacao de fito-
hormoénios e fitocromos, bem como a alteragdo no metabolismo secundario da
cultura 202a, os quais sdo fatores responsivos ao tratamento de
suplementagdo luminosa artificial.

[076] Os insumos agricolas, como fertilizantes, inoculantes de
plantas e produtos fitossanitarios, aplicados durante o ciclo da cultura 2023;
202b, destinam-se exclusivamente a maximizar a produgdo agricola e os
retornos econdmicos. Embora tais insumos tenham efeitos adversos na
dindmica do solo, esses efeitos sdao frequentemente negligenciados. No
entanto, a suplementacao luminosa artificial para cultivos de campo 200 de
acordo com a presente invengédo, tem o potencial de reduzir a necessidade
desses insumos, principalmente fertilizantes.

[077] A eficiéncia da fertilizagdo neste exemplo provavelmente
resultou do aumento significativo da biomassa dos brotos seguido da
suplementagdo luminosa artificial. O aumento da biomassa dos brotos, por sua
vez, causa um aumento proporcional na biomassa das raizes. Este
desenvolvimento radicular melhorado aumenta a eficiéncia da absorcdo de
nutrientes da raiz, aumentando assim a eficiéncia do fertilizante.

[078] A presente invencao ¢é utilizada como um modelo de
resposta para entender e aplicar de modo reprodutivel as consequéncias e
interagbes de aspectos nutricionais, microbiolégicos, ambientais e econdémicos

em torno da produgdo agricola ao integrar informagdes valiosas sobre
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processos fisioldgicos, época de semeadura, lamina de irrigacdo, doses de
fertilizantes, manejo de pragas de insetos e doencas de plantas e seus
impactos nas relagdes do solo com o meio ambiente. Além disso, a inclusao de
informacdes climaticas pode esclarecer a relagao entre a producao agricola e
as oscilagbes climaticas e que, por sua vez, podem ser usadas para aumentar
a resiliéncia do sistema alimentar global e a seguranga alimentar contra
choques climéticos inesperados.

[079] Atualmente, h&a um rapido aumento continuo na
digitalizacéo e integracédo de tecnologias na agricultura que esta alinhada com
a sustentabilidade dos ecossistemas a serem aprimorados. Essas mudancas
provavelmente impulsionaréo as culturas modernas para um nivel mais alto de
produtividade. Neste sentido, Antes de projetar fatores de cultivo, como o
material genético a ser semeado, varios fatores devem ser avaliados. Esses
fatores incluem o manejo fitossanitario e o nivel de tecnologias implementadas
em outros fatores primarios como a disponibilidade de nutrientes,
abastecimento de agua e luz (geralmente de uma fonte natural). Embora o uso
da suplementacao luminosa artificial em escala de campo 200 seja um desafio
para controlar, a presente invencao torna possivel o controle da suplementacéo
luminosa artificial para produgdo de culturas 202a em grandes areas
comerciais 200.

[080] A presente invencao também tem um grande potencial para
diminuir o desmatamento de novas areas nativas para fins de producao
agricola. Embora a produtividade da cultura 202a possa ser aumentada com
uma implementacdo adequada de suplementacao luminosa artificial ao longo
do ciclo da cultura 202a, o estado da técnica néo revela as interagbes entre os
diferentes fatores, por exemplo, solo, planta, clima, manejo, desempenho da

cultura 202a, construcao do rendimento e a relagdo custo-beneficio.
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[081] Os custos de producdo das culturas 202a gerados pelo
sistema de suplementacdo luminosa artificial 100, de acordo com a presente
invencao, dependem de vérios fatores. Esses fatores incluem a eficiéncia da
estrutura disponivel, por exemplo: maquinario € administracdo da fazenda; e a
tecnologia implementada, por exemplo: materiais genéticos, fertilizantes e o uso de
sistemas agricolas precisos. Outros fatores incluem caracteristicas do sistema de
irrigacao, por exemplo: a altura do pivd de irrigacdo 101 que afeta a dissipacao da
luz, a suplementacdo Iluminosa artificial em areas de irrigagdo estatica, a
estruturagdo do solo, por exemplo: sem limitagdo fisica ou quimica, € com
microbiota saudavel, o fornecimento de energia, por exemplo: fiagao, constancia e
estabilidade, além de internet of things (IOT) e manejo de culturas 202a. Assim, o
custo e a rentabilidade no presente exemplo refletem um cenario especifico da
producdo de soja que pode variar caso a caso. Apesar desta observagido, a
suplementacdo luminosa artificial, de acordo com a presente invengao, apresenta
uma oportunidade para melhorar a producgao das culturas 202a.

[082] Em conclusdo, no contextc do exemplo no qual a presente
invencdo foi implementada, foram necessarias aproximadamente 40 horas de
suplementacdo luminosa artificial por planta de soja durante o ciclo da culiura 202a
para positivamente afetar o nimero de entrends, vagens, altura da planta e o ciclo
da cultura 202a.

[083] A suplementagdo luminosa artificial, de acordo com a presente
invencao, aumentou a produtividade de graos de soja em 57,3% e sua rentabilidade
em 180% em relacdo aos processos de cultivo sem suplementacdo luminosa
artificial, e provou-se uma técnica viavel e promissora para melhorar de forma
sustentavel a producdo de culturas na mesma area agricola em que sao cultivadas
atualmente.

[084] Apesar da descricdo das realizagbes particulares acima

fazer referéncia a determinadas realizagbes, a presente invenciao pode
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apresentar modificagbes em sua forma de implementacdo, de modo que ©
escopo de protecao da invencdo se limita tdo somente pelo teor das

reivindicagdes anexas, incluindo ai as possiveis variagdes equivalentes.
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REIVINDICACOES

1. SISTEMA DE SUPLEMENTACAO LUMINOSA ARTIFICIAL

(100) caracterizado por compreender:

- um dispositivo modular de irrigagao agricola (101) posicionado
sobre um campo agricola (200) no cultivo de uma cultura (202a) e
compreendendo:

- um dispositivo de acionamento para o deslocamento do
dispositivo modular de irrigagao agricola (101) sobre o campo agricola (200);

- um dispositivo de aspersao compreendendo uma pluralidade de
aspersores;

- uma pluralidade de fontes de iluminagéao artificial (10a, 10b, 10c,
10d, 10e) dispostas ao longo do dispositivo modular de irrigacao agricola (101)
em pontos equidistantes e a uma distancia predeterminada acima das partes
aéreas da cultura (202a), compreendendo uma pluralidade de diodos
emissores de luz (LED) do tipo espectro total; e

- uma pluralidade de células fotovoltaicas que alimentam a
pluralidade de fontes de iluminagao artificial (10a, 10b, 10c, 10d, 10e),

0 sistema de suplementagao Iluminosa artificial (100)
compreendendo ainda:

um processador em comunicagdo com o dispositivo de aspersao,
o dispositivo de acionamento, um dimerizador ou polarizador da pluralidade de
fontes de iluminacao artificial (10a, 10b, 10c, 10d, 10e) e com a pluralidade de
células fotovoltaicas, em que o processador € configurado para:

a) ajustar (501), nos intervalos do espectro eletromagnético, o
balanco entre as bandas espectrais emitidas pela pluralidade de diodos
emissores de luz (LED); e

b) determinar e inicializar:

- uma rotina de irrigacao (502); e
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- uma rotina de suplementacao luminosa artificial (503),

em que as rotinas de irrigacdao (502) e de suplementacao
luminosa artificial (503) sdo independentes entre si, sendo que as etapas a) e
b) sdo determinadas pelo processador considerando pelo menos um dentre:

- o0 tipo de cultura (202a) sob cultivo;

- 0 estagio fenoldgico da cultura (202a) sob cultivo;

- o fotoperiodo e as condi¢cdes meteorologicas sob as quais o
campo agricola (200) esta submetido; e

- um ou mais objetivos de desenvolvimento da cultura (202a) sob
cultivo a serem alcangados.

2. METODO DE SUPLEMENTACAO LUMINOSA ARTIFICIAL
(500), para o cultivo de uma cultura (202a) em um campo agricola (200),
caracterizado por compreender as etapas de:

a) ajustar (501), nos intervalos do espectro eletromagnético, o
balanco entre as bandas espectrais emitidas por uma pluralidade de diodos
emissores de luz (LED) do tipo espectro total de uma pluralidade de fontes de
iluminacgao artificial (10a, 10b, 10c, 10d, 10e); e

b) determinar e inicializar:

- uma rotina de irrigagdo (502) de um dispositivo modular de
irrigacao agricola (101); e

- uma rotina de suplementacdo luminosa artificial (503) da
pluralidade de fontes de iluminagao artificial (10a, 10b, 10c, 10d, 10e),

em que as rotinas de irrigagdo (502) e de suplementacao
luminosa artificial (503) sdo independentes entre si, sendo que as etapas a) e
b) sdao determinadas considerando pelo menos um dentre:

- 0 tipo de cultura (202a) sob cultivo;

- 0 estagio fenoldgico da cultura (202a) sob cultivo;

- o fotoperiodo e as condicbes meteoroldégicas sob as quais o
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campo agricola (200) esta submetido; e
- um ou mais objetivos de desenvolvimento da cultura (202a) sob

cultivo a serem alcangados.
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RESUMO
“SISTEMA E METODO DE SUPLEMENTACAO LUMINOSA ARTIFICIAL”

O sistema (100) compreende: um dispositivo modular de irrigacao
(101) posicionado sobre um campo (200) no cultivo de uma cultura (202a) e
compreendendo um dispositivo de acionamento para o deslocamento do
dispositivo modular (101) sobre o campo (200); um dispositivo de aspersao
compreendendo uma pluralidade de aspersores; uma pluralidade de fontes de
iluminacao artificial (10a, 10b, 10c, 10d, 10e) dispostas ao longo do dispositivo
modular (101) a uma distancia predeterminada acima da parte aérea da cultura
(202a), compreendendo uma pluralidade de diodos emissores de luz (LED) do
tipo espectro total (full-spectrum); e uma pluralidade de células fotovoltaicas
que alimentam a pluralidade de fontes de iluminagéo (10a, 10b, 10c, 10d, 10e),
o sistema (100) compreendendo ainda: um processador em comunicagao com
o dispositivo de aspersao, o dispositivo de acionamento um dimerizador ou
polarizador das fontes de iluminagdo (10a, 10b, 10c, 10d, 10e), e com a
pluralidade de células fotovoltaicas em que o processador é configurado para:
a) ajustar (501), no intervalo do espectro eletromagnético, o balango entre as
bandas espectrais emitidas pela pluralidade de diodos; e b) determinar e
inicializar: uma rotina de irrigagdo (502); e uma rotina de suplementacéo
luminosa artificial (503), independentes entre si, sendo que as etapas a) e b)
séo determinadas pelo processador considerando pelo menos um dentre: o tipo
de cultura (202a) sob cultivo; o estagio fenoldégico da cultura (202a); o
fotoperiodo e as condicbes meteorolégicas sob as quais o campo (200) esta

submetido; e um ou mais objetivos de desenvolvimento da cultura (202a).
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sequence listing in text format was indicated on the PCT Request as part of the International Application and the sequence listing

was published as part of the international application).

15. |:| Assignment papers (cover sheet and document(s)). Name of Assignee:

16. |:| 37 CFR 3.73(c) Statement (when there is an Assignee).

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. The information is required to obtain or retain a benefit by the public, which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 15
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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PTO-1390 (12-22)

Approved for use through 11/30/2025. OMB 0651-0021

U.S. Patent and Trademark Office; U.S. D

EPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

U.S. APPLN. No. (if known — see 37 CFR 1.5) INTERNATIONAL APPLICATION No. ATTORNEY DOCKET No.

PCT/BR2022/050461 092210-786599

17. |E| Other items or information:

International Search Report and Written Opinion; PCT/RO/101; PCT/RO/105; PCT/IB/301;
IB/311; PCT/ISA/220; Priority Document; PPH Request

PCT/IB/304; PCT/

The following fees have been submitted. CALCULATIONS
18. [W] Basic national fee (37 CFR 1.492(8)) .......v.ov.euiiieieiieteeeiiese e $320 | $320.00
19. |E| Examination fee (37 CFR 1.492(c)) 800.00
. If the written opinion prepared by ISA/US or the international preliminary examination report $
prepared by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4).............. $0
o AllOther SHUBLONS .o..uieit e e e e e $800
20. |E| Search fee (37 CFR 1.492(b)) 540.00
. If the written opinion prepared by ISA/US or the international preliminary examination report $
prepared by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4).............. $0
e Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to the USPTO as
an International Searching Authority ... $140
. International Search Report prepared by an ISA other than the US and provided to the Office or
previously communicated tothe US by the IB..... ... $540
o Al Other SHUALIONS ...t e e e e e $700
TOTAL OF 18,19,and 20 = | $1,660.00
|:| Additional fee for specification and drawings filed in paper over 100 sheets (excluding sequence listing
in compliance with 37 CFR 1.821(c) or (e) in an electronic medium or computer program listing in an $
electronic medium) (37 CFR 1.492())).
Fee for each additional 50 sheets of paper or fraction thereof .......... ... $420
Number of each additional 50 or fraction
Total Sheets | Exira Sheets thereof (round up to a whole number) RATE
-100 = /50 = x $420
Surcharge for furnishing any of the search fee, examination fee, or the oath or declaration after the date of $
commencement of the national stage (37 CFR 1.492(h)).....cooiiiii i $160
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims -20= x $100 $
Independent claims -3= x $480 $
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $860 $
Fee for submission of Sequence Listing text file of 300 MB to 800 MB (37 CFR 1.21(0)(1)). .+ evvvvvnennenns $1,060 | $
Fee for submission of Sequence Listing text file of more than 800 MB (37 CFR 1.21(0)(2)).....ccvviennn.n. $10,500 | $
Processing fee for furnishing the English translation later than 30 months from the earliest claimed priority date $
(B7 CFR 11402(1)). .t e ettt $140 +
TOTAL OF ABOVE CALCULATIONS = | $ 1,660.00
|E| Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by 60%.
I:l Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by 80%.
Applicant must attach form PTO/SB/15A or B or equivalent.
TOTAL NATIONAL FEE = | $664.00
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be accompanied by an $
appropriate cover sheet (37 CFR 3.28, 3.31)........cvuiiiiiiiiiiiiiiiiiceeee $50.00 per property  +
TOTAL FEES ENCLOSED = | $664.00
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PTO-1390 (12-22)

Approved for use through 11/30/2025. OMB 0651-0021

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

a. |:| A check in the amount of $ to cover the above fees is enclosed.

b. |E| Please charge my Deposit Account No. 50-1662 in the amount of $ 664.00 to cover the above fees.

c IE' The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. 50-1662 as follows:

i.  [m] any required fee.

i |:| any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee
required under 37 CFR 1.492(f).
d. |:| Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended to pay fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be
filed and granted to restore the International Application to pending status.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications

I:' 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 1: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 16, 2013, will be
examined under the first inventor to file provisions of the AlA.

NOTE 2: A U.S. national stage application may not claim priority to the international application of which it is the national phase. The filing
date of a U.S. national stage application is the international filing date. See 35 U.S.C. 363.

Correspondence Address

30678

li' The address associated with Customer Number: OR |:| Correspondence address below

Name

Address

City State Zip Code

Country Telephone

Email

serawre | /R James Balls/ o= | January 26, 2024

Name

(Print/Type) R. James Balls ?ﬁ?&fﬁ?ﬁ%gﬁ) 57703
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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. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and 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 to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record 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 shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to 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)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: IDS PTO/SB/08a (01-22)

Lo . . . Approved for use through 05/31/2024. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF GOMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number

Filing Date 2024-01-26

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Gustavo Alexandre GROSSI
Art Unit

Examiner Name

Attorney Docket Number 092210-786599

U.S.PATENTS
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code of cited Document

Figures Appear

If you wish to add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Examiner| . Publication Kind [Publication Name of Patentee or Applicant Pages,Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document .
Figures Appear

1 20200359550 A1l 2020-11-19 Tran et al.

2 20130263503 A1l 2013-10-10 Bostdorff

3 20160262313 A1l 2016-09-15 Szeto et al.

4 20120038281 A1 2012-02-16 Verfuerth

5 20020154504 A1 2002-10-24 Fang et al.

If you wish to add additional U.S. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS

EFS Web 2.1.18 Almendra - EX1002, Page 231
PGR2025-00055



INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

2024-01-26

First Named Inventor

Gustavo Alexandre GROSSI

Art Unit

Examiner Name

Attorney Docket Number

092210-786599

Name of Patentee or

Pages,Columns,Lines

Examiner| Cite . Country Kind | Publication . . where Relevant 5
Initial™ No Foreign Document Ny Code?j Code#| Date Applicant of cited Passages or Relevant T
Document .
Figures Appear
1 [
If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite o . . .

(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue humber(s), TS

Initials* | No

publisher, city and/or country where published.

International Search Report and Written Opinion issued on April 24, 2023 for corresponding PCT Application No. PCT/

BR2022/050461

If you wish to add additional non-patent literature document citation information please click the Add button

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www USPTG GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). ° For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.18

Almendra - EX1002, Page 232

PGR2025-00055



Application Number

Filing Date 2024-01-26

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Gustavo Alexandre GROSSI

L Art Unit
( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Docket Number 092210-786599

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signhing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ | any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
[ ] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[¥] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /R. James Balls/ Date (YYYY-MM-DD) 2024-01-26

Name/Print R. James Balls Registration Number 57703

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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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. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and 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 to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5
U.S.C. 552) and the Privacy Act (6 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court,
magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request
involving an individual, to whom the record pertains, when the individual has requested assistance from the Member with
respect to the subject matter of the record.

