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RESUMO

MANEJO DA IRRIGAQAO~E EFICIENCIA DO USO DA AGUA NO CULTIVO DO
PIMENTAO COM E SEM SOMBREAMENTO

AUTOR: Richard Alberto Rodriguez Padron
ORIENTADOR: Alexandre Swarowsky

Estratégias no manejo de irrigacdao podem levar a melhores resultados como: o uso eficiente da
agua, produtividade e qualidade dos frutos. O presente estudo teve como objetivo determinar o
efeito de diferentes 1dminas de irrigacdo suplementar e a eficiéncia do uso da agua na cultura
do pimentdo cultivado em campo aberto e com 50% de sombreamento. O delineamento
experimental foi de blocos ao acaso, com quatro repeticbes em esquema fatorial. Os tratamentos
de irrigacdo consistiram na aplicacdo de: 25, 50, 75 e 100% da evapotranspiracao e a testemunha
sem irrigacdo. A unidade experimental foi formada por 2 linhas de 5 m de comprimento, sem
as plantas de bordadura. A cultivar utilizada foi o hibrido Arcade, as mudas foram
transplantadas dois meses ap0s a germinagdo, com o espacamento entre linha de 1 m e entre
plantas de 0,4 m, no dia 16 de novembro de 2013 e 23 de novembro de 2014. O sistema de
irrigacéo foi por gotejamento, com o espagamento entre emissor de 0,2 m e vazdo de 0,8 L h.
A frequéncia de irrigacdo foi diaria. A evapotranspiracdo de referéncia foi calculada pela
equacdo de Penman-Monteith/FAO e a evapotranspiracdo da cultura com o método de
coeficiente de cultivo duplo. Determinou-se os parametros de solo: analise quimica, textura,
densidade do solo, capacidade de campo e taxa de infiltracdo. O monitoramento do contetido
da &gua no solo foi pela reflectometria no dominio do tempo (TDR) e sonda de néutrons.
Avaliaram-se 0s seguintes parametros: rendimento, altura da planta, didmetro do caule, indice
da area foliar, indice de clorofila, matéria seca (da planta, da raiz e do fruto), nmero de frutos
por planta, comprimento e diametro do fruto. Também foi realizada a analise econémica com e
sem irrigacdo. O maior rendimento foi obtido sem sombra (35,1 t ha') com 75% da
gvapotranspiracdo, e com sombra (22,2 t hal) com 50% da evapotranspiracio. A maxima
eficiéncia técnica foi obtida com 69,4% e 54,5% da evapotranspira¢cdo, sem e com sombra,
respectivamente. Com sombra ocorreu a economia de 15% da agua de irrigacdao. A lamina de
irrigacdo aplicada oscilou de 70,4 a 401,8 mm nos anos de estudo. O uso eficiente da 4gua de
irrigacdo encontrado sem e com sombra foram de 30 kg m= e 20 kg m, respectivamente. O
coeficiente de cultura foi influenciado pelas precipitagcdes, durante as fases inicial e de
crescimento. Os valores do coeficiente da cultura foram Kcini= 0,71, kCmed= 1,17 € Kctina= 0,92,
sendo estes valores maiores que os recomendados pela FAO-56. No tratamento sem sombra
resultaram valores maiores em: taxa de crescimento do didmetro do caule; indice de clorofila e
namero de frutos por planta. No tratamento com sombra resultaram valores maiores em: taxa
de crescimento da altura da planta; indice de area foliar; nimero de folhas por planta; matéria
seca total da planta; didmetro, comprimento e massa dos frutos. A menor rentabilidade foi sem
irrigacdo e a maior com a lamina de irrigacdo de 75% da evapotranspiracdo, com taxa interna
de retorno de 29 e 84%, respectivamente. O déficit e 0 excesso de agua afetaram a fenologia, 0
rendimento, o crescimento da planta e o desenvolvimento da area foliar.

Palavras-chaves: Capsicum annuum. Tela de sombreamento. Coeficiente de cultivo duplo.
Eficiéncia do uso da &gua. Irrigacdo por gotejamento.



ABSTRACT

IRRIGATION MANAGEMENT AND WATER USE EFFICIENCY IN BELL PEPPER
WITH AND WITHOUT SHADING

AUTHOR: Richard Alberto Rodriguez Padron
ADVISOR: Alexandre Swarowsky

Strategies for managing irrigation can lead to better outcomes, such as performance, quality
fruit and efficient use of irrigation water. This study aimed to determine the effect of different
supplemental irrigation depth and water use efficiency in bell pepper crop, cultivated in open-
field and with 50% shading. The experimental was in a randomized block design with four
replications, in factorial arrangement. Irrigation treatments were: application of 25, 50, 75 and
100% of evapotranspiration and the control treatment without irrigation. The experimental unit
was composed of 2 lines of 5 m long, without embroidery plants. The hybrid used was Arcade,
The seedlings were transplanted two months after germination, with a separation of 1 m
between line and 0.4 m between plants, 16 November 2013 and 23 November 2014. The
irrigation system drip, with spacing of 0.2 m and emitter flow rate of 0.8 L h™. The frequency
of irrigation was daily. The reference evapotranspiration by Penman-Monteith/FAO crop
evapotranspiration and the method of dual crop coefficient was calculated. Soil parameters were
determined is: chemical analysis, texture, bulk density, field capacity and infiltration rate. The
soil water content monitoring was performed with a time domain reflectometer and neutron
probe. The parameters evaluated were: yield, plant height, stem diameter, leaf area index,
chlorophyll index, dry matter and plant root, number of fruit per plant, fruit dry matter, fruit
diameter and length. Also, economic analysis on system with and without irrigation was
performed. The highest yield was obtained without shade (35.1 t ha?) with 75% of
evapotranspiration and with shade (22.2 t ha'!) with 50% of evapotranspiration. The maximum
technical efficiency was obtained with 69.4% and 54.5% evapotranspiration, with and without
shade, respectively. With shade, saving of 15% less irrigation water was obtained. The applied
irrigation depth ranged from 70.4 to 401.8 mm in the years of study. The efficient use of
irrigation water without and with shade was 30 kg m™ and 20 kg m™, respectively. The crop
coefficient was influenced by precipitation, especially during the initial phase of growth, the
values were kcini= 0.71, kcmed= 1.17 and Kcfinai= 0.92, higher than those recommended by FAO-
56. The without shade treatments resulted in higher values in: growth rate of stem diameter,
chlorophyll index, number of fruit per plant. Treatments shade resulted in higher values in:
growth rate of plant height; leaf area index; number of leaf per plant; the total plant dry matter;
diameter, length and weight of fruits. The lower profitability was without irrigation and higher
with the irrigation depth of 75% of evapotranspiration, with internal rate of return of 29 and
84%, respectively. The excess water deficit affects the phenology, yield, plant growth and leaf
area development.

Keywords: Capsicum annuum. Shade mesh. Dual crop coefficient. Water use efficient. Drip
irrigation.



RESUMEN

MANEJO DE LA IRRIGACION Y EFICIENCIA DE USO DE AGUA EN EL
CULTIVO DE PIMENTON CON Y SIN SOMBRA

AUTOR: Richard Alberto Rodriguez Padron
TUTOR: Alexandre Swarowsky

Estrategias para la gestion de la irrigacion puede conducir a mejores resultados, tales como:
rendimiento, calidad de frutos y el uso eficiente del agua de irrigacion. Este estudio tuvo como
objetivo determinar el efecto de diferentes laminas de irrigacion suplementaria y la eficiencia
de uso del agua de irrigacién en el cultivo de pimenton, cultivado en campo abierto y con 50%
de sombra. El disefio experimental fue de bloques al azar, con cuatro repeticiones, en esquema
factorial. Los tratamientos de irrigacion consistieron en la aplicacion de 25, 50, 75y 100 de la
evapotranspiracion y el control sin irrigacion. La unidad experimental estaba conformada por
2 lineas de 5 m de largo, sin incluir las plantas de bordadura. El hibrido utilizado fue Arcade,
las plantulas fueron trasplantadas dos meses después de la germinacion, con separacion de 1 m
entre linea y 0,4 m entre planta, el 16 de noviembre de 2013 y el 23 de noviembre de 2014. El
sistema de irrigacion fue localizado (goteo), con separacidn entre emisor de 0,2 m y caudal del
emisor de 0,8 L h™. Se estableci6 frecuencia de irrigacion diaria. La evapotranspiracion de
referencia se calcul6 por la ecuacién de Penman-Monteith/FAQ y la evapotranspiracion del
cultivo con el método de coeficiente dual del cultivo. Se determiné los pardmetros del suelo:
analisis quimico, textura, densidad aparente, tasa de infiltracion y capacidad de campo. Se
realiz6 monitoreo del contenido de humedad del suelo, con reflectrometro de dominio de tiempo
y sonda de neutrones. Las variables evaluadas fueron: rendimiento, altura de planta, diametro
del tallo, indice de &rea foliar, indice de clorofila, materia seca en (planta, raiz y fruto), nimero
de fruto por planta, diametro y longitud de fruto. También, se realiz6 analisis econémico cony
sin irrigacién. EI mayor rendimiento se logré sin sombra (35,1 t ha') con 75% de la
gvapotranspiracion y con sombra (22,2 t ha™*) con 50% de la evapotranspiracion. La maxima
eficiencia técnica se logro con 69,4% y 54,5% de la evapotranspiracion, con y sin sombra,
respectivamente. Con sombra se logra 15% de ahorro de agua de irrigacion. La lamina de
irrigacion aplicada varié de 70,4 a 401,8 mm en los afios de estudio. El uso eficiente del agua
de irrigacion sin y con sombra fue de 30 kg m2y 20 kg m, respectivamente. El coeficiente de
cultivo fue influenciado por la precipitacion, principalmente durante las fases inicial y
crecimiento, los valores fueron: kcini= 0,71, KCmed= 1,17 y Kcrina= 0,92, estos valores fueron
superiores a los recomendados por la FAO-56. Los tratamientos sin sombra mostraron valores
mayores en: tasa de crecimiento de diametro del tallo, indice de clorofila, nimero de fruto por
planta. Los tratamientos con sombra mostraron valores mayores en: tasa de crecimiento de la
altura de planta, indice de area foliar, namero de hoja por planta, materia seca total en planta,
didmetro, longitud y peso de los frutos. La menor rentabilidad fue sin irrigacion y la mayor con
lamina de irrigacion de 75% de la evapotranspiracion, con tasa interna de retorno de 29 y 84%,
respectivamente. El déficit y exceso de agua afecta a la fenologia, rendimiento, crecimiento de
la planta y el desarrollo del area foliar.

Palabra claves: Capsicum annuum. Malla sombra. Coeficiente dual. Uso eficiente del agua.
Irrigacion por goteo.
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1 INTRODUCAO

A &gua é um dos recursos naturais mais importantes para a agricultura, a disponibilidade
estd em declinio devido ao aumento populacional mundial. Considera-se que o manejo eficaz
deste recurso é importante e o uso eficiente da agua de irrigacdo é a chave para a
sustentabilidade e rentabilidade da cultura. O alto consumo de dgua em regides onde a agua €
limitada, incentiva o desenvolvimento de novas técnicas para analisar e gerir eficientemente
este recurso. O manejo adequado e a qualidade da &gua de irrigacdo sdo de fundamental
importancia para a obtencdo de alta produtividade, qualidade, reducdo de custos e ao uso
racional da agua (PADRON et al., 2015a). Segundo Souza et al. (2011b), a agricultura irrigada
é considerada a atividade de maior consumo de &gua, dentre os seus varios usos multiplos,
sendo por isso, fundamental a adog¢do de mecanismos que favorecam o aumento da eficiéncia
do uso, sem que a produtividade das culturas seja afetada. Associado ao uso racional deste
recurso, a busca por manejos que viabilizem a producéo ecologicamente correta e sustentavel
de alimentos tem sido constante preocupacédo dos varios segmentos da sociedade envolvidos no
processo de produgéo.

O pimentdo (Capsicum annuum L.) é da familia das solanaceas, nativas do México,
Centro América e o Norte de América do Sul (FILGUEIRA, 2003; SOUZA et al., 2011a),
ocupando o segundo lugar na producdo mundial. Os principais paises produtores sdo a China;
0 México; a Turquia; a Indonésia; a Espanha e os Estados Unidos (FAOSTAT, 2013).

O pimentdo € considerado, sob o ponto de vista econémico, uma das dez hortalicas
mais importantes do mercado brasileiro (ALBUQUERQUE et al., 2012). Anualmente, sdo
cultivados cerca de 13 mil ha, com producédo aproximada de 290 mil toneladas (MAROUELLI;
SILVA, 2012). Somente o mercado nacional de sementes movimenta US$ 1,5 milhdo
(RIBEIRO; CRUZ, 2002). A produgédo existe em todos os Estados da Federagdo, mas
concentram-se nos Estados de Sdo Paulo e Minas Gerais que plantam, em conjunto, cerca de 5
mil ha, alcancando producao de 120 mil toneladas. O estado de Rio Grande do Sul representa
2% da producéo nacional, 14% da producdo da Regiédo Sul e 40% da concentracgdo de produtores
da regido (IBGE, 2006). O que representa a importancia da cultura na regido para pequenos e
médios horticultores. Além de isso, destaca-se entre as primeiras cinco culturas com relevancia
econdmica e maior area cultivada em ambiente protegidos (LORENTZ et al. 2002; ARAUJO
et al., 2009).

O adequado manejo da irrigacdo tem por objetivo maximizar a producdo agricola,

racionalizando o uso de méo-de-obra, energia e agua, evitando a ocorréncia de problemas
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fitossanitarios relacionados a aplicacfes excessivas ou deficientes de agua (REGINA et al.,
1999; VILLELA JUNIOR; ARAUJO; FACTOR, 2003). Por ser a producdo de pimentdo
realizada em campo aberto, especialmente durante a estacdo seca, ou em casas-de-vegetacao
com cobertura pléstica, a irrigacdo é pratica fundamental para suprir a demanda hidrica das
plantas. Assim, o manejo correto da irrigacdo é fundamental para o sucesso da cultura
(MAROUELLLI; SILVA, 2012).

A deficiéncia de agua na cultura do pimentdo é um dos fatores limitantes para a obtencéo
de elevada produtividade e qualidade dos frutos, tanto em ambiente protegido quanto em campo
aberto. A falta de 4gua em plantas de pimentdo durante a fase inicial de frutificacdo pode
restringir a translocacéo de nutrientes como o calcio e reduzir a cobertura foliar, contribuindo,
para o surgimento das anomalias fisiologicas e enfermidades, tais como: a podridéo apical e a
escaldadura (HARTZ et al., 2008).

Nos ultimos anos esta crescendo substancialmente o nimero de produtores que deixam
para tras a agricultura intensiva tradicional em favor de novas formas de agricultura e produtos
com maior valor agregado. O papel das culturas protegidas tem sido fundamental nesse
desenvolvimento. Alguns produtores combinam em suas fazendas os cultivos em estufas
durante os meses de frio, com os cultivos ao ar livre durante os meses de verdo. A tela de
sombreamento € o mais adequado para 0S meses quentes porque atenua os altos niveis de
radiacdo solar sobre a cultura e garante maior controle dos fatores externos, como a chuva, o
vento ou granizo, que nos meses de verdo podem danificar as culturas. Também, torna-se
solucdo promissora para as culturas de tomate, pimentdo, pepino, ou até mesmo de meldo e
melancia, por exemplo. Com a protecdo com tela de sombreamento, colhe-se frutos de melhor
qualidade, com menores danos, mais brilho e com maior aceitacdo no mercado. Ainda, a
estrutura permanente construida permite utilizar culturas que tipicamente requerem
tutoramento, poupando, assim, tempo e dinheiro.

