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RESUMO

A forragem de cactaceas ganha destaque como estratégia de alimentacdo, principalmente no
periodo de estiagem. A produtividade, resisténcia e adaptacdo ao clima e condigdes
desfavoraveis estimulam sua utilizacdo como recurso forrageiro, além de suas caracteristicas
nutricionais, que podem melhorar o desempenho do rebanho. A palma forrageira representa
importante alternativa para a alimentacao animal, por apresentar caracteristicas morfofisioldgicas
de adaptacdo, boa produtividade, além de permitir 0 uso eficiente de dgua. Objetivou-se avaliar
o valor nutritivo da palma forrageira adubada com diferentes doses de nitrogénio. Verificou-se a
composi¢do quimica, as fracBes de compostos nitrogenados e carboidratos, e a degradabilidade
da matéria seca e proteina da palma forrageira no rimen, sob diferentes doses de N (0, 100, 200,
300, 400, 500 e 600 kg/ha/ano), na forma de (NH4)2SO4, a cada 90 dias, durante 12 meses.
Houve efeito significativo na composicdo quimica, com acréscimo linear (P<0,05) no teor de
proteina bruta, fibra em detergente &cido, celulose e lignina, e efeito linear decrescente (P<0,05)
no teor de matéria seca, hemicelulose, carboidratos totais, carboidratos ndo fibrosos, nitrogénio
insolivel em detergente neutro (NIDN) e acido (NIDA). As fracdes proteicas A e B2 foram
influenciadas de forma exponencial (P<0,05) e a fracdo C dos carboidratos aumentou
linearmente (P<0,05). Houve aumento na degradacdo da proteina bruta em funcdo dos
tratamentos. A dose 200 kg de N/ha melhora o valor nutritivo da palma forrageira.

Palavras-chave: Nopalea cochenillifera, composicdo quimica, fracdes de compostos

nitrogenados e carboidratos, degradacao no ramen
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ABSTRACT

The forage of cactus is highlighted as a feeding strategy, especially during the dry season. The
productivity, resistance and adaptation to the climate and unfavorable conditions stimulate its use
as a fodder resource, in addition to its nutritional characteristics, that can improve the
performance of the herd. Forage palm represents an important alternative for animal feed,
because it presents morphophysiological characteristics of adaptation, good productivity, besides
allowing the efficient use of water. The objective was to evaluate the nutritional value of forage
cactus fertilized with different nitrogen doses. It was verified the chemical composition, the
fractions of nitrogen compounds and carbohydrates and the degradability of dry matter and
forage palm protein rumen, with different N doses (0, 100, 200, 300, 400, 500 and 600
kg/ha/year) as (NHs)2 SO4 every 90 days for 12 months. There was a significant effect on the
chemical composition, with linear increase (P<0,05) in crude protein, acid detergent fiber,
cellulose and lignin, and a linear decreasing effect (P<0,05) on dry matter content,
hemicellulose, total carbohydrates, non-fibrous carbohydrates, neutral detergent insoluble
nitrogen (NDIN) and acid (ADIN). The protein fractions A and B2 were influenced
exponentially (P<0,05) and the C fraction of carbohydrates increased linearly (P<0,05). There
was an increase in crude protein degradation as a function of treatments. The dose 200 kg of
N/ha improves the nutritive value of forage cactus.

Key Words: Nopalea cochenillifera, chemical composition, fractions of nitrogen compounds and

carbohydrates, rumen degradation
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1 INTRODUCAO GERAL

A sazonalidade da producdo de forragem na regido Nordeste do Brasil, em decorréncia do
regime pluviométrico, constitui um dos principais determinantes da producdo animal, por
interferir diretamente na alimentacdo, um dos principais fatores do desempenho e eficiéncia
produtiva dos rebanhos.

Nesse cenario, a forragem de cactaceas ganha destaque como estratégia de alimentacao,
principalmente no periodo de estiagem. A produtividade, resisténcia e adaptacdo ao clima e
condicdes desfavoraveis estimulam a utilizacdo desse alimento como recurso forrageiro, além de
suas caracteristicas nutricionais, que podem melhorar o desempenho dos animais.

A palma forrageira representa importante alternativa para a alimentacdo animal, por
apresentar caracteristicas morfofisiologicas de adaptacdo, permitem o uso eficiente de agua e boa
produtividade. Apresenta alta digestibilidade e teor de carboidratos solGveis, no entanto, baixo
teor de proteina e fibra, sendo necessario suplementagdo com ingredientes proteicos e fibrosos
quando do fornecimento aos ruminantes (DUBEUX JUNIOR et al., 2010).

A adubacdo fornece nutrientes que atendem as exigéncias metabdlicas e promovem maior
desenvolvimento da planta, pois tem efeito direto na concentracdo dos nutrientes (COSTA et al.,
2009). A adubacdo nitrogenada, especificamente, além de melhorar a produtividade vegetal pode
proporcionar alteracdes na composicdo quimica da forragem, como, aumento do teor proteico,
reducdo do teor de carboidratos sollveis, além de contribuir para reducdo da fracdo fibrosa
menos degradavel (COSTA et al., 2014).

Para adequar o fornecimento aos animais € importante conhecer as fragdes de compostos
nitrogenados e carboidratos da palma forrageira submetida a adubacéo nitrogenada, assim como
suas respectivas taxas de aproveitamento no ambiente ruminal. A relacdo nitrogénio/energia da
dieta influencia o desempenho do ruminante, pois a sintese microbiana ruminal resulta da
degradacdo da matéria organica e disponibilidade de nitrogénio no ambiente do rdmen
(ROTGER et al., 2006). E essencial que haja equilibrio dessa relacio, para melhor desempenho e
maior produtividade dos animais, bem como, para a sustentabilidade ambiental (BELANCHE et
al., 2012).

Apesar de ser um alimento comum para ruminantes em varias regiées do mundo, os dados
sobre a degradabilidade dos diferentes cultivares de palma forrageira no ramen sao limitados
(BATISTA et al., 2009). A adocdo da técnica de degradabilidade no rimen possibilita estimar
taxas e extensdo de degradacdo dos nutrientes, disponibilizando informacdes relevantes no que

se refere a alimentacdo de ruminantes.
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Objetivou-se com esta pesquisa, conhecer a composicdo quimica, as fracdes de
carboidratos e compostos nitrogenados e degradabilidade in situ da matéria seca (MS) e proteina
bruta (PB) da palma forrageira no rumen em funcao da adubacéao nitrogenada.

