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PRESENTATION

Collection “Agricultural sciences unveiled: exploring the dynamics of
farming and sustainability”: a work that has as its main focus a scientific discussion
through various works that compose its chapters. The purpose of the Ebook
is to explore different contents linked to environmental issues in 19 chapters,
tracing a contemporary theme of sustainability and the direct action of human
beings in the responsibility and creation of strategies for the development of the
environment. The volume will address in a categorized and interdisciplinary way
works, investigations, case reports and/or reviews that go through the various
areas of the environment and sustainability.

It is worth mentioning that sustainability is tied to the growing demand for
global progress, with the emergence of the need to expand studies that present
alternative uses of the present resources in the environment in a responsible
manner, without compromising the benefits and systems involved. Seeking
to minimize impacts, develop environmental responsibility and strengthen
sustainable growth. Thinking about development allied to sustainability involves
economic, social, and cultural aspects.

In this way, the work “Agricultural sciences unveiled: exploring the

99

dynamics of farming and sustainability”” presents the foundation of the theory
obtained in practice by the authors of this e-book, several professors, academics,
and researchers who have arduously developed their work that will be presented
here in a manner concise and didactic. The importance of this space for scientific
dissemination is evidence or commitment and the structure of Atena Editors
that provides us with a consolidated and trustworthy platform for researchers to
expose and disseminate their results.

The authors hope to contribute with relevant content to provide technical,
scientific, and constructive assistance to the reader, as well as demonstrate
that sustainability is an important tool, becoming an ally of growth. From this
perspective, Atena Editors is working to stimulate and encourage more and
more researchers from Brazil and other countries to publish their work with a
guarantee of quality and excellence in the form of books, book chapters and
scientific articles.

Good reading!
Leonardo Franca da Silva

Denis Medina Guedes

Jéssica Mansur Siqueira Furtado Crusoé
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CHAPTER 1

LOW-COST CLASS A EVAPOTRANSPIRATION PAN FOR
REFERENCE EVAPOTRANSPIRATION ESTIMATION IN
PROTECTED AND FIELD ENVIRONMENTS: A PRACTICAL
APPROACH

Silvio Roberto de Lucena Tavares
Empresa Brasileira de Pesquisa
Agropecuaria — EMBRAPA SOLOS,
Jardim Botanico- RJ

Natalia Fernandes Rodrigues
Doutoranda no Programa de Pés-
Graduacao em Agronomia, Seropédica,
- UFRRJ, Rio de Janeiro, Brasil

Gabriela Martins Corréa
Mestranda no Programa de Pos-
Graduacao em Engenharia de
Biossistemas - UFF, Niter6i-RJ

Cristina Moll Hiither

Professora no Departamento de
Engenharia Agricola e Ambiental e
no Programa de Pés-Graduacdo em
Engenharia de Biossistemas — UFF,
Niter6i-RJ

ABSTRACT: Currently, there are various
methods for determining the Class A pan
coefficient (Kp) in estimating reference
evapotranspiration (ETo), which is of
utmost importance for water management
in agriculture. This study aimed to estimate
ETo inside and outside agricultural
greenhouses using a low-cost constructed

Acceptance date: 02/05/2024

Class A pan (TCA-c) method. To estimate
ETo, it is necessary to establish the Kp, as
ETo is the product of ECA multiplied by Kp.
This study employed the calibration method,
comparing ETo determined by Penman-
Monteith (EToPM) with Class A pan
evaporation (ECA) to determine Kp. EToPM
served as the standard for correlations
with reference evapotranspiration using
the TCA-c method inside and outside
an agricultural greenhouse, avoiding
the installation of a “Class A” pan inside
the greenhouse. The experiment was
conducted at UFF’s Gragoata campus in
Niter6i - RJ. Four TCA-c pans were installed
(three inside and one outside an agricultural
greenhouse) and managed for one year.
Principal Component Analyses (PCA)
revealed significant differences in ETo
throughout the seasons. Adjusted Kps were
established for all pans. It was observed that
ETo inside the greenhouse was lower than
that estimated outside. It is recommended to
install the TCA-c pan inside the greenhouse
for ETo estimation, utilizing different Kps
throughout the seasons.

KEYWORDS: Reference
evapotranspiration; Pan coefficient; Class
A Pan.
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INTRODUCTION

Brazil is the second-largest producer of crops in protected environments in Latin
America, with an approximate area of 30,000 hectares in 2019, trailing only Mexico, which
had 41,000 hectares. This type of production is entirely conducted under irrigation. What
is observed throughout the country is a complete absence of soil moisture monitoring
instruments to determine the necessary irrigation for the crops. This irrigation requirement
should be calculated based on the evapotranspiration rate removed from the system.
Evapotranspiration is a complex process involving the evaporation of water from the soil and
vegetated surfaces, as well as plant transpiration. To measure evapotranspiration, various
techniques and instruments can be employed, utilizing both direct and indirect methods.
One way to assess the accuracy of reference evapotranspiration (ETo) estimation methods
is by comparing them with the Penman-Monteith method, which has been recommended by
the FAO as the standard method for ETo estimation (Allen et al., 1998).