A record 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 shall be required to comply with the requirements of
the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may
be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to
the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to 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)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/
her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to recommend
improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such
disclosure shall be made in accordance with the GSA regulations governing inspection of records for this purpose, and
any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Page 1 of 5

UNITED STATES PO Box 1450
PATENT AND TRADEMARK OEFICE Ao, Y e onto. oV

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/292,837 01/26/2024 06:22:47 PM Z ET 092210-786599

Title of Invention
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

Application Information

APPLICATION TYPE  Utility - U.S. National Stage under 35 PATENT #
USC 371
CONFIRMATION # 1124 FILEDBY Catalina Paun
PATENT CENTER # 64109241 FILING DATE
CUSTOMER # 30678 FIRST NAMED  Gustavo Alexandre GROSSI
INVENTOR
INTL. APPLICATION #  PCT/BR2022/050461 INTL. FILING DATE  11/24/2022
CORRESPONDENCE - AUTHORIZED BY  Robert Balls
ADDRESS
Documents TOTAL DOCUMENTS: 21
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
generatedADS64109241.pdf 5 Application Data Sheet 108 KB
Information_Disclosure_State 4 Information Disclosure 39 KB
ment.pdf Statement (IDS) Form (SB08)
Warning: This is not a USPTO supplied IDS fillable form. Data in the form cannot be
automatically loaded to other USPTO systems.
First_Preliminary_Amendme - i 177 KB
nt.pdf
First_Preliminary_Amendm ) _
ent-A.PE.pdf (1-1) 1 Preliminary Amendment 115 KB
First_Preliminary_Amendm (2-2) 1 Specification 83 KB

ent-SPEC.pdf
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First_Preliminary_Amendm
ent-CLM.pdf

First_Preliminary_Amendm
ent-REM.pdf

PCT_IB_304.pdf

PCT_IB_311.pdf

International_Search_Report.
pdf

PCT_IB_301.pdf

PCT_ISA_220.pdf

PCT_RO_105.pdf

PCT_RO_101.pdf

Drawings.pdf

International_Publication.pdf

PPH_Form.pdf

Transmittal_of New_Applicat
ion.pdf

Written_Opinion_of _ISA_US
A.pdf

Specification.pdf
Specification-SPEC.pdf
Specification-ABST.pdf

Priority_Document.pdf

Digest

(1-39)
(40-40)

51

47

Claims

Applicant Arguments/Remarks
Made in an Amendment

Documents submitted with 371
(National Stage) Applications

Documents submitted with 371
(National Stage) Applications

Documents submitted with 371
(National Stage) Applications

Documents submitted with 371
(National Stage) Applications

Documents submitted with 371
(National Stage) Applications

Documents submitted with 371
(National Stage) Applications

Documents submitted with 371
(National Stage) Applications

Drawings-only black and white
line drawings

Documents submitted with 371
(National Stage) Applications

Petition to make Special under
Patent Prosecution Highway

Transmittal of New Application

Documents submitted with 371
(National Stage) Applications

Specification
Abstract

Interim Copy of the Foreign
Priority Document

Page 2 of 5

137 KB

84 KB

65 KB

47 KB

363 KB

51 KB

70 KB

37 KB

129 KB

1941 KB

3270 KB

97 KB

131 KB

237 KB

1027 KB
1020 KB
121 KB

2714 KB
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DOCUMENT

generatedADS64109241.pdf

Information_Disclosure_Statem
ent.pdf

First_Preliminary_Amendment.
pdf

First_Preliminary_Amendment-
A.PE.pdf

First_Preliminary_Amendment-
SPEC.pdf

First_Preliminary_Amendment-
CLM.pdf

First_Preliminary_Amendment-
REM.pdf

PCT_IB_304.pdf

PCT_IB_311.pdf

International_Search_Report.pd
f

PCT_IB_301.pdf

PCT_ISA_220.pdf

PCT_RO_105.pdf

Page 3 of 5

MESSAGE DIGEST(SHA-512)

742DACEF5947861E0028EDFF13A8E0431609C0B2A6F2E0B7C
42C5F59F0EA530288008AD0371012F48CE359103E42A575C2E
86A714D456CAAEF3CD4EDE42D8026

0371AA12A6EE1B252180A437000126C33AE76B0OBB3673E8F04
1F4DEO3FB636774A0C792C614BB2BC993196FF3CD2A21B0D
E15B3DCCD3CDF8A54229DBBC6EF8D2

56CAE63254DDA290E9E029694D9AC65B540AF95601D863D12
DB56092E76D23015BAFC7BFD46F336862C88233EBE783E1D1
8FE93145E80FA3812AC92D7B3C9571

0D8D2590AE9SDA20D6DA1DC6156BBD2954EFSE8857EBESD5
EE037F309D16258CFFB89AF53B0814A526646415BCEBEBS5D1
387D3DB785315D6DAEAA48A89DB8606

DFFA30F063AAB668E04A2ECCBCAD7657157D9771360BD256
C9E5BC47049A86870EB60EBA4566BAAD292419706DFCD13A
CO030F1BC3FODD6A6561E685D0BED2D78

8D3FF2ED97FF3B4558942298487F1A55F1ACDOAAQO3B78F722
8FDFE639058671786DE96A0C7E113B5EE45E3DIECB1D982E
7822DB76D42E9EDFADOEGDAA2EEB372

DD3B2AF01A3CE28C259E0D5C8669E95FC810EDEOFD1AF8C
3CEC1E63DBF5BF9202D6110391E90B6BE2B2C45240AAAD52
E7D6CF6A0AFBC6F66CAADC1BOEA83A649

F8127ED7530E86680F23EAF3C19C00AC83091C083AD4793FE
183E76DE458E4578521E1EC7B52585A26C960A1ABE91F1110
8762120F5E7BF113A89387DD8F7091

28577E9951AC779D4EA987B60BOF2BD26127086C983D7E640
COA7AA118804C4ECC84B5013770E8BFA13F536BB11902BC43
ED54295C6B0A1D7F203E9574E8750F

1DFOD7A1A72D9CBO5E69CEF4D240310DEAG65F326B17D8910
9C9D1808396E543EE4570562220BA1ACF8421BE32FFESES07
4B8DA91889C3FC0406F96896DFB93A9

DDOOFC1EF4AC7659DEGECF4E64C6411EF6BOD3693FC123E8
A74DOFEE5543F123A24C0A3096ES5ECE78A4A03AAD08179B49
FOF684D576ECD8F4C2E514F47223B95

23A7EB28EED9E2291C8203FACI90E5B4549B2B99A39D75D2F
3D9CA59FB92058EE62830E42C224247101C1CEF6B6F83F8FF
OFODB2EEEA4A3FF858EF3DF7ECF3503

5BCD1B592D793D3765ED5A3E835D657DB15BA391369B013F
F510C21F6D8EAD7373DBCC7A7C164BD807CBA307C1BC7F0
8A38C191DD42201A0A1EBD9146FC42327
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2356D9E807C4C1B8E6GF197B94C55F56

B413B0418ESFAB1FA9A1F208B093E7B2C802076D91A19C3A5
B942711046927ABD21B22770523E57ADC6E91FC1AE15E1DBA
7DBBF29BDD44CC8EF1B7ABB2019221

FEF9889453988E6569B144EB094FB7A6FC1DF26B4053A8740
C160837F94B245B4FDB66DF2BF682D90031C2295E52FF8061
A01309B422FA4F29F993AF5AD8FAAS

8095C4A1E8D95DF8D4ED6219DD7A868F32DFBES3A9057BA4
1224D591FE12D0509BE60C9663F7B38EB026F4D4F3E36E40F
6275D052EDB7172CAB25382E3E7F640

087223A27C2C927E93EE8B1866928D44CB3A8FFOFB6932C57
060DD9D8F954AF45F2A490E8C5C565629ACFBCBO065AEE4F
3803C56A68EFE4AF84BDB53BCBFAGFB

4C467EFA186138EFB6EC752A65F24E3E97394240B928078F59
DA7043D388ACBACDC3208675E0E730CDE4B58866576A0DBF
4FO09DFFED8C7090265E7B4CC19B89C

083FCOFEES591333BDEF0A184C45284832B115D13D023C6D03
F6276FF0137974CB5512DB75FC61B50F54179D88F32F010779
6111FAE46915ECDBFFA2AFB851ED6

D614646921BD2E8B71D95F6411917602801DA7F645DESB1755
0B4BA96E3CD1697B041784BCD318AF6936FF213COEOE74B73
9A7B4C1157A924E72D1073BB80CF1

ABAF09A2AA6BC519779E1BD4B0182C47D1C01970D712D7369
F52245680E512B3A04DBCBBE4C9E201B20B3C5E052C30A942
0DA20722F244897627CC427A2D898D

FFAEGOE3ASAABESA449AF9923A9F8AFD21D4F29AA5E48782
9FDD4AE040529970A3DF56092F8B0B947AA08C888D2CA9EF
ED928492491E2E4A26D079042A721251

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

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
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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.
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To:

CAROLINA NAKATA

AV. BRIGADEIRO FARIA LIMA, 1485 - 110
ANDAR- TORRE NORTE .

01452-002 SAO PAULO-SP

BRASIL

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing
(day/month/vear)

APR 24 2023

Applicant’s or agent’s file reference

FOR FURTHERACTION  Sce paragraphs | and 4 below

3610-0016
Intermational application No. International filing date
PCT/BR 22/50461 (dagymonthyear) 24 November 2022 (24.11.2022)

Applicant FIENILE AGRONEGOCIOS LTDA

1.

2]

3.

4,

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the internationai
search report.
How?  Directly to the International Bureau preferably through ePCT, or on paper to:

The International Bureau of WIPQ, 34, chemin des Colombettes, 1211 Geneva 20, Switzerland

For more detailed instructions, see the PCT Applicant s Guide, International Phase, paragraphs 9.004 —9.011.

The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: .

the protest together with the decision thereon has been transmitted to the International Bureau together with any request
to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to
the International Burcau. These comments will be made available to the public afier international publication. The Internationai
Bureau will send a copy of such comments to all designated Offices unless an international preliminary examination report has
been or is to be established.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. Ifthe applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application,
or of the priority claim, must reach the International Bureau before the completion of the technical preparations for international
publication (Rules 90bis.1 and 904is.3). “

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the time limit of
30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time limits, Office
by Office, see www.wipo.int/pct/en/texts/time_limits.html and the PCT Applicant s Guide, National Chapters.

Within 22 months from the priority date, the applicant may request that a supplementary international search be carried out
by a different International Searching Authority that offers this service (Rule 455is.1). The procedure for requesting supplementary
international search is described in the PCT Applicant s Guide, International Phase, paragraphs 8.006-8.032.

Name and mailing address of the ISA/US

Authorized officer

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-8300

Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/220 (revised January 2020)
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Adjust, at the intervals of the electromagnetic
spectrum, the balance between the spectral bands
emitted by a plurality of light-emitting diodes
(LEDs) of a plurality of artificial lighting sources
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Determine and implement an
irrigation routine of an
agricultural modular device
considering - the crop species
under cultivation; - the
phenological stage of the crop
under cultivation; - the
photoperiod, the crop season
and the weather conditions
under which the agricultural
field is subjected; and - the
objective(s) intended for the
crop development.

Determine and implement a
routine of artificial light{s)
supplementation of a plurality
of artificial lighting sources
considering at - the crop species
under cultivation; - the
phenological stage of the crop
under cultivation; - the
photoperiod, the crop season
and the weather conditions
under which the agricultural
field is subjected; and - the
objective(s) intended for the
crop development.
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UNITED STATES PO Box 1450
PATENT AND TRADEMARK OEFICE Ao, Y e onto. oV

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/292,837 01/26/2024 06:22:47 PM Z ET 092210-786599

Title of Invention
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

Application Information

APPLICATION TYPE  Utility - U.S. National Stage under 35 PATENT # -
USC 371
CONFIRMATION # 1124 FILED BY Catalina Paun
PATENT CENTER # 64109241 AUTHORIZED BY Robert Balls
CUSTOMER # 30678 FILING DATE -
INTL. APPLICATION # PCT/BR2022/050461 INTL. FILING DATE  11/24/2022
CORRESPONDENCE - FIRST NAMED  Gustavo Alexandre GROSSI
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
DA /501662 E20241PI124109502 Catalina Paun
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)

SEARCH FEE, EXAMINATION FEE
OR OATH OR DECLARATION

2617 AFTER THE DATE OF 64.00 1 64.00
COMMENCEMENT OF THE
NATIONAL STAGE
2631 BASIC NATIONAL STAGE FEE 128.00 1 128.00
2633 NATIONAL STAGE EXAMINATION 320.00 1 320.00

FEE - ALL OTHER SITUATIONS

NATIONAL STAGE SEARCH FEE -
2642 SEARCH REPORT PREPARED 216.00
AND PROVIDED TO USPTO

—_

216.00

TOTAL

AMOUNT: $728.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO c‘)? }ﬁ%ﬁ?ﬁlg&tég‘ dﬁé(}}r{%z%g;;a%%ﬁ%serized
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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.
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PATENT COOPERATION TREATY

From the RECEIVING OFFICE

To:

PCT

NOTIFICATION OF THE INTERNATIONAL
APPLICATION NUMBER AND OF
THE INTERNATIONAL FILING DATE

NAKATA, Carolina

AV. BRIGADEIRO FARIA LIMA, 1485 - 110
ANDAR - TORRE NORTE

01452-002 Sao Paulo-SP

Brazil
(PCT Rule 20.2(c))
Date of mailing
(day/month/year) 25 November 2022
Applicant's or agent's file reference .
3610-0016 IMPORTANT NOTIFICATION
International application No. International filing date Priority date
PCT/BR2022/050461 (day/month/year) 24 November 2022 (dav/month/year) 14 April 2022

Applicant

FIENILE AGRONEGOCIOS LTDA

Title of the invention

SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

1.

3]

The applicant is hereby notified that the international application has been accorded the international application number and the
international filing date indicated above.

The applicant is further notified that the record copy of the international application:
was transmitted to the International Bureau on 25 November 2022

D has not yet been transmitted to the International Bureaun for the reason indicated below and a copy of this notification has been
sent to the International Bureau*:

D because the necessary national security clearance has not yet been obtained.

D because (reason to be specified):

The International Burean monitors the transmittal of the record copy by the receiving Office and will notify the applicant (with Form
PCT/IB/301) of its receipt. Should the record copy not have been received by the expiration of 14 months from the priority date,
the International Bureau will notify the applicant (Rule 22.1(c)).

Name and mailing address of the receiving Office Authorized officer

Instituto Nacional da Propriedade Industrial
Coordenacio geral do PCT

Form PCT/RO/105 (July 2008)

Rua Mayrink Veiga, 9, 6° andar, Cintia Thury
CEP 20.090-910 Rio de Janeiro — R]J
Brazil
Telephone No. (55 21) 3037-3742, 3037-3984 Telephone No. 55 2ZW3037:332 Ev 1009 Pace D51
AHRSHdY At age ot

PGR2025-00055




3610-0016

PCT REQUERIMENTO

1/4

(Criginal em Formato Electrénico)

Reservado para o Organismo receptor

0-1 Pedido internacional No. PCT/BR2022/050461
0-2 Data do depésito intermacional 24 Novembro 2022 (24,1 1 _2022)
0-3 Nome do Organismo receptor e “Pedide |RO/BR
internacional PCT~
0-4 Formulario PCT/RO/101 Requerimento
PCT
0-4-1 Preparado Utilizando ePCT-Filing
Version 4.10.010 MT/FOP 20221109/1.1
0-5 Peticao
O abaixo assinado solicita que o presente pedido internacional seja processado de acordo com o Tratado de Cooperacdo em
matéria de Patentes
0-6 Organismo receptor (especificado Instituto Nacional da Propriedade Industrial (Brasil) (RO/BR)
pelo requerente)
0-7 Referéncia do processo do requerente |3610-0016
ou do mandatario
1 Titulo da invencgao SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT
1} Requerente
-1 Esta pessoa é: Apenas requerente
-2 Requerente para Todos os Estados designados
-4 Nome FIENILE AGRONEGOCIOS LTDA
l-5 Endereco Pragca Dom Eduardo, n. 255 - sala 01, Centro
38700-124 Patos de Minas-MG
Brasil
-6 Nacionalidade (nome do Estado) BR
H-7 Domicilic (nome do Estado) BR
1-8 No. de telefone +55 11 2149-4500
11-10 Endereco de correio electrénico internacionalglpi@glpi.com.br
11-10(a) |Autorizacdo relativa ao correio exclusivamente sob a forma electrénica (nenhuma notificagao

electrénico

O Organismo receptor, a Autoridade
responsavel pela pesquisa internacional,
a Secretaria Internacional e a Autoridade
responsavel pelo exame preliminar
internacional tém autorizacao para
utilizar este enderego de correio
electrénico para enviar, se tal desejarem
esses organismos, notificacdes relativas
a este pedido internacional:

sera enviada em papel)
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3610-0016

2/4
PCT REQUERIMENTO
(Criginal em Formato Electrénico)
-1 Requerente e/ou inventor
Hi-1-1 Esta pessoa é: Apenas inventor
Hi-1-3  fInventor para Todos os Estados designados
Hi-1-4 Nome (APELIDO, nome préprio) GROSSI, Gustavo Alexandre
i-1-5  |Enderego Fazenda Sao Matheus - Bairro Zona Rural
38500-000 Monte Carmelo-MG
Brasil
1i-1-10 |Endereco de correio electréonico internacionalglpi@glpi.com.br
V-1 Mandatario ou representante comun;
ou enderego para a correspondéncia
A pessoa abaixo-identificada é/foi, por Mandatario
este meio, desighada para actuarem
nome do{s) requerente(s) perante as
Autoridades Internacionais competentes,
na qualidade de:
V-1-1 Nome {APELIDO, nome préprio) NAKATA, Carolina
IV-1-2 |Endereco AV. BRIGADEIRO FARIA LIMA, 1485 - 110 ANDAR - TORRE
NORTE
01452-002 Sao Paulo-SP
Brasil
V-1-3 No. de telefone 55 11 2149-4500
1IV-1-4  |No. de fax 5511 3819-0455
IV-1-56  |Enderego de correio electrénico internacionalglpi@glpi.com.br
V-1-5(a) A'Utotrilza.géo relativa ao correio exclusivamente sob a forma electrénica (nenhuma notificagao
electrénico - -
O Organismo receptor, a Autoridade sera enviada em papel)
responsavel pela pesquisa internacional,
a Secretaria Internacional e a Autoridade
responséavel pelo exame preliminar
internacional tém auterizagdo para
utilizar este enderecgo de correio
electrénico para enviar, se tal desejarem
esses organismos, notificagtes relativas
a este pedide internacional:
IV-1-6  |No. do registo do requerente junto do APl 1798/SP
Organismo
V-2 Mandatario(s) adicional agente(s) adicional/ais com o mesmo enderego do primeiro
mandatario
IV-2-1  INomef(s) MURAKAMI, Juliano Ryota(APl 2187/SP); DE SOUZA, Thiago
Arpagaus(OAB/SP 273.398)
\" DESIGNAGOES
V-1 O depdsito deste requerimento constitui, de acordo com a Regra 4.9.a), a designagao de todos os Estados
Contratantes vinculados pelo PCT na data do depésito internacional, para os fins da concessao de qualquer tipo de
protecgao disponivel e, se for caso disso, para os fins da concessao tanto de patentes regionais como de patentes
nacionais.
Vi-1 Reivindicagao de prioridade de um
pedido nacional anterior
Vi-1-1  |Data do depésito 14 Abril 2022 (14.04.2022)
Vi-1-2 INGmero 1020220072728
VI-1-3  {Pais ou membro da OMC BR
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3610-0016

PCT REQUERIMENTO

3/4

(Criginal em Formato Electrénico)

Vi-2

Incorporagao por referéncia:

quando um elemento do pedido internacional mencionado no Artigo 11.1}iii})d) ou €) ou uma parte da descrigdo, das
reivindicagdes ou dos desenhos mencionados na Regra 20.5.a) ou um elemento ou parte da descrigdo, das reivindicagdes
ou dos desenhos mencicnados na Regra 20.5bis.a), hdo estiver de outre modo incluido no pedido intemacional mas estiver
totalmente incluido no pedido anterior cuja prioridade € reivindicada na data em que um ou mais elementos mencionados no
Artigo 11.1)iii) tenham sido recebidos pela primeira vez pelo Organismo receptor, esse elemento ou parte €, sob reserva de
confirmacdo de acordo com a Regra 20.6, incorporada por referéncia neste pedido internacional para os fins da Regra 20.6.