Esta Dissertacdo se encontra estruturada em duas partes: a primeira, composta por
Introducédo e Referencial Tedrico, redigidos segundo as Normas Editoriais do Programa de Pds-
Graduacdao em Ciéncia Animal; e, a segunda, corresponde ao Capitulo I, representado pelo
Artigo Cientifico “Ruminal degradability and fractions carbohydrates and nitrogenous
compounds of forage cactus subjected to nitrogen fertilization”, redigido de acordo com as

normas editorias do periddico cientifico “Revista Brasileira de Zootecnia”.
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2 REFERENCIAL TEORICO
2.1 Palma forrageira (Nopalea cochenilifera Salm Dick)

A palma forrageira pertence a divisdo: Embryophyta, subdivisdo: Angiospermea, classe:
Dicotyledoneae, sub-classe: Archiclamideae, ordem: Opuntiales e familia das cactaceas (SILVA;
SANTOS, 2006). Essa familia possui aproximadamente 130 géneros e 1.500 espécies (SHETTY;
RANA; PREETHAM, 2012), sendo as mais utilizadas como forrageiras, pertencentes aos sub-
géneros Opuntia e Nopalea. Originaria do México, foi introduzida no Brasil no final do século
XIX para obtencdo de pigmentos, porém apresentou maior expressdo na alimentacdo animal e
atualmente encontra-se disseminada na América do Sul e Central, Australia, Africa do Sul e em
toda a Regido Mediterranea (LEO et al., 2010).

O Nordeste brasileiro é caracterizado pela predominancia da zona semiarida, com
sazonalidade da producdo de forragem, concentrada em 3 a 4 meses do periodo chuvoso. Nessa
regido, a disponibilidade e qualidade da forragem séo influenciadas por fatores e caracteristicas
inerentes, como, escassez e irregularidades de chuvas, elevado potencial de evapotranspiracéo
anual, além de solos rasos com baixa capacidade de retencdo de umidade (SILVA et al.,2014), o
que representa grande obstaculo para o aumento da produtividade animal.

Nesse cenario, a palma forrageira se destaca, pelo elevado potencial produtivo e uma
importante alternativa alimentar para a producdo de ruminantes (DUBEUX JUNIOR et al.,
2006), devido, principalmente, ao desenvolvimento de adaptacdes fisioldgicas e estruturais para
crescimento em ambientes aridos, onde o estresse hidrico severo dificulta a sobrevivéncia das
plantas. Dentre as adaptacdes, 0 metabolismo acido das crassulaceas (CAM), combinado com
adaptacOes estruturais (suculéncia), permite maior assimilacdo de dioxido de carbono durante o
periodo de seca, quando comparado com outros processos fotossintéticos, com niveis de
produtividade aceitaveis mesmo em periodos de estiagem (NEFZAOUI; LOUHAICHI; BEN
SALEM, 2014).

A suculéncia € uma caracteristica fundamental das plantas CAM, diretamente relacionada a
capacidade de conservar agua, que se manifesta de diversas formas na palma forrageira:
morfologicamente, por seus espessos cladddios, e anatomicamente, por seus grandes vacuolos,
repletos de agua nas células fotossintéticas e pelas diversas camadas de células armazenadoras de
agua. Entretanto, a chave para conservacdo da agua na palma esta no reduzido ndmero de
estdmatos e na abertura estomatica a noite, o que resulta em perda de agua no periodo do dia em

gue a temperatura é amena e a umidade relativa do ar mais elevada (NOBEL, 2001).
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Por possuir metabolismo diferenciado, a palma forrageira é mais eficiente no uso da agua
em comparacdo as plantas C4 e C3 (GUEVARA; SUASSUNA; FELKER, 2009), com perda de
50 a 100 g por grama de CO> obtido, enquanto nas plantas C4 e C3 esta perda é¢ de 250 a 300 g e
400 a 500 g, respectivamente (TAIZ; ZEIGER, 2009), conferindo a palma forrageira capacidade
para reduzir a necessidade de &gua para os animais (NEFZAOUI; LOUHAICHI; BEN SALEM,
2014).

As duas espécies de palma forrageira mais cultivadas no Nordeste brasileiro sdo a
Opuntia ficus-indica Mill com as cultivares gigante e redonda e a Nopalea cochenillifera Salm
Dyck, cuja cultivar é conhecida como midda ou doce, com melhor valor nutritivo quando
comparada as cultivares mais comuns (redonda e gigante) (SOUZA FILHO et al., 2016),
contribuindo muito para a alimentagdo dos rebanhos nos periodos de secas prolongadas.

De forma geral, a palma forrageira pode ser encontrada em ampla faixa de solos: desde os
vertissolos e luvissolos do México aos regossolos e cambissolos da Italia, com pH desde
subacido a subalcalino, profundidade ideal 60 a 70 cm para 0 bom desenvolvimento radicular
superficial da cultura. Solos mal drenados, lencol freatico raso e presenca de camada superficial
impermedavel sdo prejudiciais ao bom desenvolvimento da cultura da palma (OLIVEIRA et al.,
2010).

Devido as caracteristicas de adaptacdo e produtividade em regides de baixos indices
pluviométricos, a palma forrageira vem se destacando como fonte alimentar de pequenos
ruminantes e vacas produtoras de leite no Nordeste do Brasil, principalmente durante o periodo
seco do ano (SANTOS; ALBUQUERQUE, 2002). No entanto, a alimentacdo de ruminantes com
elevada proporcdo de palma (60% na MS) pode resultar em problemas digestivos e,
eventualmente, reduzir o desempenho animal, devido sua elevada degradabilidade no rimen e ao
efeito laxativo (GEBREMARIAM; MELAKU; YAMI, 2006). Assim, seu uso é recomendado
associado a outra forragem, com maior teor de fibra, consistindo em uma estratégia para reduzir
a incidéncia de disturbios digestivos nos ruminantes (VIEIRA et al., 2008).

A composicdo quimica da palma forrageira depende de vérios fatores, principalmente da
espécie, idade da planta, época do ano, adubacdo e manejo. Apresenta baixos teores de matéria
seca (MS), proteina bruta (PB), fibra em detergente neutro (FDN) e fibra em detergente acido
(FDA), em relacdo aos niveis minimos recomendados para os ruminantes (SANTOS et al.,
2006). No entanto, consiste de uma espécie forrageira de elevada digestibilidade (DUBEUX
JUNIOR et al., 2010), elevados teores de cinza e carboidratos nio fibrosos e baixa proporco de
parede celular (VIEIRA et al., 2008).
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Em média, a palma forrageira possui 13,4% de MS e com base na MS, 16% de cinza, 6,2%
de PB, 27,8% de FDN, 17,4% de FDA, 1,6% de lignina, 75,1% de carboidratos totais (CHT) e
47,9% de carboidratos ndo fibrosos (CNF), o que possibilita sua caracterizagdo como um
alimento de répida degradacdo no ramen (BATISTA et al., 2003a). O valor nutritivo da planta
forrageira depende principalmente de fatores inerentes ao ambiente, clima e manejo, que podem
interferir diretamente no seu potencial produtivo, e consequentemente no desempenho dos
animais.