There is currently a trend towards the use of automated meteorological stations that
assist in determining reference evapotranspiration, thereby reducing errors in the water
depth to be applied to crops. When programmed, these stations can employ the Penman-
Monteith method to calculate ETo. However, most farmers use alternative methods and
lack access to such equipment, preventing them from determining ETo using the standard
method. Therefore, correction equations in relation to the Penman-Monteith method (the
FAO standard method) are desirable to minimize errors in ETo calculation.

Reference evapotranspiration can be estimated through various methods, and
the Class A Pan method has been one of the most widely employed methods worldwide,
owing to its simplicity, relatively low cost, and its ability to provide daily estimates of
evapotranspiration. However, its use within greenhouses remains a subject of controversy.
Research results regarding which Class A Pan Coefficient (Kp) should be used inside
the greenhouse are inconclusive. Furthermore, some producers consider it unfeasible to
allocate approximately 10 m? of unproductive space for the Class A pan container inside the
greenhouse.

Vetiver grass (Vetiveria zizanioides L. Nash) is used by part of Asia, mainly India, to
make handicraft products, manufacture perfumes, medicines, and insect repellent (Gomes et
al., 2020). It has been widely used in several countries because it has a deep and abundant
root system, and because it is very resistant to climatic variations and tolerates contaminants
(Ucker & Almeida, 2013). Vetiver grass is easy to adapt and is used in sediment control,
phytoremediation, affluent treatment, and slope stabilization (Medeiros et al, 2020).

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 1



MATERIALS AND METHODS

The study was conducted at the UFF Gragoata campus. Two automated weather
stations of the brand/model E5000 by IRRIPLUS® were installed: one in an outdoor area
with Paspalum maritimum vegetative cover, having a 10-meter border, and the other inside
an Agricultural Greenhouse (AG). In these areas, four TCA-c pans were also installed
(one outdoors and three inside the AG). The meteorological data required for reference
evapotranspiration (ETo) calculation (global radiation, air temperature, relative humidity,
and wind speed) were collected from the aforementioned stations. The equation used for
calculating reference ETo using the Penman-Monteith Method was as follows the Equation
1:

ETo (PM) = 0.409(Rn - G) + (900 / (T +273)) * W * (es - €) / (1 + 0.34 * V) (Eq. 1)

Where:

+ ETo (PM) = reference evapotranspiration using the PM method, in millimeters
per day (mm d).

+  Rn = net radiation, MJ m2 d"'; G = soil heat flux, MJ m2d";
+ T =mean air temperature, °C;
W =mean wind speed at 2m height, m s;
(es - e) = vapor pressure deficit, kPa;
+ and 900 = conversion factor.

The development and construction of the low-cost evapotranspiration pan followed
all dimensions and installation protocols recommended by USWB/USA and FAO. The
difference is that it was manufactured by adapting a 200-liter iron drum, cut to a height of
25.4 cm (10”) and an internal diameter of 120.6 mm. These TCA-c pans were painted in light
gray, and wooden slats (from discarded pallets) were made to the prescribed measurements.
A mechanism with graduated rulers in millimeters was installed on the internal walls of the
TCA-c pans for reading purposes. Water levels inside the pans fluctuated between 5-7.5
mm from the edge of the pans.

Daily readings from the pans were obtained at the same time during the period from
01/09/2021 to 01/09/2022 (one year), and hourly data from the weather stations (EMs) were
collected. The evaporation from the Class A pans (ECA) was measured by calculating the
difference between daily readings. The Class A Pan Coefficient (Kp) was established based
on the season and the reference ETo determined by the EMs.

The collected data were assessed for normality, subjected to multiple comparisons
(Tukey, 0.05 significance level), and analyzed using Principal Component Analysis (PCA)
and clustering techniques with R software.

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 1



RESULTS AND DISCUSSION

Table 1 presents the average values of meteorological data provided by the weather
stations installed inside and outside the agricultural greenhouse. In Table 2, the Class A Pan
Coefficients (Kp) are shown, based on the correlation between Penman-Monteith reference
evapotranspiration (EToPM) and Class A Pan evaporation (ECA), for both the protected
environment and field conditions, across the four seasons of the year.

Seasons TlIn URIn W In Rin TOut UROut WOut ROut POut
°C % m s-1 MJ °C % m s-1 MJ mm
Spring 24.24 81.85 0 3.93 23.58 81.03 0.48 16.84 5.11
Summer 27.93 78.74 0 4.61 26.46 77.09 0.35 20.17 4.23
Fall 24.24 81.76 0 2.39 23.32 83.46 0.13 13.28 3.08
Winter 22.59 82.08 0 2.25 2217 85.56 0.21 12.92 1.46

T: Average Temperature; UR: Average Relative Humidity; W: Average Wind Speed; R: Average Solar
Radiation; P: Average Precipitation; In: Inside; Out: Outside.