Pelo exposto, propde-se estabelecer estratégias e critérios do uso adequado do manejo
da irrigacdo, para a implantacdo de agricultura planejada, tendo em vista a conservacdo dos
recursos hidricos. O presente estudo teve como objetivo geral determinar o efeito de diferentes
l&aminas de irrigagdo suplementar e a eficiéncia do uso da &gua na cultura do pimentao cultivado
em campo aberto e com 50% de sombreamento, e como objetivos especificos: determinar o uso
eficiente da agua de irrigacdo e a ldmina de maxima eficiéncia técnica; avaliar as laminas de
irrigacdo no rendimento; avaliar o desenvolvimento vegetativo (qualidade do fruto; indice de
clorofila; indice de area foliar; taxa de crescimento da altura da planta e o didmetro do caule);

determinar o coeficiente de cultivo em campo aberto e a analise econémica com e sem irrigacao.
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2 REVISAO BIBLIOGRAFICA

21 A CULTURA DO PIMENTAO

O pimentéo (Capsicum annuum L.) pertence a familia Solanaceae e ao género Capsicum
(CASALI; STRINGHETA, 1984), é tipicamente de origem americana e ocorre em formas
silvestres desde o Sul dos Estados Unidos da América até o Norte do Chile (FILGUEIRA, 2003;
SOUZA et al., 2011a). Segundo Filgueira (2003), ja era cultivado e consumido pelos indigenas
séculos antes da colonizacdo espanhola. Foi introduzido na Espanha em 1493, de onde sua
cultura expandiu-se ao longo do século XVI para outras nacdes da Europa, Asia e Africa,
tornando-se alimento apreciadissimo e ha registros de que a primeira cultivar que chegou ao
Brasil foi do grupo “Cascadura”. Introduzido inicialmente nos municipios de Mogi das Cruzes
e Suzano no Estado de S&o Paulo, esse grupo produz o tipo de fruto preferido pela maioria dos
consumidores, com formato aproximadamente cénico, ligeiramente alongado e coloragédo
verde-escura (REIFSCHNEIDER, 2000).

Derivado das pimentas, com frutos gratdos e sem ardume, o pimentdo é cultura anual e
os frutos possuem formas diversas (CAMARGO, 1992). Classificado como fruto tipo baga,
com pericarpo um tanto carnoso, constitui a parte utilizavel e o epicarpo de cor verde-escura,
torna-se colorido quando amadurece. E sempre oco, com sementes brancas, achatadas,
reniformes, de 3 a 5 mm de comprimento, ligadas a um cordao existente no interior do fruto
(CAMARGO, 1992; FILGUEIRA, 2003).

O calice ndo possui constricdo na juncao com o pedicelo, pode apresentar-se enrugado
principalmente em plantas de fruto largo. A planta € de origem tropical, termdfila, sendo o
intervalo ideal de temperatura para o seu desenvolvimento entre 16 °C a 28 °C. Segundo Fontes
(2005), a temperatura ideal para germinacdo esta entre 25 °C a 30 °C, para o desenvolvimento
vegetativo entre 25 °C a 27 °C durante o dia e 20 °C a 21 °C durante a noite.

A planta é arbustiva, suas raizes atingem até um metro de profundidade, com pouco
desenvolvimento lateral e o caule semilenhoso pode ultrapassar um metro de altura. Suporta
carga leve de frutos, e por isso exige tutoramento, devido & alta produtividade dos hibridos
atuais, onde em campo a média é de 40 a 60 t ha', enquanto em cultivo protegido chega a 180
t hal. E autgama, embora a taxa de cruzamento possa ser elevada, dependendo da acéo de
insetos polinizadores. As flores sdo solitarias, hermafroditas e o pedicelo é pendente ou
inclinado, na fase de antese. A corola é branca, sem manchas na parte basal dos I6bulos, que
sdo eretos (FILGUEIRA, 2008).



16

Para o cultivo protegido, recomenda-se temperatura noturna de 20 °C e diurna entre 27
°C a 30 °C (ZATARIM et al., 2005; AMORIM; REZENDE; BERGAMIN FILHO, 2011). O
ciclo da cultura desde a semeadura até o inicio da colheita de frutos verdes é de
aproximadamente 110 dias, sendo o periodo mais prolongado na produc¢éo de frutos maduros
de coloracdo vermelha, amarela ou outra. A colheita prolonga-se por 3 a 6 meses, dependendo
do estado fitossanitario e nutricional das plantas (FILGUEIRA, 2008).

O piment&o é cultivado em regides tropicais e temperadas, sendo que dentre os fatores
climéticos a temperatura tem influéncia direta em algumas funges vitais para as plantas, tais
como: germinacdo; transpiracdo; respiracdo; crescimento; floracdo e frutificacdo, sendo que
para cada fase de desenvolvimento, apresenta sua faixa 6tima de temperatura (TIVELLI, 1998).

Para Filgueira (2008), o fotoperiodo ndo é limitante na cultura do pimentdo, pois a
floracdo e a frutificacdo ocorrem em qualquer comprimento do dia. No entanto, pode-se dizer
que é planta de dia curto facultativa, ou seja, o florescimento, a frutificacdo e a maturacdo dos
frutos sdo mais precoces em dias curtos, favorecendo assim a produtividade. A combinacéo de
umidade relativa baixa e temperatura elevada podem causar transpiracdo excessiva das plantas,
com consequente queda de gemas, flores e formacéo de frutos pequenos (REIS, 2002).

A comercializacdo dos frutos de pimentdo pode ocorrer de varias maneiras como na
forma de frutos frescos, frutos desidratados, em conservas, em flocos ou em po (paprica). A
paprica é obtida pela desidratacdo e moagem de frutos vermelhos e é utilizada principalmente
como corante natural na inddstria de processamento de alimentos, como ingrediente de
enlatados e embutidos (FINGER; SILVA, 2005).

Para Chitarra (1998), a qualidade de frutos e hortalicas € caracterizada com base em
atributos como aparéncia, sabor, textura e valor nutritivo. Esta caracterizacdo, segundo Rocha
et al. (2006) é importante, devendo ser observadas as variaveis necessarias para a melhoria da
comercializacdo no mercado interno e externo, bem como, para o desenvolvimento de técnicas
de armazenamento e de manejo pos-colheita. Assim, € de fundamental importancia a avaliacdo
do efeito de praticas de manejo sobre a produtividade, a qualidade quimica e fisica do produto
e a longevidade durante o processo de comercializacéo.

Devido as mudangas requeridas pelo mercado e as exigéncias do consumidor, 0
melhoramento desta hortalica vem priorizando ndo apenas a produtividade, mas também a
qualidade do produto. Por conseguinte, os principais objetivos tém sido a obtencdo de frutos
uniformes e com alta qualidade, polpa grossa, plantas precoces e resistentes a patdgenos e
pragas. Assim sendo, o uso de hibridos vem sendo cada vez mais empregado devido as suas

vantagens, como a maior resisténcia a pragas e doencas, maior uniformidade, vigor de planta,
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homeostase, maturacao precoce, aumento da qualidade, do rendimento e patente natural, que
garante o retorno do investimento (MIRANDA; CASALI, 1988).

2.2 TELADE SOMBREAMENTO

O Brasil, com dimensdes continentais de 8.500.000 km?, possui cinco regides
geograficas (Norte, Sul, Sudeste, Centro Oeste e Nordeste), climaticamente influenciadas pela
acdo de grandes centros de circulagdo atmosférica localizadas nos Oceanos Pacifico Sul,
Atlantico Sul e pelo centro localizado na Zona de Convergéncia Intertropical. Esses centros de
circulacdo atmosférica atuam sazonalmente nas regides geograficas brasileiras de modos
distintos, gerando condi¢des de clima favoravel e adverso a producdo agricola. Em certas
circunstancias, estas condi¢des impdem a necessidade de desenvolvimento de pesquisas para
regularizar o abastecimento de certas espécies horticolas, tanto na ordem temporal como
espacial. Baseando-se em dados de observacbes meteoroldgicas e de outros, como
levantamentos de solo, resultados de pesquisas, mercado e tecnologias utilizadas na producéo
horticola (REIS, 2005).

O sombrites sdo cada vez mais utilizado, reduzindo a incidéncia direta dos raios solares
nas espécies que necessitam de menor fluxo de energia radiante (BEZERRA, 2005). Tambem,
Rylski e Spigelman (1986) comentam que é alternativa relativamente econdmica, que protege
as plantas da alta radiagdo solar direta e em consequéncia, reduz o nimero de frutos com danos
pela queimadura do sol. Além disso, Gruda (2005) obteve plantas mais vigorosas com frutos de
melhor qualidade e maior rendimento, em comparacdo com a producdo em campo aberto.
Setubal e Silva (1992) ressaltam que a alface, procedente de regides de clima temperado,
quando cultivada em condi¢Oes de temperatura e luminosidade elevadas, deixam de manifestar
todo seu potencial genético, havendo reducédo do ciclo e antecipacao da fase reprodutiva.

Devido aos fatores caracteristicos de regides tropicais como alta luminosidade e altas
temperaturas, encontra-se em crescente a utilizacao de telas de sombreamento (SILVA, 1999;
QUEIROGA et al., 2001). As telas reduzem a incidéncia direta dos raios solares, favoraveis as
espécies que necessitam de menor fluxo de energia radiante ocorrendo assim, reducdo da
temperatura. Essa menor incidéncia de energia solar pode contribuir para diminuir os efeitos
extremos da radiacdo, principalmente a fotorrespiracdo e proporcionar melhores condicdes
ambientais, aumentando a produtividade e qualidade das folhas para consumo de alface
(MACIEL et al., 2007). Whatley e Whatley (1982) verificaram que as plantas mantidas em

sombreamento tendem a ser mais altas e apresentam maior area foliar que as que crescem em
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plena luz do sol, pois a luz intensa favorece o desenvolvimento de células longas, enquanto as
que crescem em ambiente coberto apresentam maior formacdo de parénquima lacunoso,
confirmando assim o que Kendrick e Frankland (1981) observaram, afirmando que plantas que

crescem em ambiente coberto tém maior massa foliar das que crescem em plena luz do sol.

2.3 NECESSIDADES HIDRICAS DA CULTURA

Em geral, pode-se dizer que a planta do pimentdo tem necessidade uniforme de agua
durante e seu ciclo. A planta é sensivel tanto aos excessos radiculares quanto a falta de agua. A
deficiéncia hidrica, entre outros fatores, provoca a queda das flores. Um excesso de rega pode
conduzir a asfixia radicular, que provoca a podridao da raiz e do pé da planta. As irregularidades
no fornecimento de 4gua podem favorecer a apari¢do de necroses apicais, ou seja, a rega deve
manter o solo Gmido, mas sem excesso (CERMENO, 1990; FILGUEIRA, 2008).

A irrigacdo efetuada por aspersdo, gotejamento ou em sulco € aplicada objetivando-se
manter o solo junto as raizes com 80% ou mais de agua Util. Deve-se manter esse conteido
elevado de &gua ao longo do ciclo cultural, especialmente durante a frutificacdo e a colheita.
Entretanto, a drenagem da gleba deve estar assegurada, evitando-se o excesso de agua no solo,
que entre outros maleficios, favorece a podriddo-do-colo. Observa-se que as cultivares hibridas,
gue apresentam maior potencial produtivo, sdo mais exigentes, tanto em adubacdo como em
disponibilidade de agua (FILGUEIRA, 2003).

O gotejamento é sistema bastante eficiente para a irrigacdo do pimentdo, pois oferece
inlmeras vantagens, tais como: economia de agua, de energia e de méao-de-obra; maior
uniformidade de aplicacdo de agua; ser usado em qualquer tipo de solo e topografia; menor
severidade de doencas da parte aérea; facilidade de fertirrigacdo e de automacdo e maior
produtividade. As irrigacdes por gotejamento podem e devem ser realizadas em regime de alta
frequéncia, pois se trata de sistema fixo, que molha somente parte do solo e que minimiza a
ocorréncia da maioria das doencas da parte aérea (MAROUELLLI; SILVA, 2012).

Albuquerque et al. (2011) avaliaram o crescimento e a produtividade da cultura do
pimentdo sob influéncia de laminas de irrigacdo e doses de potassio. As variaveis de
crescimento e de rendimento foram influenciadas pelas 1dminas de irrigacao e doses de potassio.
Quando se fixou a menor dose, a estimativa do maior namero de frutos por planta, peso médio
de frutos e produtividade ocorreram com o emprego da ldmina de irrigacdo de maxima

eficiéncia equivalente a 96, 102 e 120% da ETc, respectivamente.
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Cunha et al. (2002) caracterizou e relacionou a radiacdo liquida com o calor latente
equivalente, em mm de agua, nos cultivos protegido e em campo, na cultura de pimentdo. O
cultivo protegido, apesar de receber menor quantidade de radiacdo solar global, foi mais
eficiente na conversdo da radiagdo liquida disponivel em matéria seca total e na produtividade
de frutos. Apresentou, ainda, menor quantidade de radiacdo liquida disponivel e menores perdas
de energia, mostrando-se mais eficiente no uso da gua.

Magalhédes e Castro (1983) observaram evapotranspiracdo maxima média (ETm) em
pimentdo a campo de 524,22 mm. Também, Marouelli e Silva (2012) indicaram as necessidades
de &gua entre 450 e 650 mm, dependendo essencialmente dos sistemas do ciclo de tempo e de
irrigacdo adotados. Juntamente com Doorenbos e Kassam (1994) afirmaram que a necessidade
de &4gua do pimentdo em campo é da ordem 600 a 900 mm e Santos et al. (2009) encontraram

414,40 mm de evapotranspiracao.

2.4  GESTAO E DISPONIBILIDADE DE AGUA

O conhecimento das &reas irrigadas e sua distribuicdo geografica no Brasil sdo de
fundamental importancia para o planejamento da gestdo de recursos hidricos do pais. Estima-
se que a area irrigada no mundo ocupe cerca de 17% de toda a terra agricultavel e responda pela
producdo de mais de 40% de todo o alimento consumido. A area irrigada mundialmente
equivale a quase 2,5 vezes a producdo de alimentos das areas de sequeiro. No Brasil, cada
hectare irrigado equivale a trés hectares de sequeiro em produtividade fisica e a sete em
produtividade econdmica (ANA, 2004).

O Brasil demonstra grande potencial, com cerca de 5% da area cultivada irrigada,
respondendo por 16% da producéo total e por 35% do valor dessa producdo. Segundo, Santos
(1998), a atual situacdo das areas sob irrigacdo, nos diversos estados brasileiros é o indicador
de area irrigada/plantada, ante o potencial de solos e agua disponiveis, demonstrando larga
margem para ampliar os 2,68 milhdes de hectares em 1997, para a area estimada de 16 milhdes
de hectares para aproveitamento hidroagricola, sem se considerar as varzeas com area adicional
presumida de 33 milhdes de hectares (PAZ et al., 2000).

Existe tendéncia natural de aumento do uso da agua no futuro, seja pelo aumento
populacional, culminando com a maior necessidade por alimentos, seja pela disponibilidade de
terras com aptiddo para uso na agricultura irrigada estimadas em 470 milhGes de hectares.
Portanto, existe expectativa de aumento da demanda de agua para o futuro préximo, mas néo

hd previsdo de aumento da agua doce no planeta. Pelo contrario, 0s interminaveis
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desmatamentos e uso inadequado do solo tém mantido elevado escoamento superficial com
baixa reposic¢ao continua dos mananciais e fontes hidricas (CHRISTOFIDIS, 2002).

Como resultado das mudancas climaticas para os agricultores, sera mais dificil prever o
abastecimento de agua, as secas e as enchentes se tornard mais frequentes. No entanto, esses
impactos vao variar muito de um lugar para outro. Os cientistas preveem que as altas
temperaturas beneficiardo a agricultura nas latitudes norte, enquanto a maior parte das regides
tropicais aridas e semiaridas enfrentard declinio de chuvas e do escoamento superficial, as
tendéncias sinistras para os paises dessas regides sofrerdo mais a inseguranca alimentar (FAO,
2008).

As zonas onde se prevé a reducdo das precipitagdes terdo que aumentar o
armazenamento e melhorar a gestdo da agua. Os grandes sistemas de irrigacdo tém de se adaptar
as mudancas que irdo ocorrer nos sistemas de abastecimento de &gua e apoiar as medidas de
controle de 4gua em pequena escala.

Ha cinco intervencdes politicas fundamentais:

a) Incluir medidas de adaptacdo e mitigacao para a gestdo da agua para a agricultura

nos planos de desenvolvimento nacionais;

b) Promover medidas técnicas e de gestdo para aumentar a flexibilidade da agricultura

de sequeiro e irrigacao, e reduzir a perda de agua nos sistemas de producao irrigados;
c¢) Melhorar o conhecimento sobre a mudanca climética e da agua e difundir as boas
praticas entre os paises e regioes;

d) Promover politicas nacionais para a gestao de riscos por meio de melhores redes de

monitorizacao e garantia de produtos inovadores;

e) Mobilizar fundos de adaptacdo para enfrentar os desafios da agua e seguranca

alimentar causada pelas alteragdes climaticas.