A palma forrageira midda, especificamente, € uma planta de pequeno porte, quando
comparada a gigante e a redonda. Possui caule ramificado, cladédios aproximadamente 350 g e
25 cm de comprimento, com forma bastante ovalada e coloragdo verde intenso brilhante
(SILVA; SANTQOS, 2006). Possui menor produtividade, menor producdo de matéria verde e
menor resisténcia a seca, no entanto, a producao final de MS por area pode ser equiparada a das
variedades gigante e redonda (SANTOS et al., 2001).

2.2 Adubacéo nitrogenada da palma forrageira

E inquestionavel a importancia da utilizacdo da palma forrageira na alimentacdo de
ruminantes, devido sua elevada producdo de biomassa, baixo custo, facilidade de cultivo e
aceitabilidade pelos rebanhos (DE KOCK, 2001), além do elevado potencial em fornecer agua.
No entanto, a palma possui baixo teor de PB (SOUZA et al., 2009), o que pode limitar seu uso
como ingrediente exclusivo da dieta, por provocar deficiéncia proteica nos animais (GUSHA et
al., 2015), sendo necessarias praticas de cultivo e manejo para melhorar seu aproveitamento.

A palma forrageira possui elevado teor de carboidratos ndo fibrosos, constituindo
importante fonte de energia para 0os ruminantes, porém, para que atenda as exigéncias dos
microrganismos que fermentam carboidratos fibrosos e para sincronismo na degradacdo de N e
energia no ramen € necessario elevar seu teor de PB. Geralmente, o teor de PB encontra-se
abaixo do minimo recomendado por Van Soest (1994) (7% na MS), como observado por Tosto
et al. (2007), Melo et al. (2003), Batista et al. (2009), Batista et al. (2003b) e Siqueira et al.
(2016), em média 4,8; 5,1; 3,3; 6,6; 4,1 %, respectivamente.

Da mesma forma que observado para outras culturas, a palma forrageira alcanca elevada
produtividade quando manejada racionalmente, com ado¢do de correcdo e adubacdo do solo,
adequada densidade de plantio, controle de plantas invasoras e correto manejo a colheita
(OLIVEIRA et al., 2010), devido a elevada interagdo desta cultura com o ambiente, verificando-

se absor¢édo de grande quantidade de nutrientes do solo, como observado por Santos et al. (1990),
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constatando-se na MS, em média 0,90; 0,16; 2,58 e 2,35% de nitrogénio, fosforo, potéssio e
calcio, respectivamente.

Alguns fatores podem modificar a composi¢do quimica e, consequentemente, o valor
nutritivo da palma forrageira (BATISTA et al.,, 2009). A adubacdo nitrogenada promove
aumento na concentragdo de N nos cladodios da palma forrageira, com melhoria no valor
nutritivo (SILVA et al., 2013), pois 0 N é um elemento constituinte de compostos organicos
essenciais a vida das plantas, como aminoacidos, proteinas, acidos nucléicos, horménios e
clorofila (BARROS et al., 2016). Além disso, o fornecimento de N em quantidade e proporcao
adequada ¢é fundamental ao processo produtivo da forragem, devido o N do solo, proveniente da
mineralizacdo da matéria organica, ndo ser suficiente para atender a demanda de plantas
forrageiras de elevado potencial produtivo (FAGUNDES et al., 2006).

Embora a adubacdo seja uma estratégia eficiente no processo produtivo das plantas
forrageiras, alguns aspectos devem ser considerados. A fonte e o parcelamento das doses séo
fundamentais no manejo da adubagd@o nitrogenada, por permitir a diminuicdo das perdas por
volatilizacao e lixiviacdo (COSTA; FAQUIN; OLIVEIRA, 2010).

A principal forma de perda de N em pastagens € por volatilizacdo da amdnia, fato que
pode determinar a eficiéncia de fertilizantes nitrogenados. Este processo consiste na perda de N
sob a forma de amonia gasosa para a atmosfera, sendo iniciado quando da presenca deste
composto na superficie do solo (SOARES FILHO et al., 2015). As perdas por volatilizacdo séo
influenciadas por fatores ambientais e climaticos, sendo favorecidas pelas condi¢Ges de climas
tropicais, como alta temperatura e umidade (ANDREUCCI, 2007), que favorecem a atividade da
urease e disponibilizam condi¢des para o processo de hidrélise da ureia.

O processo de lixiviacdo é caracterizado pelo deslocamento de sais soltveis na solucéo
do solo, através da percolacdo da agua ao longo do perfil do mesmo, e varia de acordo com a
quantidade e regime pluviométrico, além de caracteristicas quimicas e fisicas do solo, como
velocidade de mineralizacdo da matéria organica, textura, porosidade e estrutura (KIEHL, 1987).
O parcelamento das doses na adubacédo nitrogenada é uma estratégia eficiente para mitigacao da
lixiviagdo do N no solo (COSTA; ZUCARELI; RIEDE, 2013), principalmente quando realizada
durante o periodo chuvoso. Assim como na volatilizagdo, as fontes de nitrogénio podem
interferir o processo de lixiviagdo de N. Assim aquelas em que os ions nitrato (NO3s) séo
fornecidos diretamente apresentam maior potencial poluente, devido & menor adsorcdo destes

fons aos coldides do solo. Por outro lado, as fontes que se dissociam em ions amodnio (NH™)
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apresentam menores taxas de lixiviacdo, devido os ions ficarem adsorvidos no solo
(ANDREUCCI, 2007).

Dentre as fontes mais utilizadas na adubacdo de pastagem destacam-se a ureia
[(CO(NH>)2] e o sulfato de aménio [(NH4)2SO4], as quais podem perder eficacia, principalmente
pela volatilizacdo da amonia (SCHIAVINATTI et al., 2011).