Table 1. Weather data collected from weather stations inside and outside the greenhouse.

Seasons ECAIn ETIOnPM Kp In ECA Out E-g)uPtM Kp Out
----- mm----- -----mm-----
Spring 1.93b 1.14b 0.62 5.45a 3.42b 0.89
Summer 2.61a 1.28 a 0.55 5.68 a 4.31a 0.96
Fall 1.75b 0.80c 0.60 3.98b 241c¢ 0.82
Winter 1.59b 0.79¢c 0.60 3.49b 2.30¢c 0.81
CV (%) 56.79 27.45 78.15 61.97 36.21 106.65

ECA: Evapotranspiration of the class A pan; EToPM: Penman-Monteith Evapotranspiration; Kp: Pan
coefficient; In: Inside; Out: Outside. Consecutive means with the same letters in the column do not differ
by Tukey’s test at 5%.

Table 2. Evapotranspiration of the class-A pan and Penman-Monteith and Pan coefficients inside and
outside the greenhouse.

The protected environment condition exhibited a lower Kp, with evaporation ranging
from 54 to 64% less, resulting in an evapotranspiration 65 to 70% lower across the analyzed
seasons. Kp variations in the protected environment ranged from 0.55 to 0.62, while in the
field, they varied from 0.81 to 0.96. There was greater data variability in field conditions.
These same trends were also observed by Cunha (2011) when determining TCA pan Kps
using different methods: Doorenbos and Pruitt (1977), Cuenca (1989), Snyder (1992),
Pereira et al. (1995), Allen et al. (1998), and the correlation between Penman-Monteith
reference evapotranspiration (EToPM) and Class A Pan evaporation (ECA) in both protected
and field environments in the Botucatu-SP region.
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The author concluded that, in a protected environment, the methods of Allen et al.
(1998) and Snyder (1992) are the most recommended for dry months, while the correlations
between EToPM and ECA and Cuenca (1989) are suitable for rainy months. In field
conditions, the methods of Allen et al. (1998) and the correlations between EToPM and ECA
are suitable for dry months, and Allen et al. (1998) and Cuenca (1989) for rainy months. The
Allen et al. (1998) method proved to be the most efficient, regardless of the environment or
the analyzed months.

The plastic covering used in the experimental agricultural greenhouse, combined
with the use of a 70% shade net, significantly alters the radiation balance compared to the
external environment. This is due to the attenuation (absorption and reflection) of incident
solar radiation, resulting in a reduction of the internal radiation balance and, consequently,
affecting evapotranspiration (Sentelhas, 2001). The difference between internal and external
evapotranspiration varies with meteorological conditions. In this study, it was observed that
daily radiations in the external environment were, on average, 76.6% higher than internal
radiations throughout the year. Autumn/winter showed the highest radiation variations
(82.0 and 82.6%), due to the variation in solar incidence within the greenhouse, which was
oriented southeast/northwest.

The proximity of a forest to the east contributed to this difference, impacting the
average data of the three internal TCA pans distributed longitudinally in the greenhouse. This
resulted in varying amounts of radiation received, leading to differences in pan evaporation.

Figure 1 displays the Principal Component Analysis in a biplot graph. Inside the AG,
a positive relationship between air humidity and Kpin was observed. The pan evaporation
values closely align with the EMs’ evapotranspiration values, which increases Kp values
under high humidity conditions. In the external environment, the opposite phenomenon
occurs. High air humidity within the AG hinders evaporation due to the lower energy
differential between the two environments.
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Figure 1. Principal Component Analysis (PCA) of the parameters across different seasons of the year.

The wind speed and precipitation only impact the external environment since these
meteorological phenomena are not present inside the agricultural greenhouse. It was
observed that these parameters had a greater impact on the spring during the study period.
This is because, in addition to magnitude, the direction of the coefficients of the original
variables exhibited higher absolute values.

In summer, the internal temperature in the AG is negatively related to Kpln because
the internal Class A Pans evaporate more water, necessitating larger corrections in the
calculation of evapotranspiration.

The parameter most strongly related to Kpout is solar radiation, as it is the
primary energy source for the planet and can transform liquid water into vapor. Thus, the
evapotranspiration process is determined by the amount of energy available to vaporize
water. In the case of WSout, ECAout closely approximates the values of EToPM.
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Figure 2: Cluster analysis in which 1 represents spring, 2 summer, 3 autumn, and 4 winter.