A agricultura de sequeiro, que compreende 96% da terra agricola total na Africa
Subsaariana, 87% na América do Sul e 61% na Asia, sera a mais afetada. Em &reas marginais
semiaridas, com estacdes secas prolongadas tera maior risco de quebra de safra sem garantia da
estabilidade de producdo, ocasionando a migracao de pessoas. Para 2080, a &rea ndo apropriada
para a agricultura de sequeiro na Africa sub-saariana, devido as condi¢des meteoroldgicas e as
limitacGes do solo e da terra, poderd aumentar de 30 a 60 milhGes de hectares (FAO, 2008).
Segundo, Carvalho et al., (2011), o manejo da irrigacdo € importante ndo apenas por suprir as
necessidades hidricas das culturas, mas também, por minimizar os problemas de doengas,

lixiviacdo de nutrientes e gastos com consumo de &gua e energia.
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25  ANALISE ECONOMICA

A analise econémica, conforme Richetti (2014) auxiliard o produtor a planejar futuras
acoes buscando a otimizacgdo do capital investido, maximizando o lucro, devendo para tanto
maximizar a produtividade e minimizar os custos de producdo. Menegatti e Barros (2007)
afirmaram que para o calculo do custo de producdo deve considerar os diferentes niveis
tecnoldgicos abrangendo todas as condicBes de cultivo, sendo estes custos classificados como
fixos ou variaveis.

A producdo das culturas em resposta a irrigacdao depende de varios fatores: quantidade
e frequéncia de irrigacdo; método de aplicacédo; estadio de desenvolvimento da cultura; de
fertilizantes aplicados; o manejo do cultivo; a idade de corte; o método de colheita adotado; a
variabilidade do solo; as condic¢Bes climéticas; as pragas e doencgas. Assim, faz-se necessario
realizar analises que permitam a obtencao de resultados da viabilidade econémica de projetos
de producéo (FRIZZONE, 1993).

O processo de analise pode ser mais sofisticado em funcdo das hipoteses que sejam
adotadas e, sobretudo, em funcéo da importancia da decisdo para os responsaveis. As analises
comumente adotadas pelas empresas para sua decisdo sdo os critérios baseados no fluxo de
caixa e no valor do dinheiro no tempo, tendo a exce¢do do payback descontado que é o tempo
de recuperacao do capital investido, tendo este Gltimo grande aceitacdo na pratica (WOILER,;
MATHIAS, 1996).

A receita bruta, a taxa de interna de retorno, o valor presente liquido e o Payback séo
indicadores que avaliam a viabilidade dos investimentos. A taxa interna de retorno torna o valor
dos lucros futuros equivalentes aos dos gastos realizados com o projeto, caracterizando a taxa
de remunerac&o do capital investido (FRIZZONE; ANDRADE JUNIOR, 2005).

O valor presente liquido traz os fluxos de caixa esperados durante a vida Gtil do projeto
para o tempo zero a taxa de juros que representa 0 minimo retorno para o capital. O periodo de
recuperacdo do capital ou Payback é o tempo que o projeto leva para retornar o capital investido.

Segundo, Frizzone e Andrade Junior (2005), a determinagdo da viabilidade econdmica
de um sistema produtivo deve ser levada em consideracdo para a ado¢do ou ndo de novas
praticas tecnologicas. Para a realizacao da analise do beneficio/custo € necessario determinar a

produtividade e os respectivos custos de producéo de atividade tecnoldgica.
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3 MATERIAIS E METODOS

A pesquisa foi realizada na area experimental do Colégio Politécnico da Universidade
Federal de Santa Maria, localizado nas coordenadas geogréafica, latitude 29° 41’ 25” S,
longitude 53° 48° 42" W e altitude de 110 m, durante a Primavera-Verdo nos periodos de 2013-
2014 e 2014-2015. O solo predominante na regido denomina-se como Argissolos Amarelos
Distrofico Tipico, de textura franca (STRECK et al., 2008). O clima na regido € subtropical
umido (Cfa), segundo a classificacdo de Kdppen-Geiger. Segundo o Instituto Nacional de
Meteorologia (INMET), a média anual da evaporacdo, a temperatura e a precipitacdo é de 800-
1200 mm, 18-20 °C e 1450-1650 mm, respectivamente. Os dados climaticos mensais médios
durante a pesquisa sdo apresentados mostram na Tabela 1. A insolagéo e evaporacdo no periodo
2013-2014 foram superiores aos 2014-2015, exceto umidade relativa média que foi reduzida de
2013 para 2014. A radiacdo solar, a evaporacao, a precipitacdo e a temperatura diaria durante o
ensaio, se mostram na Figura 1. A media mensal da radiacdo solar, a temperatura e a
precipitacdo foram superiores no periodo 2013-2014 em comparac¢éo ao periodo 2014-2015. As
temperaturas médias diarias em 2013-2014 foram maiores que em 2014-2015, exceto nos meses
de dezembro, margo e as temperaturas maximas mensais foram maiores em dezembro, janeiro
e fevereiro. A precipitacdo acumulada foi maior em 2013-2014 com 892,8 mm e em 2014-2015
com 834 mm; as precipitacdes maximas mensais foram em novembro e dezembro,
respectivamente. A radiacdo solar mensal em 2013-2014 foi maior nos meses de dezembro e

janeiro.

Tabela 1 — Dados climaticos, a umidade relativa média, a insolacéo e a evaporagdo durante o
periodo do ensaio.

Més Umidade relativa média (%) Insolacéo (hora) Evaporacdo (mm)
2013-2014 2014-2015 2013-2014 2014-2015 2013-2014 2014-2015

Nov. 71,6 71,0 229,2 173,1 1445 131,8
Dez. 69,5 76,1 286,2 211,0 175,2 142,2
Jan. 73,2 78,3 219,2 212,4 158,3 142,0
Fev. 73,8 79,7 211,2 218,0 1379 123,9
Mar. 76,9 77,6 212,6 208,4 112,8 1141
Soma - - 1376,8 1189,6 850,8 804,7
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Figura 1 — Climograma da area experimental (a; b), a temperatura média diaria (b) e a radiacao
(d) durante o periodo do ensaio.

O delineamento experimental foi em blocos ao acaso, com quatro repeticbes em
esquema fatorial, onde os fatores foram: as laminas de irrigacdo e a cobertura com tela de
sombreamento. Os tratamentos de irrigacdo foram: 25, 50, 75 e 100% da evapotranspiracdo da
cultura (ETc) e a testemunha sem irrigacdo. O tratamento de sombreamento foi a reducdo de
50% da radiacdo fotossinteticamente ativa (de acordo com o fabricante) e em condicGes de
campo aberto. Estabeleceu-se 40 parcelas experimentais de 5,0 m de comprimento e 2 m de
largura (10 m?), com éarea total de 400 m?, sem incluir as plantas de bordadura, o croqui da area
experimental, se mostram na Figura 2.

A variedade do pimentdo foi o hibrido Arcade, amplamente utilizado na regido. As
plantas foram transplantadas dois meses apds a germinacdo, com 1,0 m de separacdo entre
linhas e 0,4 m entre plantas (densidade de plantio de 2,5 plantas m2) em 16 de novembro de

2013 e 23 de novembro de 2014. A tela de sombreamento utilizada foi de polietileno preto,
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apoiada com cabo metalico e com formacéo de estrutura retangular com o ponto mais alto a 2
m do solo. A tela foi instalada duas semanas antes do transplante. O sombreamento foi
verificado usando radidmetro digital (Modelo: MS-100) e a temperatura foi monitorada com o

termOmetro infravermelho (Modelo: AR 320).
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Figura 2 — Croqui da area experimental e as parcelas, com e sem sombreamento.

O sistema de irrigacéo utilizado foi o gotejamento, com uma linha lateral em cada fileira
de planta, com espagamento entre gotejadores de 0,2 m e vazéo do gotejador de 0,8 L ht. Em
cada unidade experimental foi instalado um registro de esfera, para regular os tempos de
irrigacdo e, uma valvula reguladora de pressdo para obter a uniformidade de pressdo da parcela,
0 esquema se mostra na Figura 3. Realizou-se a avaliagdo da uniformidade de distribui¢éo do
sistema de irrigacdo pelo método de Christiansen e a determinagdo do bulbo molhado aos
tempos de 5, 10, 15, 20, 25, 30, 35 e 40 minutos, dados publicados em (PADRON et al., 2015b).

<—Fita de gotejamento
@ <—Valvula reguladora de pressédo
@ <—Contador volumétrico
5@' <—Registro de esfera

Figura 3 — Esquema de distribuicdo da &gua na unidade experimental.
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A estratégia de irrigacdo foi aplicar a todos os tratamentos, de 0 a 20 dias apds o
transplante 100% da ETc, para garantir o estabelecimento das mudas. Os tratamentos de
irrigacdo foram aplicados de 21 a 119 dias ap0s o transplante, estabelecendo-se frequéncia de
irrigacdo diaria. Quando a precipitacdo efetiva ultrapassava a evapotranspiracao de referéncia,
a irrigacdo era aplicada dois dias ap0s o evento.

A evapotranspiracdo de referéncia (ETo) foi calculada pela equacdo de Penman-
Monteith/FAO (Equacdo 1), e a evapotranspiracdo da cultura (ETc) foi calculado pelo método
do coeficiente de cultura duplo e os valores do coeficiente de cultivo utilizados foram: Kcini=
0,60; Kcmed= 1,15; Kcfin= 0,9 (Equacdo 2) (ALLEN et al., 2006). Os dados climéticos foram
obtidos com frequéncia diaria na estacdo meteoroldgica automatica da Universidade Federal de
Santa Maria, vinculada ao Instituto Nacional de Meteorologia, localizada aproximadamente a
1 km da érea experimental, os quais foram: a precipitacdo (mm), a temperatura maxima e
minima (°C), a umidade relativa do ar maxima e minima (%), a insolacéo (horas) e a velocidade
do vento (m s1). O calculo do tempo de irrigacéo foi realizado de acordo com as necessidades
hidricas diarias do cultivo (Equacdo 3 e 4). Calculou-se a precipitacdo efetiva assumindo 80%

da precipitagéo.

900
0,408 A (Rn — G)+ Ym U, (es - ea)

ETo = A+y(1+034Us) @

sendo: ETo= a evapotranspiracdo de referéncia (mm dia™); Rn= valor radiacdo liquida na
superficie de cultivo (MJ m2 dia); G= o fluxo de calor no solo (MJ m? dia); T= a temperatura
média do ar a 2 m de altura (°C); u2= velocidade do vento a 2 m de altura (m s); es= a pressdo
do vapor de saturacdo (kPa); ea= a pressdo real de vapor (kPa); es-ea= 0 déficit de pressdo de
vapor (kPa); A= a inclinagdo da curva de pressio de vapor (kPa °C?) e y= constante

psicrométrica (kPa °C™).

ETc = (ke + ke) ETo )

sendo: ETc= evapotranspiracdo da cultura (mm dia); ETo= evapotranspiragio de referéncia
(mm diat); keo= coeficiente de cultivo basal; ke= coeficiente de evaporagéo.

Nr = (ETc — Pe) 3)
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sendo: Nr= necessidade de irrigacdo (mm); ETc= evapotranspiracéo da cultura (mm dia); Pe=

precipitacdo efetiva (mm).

__ At Nr Pu
- q Ea

Tr 4

sendo: Tr= o tempo de irrigacdo (min); At= a area total da unidade experimental (m?); Pu= a
porcentagem de umedecimento (%); g= vazdo da unidade experimental (L h'); Ea= a eficiéncia
de aplicagéo.

Determinou-se os parametros do solo, selecionando-se aleatoriamente pontos de
amostragem na area experimental, os quais foram: a analise quimica e fisica, a textura, a
densidade aparente e a capacidade de campo (Tabela 2 e 3). Também, a capacidade de campo
foi realizada pelo método direto (EMBRAPA, 2011) e o teste de infiltracdo pelo método de
infiltrometro de anéis (GRASSI, 1998), os dados foram publicados em (PADRON et al.,
2015b).

Tabela 2 — Caracteristicas quimica do solo da area experimental.

CTC Saturacgdo

Prof. pH Ca Mg Al (H+Al) indice MO S P-Mehlich

. efet. (%)
(m) agua — cmole dm8----------- Al Base °MP (%)  ------- mg dm-3------
0-0,1 58 97 35 0.2 3,9 138 16 76,1 6,2 33 110 14,2
0,1-0,3 52 85 24 08 6,6 120 79 634 5,8 2,5 7,1 115

Tabela 3 — Caracteristicas fisicas do solo da area experimental.

Densidade Capacidade Ponto de Conteudo de Taxa de
Prof. 5 infi 3
(m) aparente de campo murcha agua infiltracao Textura
(gecm™®) (mdm®) (m®m?) (mdm®) (mm h?)
0-0,2 1,42 0,31 0,14 0,18 Franca
0,2-0,4 1,38 0,34 0,17 0,17 15,0 Franco-
argilosa
0,4-0,6 1,36 0,37 0,23 0,13 Argila

P contelido de agua no solo durante o ensaio foi monitorada antes e ap0s a irrigagdo com
intervalo a cada dois dias (quatro leituras por parcela experimental), com reflectometro no
dominio do tempo portétil (Modelo: TDR-100), com duas hastes de sensores metélico com 0,2
m, inseridos verticalmente entre plantas na linha. Também, utilizou-se sonda de néutrons (CPN
Modelo 503, DR) para monitorar o conteido de agua no perfil do solo, instalando-se tubos de

PVC de 50 mm com profundidade de 0,7 m, entre plantas na linha, em cada parcela



27

experimental. As leituras foram realizadas com intervalo semanal a 0,125, 0,30 e 0,50 m de
profundidade. Ambos instrumentos foram calibrados antes da execucéo do ensaio (PADRON
etal., 2015b).

A colheita foi realizada com intervalo semanal, no periodo de 60 a 120 dias ap6s o
transplante, em ambos os anos. O rendimento foi determinado pela amostragem de 20 plantas
por parcela, da linha do centro de cada parcela experimental. Para avaliar a incidéncia da
gueimadura dos frutos, pela radiacdo do sol, foi determinado o nimero de frutos afetados,
selecionando-se 5 plantas selecionadas aleatoriamente por parcela, com intervalo semanal. Os
parametros: o diametro, o comprimento e a massa seca dos frutos foram determinados em cada
colheita, selecionando-se todos os frutos comercias em 5 plantas selecionadas aleatoriamente
em cada parcela experimental. As amostras dos frutos foram secas a 65 °C até a massa
constante. A altura da planta foi medida a partir da superficie do solo até a extremidade da folha
mais alta, quinzenalmente, com trena graduada, selecionando-se 10 plantas por parcela
previamente identificadas. O didametro do caule de cada planta foi medido na base da primeira
bifurcacdo da planta, quinzenalmente, com paquimetro digital, selecionando-se 10 plantas por
parcela previamente identificada. Para calcular a taxa de crescimento absoluto da altura da
planta e do didmetro do caule foi utilizado a metodologia descrita por (RADFORD, 1967)
(Equacéo 5).

M;

TCA = 221
T2-Ty

)
sendo: TCA= taxa de crescimento absoluto, M= altura média da planta ou do didmetro do caule,
T=tempo (dias).

A area foliar foi determinada utilizando-se o medidor de area foliar (Modelo: LI-COR-
3100) e a contagem do namero de folhas por planta, quinzenalmente, em 3 plantas selecionadas
aleatoriamente por parcela. O indice de clorofila foi determinado semanalmente, em 5 folhas
por planta, utilizando-se o medidor de clorofila (Modelo: ClorofiLOG, CFL1030- Falker). A
massa seca das plantas foi determinada no final do ciclo da cultura, em 5 plantas selecionadas
aleatoriamente por parcela, separando-a em raiz e parte superior vegetativa. As amostras foram
levadas a estufa com temperatura de 65 °C até a massa constante.

O uso eficiente da agua (UEA) e o uso eficiente da agua de irrigacdo (UEAI) foram
determinados pelas (Equacédo 5 e 6) (MOLDEN et al., 2010; HEYDARI, 2014)
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__ Rendimento total (kgha™1)

UEA =

(%)

Evapotranspiraciao (mm)

Rendimento total (kg ha™1)
Agua de irrigacio aplicada (mm)

UEAI =

(6)

Para a analise econdmica foi utilizada a metodologia dos custos de producéo e custo
operacional total, proposto por (REZENDE et al., 2009). Esta estrutura leva em conta 0s
desembolsos reais feitos pelo produtor durante o ciclo de producdo, cobrindo os custos de
trabalho, reparacdo e manutencdo de maquinas, implementos e insumos especificos, operagdes
de maquinas, a quantidade de maquinas e depreciacdo, instrumentos e melhorias especificas
utilizadas na producéo do processo. A funcdo da margem do lucro liquido € determinada com
a analise de regressdo quadratica entre as variaveis dependentes lucro liquido e a variavel

independente lamina de irrigagcdo (Equacéo 7).
y =a+ bx + cx? (7

sendo: y= lucro liquido (R$); x= lamina de irrigacdo (mm); os parametros a, b, c= da equagdo
de regressdo. O ponto da méaxima eficiéncia econdémica da agua de irrigacdo que maximiza o

lucro liquido foi determinado pela (Equacéo 8).