2.3 Particdo de nutrientes e degradacdo no rimen

A palma forrageira tornou-se importante alternativa para a alimentacédo de ruminantes no
semiéarido, sendo utilizada em diversos niveis de producgdo, principalmente na alimentacdo de
gado de leite, devido ao alto teor energético. Embora se conhec¢a bastante sua produtividade e
composicdo quimica, ha necessidade de informagcbes quanto a fracbes de carboidratos e
compostos nitrogenados, assim como referentes a sua degradacao no ramen.

Os sistemas de avaliagdo de alimentos para ruminantes vém passando por modificacoes,
visando aperfeigoar a determinagéo do valor nutricional dos alimentos e conhecer cada vez mais
as exigéncias nutricionais dos animais. Nesse sentido, o Cornell Net Carbohydrate and Protein
System (CNCPS), foi desenvolvido nos EUA por uma equipe liderada por pesquisadores da
Cornell University (RODRIGUES; VIEIRA, 2006). Este sistema tem como base teorias e
principios biol6gicos, quimicos e fisicos, e adota modelos matematicos para avaliagdo da dieta e
simular os efeitos de ingestdo de alimento, fermentacdo no rumen, digestdo no intestino,
absorcéo e metabolismo de nutrientes, e subsequente desempenho animal (FOX et al., 2004).

O CNCPS foi desenvolvido com o proposito de estimar taxas de degradacdo no rimen de
diferentes sub-fragdes dos alimentos, sendo estas, compostas por proteinas, carboidratos,
gorduras, minerais e agua. Neste sistema, compostos nitrogenados e carboidratos foram
fracionados, para melhor caracterizacdo, de acordo com a composi¢cdo quimica, caracteristicas
fisicas, taxa de degradacdo e caracteristicas de digestibilidade pds-rimen, buscando eficiente
crescimento da populacdo microbiana e reducéo de perdas nitrogenadas no rimen (RUSSELL et
al., 1992).

De acordo com o CNCPS, os compostos nitrogenados dos alimentos podem ser
classificados nas fragdes A, B1, B2, B3 e C. A fragdo A é basicamente constituida por nitrogénio
ndo proteico (NNP); a fracdo Bl é rapidamente degradavel no rimen, sendo constituida por
proteinas sollveis; a fracdo B2 é constituida por proteinas insollveis e com taxa de degradacao
intermediéria; a fracdo B3 possui lenta taxa de degradacdo, e a fragdo C é constituida por

proteinas insoliveis e ndo degradaveis no rimen. Os carboidratos séo classificados pelo sistema
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em quatro fragdes: A, B1, B2 e C, em que as fracdes A e B1 correspondem aos carboidratos ndo
fibrosos (acUcares, amido, pectina), com rapida taxa de degradagcdo no rimen para os agucares e
intermediaria para amido e pectina; a B2, a porcao disponivel da parede celular, correspondente
a fibra em detergente neutro disponivel para a degradacdo no ramen (celulose e hemicelulose), e
a C, a porcdo indisponivel da parede celular (lignina) (SNIFFEN et al., 1992).

As fracbes e taxas de degradacdo de compostos nitrogenados e carboidratos sdo
necessarias para se calcular a quantidade de nutrientes disponivel para dar suporte a fermentagédo
por cada um dos grupos de microrganismos do ramen (RUSSEL et al., (1992). As bactérias
fermentadoras de carboidratos fibrosos utilizam aménia como fonte de N. Quando hé deficiéncia
desse elemento, ocorre menor aproveitamento da fracdo fibrosa do alimento, com redugdo na
taxa de passagem, e, consequentemente, no consumo de MS (TEDESCHI; FOX; RUSSEL,
2000). Além disso, a fermentacdo da proteina no rimen pode, em funcéo da fonte e quantidade
ofertada, produzir mais amonia que 0s microrganismos possam utilizar, ocasionando perda de
proteina, na forma de N amoniacal (RUSSEL et al., 1992).

H& aumento no crescimento microbiano quando da sincronia entre N e energia no rimen
(YU; HART; DU, 2008), com melhoria na sintese de proteina microbiana e no fluxo da mesma
para o duodeno (YANG et al., 2010). Além disso, o uso eficiente do N degradado no rdmen
reduz sua excrecdo na urina (COLE; TODD, 2008), e evita perdas fermentativas de carbono em
CO2 e CHs (BLUMMEL et al., 1999).

A avaliacdo de dietas para ruminantes com base apenas em informacdes sobre a
quantidade de nutrientes fornecidos pelos ingredientes € insuficiente para predizer condicGes de
desempenho animal. Assim, técnicas que determinem a propor¢cdo com que 0S nutrientes se
tornam disponiveis aos microrganismos e a quantificacdo de suas perdas durante o processo de
fermentacao no ramen, agregam informacoes relevantes.

A degradabilidade in situ no raimen é um dos métodos para se avaliar a qualidade dos
alimentos para ruminantes, com adoc&o, principalmente, do modelo proposto por @rskov e
McDonald (1979). Consiste da incubagdo do alimento a ser analisado no ramen do animal
provido de canula com acesso a este 6rgdo, através da qual sdo introduzidos no interior do rimen
sacos de nailon contendo o material a ser degradado. O material fica incubado no rimen por um
determinado periodo de tempo, em contato direto com o ambiente no ramen, sendo possivel
assim obter sua taxa de degradacéo (SOARES, 2007).

A degradabilidade in situ no ramen oferece condi¢bes reais de temperatura, pH,

tamponamento, substratos, enzimas para degradacdo dos alimentos e, consequentemente, maior
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confiabilidade dos pardmetros obtidos (ASSIS et al., 1999). Para o sucesso dessa técnica, alguns
aspectos devem ser considerados, principalmente a dimenséo e porosidade dos sacos, o tempo de
incubacdo e o tamanho da particula do alimento.