Cluster analysis hierarchically separated the seasons into two groups: fall/winter
and spring/summer (Fig. 2). Thus, it is evident that a single Kp value cannot be used in
both protected and open environments, as there are various variations in climatological
parameters throughout the year.

Lopes Filho (2000) estimated ETo inside an AG and estimated the evaporation
occurring in three types of Class A Pans (TCAUSWB, Mini metallic pan, and Mini plastic
pan). ETo was estimated using the PenmanMonteith-FAO method based on meteorological
data also collected from an automatic weather station installed inside the AG. The Kp values
ranged from 0.25 to 0.93 for TCAUSWAB, 0.23 to 0.85 for the mini metallic pan, and 0.30 to
0.95 for the mini plastic pan.

A variety of machine learning (ML) algorithms, such as random forest (Lu et al.,
2018), artificial neural networks (Goyal et al., 2014), support vector machines (Kisi, 2015),
among others, have been extensively utilized to predict TCAc. These ML methods offer
robust, nonparametric models that don’t require extensive knowledge of internal variables,
allowing them to handle complex, nonlinear functions and diverse data more effectively
than traditional models (Wang et al., 2023). Compared to traditional statistical models, ML
models are known for their superior predictive performance, adaptability across various

scenarios, and flexibility in using different input variables (Schmidt et al., 2020).
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This research will continue to establish the TCAc coefficient more accurately,
incorporating other measurement equipment such as TCAUSWB, atmometer, and automatic

reading Class A Pan with pressure transducer.

CONCLUSION

The results obtained and the experimental conditions lead to the following
conclusions: A single Kp value cannot be used for both protected and open environments due
to variations in climatological parameters throughout the year. The protected environment
exhibits a lower Kp compared to the external environment. Kp variations in the protected
environment ranged from 0.55 to 0.62, while in the field, they varied from 0.81 to 0.96. Field
conditions exhibited greater data variability. Evapotranspiration in the external environment
is greater than in the protected environment. To more accurately account for microclimatic
variations in the protected environment, it is recommended to use a longer series of data for
Kp calculation, allowing for monthly and seasonal analysis, depending on the agricultural

crop.
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RESUMO: Annona glabra L. é espécie
originaria da América Tropical, com
ampla distribuicdo geografica no territorio
brasileiro. Apresenta frutos com sabor
pouco agradavel, tem importancia na
fruticultura pelo fato de se constituir em
porta-enxerto para a gravioleira (Annona
muricata L.) e outras anonaceas produtoras
de frutos comestiveis. A producdo de
porta-enxertos de araticunzeiro-do-brejo
é efetuada por via sexuada, tendo como
principal problema a germinacédo lenta e
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desuniforme, pois as sementes apresentam
dorméncia. O trabalho teve como objetivo
verificar o efeito da escarificacdo do
tegumento e da embebicdo em solucdes
de acido giberélico sobre a germinagéo
de sementes de araticum-do-brejo. Os
tratamentos consistiram da combinacdo de
sementes escarificadas e néo escarificadas
com a embebicédo, durante 24 horas, em
solugcbes de éacido giberélico (AG,), nas
seguintes concentracdes: 0, 250, 500, 750
e 1.000 mg.L™". O experimento foi conduzido
em delineamento inteiramente casualizado
com quatro repeticbes, em esquema fatorial
2 x 5 (condigéo da semente x concentragao
de éacido giberélico). Cada parcela foi
constituida por 50 sementes. Observou-
se que o efeito do é&cido giberélico na
germinacdo de sementes de araticum-
do-brejo foi mais pronunciado que a
escarificacdo. As sementes germinaram
em menor tempo quando embebidas em
solugbes de AG, nas concentragbes de,
750 e 1.000 mg.L'. A escarificacdo do
tegumento e a embebicdo em solugdes de
acido giberélico, nas concentragdes de 500,
750 ou 1.000 mg.L™", constitui-se em método
eficiente para superacdo da dorméncia de
sementes de araticum-do-brejo.
PALAVRAS-CHAVE: Annonaceae,
propagacéao, porta-enxerto
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OVERCOMING POND APPLE SEED DORMANCY

ABSTRACT: The Annonaglabrais originally species of Tropical America, with wide geographical
distribution in the Brazilian territory. It presents fruits with little flavor, but has importance in the
horticulture for the fact of constituting in rootstock for soursop (Annona muricata) and other
annonas producing of eatable fruits. The production of pond apple tree rootstock is made by
sexuada, as main problem the slow and desuniforme germination, because the seeds present
dormancy. The work had as objective to verify the effect of the scarification of the tegument
and of the soaking in solution of giberelic acid about the germination of pond apple seeds.
The treatments consisted of the combination of seeds scarification and non scarification with
soaking, for 24 hours, in solution of giberelic acid (AG,), in the following concentrations: 0, 250,
500, 750 e 1,000 mg.L". The experiment was carried out completely randomized design, with
four replicates, of 50 seeds, in factorial scheme 2 x 5 (condition of the seed x concentration of
giberelic acid). It was observed that the effect giberelic acid in the germination of pond apple
seeds was more pronounced than the scarification. The seeds germinated in smaller time
when soaked in solution of AG, in the concentration of 750 and 1,000 mg.L". The scarification
of the tegument and the soaking in solution of giberelic acid, in the concentrations of 500 or
1,000 mg.L", is constituted in efficient method for overcoming pond apple seeds dormancy.
KEYWORDS: Annonas, propagation, rootstock