Xmax = e (8)

O resultado da producdo foi determinado a partir da diferenca do valor da producao
comercial, dos custos da &gua de irrigacéo e os custos fixos do sistema de producéo, neste item,
também, foram incluidos o custo do sistema de irrigacdo (Equacao 9).

Loy=Py—Px—c 9)

sendo: L= lucro (R$ h't); Py= preco do produto (R$ kgt); y= rendimento (kg hat), Px= preco
da agua de irrigagdo (R$ mm™); x= Iamina de irrigagdo (mm), c= custo dos fatores fixos (R$
ha).

Para determinar o lucro maximo foi calculado a derivada de primeira ordem (Equacéo

9). No que diz respeito a variavel (x), foi calculada a equacdo obtida e equalizada em relacéo
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ao preco da agua (Px) e o prego do produto (Py). Desta forma, determinou-se a lamina ideal que

maximizou o lucro (Equacéo 10).

Px—Py b
2 Py c

Xopt = (10)

O preco médio de producdo foi obtido ao nivel do produtor, no periodo do ensaio,
estipulando R$ 2,0 kg*. O custo da agua para irrigagio foi adaptado de acordo com o utilizado
na regido central do Rio Grande do Sul, pela empresa de Assisténcia Técnica e Extensdo Rural
(EMATER-RS), considerando: (A) para fornecer agua para irrigacdo para a propriedade
agricola por gravidade, é cobrado cerca de 8-10% do rendimento por hectare; (B) para fornecer
agua de irrigacao para a propriedade agricola, que requerer sistema de bombeamento, é cobrado
cerca de 14% do rendimento por hectare. Os custos variaveis foram obtidos considerando: méo
de obra do sistema de irrigacao, fertirrigacdo, aplicacdo de fungicidas e inseticidas. Os custos
fixos incluiram: o sistema de irrigacdo por gotejamento, tutoramento, poste de concreto, fios de
arame numero 12 e 20. Os precos dos insumos foram coletados em ambas safras agricolas e o
valor do dolar foi estabelecido em R$ 3,5. Para definir a rentabilidade, determinou-se: o valor
presente liquido (VPL), a taxa interna de retorno (TIR), a relacdo beneficio-custo (B/C),
calculados para 10 anos de andlise e assumindo a taxa de juros anual de 10%.

As principais tarefas de gestdo agricola foram: tutoramento, capina, controle de plantas
daninhas, fertirrigacdo e a aplicacdo de inseticida e fungicida. A fertirrigacéo foi realizada a
cada dois dias e as doses foram calculadas de acordo com as necessidades nutricionais da cultura
e da anlise quimica do solo, para obter rendimento de 40 t ha*, aproximadamente. Todas as
plantas receberam 368 kg ha* de fertilizante completo (13N-14P20s-13K20), 290 kg ha™ de
nitrato de amonio (36% N) e 396 kg ha™* de potassio (35% K:0).

A andlise estatistica foi realizada utilizando o software SPSS (versdo 17.0). As
diferencas significativas entre as médias para os diferentes tratamentos foram comparadas pelo
teste de Tukey a 5% de probabilidade. Os dados eram agrupados quando ndo apresentavam

interagdo entre 0s anos.
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4 ARTIGO 1 - SUPPLEMENTAL IRRIGATION LEVELS IN BELL PEPPER
UNDER SHADE MESH AND IN OPEN-FIELD: CROP COEFFICIENT, YIELD,
FRUIT QUALITY AND WATER PRODUCTIVITY!

Richard Alberto Rodriguez Padrén, Jerson Vanderlei Carls Guedes, Alexandre Swarowsky,

Cicero Urbanetto Nogueira, Roxanna Rosales Cerquera and Juan Carlos Diaz-Peérez

41  ABSTRACT

This study aims to evaluate the effects of supplemental irrigation in bell pepper crop
under shade mesh and in open-field to improve management of water resources. The
experimental was in a randomized complete block design with four replications and ten
treatments in factorial arrangement (five irrigation levels combined with two shade levels).
Irrigation treatments were 0.25, 0.50, 0.75 and 1.0 rate of crop evapotranspiration and the
control (no supplemental irrigation). Shading treatments were 0 and 50% reduction of
photosynthetically active radiation, compared to open field conditions. Crop coefficient was
influenced by rainfall, especially during initial growth stage period when it was high and Kc
values were 0.71, 1.17, and 0.92. Treatments under shade and open-field had no significant
interaction effect, alike between the years of study. The yield in open-field and under shade
mesh showed better performance in 0.75 and 0.50 of ETc, respectively. Maximum water
productivity and irrigation water productivity was obtained in open-field and deficit irrigation
plots. Under shade, highest fruit quality was obtained; heavier fruits, less dry matter, no
sunscald and increasing value added to production. Comparing water consumption in open-
field and shading, it can be obtained up to 14 to 25% water saving, significantly improving

yield and fruit quality.

Key words: Capsicum annuum, dual crop coefficient, drip irrigation, strategies for efficient

irrigation.

1Artigo publicado no 29 de outubro de 2015, na revista African Journal of Agricultural Research, volumem 10,
nimero 44, paginas 4117-4125, DOI: 10.5897/AJAR2015.10341
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4.2 INTRODUCTION

Bell pepper (Capsicum annuum L.) is a member of the Solanaceous family, native to
Mexico, Central America and northern South America (Echer et al., 2002; Filgueira, 2003). It
is an important crop in many parts of the world, given their economic importance, ranking
second in world production. Major producing countries are China, Mexico, Turkey, Indonesia,
Spain and United States (FAOSTAT, 2013). It is considered one of the ten species of greatest
economic importance in the Brazilian vegetable market. The area cultivated annually is about
13,000 ha, with fruit production close to 290,000 t, generally grown in open field (Marouelli
and Silva, 2012).

The widespread lack of water for agricultural production has led to frequent need for
strategies aimed at optimizing the efficiency of its use (Padron et al., 2014). The strategy to
ensure food supply to the world population for the next 25 years inevitably includes a parallel
increase in agricultural production. A large part of this effort is relayed on irrigation; therefore
the big challenge is to improve the efficiency and performance of agriculture, water and energy
from existing irrigated fields (Mukherji and Facon, 2009; Melgarejo and Ldpez, 2012). The
scarcity of water resources necessitates appropriate management and use of the available water,
given that the agricultural sector is one of the activities that demand more water (Albuquerque
et al., 2012). Therefore, techniques to minimize consumption of irrigation water and increase
yield with water use efficiency are necessary.

Temperature affects the vital functions of plants such as germination, transpiration,
respiration, photosynthesis, growth and flowering (Goto and Tivelli, 1998). Therefore, planting
in a protected environment may reduce the effects of temperature to the plant (Santos et al.,
2009). In agriculture, the use of shade mesh has increased to attenuate the flux of solar radiation
received by the crop (Pezzopane et al., 2004). Excess radiation, usually accompanied by high
temperatures can cause damage as: flower abortion; reduced yield and incidence of fruit
physiological disorders such as: blossom end, rot and sunscald causing significant loss
(Espinoza, 1991; Olle and Bender, 2009). Also, shade mesh reduces water requirements and
increases the efficiency of irrigation water use (Moller and Assouline, 2007).

Effective management of water resources is the key to sustainability and profitability of
the crop, thus encouraging the development of new techniques for the analysis and efficient
water management. This study aims to evaluate the effects of supplemental irrigation levels in
bell pepper crop yield and water use efficiency under shade mesh and in open-field.
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43 MATERIALS AND METHODS

This field study was conducted at the experimental area of the Polytechnic School of
the Federal University of Santa Maria (altitude of 110 m, and 29° 41' 25" S, and 53° 48' 42"
W), during the Spring-Summer seasons of 2013-2014 and 2014-2015. The soil is classified as
typical dystrophic yellow argissolo, with a loam texture (Streck et al., 2008). The climate of the
region, according to the Kdppen classification is subtropical humid (Cfa). According to the
National Institute of Meteorology (INMET), mean annual evaporation, temperature and rainfall
range from 800 to 1200 mm, 18 to 20 °C and 1450 to 1650 mm, respectively. Table 1 shows
the summary of the mean monthly climate data during the experiment. The insolation and
evaporation in season 2013 to 2014 were higher than those in 2014 to 2015, except mean
relative humidity which was reduced in 2013 to 2014. Solar radiation, evaporation, rainfall and
daily temperature during the experimental period are shown in Figure 1. The monthly mean
solar radiations, temperature and rainfall were higher in 2013 to 2014 than in 2014 to 2015. The
daily mean temperatures in 2013 to 2014 were higher than those in 2014 to 2015 except
December and March. The monthly maximum temperatures were higher in December, January
and February. The rainfall cumulative was higher in 2013 to 2014 (892.8 mm) and 2014 to 2015
(834 mm); the maximum monthly rainfalls were in November and December, respectively. The
monthly radiation in 2013 to 2014 was higher in December and January.

The experimental was in a randomized complete block design with four replications and
ten treatments in factorial arrangement (four irrigation levels combined with shade mesh).
Irrigation treatments were: 25% (lo.2s), 50% (loso), 75% (lo.7s), and 100% (l1.0) rate of crop
evapotranspiration (ETc) and the control [no irrigation (lo)]. Shading treatments were 50%
reduction of the photosynthetically active radiation (according to the manufacturer) and open
field conditions (control, 0% shading). There were 40 experimental plots, each of 5.0 m long
and 2 m wide (10 m?), for a total area of 400 m?, not including border plants. The variety of
bell pepper was Arcade, widely used in the region. Two-month old plants were transplanted in
the field, with 1.0 m separation between rows and 0.4 m between plants (density of 2.5 plants
m2) on 16 November 2013 and 23 November 2014. Shade mesh (polyethylene black shade
mesh) was supported with metallic cable and forming rectangular structure with the highest
point at 2 m. The shade mesh was set two weeks before transplanting. The level of shading was
verified by using digital radiometer (Model MS-100). Leaf temperature was measured in each
plot with an infrared thermometer gun (Model: AR 320).
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One drip irrigation tape was placed next to each row; emitters were spaced 0.2 m apart
and had a flow rate of 0.8 L h*! per emitter. In each experimental plot there was a ball valve for

regulating irrigation time, pressure, and uniformity.

Table 1. Monthly climatic data of the experimental area during the 2013-2014 and 2014-2015
seasons.

Month Relative humidity mean (%) Insolation (hour) Evaporation (mm)
2013-2014 2014-2015 2013-2014 2014-2015 2013-2014 2014-2015
Nov. 71.60 71.0 229.2 1731 1445 131.8
Dec. 69.45 76.1 286.2 211.0 175.2 1422
Jan. 73.15 78.3 219.2 212.4 158.3 142.0
Feb. 73.79 79.7 211.2 218.0 137.9 123.9
Mar. 76.87 77.6 212.6 208.4 112.8 1141
Sum - - 1376.8 1189.6 850.8 804.7
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Figure 1. (a, b) Climograph of the experimental area, (c) average daily temperature and (d)
radiation during the seasons 2013-2014 and 2014-2015.



34

4.3.1 Irrigation strategy

During the first 20 days after transplanting 100% of crop evapotranspiration (ETc) was
applied to all treatments to ensure plants establishment. Levels of supplementary irrigation were
applied from 20 to 119 days after transplant and the frequency of daily watering was
established. After effective rainfall exceeded reference evapotranspiration, irrigation was
applied two days after the event.

Crop reference evapotranspiration (ETo) and crop evapotranspiration (ETc) were
calculated using Equations 1 and 2. The use of reference evapotranspiration leads to increasing
uncertainty comparing actual evapotranspiration. There are other models that can estimate
evapotranspiration reference than have had successful results. Also, they are useful for selecting
the best model when researchers must apply temperature-based models on the basis of available
data (Valipour and Eslamian, 2014; Valipour, 2014a, b, c; Valipour, 20153, b). Weather data
were collected from an automatic weather station located 1 km from the experimental area.
Crop reference evaporation was calculated based on the method of FAO Penman-Monteith
(Allen et al., 2006), (Equation 1) as follows:

900
0.408A (Rn — G)+ Ym Uz.(es - ea)

ETo =
A+vy(1+034U,)

1)

where: ETo is the reference evapotranspiration (mm day™?), Rn, G and T are net radiation value
at crop surface (MJ m? day™?), soil heat flux density (MJ m?day?) and mean daily air
temperature at 2 m height (°C), respectively. Also, U, ese., (&s- €.), A and represent wind speed
at 2 m height (m s™), saturation vapor pressure (kPa), actual vapor pressure (kPa), saturation
vapor pressure deficit (kPa), slope of the saturation vapor pressure curve (kPa/°C) and
psychrometric constant (kPa/°C), respectively.

Crop evapotranspiration (ETc) was calculated with the method of dual crop coefficients

for each crop phoenological stage (Allen et al., 2006), (Equation 2) as follows:
ETc = (K¢p + Ke) X ETo (2)
where: ETc is crop evapotranspiration (mm), ETo is reference crop evapotranspiration (mm)

and splitting Kcinto two separate coefficients, basal crop coefficient (Kcb) and soil water

evaporation coefficient (Ke).
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Before the plants were transplanted, sampling points in the experimental area were
randomly selected to determine basic soil attributes, including soil texture, bulk density, field
capacity, and permanent wilting point (Table 2). Also, an infiltration test of wet bulb was

performed to design the irrigation system.

Table 2. Average soil attributes of the experimental area.

Soil layers Bulk density  Field capacity Wilting point  Water content Infiltration

(m) (g cm?) (m? m) (M m-) (M m) (mmht  Texture
0-0.2 1.42 0.31 0.14 0.18 Loam
0.2-0.4 1.38 0.34 0.17 0.17 15.0 Clay-loam
0.4-0.6 1.36 0.37 0.23 0.13 Clay

Soil water content over the season was measured before and after irrigation every two
days (four readings per experimental plot), with a portable time domain reflectometry (TDR-
100). The two metallic sensor (0.2 m rods of the TDR) were inserted vertically within the row
between plants. Also soil water monitoring was performed with neutron probe (CPN Model
503, DR), with calibration previous to execution of the experiment (Padron et al., 2015). PVC
tubes (50 mm) were installed between row (1 m distance) and plant of each experimental plot
at a depth of 0.7 m. Readings was performed once a week at 0.125, 0.30 and 0.50 m of soil
depth.

Fruit were picked weekly during two months (60-120 day after transplanting) for yield,
in both years. Fruit yield per plot was determined by harvesting 20 plants from center rows. To
evaluate incidence of sunscald, number of affected fruit was determined. Fruit diameter, length
and dry weight were determined at each harvest, using fruit from five plants per plot. Fruit
samples were dried at 65°C until constant weight was obtained. Water productivity (WP) and
irrigation water productivity (IWP) were calculated with the fresh total yield (kg ha*) divided
by crop evapotranspiration (ETc) Equation (3) and total irrigation water applied Equation (4),
respectively (Heydari, 2014; Molden et al., 2010), as follows:

Total yield (kg ha™1)
evapotranspiration (mm)

WP = (3)

WP = Total yield (kg ha~1) )

Irrigation water applied (mm)
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Herbicides, fungicides and insecticides were applied as necessary. Fertigation was
according to the nutritional needs of the crop and chemical analysis of the soil. Fertigation was
performed with irrigation (daily) calculated to produce 40 t ha*. All plants received 368 kg ha
! of a complete fertilizer (13N-14P205-13K20), 290 kg h! of ammonium nitrate (36% N) and
396 kg ha* of potassium nitrate (35% K20). Statistical analysis was performed using the SPSS
software package (SPSS V17.0). Significant differences between means for different treatments
were compared using Tukey test at P<0.05. Data from all years were pooled when no treatment

interactions were found.

44  RESULTS AND DISCUSSION

Crop evapotranspiration, effective rainfall and effective irrigation are shown in Table 3.
In 2013-2014, crop was irrigated 74 times and total irrigation applied was 401.8 mm. In 2014
to 2015, crop was irrigated 57 times and total irrigation was 281.5 mm. Thus, in 2014 to 2015
number of irrigations and irrigation volume were reduced. ETc in 2014-2015 was 59.5 mm
lower than in 2013 to 2014. Effective rainfall was also higher in 2014 to 2015 than in 2013 to
2014.