A palma forrageira apresenta elevada taxa de degradagdo no rimen, como observado por
Batista et al. (2003a) e Batista et al. (2009), o que se relaciona ao baixo teor de lignina e elevada
propor¢do de carboidratos ndo fibrosos na matéria seca. Apesar disso, Sd0 necessarias
informacBes quanto a degradabilidade de cladddios de palma forrageira no rumen,
principalmente quando provirem de culturas submetidas a adubacdo nitrogenada, devido aos

efeitos desta adubac&o sobre o teor de proteina e composicao da parede celular.
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Ruminal degradability and fractions of carbohydrates and nitrogenous compounds

of forage cactus subjected to nitrogen fertilization

ABSTRACT

Degradability assay was performed of dry matter and crude protein in the rumen,
and carbohydrates and nitrogenous compounds fractionation was performed of grass
forage cactus fertilized with different doses of nitrogen. Forage cactus cultivation was
fertilized with the doses of NO, 100, 200, 300, 400, 500 and 600 kg/ha/year, in the form
of (NH4)2SO4, every 90 days, during 12 months. There was a significant effect on the
chemical composition, with linear increase on the content of crude protein, acid
detergent fiber, cellulose and lignin, and decreasing linear effect on the content of dry
matter, hemicellulose, total carbohydrates, non-fibrous carbohydrates, insoluble
nitrogen in neutral detergent (NDIN) and acid (ADIN). The fractions of nitrogenous
compounds A and B2 were influenced exponentially, and the fraction C of
carbohydrates increased linearly. The degradation of crude protein content increased as
the doses of nitrogen fertilizer were increased in the forage cactus cultivation. The dose
200 kg N/ha improves the nutritive value of the forage cactus.
Key words: carbohydrates fractionation, chemical composition, degradation in the

rumen, nitrogenous compounds fractionation
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INTRODUCTION

Forage cactus consists of an important source of forage, due to being able to
produce more than 10 tons of dry matter/ha, besides presenting resistance to dry period,
with values of dry matter per unit area over several plants of cycle C3 and C4, under
arid or semi-arid regions conditions (Andrade-Montemayor et al., 2011). It is
worthwhile being highlighted as a basis for the ruminants’ feeding in the Brazilian
semiarid, because of its energy value, high dry matter digestibility and compliance with
a large part of the animals’ water need (Costa et al., 2012).

Forage cactus has low protein content, with a share associated with the cell wall,
which is least available part of the plant (Andrade-Montemayor et al., 2011), however it
has high digestibility and is rich in non-fibrous carbohydrates and calcium
(Gebremariam et al., 2006). Nitrogen fertilization can promote improvement in its
nutritional value, due to the increase in the nitrogen contribution in the plant and
consequent increase in the culture protein content (Dubeux et al., 2006).

The soil nitrogen increase can influence the carbohydrates and protein fractions of
the forage cactus and result in improvement in the nutritive value, by promoting an
increase in the true and intermediary degradation protein content and reduction of the
undegradable protein content (Silva et al., 2013). However, the fertilization can
accelerate the forage plants growth and promote fibrous fraction increase proportionally
to the physical structure, with an increase of senescence (Campos et al., 2016).

It is unquestionable the importance of the use of cactus in ruminant feed in the
world, however data concerning the fractions of carbohydrates and proteins, as well as
their degradability in the rumen are limited, which makes it necessary to establish data
concerning the nutritional value to ensure the efficient use of this food by the ruminants

(Batista et al., 2003). In this sense, the objective of this research was to evaluate how
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fertilization influences the chemical composition, carbohydrates and nitrogenous
compounds fractions and ruminal degradation of dry matter and crude protein of the

forage cactus.

MATERIAL AND METHODS

The experiment was carried out at the Department of Animal Science of the
Center for Agrarian Sciences of the Federal University of Piaui (UFPI), in Teresina-Pl,
at latitude 05°05'21" South, longitude 42°48'07" West and 74.4 m altitude, with average
annual precipitation 1,332 mm and mean annual temperature 27.7°C. The ethical
protocols for research were adopted, with prior submission of a research project to the
Ethics Committee on Animal Use (CEUA) UFPI, with protocol at CEUA/UFPI N
219/16.

The forage cactus was implanted with miada cultivar (Nopalea cochennillifera
Salm Dyck), in July 2014, and drip irrigated every seven days, during the rain shortage
period. The soil went to 0 to 30 cm depth, before the cultivation, for chemical and
physical analysis (Table 1), carried out in the Laboratory of Soil Analysis of xxxx, and
foundation fertilization with 140 kg of P2Os/ha /ha and 160 kg of K>O/ha.

The area was prepared and furrowed in planting spacing. Immediately after the
plantation the broadcast application of nitrogen fertilization was started, in the form of
(NH4)2S0s, and every 90 days, resulting in four fertilizations during the experiment.

Table 1-Chemical and physical properties of soil cultivated with forage cactus

Parameters Unit Means
Ph - 5.50
Ca cmolcdm?® 0.20
Mg cmolcdm?® 0.10
Al cmolcdm? 0.20

K cmolcdm? 0.12
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H+ Al cmolcdm?3 3.70
Sum base cmolcdm?® 0.43
CTC cmolcdm?® 4.00
Aluminum Saturation (%) 32.00
Basis Saturation* (%) 10.00
P — Mehlich mg/dm? 2.40
Textural Class Yellow latosol

* 2.2 t/ha of dolomitic limestone were applied to increase the basis saturation from 10 to
60%

The experimental design was in randomized blocks with seven treatments,
corresponding to nitrogen fertilization level with (NH4)>SOj4 in the proportions 0, 100,
200, 300, 400, 500 and 600 kg N/ha/year and four replications (blocks). The total area
of each plot was 9 m? (3 x 3m), with useful area 2 m? (2 x 1m).

The samples were collected manually, 12 months after planting, with the aid of a
knife, to preserve the mother plant and the primary cladode. The samples were packed
in raffia bags and stored at -15°C. After thawed, the cladodes were chopped to particles
of 2 cm and packaged in aluminum trays, weighed and pre-dried in an oven with forced
ventilation at 55+5°C, for 72 hours. After pre-drying, the samples were weighed and
ground in Willey type mill, with a 2-mm sieve of diameter and stored in plastic
container.

The content of dry matter (DM) was determined (method 930.15), and on the
basis of DM, ash (method 942.05), crude protein (CP) (method 984.13), ether extract
(EE) (method 920.39), and in the percentage of total nitrogen, the insoluble nitrogen
contents in neutral detergent (NDIN) (method 984.13) and insoluble nitrogen in acid
detergent (ADIN) (method 984.13), according to AOAC (2000). The contents of neutral
detergent fiber (NDFap), acid detergent fiber (ADFap) corrected for ash and protein,
and cellulose, hemicellulose and lignin (LIG), were determined according to the method

of Van Soest et al. (1991), adapted to autoclave (0.5 atm/1h) with the use of TNT bags
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with 100 um porosity (Valente et al., 2011).The total carbohydrates (CHT) were
estimated by the expression TCH = 100 - (%CP + %EE + %ash). The fibrous
carbohydrates (CF) were obtained as corrected NDF for ash and protein (NDFap) and
the non-fibrous (NFC), which correspond to the fractions A+B1, by the difference
between total carbohydrates and NDFap. The fraction B2 (available fiber) resulted from
the difference between NDFap and indigestible fiber fraction (C). The C fraction was
estimated by multiplying the percentage of lignin by factor 2.4 (Sniffen et al., 1992).