Vi1 |Autoridade Responsavel pela Instituto de Patentes e Marcas dos Estados Unidos (USPTO)
Pesquisa Internacional Escolhida
(ISA/US)
Vill Declaragoes Numero de declaragbes
VIH-1 Declaragéo relativa a identidade do -
inventor
Vili-2 Declaracdo relativa ao direito do -
requerente, na data do depdsito
internacional, de pedir e obter uma
patente
ViI-3 Declaragao relativa ao direito do -
requerente, na data do depdsito
internacional, de reivindicar a pricridade
do pedido anterior
Vil-4 Declaracio de autoria da invengao -
(apenas para os fins da designacao dos
Estados Unidos da América)
Viii-5 Declaracao relativa a divulgagdes nao -
prejudiciais ou excepgdes a falta de
novidade
IX Lista de controle Numero de folhas Ficheiro(s) electrénico(s) anexado(s)
IX-1 Requerimento {incluindo as folhas de 4 v
declaracao)
1X-2 Descrigéo 33 v
IX-3 Reivindicagtes 6 v
IX-4 Resumo 1 v
IX-5 Desenhos 8 e
IX-6a Listagem de sequéncias fazendo parte - -
da descrigdo
IX-7 TOTAL 52
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3610-0016

PCT REQUERIMENTO

4/4

(Criginal em Formato Electrénico)

IX-8

Itens anexos

Documento{s) em papel anexado(s)

Ficheiro(s) electrénico(s) anexado(s)

Folha de calculo das taxas

- v
IX-11 Cépia da procuragédo geral - Ve
IX-13 Documento(s) de prioridade - ltem/ltens Vi-1
IX-19  |Outro Direito a redugao de taxa v
IX-19  |Outro Documentos no formato v
pré-conversao Declaragao
(Instrugao 706): Isto é uma
copia completa e exacta do
pedido internacional antes
da sua conversao ao formato
de documento electrénico no
qual o pedido é depositado.
1X-20 Figura dos desenhos que deve 4
acompanhar o resumo
1X-21 Lingua do deposito do pedido Inglés
internacional
X-1 Assinatura do requerente, do /Carolina NAKATA/
mandatario ou do representante
comun
X-1-1 Nome (APELIDO, nome préprio) NAKATA, Carolina
X-1-3  |Qualidade (se tal qualidade nao for Mandatario
evidente para quem ler o requerimento)
RESERVADO PARA O ORGANISMO RECEPTOR
10-1 Data efectiva de recepgao do alegado |24 Novembro 2022 (24.11.2022)
pedido internacional
10-2 Desenhos:
10-2-1 |Recebida
10-2-2 [Nao recebida
10-3 Data efectiva de recepgao, corrigida
devido & recepgao ulterior, mas
dentro do prazo, de documentos ou
desenhos que completam o alegado
pedido internacional
10-4 Data da recepgao, dentro do prazo,
das correcgoes exigidas de acordo
com o Artigo 11.2) do PCT
10-5 Autoridade responsavel pela pesquisa{|SA/US
internacional
10-6 Transmissao da copia de pesquisa
diferida até ao pagamento da taxa de
pesquisa
RESERVADO PARA A SECRETARIA INTERNACIONAL
11-1 Data da recepgao da via original pela

Secretaria Internacional
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Docket No.: 092210-786599
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Gustavo Alexandre GROSSI

Application No.: National Stage of Confirmation No.: N/A
PCT/BR2022/050461

Filed: November 24, 2022 Art Unit: N/A

For: SYSTEM AND METHOD OF Examiner: Not Yet Assigned

AGRICULTURAL MANAGEMENT

FIRST PRELIMINARY AMENDMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Prior to examination on the merits, please amend the above-identified U.S.

patent application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on

page 3 of this paper.

Remarks begin on page 7 of this paper.
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Application No. National Stage of PCT/BR2022/050461 Docket No.: 092210-786599
First Preliminary Amendment

AMENDMENTS TO THE SPECIFICATION

In the Specification at page 1, after the title, please insert the following new
heading and paragraph:

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a national stage application (under 35 U.S.C. § 371) of
PCT/BR2022/050461, filed November 24, 2022, which claims benefit of Brazilian
Application No. 1020220072728, filed April 14, 2022, which are incorporated herein by
reference in their entireties.
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Application No. National Stage of PCT/BR2022/050461 Docket No.: 092210-786599
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AMENDMENTS TO THE CLAIMS

This Listing of Claims will replace all prior versions and listings of claims in this

application.

Listing of Claims:

1. (Original) AGRICULTURAL MANAGEMENT SYSTEM (100) is

characterized by comprising:

- a modular agricultural irrigation pivot-like device (101) positioned on an
agricultural field (200) in the cultivation of a crop (202a) species, the
modular agricultural irrigation pivot-like device (101) 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 aerial parts 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
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) adjust (501), in the intervals of the electromagnetic
spectrum, the balance between the spectral bands emitted
by the plurality of light-emitting diodes; and

b) determine and implement:

- an irrigation routine (502); and/or

- an artificial light(s) supplementation routine (503);
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4-17.

18.

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;
- a photoperiod, a season and current weather conditions under which the
agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202a) development.

(Original) SYSTEM (100), according to claim 1, characterized in that stages a)

and b) determined by the processor using an artificial intelligence model.

(Currently Amended) SYSTEM (100), according to claim 1 any-ef-claims—t-and-2,
characterized in that 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
- sprinkler devices 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).

(Cancelled)

(Original) AGRICULTURAL MANAGEMENT METHOD (500), for the cultivation

of a crop (202a) in an agricultural field (200), characterized by comprising the

steps of:

a) 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); and

b) determining and implementing:

Almendra - EX1002, Page 259
PGR2025-00055



Application No. National Stage of PCT/BR2022/050461 Docket No.: 092210-786599
First Preliminary Amendment

19.

20.

21,

an irrigation routine (502) of a modular agricultural irrigation device
(101); and/or
- a routine of artificial light(s) supplementation (503) of the plurality of
artificial lighting sources (10a, 10b, 10c, 10d, 10e);
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 current weather conditions under
which the agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202) development.

(Original) METHOD (500), according to claim 18, characterized in that stages a)

and b) are determined by the processor using an artificial intelligence model.

(Currently Amended) METHOD (500), according to claim 18 ary-efthe-claims48
te149, is characterized by further comprising a stage c) of determining a routine of
soil management in the agricultural field (200) based on soil analyses from the
agricultural field (200).

(Original) METHOD (500), according to claim 20, characterized in that stage c) of
determining through the artificial intelligence model considers at least one of the
following:
- the irrigation routine (502);

- the routine of artificial light(s) supplementation (503);

- the crop (202a) species under cultivation;

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

- the photoperiod, the season and the current weather conditions

under
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which the agricultural field (200) is subjected; and
- the one or more objective(s) intended for the crop (202a)

development.

22-24. (Cancelled)
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REMARKS

Applicant has amended the specification to refer to prior related applications. No

new matter has been added into the specification.

Applicant has cancelled claims 4-17 and 22-24. Claims 3, 17, and 20 have been
updated to remove multiple dependencies. Remaining claims 1-3 and 18-21 align with
the claims the Written Opinion of the International Searching Authority found patentable.
Applicant encloses a request to participate in the Patent Prosecution Highway (PPH)
based on the allowable subject matter identified in the Written Opinion issued by

International Searching Authority (The United States Patent and Trademark Office).

In the event the Examiner believes an interview might serve in any way to
advance the prosecution of this application, the undersigned attorney is available at the

telephone number noted below.

Applicant believes no fee is due with this response. However, if a fee is due,
please charge our Deposit Account No. 50-1662, under Order No. 092210-786599 from

which the undersigned is authorized to draw.

Dated: January 25, 2024 Respectfully submitted,

Electronic signature: /R. James Balls/
R. James Balls
Registration No.: 57,703
POLSINELLI PC
1401 Eye Street, N.W.
Suite 800
Washington, DC 20005
(202) 626-8376
(202) 783-3535 (Fax)
Attorney for Applicant
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SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT
FIELD OF THE INVENTION

The present invention refers, in general, to an agricultural management

system. The present invention also refers to an agricultural management method. In
particular, according to the present invention, the system and method of agricultural
management include artificial light(s) supplementation and are directed to the
cultivation of a crop in an agricultural field.

BACKGROUND OF THE INVENTION

Large-scale agricultural production has always been closely linked to and

dependent on multiple variables. Such variables include the nutritional and
microbiological factors of the soil, intrinsic characteristics of a given region (e.q.,
climate, photoperiod, and rainfall distribution), as well as a plurality of stresses that
affect crops, such as pathogens (plant diseases), insect infestations (plant predations),
invasive plants (weeds), extreme (deficit or excess) of climatic, light irradiation,
nutritional and water factors, among others.

In the context of the current agro-industrial scenario, Brazil notably
stands out as one of the largest producers and exporters of agricultural commodities,
such as soybeans (Glycine max) and corn (Zea mays), with an annual grain production
of over 270 million tons according to CONAB (Companhia Nacional de Abastecimento,
Brazilian agricultural ministry department) 2022 estimations. Thus, it is evident that
developing new technigues and technologies for crop management has a tremendous
economic and industrial impact. In addition, agricultural production is pressured by the
growing world population and, consequently, by the increased international demand
for agricultural commodities.

In this sense, there have been several efforts of new technologies to
model and monitor variables such as edaphoclimatic conditions to understand the
consequences and interactions between soil and crop. For example, the use of
technologies and strategies for soil management and water resources, intelligent use
of agrochemicals, efficient application of fertilizers, integration of the Internet of Things
(IoT) into agriculture, and climate monitoring practices are essential for high crop
performance and yield.

In addition to monitoring and controlling external factors, other
technologies can improve agricultural activity. For example, biological technologies,

such as genetically modified cultivars, benefit farmers, consumers, the environment,
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and the economy; bioactive compounds, such as growth-regulating phytohormones,
result in plant changes from germination to senescence and the source-drain
relationship of photoassimilates in the plant during its cycle. Such technologies also
improve the plant’s resistance to adverse conditions during the crop cycle and increase
the human nutritional value of crop production.

Over the past few decades, the use of such technologies has become
constant to intensify agricultural production around the globe. The frequency of use of
such technologies in South America and Asia farms has almost equated to the
frequency of use in Europe and North America. However, climate change has recently
caused a new demand for intensified agricultural production with more sustainable
technological approaches. Additionally, the intensification of agricultural output to meet
global demand is driven by the use of costly non-renewable fertilizers.

In this way, recent advances have been made in studies on artificial
light(s) supplementation for crop production outdoor (large scales), defined as the
process of applying artificial light(s) to plants grown in the open field, emphasizing the
beneficial effects of the use of light-emitting diodes (LEDs) on plant’'s metabolism, on
the efficiency of light absorption by the leaves, as well as the mitigation of abiotic (e.q.,
extreme temperatures and drought) and biotic (e.g., insect pests, plant diseases,
weeds) stresses, while applying a sustainable management of the available resources.

Document US 2016/0198640 A1 reveals a mobile irrigation pivot
equipped with sprinklers and a plurality of light-emitting diodes configured to emit
different frequencies of polarized light in spectral bands from violet to far red spectrum
over plants of short, long, or neutral photoperiod response in an agricultural field. The
light-emitting diodes are fixed on the irrigation pivot structure, illustrated in Figure 1 of
the referred document.

The described irrigation pivot can also comprise a control circuit
configured to control the operation of light-emitting diodes, irrigation parameters, and
pivot moving.

Light(s) supplementation applied to crops can alter plant responses
significantly. However, these responses are affected by several factors, such as plant
species, crop management, soil fertility, water availability, and the prevailing climate.
Document US 2016/0198640 A1 fails to reveal artificial light(s) supplementation
combined with crop management factors. Instead, when artificial light(s)

supplementation is used alone, as indicated in document US 2016/0198640 A1, this
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may not have the desired effect or may even impair plant development (empirical
observation). Artificial light(s) supplementation may, for example, not achieve high
yields if the applied fertilization does not 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 not made.
Noticeably, the sfate of the art lacks technological improvements
regarding integrated crop management strategies. Actions in crop fields are still
evaluated independently and not integrally. The sustainable use of energy, fertilizers,
water, and adequate artificial light(s) supplementation are essential for sustainable
large-scale improved cropping activities. These large-scale cropping activities have a
great responsibility in human impact on Earth’s environments. Improving the
sustainability of large-scale cropping activities is possible with the present invention.
OBJECTIVES AND DESCRIPTION OF THE INVENTION

Therefore, an objective of the present invention is to provide an

agricultural management system combined with artificial light(s) supplementation
capable of raising agricultural production in a cropping area, increasing its productivity,
reducing the negative effects of stresses present in the oufdoor environment,
increasing the efficiency of the applied inputs for crop production and, in this way,
reduce the limitations of the currently known cropping techniques.

Another objective of the present invention is to provide an agricultural
management system via consultancy combined with adequate artificial light(s)
supplementation routine. The light-emitting diodes can be implemented in any new or
preexisting irrigation pivot in an agricultural cropping area. The routine of light(s)
supplementation is usually independent of the irrigation routine.

Another objective of the present invention is to provide an agricultural
management system combined with artificial light(s) supplementation capable of
stimulating plant characteristics of any species at a given phenological stage. These
responses are regulated by the moment of artificial light(s) supplementation, the
predominant color in the artificial light(s) applied, and the interaction among these
factors and the environment, crop genetics, crop response to photoperiod, and crop
management.

Another objective of the present invention is to provide an agricultural
management system combined with artificial light(s) supplementation capable of

stimulating plant characteristics of a given species at a given phenological stage.
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These stimulated characteristics can improve plant performance against adverse
stressful conditions that impair photosynthesis using natural light (sunlight) and reduce
the negative effects of low natural luminosity during cloudy days.

Another objective of the present invention is to provide dimerization
and/or polarization of the spectral bands in the artificial light(s) supplementation
according to the crop species, region, soil physical and chemical conditions, climate,
predominant agronomic management and type of agricultural production system in use
(e.g., no-tillage cropping system).

Another objective of the present invention is to maintain and adapt the
routine of water irrigation and light(s) supplementation at different phenological stages
during all crop development stages, improving agricultural production in quantity,
quality, and sustainability.

Another objective of the presentinvention is to protect crops against plant
diseases and insect pests by modulating artificial light(s) supplementation. Artificial
light(s) can be used to affect plant diseases and insect pest development, cycle, and
pressure on crop performance. The improved crop protection advantageously has the
potential to reduce the need for the application of phytosanitary products. This potential
reduction in use of phytosanitary products (e.g., insecticides and fungicides)
consequently reduces the damage caused to the environment by the excessive use of
such products.

Another objective of the present invention is to act beyond the mere
application of light(s) supplementation, as it must consider soil factors, plant nutrition
levels, climate, photoperiod responses, agronomic management, and crop variety
selection, among others, to achieve the balance between the demand of the plant
stimulated by light(s) supplementation and the technical use of production resources.
In other words, according to the present invention, artificial light(s) supplementation is
a tool that must be inserted in a set of appropriate technical actions to achieve the best
production results and sustainability of large-scale agriculture.

Finally, the present invention aims to increase the efficiency of production
resources, such as irrigation, fertilizers, and agrochemicals (insecticides, fungicides,
bactericides, fertilizers, stimulants, ...), due to the effects caused by artificial light(s)
supplementation, such as a great development of the plant root system, allowing
improved exploration of the soil profile and reduce the water, nutrients and

agrochemicals losses.
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One or more objectives of the above-mentioned invention(s), among
others, are achieved by means of an agricultural management system combined with
artificial light(s) supplementation, comprising:

- a modular agricultural irrigation device positioned on an agricultural field
using a plurality of artificial lighting sources arranged along the modular agricultural
irrigation device, optionally at equidistant points and at a predetermined distance
above the aerial crop parts.

- a plurality of light-emitting diodes capable of emitting a plurality of
electromagnetic 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 nm); and

a plurality of energy sources that feed a plurality of artificial lighting
sources.

The agricultural management system also comprises

- a processor in communication with a dimerizer and/or polarizer of a
plurality of artificial lighting sources and a plurality of energy sources, in which a
processor is configured to

a) adjust, in the intervals of the electromagnetic spectrum, the balance
between the spectral bands emitted by a plurality of light-emitting diodes; and

b) determine and implement - an irrigation routine; and/or - an artificial
light(s) supplementation routine; in which stages a) and b) are determined by a
processor considering at least one among

- the crop species 202a under cultivation;

- the phenological stage of the crop 202a under cultivation;

- the photoperiod, station and current weather conditions under which the
agricultural field 200 is subjected; and

- one or more objective(s) intended for the crop 202a development under
light(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 light(s) management, or protocol, is applied; however, if the crop is
only intended for cattle grazing, then another crop and artificial light(s) management,

or protocol, is applied.
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The objective(s) of the above-mentioned invention, among others, is also
achieved by means of adequate agricultural management methods combined with
artificial light(s) supplementation for crop cultivation in an agricultural field, comprising
the stages

a) adjusting the balance between the spectral bands emitted by a plurality
of light-emitting diodes of a plurality of lighting sources artificially capable of emitting a
plurality of electromagnetic spectrum bands applied alone, or in combinations of
spectral bands from the limit of ultraviolet C and B (wavelength of 280 nm) to infrared
(wavelength > 700 nm); and

b) determine and implement - an irrigation routine of a modular
agricultural irrigation device; and/or

- a routine of artificial light(s) supplementation of a plurality of artificial
lighting sources; in which stages a) and b) are determined considering at least one
among

- the crop species under cultivation;

- the phenological stage of the crop under cultivation;

- the crop photoperiod response, crop cropping season and current
weather conditions under which the agricultural field is subjected; and

- the objective(s) intended for the crop 202a development under light(s)
supplementation.

BRIEF DESCRIPTION OF THE DRAWINGS

The objectives, technical effects and advantages of the present invention

will be apparent with the following detailed description that refers to the attached
figures, which illustrate, but not limited, embodiments of the objects claimed

- Figure 1 illustrates a 100 agricultural management system combined
with light(s) supplementation operating on a modular agricultural irrigation device 101
on an agricultural field 200, according to the present invention;

- Figure 2 shows an expansion of a crop 202a in the agricultural field 200
under the action of the agricultural management system 100 combined with artificial
light(s) supplementation, according to the present invention;

- Figure 3 illustrates the stages of the logic operation of the agricultural
management method 500 combined with artificial light(s) supplementation, according

to an embodiment of the present invention;
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- Figure 4 illustrates a superior view of a schematization of an irrigation
pivot in which the agricultural management system 100 combined with artificial light(s)
supplementation was installed, according to an embodiment of the present invention;

- Figure 5 illustrates a first graph of an analysis of a sovbean plant
internode variable of the crop 202a over time, under the performance of the agricultural
management system 100 allied to artificial light(s) supplementation, according to the
embodiment of the present invention;

- Figure 6 illustrates a second graph of an analysis of soybean plant
height variable of the crop 202a over time, under the action of the agricultural
management system 100 allied to artificial light(s) supplementation, according to the
present invention embodiment;

- Figure 7 illustrates a third graph of an analysis of third plant variable of
the crop 202a over time, under the action of the agricultural management system 100
combined with artificial light(s) supplementation, according to the embodiment of the
present invention;

- Figure 8 illustrates a comparison between crop 202a plants under the
intervention of the agricultural management system 100 combined with artificial light(s)
supplementation, and crop 202b plants with no artificial light(s) supplementation and
corresponding crop management, according to the embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Initially, it should be noted that the system and method of the present

invention will be described below according to particular but non-limiting embodiments
since it may be executed in different ways and variations and according to the
objective(s) intended for the crop 202a development under light(s) supplementation.

In one embodiment, the present invention reveals a 100 agricultural
management system combined with artificial light(s) supplementation for the cultivation
of a crop 202a in an agricultural field 200.

In another embodiment, the present invention reveals a 500 agricultural
management method combined with artificial light(s) supplementation for the
cultivation of a crop 202a in an agricultural field 200.

It is emphasized that adjustments in agricultural management and
artificial light(s) supplementation should be implemented for each crop 202a and

cropping region due to latitude, the height of the area compared to sea level, soll
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characteristics, and climate variations. The crop 202a phenological stage, photoperiod,
the weather conditions under which the agricultural field 200 is submitted, and the
objective with the plant development should also be considered to define the
wavelength range applied and its combinations of electromagnetic spectrum bands to
meet the specified objective. The luminous flux and the balance between the spectral
bands emitted by a plurality of light-emitting diodes are, therefore, variable by means
of digital dimerization and/or polarization and controllable by an electronic processor,
according to the routine of artificial light(s) supplementation, which in turn takes into
account the factors mentioned above.

It should be noted that the expressions “plant”, “cultivate”, or “culture”
should be understood as any plant varieties, whether from long-day, such as oats
(Avena sativa) or potato (Solanum tuberosum) or short-day plants, such as soy
(Glycine max) or coffee (Coffea sp.), or neutral plants, which benefit from artificial
light(s) supplementation in accordance with the present invention. Crop species
evaluated with adequate crop corrections and management combined with artificial
light(s) supplementation include soybean (Glycine max), bean (Phaseolus vulgaris),
corn (Zea mays), tomato (Solanum lycopersicum), carrot (Daucus carota), sugarcane
(Saccharum officinarum), tobacco (Nicotiana tabacum), garlic (Allium sativum), onion
(Allium cepa), pea (Pisum sativum), sunflower (Helianthus annuus), sorghum
(Sorghum bicolor), cotton (Gossypium hirsutum), potato (Solanum tuberosum), hops
(Humulus lupulus), strawberry (Fragaria x ananassa), pitaya (Hylocereus undatus),
lettuce (Lactuca sativa), arugula (Eruca vesicaria ssp. sativa) and agricultural soil
cover crops. Each crop species received adjusted in artificial light(s) supplementation
for each crop 202a and region of cultivation, as well as other factors such as the
phenological stage of the crop 202a under cultivation, the photoperiod, and the
meteorological conditions under which the agricultural field 200 is submitted and the
objective(s) intended for the crop 202a development. All these crop species 202a
showed positive results with adequate agricultural management and artificial light(s)
supplementation, according to the present invention, compared to control (no artificial
light(s) supplementation). The positive results are discussed below.