Table 3. Crop evapotranspiration, effective rainfall and irrigation applications during two
seasons in bell pepper.

2013-214 2014-2015

Treat. ETc  Rainfall Irrigation Days ETc Rainfall Irrigation Days

(mm) (mm) (mm) irrigation (mm) (mm) (mm) irrigation
lo - - - - - -
los 140.1 100.4 125.2 70.4
loso 280.1 345.1 200.9 74 250.4 543.8 140.8 57
lo7s 420.2 301.3 375.5 211.2
lio 560.2 401.8 500.7 281.5

Treat: Treatments, Effective rainfall; Effective Irrigation

Soil moisture and daily effective rainfall is shown in Figure 2. The 0-0.25 m soil profile
presented sharp moisture decrease between irrigations. Soil moisture below 0.250 m depth
remained almost constant in all treatments. Soil moisture under shade remained near field
capacity and presented an average decrease of 0.02 m®m=when compared to treatments on
open field. In general, under shade mesh soil water content was higher compared to treatments
in open field. Shading reduces demand for crop evapotranspiration, causing reduction of
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transpiration, resulting in decreased soil water uptake in bell pepper (Méller et al., 2004; Kittas

et al., 2009; Diaz-Pérez, 2013).
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Figure 2. Soil water content and effective rainfall in the 0-0.30 cm depth layer and effective

rainfall.

The dual crop coefficient during the study is shown in Figure 3. In both seasons, crop

coefficient Kep gradually increased reaching the highest values between 60 and 100 days after

transplanting. Coefficient Ke was highest during the first 50 days after transplanting and then

decreased. Both factors were most affected by the frequent rainfall in the 2014 to 2015 season.

The biggest difference between the values of Kcand Kepoccurred in the initial crop growth stage

where evapotranspiration was mainly composed of soil evaporation, while crop transpiration,

was relatively small.

2013-2014
14 T T T T T T T T T

Dual crop coefficient

2014-2015

keb Dual crop coefficient

Crop coefficients

0.0

Crop coefficients

14

0.0

L L L L L
5 60 70 80 90

Days after transplantating

L L L
100 110 120

L
0 10

L
20

L L L L L L L L L L
30 40 50 60 70 8 9 100 110 120

Days after transplantating

Figure 3. Dual crop coefficient for bell pepper in a sub-tropical region.
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Dual crop coefficient values at different stages of bell pepper crop growth are shown in
Table 4. At different stages Kc values were similar or higher than those recommended by FAO-
56 values. Shukla et al. (2013) reported that early in the season Kc values were higher than those
of the classic Kc curve reported in the literature (e.g., FAO-56) and increased as the crop
developed until it reached maximum values at crop maturity. Due to increased water table at
the time of transplanting, soil evaporation losses were higher than those of other regions leading
to increased ETc and as a result increased Kc; K for bell pepper reached values of : Kcini= 0.86,
Kcmed= 1.21, Kcrin= 1.28. Also, rainfall during the initial stage further increased the surface soil
water content, which resulted in increased soil evaporation. Results show that K¢ for pepper
grown using sub-irrigation is highly dependent on the soil water content of the bare soil area.
In semiarid climate, Kong et al. (2012), reported increased K¢ values (Kcini= 0.66-0.69; KCmed=
1.19-1.30; Kcrin= 0.89-0.93) (FAO 56).

Table 4. Average of dual crop coefficients (Kc) for bell pepper irrigation in a sub-tropical
region.

Crop growth stage 2013-2014 2014-2015 Average FAO-56*
Initial growth 0.67 0.74 0.71 0.6
Crop development 1.03 1.05 1.04
Mid-season 1.19 1.15 1.17 1.15
Late season 0.97 0.87 0.92 0.80

2K, recommended by FAO-56

There was no significant interaction effect for treatments under shade mesh and open-
field between the years of study for yield data. Ilahy et al. (2013) reported that there were no
significant differences between shaded and non-shaded conditions in commercial yield of sweet
pepper ‘Herminio’. However, statistical difference between the levels of irrigation on yield,
fruit weight, fruit dry matter and number fruit per plant was found. Fruit weight showed
significant interaction between treatments under shade netting and open field.

The relationship between fruit yield and irrigation rate under shade mesh and open-field
is shown in Figure 4. Fruit yield in open-field was increased with losoand lo.7s. In the 2013 to
2014 season, values ranged from 13.8 t hatin loto 37.1 t hain lo7s. Treatment lo showed a
reduction in yield of 54.7% and that of l1.0 was reduced by 19.9% relative to maximum yield
(lo.7s). Kara and Yildirim (2015), reported similar results in Capsicum annuum L. cv. Carliston
with different irrigation levels (0.2, 0.5, 0.8, 1.0 and 1.2 ETc); yields were 18.78, 20.60, 21.57,
18.90 and 15.16 Mg ha', respectively, with maximum yield with 0.8 ETc. Padrén et al. (2014),
evaluated irrigation frequency and irrigation rates finding that daily irrigation resulted in better
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crop performance compared to irrigation every other day; crop yields were similar with daily
irrigations at 60, 80 or 100% ETc. Moreover, Sezen et al. (2015), reported the highest yield
values with full irrigation (44.2-47.8 t ha'!) and deficit irrigation of 50 and 75% (34.9-36.0 t ha"
Land 40.8 to 47.2 t ha?, respectively). Our results showed that cultivation of bell pepper was
affected by deficit irrigation as well as excess water caused by high rainfall. Bell pepper crop
irrigated more frequently tends to be more efficient in water use, without affecting yield,
compared to a crop irrigated less frequently. Also, Yildirim et al. (2012), studying the effect of
different irrigation treatments (0.0, 0.2, 0.5, 0.8, 1.0, 1.2 of ETc) in bell pepper to determine
stress with a fixed interval of 7 days throughout the whole drought season, reported yields of
3.25, 8.64, 16.93, 20.08, 27.67 and 24.61 t ha'l, respectively. They mentioned that the most
important factor that affect growth and yield in pepper crops is the amount of irrigation water
applied throughout the development period.

The maximum yield under shade mesh was obtained at loso. Yield ranged from 11.0 t
hal in lo to 22.2 t ha® in loso. Treatment lo presented 50.3% reduction in yield and 13.4%
reduction in lvo. Diaz-Pérez (2014), studying the effect of shade levels of 0, 30, 47%, 63 and
80% in Capsicum annuum cv. Heritage, reported that yield increased with increasing shade
level up to 35% shade and then decreased with increasing shade levels; Moller and Assouline
(2007), reported yield in Sweet pepper C. annuum cv. Selika between 5.93 and 9.26 kg m in
30% shade. llahy et al. (2013), reported yield in (C. annuum cv 'Beldi’), grown at 0, 50 and
100% shade, varied between 0.9 kg/plant and 1.15 kg/plant, respectively. Also, Lopez-Marin
et al. (2012) reported that commercial yield of sweet pepper cv 'Herminio' ranged from 2.55
kg/plant under unshaded conditions compared to 2.53 kg/plant in shaded conditions.

The open-field treatments showed highest cumulative yields and the trend was observed
throughout the harvest period, which is probably due to increased radiation and greater
photosynthetic activity. Lopez-Marin et al. (2012), reported highest yields with 40% shade.
This was attributed to reduction of the incident radiation. Also, it was observed that the crop
was negatively affected by high temperatures, with shading decreasing average daily
temperature by 2.5 °C at noon and 0.6 °C in the morning, creating a micro climate favorable to
crop development. Diaz-Pérez (2013), reported that moderate levels of shade (30 and 47%)
were the most favorable for plant growth and function in bell pepper. Méller and Assouline
(2007), reported that 30% mesh black shade reduces solar radiation, wind speed, water needs
and increases the efficiency of water use in bell pepper.

In open-field, fruit sunscald was observed with greater intensity 55 to 85 days after

transplanting, when the crop had reduced leaf area, with yield losses of 1.4, 2.2, 2.3%, 3.3 and
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1.7% in irrigation treatments lo, lo.2s, loso, lo.7s and l1.0, respectively. Under shade mesh fruit
showed no sunscald. llahy et al. (2013), reported yield losses due to sunscald ranging from 0.69

kg/plant in open-field and 0.18 kg/plant in shady conditions.
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Figure 4. Relationship between fruit yield and irrigation rate applied as fraction of crop
evapotranspiration in bell pepper grown under shade mesh or in open field.

Water productivity and irrigation water productivity both decreased with increasing
irrigation rate (Figure 5). Both WP and IWP were higher in open field than under shade mesh.
Plots without irrigation showed reduced WP (3.0 kg m= in the open-field and 2.1 kg m™3 under
shade mesh). Values of WP in open-field oscillated between 18.5 kg m= in lo2s and 5.3 kg m™
in 120and under shade mesh between 13.5 kg m? in lo2s and 3.6 kg m= in lz.0. IWP values in
open-field varied between 29.4 kg m= in lo2s and 8.5 kg m in l1o and under shade mesh
between 21.6 kg m2in lo2sand 5.8 kg m2 in lo. The WP and IWP values of this study were
similar to those previously reported. Kong et al. (2012), through drip irrigation determined WP
values between 7.76 kg m= and 10.71 kg m in bell pepper. Sezen et al. (2015), reports of WP
of 6.9 kg m™ and IWP of 5.7 kg m by applying irrigation water of 570.4 mm for the whole
growing season at intervals of 3 to 6 days. Guang-Cheng et al. (2010), determined the WP and
IWP hot pepper in greenhouses values oscillate between 6.7 to 10.4 kg m™ and 6.3 to 10.6 kg
m3, respectively. Demirel et al. (2012) determined the values WP and IWP in pepper grown in
the Thrace region of Turkey varying from 2.4 to 7.0 kg m and 0.3 to 9.1 kg m=, respectively.
Kara and Yildirim (2015), reported WUE in C. annuum L. cv. Carliston with irrigation levels
of 0.2, 0.5, 0.8, 1.0 and 1.2% of ETc, between 6.0, 4.1, 3.6, 2.7, and 2.1 kg m™, respectively.
Moreover, Yildirim et al. (2012), reported results of WUE and IWUE in bell pepper with
irrigation treatments (0.0, 0.2, 0.5, 0.8, 1.0, 1.2 of ETc) of 1.6, 3.3, 5.3, 5.5, 6.9 and 5.7 kg m*®
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and 2.0, 3.8, 6.0, 6.1, 7.5, and 6.2, respectively. The peaks were obtained from 1.0 ETc
treatment.
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Figure 5. Water productivity and irrigation water productivity in bell pepper under shade mesh
and in open-field.

Results on average of fruit quality in bell pepper under shade mesh and in open-field are
presented in Table 5. Plots in open-field presented difference on fruit quality, number of fruits
per plant, fruit diameter, fruit weight and under shade mesh, the number of fruit per plant,
weight and fruit dry matter. The variable that showed interaction effect between under shade
mesh and in open-field was the fruit weight. The quality of fruit in the open-field and under
shade mesh were affected significantly, showing the smallest fruit diameter, length, and weight
and lowest number of fruits per plant. Irrigation levels of 50 and 75% ETc obtained the best
fruit quality. However, the maximum fruit weight and lower fruit dry matter content was
presented by treatment lio, under shade mesh. In summary, highest quality fruit (increased
weight and reduced dry matter and sunscald incidence) was obtained under shade. Sezen et al.
(2015), reported increased fruit yield to augmented fruit number In addition, a uniform supply
of water in the soil throughout the growing season is needed to prevent poor fruit size and shape
and to improve yield.

Rylski and Spigelman (1986), reported changes in plant development due to the shading
affected. According to the authors, shading affected fruit set, number of fruits per plant, fruit
location on the plant, fruit development and yield. Also, the lowest number of fruits per plant
was obtained under 47% shading at 5 plants m density, under 47 and 26% shading at 6.7 plants
m2 density. Under shading, individual fruits were larger and had a thicker pericarp. Shading
reduced sunscald damage of the fruits from 36% in full sunlight to 3 and 4% under 26 and 47%
shading. The highest yield of high-quality fruits was obtained with 12 to 26% shade. On the
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other hand, Milenkovi¢ et al. (2012), refer shading of pepper plants affected both fruit yield and
quality. Total and marketable yield increased with 40% shading level and then decreased (with
50% shade). Shading of pepper (40%) may be an option to reduce heat stress conditions and
extend the spring-summer season toward September and concludes the photoselective, light
dispersive shade nets provide a new, tool for crop protection. Changing the light intensity and

radiation spectrum has a large impact on the total production system.

Table 5. Average of fruit quality in bell pepper under shade mesh and in open-field.

Fruit per plant Fruit length Fruit diameter Fruit weight Dry matter

Treat. (number) (cm) (cm) o) (%)
Field 1 67 134 560 126.50 °C 53
los 7 148 6.6 134.00 bBC 53
loso 9@ 14.3 6.1% 142.10 b8 53
loss 9@ 14.9 5.0 % 153.20 bA 5.2
o g 15.0 5.5 144.70 bA8 5.0
Sig. * ns * * ns
Shade 1o 50 16.9 6.0 154.20 5.1°
lo.s 72 16.5 6.5 176.60 5.0
loso 8@ 18.0 6.7 179.50 520
los ge 16.4 6.2 188.6 8 49
o 7 178 6.3 108.90 % 46°
Sig. * ns ns ** *

Treat: Treatments, Letters indicate significant differences at "P<0.05 and "*P<0.01. Sig.: Significance.

Maximum production efficiency in open-field was 34.2 t ha™ with 69.4% of ETc; under
shade mesh it was 20.1 t ha with 54.5% of ETc. The difference of maximum production
efficiency was of 14 t ha and reduction of 14% of ETc. Bell pepper under 50% shade could
save 14 to 25% of irrigation water. Moreover, the sunscald in fruit is improved by increasing

the number of plant per square meter.

45  CONCLUSIONS

Yield of bell pepper in open-field was significantly higher with 75% of ETc; it was
highest with 50% ETc under shade. The point of maximum production efficiency was 69.4%
of ETc in open-field and 54.5% of ETc under shade. Thus, under 50% shades, there may be up
to 25% water savings. Crop coefficients values found in this study will be useful for irrigation
scheduling, dual crop coefficients in bell pepper, developed for a region with a humid
subtropical climate. Results indicate that the WP and IWP values decreased with increasing

irrigation level in both open field and shaded conditions. Irrigation with increased frequency
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tends to increase irrigation water use efficiency. Drip irrigations at 50% ETc and 75% of ETc

may be recommended.
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5) ARTIGO 2 - SUPPLEMENTAL IRRIGATION LEVELS IN BELL PEPPER
UNDER SHADE MESH AND IN OPEN-FIELD: ABSOLUTE GROWTH RATE,
DRY MASS, LEAF AREA AND CHLOROPHYLL?

Richard Alberto Rodriguez Padrén, Jerson Vanderlei Carls Guedes, Alexandre Swarowsky,
Cicero Urbanetto Nogueira, Roxanna Rosales Cerquera and Helena Maria Camilo de Moraes

Nogueira

5.1 ABSTRACT

This study aims to evaluate the effect of supplemental irrigation levels on vegetative
parameters of bell pepper grown in open field and under shade mesh. The experimental was in
a randomized complete block design with four replications and ten treatments in factorial
scheme (four irrigation levels combined with shade). Irrigation treatments consisted in 0.25,
0.50, 0.75 and 1.0 rate of crop evapotranspiration and the control (no-irrigation). Shading
treatment was of 50% reduction of the photosynthetically active radiation compared to open
field conditions. Vegetative parameters were influenced by irrigation. The growth rate of plants
present no significant difference. The growth rate of stem diameter present difference, being
treatments 0.50 and 0.75 the highest. Significant interaction was present in the rate of
chlorophyll, dry matter, leaf area index and number of leaves per plant. Plots under shade mesh
showed the highest growth rate in plant height and stem diameter and leaf area index, number
of leaves per plant, dry matter and lower chlorophyll index. As irrigation strategy, considering
the water use efficient and vegetative characteristics of bell pepper, the most favorable irrigation
levels were 0.5 and 0.75 of ETc, under shade and in open field, respectively, without affecting

the vegetative parameters and yield.

Key words: Capsicum annuum, water stress, water use efficiency, drip irrigation.