For the fractionation of nitrogenous compounds, the sample treatment was
performed with trichloroacetic acid (TCA) to 10% and the residue was obtained after
filtration in quantitative filter paper (Quant JP41), and the residual N determined by the
Kjeldahl method. Fraction A (non-protein nitrogen, NNH) was determined by the
difference between the total nitrogen (NT) and insoluble N in TCA (P.A. et al., 1996).

The total insoluble nitrogen was determined by the sample treatment in borate-
phosphate buffer (TBF). Then, the residue was filtered in quantitative filter paper
(Quant JP41) and the residual N determined by the Kjeldahl method. The difference
between NT and insoluble nitrogen in TBF, was obtained from the total soluble nitrogen
(NNH + soluble protein), which was deducted from the fraction to obtain the fraction
B1 (soluble protein). The fraction B3 (slow enzymatic degradation) was determined by
measuring the content of CP in the NDF, subtracted from the content of PB associated
with ADF. Fraction C (undegradable protein) consisted of ADIN, and fraction B2
(intermediate degradation) was determined by the difference between the total nitrogen
and the sum of fractions A, B1, B3 and C (Licitra et al., 1996).

The dry matter degradability (DM) and crude protein (CP) was measured in situ
using an adult bovine with rumen fistulae, according to Tomich and Sampaio (2004).

The samples were incubated in nylon bags measuring 8x12 cm, with porosity 50 pm.
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The bags were dried in an oven with forced ventilation at 55+5°C and weighted, adding
to the same 4.0 g of sample/bag (Nocek, 1988), closing them with nylon clamps,
covered by latex alloys, after weighing the sample set (Bag + sample + clip).

Incubation was performed during 3, 6, 24 and 72 h, to obtain the points that define
the degradation curve (Sampaio, 1988), in decreasing order of time, enabling
simultaneous removal of all bags from the ruminal environment. Following removal
from the rumen, the bags were immersed in a bowl with water and ice to stop the
fermentation process, washed in the washing machine, until the water was clear
(Makkar, 1999) and were pre-dried in an oven with forced ventilation at 55£5°C for 72
hours. The non-degraded and insoluble residue was analyzed as to the contents of DM
(method 930.15) and CP (method 984.13 (AOAC, 2000).

The readily soluble fraction in water was determined according to the procedures
described by Makkar (1999), immersing the bags containing samples equivalent to
those used in the incubation in a water bath at 39°C for 1 hour. Then the bags were
washed along with the erupted bags from the rumen, this fraction corresponds to the
food soluble portion plus the particles that escaped through the bags pores.

The in situ degradation parameters (a, b and c¢) and the potential degradability of
DM and CP were obtained by the exponential model, proposed by @rskov And
McDonald (1979), adopting the Gauss-Newton method and using the non-linear models
procedure (PROC NLIN of SAS (2000): DP= A — B.e*!, where, DP=actual percentage
of degraded nutrient after t hour of incubation in the rumen; A = maximum material
degradation in the nylon bag; B = potentially degradable fraction of material that
remains in the nylon bag after time zero; ¢ = degradation arte of the remaining fraction

in the nylon bag after time zero; t = time of incubation.
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The effective degradability (ED) of DM and CP in the rumen was estimated for
the passage rates 2, 5 and 8%h* (AFRC, 1993), by the equation proposed by @rskov
and McDonald (1979): ED= a+ [(b.c)/(c+k)], where, a= soluble fraction, rapidly
degraded; b= insoluble fraction, slowly degraded; c= fractional degradation rate of b; k=
passage rate.

The chemical composition data and the fractions of carbohydrates and nitrogenous
compounds of forage cactus in function of fertilization were subjected to regression
analysis (PROC REG), using the SAS statistical software (2000).

The in situ degradation was analyzed by adopting the randomized blocks with
subdivided plots, in which the nitrogen doses represent the plots and the incubation

times, the subplots.

RESULTS

The fertilization with increasing doses of N resulted in lower (P<0.05) content of
DM in the cladodes of forage cactus (Table 2) and increased (P<0.05) the content of CP
(Table 2) in the proportion of 0.03% for each kg of applied N. Nitrogen fertilization
influenced (P<0.05) the concentrations of structural and non-fibrous carbohydrates of
forage cactus (Table 2).

There was a reduction (P<0.05) of the TCH content with the increase in the doses
of N, and increase (P<0.05) in the content of ADFap, composed of cellulose and lignin.
The increase in the N doses resulted in lower (P<0.05) content of NFC (Table 2) and
reduction (P<0.05) levels of NDINnT and ADINnT in grass forage cactus (Table 2).

Table 2 — Chemical composition of forage cactus fertilized with Nitrogen

Constituents Nitrogen doses (kg/ha/year)

0 100 200 300 400 500 600

Dry matter (%) 8996 8886 8836 8768 86.61 8597 8578
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% MS
Ash 15.95 12.85 14.13 15.38 15.65 14.32 13.67
Crude protein 6.55 7.74 11.00 15.61 16.02 18.24  18.19
Ether extract 1.60 1.63 1.63 1.76 1.65 1.79 1.83
NDFap? 2126 2036  21.16 19.59  20.29 19.75 19.84
ADFap® 12.61 13.07 15.82 16.04  16.73 17.08 18.13
Hemicellulose 8.65 7.29 5.34 3.55 3.56 2.67 1.71
Cellulose 11.79 12.21 14.54 14.75 15.40 15.74  16.70
TCHC 7590 7778 7324 67.25  66.68 65.64 66.31
Lignin 0.82 0.86 1.28 1.29 1.33 1.34 1.43
NFCH 54.64  57.42 52.08 4766  46.38 4588  46.47
% do NT
NDIN® 17.04 12.94 10.55 10.04 9.69 7.84 6.40
ADIN' 9.05 6.35 7.07 4.94 431 3.57 3.29

aNeutral detergent fiber corrected to as hand protein; ®Acid detergent fiber corrected to
as hand protein; Total carbohydrates; “Non-fibrous carbohydrates; ®Neutral detergent

insoluble nitrogen; fAcid detergent insoluble nitrogen.