INTRODUCAO

O araticunzeiro-do-brejo (Annona glabra L.) é espécie originaria da América Tropical,
com ampla distribuicdo geogréafica no territério brasileiro, ocorrendo desde a Amazénia
até o Estado de Santa de Catarina. E encontrado, com maior freqéncia, em areas
periodicamente inundadas, advindo dessa particularidade o seu nome comum (LUCENA
et al., 2011).

Essa espécie, conquanto apresente frutos com sabor pouco agradavel, em
decorréncia do baixo teor de agucares, tem importancia na fruticultura pelo fato de se
constituir em porta-enxerto passivel de ser utilizado em outras anonaceas produtoras de
frutos comestiveis, em particular para a gravioleira (Annona muricata L.). Quando utilizada
como porta-enxerto para essa espécie, na Amazonia Oriental Brasileira, além da boa
porcentagem de enxertos pegos, possibilitou a obtencéo de produtividades entre 54,2 kg e
62,5 kg de frutos por planta, 27 meses apds o plantio (CARVALHO et al., 2003).

A producéo de porta-enxertos de araticunzeiro-do-brejo é efetuada por via sexuada,
tendo como principal problema a germinacéo lenta e com acentuada desuniforme, pois
as sementes apresentam dorméncia, requerendo, em média, 90 dias para atingirem 95%
de germinagdo (CARVALHO et al., 2001), enquanto, sementes de graviola atingem esta
mesma porcentagem aos 36,3 dias ap6s a semeadura (CARVALHO et al., 1998).

A germinacéo lenta e desuniforme de sementes de anonéceas esta, geralmente,
associada a impermeabilidade do tegumento a &gua como no caso de Annona squamosa
L. (PAWSHE et al., 1997) ou a ocorréncia de dorméncia morfofisiologica como em Annona
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spraguei Saff., Xylopia aromatica (Lam.) Mart. e Xylopia frutescens Aubl. ou, ainda, a
dorméncia morfofisiolégica combinada com a impermeabilidade do tegumento a &agua,
como em A. cherimolla Mill.(SMET et al.,, 1999). Nas sementes de araticum (Annona
montana Macf.), graviola (Annona muricata L.) e birib4 (Rollinia mucosa (Jacq.) Bail.) é
provavel que a dorméncia por impermeabilidade do tegumento a agua s6 se manifeste
apds a secagem, haja vista a obteng¢éo porcentagens de germinagéo superiores a 94% em
espaco de tempo inferior a 50 dias, quando as sementes sdo semeadas imediatamente
apds serem extraidas dos frutos, ocasido em que apresentam teor de agua em torno de
30% (CARVALHO et al., 1998).

Diversos tratamentos pré-germinativos tém sido indicados para a superacao da
dorméncia de sementes de anonaceas, tais como: pré-embebicdo em agua, imersédo em
agua quente, escarificacdo mecénica ou quimica e pré-embebi¢cdo em acido giberélico
(PINTO, 1976; HERNANEZ, 1993). Em sementes de ata (Annona squamosa L.), resultados
bastante expressivos, em termos de aumentar e acelerar a germinagédo, foram obtidos
com a escarificacdo do tegumento e a pré-embebicdo em solugéo de acido giberélico com
concentracdes entre 50 e 100 mg.L" (STENZEL et al., 2003). Por outro lado, em sementes
de araticum-do-brejo a associagéo de escarificagdo com pré-embebicao em acido giberélico
em concentragdes variando entre 50 e 250 mg.L"' n&o teve efeito sobre a porcentagem de
germinacédo, embora tenha reduzido o tempo requerido para a germinacao (SOUZA NETO
et al., 2006).

Este trabalho teve como objetivo, verificar os efeitos da escarificagdo do tegumento
e da pré-embebicdo em solucbes de acido giberélico sobre a germinacao de sementes de

araticum-do-brejo.

MATERIAL E METODOS

Foram utilizadas sementes oriundas de seis plantas estabelecidas na colecao
de fruteiras nativas da Embrapa Amazénia Oriental, em Belém, PA. As sementes foram
extraidas manualmente de frutos completamente maduros, caracterizados pela cor
amarela do epicarpo e pela consisténcia mole da polpa. Apds a extragdo, as sementes
foram lavadas em &gua corrente, enxugadas superficialmente com papel absorvente e
submetidas a secagem, em dessecador contendo silica gel, até que o grau de umidade
atingisse valor em torno de 7%. Em seguida, efetuou-se selecdo manual, com o objetivo
de eliminar as sementes chochas e as atacadas por insetos, em particular pela broca-das-
sementes (Bephratelloides pomorum Fabricius). O tempo decorrido entre a extracao das
sementes e a aplicagédo dos tratamentos foi de 20 dias.