2Artigo publicado no 15 de outubro de 2015, na revista African Journal of Agricultural Research, volumem 10,
namero 42, paginas 3968-3976, DOI: 10.5897/AJAR2015.10342
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5.2 INTRODUCTION

Bell pepper (Capsicum annuum L.) is a member of the Solanaceous family, native to
Mexico, Central America and northern South America (Echer et al., 2002; Filgueira, 2003;
Souza et al., 2011). It is an important crop in many parts of the world, given their economic
importance, ranking second in world production. It is considered one of the ten species of
greatest economic importance in the Brazilian vegetable market, and the area annually
cultivated is around 13 mil hectares, with production close to 290 mil tons of fruit, generally
grown in open field (Marouelli and Silva, 2012).Water use by plants and all the physiological
processes are directly related to their status in the soil-water-plant system.The interrelationships
between these factors are fundamental for the planning and the operation of irrigation systems
to maximizeyield and product quality (Trani and Carrijo, 2004). There are many motivations to
study the physiology of plants under stress, among which: knowledge of stressors on plants can
be crucial for the development of mechanistic models predictive in nature, for example, the
study of the possible effects of climate change. The analysis of the interaction of the plants with
the environmental factors are fundamental to comprise the distribution of the species in the
different ecosystems and the performance of the crop is strongly limited by the impact of the
environmental stress (Nilsen and Orcutt, 1996).

Increased temperatures occurring in late spring and early summer reduce bell pepper
yields and increase incidence of physiological disorders in fruit, such as blossom-end rot and
sunscald (Olle and Bender, 2009). High temperatures induce flower abortion and fruit in bell
pepper (Deli and Tiessen, 1969). Bell pepper is a very demanding plant in luminosity, especially
in the early stages of reproduction (Prieto et al., 2003). The increment in crop production is able
to be possible only knowing the pushing effects of irrigation and radiation on plant growth and
yield (Kara and Yildirim, 2015). The amount of solar radiation intercepted by plants is a major
determinant for the total dry matter produced by a crop (Biscoe and Gallagher, 1978). The most
effective development forces on plants are “Carbon”, “Water”, “Radiation” and energy supply
of plants comes from radiation also (Steduto, 2003). Plant development depends on the amount
of radiation, duration of light in a day, relative humidity, wind speed and temperature (Boztok,
2003). Also, plant water, nutrient uptake and transpiration rate are closely related with solar
radiation (Adams, 1992).

The analysis of plant growth allows evaluating the behavior of crop genotype in relation
to different crop systems, influenced by management, climate and crop physiology (Oliveira et

al., 2015). The indexes wrapped in the analysis of growth, as foliar area index, growth rate, and
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liquid assimilation indicate the capacity of plants assimilatory system in synthesize and destine
the organic matter in the diverse organs (Monte et al., 2009; Silva et al., 2010).That depend on
photosynthesis, breathing and assimilate translocation of carbon fixation sites for local use and
storage, where there are growth and differentiation of organs (Lopes et al., 2011). Studying
water requirements of plants has become increasingly important for agriculture, mainly for
areas with deficit of irrigation water. This study aims to evaluate the effect of supplemental
irrigation levels on vegetative parameters of bell pepper grown in open field and under shade

mesh.

5.3 MATERIALS AND METHODS

The field study was conducted in the experimental area of the Polytechnic School of the
Federal University of Santa Maria, located at an altitude of 110 m in the geographic coordinates
29° 41' 25" S, 53° 48" 42™ W, during the Spring Summer seasons of 2013-2014 and 2014-2015.
The soil is classified as typical dystrophic yellow argissolo, with a loam texture (Streck et al.,
2008). The climate of the region, according to the Koppen classification is subtropical humid
(Cfa). According to the National Institute of Meteorology (INMET), mean annual evaporation,
temperature and rainfall range from 800 to 1200 mm, 18 to 20 °C and 1450 to 1650 mm,
respectively. In Table 1 we can see the summary of the mean monthly climate data during the
period of the experiment. The monthly cumulative insolation and evaporation in 2013-2014
season were higher than those in 2014-2015, except mean relative humidity. Solar radiation,
evaporation, rainfall and daily temperature during the experimental period are shown in Figure
1. The monthly mean solar radiations in 2013-2014 were higher than in 2014-2015. The daily
mean temperatures in 2013-2014 were higher than those in 2014-2015 except December and
March. The monthly maximum temperatures were higher in December, January and February.
The rainfall cumulative was higher in 2013-2014 (892.8 mm) and 2014-2015 (834 mm); the
maximum monthly rainfalls were in November and December, respectively. The monthly
radiation in 2013-2014 was higher in December and January.

The experimental was in a randomized complete block design with four replications and
ten treatments in factorial arrangement (four irrigation levels combined with shade mesh).
Irrigation treatments were: 25% (lo.2s), 50% (loso), 75% (lo.7s), and 100% (l1.0) rate of crop
evapotranspiration (ETc) and the control [no irrigation (lo)].Shading treatments were 50%
reduction of the photosynthetically active radiation (according to the manufacturer) and open

field conditions (control, 0% shading). There were 40 experimental plots, each of 5.0 m long
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and 2 m wide (10 m?), for a total area of 400 m?, not including border plants. Moisture overlap
between rows was avoided by border plants (1 m). Arcade was the variety of bell pepper used
due to its commercial importance in the region. Plants were transplanted in the field with two
months old at separation of 1.0 m between rows and 0.4 m between plants (density of 2.5 plants
m-2), in Nov. 16, 2013 and Nov. 23, 2014. Shade mesh (polyethylene black shade mesh) was
supported with metallic cable, in a rectangular structure with the highest point at 2 m. The shade
mesh was set two weeks before transplanting. The level of shading was verified by using digital
radiometer (Model: MS-100). Leaf temperature was measured in each plot with an infrared
thermometer gun (Model: AR 320).

Table 1. Monthly climatic data of the experimental area during the 2013-2014 and 2014-2015
seasons.

Month Relative humidity mean (%) Insolation (hour) Evaporation (mm)
2013-2014 2014-2015 2013-2014 2014-2015 2013-2014 2014-2015
Nov. 71.60 71.0 229.2 173.1 1445 131.8
Dec. 69.45 76.1 286.2 211.0 175.2 142.2
Jan. 73.15 78.3 219.2 2124 158.3 142.0
Feb. 73.79 79.7 211.2 218.0 137.9 123.9
Mar. 76.87 77.6 212.6 208.4 112.8 1141
Sum - - 1376.8 1189.6 850.8 804.7

It was used a localized irrigation system (drip) placed as lateral by row, spacing among
emitters of 0.2 m and flow of 0.8 L h™. It was installed in each experimental plot a ball valve
for regulating the irrigation time and pressure regulating valve for uniformity. The irrigation
strategy is described as follow: during the first 20 days after transplantation it was applied 100%
of ETc to all treatments, to ensure in plants establishment. The levels of supplementary
irrigation were applied from 20 to 119 days after transplanting and the frequency of daily
watering was established. Due to the characteristics of soils and climatic conditions after the
effective precipitation exceeds evaporation, irrigation was applied two days after with the
frequency set.

The crop reference evapotranspiration (ETo) and crop evapotranspiration (ETc) were
calculated using the following Equations (1) to (2).Use of reference evapotranspiration leads to
increasing uncertainty comparing actual evapotranspiration. There are other models that can
estimate evapotranspiration reference than have had successful results. Also, they are useful for
selecting the best model when researchers must apply temperature-based models on the basis
of available data (Valipour and Eslamian, 2014; Valipour, 2014a, b, c; Valipour, 2015a, b).
Weather data was collected from an automatic weather station located 1 km from the
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experimental area. The crop reference evaporation (ETo) was calculated based on the method
of FAO Penman-Monteith (Allen et al., 2006), (Equation 1) as follows:

2013-2014 a 2014-2015 b
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Figure 1. (a, b) Climograph of the experimental area, (c) average daily temperature and (d)
radiation during the seasons 2013-2014 and 2014-2015.

900
0.408 A (Rn - G)"f' Ym Uz.(es - ea)

ETo = A+y(1+034U,) @

where: ETo is reference evapotranspiration (mm day™), Rn, G and T are net radiation value at
crop surface (MJ m2day™?), soil heat flux density (MJ m2day*) and mean daily air temperature
at 2 m height (°C), respectively. Also, uz, esea, (es- ea), A and y represent wind speed at 2 m
height (ms™), saturation vapor pressure (kPa), actual vapor pressure (kPa), saturation vapor
pressure deficit (kPa), slope of the saturation vapor pressure curve (kPa/°C) and psychrometric
constant (kPa/°C), respectively. The crop evapotranspiration (ETc) was calculated with the
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method of dual crop coefficient for each crop phonological stage (Allen et al., 2006), (Equation

2) as follows:

ETc = (Kcp + Ke) X ETo )

where: ETc crop evapotranspiration (mm), ETo reference crop evapotranspiration (mm) and
splitting Kc into two separate coefficients, the basal crop coefficient Ko and soil water
evaporation coefficient Ke.

Before the plants were transplanted randomly sampling points were selected in the
experimental area, to determine basic soil parameters, including soil texture, bulk density, field
capacity, and permanent wilting point (Table 2). Also, it was performed an infiltration test to

design the irrigation system.

Table 2. Average soil attributes of the experimental area.

Soil layers Bulk density  Field capacity =~ Wilting point  Water content Infiltration

(m) (g em?) (m® m?) (M3 m) (M m3) (mmhy  Texture
0-0.2 1.42 0.31 0.14 0.18 Loam
0.2-04 1.38 0.34 0.17 0.17 15.0 Clay-loam
0.4-0.6 1.36 0.37 0.23 0.13 Clay

The soil water content over the season was measured before and after irrigation every
two days (four readings per experimental plot), with a portable time domain reflectometry
(TDR-100). The two metallic sensor 0.2 m rods of the TDR were inserted vertically within the
row between plants. Also monitoring was performed with neutron probe (CPN Model 503, DR),
with calibration previous to execution of the experiment (Padron et al., 2015a). PVC tubes (50
mm) were installed between row (1 m distance) and plant of each experimental plot at a depth
of 0.7 m. Readings were performed once a week at 0.125, 0.30 and 0.50 m of soil depth.

Plant height and stem diameter was measured in ten plants per plot, sampled in a fifteen
day interval. The absolute growth rate determination was done according to the formula
described by Radford (1967). Equation (3), as follows:

Wy-W,
T2-Ty

AGR = 3)

where: AGR = absolute growth rate, W = mean plant height and mean stem diameter, T = time.
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Leaf area index and leaf number per plant was measured in three plants randomly
selected per experimental plot, which were sampled in a fifteen-day interval. Eight samples
during the experiment were determined with the application of model (LI-COR, Inc., USA).
The leaf chlorophyll index was determined once a week over the season in five leaves per plant,
in each plot, using a chlorophyll meter (ClorofiLOG, CFL1030, FALKER). Dry weight of the
plant was performed at the end of the culture cycle in five plants per plot, randomly selected.
The samples were determined separately (root and vegetative top). The plant samples were
dried at 65 °C until constant weight was obtained.

The main tasks of agricultural management were: weeding, weed control, insecticide
and fungicide application and fertigation was according to the nutritional needs of the crop and
chemical analysis of the soil. Fertigation was performed with irrigation (daily) at an irrigation
rate of 40 t ha*. All plants received 368 kg ha* of a complete fertilizer (13N-14P-05-13K20),
290 kg h't of ammonium nitrate (36% N) and 396 kg ha® of potassium nitrate (35% K20). The
statistical analysis was performed using the SPSS software package (SPSS V17.0). Significant
differences between means for different treatments were compared using Tukey test at P<0.05.

Data from all years were pooled if no treatment interactions were found.

5.4  RESULTS AND DISCUSSION

The absolute growth rate of the plant height and diameter of stem for each treatment are
shown in (Table 3). There was no significant interaction effect between treatments in open field
and under shade mesh. On the other hand, the treatments under shade mesh showed higher
growth rate. The stem diameter in open field and under shade mesh (P<0.05), the treatments
lo.zsand l1.0 showed the highest growth rate in open field and under shade mesh lo.2s and lo.so.
The treatments with lower growth rate were without irrigation.

The absolute growth rate of plant height and stem diameter during the crop cycle, for
each treatment is shown in Figure 2. The height of the bell pepper plant showed a sigmoidal
growth curve with a rapid vegetative growth from the transplanting until 65 days after
transplantation (DAT). The maximum rate was of 1.1 cm day*on open field in lo.7s and under
shade was 70 DAT, with a maximum of 1.32 cm dayin loso, according to the results of
polynomial regression curve. Valles et al. (2009), found out that pepper plants showed a
sigmoidal growth curve in where a rapid vegetative growth from the transplanting until 47
DAT, moment from which the growth rhythm decreased toward 62 DAT. This change point in
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growth rate corresponded with the formation of reproductive structures, which confirmed the

undetermined growth of pepper plant.

Table 3. Average of the absolute growth rate of the plant height and stem diameter of the bell
pepper in open field and under shade mesh.

Open field Shade mesh
Treat. Plant height Stem diameter Plant height Stem diameter
(cm day™?) (mm day™?) (cm day™?) (mm day™?)
lo 0.75 0.12° 0.97 0.11b
lo.2s 0.79 0.13%® 1.01 0.13%
los0 0.85 0.13%® 1.00 0.13%
lo7s 0.85 0.152 0.91 0.11%
l1o 0.81 0.14% 1.01 0.122

Significance ns ns
Treat: Treatments, Letters indicate significant differences at "P<0.05 and **P<0.01.

The stem diameter showed rapid growth until 40 DAT in lo.7s and 43 DAT in losso on
open field and under shade, respectively. Under shade the growth rate is slower compared to
open field conditions. Generally, in open field plots, lower plant height and higher stem
diameter was observed. These results are similar to Diaz-Pérez (2013), that studied shade net
levels in bell pepper, reporting that the stem diameter and the plant height were increased with
increasing levels of shade. Stems under shade were thinner and presumably less lignified than
those in higher light conditions. Also, Ayala et al. (2015), studying different shade mesh colors
in bell pepper, reported that shading provide an increase in plant height.This effect occurs
significantly with black mesh, beige, red and green, where the plants grew from 23.1 to 33.0%
more than those grown in the open field. Similarly, Marquez et al. (2014), studied different
shade mesh colors (30% shade) in the cultivation of cherry tomato andthey recorded an increase
in final plant height in all treatments compared to open field. The increase in plant height is a
response of the reduced light. In this regard, Rylski and Spigelman (1986), studied the effect of
different levels of shading (0, 12, 26 and 47% shading) in the development of sweet pepper
plants cultivar ‘Maor', reported that plant height increased as light intensity decreased (29.9,
30.3, 35.9 and 40.2 cm), respectively. The increase in plant height of shaded plants was a result
of both internode elongation and node number, the apical growth was strongest under the lowest
radiation.

The average of leaf area index and number of leaves per plant at 90 DAT, is shown in
(Table 4). Treatments in open field and under shade mesh had significant interaction effect on
the leaf area index and number of leaves per plant. In all plots under shade it could be seen a

greater leaf area index and number of leaves per plant. It the open-field plots, losoand lo.7s, had
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a greater development during the crop cycle and under shade, 1.0 and lo.7s (Figure 3). In lo and
I1.0 open field plots, a less leaf area index was observed and under shade, lo and lo.2s. The leaf
area index of loso was similar in both environments. It could be infer that the leaf area index
was affected by the deficit and excess water. Generally, excess damp have an adverse effect on
treatment with 50% shading, possibly optimal humidity is 50% of ET. Yildirim et al. (2012),
observed that the plant development parameters of the bell peppers, such as plant weight,

canopy and stem diameter, and LAI, decreased according to the amount of water applied from

367 to 164 mm.
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Figure 2. The absolute growth rates of the plant height and stem diameter of bell pepper in
open field (a, ¢) and under shade mesh (b, d).

Good plant development in terms of whole plant weight, leaf area and LAl were
observed in the full irrigation treatment, and those parameters were, 340 g plant?, 4012.9 cm?
and 1.22. Excess water application did not increase the quality and development parameters of

the peppers. Rylski and Spigelman (1986), reported leaf size increased as light intensity
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decreased. In shaded environment, leaves were bigger, total leaf area measured between the
first and the fourth flower node was about 60% greater than that on plants grown in full light.
These results are similar with studies showing that pepper under shade has large internodes,
larger leaves, greater leaf area, and thinner leaves (Kittas et al., 2008; Ayala et al., 2011; Diaz-
Pérez, 2013).

Table 4. Average leaf area index and number of leaves per plant at 90 days after transplanting
of the bell pepper in open field and under shade mesh.