Furthermore, this descriptive report means “corrections” as any practice
carried out by the producer in the agricultural area to improve the conditions available
for plant development. In this sense, all practices that affect soil management

(chemical and physical structure) and plant nutrition management (fertilizers) can be
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considered “corrections”. Examples of corrections are the application of limestone (soil
acidity correcting, calcium and magnesium source), the application of gypsum
(reducing potential acidity in depth in the soil, source of calcium and sulfur), and the
cultivation of cover crops (soil compaction management, nutrient recycling, pest control
such as phytonematodes).

As can be seen in figures 1 and 2, the agricultural management system
100 combined with artificial light(s) supplementation, according to the application of
the present invention, can be adapted to an irrigation new pivot or already existing in
an agricultural field 200, such as a central irrigation pivot, whether towed or non-
towable, or even a linear irrigation pivot. In this descriptive report, the pivot is generally
described as “agricultural irrigation modular device 101”.

This modular agricultural irrigation device 101 is positioned on the
agricultural field 200 on which the cultivation of a crop 202a occurs, and the modular
device 101 comprises an irrigation line 102a with wheeled towers and many spans
(irrigation space between towers presenting oblong arms). The distal end of the first
irrigation span 102a is supported by a wheeled tower 103a, and mechanically
associated with a drive device, such as an engine or equivalent, and wheels 1043;
105a; the proximal end of the first irrigation span 102a is mechanically connected in a
circular rotating way to the center of the pivot. The drive device triggers the tower 103a
displacement.

The modular agricultural irrigation device 101 may have one or many
wheeled towers and spans.

The span(s) of the modular device 101 presents a plurality of water
sprinklers connected to a hydraulic pressure line in water communication with a
reservoir which may be arranged, for example, at a central pivot, in the hydraulic line
extending along the pivot spans 102a; 102b, which are equipped with water sprinklers
in order to promote the irrigation of the agricultural field 200.

The agricultural management system 100, combined with artificial light(s)
supplementation, incorporates a plurality of artificial lighting sources 10a, 10b, 10c,
10d, 10e arranged, for example, along the irrigation spans 102a; 102b 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 2023,
the distance from the ground and other sources of artificial lighting 10a, 10b, 10c, 10d,

10e can also be adjusted as necessary, depending on the type of modular device 101
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that will receive the artificial lighting sources and the crop 202a species under
cultivation.

In addition, a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e
comprise a plurality of light-emitting diodes. In a preferred embodiment, light-emitting
diodes are full-spectrum with wavelengths ranging from 280 nm, at the limit of the UV-
C spectrum with UV-B, up to 1200 nm, in the near-infrared spectrum, over agricultural
crop 202as (whether short, long or neutral-day plants) which are directly associated
with biomass production, plant morphology, plant resistance to stresses, and crop
development 202a. In one embodiment, the wavelength interval applied may be the
same during the day or night but with variable luminous flux intensities.

The system 100 also comprises a plurality of energy sources, feed a
plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e, as well as a processor in
communication with the water sprinkles, the pivot drive device, and a dimerizer or
polarizer of a plurality of artificial lighting sources 10a, 10b, 10c, 10d, 10e The referred
processor is configured to adjust 501 the light spectral bands, the balance between
these spectral bands emitted by a plurality of light-emitting diodes, and determine an
irrigation routine 502 and an artificial light(s) supplementation 503 routine. The
irrigation routines and artificial light(s) supplementation are independent. In 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 model, considering
the crop 202a species under cultivation; the phenological stage of the crop 202a under
cultivation; the photoperiod and weather conditions under which the agricultural field
200 is/was subjected; the objectives intended for the crop 202a development, and
information provided by users (farmers) through a user interface, which will be
commented on below.

In an embodiment of the artificial light(s) supplementation routine, the
crop 202a plant development can be stimulated or inhibit the production of leaves,
branches, flowers, and roots; stimulate or inhibit the production of grains, fibers, fruits,
and essences; stimulate or inhibit vegetative and reproductive growth, and stimulate
plant photosynthesis.

In an embodiment of the artificial light(s) supplementation routine, a
processor may be in communication with a plurality of photoresponsive sensors to

determine a threshold of sunlight incidence, which controls the performance of a
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plurality of light-emitting diodes and routines of application, reducing the negative
effects of weather adversities under which the agricultural field 200 is subjected, such
as cloudy days with a low sunlight incidence.

It is also noteworthy that the threshold of light incidence may additionally
depend on other factors, such as the crop 202 species under cultivation, current crop
202a phenological stage, the region (e.g., information regarding soil, climate, history
of the cropping area), and crop 202a management applied.

A light dimerizer or polarizer adjusts the luminous flux and the balance
between the spectral bands emitted by a plurality of light-emitting diodes. The light
dimerization or polarization is controllable by the interaction between photoresponsive
cells and a processor to define a routine of light artificial supplementation. The
definition of such routine takes into account the factors mentioned above. For example,
for crops 202a in general, the basic phenological stages are vegetative (V) (crop cycle
period before flowering and where pre-flowering occurs) and reproductive (R) (begins
with the first reproductive structure, usually flowers), in which specific artificial light(s)
supplementation with specific spectral band composition is applied. This balance of
spectral bands can be the same applied during the day or night or may diverge
between these periods, varying the intensity of the luminous flux and spectral band
composition. In nocturnal applications, the luminous flux can be adjusted to be lower,
for example, than the luminous flux in daytime applications, intending only to cause
stimuli in crop 202a plants, which will be commented on below. Especially in daytime
applications, the luminous flux can be adjusted to be higher in cloudy periods, intending
to mitigate the effects of photosynthetic reduction due to low natural light availability.

This is especially advantageous, as cloudiness can reduce the
photosynthetic capacity of the crop 202a plants by more than 50%, causing the crop
202a to produce fewer sugars (assimilated organic carbon via photosynthesis) and
consequently grow less and produce less biomass (e.g., grains, fruits, fibers). This
reduction in photosynthetic activity also results in smaller amounts of root exudates
released to the soil (decreasing the soil aggregating effect) and lower symbiont
microorganisms (due to decreased root exudate supply), which in turn have the
function of obtaining nutrients from the environment to the crop 202a, making them
more resistant to pathogens and agricultural pests. Thus, it is evident that
compensation for the low incidence of natural sunlight is a decisive factor for soil

structuring and plant protection against pathogens and agricultural pests.
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In another embodiment, a plurality of energy sources can be generated
by wind, sunlight, thermal, or combustion generators in order to feed a plurality of
artificial lighting sources 10a, 10b, 10¢, 10d, 10e. In any of these embodiments, a
processor may be in communication with a machine-readable memory, which stores
database information comprising real-time updates on the geolocation of agricultural
field 200 and climate indicators to suggest to the user, through a user interface, the
crop 202a variety to be cultivated.

The user interface is in communication with a processor, and in turn, the
user feeds other information to a processor, through the interface, such as

- the history of cultivation of the agricultural field 200 in order to identify
successful plants species and crop varieties previously cultivated in the agricultural
field 200;

- the history of agricultural inputs used in the agricultural field 200, such
as fertilizations and corrections made;

- the occurrence of stresses in plants, such as the emergence of plant
diseases and insect pest infestation, nutritional deficiencies, extreme of temperatures
and rainfall distribution;

- the occurrence, intensity and determination of the principal weeds;

- results of productivity from previous harvests;

- the characteristics of the irrigation pivot 101, such as irrigated area,
irrigation flow, working speeds and the height of the structure wherein a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e are fixed in order to adjust the
illumination of the light-emitting diodes as a function of the distance of a plurality of
artificial lighting sources 10a, 10b, 10c, 10d, 10e

- the current crop season weather conditions and weather indicators of
the crop field area.

The user interfaces in an embodiment implemented on a panel, mobile
phone, tablet, or similar mobile devices with a direct connection to a center of
information where the reported data will be processed, and the artificial intelligence will
be fed.

In another embodiment, a plurality of energy sources uses information
such as the sunlight duration, cloudiness, sunlight brightness as well as the insolation
index (ratio between the actual number and the maximum possible number of hours of

sunlight brightness) to determine the threshold of sunlight incidence in the agricultural
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field 200. Below the calculated threshold and depending on a certain routine of artificial
light(s) supplementation, a processor interacts with the dimerizer or polarizer to
command the performance of a plurality of light-emitting diodes and project artificial
light(s) with specific spectral band composition, reducing the negative impact of
meteorological adversities (e.g., cloudy days) under which the agricultural field 200 is
subjected.

In one embodiment, data on the crop 202a species, crop 202a
phenological stage, photoperiod, meteorological conditions under which the
agricultural field 200 is submitted, objective(s) intended for the crop 202a development,
as well as the technologies implemented in the agricultural field (fertilizers,
agrochemicals, and soil management techniques) are stored in a machine-readable
memory and accessed by a processor, in order to properly apply light(s)
supplementation, according to parameters provided by the machine-readable memory.

Such previous information on the agricultural field 200 and the routine of
artificial light(s) supplementation is important because they help

- in understanding and predict the consequences and interactions
potentially present in the agricultural field 200;

- indicate improvements and corrections to be implemented in the
agricultural field 200 for the optimization of the results of artificial light(s)
supplementation;

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

- assist in the intelligent use of agrochemicals and in the efficient
application of fertilizers; - assist in the integration of internet of things (IOT) to monitor
crop (satellite), climate and agricultural practices; and

- help to improve the application format of the routine of artificial light(s)
supplementation, such as the type of artificial lighting source 10a, 10b, 10C, 10D, 10e
to be used, such as light-emitting diode panels (LEDs), led strips (LED), lamps in
general, and their respective power, frequency and wavelength.

In addition, pedological, edaphological, mineralogical, textural,
phytopathological, and nutritional analyses are essential before the agricultural field
200 receives adequate agricultural management and artificial light(s) supplementation
routine. It is impossible to define the best inputs management for crop production

without knowing such mentioned information. How many, how much, and when to
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apply fertilizers for high crop performance under artificial light supplementation? Soil,
irrigation, and phytosanitary management, what is the best routine? It is necessary to
know the soil conditions before implementing adequate agricultural and artificial light(s)
supplementation management to understand how soil will behave after the referred
implementation.

The 100 system of the present invention comprises a plurality of soil
sensors under the agricultural field 200 to capture nutritional data from the soil of the
agricultural field 200. A processor uses the data to determine and suggest routines for
soil treatment/corrections of the agricultural field 200. The respective recommendation
made by a processor, using an artificial intelligence model fed with specific parameters
and users information, considering the crop parameters, adjusts the balance between
the spectral bands 501, and determines the irrigation routine 502 and artificial light(s)
supplementation 503.

Short-day crops, such as soybean (Glycine max), are largely influenced
by abiotic factors such as photoperiod and temperature. Soybean flowering and
reproductive cycle occur under short photoperiodisms, that is, on days when the
absence of light (night period) is longer than the presence of light (day period). While
the opposite, extended day periods can delay or inhibit flowering and the beginning of
the reproductive cycle. This condition of dependence on the photoperiod allows light(s)
supplementation to influence the extension of the crop 202a cycle. Consequently, plant
height, number 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 is also important to mention that for a positive balance for
photosynthesis, the luminous flux is usually between 200 and 600 pmol m=2 s
However, artificial light(s) supplementation acts on other physiological aspects that
directly and indirectly affect photosynthesis in the plant, and not necessarily artificial
light(s) supplementation is applied to be the light source that momentarily causes
photosynthesis. This light source may have a luminous flux of less than 200 umol m-?
st

In general, artificial lighting sources 10a, 10b, 10c, 10d, 10e with
luminous flux less than 200 ymol m2 s*! are not able to cause considerable amounts
of positive photosynthesis on most plants. However, even smaller luminous fluxes can

cause stimuli in crop 202a that can directly or indirectly positively affect photosynthesis
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to be performed the following day after the night of application of artificial light(s)
supplementation. Therefore, a low luminosity, capable only of causing other responses
but unable to directly cause considerable amounts of positive photosynthesis; a higher
luminosity, will consequently have specific and useful applications according to the
present invention.

Artificial light(s) supplementation, according to the present invention, is,
therefore, a tool within a broad technical project that interacts both with the agricultural
management of soil aspects, such as soil fertility and texture, and plant nutrition, as
well as with the pathological and beneficial microbiological aspects, environmental
aspects, such as temperature and rain in the agricultural region, and economic
aspects, such as the cost of production and marketing of agricultural commodities that
receive agricultural management combined with artificial light(s) supplementation
according to the present invention.

The increase in agricultural production, according to the present
invention, is the result of the interaction among stimulated crop 202a physiological
processes by light(s) supplementation, the time defined for sowing, irrigation volume,
time of application, formulation, frequency, and dosage of fertilizers, climate variation,
management of insect pests and plant diseases and their impacts on the relationships
with the environment. Agricultural cultivation with this integration of adequate technical
knowledge (agricultural management) and artificial light(s) supplementation, according
to the present invention, increases the resilience and stability of crop production, which
increases regional and global food security.

It is noteworthy here that artificial light(s) supplementation improves the
result of good management but does not correct poor management. In other words,
according to the present invention, artificial light(s) supplementation enhances the
development of plants that are well nourished, with good water distribution throughout
the crop cycle, and that present soil physical and chemical structure suitable for high
yields. Under these conditions, supplement artificial light(s) will generate the best
results. However, if light(s) supplementation is not combined with adequate agricultural
management, then light(s) supplementation alone cannot fix preexisting limitations for
the full development of plants, such as nutritional deficiencies, lack of water, insect
infestations, or the presence of agricultural pathogens.

The application of agricultural management and artificial light(s)

supplementation, according to the present invention, does not present
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contraindications regarding - crop 202a species (any cultivated plant specie would
benefit from adequate agricultural management and artificial light(s) supplementation);
- phenological stage during crop 202a cycle (vegetative or flowering/reproductive); -
joint application, or not, with water irrigation.

In addition, the application of agricultural management and artificial
light(s) supplementation, according to the present invention - can be handled to raise
the levels of specific substances in the final product (e.g., grains, fruits, and fibers); -
recommend the dimerization/polarization of the light spectrum to be applied with the
development of the crop 202a (e.g., modification of the bluish spectrum in the
vegetative to the reddish spectrum in the reproductive stage); and - recommend the
application of artificial light(s) supplementation at specific periods of the crop 202a
cycle, and not applied throughout the crop cycle, from sowing to harvest.

Without getting in the light of any specific theory, it was observed that
light dimerization/polarization effects are beneficial, including changes in plant
morphology, crop cycle extension, physiological responses, and plant productivity.

For example, it was observed that the bluish spectrum (spectral band of
approximately 400 to 500 nm) is a stimulant of vegetative growth, which is appropriate
for plants before flowering. After flowering, plants paralyze growth investments and
start investing in grain, fiber, fruit, or essence production.

In turn, it was observed that the reddish spectrum (spectral band of
approximately 600 to 750 nm) is a stimulant of reproductive growth, with beneficial
effects for flowering, the rate of photosynthesis, and fruit formation. In this post-
flowering period, the photosynthetic activity for biomass accumulation and the
translocation of these reserves produced to “fill” production is essential. Therefore,
avoiding the blue spectrum, or having less blue, is important in the reproductive
phenological stage because blue is a stimulant of the vegetative stage, which would
cause nutrient reserves to be consumed and not destined to fill the production. On the
other hand, having the red spectrum, or having redder to stimulate photosynthesis and
the distribution of reserves, is essential for the best results in the reproductive stage.

In a preferred embodiment, the balance between red-green-blue spectral
bands presents at least 40% blue color for vegetative phenological stages and about
60% or at least 40% red color for the reproductive phenological stage of the crop 202a
under cultivation. More than 40% red color in the artificial light(s) supplementation is

recommended for any plant phenological stage.
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Figure 3 illustrates the agricultural management method 500 combined
with artificial light(s) supplementation for the cultivation of a crop 202a in an agricultural
field 200, which comprises the stages a) adjusting 501, in the 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; and b) determine and implement an irrigation routine 502 of a modular
agricultural irrigation device 101; and/or a routine of artificial light(s) supplementation
503 of a plurality of artificial lighting sources 10a, 10b, 10¢c, 10d, 10e in which the
irrigation routine 502 and the supplementation routine are independent of each other,
and in which stages a) and b) are determined through an artificial intelligence model
considering at least one of the type of crop 202a under cultivation; the phenological
stage of the crop 202a under cultivation; the photoperiod, station and current weather
conditions under which the agricultural field 200 is subjected; and the objective(s)
intended for the crop 202a development.

Method 500 also comprises stage ¢) determining and suggesting a soil
treatment routine based on soil nutritional data from the agricultural field 200, stage ¢)
being defined through the artificial intelligence model considering at least one of the
same parameters considered for stages a) and b), in addition to considering the
irrigation routine 502 and/or the routine of artificial light(s) supplementation 503.

In a preferred embodiment, the objective(s) with crop 202a development
is to stimulate or inhibit the production of leaves, branches, roots, grains, fibers, fruits,
and essences and, also, to stimulate or inhibit vegetative and reproductive growth and
photosynthesis.

In a preferred embodiment, the routine of artificial light(s)
supplementation 503 occurs, preferably, between the phenological stages V3-V4 to
R5-R6 of the crop 202a under cultivation, and the balance between the spectral bands
is adjusted 501, the balance between red-green-blue spectral bands presents at least
40% blue color for vegetative phenological stages and about 60% or at least 40% red
color for the reproductive phenological stage of the crop 202a under cultivation. More
than 40% red color in the artificial light(s) supplementation is recommended for any
plant phenological stage.

ExAMPLE 1
Reference is made to an example (technically adequate and

representative study) in which the present invention was carefully implemented in order
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to verify its effectiveness. According to the present invention, this example evaluated
the soybean 202a plant responses related to plant development and crop productivity
in an open commercial area 200 (field scale) cultivated under agricultural management
conditions and artificial light(s) supplementation. An irrigation pivot 101, irrigating a
commercial cropping area 200, received an artificial lighting source 10a, 10b, 10c, 10d,
10e, according to the present invention, in internal pivot 101 spans for artificial light(s)
supplementation of the soybean plants 202a.

According to the example, about 40 hours of artificial light(s)
supplementation was applied to soybean plants 202a during the soybean crop 202a
cycle. The number of plant internodes, soybean plant height, and the number of pods
per soybean plant were evaluated weekly to calculate the area below the variable
progression curve. Grain yield at harvest was also evaluated. Later, the area below the
progression curve of the number of internodes, soybean plants height, and pods per
soybean plant was positively affected by the system and method of adequate
agricultural management combined with artificial light(s) supplementation 100, 500,
according to the present invention.

The regular soybean 202a cycle, without artificial light(s)
supplementation, is about 15 to 17 weeks; however, soybean harvesting occurred two
weeks later when no artificial light(s) supplementation was applied. The artificial light(s)
supplementation increased soybean grain yield by 57.3% and profitability by 180%
when compared to soybean cropping without artificial light(s) supplementation.

METHODOLOGY EXPERIMENTAL AREA AND SOYBEAN CULTIVATION

The experiment with light(s) supplementation on soybean was carried out
in an irrigation pivot 101, on a commercial farm in Monte Carmelo, Minas Gerais state,
Brazil. Located at a latitude and longitude of 18° 57” South, 47° 25" West, at 980 m
above sea level. The most common and representative biome of the region is the
Cerrado (savannah-like biome). The climate of the region is humid tropical, with rainy
summers and dry winters.