Y, =89.9198-0.0092X; R? =0.83; P <0.0013

Y., =5.5888+0.0371X; R? =0.84; P < 0.0002

Y pory =12.4086+0.0145X; R? =0.77; P < 0.0008

Y, .o, =8.5578—0.0211X; R? =0.72; P <0.0006

Yo =11.4289+0.0139X; R? =0.72; P < 0.0007

Y, oy =77.2334-0.0297X; R? =0.79; P < 0.0001

Y, s =0.7878+0.0021X ; R? =0.75; P < 0.0020

Y e =56.3343—0.0332X ; R? =0.72; P <0.0006
on =16.2877-0.0274X ; R? =0.82; P < 0.0001

Y
Y,on =8.7027—0.0152X ; R? =0.83, P < 0.0006

Nitrogen fertilization resulted in an exponential increase (P<0.05) of the protein
and linear fractions A and B2 (0.008%/kg N/ha) of the C fraction of carbohydrates

(Table 3). Grass forage cactus subjected to nitrogen fertilization presented a higher
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proportion of NNP among the factions of nitrogenous compounds (Table 3), with an
increase of 0.10% in the NNP content per kg of N/ha, which enhances the ammonia
availability to the fermentation process in the rumen environment.

As a strategy to increase the microbial protein synthesis, the ratio 25 g N/kg of
TCH was adopted was a reference, described by Tamminga et al. (1990), aiming at
synchronism of protein/energy ratio in the rumen. In this sense, the dose of 200
kg/ha/year is the most indicated for the forage cactus fertilization, due to enabling the
ratio 17.6 g N/732.4 g of TCH, with sufficient substrate for microbial growth and
improved efficiency of fermentation in the rumen environment.

Table 3 — Carbohydrate and nitrogen fractions of forage cactus fertilized with Nitrogen

Fractions Nitrogen doses (kg/ha/year)
0 100 200 300 400 500 600
Carbohydrate fractions (%TCH)
A +B1 71.99 73.82 71.11 70.87 69.57 69.91 70.08
B2 25.44 23.53 24.70 24.55 25.65 25.18  24.76
C 2.57 2.65 4.19 4.58 4.78 491 5.16
Nitrogen fractions (%TN)

A 28.32 36.51 45.41 52.18 51.43 52.91 52.98
Bl 6.67 6.55 4.56 6.59 7.38 7.56 7.89
B2 55.30 49.67 42.50 34.55 35.19 3459  34.72
B3 0.66 0.92 0.46 1.74 1.69 1.37 1.12
C 9.05 6.35 7.07 4.94 4.31 3.57 3.29

Y, =28.7642+0.1024(1— e *); R* =0.83; P < 0.0002
Yy, =56.3968—-0.1002(1-e°**); R* =0.81; P <0.0002
Ye ey = 2.3880+0.0081X ; R* =0.76; P < 0.0004
Y, =8.7027-0.0152X; R? =0.83; P < 0.0006
The soluble fraction (fraction a) of DM remained stable with nitrogen fertilization

(Table 4), while the potentially degradable fraction (b) and the potential degradation

(DP) were relatively smaller when there was the fertilization with 600 kg N/ha/year.
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Nitrogen fertilization resulted in increased degradation of CP (Table 4) and in a

greater proportion of the soluble fraction of nitrogenous compounds (fraction a), due to

the increase in the proportion of NNP (Table 3), important for micro-organisms

fermenters of fibrous carbohydrates, due to the ammonia availability in the rumen.

However, the dose 600 kg N/ha/year resulted in lower effective degradation of CP and

lower availability of soluble constituents (fraction a), indicating not to be necessary to

increase so much the dose of N fertilization of cactus forage culture.

Table 4 - Soluble (a) and potential (b) fraction, degradation rate (c) and potential (PD)

and effective (ED) degradability of dry matter and crude protein of forage cactus

fertilized with Nitrogen

N doses a(%) b (%) c(%h?) PD (%) ED R?
(kg N/ha/year) 2%ht  5%h? 8%h
Dry matter degradability
0 28.61 39.87 4.82 68.48 56.79  48.18 43.60 0.96
100 30.21 4043 431 70.64 57.83 4893 44.37 0.99
200 31.65 40.16 4.93 7181 60.22 5159 46.96 0.94
300 29.76  38.53 6.00 68.29 58.66 50.78 46.27 0.99
400 28.00 39.75 553 67.75 5719 48.88 44.25 0.98
500 30.73 39.23 450 69.96 55.69  46.88 42.67 0.97
600 30.67 3401 5.02 64.68 56.20 49.25 4527 0.98
Crude protein degradability

0 4265 4110 3.70 83.75 69.33  60.13 55.65 0.97
100 55.10 3294 4.66 88.04 7815 70.99 67.22 0.99
200 60.22 29.69 557 89.91 8512 80.26 76.99 0.98
300 7224 2090 6.85 93.14 8842 84.32 81.88 0.99
400 66.38 2594 4.95 9232 8486 79.28 76.30 0.99
500 75.17 2038 3.32 9555 87.89 83.30 81.15 0.98
600 63.40 2840 5.97 91.80 84.67 78.86 7554 0.99
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The potential degradation (DP) and effective (DE) of CP of cactus forage was
high and increased as a function of N doses, except for 600 kg N/ha/year. Thus, the
increase in the proportion of soluble nitrogen compounds of cactus forage with nitrogen
fertilization improves the fraction of protein utilization, due to its greater solubility in

the rumen.

DISCUSSION

The higher concentration of N in the soil favors the vegetation growth, which
favors the emergence of new cladodes, with a smaller proportion of structural tissues,
with thick cell wall and lower DM content. Due to the photosynthetic metabolism, the
forage cactus has difficulty obtaining carbon, and its assimilates partitioning favors the
formation of a support network and well developed xylem instead of a developed and
massive wood, which results in low DM content (Donato et al., 2014).

The fertilization induces an increase in the moisture content in plant cells
(Campos et al., 2013), which favors the new tissue growth. In addition, the variety
'mitda’ is more efficient in the use of sodium available in the soil in relation to other
varieties of the genus Nopalea, with great importance in stomatal activity, which
provides greater water use efficiency (Silva et al., 2014), resulting in higher moisture
content in the cladode and consequently reduction in DM content.

The forage of forage cactus is considered as low protein value, with an average
content of CP 5.48% (Torres et al., 2009), 5.06% (Tegegne et al., 2007), and 10.7%
with organic fertilization (Donato et al., 2014). Thus, nitrogen fertilization of forage
cactus aims at correcting the CP content, considering that the protein value of this
cactus, when not fertilized, is less than the minimum recommended by Van Soest

(1994) for adequate microbial activity in the rumen (7% in DM).
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The cultures fertilization with increasing doses of N favors the forage CP content
increase (Silva et al., 2015). N is absorbed by the forage cactus in the form of nitrate,
and are available in the Cladodes in the organic form, with nutritional value
improvement. N present in the plant is essential to the molecules formation of amino
acids, proteins, nucleic acids, hormones and chlorophyll (Barros et al., 2016), which are
essential to the metabolism and the plant tissue formation. In addition, phosphorus
stimulates the ATP synthesis for N assimilation in amino acids and consequent protein
synthesis (Silva et al., 2013). In this study, P was made available to the culture by top-
dressing fertilization.