Open field Shade mesh
Treat. L eaf area index leaves per plant L eaf area index leaves per plant
(number) (humber)
lo 0.438 1198 0.95%A 1878A
lozs 0.60¢°cB 1318 0.95%A 215PA
loso 1.01%4 20434 1.13% 209384
lo7s 0.73% 144208 1.5184 269%A
l1o 0.45¢8 12108 1.48%4 31684
Significance * * * *

Treat: Treatments, Letters indicate significant differences at "P<0.05 and ™P<0.01
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Figure 3. Leaf area index of the bell pepper in open field (a) and under shade mesh (b).

Chlorophyll index was higher in open plots in all measurements and irrigation shows no
significant effect (Figure 4). However, in open field plots, it was observed a significant effect
(P<0.05) at 60 DAT, being lo the lowest. On the other hand, significant interaction between
treatments in open field and under shade mesh was observed in 90 and 105 DAT. Diaz-Pérez
(2013), studying shade levels in bell pepper, reported that chlorophyll index decreases as
shading levels increase. Also they noted that a possible cause of inaccuracy under shade is
related to the increased thickness of the leaf. Xiao et al. (2012), studying the effect of low light

on the characteristics of photosynthesis and chlorophyll as fluorescence during leaf area
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development of sweet pepper, reported that under low light chlorophyll content, net
photosynthetic rate, photosynthetic apparent quantum efficiency and carboxylation efficiency
of sweet pepper leaves increased gradually and decreased after reaching the maximum levels
on 21st day under optimal light and the 42nd day under low light. Ferreyra et al. (1985), study
chlorophyll content in pepper with different soil moistures, reported that with increasing soil

moisture, apparently chlorophyll content decreases.
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Figure 4. Chlorophyll content (index), Chlorophyll a, Chlorophyll b and Chlorophyll total of
the bell pepper in open field (a) and under shade mesh (b).

The average stem weight, root and part vegetative top, is shown in (Table 5). The
treatments in open field and under shade showed significant effect interaction on stem weight,
root and part vegetative top (P<0.05). The treatments lo.7sand l1.0 showed greater weight on part
vegetative top in open field and under shade on losoand l1.0. This result correlates with the leaf
area index. Possibly open field plants are more lignified. Root development was higher in the
treatments lo.7sand l1.0in open field and under shade mesh on losoand lo.7s. This is due to excess
moisture under shade, affecting soil aeration and consequently affecting root growth. In open
field plots, weight of root and stem represent 21.9% and the aerial part of the plant 78.1%. The
plant dry matter was 32.4 and 29.1%, in open field and under shade mesh, respectively.

The higher moisture content in soil was determined under shade mesh. Root
development was mainly on 0 to 30 cm depth. Under shade, plants grew vigorously, leading to
increased water consumption. On open field conditions, water consumption was lower, which
contributed to low plant height and leaf area. Ferreyra et al. (1985), studied the effect of
excessive use of water in pepper, reported that the total amount of root decreased markedly with

excessive water application. Padron et al. (2015b), studied irrigation levels in bell pepper, and
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reported that a decrease in irrigation water of 60% ET, roots grown deeper and the adventitious
roots are thicker. On 100% of ET, it has the highest vegetative growth. Nilsen and Orcutt
(1996), reported that plants, as a strategy to increase water absorption capacity, increases the
root surface, decreasing hydraulic resistance. This is common in plants known as wasteful
water. Tambussi (2004), studying water saving plants, adopted as reverse strategy, minimizing
water loss through various pathways, as: stomata closing and reducing perspiration coticule,
within this same line conservative procedure. It could be included plants that produce less

biomass to suffer water stress and increasing the relative proportion of the radicular mass.

Table 5. Average of dry mass of stem, root and vegetative top of the bell pepper in open field
and under shade mesh.

Treat Open field (g plant?) Shade mesh (g plant?)

' Vegetative top Root and stem Total Vegetative top Root and stem Total
lo 117.7¢8 38,78 156.3 157.8% 4468 202.4
lo.2s 141.3% 39.8%A 181.1 150.5%4 35.1% 185.6
loso 145.1¢8 34.3% 179.4 228.42A 61.7%A 290.1
lo.7s 206.7%A 55.40A 262.0 164.2¢8 45.6°A 209.7
l1o 201.7°A 58.6%A 260.3 179.9%8 41.9% 221.8
Sig. * * - * * -

Treat: Treatments, Letters indicate significant differences at "P<0.05 and ""P<0.01. Sig: Significance.

55 CONCLUSIONS

The determination of irrigation optimum levels provides vegetative and sustainable
production characteristics. The cultivation of bell pepper with daily irrigation interval in a
condition of 50% shading is recommended with the application of 0.50 of ETc and in open field
0.75 of ETc. These levels are not affected by the vegetative parameters of the crop.
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6 ARTIGO 3 — ECONOMIC ANALYSIS IN BELL PEPPER CROP ON OPEN
FIELD PRODUCTION SYSTEM AND UNDER IRRIGATION DEPTHS?®

Richard Alberto Rodriguez Padron, Alexandre Swarowsky, Alfredo Schons, Pancracio
Cénepa, Pablo Gamazo

6.1 ABSTRACT

In agriculture, the search for higher net profit is the main challenge in the economy of
the producer. This study aims at the economic analysis in the bell pepper crop on open field
production system and under different irrigation depth. Irrigation treatments consisted in 0.25,
0.50, 0.75 and 1.0 (rate of crop evapotranspiration) and the control (no-irrigation). Two trials
were conducted in the 2013-2014 and 2014-2015 season from September to March. The
determination of the costs of crop production was based on the methodology of the total cost
and gross operating revenues calculated based at the producer level. The lowest yield was
obtained with the open field treatment and the highest with irrigation rate of 0.75 of
evapotranspiration, with internal rate of return of 0.29 and 0.84 respectively. The net profit for
rainfed agriculture for a simulated 10 years of study, projections oscillate between R$ 6,000-
13,000, and with irrigation rate of 0.75 between R$ 38,000-48,000. The investment of the
irrigation system is justified, as a supplementary tool for production, necessary for profitability
in the crop. The cultivation is economically profitable and has a fast return of investment.

Key words: Capsicum annuum, financial indicators, profitability, rainfed, drip irrigation.

Analise econémica no cultivo do pimentéo cultivado em campo aberto e sub laminas de

irrigacao
6.2 RESUMO
Na agricultura, a busca do lucro liquido mais elevado e minimizar os custos de producéo

é o principal desafio da economia do produtor. O estudo teve como objetivo realizar a analise

econdmica no cultivo do pimentdo cultivado em campo aberto e comparar agricultura de

3Artigo publicado no 20 de maio de 2016, na revista Acta lguazu, volumem 5, niimero 1, paginas 11-21.
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sequeiro com diferentes laminas de irrigacdo. Os tratamentos de irrigacao consistiam em 0,25,
0,50, 0,75 e 1,0 da taxa de evapotranspiracdo da cultura e m tratamento controle (sem irrigacao).
Dois experimentos foram realizados na temporada de setembro a marco 2013-2014 e 2014-
2015. A determinagéo dos custos de producgéo do cultivo, foi baseado na metodologia do custo
operacional total e os ingressos brutos foram calculados com base no nivel do produtor. A
menor rentabilidade foi obtida com o tratamento sem irrigacdo e a mais alta com taxa de
irrigacdo de 0,75 da evapotranspiracdo, com taxa interna de retorno de 0,29 e 0,84,
respectivamente. O lucro liquido sem irrigacdo para 10 anos de estudo, oscilam entre R$ 6.000-
13.000, e com taxa de irrigacao de 0,75 entre R$ 38.000-48.000. Justifica-se o investimento no
sistema de irrigacdo, como ferramenta de producao suplementar, necessaria para a rentabilidade

na cultura. O cultivo é economicamente rentavel e rapido retorno do investimento.

Palavras-chave: Capsicum annuum, indicadores financeiros, rentabilidade, sequeiro, irrigacao

por gotejamento.

6.3 INTRODUCTION

The production of bell pepper (Capsicum annuum L.) is a significant activity for the
Brazilian agricultural sector, the area cultivated is about 13 thousands hectares annually,
approximately 290 thousands of tons of fresh fruit, generally grown on open field, especially
during the dry season and irrigation is a fundamental practice to meet the water demand of
plants (Marouelli and Silva, 2012). From the economic point of view, it is among the top ten
vegetables in the domestic market, being a crop that due to the short period for the start of
production provides a rapid return on investment, which is widely exploited by small and
medium producers (Marcussi and Boas, 2003).

Bell pepper production, permanently faces a series of risks such as: constant variation
in prices paid to producers, poor performance due to the heterogeneity of management practices
applied, commercial competition produced on open field that generate a permanent imbalance
in the productive chain, as well as uncertainties about the real profitability. In addition, it is
essential to understand the cost of water, which in the future, will demand that this resource is
applied with economic efficiency and effectiveness. According to Roas (2001), the water in its
natural conditions has an economic value. Its value derived from direct use (irrigation, industry,
recreation, etc.), indirect use value (habitat, contaminants debugger, etc.), non-use value of

existence and legacy (scenic beauties, cultural sites, historical sites) and option value
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(biodiversity habitat, potential use and non-use). The cost of water is composed of capital costs,
operation, maintenance, reliability of supply, and the opportunity cost of externalities imposed
on society by their use. Also, Harou et al. (2009), say that a key to efficient water allocation
concept is that the economic value of water and costs vary according to the amount used. In
addition, factors such as location, water use (agricultural, industrial and residential
consumption), availability of resources (abundance or shortage), also affect the economic value.
Moreover, Booker et al. (2012), state that the use of water by farmers, including irrigated
agricultural production and various industrial uses are among the largest in the world. Irrigation
in the agriculture processes are one of the most significant factors in water use being even more
important in countries with arid and semi-arid regions. Therefore, determining the economic
value of water to users is an important tool to support the management of water resources in
making decisions about public policies that lead to efficiency in water use and minimize
shortage.

The estimation of production profit from the combination of available resources has
been the subject of several studies. Frizzone (1993), says that among the factors of production,
water and nutrients limit performance more frequently; therefore, control of irrigation and soil
fertility are essential criteria for the success of agriculture. Moreover, Paz et al. (2002), is in
arid or semi-arid regions where water is scarce and in humid regions, optimization of production
depends on the rational use of water resources. Carvalho et al. (2011), state that the management
of irrigation system should provide appropriate measures to improve the development and
productivity of crop conditions. Therefore, an irrigation project should allow maximizing the
efficiency of water use, rational management and minimize costs, investment and operation, so
that the activity is economically viable and sustainable.

The use of production functions allows project useful solutions in optimizing the
efficient use of water for irrigation and forecasting yields in agriculture (Frizzone, 1987). To
determine the economic benefits of irrigation, it is necessary to know the quantity expected in
production, according to the depths of water applied (Bernardo, 2006). Graphical or
mathematical function of this relationship is called production function (water-culture).
According, to Reis et al. (1999), the production function is a technical relationship between a
possible specific set of factors included in the production process and the product obtained with
the technology used and the analysis of production costs is crucial to determine the efficiency
of economic profitability study of the resources used.

Through economic and financial analysis, one can identify strengths and weaknesses in

terms of technical and economic performance, allowing decision-making actions of direct
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investment at any time and in this way constituting a better management of the use of available
resources. Due to the above, this study aims to the development of economic analysis of the
bell pepper crop, cultivated on open field production system and under different irrigation

depth, compared to rainfed agriculture.

6.4 MATERIAL AND METHODS

The study was conducted in the experimental area of the Polytechnic School of the
Federal University of Santa Maria, located at an altitude of 110 meters and geographically at
coordinates 29° 41' 25" S, 53° 48' 42" W, for the spring-summer seasons of 2013-2014 and
2014-2015. The soil is classified as loam, types of Ultisols (Streck et al. 2008), and described
in the physical-hydric characteristics by (Padrén et al., 2015a). The climate of the region is
humid subtropical (Cfa) according to the classification of Koppen.

The experimental was in a randomized complete block design with four replications.
The irrigation treatments were 0.25, 0.50, 0.75 and 1.0 of crop evapotranspiration and a control
treatment without irrigation. There were established 20 experimental plots, each one with 5.0
m long and 4 m wide (20 m?), for a total area of 400 m?, not including the edge plants. The
variety of bell pepper was Arcade, widely used in the region. The seedlings are transplanted on
field with two months of age, with a separation of 1.0 m between rows and 0.4 m between plants
(plant density of 2.5 plants m2), on November 16, 2013 and November 23, 2014.

It was used a localized irrigation system (drip), by installing a lateral row, the emitters
with a spacing of 0.2 m and flow rate of 0.8 L h™1. In each experimental plot size, were installed:
a ball valve to regulate the irrigation time and pressure control valves for uniformity. The
irrigation strategy were: during the first 20 days after transplantation were applied 100% of crop
evapotranspiration to all irrigated treatments to ensure the establishment of plants. The
irrigation depth was applied from 20 days to 119 days after transplantation and the frequency
of daily irrigation was established. The evaporation of reference crops is calculated based on
the method of Penman-Monteith/FAO. The crop evapotranspiration was calculated with the
method of crop coefficients for each phenological stage (kcini= 0.6; kcmia= 1.15; KCena= 0.8)
(Allen et al., 2006). The meteorological data were obtained from the automatic weather station
located 1.0 km from the experimental area, on a daily basis; weather station recorded maximum
and minimum temperature; relative humidity of air maximum and minimum; wind speed;

insolation and rainfall.



65

The crop was harvest weekly for two months (from 60 days to 120 days after
transplantation) in the years of study. The yield was determined in 20 plants per experimental
plot size, located in the middle row. The methodology used in the production cost structure and
total operating cost of production, was proposed by (Matsunaga et al., 1976; Rezende et al.,
2009). This structure takes into account the actual disbursements made by the producer during
the production cycle covering the costs of labor, repairs and maintenance of machinery,
implements and specific inputs, machinery operations and the amount of depreciation
machinery, instruments and specific improvements used in the production process.

To obtain the function of net profit margin is used the regression analysis between the
dependent variables (net profit) and the independent variable (depth of irrigation applied),

adjusted by the quadratic equation (Equation 1) as follows.

y=a+bx+cx? (1)

where: y= net profit (R$); x= depths of water applied (mm); a, b, c= equation parameters. Also,
is calculated the point of maximum economic efficiency of irrigation water to maximize net

profit (Equation 2) as follows.

—-b
Xmax = 5= )

2c¢c
The profit of production is determined from the difference in value of commercial yield,
irrigation water costs and fixed costs of production system, in this item is included in the cost

of the irrigation system (Equation 3) as follows.

Lx)=P,y—Px—c (3)

where: L(x)= profit (R$ h™%); P(y)= price of the product (R$ kgl); y=yield (kg ha*), P(x)= price
of irrigation water (R$ mm); x= total depths water applied (mm), c= cost of fixed factors (R$
hat).

To determine the maximum profit was calculated the first order derivative (Equation 3),
with respect to (x) was calculated and the equation obtained is equalized in relation to the price
of water (Px) and production (Py). In this way, the optimum depths that maximizes profit

(Equation 4) as follows.
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Py—Py b
2 Py c

(4)

Xopt =

The average price of production was obtained at the producer level, referring to periods
of crops, stipulating R$ 2.0 kg™. The cost of water for irrigation was obtained according to the
company of Technical Assistance and Rural Extension (EMATER-RS), the value of water in
the central region of Rio Grande do Sul, is considered as follows; (a) to supply water for
irrigation to the agricultural property by gravity, it is charged around 8-10% of the yield per
hectare; (b) to supply irrigation water to the agricultural property, requires pumping system, it
is charged around 14% of the yield per hectare. The variable costs were obtained considering:
workmanship of the irrigation system, fertigation, application of fungicides and insecticides
and agronomic crop management. Fixed costs include: cost drip irrigation system, staking,
reinforced concrete pole, poles, wire 12 and 20. The input prices were collected from both
agricultural harvests and the dollar for calculations was established at a rate of R$ 3.5.

The analysis was performed from the economic and commercial point of view in the
different irrigation depths. To set the project's profitability, it was determined: the net present
value (NPV), internal rate of return (IRR), the cost-benefit ratio (B/C) calculated for 10 years
of analysis and assuming annual interest rate of 10%.

6.5 RESULTS AND DISCUSSION

Evapotranspiration and effective rainfall in the 2013-2014 season were 560.0 mm and
345.1 mm respectively, for the 2014-2015 season were 500.7 mm and 543.8 mm respectively,
showing a difference of 60.7 mm and 198.7 mm, respectively. The maximum interval between
rainfalls in the 2013-2014 season was 13 days and in the 2014-2015 season was 11 days.
Furthermore, in both seasons the minimum interval was 1 day, with 9 and 8 frequencies,
respectively.