Physical analyses of the soil in the agricultural area 200, from 0 to 0.4 m
deep, indicated 450, 100, and 450 g kg™ of sand, silt, and clay, respectively. The
chemical analyses of the soil up to the depth of 0.4 m did not indicate the acute
deficiency of any nutrient necessary for the crops to complete their cultivation cycle

fully. The soil analyses are presented in Table 1.
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TABLE 1

pHHO Qs Mg Al H+Al  CEC vV P K S.OM
{000 J—— R IToL Y 11 I O— - mg dmeemeen g kg
0-0.2 m soil depth -
6.9 6.03 2.87 0 126 1044 88 188 96 2.9
0.2-0.4 m soi} depth

6.8 5.70 278 0 1.08 9.77 89 158 &2 23

Co Cu Fe Mn Mo St Zn

mg dm™

~~~~~~~ 0-0.2 m soil depth~-~-

(.19 1.7 9.0 14.0 1.9 2.9 12.4 12.8
0.2-0.4 m soil depth
0.14 1.3 7.7 17.0 3.5 2.3 11.4 1.1

Despite the large soil clay proportion and high soil fertility, 3,000 kg ha™
of soil remineralizer (rock powder) (FMX® Tratto. Aparecida from Goiania, Brazil) was
applied throughout the experimental area 200, 30 days before the soybean sowing
202a; 400 kg ha' of organomineral 6-30-05 (% of N, P20s, K20) (Valoriza Agro Ltda.
Patos de Minas, Brazil) and 150 kg ha™' of KCI was applied at the time of sowing, and
2 L ha' of Mn was sprayed on the aerial parts of the soybean plants 202a, 40 days
after the crop 202a seed germination.

The soybean cultivar 202a evaluated in this example was Desafio 8473
RSF (Brasmax® GDM. Cambé, Brazil), which is a soybean variety 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 m; plants 202a were harvested
approximately 4 months later. The soybean plants cultivated with no artificial light(s)
supplementation were harvested first. The average daily air temperature during the
experimental period ranged from 24 to 34 °C.

In the experimental area, insects, pests, plant diseases, and weeds were
controlled with products registered for soybeans as indicated by the manufacturer. All
areas were monitored before and after the first application, and the products were
reapplied as needed. The management of crop plants 202a and water irrigation were
similar between the areas that received the artificial light(s) supplementation and the
control [area with no without artificial light(s) supplementation].

EXPERIMENTAL TREATMENTS AND RESEARCH
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The central irrigation pivot 101 that was implemented with the artificial
light(s) supplementation light source had ten spans and an irrigation radius of about
571 m. In the four internal spans of the referred irrigation pivot 101, which corresponds
to an area of 33.5 ha, the artificial light source 10a, 10b, 10c, 10d, 10e was installed,
but the six external spans of irrigation pivot 101, corresponding to an area of 69.5 ha,
did not receive artificial light(s) supplementation (control). The main composition of the
red-green-blue (RGB) light delivered to the soybean plants presented about 59% red,
33% green, and 8% blue. A continuous light band of approximately 40 m wide by 230
m long was projected below the arm extension of the four internal spans of the irrigation
pivot 101.

Each light-emitting diode has a power ranging from 50 to 200 W. About
600 W h'' ha! were consumed during the artificial light(s) supplementation process.
The light-emitting diode module were positioned about 3 meters above the aerial parts
of the crop 202a plants and distributed to ensure an equally distributed light power in
each span of the circular pivot. The luminous flux per unit area at the level of the aerial
parts of soybean 202a plants was about 30 Ix.

The artificial light(s) supplementation system 100, according to the
present invention, was turned on every night after the full sunset and on very cloudy
days. Approximately 480 hours of artificial light(s) supplementation was applied
throughout the area during the soybean crop 202a cycle. As irrigation pivot 101
completes a turnover the cultivation area 200 in 12.8 hours in a circular routine, each
crop 202a plant received about 40 hours of artificial light(s) supplementation during its
cycle. During the soybean cycle, foliar fertilizers containing micronutrients, such as
boron and manganese, were applied throughout the area [with and without artificial
light(s) supplementation] to compensate for the intense development of plants
stimulated by artificial light(s) supplementation.

Artificial light(s) supplementation began in V3-V4 (third to fourth fully
expanded trifoliated leaf) soybean phenological stage and ended in the R5-R6
soybean phenological stage (full grain stage). The choice of vegetative phenological
stage V3-V4 for the beginning of artificial light(s) supplementation allows crop 202a to
close the space between lines in the agricultural field 200 and begin cultivation area
covering (a situation where the plant’s growth is enough to shelter all exposed soil from
an up-sight perspective). If artificial light(s) supplementation is applied before soybean

plants cover the cropping area, weed plants start to compete for resources with crop
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202a. The plant competition for resources such as water, nutrients, and light, impairs
crop performance and yield and increases herbicide costs. In turn, the choice of the
end of artificial light(s) supplementation in the reproductive phenological stage R5-R6
is due to the fact that at this stage, the soybean crop 202a reached its final
development. However, it should be noted that artificial light(s) supplementation could
continue after R5-R6 stage, favoring some extra crop 202a production; however, the
benefits would not be higher than the energy costs related to artificial light(s)
supplementation beyond this plant stage.

Between the first and second pivot span towers 103a; 103b, a
homogeneous area of 50 by 40 m was delimited, corresponding to an area of 2,000
m? to be evaluated as the treatment “supplemented by artificial light(s)”. The
schematization of irrigation pivot 101 according to the experiment can be seen in figure
4, in which the crop 202as under the green span of irrigation pivot 101 received artificial
light(s) supplementation, while the rectangles indicate the position of both treatments,
with and without artificial light(s) supplementation, and the dots in each rectangle
indicate the sampling points.

SOYBEAN EVALUATIONS

The evaluations of plant internode number, plant height from the soil level
to the highest node, and pods per plant 202a were assessed weekly from the R3
soybean phenological stage (beginning of the pod formation) to R7 (beginning of
soybean maturity). During nine weeks, evaluations were performed weekly; no further
evaluation was possible after R7 because the plants in the treatment without artificial
light(s) supplementation reached physiological maturity earlier than the plants in the
treatment of artificial light(s) supplementation.

In this sense, it is important to highlight the delay of physiological maturity
induced by the treatment with artificial light(s) supplementation. This extension of the
crop 202a cycle stimulated by artificial light supplementation depends on factors such
as the crop 202a species, the geographic region of the cropping area, prevailing
climate, crop phenological stage, period of suspension of artificial light(s)
supplementation, and the crop management.

The soybean crop 202a, for example, extended its cycle between 5 and
20 days, depending on the cultivar, light management, and cropping region. However,
this extension was not prominent in grass crops tested, such as corn, sorghum, and

wheat, being only a few days longer than where artificial light(s) supplementation was
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not applied. Avoiding any specific theory, this crop cycle extension as affected by
artificial light(s) supplementation may be a consequence of a series of metabolic and
morphological reactions, such as photomorphogenesis (morphological modification of
the 202a culture stimulated by light, which could favor photosynthesis during the day),
alteration of the crop 202a predominant photoperiod and crop 202a circadian cycle
(modification of the crop 202a routine compared to the period of natural light),
regulation of crop 202a secondary metabolism (regulation of natural defenses of crop
202a to stresses), and crop 202a phytochrome activities (photoresponsive substances
and response modulators in culture 202a).

Amazingly, it was concluded that through these reactions or stimuli (and
other possible causes or joint action of these responses) caused by artificial light(s)
supplementation, as well as the correct management of soil and water resources, the
crop 202a ends up producing more biomass through a more efficient photosynthesis
process. Even after the study, it was observed that the plant stand (quantity of plants
per area) could be reduced by about 20%, considering this greater amount of biomass
produced (larger canopy and larger root systems). Overall, good productive results
were observed, even with smaller stands, which reduces investment in seeds and their
agrochemical treatment for sowing, in addition to increasing the sustainability of
agricultural activity by producing more food using precise resources and technologies.

The mean measurement of each evaluated variable was estimated from
a representative evaluation of the plants 202a in 10 sampling points in each area
(2,000 m?). Each sample point evaluated was considered a replication.

The influence of artificial light(s) supplementation or no artificial light(s)
supplementation in each variable was evaluated using the area below the progression
curve of each specific variable to interpret the results of the evaluations in various
times. The area below the progression curve was calculated by trapezoidal integration
area below the progression curve= (dti x ((Yi + Yi+d)/ 2))

Where dtiis the time interval between every two observations, Yiand Yi
+ d. The area below the variable progression curve was calculated based on nine
evaluations. Correlations 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 agricultural areas used for each treatment (2,000 m?) were harvested

at 115 and 136 days after sowing without and with artificial light(s) supplementation,
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respectively. Grain yield in each area was expressed in kilograms per hectare (kg ha-
.,

STATISTICAL ANALYSIS

Extreme values (outliers) in the area below the progression curve of each
variable were identified using boxplot graphs of the data residuals. When outliers’
values were identified, these were replaced by an average dataset value that does not
include the outlier(s). The boxplots were generated in the Software SPSS Statistics®,
which was also used to calculate Pearson’s correlation coefficients and the basic
premises for analysis of variance (ANOVA), normality of residue distribution by
Shapiro-Wilk, and homogeneity of variances by Levene, both at p > 0.01.

Variance analysis (ANOVA, F test) was performed after confirmation of
its assumptions and considering a completely randomized experimental design. When
significant differences were observed (p < 0.05) in ANOVA, the area below the
progression curve of the variables was compared using the Tukey test of averages (p
< 0.05) to distinguish treatments with artificial light(s) supplementation and without
artificial light(s) supplementation. The ANOVA and Tukey test were performed using
SISVAR® statistical program. Sigma Plot® v.12 software was used to generate the
graphics.

RESULTS

The weekly evaluation data of all variables (number of soybean
internodes, plant height, and number of pods per soybean plant) for both treatments
with artificial light(s) supplementation and without artificial light(s) supplementation did
not include extreme values. This observation indicates that the responses were
grouped around an average with low standard error. The soybean variables and their
respective standard errors during the nine weeks are presented in Figures 5, 6, and 7,
where the lines on the bars indicate the data standard error.

The number of internodes per soybean plant, plant height, and the
number of pods per plant treated with artificial light(s) supplementation 202a were
higher when compared to the sample without artificial light(s) supplementation 202b.
These superior responses can also be observed in Figure 8, where on the left side are
represented soybean plants treated with artificial light(s) supplementation 202a at 80
days after sowing, while on the right are represented soybean plants without artificial

light(s) supplementation 202b. Each segment on the measuring tape illustrates 0.1 m.
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The ANOVA of the area below the progression curve and the
assumptions (normality and homogeneity) are presented in Table 2.

TABLE 2
Sy 0F Internodes Hetght Pods per plant
Light supplomentation 1 375v¥ 13904 2,649%%
Error 18
CV {%) 1.67 117 8.98
KS 20 0.938" 0.985" 0.964°
i +18 11397 0.106" 42627

Table 2. Analysis of variance (F test) and statistics of the ANOVA presumptions of the area below the
progression curve of the variables number of soybean internodes, plant height, and the number of
pods per soybean plant. ** significant differences at 0.01. CV (%) coefficient of variation. KS
Kolmogorov-Smirnov statistics for normality of waste distribution (p > 0.01). L Levene statistics for
homogeneity of data variances (p > 0.01). + normality of the residues (KS) or homogeneity 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 distribution and homogeneity of variances). In addition,
the coefficients of variation, CV (%), were very low (< 2%). Thus, it was appropriate to
proceed with ANOVA, which indicated significant differences (p < 0.01) between
treatments [with artificial light(s) supplementation and without artificial light(s)
supplementation].

The area below the progression curve of the number of internodes per
soybean plant, plant height, and the number of pods per plant in the treatment with
light(s) supplementation were 15.6, 23.3, and 25.3% higher than the treatment without
artificial light(s) supplementation.

Pearson’s calculation and interpretation of correlation require that data
be normally distributed and without outliers. These requirements were met, as
presented in Table 1. All correlations observed in Table 3 were strong (r > 0.9) and
obtained statistical significance (p < 0.01).

TABLE 3
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{nternodes Plant hedght Pods per plant
fnternodes { 0.962%* 0.970%*
Plant height 1 0.9504%
Pods per plag 1

Table 3. Pearson correlation (r) between the area below the progression curve of the variables
studied. Internodes number of soybean internodes; Plant height soybean plant height, Pods per plant

number of pods per soybean plant. ** significant differences at 0.01.

The evaluated soybean cultivar has a cycle of approximately 17 weeks.
On day 115 after sowing, soybean plants from the area without artificial light(s)
supplementation 202b (2,000 m?) were harvested; however, the harvest of soybean
plants in the area with artificial light(s) supplementation occurred three weeks later,
representing a 17.6% longer crop 202a cycle.

The estimated productivity of the area without artificial light(s)
supplementation was about 4,500 kg ha™! (75 bags ha''; 1 bag = 60 kg), while treatment
with artificial light(s) supplementation was about 7,080 kg ha' (118 bags ha™). Grain
yield under artificial light(s) supplementation was 57.3% higher and 109.5% above the
average Brazilian soybean yield (3,379 kg ha').

The average cost to produce soybean from soil management to
harvesting is about 55 bags of soybean per hectare. The average cost required by
artificial light(s) supplementation was about 7 bags ha'. Thus, the profitability of
soybean traditionally produced (without artificial light(s) supplementation) and soybean
produced with artificial light(s) supplementation was about 20 and 56 bags ha™,
respectively.

The extension of the soybean crop 202a cycle by three weeks due to
artificial light(s) supplementation also increased the period of plant 202a
photosynthetic activity. This prolonged cycle also contributes to increasing biomass
accumulation via natural daily photosynthesis, an absent process in the regular
soybean cultivar cycle (17 weeks) where no artificial light(s) supplementation 202b was
applied. This combination of factors resulted in taller soybean plants, with more
internodes, more pods, and, consequently, more than 57% extra grain yield.

In the exposed example, the extra yield generated by the application of
adequate crop management and artificial light(s) supplementation cannot be attributed
only to the hours of artificial light(s) supplementation provided to each soybean crop
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202a (about 40 hours). As mentioned above, in addition to the extension of the
soybean cycle through artificial light(s) supplementation, other factors should be taken
into account, such as photomorphogenesis, alteration of the plant photoperiod and
circadian cycle of culture 202a, upper or lower regulation of phytohormones and
phytochromes, as well as changes in secondary metabolism of the crop 202a plant,
which are factors responsive to artificial light(s) supplementation.

Agricultural inputs such as fertilizers, plant inoculants, and plant
protection products, applied during crop 202a cycle 202b, are intended to maximize
agricultural production and economic returns. Although such agricultural inputs have
adverse effects on soil dynamics and these effects are often overlooked. However,
according to the present invention, artificial light(s) supplementation 200 to field crops
can potentially reduce the proportional need for such inputs, mainly fertilizers.

The efficiency of fertilization in this exemplified study probably resulted
from a significant increase in shoot biomass followed by artificial light(s)
supplementation. The increase in the biomass of the shoots, in turn, causes a
proportional increase in the biomass of the roots. This improved root development
increases the efficiency of absorption of nutrients by the roots, thus increasing fertilizer
efficiency.

The present invention is used as a response model to reproducibly
understand and apply the consequences and interactions of nutritional,
microbiological, environmental, and economic aspects around agricultural production
by integrating valuable information on physiological processes, sowing time, irrigation
frequency, and time, fertilizer doses, management of insects and plant diseases, and
soil relations with the environment. The inclusion of climate information may clarify the
relationship between agricultural production and weather fluctuations. This integrated
approach increases the resilience of the global food production system and food
security against unexpected climate shocks.

Currently, there is a rapid continuous increase in the integration of
technologies and digitization in agriculture. This movement is also aligned with the
sustainability of the ecosystems explored for agricultural activities. In this sense, before
starting cropping, other factors must be considered for a productive and sustainable
agricultural activity. Such other factors include crop management strategies and their

consequences, the level of technologies implemented, and soil water and nutrient
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availability. Although the use of artificial light(s) supplementation on a field scale 200
is a challenge to control, the present invention makes it possible.

The present invention also has great potential to reduce deforestation of
new native areas for agricultural production purposes since more food can be
produced in the same agricultural area. Although crop 202a productivity can be
increased with adequate implementation of artificial light(s) supplementation
throughout the crop 202a cycle, the state of the art does not reveal the interactions
between the different factors. For example, soil, plant, climate, agronomic
management, crop 202a performance, yield formation, and cost-benefit ratio indicate
its inherent complexity. In addition, the present invention has the potential to reduce
the use of agrochemicals, fertilizers, and water since the plant becomes more efficient
in soil exploration through an improved root system stimulated by artificial light(s)
supplementation and other technologies implemented.

According to the present invention, the production costs of crops 202a
cultivated by the artificial light(s) supplementation system 100 depend on several
factors. These factors include the efficiency of the available cropping structure, for
example, machinery and farm administration; the technology implemented, for
example, genetic materials and fertilizers; and the use of precise agricultural systems.
Other factors include the characteristics of the irrigation system, for example, the
irrigated area and the height of the irrigation pivot 101 that affects light dissipation,
artificial light(s) supplementation in areas of static irrigation, soil structuring, for
example without physical or chemical limitation, and with healthy microbiota; electricity
supply, for example, source, spinning, constancy, and stability, in addition to the
internet of things and agronomic management of agricultural crops 202a. Thus, the
cost and profitability in this example reflect a specific scenario of soybean production
that may vary on a case-by-case basis. Despite this observation, according to the
present invention, artificial light(s) supplementation presents an opportunity to improve
crop 202a production.

In conclusion, in the exemplified study, the present invention was
implemented and delivered approximately 40 hours of artificial light(s) supplementation
to each soybean plant were required during the crop 202a cycle to positively affect the
number of internodes, pods, plant height, and crop 202a cycle.

Artificial light(s) supplementation, according to the present invention,

increased soybean yield by 57.3% and its profitability by 180% in relation to cultivation
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processes without artificial light(s) supplementation and proved to be a viable and
promising technique to improve sustainably of crop production in the same agricultural
field.

Due to the youth of outdoor artificial light(s) supplementation technology
and due to its success being associated with its application integrated with technically
adequate and balanced agriculture, preliminary studies were conducted for other crops
besides soybeans (Glycine max). However, the results obtained have been positive for
biomass production by plants were light(s) supplementation was(were) present. The
responses observed for other crops and perceptions of the application of artificial
light(s) supplementation integrated with appropriate agronomic technologies and
management will be briefly discussed below.

BEANS (PHASEOLUS VULGARIS)

The common bean was cultivated in the winter crop season and received
artificial  light(s) supplementation from post-sowing until pre-harvest. Soll
remineralizers and biological products were applied before sowing. The plant stand
was reduced by 15% compared to the regular stand recommendation for traditional
crop cultivation without artificial light(s) supplementation.

A lower number of fungicide applications and 36% more grain yield were
observed in the area that received artificial light(s) supplementation. Other studies with
beans were conducted in different regions and confirmed the positive response of this
crop when artificial light(s) supplementation is applied according to the present
invention.

CORN (ZEA MAYS)

Com was grown in spring/summer and received artificial light(s)
supplementation from post-sowing until pre-harvest, as well as soil remineralizers,
organominerals, and biological products that were applied to the soil before sowing. In
this study, the plant stand (plant number per hectare) was 60% higher than the stand
regularly used in traditional cultivation without artificial light(s) supplementation.

Differences were observed among the studied varieties (hybrids), such
as plants generally higher (> 4 m), higher average ear number per plant, and greater
crop health. Healthier plants in the area that received artificial light(s) supplementation
allowed crop cultivation with fewer fungicide applications. Grain yield was 183% higher
than the regional grain yield average for the same year.

ToMmATO (SOLANUM L YCOPERSICUM)