Os tratamentos consistiram da combinacdo de sementes escarificadas e néo-
escarificadas com a pré-embebicdo, durante 24 horas, em solugcbes de acido giberélico
(AG,), nas seguintes concentragbes: 0, 250, 500, 750 e 1.000 mg.L".
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A escarificagdo foi efetuada removendo-se pequena porgdo do tegumento na
extremidade apical de cada semente. Essa operacgao foi efetuada com um alicate de cortar
unhas, tendo-se o cuidado de ndo afetar as estruturas internas da semente.

Ap6s a aplicacdo dos tratamentos pré-germinativos, efetuou-se a semeadura em
recipientes de plastico com dimensdes de 25 cm de diametro e 18 cm de altura, contendo
como substrato a mistura de areia com p6 de serragem, na propor¢céo volumétrica de 1:1.
O substrato foi previamente esterilizado em agua fervente durante duas horas.

Os testes de germinagao foram conduzidos em ambiente sem controle de temperatura
e umidade relativa do ar, nas condicbes de ambiente natural de Belém (temperatura
média de 26,8°C). O numero de sementes germinadas, em cada parcela, foi controlado
diariamente, para fins de estimativa do tempo médio de germinagéo e para elaboracéo das
curvas de germinagéo. Foram consideradas germinadas apenas sementes que originaram
plantulas normais, ou seja, com todas as estruturas essenciais perfeitamente desenvolvidas
e sadias.

As seguintes variaveis foram consideradas na avaliacdo dos tratamentos:
comprimento e didmetro do hipocétilo em plantulas originadas de sementes submetidas a
escarificagédo, porcentagens de germinacao em intervalos regulares de 20 dias, a partir da
data de semeadura, até 220 dias, inicio, término e tempo médio de germinagéo, o qual foi
determinado por meio do critério estabelecido por Silva e Nakagawa (1995). Esse indice
representa a média ponderada do tempo necessario para a germinacéo, tendo como fator
de ponderagédo a germinagéo diaria, calculado pela equagéao (1):

N1T1 + N2T2 +...NnTn
TMG=
N1+ N2+..Nn

Em que:

Tm = € o tempo médio em dias, necessario para atingir a germinagdo maxima;

G,, G, e G & o nimero de sementes germinadas nos tempos T, T, e T,
respectivamente.

O experimento foi conduzido em delineamento inteiramente casualizado com quatro
repeticbes, em esquema fatorial 2 x 5 (condi¢do da semente x concentracdo de AG,). Cada
parcela foi constituida por 50 sementes. As médias foram comparadas pelo teste de Tukey,
a 5% de probabilidade. Os dados expressos em porcentagem foram transforma de acordo
com a equacdo y = +/x/100 e os em dia foram transformados em raiz quadrada de x + 4, 0s
valores apresentados na tabela e figuras s@o os originais.
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RESULTADOS E DISCUSSAO

O efeito da pré-embebicdo em solugdes de acido giberélico sobre a germinacao
das sementes e desenvolvimento do hipocotilo em plantulas de araticum-do-brejo foi mais
pronunciado que o da escarificagdo. A porcentagem de germinacao foi superior a 90% em
todos os tratamentos com escarificagdo associada a embebi¢do das sementes em solugbes
de acido giberélico (GA,). Entretanto, no periodo avaliado ndo houve diferenga significativa
entre os tratamentos aplicados as sementes escarificadas ou néo.

Com relagéo a avaliagcao do crescimento do hipocétilo, o qual foi verificado apenas
nas sementes escarificadas, ndo houve diferencas significativas entre as diferentes
concentracbes de &cido giberélico, tanto para o comprimento, quanto para o diametro
(Tabela 1).

Germinagao Crescimento do hipocétilo
(n? gC_;L?1) Nao escarificada Escarificada Comprimento Didmetro
(%) (%) (cm) (cm)

0 85,7 Aa 93,0 Aa 85A 0,31A
250 94,0 Aa 95,5 Aa 8,4A 0,31 A
500 91,0 Aa 95,0 Aa 9,3A 0,29A
750 94,5 Aa 96,5 Aa 9,1A 0,29 A
1000 92,5 Aa 96,0 Aa 9,5A 0,28 A

C.V. (%)

Médias seguidas pela mesma letra maiuscula na coluna e mindscula na linha, ndo diferem entre si pelo
teste de Tukey a 5%.