The reduction (P<0.05) of the TCH content with the increase in N doses was
similar to those obtained by Donato et al. (2014), with a decrease of 3.8% in the TCH
content with organic fertilization, and by Silva et al. (2013), with a decrease of 6.1%
when the chemical fertilization (NPK). The reduction provided by nitrogen fertilization
of 9.6% in the TCH content was higher than that recorded in the surveys
aforementioned, which relates to higher applied doses of N.

The decrease of TCH, which includes sugars, starch and fiber, is associated with
the plant growth, with the emergence of new cladodes, represented by more tender
tissues and with a lower proportion of structural carbohydrates. Despite the decrease in
the TCH and hemicellulose content, there was an increase (P<0.05) in ADFap content,
composed of cellulose and lignin, which may have resulted from the acceleration of
cladodes maturity due to the great contribution of N. The N supply in high doses,
together with the favorable conditions, can accelerate the plant’s maturity and
senescence, limiting the beneficial effect of nitrogen fertilization in the ADF content

(Vitor et al., 2009).
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The increase in ADFap content is similar to that obtained by Barros et al. (2016),
with addition of 31.2% upon organic fertilization of forage cactus with 90 t ha! year™
of manure with 5.2 g N/kg* of manure, low dose compared to the ones used in this
study (up to 600 kg N/ha).

The increase of 0.01% in the ADF content per kg N/ha in the form of (NH4)2SO4
indicates that the increase in the growth rate of forage cactus in function of nitrogen
leads to an increase of less available fibrous constituents to ruminants. The increase in
the cellulose and lignin levels with nitrogen fertilization influences the structural
arrangement of the plant tissues to support the biomass accumulation (Campos et al.,
2013). The biomass increase and fibrous fraction accumulation in tropical forage in
function of nitrogen fertilization is quite consolidated (Lemus et al., 2008;
Heggenstaller et al., 2009).

The increase in the proportion of fibrous constituents due to high doses of
nitrogen, also relates to the high NNP content (fraction A) assimilated by the culture
(Table 3), even with a reduction in the N content adhered to the cell wall (Table 2).
However, even in low concentration, N can join to the lignocellulose fraction (ADF).
Although the increase of the cell wall constituents is associated with lower nutritive
value of the forage for the ruminants, this effect starts to represent an advantage when
the food has low fiber content and requires an association to a supplementary source of
fiber to prevent metabolic disorders (Vieira et al., 2008), as recommended for use of
forage cactus.

The reduction in NFC content is related to the use of soluble carbohydrates in the
metabolism for the cell wall synthesis, with drainage of cytoplasmic nutrients (Campos
et al., 2013), resulting in lower NFC content, used for the fiber synthesis during the

intense forage growth.
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The nitrogen fertilization induces to a higher content of nitrogenous compounds in
plant cells (Campos et al., 2013), and favors the new tissues formation, with lower N
content associated with the cell wall, which is a benefit from a nutritional point of view.
ADIN concentration in forages correlates negatively with the protein digestibility,
which derives from the association of N to lignin, formation of tannin-protein
complexes and occurrence of Maillard reaction products, which are highly resistant to
microbial degradation (Donato et al., 2014).

The fraction of carbohydrates A+B1 was not influenced by nitrogen fertilization.
This fraction of the cladodes of forage cactus favors the fermentation and growth of the
microbial population in the rumen and reduces the nitrogen urinary excretion. However,
diets with high content of non-fibrous carbohydrates can result in lower microbial
protein synthesis in the rumen, probably due to the inefficiency of microorganisms,
which direct the excess of ATP for functions of maintenance and carbohydrates
synthesis (Hackmann and Firkins, 2015). The synchronism of TCH and CP degradation
in the rumen environment improves the N capture efficiency and the use of ATP, and
increases the microbial protein synthesis (Richardson et al., 2003).

The dose of 200 kg/ha/year is the most indicated for the forage cactus
fertilization, due to enabling the ratio 17.6 g N/732.4 g of TCH, with sufficient substrate
for microbial growth and improved efficiency of fermentation in the rumen
environment. The energy supply originated from NFC, with rapid degradation rate,
enables efficient incorporation of peptides and free amino acids and ammoniacal N in
the microbial cells and increases the microbial protein synthesis (Seo et al., 2013).

The soluble fraction (fraction a) of DM remained stable with nitrogen fertilization
(Table 4), while the potentially degradable fraction (b) and the potential degradation

(DP) were relatively smaller upon the fertilization with 600 kg N/ha/year. Similar result
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to fraction a was obtained by Batista et al. (2009), however, the degradation of fraction
b (57.3%), the degradation rate (10.9%) and the effective degradation to the passage
rate of 5%/h (71.1%) were higher than those obtained in this study (Table 4). The
increase in the ADF proportion (Table 2) in the cladodes of cactus forage with nitrogen
fertilization may have contributed to reduce the DM degradation rate and its
fermentation in the rumen.

The increase in the undegradable fiber content (fraction C) in the cladodes of
cactus forage harvester with the increase in the N dose (Table 3) may have contributed
to lower use of this substrate by the rumen microorganisms. The fertilization dose 200
kg of N/ha/year, besides contributing to the synchronism of the CP and TCH fractions,
favors the DM degradation in the rumen.

The DM degradability of the forage cactus was high, which favors its
fermentation in the rumen (Siqueira et al., 2016), and is justified by the high content of
NFC and low lignin content of this cactus (Batista et al., 2009).

Food with a high proportion of soluble nitrogen compounds, with high degradation rate
in the rumen, should be associated with sources of carbohydrates of rapid degradation to
provide efficient microbial synthesis (Berthiaume et al., 2010). Thus, the increase in the
CP content of rapid degradation upon the nitrogen fertilization and its corresponding
use by the microorganisms of the rumen environment is satisfactory to provide N to

meet the microorganisms requirements and consequently of ruminants.
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CONCLUSIONS
The nitrogen fertilization with 200 kg N/ha/year improves the nutritive value of
the forage cactus (Nopalea cochennillifera Salm Dyck), with an increase in the CP
content and the CP degradation rate, with reduction in N unavailable in the plant and
microbial synthesis efficiency originated in the ratio N/energy in the rumen

environment.
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