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Different varieties of tomato for pulp were evaluated, and the area that
received artificial light(s) supplementation presented plants with superior development
of the aerial plant part compared to the area without artificial light(s) supplementation.
This further development of the aerial part allowed the early plant cover of the space
between planting lines and doubled the production of tomato fruits.

Only the area that did not receive artificial light(s) supplementation had
problems with calcium deficiency, causing the “blossom end rot’ symptom in the fruits.
In the area that received artificial light(s) supplementation, no such stress was
observed that would impair the development of the plants and their respective
productions.

Both areas received soil remineralizers and foliar nutrients. Artificial
light(s) supplementation occurred throughout the crop cycle in the respective area, and
the light color combination used in soybean (59% red, 33% green, and 8% blue)
showed excellent results in tomato plant development.

CoTTON (GoSsYPIUM HIRSUTUM)

Cotton was tested in different regions and different varieties. As observed
for the other crops, the aerial part of the cotton plants that received the artificial light(s)
supplementation project was significantly higher than the plants that did not receive
artificial light(s) supplementation.

The cotton tree that received the artificial light(s) supplementation project
produced 20 to 40% more “apples” (structure containing the plume, the cotton fiber)
per plant and about 12% more final fiber production. The artificial light(s)
supplementation positively impacted the final production and quality of the cotton fiber.
The presence of insects in the area that received artificial light(s) supplementation was
reduced compared to traditional cotton cultivation without artificial light(s)
supplementation.

SUGARCANE (SACCHARUM OFFICINARUM)

Artificial light(s) supplementation in sugarcane has brought many
beneficial effects. The area received the application of soil remineralizer and was
cultivated without any fungicide application. Initially, sugarcane with artificial light(s)
supplementation showed a higher number of tillers (seedlings) per clump, which
increased the production of crop biomass.

Stem height, total soluble solids content, apparent sucrose, and

recovered total sugars were higher in sugarcanes grown with artificial light(s)
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supplementation. The “brown spof’ was a foliar fungal disease that occurred only in
the area that did not receive artificial light(s) supplementation, indicating how the
present invention promotes not only increases in yield, but also increases the plant
resistance to stresses and reduces the cost and environmental impacts with lower
frequencies of fungicide application.

ToBAcco (NICOTIANA TABACUM)

More vigorous tobacco plants, larger leaves, and higher leaf production
were commonly observed in the area that received artificial light(s) supplementation.
The tobacco cropping area received the application of soil remineralizer and was
cultivated without any application of insecticide or fungicide. Light supplementation
with the predominance of blue collors favored the development of tobacco plants.

GARLIC (Arcium SATIvUM) AND ONION (ALLium CEPA)

Areas that received the application of soil remineralizer and

organominerals were cultivated without any insecticide application and with a reduced
amount of fungicide applications. The yields were higher than 80% in the areas that
received artificial light(s) supplementation all night during specific periods, both for
garlic and onion.

The application of foliar fertilizers was similar between the areas [with or
without light(s) supplementation]; however, the excellent plant development caused by
artificial light(s) supplementation turned the plant more sensitive to the lack of essential
nutrients, especially those required in smaller amounts (micronutrients).

PEA (PisuMm SATIVUM)

Pea is a crop that responds satisfactorily well to artificial light(s)
supplementation. Depending on its application (grain production or cover crop), it
should be changed the color composition of artificial light(s) supplementation.

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

SUNFLOWER (HELIANTHUS ANNUUS)

Artificial light(s) supplementation increased the size of the sunflowers,

increasing the production of larger seeds with improved quality parameters such as
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size and integrity. Sunflower areas cultivated with artificial light(s) supplementation
showed high vegetative-productive development and plant sanity.

In areas where artificial light(s) supplementation was applied,
insecticides or fungicides were not applied to the crop plants. The production of
sunflower seeds was 44% higher in the area that received the artificial light(s)
supplementation compared to the traditional cultivation area without artificial light(s)
supplementation.

PoTATO (SOoLANUM TUBEROSUM)

Different varieties and planting stands were studied for potatoes that
received artificial light(s) supplementation. Artificial light(s) supplementation in this crop
can be used from emergence until about ten days before harvest desiccation. The
production occurred with lower use of fungicides compared to the area without artificial
light(s) supplementation and the commercial cropping area adjacent to the
experimental area 200.

There was a large production of root tubers, and production was about
38% higher than in traditional cultivation without artificial light(s) supplementation. Soil
and organomineral remineralizers were used in both areas to complement the basic
fertilization and support higher root tuber productions.

Hops (HumuLus LUPULUS)

The artificial light(s) supplementation applied to hop plants generated
promising results. It was possible to develop and harvest the second crop of hops in
the same agricultural year, which was not observed in the area without artificial light(s)
supplementation. The number of floral cones (structures used as raw material for beer)
was much higher, and their dimensions were larger in plants that received artificial
light(s) supplementation.

The beer produced using the hops produced with artificial light(s)
supplementation did not present any harm in relation to traditional cultivation.
Therefore, artificial light(s) supplementation allowed more than doubling the productive
capacity of hops in an area, besides not negatively affecting beer production and
quality.

STRAWBERRY (FRAGARIA X ANANASSA)

Production, fruit sanity, and shelf time were superior for strawberries
produced with artificial light(s) supplementation applied throughout the crop cycle.

Some strawberry varieties respond better to artificial light(s) supplementation. In
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general, reddish artificial light(s) supplementation provides better results in fruit
production and seedlings of plant development.
PITAYA (HYLOCEREUS UNDATUS)

The number of crops and fruits was positively affected by artificial light(s)
supplementation. The harvests became continuous with adequate crop management
and artificial light(s) supplementation. About 4 to 6 hours of artificial light(s)
supplementation per night were enough to maintain this fruit harvest constancy and
increase the number of fruits per plant. With increased harvests per year and fruits per
plant, the required amounts of fertilizers, soil pH correctors and conditioners, soil
remineralizers, and organominerals were necessary to support the production.

This situation of great fertilizer need to compensate for a higher total
production is further indication that the full functioning of artificial light(s)
supplementation, according to the present invention, is dependent on other factors that
need to be available so that plant responses are not limited by factors whose deficiency
may compromise crop full development and yield.

LETTUCE (LACTUCA SATIVA) AND ARUGULA (ERUCA VESICARIA SSP. SATIVA)

All  experiments with horticultural crops with artificial light(s)
supplementation showed more accelerated plant development from seedlings to adult
plants, allowing for more year-round harvests. In addition, they presented more intense
colors and more pleasant flavors.

The use of more bluish artificial light(s) supplementation allowed better
results; however, there are significant differences in responses between the varieties
studied in each plant species. This observation indicates that each region should be
studied for adequate crop varieties to select those with better responses to artificial
light(s) supplementation.

CoVER CROPS

Different cover crops were responsive to artificial light(s)
supplementation, and all responses were positive. The higher the plant biomass (e.g.,
leaves, stems, and roots) growth, the faster the covering of the cropping area, which
improves soil protection and reduces crop competition with invasive plants (weeds).
The cropping of solitary crop species (only one predominant species) or mixtures of
different species presented improved results under artificial light(s) supplementation.

The use of more bluish artificial light(s) supplementation also allowed

better results. However, it was clear how each cover crop (such as Sudan grass, fodder
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turnip, millet, crotalaria, wheat, and buckwheat) in different regions presented
differentiated responses to the same spectral signature of artificial light(s)
supplementation, indicating that different crop species would have distinct and unique
spectral band composition for each plant species and edaphoclimatic condition.

The achievements exposed above indicated that the present invention
accomplishes significant advances in the application and development of artificial
light(s) supplementation, highlighting the beneficial effects of the use of artificial lighting
sources 10a, 10b, 10c, 10d, 10e in the metabolism and agronomic management of
plants, in the efficiency of light absorption and photosynthesis in their respective aerial
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 light(s) supplementation.
These effects benefit the agricultural production process by extending the plant
resistance to adverse conditions during crop development, improving qualitative and
nutritional aspects of the final crop product, and elevating the sustainability of the
agricultural activity.

Despite the description of crop vyield achievements to specific
accomplishments, the present invention may present modifications in its
implementation so that the scope of protection of the invention is limited to the content

of the attached claims, including possible equivalent variations.
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SET OFCLAIMS
1. AGRICULTURAL  MANAGEMENT  SYSTEM  (100) is

characterized by comprising:

- a modular agricultural irrigation pivot-like device (101) positioned on an
agricultural field (200) in the cultivation of a crop (202a) species, the modular
agricultural irrigation pivot-like device (101) 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 aerial parts 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 of the
plurality of artificial lighting sources (10a, 10b, 10¢, 10d, 10e) and with the plurality of
energy sources, wherein the processor is configured to:

a) adjust (501), in the intervals of the electromagnetic spectrum, the
balance between the spectral bands emitted by the plurality of light-emitting diodes;
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;

- a photoperiod, a season and current weather conditions under which
the agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202a) development.

2. SYSTEM (100), according to claim 1, characterized in that stages
a) and b) determined by the processor using an artificial intelligence model.

3. SYSTEM (100), according to any of claims 1 and 2, characterized

in that the modular agricultural irrigation pivot-like device (101) comprises:
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- a drive device for the displacement of the modular agricultural irrigation
device (101) over the agricultural field (200); and

- sprinkler devices 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. SYSTEM (100), according to any of claims 1 to 3, characterized
by in that a plurality of soil sensors under the agricultural field (200) captures nutritional
data of the soil of the agricultural field (200).

5. SYSTEM (100), according to claim 4, characterized in that the
processor using all data available from the agricultural field (200):

C) determines and suggests the routines for crop and artificial light(s)
supplementation management.

6. SYSTEM (100), according to claim 5, characterized in that stage
c) determined by the processor using the artificial intelligence model, considers one of
the following:

- the irrigation routine (502);

- the routine of artificial light(s) supplementation (503);

- the crop (202a) species under cultivation;

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

- the photoperiod responses, the season and the current weather
conditions under which the agricultural field (200) is subjected; and

- the one or more objective(s) intended for the crop (202a) development.

7. SYSTEM (100), according to any of claims 1 to 6, characterized in
that the one or more objectives intended for the crop (202a) development under
cultivation is/are:

- stimulating or inhibiting a production of leaves, branches, and roots;

- stimulating or inhibiting a production of grains, fibers, fruits, and
essences

- stimulating or inhibiting vegetative growth; and

- stimulating photosynthesis.

8. SYSTEM (100), according to any of the claims 1 to 7,
characterized in that the routine of artificial light(s) supplementation (503), majorly
occurs, but not exclusively, between phenological stages V3-V4 to R5-R6 of the crop

(202a) under cultivation.
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9. SYSTEM (100), according to any of claims 7 to 8, characterized in
that the balance between spectral bands being adjusted (501) to understand
compositions of red-green-blue spectral bands presenting at least 40% blue color for
vegetative phenological stages and about 60% or at least 40% red color for the
reproductive phenological stage of the crop 202a under cultivation, more than 40% red
color in the artificial light(s) supplementation is recommended for any plant
phenological stage.

10. SYSTEM (100), according to any of the claims 1 to 9,
characterized in that the processor further considers:

- the geolocation of the agricultural field (200) and climatic indicators for
the determination of agricultural zoning of climatic risk (ZARC) to suggest a crop (202a)
to be cultivated, if regional information regarding the most adapted crop varieties is
unavailable.

11. SYSTEM (100), according to any of claims 5 to 10, characterized
in that an user interface is in communication with the processor, wherein an user feeds
the following information to the processor:

- history of crops previously cultivated in the agricultural field (200);

- history of agricultural inputs used in the agricultural field (200);

- occurrence of stresses during the crop (202a) cycle, such as at least
one of the following: the occurrence of phytopathology; the occurrence of pests and
the occurrence of weeds;

- productivity results from previous harvests; and

- characteristics of the modular agricultural irrigation device (101), among
irrigated area, irrigation flow, pivot working speed and height of the agricultural
irrigation modular device (101);

wherein stages a), b) and ¢) are determined by the processor using the
artificial intelligence model, considering at least one of the following:

- the crop (202a) species under cultivation;

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

- the photoperiod, the season and the current weather conditions under
which the agricultural field (200) is subjected,;

- the one or more objective(s) for crop (202a) development and
responses; and

- the user-fed information through the user interface.
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12. SYSTEM (100), according to claim 11, characterized in that the
processor using information on the height of the modular agricultural irrigation device
(101) to adjust (501) the illumination emitted by the LEDs as a function of the distance
of the plurality of artificial lighting sources (10a, 10b, 10c, 10d, 10e) for the crop (202a)
under cultivation.

13.  SYSTEM (100), according to claims 1 to 12, characterized in that
the plurality of energy sources being a plurality of photovoltaic and wind cells for energy
production to support the energy needed for the artificial light(s) supplementation
working during nights (majorly).

14. SYSTEM (100), according to claim 13, characterized in that the
processor, in communication with a plurality of photosensor cells, determines a
threshold of incidence of sunlight in the photovoltaic cells, for which below this, and
depending on a certain routine of artificial light(s) supplementation (503), a processor
commands the performance of the plurality of light-emitting diodes.

15. SYSTEM (100), according to any of claims 1 to 12, characterized
in that the plurality of energy sources being at least one of the following: wind, thermal,
or combustion generators.

16. SYSTEM (100), according to claim 15, characterized in that the
processor using information of insolation index and cloudiness to determine a
threshold of incidence of sunlight in the agricultural field (200) for which below this, and
depending on a certain routine of artificial light(s) supplementation (503), the processor
commands the performance of the plurality of light-emitting diodes.

17. SYSTEM (100), according to any of claims 1 to 16, characterized
in that the crop under cultivation being at least one of. soybean, beans, corn, tomato,
carrot, cotton, sugar cane, tobacco, garlic, onion, pea, sunflower, sorghum, potato,
hops, strawberry, pitaya, lettuce, arugula, oats, coffee, and soil cover crops and
grasses.

18. AGRICULTURAL MANAGEMENT METHOD (500), for the
cultivation of a crop (202a) in an agricultural field (200), characterized by comprising
the steps of:

a) 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, 10¢, 10d, 10e); and

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

- a routine of artificial light(s) supplementation (503) of the plurality of
artificial lighting sources (10a, 10b, 10c, 10d, 10e);

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 current weather conditions under which
the agricultural field (200) is subjected; and

- one or more objective(s) intended for the crop (202) development.

19. METHOD (500), according to claim 18, characterized in that
stages a) and b) are determined by the processor using an artificial intelligence model.

20. METHOD (500), according to any of the claims 18 to 19, is
characterized by further comprising a stage c¢) of determining a routine of soll
management in the agricultural field (200) based on soil analyses from the agricultural
field (200).

21. METHOD (500), according to claim 20, characterized in that stage c)
of determining through the artificial intelligence model considers at least one of the following:

- the irrigation routine (502);

- the routine of artificial light(s) supplementation (503);

- the crop (202a) species under cultivation;

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

- the photoperiod, the season and the current weather conditions under
which the agricultural field (200) is subjected; and

- the one or more objective(s) intended for the crop (202a) development.

22. METHOD (500), according to any of the claims 18 to 21,
characterized in that the one or more objectives intended for the crop (202a)
development to:

- stimulate or inhibit the production of leaves, branches, and roots;

- stimulate or inhibit the production of grains, fibers, fruits, and essences
- stimulate or inhibit vegetative growth; and - stimulate photosynthesis.

23. METHOD (500), according to any of the claims 18 to 22,

characterized in that the routine of artificial light(s) supplementation (503) that majorly,
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but not always, occurs between phenological stages V3-V4 to R5-R6 of the crop (202a)
under cultivation.

24. METHOD (500), according to any of the claims 22 to 23,
characterized in that the balance between the spectral bands being adjusted (501) to
understand compositions of red-green-blue spectral bands that should present at least
40% blue color for vegetative phenological stages and about 60% or at least 40% red
color for the reproductive phenological stage of the crop 202a under cultivation, more
than 40% red color in the artificial light(s) supplementation is recommended for any

plant phenological stage.
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application special.

There is no indication that the petition is signed by a registered patent attorney or patent agent of
record. However,in accordance with 37 CFR 1.34, the signature of R. James Balls appearing on
the correspondence shall constitute a representation to the United States Patent and Trademark
Office that he/she is authorized to represent the particular party in whose behalf he/she acts.

The request and petition under 37 CFR 1.102(a) are GRANTED.

DISCUSSION

A grantable request to participate in the PPH pilot program and petition to make special require:

1. The U.S. application for which participation in the Global/IP5S PPH pilot program is
requested must have the same earliest date, whether this is the priority date or filing date, as
that of a corresponding national or regional application filed with another Global/IP5S PPH
participating office or a corresponding PCT international application for which one of the
Global/IP5 PPH participating offices was the International Searching Authority (ISA) or the
International Preliminary Examining Authority (IPEA);

2. Applicant must:
a. Ensure all the claims in the U.S. application must sufficiently correspond or be
amended to sufficiently correspond to the allowable/patentable claim(s) in the
corresponding Office of Earlier Examination (OEE) application and
b. Submita claims correspondence table in English;

3. Examination on the merits of the U.S. application has not begun;
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4. Applicant must submit:

a. Documentation of prior office action:
i. acopy of the office action(s) just prior to the “Decision to Grant a Patent”
from each of the Global/IP5 PPH participating office application(s) containing
the allowable/patentable claim(s) or
ii. if the allowable/patentable claims(s) are from a “Notification of Reasons
for Refusal” then the Notification of Reasons for Refusal or
iii. if the Global/IP5 PPH participating office application is a first action
allowance then no office action from the Global/IP5 PPH participating office
is necessary should be indicated on the request/petition form or
iv. the latest work productin the international phase of the OEE PCT
application;

b. An English language translation of the Global/IP5 PPH participating office action

or work product from (4)(a)(1)-(ii) or (iv) above; and

5. Applicant must submit:
a. An IDS listing the documents cited by the Global/IP5 PPH participating office
examiner in the Global/IP5 PPH participating office action or work product (unless
already submitted in this application) and
b. Copies of the documents except U.S. patents or U.S. patent application
publications (unless already submitted in this application).

The request to participate in the PPH pilot program and petition comply with the above
requirements. Accordingly, the above-identified application has been accorded “special” status.

Telephone inquiries concerning this decision should be directed to the undersigned whose
telephone numberis (571) 272-7141.

All other inquiries concerning the examination or status of the application are accessible in the
PAIR system at Gitp:fportal uspio.gov/.

/LASHAWN MARKS/
Paralegal Specialist, OPET
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508428383 03/08/2024
PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 Assignment ID: PATI81818
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date

Gustavo Alexandre GROSSI 03/01/2024
RECEIVING PARTY DATA
Company Name: FIENILE AGRONEGOCIOS LTDA
Street Address: Praca Dom Eduardo, n° 255 - sala 01
City: Centro — Patos de Minas — MG
State/Country: BRAZIL
Postal Code: 38700-124
PROPERTY NUMBERS Total: 1