TABELA 1. Porcentagem de germinagéo e crescimento do hipoc6tilo em plantulas de araticum-do-brejo,
submetidas a diferentes tratamentos para superacéo de dorméncia. Belém, 2013.

No entanto, observou-se que a escarificagdo e a embebi¢cdo em éacido giberélico
reduziu o tempo requerido para o inicio da germinacdo. Nas sementes que ndo foram
escarificadas, e nem embebidas em &cido giberélico, o inicio de germinagao verificou-se,
em média, 45 dias ap6s a semeadura. Enquanto, nas sementes embebidas em solugéo
de acido giberélico na concentragdo de 250 mg.L™" o inicio de germinacéo foi mais rapido
verificando-se, em média 23,5 dias ap6s a semeadura. Redugdes mais acentuadas foram
obtidas em sementes submetidas as concentragdes entre 500 e 1.000 mg.L" (Figura 1).
Resultados semelhantes foram encontrado por Stenzel et al. (2003), com a aumento de
50 para 100 mg.L" na concentracdo de AG,, o que proporcionou elevagéo no indice de
velocidade de germinacé@o de sementes de Annona squamosa.
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FIGURA 1. Tempo médio de germinagédo de sementes de araticum-do-brejo, escarificadas e nao-
escarificadas, em fungéo da concentragéo de acido giberélico.

Diferencgas significativas pronunciadas em fungéo da escarificagdo e da embebicao
em 4cido giberélico foram observadas em relacéo ao tempo médio de grminag@o. Sementes
nao escarificadas e sem pré-embebicao em acido giberélico, o tempo médio de germinacao
foi de 211 dias. Nas sementes que nao foram escarificadas a redugcéo do tempo médio de
germinacdo somente foi observada quando as sementes foram embebigcdo em solugdo de
acido giberélico nas concentragdes de 750 e 1.000 mg.L"". A concentragdo de 1000 mg.L"
de AG,, acelerou o processo germinativo, nessa condigéo o tempo médio de germinagéo
foi de 58,5 dias (Figura 2).
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FIGURA 2. Porcentagem de germinagdo de sementes de araticum-dobrejo ndo submetido a
escarificacéo e pré-embebidas em solu¢des de acido giberélico de diferentes concentracdes, em
fungdo do tempo.
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Em todas as concentragcbes de acido giberélico testadas, o tempo médio de
germinacao foi menor para as sementes escarificadas (Figura 3). A reducéo no tempo médio
de germinacao se verificou a partir de 250 mg.L™", sendo particularmente acentuada quando
foram embebidas em solugbes com concentragcdes de 500, 750 e 1.000 mg.L'. Sementes
escarificadas e embebidas em solugbes de acido giberélico, nessas concentragoes,
apresentaram tempo médio de germinacgao inferior a 25 dias, valor este bem menor que o
tempo requerido para a germinagéo de sementes de graviola que, em média, é de 36,3 dias
(CARVALHO et al., 1998).

O efeito do acido giberélico na aceleracao da germinacéo de sementes de araticum-
do-brejo foi mais pronunciado que a escarificacdo. Tal fato ocorreu devido ao estimulo
da giberelina, que atua sobre a sintese de enzimas como a b-amilase que digerem as
reservas armazenadas no endosperma das sementes, formando agucares, aminoacidos
e acidos nucleicos, que séo absorvidos e transportados para regides de crescimento do
embrido, estimulando o alongamento celular, fazendo com que a raiz rompa o tegumento
da semente, acelerando a germinagdao com maior uniformidade (HOPKINS, 1999).

Com relagdo a concentragdo de acido giberélico, constatou-se que quando néo
se efetuou a escarificacdo das sementes, estas germinaram mais rapidamente quando
embebidas em solugbes mais altas nas concentracdes 750 e 1.000 mg.L" (Figura 3).
Resultados semelhantes foram encontrados por Ferreira et al. (2002) em sementes de
Annona squamosa, utilizando concentragdes de acima da 100 mg.L™, os quais verificaram
diferengas significativas na porcentagem e velocidade na germinacdo das sementes.

Para as sementes escarificadas e embebidas em solu¢cdes de 500, 750 e 1.000
mg.L™" a germinacédo foi bastante rapida e uniforme, ndo sendo detectadas diferencas
significativas, na porcentagem de germinacéo final computada aos 220 dias apés a
semeadura (Figura 3).
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FIGURA 3. Porcentagem de germinagao de sementes de araticum-do-brejo escarificadas e pré-
embebidas em solugdes de acido giberélico de diferentes concentragbes, em fungédo do tempo.
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Nessas concentragdes, as sementes apresentaram 30 dias ap6s a semeadura,
porcentagens de germinacgéo de 83,5, 87,5 e 93%, respectivamente. Enquanto que, para as
sementes nao escarificadas as porcentagens de germinacao, ao final desse periodo, foram
bem menores, sendo registrados valores de 20, 35 e 47%, respectivamente. Ressalte-se
que, 30 dias ap6s a semeadura, nenhuma semente ndo escarificada e sem embebicéao
em &cido giberélico germinou. Enquanto, no tratamento que envolveu escarificacdo sem

embebicdo em acido giberélico a porcentagem de germinacéo foi inferior a 1% (Figura 3).