Investment costs for the production of bell pepper in rainfed and under irrigation, are
shown in (Table 1). Overall, comparing the variables that influence production, excluding the
value of land, inputs represent 47%-54%, services 29%-23% and harvesting 24%-23% of total
cost in rainfed and under irrigation, respectively. The supplies represent the largest percentage
of investment, in both cases, requiring greater investment in staking and irrigation system, with
53%-39%, respectively. This is also, affected by devaluation, availability and scarcity of

products, among others. The costs in the work of harvesting are next to services; the
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concentrated harvest requires more labor in a short time and the highest cost services is the
work of staking. Rainfed plots showed higher percentage of investment in the work of services
and irrigation plots on inputs because it is included the cost and management of the irrigation
system. Fixed costs represent 35%-44% and variable costs 65%-56% in rainfed and irrigation,
respectively. Variable costs are affected by the change in the value of inputs and fixed costs are
affected by depreciation, lack of maintenance and/or deterioration, and therefore the
replacement of the equipment. McCoy et al. (2013), conducted economic analysis of the bell
pepper crop under shade net, reported that variable costs represented 75% of total costs and
fixed costs are responsible for the remaining 25%, also, conclude that in general, the economic
sustainability of netting under cultivation shadow seems profitable and it is more attractive to
producers with adverse climate risk. Also, Sreedhara et al. (2013), reports that among the tools
for implementation, the cost of network structure shading was the main cost item, accounting
for 66.4%, the value of land 20.3%, the structure of irrigation 6.2%, the electrical structure 5.4%

and soil preparation 1.7%.

Table 1. Investment costs for one hectare of bell pepper cultivated on open field in rainfed and
under irrigation.

Variable Rainfed Under irrigation
R$ hat US$ ha* R$ ha' US$ ha't
Supplies 14,230.0 4,065.7 25,350.0 7,242.9
Services 8,898.0 2,542.3 10,698.0 3,056.6
Harvest 7,350.0 2,100.0 10,950.0 3,128.6
Cost total 30,478.0 8,708.0 46,998.0 13,428.0
Fixed costs 10,530.0 3,008.6 20,530.0 5,865.7
Variable costs 19,948.0 7,048.0 26,468.0 7,562.3

The yield, average irrigation depths, gross profit and net profit, are shown in (Table 2).
The irrigation rate that maximizes yield in bell pepper crop is 69.4% of evapotranspiration and
technical efficiency maximum of yield of 33,534.2 kg ha* with irrigation depths of 239.2 mm
(Padrén et al., 2015b). From these results, the net profit is determined by selecting irrigation
rates, showing higher yield (69.4% and 75% of evapotranspiration), not including the value of
water, obtaining R$ 40,600.4 and R$ 43,732.0 respectively. The difference in net profit between
irrigation rates is R$ 3,131.6 and the average depth of irrigation of 43 mm. The minimum profit
was obtained without irrigation with R$ 11,852.0, including the value of water to the difference
of the average depths it was obtained R$ 1,064.7 and R $ 1,862.9, when the irrigation water is
supplied properly by using gravity and pumping system, respectively. Determining the

maximum technical efficiency of irrigation on crops, savings obtained in irrigation water
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consumption, increased yield and net profits. Rezende et al. (2005), obtained similar results,
reporting net profit of R$ 48,847.98, in intercropping bell pepper and lettuce, where yield of
these items individually was 61% and 72% lower, respectively. In addition, it was reported on
monoculture of bell pepper a net profit of R$ 19,060.34. As well as Rezende et al. (2009),
reported net profit associated to bell pepper and lettuce of R$ 44,138.34. In order to maximize

productivity and net profit, the producer need to improve crop management practices.

Table 2. Yield, average irrigation depth, gross profit and net profit in bell pepper cultivated on
open field by each crop cycle.

Irrigation rate Irrigation depth Yield? Gross profit Net profit
(ETc) applied (mm) (kg ha't) R$ uUs$ R$ US$
0 - 15,900.0 31,800.0 9,086.0 11,852.0 3,386.3
0.25 85.4 24,460.0 48,920.0 13,977.0 22,452.0 6,414.9
0.50 170.8 32,370.0 64,740.0 18,497.0 38,272.0 10,934.9
0.75 256.2 35,100.0 70,200.0 20,057.0 43,732.0 12,494.9
1.00 341.7 28,130.0 56,260.0 16,074.0 29,792.0 8,512.0

@Font: (Padron et al., 2015b).

The estimation of the economic value of irrigation water, are shown in (Table 3).
According to the methodology established for the value of water, when lower irrigation depths
are applied and lower yield is obtained, greater are the value of water, regardless of the water
supply system for this study. Carvalho et al. (1996), calculated the value of water depth (R$
mm-1), obtained from the average of the experimental data, considering the value of the energy
for irrigation, calculating the value of the unitary water depths applied at R$ 1.10 per mm-1.
Also, the component costs of irrigation water will be used by employees (Melo, 1993 cited by
Carvalho, 1995), reporting the costs of pumping of 1.0 mm of water depth: demand at 1.14%,

energy at 46.2%, labor at 31.48% and maintenance and repairs at 21.77%.

Table 3. The estimating the economic value in different irrigation depth.

Irrigation rate Pumping system Gravity system
(ETc) R$ mm* R$ mm?
0.25 80.18 45.82
0.50 53.06 30.32
0.75 38.35 21.92
1.00 23.05 13.17

The net profit including the value of proper irrigation water supply by using gravity and

pumping system, are shown in (Figure 1). The maximum economic efficiency, with gravity
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system showing net profit of R$ 37,548.3, and the pumping system showing a net profit of R$
33,375.7, with a difference of R$ 4,172.7, excluding the cost of fuel and electricity. The
methodology established in the region, regarding the value of water, is an alternative without
impairing the profit of the producer. Other methodologies could also, be tested, as volumetric
meter installed in each property, flat rate per hectare or per year fixed rate, among others. In
this sense, Roas (2001) mentions different methods to measure the value of water, describing
the techniques for resource valuation as intermediate good, highlighting the residual method
divided into derivation of the residual value and change in net income; and the alternative cost
method. Valuation techniques add water as a commodity, both private and public. On the other
hand, it's up to the managers of this income to provide investment to the preservation and
conservation of water resources. Also, as an alternative, it is being used in family farming, the

use of rainwater as the main source, contributing to income and agricultural profitability.
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Figure 1. The net profit in bell pepper, when irrigation water is supplied properly by gravity
(@) and using pumping system (b) according to irrigation rate.

The financial indicators of bell pepper cultivated on open field and different irrigation
depths, are shown in (Table 4). All under irrigation treatments showed net profit and internal
rate of return with positive value. The lower economic return was showed by the treatment
without irrigation and the greater economic return was showed by the treatment rate of 0.75 of
evapotranspiration. With this perspective, it can be estimated that with an investment of R$
46,998.0, the investment can be recovered in two years under irrigation and under rainfed, in
three years, with one crop cycle per year. According to the results of the net present value, the
investment would produce earnings above the expected return and the project is profitable.
Rezende et al. (2005), reported the internal rate of return of 4.78 in bell pepper monoculture.
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When associated with lettuce crop, the rate went to 8.2. On the other hand, Ayoola (2014),
compared the economic performance of tomato, under irrigation and rain fed systems, with the
aim of assessing the determinants of its profitability. The economic efficiencies were 1.380 and
0.986 for irrigated and rain-fed systems respectively and the conclusion was that tomato is more
profitable and economically efficient under irrigation. Adewumi et al. (2005), state that tomato
farming under small-scale irrigation systems is profitable, with a rate of return to investment
greater than 1. Also, Gani and Omonona (2009), confirmed greater profitability and economic

efficiency for maize production under irrigation system relative to rain-fed system.

Table 4. Financial indicators calculated for 10 years in bell pepper, cultivated on open field and
different irrigation depths.

Irrigation rate

(ET0) NPV IRR Benefit (R$) Cost (R$) Relation (B/C)
0 31,793,10 0.29 348,201.13 273,692.9 1.27

0.25 72,438.69 0.38 535,660.35 1.40

0.50 177,251.11 0.72 708,884.94 1.85

0.75 213,425.30 0.84 768,670.41 383,295.5 2.01

1.00 121,068.47 0.54 616,031.30 1.61

IRR: internal rate of return; NPV: current net value; B/C: benefit/cost relation.

The net profit projected in rainfed system with 10 years of simulated study range from
R$ 6.000-13.000, and irrigation rate of 0.75 between R$ 38.000-48.000. The difference in net
profit between these two hypotheses for 10 years of production represents 45%. In agriculture,
the search for the greatest net profit, lower production costs is the main challenge in the
economy of the producer. In this regard, it is important to know the risk involved in the
acquisition of technology. In irrigated agriculture, it requires investments, primarily in the
design, construction, equipment, transportation, control and distribution of water, including
energy costs, labor to operate the system, representing additional significant costs. However,
investment returns to producer with the product quality and higher yield.

The charge for the use of the water was the factor that most influenced in the annual net
return with increase of 12.5% of the net cost. This study sample the average values of cost-
benefit for irrigation rate of 0.5 and 0.75 were higher than 2.00, indicating economic viability.
The use of the irrigation system for the region under study is indicated due to the economic
viability and the decrease economic risks lower than the use of rainfed system, considering the

appropriate management for drip irrigation.
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6.6 CONCLUSIONS

The bell pepper crop on open field conditions is economically profitable and has a fast
return of investment. Despite the frequent rainfall in the area, the investment is justified from
an economic point of view in the drip irrigation system, as a supplementary tool production
necessary, to get a cost-effective yield, with management strategy as the frequency of daily
irrigation and irrigation rate between 65%-75% of evapotranspiration, optimizing the efficient
water use. The producer, to improve crop management practices, achieve higher productivity
and maximize the return of profit to the extent possible, may amend the net profits.
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7 DISCUSSAO

Nos Gltimos anos esta crescendo substancialmente o nimero de produtores que deixam
para tréas a agricultura intensiva tradicional em favor de novas formas de agricultura e produtos
com maior valor agregado. As culturas protegidas tém sido fundamentais nesse
desenvolvimento. Também, o uso eficiente da agua de irrigagdo é a chave para a
sustentabilidade e rentabilidade da cultura. O manejo adequado e a qualidade da agua de
irrigacdo sdo de fundamental importancia para a obtencdo de alta produtividade, qualidade,
reducdo de custos e ao uso racional da agua.

O cultivo do pimentdo apresentou maior rendimento cultivado em campo aberto em
comparagdo com 50% de sombreamento. Em comparagdo com as variaveis avaliadas, com 50%
de sombreamento resultou em valores menores de: taxa de crescimento do diametro do caule;
indice de clorofila e nimero de frutos por planta. Por outro lado, resultou em valores maiores
de: taxa de crescimento da altura da planta; indice de area foliar; nimero de folhas por planta e
matéria seca total em plantas, porém apresentaram frutos com maior comprimento e diametro
em comparagdo com os obtidos em campo aberto. O sombreamento de 50% estimulou o
crescimento da planta, porém com menor didmetro do caule, em resposta natural a diminuigao
da luz do sol. Em relacdo ao rendimento (nimero de frutos/ha) foi menor, a planta gastou mais
energia com o crescimento e formacdo da area foliar do que a producdo de frutos. Além disso,
os frutos foram em menor quantidade, porém maior qualidade, observando-se que o
amadurecimento dos frutos nestas condi¢cfes foi mais lento e os frutos apresentaram paredes
mais grosas. Pelos resultados de clorofila a e clorofila b, nota-se redugdo nas condigdes de
sombreamento, com menor taxa de fotossinteses liquida do que as plantas em campo aberto.
Também, a fotossintese esta ligada a respiracdo, fato que as planta em sombras mostram baixa
taxa de respiracdo, tornando-as com custo baixo de funcionamento, diminuindo o consumo de
agua de irrigacdo. Além disso, o contetdo de clorofila nas folhas é um indicador do nivel de
estresse e estado nutricional da planta na agricultura de precisdo. Também se observa que 0
sistema foliar sob sombreamento apresentou folhas maiores e delgadas, em comparagdo com as
folhas em campo aberto. O solo, quando sob sombreamento resultou em maior retengdo da
umidade, interferindo em alguns processos fisioldgicos da planta, atenuando a trocas de
temperaturas e o crescimento de tecido vegetal.

O cultivo de pimentdo em campo aberto resultou em pardmetros morfolégicos com
valores menores de: taxa de crescimento da planta; indice de area foliar; nimero de folhas por

planta; matéria seca total em plantas; comprimento e diametro de frutos. Por outro lado, resultou



75

em valores maiores de diametro do caule e indice de clorofila. Quanto aos parametros de fruto
resultaram em maior numero de frutos por planta, com frutos de menor comprimento e diametro
em comparacdo com o0s obtidos sob sombra. Em todos os tratamentos em campo aberto, o
amadurecimento do fruto foi mais rapido em comparagdo ao tratamento com sombreamento.
Nos tratamentos em campo aberto, 0 amadurecimento dos frutos foi mais precoce nas menores
laminas de agua de irrigacdo aplicada, assim pode-se inferir que o déficit hidrico acelera o
amadurecimento dos frutos de pimentdo em campo aberto. As ldaminas de maxima eficiéncia
técnica do rendimento cultivado em campo aberto e com 50% de sombreamento foram de 69,4
e 54,5% da ETc, respectivamente. O rendimento em campo aberto e com 50% de sombreamento
foi significativamente maior com 75% e 50% da ETc, respectivamente. Com 50% de sombra
ocorreu aproximadamente economia de 25% agua de irrigacdo. O uso eficiente da dgua de
irrigacdo decresceu com o aumento da lamina de irrigacdo, obtendo em campo aberto e com
sombra, 30 kg m e 20 kg m, respectivamente. Os coeficientes de cultura foram kcini= 0,71,
Kcmed= 1,17 e kcrin= 0,92, desenvolvidos para a regido com clima subtropical imido e esses
valores foram maiores aos recomendados pela FAO-56. O coeficiente de cultura na fase inicial
e de crescimento foi afetado pelas chuvas e a frequéncia de irrigagéo.

O sombrites é alternativa para a producdo horticola, minimizando os efeitos da
variabilidade ambiental, em verdes com altas temperaturas, mitigando os niveis de radiacéo
solar e assegurando maior controle dos fatores externos, chuva, vento, granizo e geadas. Em
alguns casos, dependendo da porcentagem de sombreamento e dependendo da cor da tela,
poderd melhorar o desenvolvimento dos cultivos, permitindo a produgdo agricola durante todo
0 ano, com produtos de melhor qualidade e melhor preco de mercado, permitindo o uso racional
de &gua de irrigacdo, aproveitando a estrutura para o tutoramento, como consequéncia,
economia de tempo e dinheiro, possibilitando assim maior retorno financeiro. Além disso, a
combinagdo dos cultivos sob tela de sombreamento e em campo aberto nos meses frios e
durante o verdo, sera possivel ter duas safras agricolas ao ano. Porém, o uso de telas podera
apresentar o inconveniente de reduzir o fluxo de luz a niveis inadequados, promovendo

prolongamento do ciclo, estiolamento das plantas e redugéo da produtividade.
8 CONCLUSAO
A determinacgdo das laminas 6timas de irrigacdo fornecem caracteristicas vegetativas e

rendimentos economicamente rentaveis. O manejo da irrigacdo diaria aumentou a eficiéncia do

uso de agua. A maxima eficiéncia técnica foi de 69,4% e 54,5% da evapotranspiragdo, com e
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sem sombra, respectivamente, a manutencdo de 50% de sombra proporcionou economia de
15% da agua de irrigaco. O uso eficiente da agua de irrigacéo foi de 30 kg m= e 20 kg m3,
sem e com sombra, respectivamente. O maior rendimento foi verificado no tratamento sem
sombra, de 35,1 t ha, com reducdo de 41,6% daquele com sombra. Nos tratamentos sem
sombra resultaram valores maiores em: taxa de crescimento do didmetro do caule; indice de
clorofila e numero de frutos por planta e com sombra, valores maiores em: taxa de crescimento
da altura da planta; indice de area foliar; numero de folhas por planta; matéria seca total da
planta e a massa dos frutos. O déficit e 0 excesso de agua afetam a fenologia, o rendimento, o
crescimento da planta e o desenvolvimento da area foliar. Os valores dos coeficientes de cultura
foram kcini= 0,71, kcmea= 1,17 € Kcfinai= 0,92, maiores que os recomendados pela FAO-56. Na
regido, apesar das frequentes e intensas precipitacdes, justifica-se investimento no sistema de

irrigacdo para obter rendimento economicamente rentavel na cultura do piment&o.
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