Property Type Number
Application Number: 18292837

CORRESPONDENCE DATA
Fax Number: 2027833535

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone: 2027833300
Email: PatentDocketing@Polsinelli.com,cpaun@polsinelli.com
Correspondent Name: Mr. R. James Balls Balls
Address Line 1: POLSINELLI PC
Address Line 2: PO Box 140310
Address Line 4: KANSAS CITY, MISSOURI 64114-0310
ATTORNEY DOCKET NUMBER: 092210-786599
NAME OF SUBMITTER: Catalina Paun
SIGNATURE: Catalina Paun
DATE SIGNED: 03/08/2024
This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 3

source=Assignment#page1.tif
source=Assignment#page?.tif
source=Assignment#page3.tif
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COMBINED ASSIGNMENT & DECLARATION
ILITY OR DESIGN PATENT TIONS

ASSIGNMENT

THIS ASSIGNMENT, made by Gustavo Alexandre GROSSI, residing at
Fazenda Sdo Matheus - Bairro Zona Rural — Monte Carmelo — MG, 38500-000, BR;

(hereinafter referred to as Assignors);

WHEREAS, Assignors have invented certain new and useful improvements in
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT, set forth in a Patent
application for Letters Patent of the United States, filed on January 26, 2024, as Application

No. 18/292,837, and

WHEREAS, FIENILE AGRONEGOCIOS LTDA, a corporation organized under
and pursuant to the laws of Brazil having its principal place of business at Praga Dom Eduardo,
n° 255 - sala 01, Centro — Patos de Minas — MG, 38700-124, Brazil, (hereinafter referred to as
Assignee), is desirous of acquiring the entire right, title and interest in and to said inventions
and said Application for Letters Patent of the United States, and in and to any Letters Patent of
the United States to be obtained therefore and thereon.

NOW, THEREFORE, in consideration of One Dollar ($1.00) and other good and
sufficient consideration, the receipt of which is hereby acknowledged, Assignors have sold,
assigned, transferred and set over, and by these presents do sell, assign, transfer and set over,
unto Assignee, its successors, legal representatives and assigns, the entire right, title and
interest in and to the above-mentioned inventions and application for Letters Patent, and in and
to any and all direct and indirect divisions, continuations and continuations-in-part of said
application, and any and all Letters Patent in the United States and all foreign countries which
may be granted therefore and thereon, and reissues, reexaminations and extensions of said
Letters Patent, and all rights under the International Convention for the Protection of Industrial
Property, the same to be held and enjoyed by Assignee, for its own use and benefit and the use
and benefit of its successors, legal representatives and assigns, to the full end of the term or
terms for which Letters Patent may be granted and/or extended, as fully and entirely as th
same would have been held and enjoyed by Assignors, had this sale and assignment not been

made.

Docket No. 092210-786599 1 0} '5 Wlb(
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AND for the same consideration, Assignors hereby represent and warrant to
Assignee, its successors, legal representatives and assigns, that, at the time of execution and
delivery of these presents, except for any rights, titles and/or interests that have arisen to
Assignee under law or that have already been transferred to Assignee, Assignors are the sole
and lawful owners of the entire right, title and interest in and to the said inventions and
application for Letters Patent above-mentioned, and that the same are unencumbered and that
Assignors have good and full right and lawful authority to sell and convey the same in the

manner herein set forth.

AND for the same consideration, Assignors hereby covenant and agree to and with
Assignee, its successors, legal representatives and assigns, that Assignors will sign all papers
and documents, take all lawful oaths and do all acts necessary or required to be done for the
procurement, maintenance, enforcement and defense of any Letters Patent and applications for
Letters Patent for said inventions, without charge to Assignee, its successors, legal
representatives and assigns, whenever counsel of Assignee, or counsel of its successors, legal
representatives and assigns, shall advise: that any proceeding in connection with said
inventions, or said Patent application for Letters Patent, or any proceeding in connection with
any Letters Patent or applications for Letters Patent for said inventions in any country,
including but not limited to interference proceedings, is lawful and desirable; or, that any
division, continuation or continuation-in-part of any application for Letters Patent, or any
reissue, reexamination or extension of any Letters Patent, to be obtained thereon, is lawful and

desirable.

AND Assignors hereby request the Commissioner for Patents and Trademarks to
issue said Letters Patent of the United States to Assignee, as Assignee of said inventions and
the Letters Patent to be issued thereon, for the sole use and benefit of Assignee, its successors,

legal representatives and assigns.

AND Assignors acknowledge an obligation of assignment of this invention to

(

Assignee at the time the invention was made.
Z L
% 5 ,
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ECLARATION

As a below named inventor, [ hereby declare that:

This declaration is directed to the patent application entitled:
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT
the specification of which was filed on January 26, 2024, as Application No. 18/292,837.

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

I believe that I am the original inventor or an original joint inventor of a claimed

invention in the application.

I have reviewed and understand the contents of the above-identified application.

I am aware of the duty to disclose to the Office all information known to me to be

material to patentability as defined in 37 C.F.R. 1.56.

I hereby acknowledge that any willful false statement made in this Declaration is

punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or

both.

In the event that the filing date and/or Application No. are not entered above at the
time I execute this document, and if such information is deemed necessary, I hereby authorize
and request the attorneys/agent(s) at POLSINELLI PC, 1401 Eye Street, N.W., Suite 800,
Washington, DC 20005, to insert the filing date and/ or Application No. of said application

into this document.

Date: 0 y Signature:

GROSSI

Docket No. 092210-786599 3
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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 #
18/292,837 03/08/2024 03:53:49 PM Z ET 092210-786599

Title of Invention
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

Application Information

APPLICATION TYPE  Utility - U.S. National Stage under 35 PATENT #
USC 371
CONFIRMATION # 1124 FILEDBY Catalina Paun
PATENT CENTER # 64613224 FILING DATE
CUSTOMER # 30678 FIRST NAMED  Gustavo Alexandre GROSSI
INVENTOR
INTL. APPLICATION # - INTL. FILING DATE
CORRESPONDENCE - AUTHORIZED BY  Robert Balls
ADDRESS
Documents TOTAL DOCUMENTS: 1
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
Declaration.pdf 3 Oath or Declaration filed 6459 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)
609E0040251EC7896FF61EC8B409DE14F2A9E2D1D65C76379
Declaration.pdf 5ACA03B5A3E4638513581359D568326C4CC92C45C34A1DFF

DCDFFE11130D5D61CAB54F2CB2B1DD4

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.
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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.
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COMBINED ASSIGNMENT & DECLARATION

ASSIGNMENT

THIS ASSIGNMENT, made by Gustavo Alexandre GROSSI, residing at
Fazenda So Matheus - Bairro Zona Rural — Monte Carmelo — MG, 38500-000, BR;

(hereinafter referred to as Assignors);

WHEREAS, Assignors have invented certain new and useful improvements in
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT, set forth in a Patent
application for Letters Patent of the United States, filed on January 26, 2024, as Application

No. 18/292,837, and

WHEREAS, FIENILE AGRONEGOCIOS LTDA, a corporation organized under
and pursuant to the laws of Brazil having its principal place of business at Praga Dom Eduardo,
n° 255 - sala 01, Centro — Patos de Minas — MG, 38700-124, Brazil, (hercinafier referred to as
Assignee), is desirous of acquiring the entire right, title and interest in and to said inventions
and said Application for Letters Patent of the United States, and in and to any Letters Patent of
the United States to be obtained therefore and thereon.

NOW, THEREFORE, in consideration of One Dollar ($1.00) and other good and
sufficient consideration, the receipt of which is hereby acknowledged, Assignors have sold,
assigned, transferred and set over, and by these presents do sell, assign, transfer and set over,
unto Assignee, its successors, legal representatives and assigns, the entire right, title and
interest in and to the above-mentioned inventions and application for Letters Patent, and in and
to any and all direct and indirect divisions, continuations and continuations-in-part of said
application, and any and all Letters Patent in the United States and all foreign countries which
may be granted therefore and thereon, and reissues, reexaminations and extensions of said
Letters Patent, and all rights under the International Convention for the Protection of Industrial
Property, the same to be held and enjoyed by Assignee, for its own use and benefit and the use
and benefit of its successors, legal representatives and assigns, to the full end of the term or
terms for which Letters Patent may be granted and/or extended, as fully and entirely as thg
same would have been held and enjoyed by Assignors, had this sale and assignment not bgen

made.

Docket No. 092210-786599 1
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AND for ihe same consideration, Assignors hereby represent and warrant to
Assignee, its successors, legal representatives and assigns, that, at the time of execution and
delivery of these presents, except for any rights, titles and/or interests that have arlsen to
Assignee under law or that have already been transferred to Assigies, Assignors are the sole
and fawfol owners of the entire right, title and interest in and to the said inventions and
application for Letters Patent above-mentioned, and that the same are unencumbered and that
Assignors have good and Tull right and lawful authority to sell and convey the same in the

manser herein st forth,

AND for the same consideration, Assignors hereby covenant and agree to and with
Assignee, its successors, legal representatives and assigns, that Assignors will sign all papers
and documents, take all lawful vaths and do all scts necessary or required to be done for the
procurement, maintenance, enforcement and defense of any Letters Patent and applications for
Letters Patent for said inventions, without charge to Assignes, its successors, legal
representatives and assigns, whenever counsel of Assignee, or counsel of is successors, fegal
representatives and assigns, shall advise: that any proveeding in connection with said
inventions, or said Patent application for Letiers Patent, or any proceeding in connection with
any Letters Patent or applications for Letters Patent for said inventions in any eountry,
including but not limited to interference proceedings, is lawful and desirable; or, that sny
division, continuation or continuation-in-part of any application for Letters Patent, or any
reissue, reexamination or extension of any Leiters Patent, to be obiained thercon, is lawful and

desirable.

AND Assignors hereby request the Conumissiongr for Patents and Trademarks to
issue said Letters Patent of the United States to Assignes, as Assignse of said inventions and
the Letters Patent to be issued thereon, for the sole use and benefit of Assignee, its sueccssors,

legal representatives and assigns.

AND Assignors acknowledge an obligation of assignment of this invention to
Assignee at the time the fnvention was made.

2
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ARATION

As a below named inventor, | hereby declare that:

This declaration is directed to the patent application entitled:
SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT
the specification of which was filed on January 26, 2024, as Application No. 18/292,837.

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

I believe that I am the original inventor or an original joint inventor of a claimed

invention in the application.

I have reviewed and understand the contents of the above-identified application.

I am aware of the duty to disclose to the Office all information known to me to be

material to patentability as defined in 37 C.F.R. 1.56.

I hereby acknowledge that any willful false statement made in this Declaration is

punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or
both.

In the event that the filing date and/or Application No. are not entered above at the
time I execute this document, and if such information is deemed necessary, I hereby authorize
and request the attorneys/agent(s) at POLSINELLI PC, 1401 Eye Street, N.W., Suite 800,
Washington, DC 20005, to insert the filing date and/ or Application No. of said application

into this document.

Date: 52{7{? 1 fé‘?ﬂ(\?‘if Signature:

xf”f fg ;

Docket No. 092210-786599 3
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UNITED STATES

PATENT AND TRADEMARK OFFICE

Page 1 of 2

P.O. Box 1450
Alexandria, VA 22313 - 1450
WWWw.uspto.gov

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME
18/292,837 03/11/2024 02:59:25 PM Z ET

ATTORNEY DOCKET #
092210-786599

Title of Invention

SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

Application Information

APPLICATION TYPE  Utility - U.S. National Stage under 35

USC 371

CONFIRMATION # 1124

PATENT CENTER # 64633359

CUSTOMER # 30678

INTL. APPLICATION #

PATENT #

FILED BY (Catalina Paun

FILING DATE

FIRST NAMED  Gustavo Alexandre GROSSI
INVENTOR

INTL. FILING DATE

CORRESPONDENCE AUTHORIZED BY  Robert Balls
ADDRESS
Documents TOTAL DOCUMENTS: 3
SIZE

DOCUMENT PAGES DESCRIPTION (KB)
Power_of_Attorney.pdf 5 - 8031 KB

Power_of_Attorney- ) .

TRAN.LET.pdf (1-1) 1 Transmittal Letter 331 KB

Power_of_Attorney-PA...pdf  (2-2) 1 Power of Attorney 7634 KB

Power_of_Attorney- ) Assignee showing of

R3.73.pdf (3-5) 3 ownership per 37 CFR 3.73 76 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)
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51CC0904509551B8BE1FAB6389C0CD65E6C339926635F264E
Power_of_Attorney.pdf 7D275CED3179471BCO9CFOE6AB97F97DBAD48CEDADOCS3A2D
B1B630D62F5E547EBD84DC89D6F59E6C

0A624A6915D9578D63B25501153BC87BFO0E6C7FC72325E9A
7AA4D3E6254A4A49E1D985F41C69F78034B30F89491BD2BF4
BOF31F00B7482C7B6273BCOFCBA874

Power_of_Attorney-
TRAN.LET.pdf

07DB25D29A437E9C444559A8155B4FB66039A8C6D84C9B1C1
Power_of_Attorney-PA...pdf 1B3D5F8797E36107E0547D98A08176943C05DF1FFO9F85CF3
AF27CBF0390393F961BD1828890F4D

4E11BCEF8F12D2ECB882ADCEGE95EDA134DD8830BA552D2
Power_of_Attorney-R3.73.pdf 2E0593B534D63AAC522401B9C525D461AAC9906809F4493B1
C4E86C289A675D41 AAAOFOEDC876A8DE

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

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.
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a ¢ollection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 18/292,837

Filing Date January 26, 2024

First Named Inventor Gustavo Alexandre GROSSI

Title SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

Art Unit Not Yet Assigned

Examiner Name Not Yet Assigned

Attorney Docket Number |(092210-786599

SIGNATURE of Applicant or Patent Practitioner

Signature /R JameS Ba”S/ Date (Optional) I\/Iarch 11’ 2024
Name R. James Balls Eﬁgmiit:tion 57703

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity) F I E N I L E AG RO N E G O C I O S LT DA

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

/ *Total of ] forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Coda: PA.
aron sotion: Po PTQAIAIBRE {657-33)
mord Descagtion: Pawer of Attorney 08 Patort Appeoves for use nggg . gm PO

A _ . S raciemack Dfog; 1.5, 3T OF COMRERTE
Under the Papersark Reduction 86t o8 1995, no porsons 19 squird (3 sspans & i o of i unlexs B doptay smw{;.vamnzzmmmber

POWER OF ATTORNEY BY APPLICANT

{ hereby revoke all previous powars of attomey given in the application iderdifed in githar the attachad transmitial latter or
the hoxes below,

Apglication Rumbsr Filing Date

{ote: The boxes abiove may be loft blank if information is provided on fonn PTOMIMEZA)

§ beraby appoint the Patent Praciitiones(s) associatnd with the following Customar Number as mylour atomsy(s} or agent(s), an
to transact o business in fhe United States Patent and Trademark Office connecien therewith for the application referenced in
the attachad transmittal lstter {form PTOAIABZA) or identifled abover 20678

OR

D t heraby appoint Practitionen(s) named in the attached list {form PTOIAIAE2C) as mylour attemey{s) ar agent{(s}, and to transac
all business in the United States Patant and Tragemark Office connected therewith for the patent applicalion seferenced in the
atisched transmitial lettor {form PTOMAINERA] or identifiag above. (Note: Complets form PTOIRINERC}

Please recognize or change the correspondence address for tha application identified in the altached fransmittal
fofter or the boxas above to:

The address assoviated with the above-mentioned Cusiomer Number
OR

D The address assoiated with Customsr Numbar:
OR

E! Fiemor
Individual Name

Address
Ty ETN TZo ]

Counlty '
Telephons | Emait ]

tam the Applicant {if tha Applicant is a juristic entify, list the Applivant name in ths bax):

FIENILE AGRONEGOCIOS LTDA

D inventor or Joink Invantor {title not required belaw}
Legal Representative of @ Deceased or Legally Incapacitated invantor {fite not reguired below)
Assignes o Parson 1o Whom the Tnvantor is Under an Obligalion to Assign {provide signers e ff applicant is a juristic antity)

{:} Parson Who Otherwise Shows Sufficient P‘rg;%eiary interest {a.g., 8 petition undst IFCFR 1._&&{&3}(2} WaS gfrantad inthe
application or is conourrently being fled \&h this document} {provide signar's titls i spplicant is 3 Juriatic anbiy}

7 //SIGNATURE of Applicant for Patent

ot lpl thatized to 5t on behalf of the applicant 8.9, whete the applicant is a jaistic sntity).

el I Date (Optional) |

Signature £

Name stﬁ, 8 Condare Comson
e )

Titls oyl

NOTE: Signaturs - This forn must bs Signesl by the applicant in astordance with 37 CFR 1,33, See 37 CFR 1.4 for signature requitaments
and certifications, if more than one applicant, use muliple forms,

atsi of 1 forms are submitled.

fectinn reguirad " "
This ool of frformsion i regu 'byai'C‘FR 1,431, 1,32, o 1,33, The Rlommaton 18 Reqined f obtad ot fedtn & benali by the public which is b &l {and by the
USPTO o process) &n application, Corfidentialty is guvemed by 36 U.8.C. 122 st 37 GFR 1.1 and 1,14, This crection is satimaten to take 3 minulias s complate,
inclting gathering, prapasing, end subisiting the romplotest application form to the USFTO. Time wil vary depnoding upon the ladiviiusl 5. Any LOMRRRLS On Ui apmamt
af e oI rexssie fo ampiste this R andiar suggestins for redusing this buron, shauld b sent ta e il infasnstion Oificer, .S, Pajent and Trademark Offce, U.S.
Department of Gammarce, B.00. Box 1480, Alnxspriria, VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS T THIS ADDRESS, SEND T0: Cammizstoner
fae Patents, PO, Box 1450, Alsxandrds, VA 223134450, )

¥ you nped assistance it completing the form, caff 1-800-FTO-3193 end seiset aption 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
FIENILE AGRONEGOCIOS LTDA

Application No./Patent No.: 18/292,837 Filed/Issue Date:
Titled: SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

FIENILE AGRONEGOCIOS LTDA a corporation

Applicant/Patent Owner:

January 26, 2024

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. 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 submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment 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 submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 066704 , Frame 0189 , or for which a copy
thereof is attached.

B. D 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: To:

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

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO- 9] 99 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel_ ~~ Frame__ , orforwhich a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel_ ~~ Frame__ , orforwhich a copy thereof is attached.
5. 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.
6. 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.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

m As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/R. James Balls/ March 11, 2024
Signature Date

R. James Balls 57703

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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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. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 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 to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record 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 shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to 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)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION NO./

FILING DATE

FIRST NAMED INVENTOR/

ATTORNEY DOCKET NO.

CONTROL NO. PATENT IN REEXAMINATION
18/292,837 GROSSI, Gustavo Alexandre 092210-786599
EXAMINER
POLSINELLI PC (DC OFFICE) B
PO Box 140310
Kansas City, MO 64114-0310 ART UNIT PAPER
20240427 -
- KgGUdA

DATE MAILED: 27 April 2024

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

PTO-90C (Rev.04-03)
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Notice of Potential Erroneous Release of Patent Application Titles

On February 5, 2024, the United States Patent and Trademark Office (USPTO), replaced the
Electronic Patent Assignment System (EPAS) and Electronic Trademark Assignment System
(ETAS) with Assignment Center.

Between February 5, 2024 and March 29,2024, the USPTO, unintentionally, through a computer
programming error, permitted bibliographic information to be viewed by unauthorized individuals
with access to registered Assignment Centeraccounts. Thisbibliographic information was limited
to the application number (the two-digit series code plus the six-digit serial number) and title of
the invention.

You are receiving this notification because your application’s patent title may have been viewed
during that time frame by individual(s) who lacked permission to do so. The software error was
first reproduced by USPTO on March 28, 2024, and was corrected on March 29, 2024. Only
application numbers and titles were disclosed; it is important to note that your specification and
claims were not part of the information made available and were not accessed.

Any improper access of the application information between the dates of February 5, 2024 and
March 29, 2024, is not considered a publication of such applications under 35 U.S.C. 122(b). No
rights in United States patents are threatened by the access to unpublished applications. It is
extremely unlikely that the title could disclose the invention in a way that would constitu te patent-
defeating prior art in any jurisdiction. To the extent any issue is raised, the USPTO will assist
applicants by confirming that the disclosure was erroneous and inadvertent.

We’re committed to data security and are taking enhanced steps to prevent incidents such as this
from happening in the future. The USPTO sincerely regrets this error and is instituting more
testing controls, both manual and automated testing, to prevent similar processing errors in the
future.

Inquiries regarding this matter may be directed to Mark Polutta, Senior Legal Advisor, at (571)
272-7709 or Andrew Stclair, Legal AdVlSOI‘ at (57 1) 270 0238, both of the Office of Patent Legal
Administration or via email addressed to Fatgut Pragtive @ usy

ERGL g0V

Henry “Jamie” Holcombe
Chief Information Officer
US Patent and Trademark Office
Offlce +1 (571 272 9400

usplo
\1\\\\ \\\\\\\\\\

Dated: April 27%, 2024
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Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION NO./

FILING DATE

FIRST NAMED INVENTOR/

ATTORNEY DOCKET NO.

CONTROL NO. PATENT IN REEXAMINATION
18/292,837 GROSSI, Gustavo Alexandre 092210-786599
EXAMINER
POLSINELLI PC (DC OFFICE) B
PO Box 140310
Kansas City, MO 64114-0310 ART UNIT PAPER
20240427 -
- fiuOAC

DATE MAILED: 27 April 2024

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

PTO-90C (Rev.04-03)
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Notice of Potential Erroneous Release of Patent Application Titles

On February 5, 2024, the United States Patent and Trademark Office (USPTO), replaced the
Electronic Patent Assignment System (EPAS) and Electronic Trademark Assignment System
(ETAS) with Assignment Center.

Between February 5, 2024 and March 29,2024, the USPTO, unintentionally, through a computer
programming error, permitted bibliographic information to be viewed by unauthorized individuals
with access to registered Assignment Centeraccounts. Thisbibliographic information was limited
to the application number (the two-digit series code plus the six-digit serial number) and title of
the invention.

You are receiving this notification because your application’s patent title may have been viewed
during that time frame by individual(s) who lacked permission to do so. The software error was
first reproduced by USPTO on March 28, 2024, and was corrected on March 29, 2024. Only
application numbers and titles were disclosed; it is important to note that your specification and
claims were not part of the information made available and were not accessed.

Any improper access of the application information between the dates of February 5, 2024 and
March 29, 2024, is not considered a publication of such applications under 35 U.S.C. 122(b). No
rights in United States patents are threatened by the access to unpublished applications. It is
extremely unlikely that the title could disclose the invention in a way that would constitu te patent-
defeating prior art in any jurisdiction. To the extent any issue is raised, the USPTO will assist
applicants by confirming that the disclosure was erroneous and inadvertent.

We’re committed to data security and are taking enhanced steps to prevent incidents such as this
from happening in the future. The USPTO sincerely regrets this error and is instituting more
testing controls, both manual and automated testing, to prevent similar processing errors in the
future.

Inquiries regarding this matter may be directed to Mark Polutta, Senior Legal Advisor, at (571)
272-7709 or Andrew Stclair, Legal AdVlSOI‘ at (57 1) 270 0238, both of the Office of Patent Legal
Administration or via email addressed to Fatgut Pragtive @ usy

ERGL g0V

Henry “Jamie” Holcombe
Chief Information Officer
US Patent and Trademark Office
Offlce +1 (571 272 9400

usplo
\1\\\\ \\\\\\\\\\

Dated: April 27%, 2024
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United States Patent and Trademark Office

Office of the Chtef Finanelal Offtcer

Document Code Wik
Usear India bvans
Refund Accounting Dale:05/01/2024

Effective Date Sale ltem Reference Number Refiind Total
05/01/2024 18292837 $216.00
Document Number Fee Code Fee Code Description Amount Paid Payment Method Account Number
1202451 D33459340 2642 NATL STAGE SEARCH $216.00 DA 501662
FEE - REPORT
PROVIDED
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United States Patent and Trademark Office

Office of the Chtef Finanelal Offtcer

Document Codae:WHER
Usar India BEvans
Sale Adjustiment Accounting Date:05/01/2024

Effective Date Sale Accounting Date Sale Item Reference Number

05/01/2024 05/01/2024 18292837

Document Number Fee Code Fee Code Description Amount Paid Payment Method
1202451D33459340 2642 NATL STAGE SEARCH FEE - $216.00 DA

REPORT PROVIDED
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United States Patent and Trademark Office

Office of the Chtef Finanelal Offtcer

Document Code Wik
Usear India bvans
Sale Accounting Date:05/01/2024

Sale ltem Reference Number Effective Date

18292837 01/26/2024

Document Number Fee Code Fee Code Description Amount Paid Payment Method

1202451D37539366 2641 NATL STAGE SEARCH FEE - U.S. $56.00 Deposit Account
WAS THE ISA
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 18/292,837
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
27 OFR 1.16(a), (b), or (c)) N/A N/A N/A 128 N/A
SEARCH FEE
27 GFR 116K, (), or (m)) N/A N/A N/A 56 N/A
EXAMINATION FEE
(27 GFR 1.16(0), (p), or (@) N/A N/A N/A 320 N/A
TOTAL CLAIMS . *
(37 GFR 1.16(i)) 7 minus 20 = 0 0 OR
INDEPENDENT CLAIMS : *
(37 GFR 1.16(h)) 2 minus 3 = 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 504 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE(®) FEE($)
E AMENDMENT PAID FOR
i Total . i - =
= (37 ch ?.160)) Minus OR [«
[m] 7 - =
E (:I;g%erRe? .?g(nht)) Minus OR |«
<§E Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 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 | ** =
g @7 ch ?.160)) OR |x
Independent * Minus | *** =
E (37 GFR 1.16(h)) OR X
<§E Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
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".
Lhe Highast Number Previgusly Paid Eor (Total orlndenendenty s the highast found in the aoorogriate boxin column
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

S

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

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
18/292,837 01/26/2024 568 (092210-786599 7 2
CONFIRMATION NO. 1124
30678 FILING RECEIPT

oL PO I

PO Box 140310
Kansas City, MO 64114-0310

Date Mailed: 05/03/2024

Receipt is acknowledged of this non-provisional utility 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 MG, BRAZIL;
Applicant(s)

FIENILE AGRONEGOCIOS LTDA, Centro Patos de Minas MG, BRAZIL;
Assignment For Published Patent Application

FIENILE AGRONEGOCIOS LTDA, Centro Patos de Minas MG, BRAZIL

Power of Attorney: The patent practitioners associated with Customer Number 30678

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/BR2022/050461 11/24/2022

Foreign Applications (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 1020220072728 04/14/2022 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 1 0of 3
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If Required, Foreign Filing License Granted: 05/01/2024

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

is US 18/292,837
Projected Publication Date: 08/08/2024
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

Preliminary Class

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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Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35
U.S.C. 363)

01/26/2024
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

+ Indication of Small Entity Status

+ Drawings filed on 01/26/2024

+ Assignee Statement for PGPUB filed on 01/26/2024

+ Copy of the International Application filed on 01/26/2024

* Priority Documents filed on 01/26/2024

+ Information Disclosure Statements filed on 01/26/2024

+ Inventor's Oath or Declaration filed on 03/08/2024

+ Assignment filed on 03/08/2024

+ Application Data Sheet (37 CFR 1.76) filed on 01/26/2024
+ Authorization to Permit Access filed on 01/26/2024

+ Authorize Access to Search Results filed on 01/26/2024

* Preliminary Amendments filed on 01/26/2024

+ Copy of the International Search Report filed on 01/26/2024
» Power of Attorney filed on 03/11/2024

+ U.S. Basic National Fees filed on 01/26/2024
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

INDIA L EVANS

Telephone: (571) 272-9085
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United States Patent and Trademark Office

Under Sacretary of Commerce for intellectual Property and
Director of the United States Pafent and Trademark Office

WELCOMETO THE UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO)

Congratulations on taking the first step to prolect your invention. You can now advertise or mark any products
covered by this application for your invention as “Patent Pending” for as long as this epplication is pending!

We are here to help you on the rest of your journey.

New to the process? The Patent Basics page will take vou from
“What is a patent?” to assistance with the application process.
*  www.usplo.gov/PaleniBasics

Consider cost savings. You might qualify for small entity or
micro entity status, which means a discount on most USPTO
patent fees.

s www.uspto.gov/EntityStatus

Become a registered electronic filer (eFiler). You'll gain access
to the full capabilities of Patent Center. As a registerad eFiler,
vou can electronically view your submission, track the progress
of your application, and respond to USPTO correspondence.

= www.uspio.gov/NewPatentFilers

Learn how to identify which of your creative ideas might be
intellectual property assets and how to protect them by using
tha USPTO intellectual Property (IP) Identifier,

o ipidentifiar.uspto.gov
Wa also provide Pro Se Assistance, support specifically
gearaed for independent inventors without an attorney or
agent. Follow the link below, call us at B&6-767-3R4E, or emnail
prosaassistancecenter@uspto.gov.

= www.uspto.gov/ProSePatents

Mead help near you? We hava regional offices across the
country, as well as Patent and Trademark Rescurce Centers in
libraries in nearly every state, with specialists standing by to
help you at no cost.

* www.uspto.gov/locations

= www.auspto.gov/ptre

o Vidal_

Linder Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Tradernark Office

Contact us:

= General information: USPTO Contact Center
- www.uspto.gov/help

*  Patent Center
Patent Electronic Business Center
- www.uspto.gov/EBC

= Pre or post~examination: Application Assistance Unit
- www.uspto.gov/PatentAssistance

Want to learn more?

*  Access our free services all in one spot. Find all of our
contact centers, nationwide services, events, aducation,
and training.

- www.uspto.gov/ FreeServices

«  Connect with us on Instagram, Linkedin, Twitter,
Facebook, and YouTube,

= Hear about resources for startups, inventors, and
entrapreneurs, as well as our initiatives engaging women,

the military community, and others. These programs offer

helpful tips and tricks on identifying and managing your P

finding options for funding, and expanding vour network to
support your business,
- www.usplo.gov/startups
- www.uspto.gov/inventors
www.usplto.gov/initiatives
s We hope you connect with us by subscribing to receive
imporiant notifications by email,

- www.usplo.gov/subscribe

b

Derrick Brent

Deputy Under Secretary of Commerce for Intellectual Property and

Deputy Director ol& r%gﬁl r%S_ta]::eifiaé%E’aTyaggcg?grk Office
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L19 2 "20020154504" (US-PGPUB; USPAT: [OR ON ON 2024/06/15
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USOCR; FIT (AP, AT, 11:00 PM
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L21 258 L20 AND A01GS$.cpc. (US-PGPUB; USPAT; |OR ON ON 2024/06/15
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11:34 PM
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Gustavo Alexandre GROSSI

Art Unit
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Attorney Docket Number

092210-786599
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1 20200359550 A1l 2020-11-19 Tran et al.

2 20130263503 A1l 2013-10-10 Bostdorff

3 20160262313 A1l 2016-09-15 Szeto et al.

4 20120038281 A1 2012-02-16 Verfuerth

5 20020154504 A1 2002-10-24 Fang et al.
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Receipt date: 01/26/2024 18/2%2,837 ~ GAU: 3647
Application Number

Filing Date 2024-01-26

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Gustavo Alexandre GROSSI
Art Unit

Examiner Name

Attorney Docket Number 092210-786599

Name of Patentee or Pages,Columns, Lines
Examiner| Cite Foreian Document Nu Country Kind | Publication Applicant of cited where Relevant Ts
Initial™ No 9 Code?j Code#| Date bp Passages or Relevant
Document .
Figures Appear
1 [

If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue humber(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

International Search Report and Written Opinion issued on April 24, 2023 for corresponding PCT Application No. PCT/ |:|
BR2022/050461

If you wish to add additional non-patent literature document citation information please click the Add button
EXAMINER SIGNATURE
Examiner Signature /ERONY E EVANS/ Date Considered 06/15/2024

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www USPTG GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). ° For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.
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Receipt date: 01/26/2024 18/2%2,837 ~ GAU: 3647
Application Number

Filing Date 2024-01-26

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Gustavo Alexandre GROSSI
Art Unit

Examiner Name

Attorney Docket Number 092210-786599

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signhing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ | any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
[ ] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[¥] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /R. James Balls/ Date (YYYY-MM-DD) 2024-01-26

Name/Print R. James Balls Registration Number 57703

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 01/28/2024 18/292,837 - GAU: 3647

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. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and 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 to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5
U.S.C. 552) and the Privacy Act (6 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court,
magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request
involving an individual, to whom the record pertains, when the individual has requested assistance from the Member with
respect to the subject matter of the record.

A record 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 shall be required to comply with the requirements of
the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may
be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to
the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to 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)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/
her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to recommend
improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such
disclosure shall be made in accordance with the GSA regulations governing inspection of records for this purpose, and
any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

Almendra - EX1002, Page 350

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THRoUuGH. /BRORZ025-00055



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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
30678 7590 07/01/2024
POLSINELLI PC EVANS, EBONY E
(DC OFFICE)
PO Box 140310 | ART UNIT | PAPER NUMBER |
Kansas City, MO 64114-0310 3647
DATE MAILED: 07/01/2024
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
18/292,837 01/26/2024 Gustavo Alexandre GROSSI 092210-786599 1124

TITLE OF INVENTION: SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0.00 $0.00 $480 10/01/2024

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. _THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

30678 7590 07/01/2024 Certificate of Mailing or Transmission
POLSINELLI PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
(DC OFFICE) addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
PO Box 140310 USPTO via the USPTO patent electronic filing system or by facsimile to (571)

273-2885, on the date below.

Kansas City, MO 64114-0310

(Typed or printed name)

(Signature)
(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

18/292,837 01/26/2024 Gustavo Alexandre GROSSI 092210-786599 1124
TITLE OF INVENTION: SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0.00 $0.00 $480 10/01/2024
| EXAMINER | ART UNIT | CLASS SUBCLASS |
EVANS, EBONY E 3647 047-048500
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
ATA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ individuat ([ Corporation or other private group entity [ Government

4a. Fees submitted: (Dissue Fee [Jpublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via the USPTO patent electronic filing system [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

O Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

d Applicant asserting small entity status. See 37 CFR 1.27

d Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
18/292,837 01/26/2024 Gustavo Alexandre GROSSI 092210-786599 1124
| EXAMINER |
30678 7590 07/01/2024
POLSINELLI PC EVANS, EBONY E
(DC OFFICE)
PO Box 140310 | ART UNIT PAPER NUMBER |
Kansas City, MO 64114-0310 3647

DATE MAILED: 07/01/2024

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to acollection
of information unless it displays a valid OMB control number.

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 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 collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013).

5

hutosiwww eovindo.eovicontentphe/FRZGIZ-03-29pd 201307341 odi

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) afederal, 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.S.C. 2904 and 2906, in accordance with the GSA regulations
and any other relevant (i.e., GSA 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 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 application, and/or expiration
of the patent.
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Application No. Applicant(s)
i . 18/292,837 GROSSI, Gustavo Alexandre
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
EBONY E EVANS 3647 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 1/26/2024.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-3 and 18-21 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4 M} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAIl b) (J Some* ¢) [J None of the:
1. Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.[J Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.0] Interview Summary (PTO-413),
Paper No./Mail Date.
/EBONY E EVANS/
Primary Examiner, Art Unit 3647

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20240615
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Application/Control Number: 18/292,837 Page 2
Art Unit: 3647

REASONS FOR ALLOWANCE
The following is an examiner’s statement of reasons for allowance: The

limitation of a modular agricultural irrigation pivot-like device comprising: a plurality of
artificial lighting sources; and a plurality of energy sources that feed the artificial lighting
sources; a processor in communication with a dimerizer and/or a polarizer of the
artificial lighting sources and with the energy sources, wherein the processor is
configured to: a) adjust the plurality of light-emitting diodes; and b) determine and
implement: an irrigation routine; and/or an artificial lights supplementation routine;
wherein stages a) and b) are determined by the processor considering at least one
among: a crop species under cultivation; a phenological stage of the crop under
cultivation; a photoperiod, a season and current weather conditions under which the
agricultural field is subjected; and one or more objectives intended for the crop
development as claimed in claim 1 is not anticipated or made obvious by the prior art of
record, in the examiner’'s opinion. Any comments considered necessary by applicant
must be submitted no later than the payment of the issue fee and, to avoid processing
delays, should preferably accompany the issue fee. Such submissions should be
clearly labeled “Comments on Statement of Reasons for Allowance.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to EBONY EVANS whose telephone number is (571)270-

1157. The examiner can normally be reached on M-F10-6pm.
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Application/Control Number: 18/292,837 Page 3
Art Unit: 3647

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Tien Dinh can be reached on 571-272-6899. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/EBONY E EVANS/
Primary Examiner, Art Unit 3647
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

30678 7590 07/01/2024 Certificate of Mailing or Transmission
POLSINELLI PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
(DC OFFICE) addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
PO Box 140310 USPTO via the USPTO patent electronic filing system or by facsimile to (571)

273-2885, on the date below.

Kansas City, MO 64114-0310

(Typed or printed name)

(Signature)
(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

18/292,837 01/26/2024 Gustavo Alexandre GROSSI 092210-786599 1124
TITLE OF INVENTION: SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0.00 $0.00 $480 10/01/2024
| EXAMINER | ART UNIT | CLASS SUBCLASS |
EVANS, EBONY E 3647 047-048500
IC.FCRh?rgg(SeSof correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
.363). f)?aggstsa(l)lll{fisaﬁfe ll-lrf)atti(z] 31 ;f:glstered patent attorneys . POLSINELLI PC

| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
ATA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
FIENILE AGRONEGOCIOS LTDA Centro Patos de Minas MG, BRAZIL

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ individuat Xl Corporation or other private group entity [ Government

4a. Fees submitted: Rissue Fee [Jpublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

& Electronic Payment via the USPTO patent electronic filing system [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)
&l The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 50-1662

5. Change in Entity Status (from status indicated above)

O Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

d Applicant asserting small entity status. See 37 CFR 1.27

d Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /R. James Balls/ Date July 5, 2024
Typed or printed name R. James Balls Registration No. 57703
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

S

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

| APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
18/292,837 01/26/2024 Gustavo Alexandre GROSSI 092210-786599
CONFIRMATION NO. 1124
30678 PUBLICATION NOTICE
oo T T

PO Box 140310
Kansas City, MO 64114-0310

Date Mailed: 08/08/2024

Title:SYSTEM AND METHOD OF AGRICULTURAL MANAGEMENT

Publication No.US-2024-0260518-A1
Publication Date:08/08/2024

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be viewed using the USPTO's publicly available Searchable Databases via the Patent
Public Search tool at www.uspto.gov. The direct link to access the Patent Public Search tool is currently
https://ppubs.uspto.gov/pubwebapp/static/pages/ppubsbasic.html.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the dates
of receipt of correspondence filed in the Office, may also be accessed via the Internet through Patent Center,
the USPTO’s electronic patent application filing and management system. The direct link to access this status
information is currently https:/patentcenter.uspto.gov/. Prior to publication, such status information is confidential
and may only be obtained by applicant using the private side of Patent Center.

Further assistance in electronically accessing the publication, or about Patent Center, is available by calling the
Patent Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
18/292,837 09/17/2024 12089543 092210-786599 1124
30678 7590 08/28/2024
POLSINELLI PC
(DC OFFICE)

PO Box 140310
Kansas City, MO 64114-0310

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Center (https://
patentcenter.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.
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INVENTORC(S) (Please see PATENT CENTER site https:/patentcenter.uspto.gov for additional inventors):

Gustavo Alexandre GROSSI, Monte Carmelo MG, BRAZIL;

APPLICANT(s) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional applicants):

FIENILE AGRONEGOCIOS LTDA, Centro Patos de Minas MG, BRAZIL;

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
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WWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
18/292,837 01/26/2024 Gustavo Alexandre GROSSI 092210-786599 1124
30678 7590 00/17/2024 | A AMINGR |
POLSINELLI PC
(DC OFFICE) EVANS, EBONY E
PO Box 140310
Kansas City, MO 64114-0310 | ART UNIT | eapernvMBER |
3647
| NOTIFICATION DATE | DELIVERY MODE |
09/17/2024 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

patentdocketing @polsinelli.com

PTOL-90A (Rev. 04/07)
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APPLICATION NO. ISSUE DATE PATENT NO.
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POLSINELLI PC
(DC OFFICE)
PO Box 140310
Kansas City, MO 64114-0310
EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https://

patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit

https://www.uspto.gov/electronicgrants
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