CONCLUSOES

A escarificacdo do tegumento e a embebicdo em solugdes de acido giberélico,
nas concentracées de 500, 750 ou 1.000 mg.L", constitui-se em método eficiente para
superacéo da dorméncia de sementes de araticum-do-brejo.
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ABSTRACT: Mosquitoes are the first
cause of transmission of viral diseases
for both humans and animals, as they can
transmit some viral diseases. These insects
have attracted the attention of specialists,
especially in the field of control. Extensive
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use of pesticides in agriculture and public health programs leads to numerous environmental
problems and toxic effects on aquatic animals, especially non-target organisms. Thus, this
method has many negative effects. Our study aims to know the effect of the insecticide used
in agriculture Rustile to eliminate four stages of the life cycle of mosquitoes without causing
damage to the ecosystem. So that we concluded through our work that the effect of these
pesticides varies according to the concentration used, as shown by the sharp differences
in the proportion and rate of mosquito mortality. The use of a 2.5 ml dose of rustic ide had a
greater effect compared to both the 0.5 ml and 4.5 ml doses on the third day. If it turns out that
using a dose of 4.5 ml of the pesticide was more effective in the third and fourth stages (L, L))
compared to doses of 0.5 ml and 2.5 ml of the same pesticide. However, this concentration
is not recommended as it is not effective in the first larval instars (I and Il) and thus allows
them to develop into later instars (Ill and 1V) which require a higher concentration in order
to eliminate them. In addition to causing a lot of pollution, especially water pollution and its
accumulation, thus affecting the balance of the water environment used there. Therefore, the
use of a rusticide with the active substance ACETAMIPRID 20% at a specific concentration
can be considered very effective in eliminating mosquito larvae and thus getting rid of harmful
mosquitoes without harming the environment or non-target organisms.

KEYWORDS: Acetamiprid, Culex pipiens, Ecotoxicity, Rustile.

ESTUDAR O EFEITO DO INSETICIDA UTILIZADO NA AGRICULTURA (RUSTILE)
SOBRE AS LARVAE DO MOSQUITO DOMESTICO (CULEX PIPIENS)

RESUMO: Os mosquitos sé@o a primeira causa de transmissao de doencas virais tanto para
humanos quanto para animais, pois podem transmitir algumas doencas virais. Esses insetos
tém atraido a atencéo de especialistas, principalmente na area de controle. O uso extensivo
de pesticidas na agricultura e em programas de saude publica leva a numerosos problemas
ambientais e efeitos toxicos em animais aquaticos, especialmente organismos nédo-alvo.
Assim, este método tem muitos efeitos negativos. Nosso estudo tem como objetivo conhecer
o efeito do inseticida utilizado na agricultura Rustile em eliminar quatro etapas do ciclo de
vida dos mosquitos sem causar danos ao ecossistema. De modo que concluimos atravées do
nosso trabalho que o efeito desses pesticidas varia de acordo com a concentracao utilizada,
como mostram as diferengas acentuadas na proporcao e taxa de mortalidade dos mosquitos.
O uso da dose de 2,5 ml de ide rustico teve efeito maior em comparagéo as doses de 0,5
ml e 4,5 ml no terceiro dia. Acontece que o uso de uma dose de 4,5 ml do pesticida foi mais
eficaz na terceira e quarta etapas (L,, L,) em comparagéo com doses de 0,5 ml e 2,5 ml do
mesmo pesticida. No entanto, esta concentracéo nédo é recomendada porque nédo € eficaz
nos primeiros instares larvais (I e Il) e assim permite que evoluam para instares posteriores
(I e 1V) que requerem uma concentracao mais elevada para serem eliminados. Além de
causar muita poluicdo, principalmente a poluicéo das aguas e seu acumulo, afetando assim
o equilibrio do meio hidrico ali utilizado. Portanto, o uso de um rusticida com a substancia
ativa ACETAMIPRID 20% em concentragdo especifica pode ser considerado muito eficaz na
eliminacdo de larvas de mosquitos e, assim, livrar-se dos mosquitos nocivos sem agredir o
meio ambiente ou organismos ndo-alvo.

PALAVRAS-CHAVE: Acetamipride, Culex pipiens, Ecotoxicidade, Rustile.
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INTRODUCTION

Concerned experts and specialists agree that environmental sciences currently
occupy an important space between basic, applied and human sciences. And people
have started to view these developments as global problems that countries can only bring
together, put in place appropriate frameworks and solutions. It emerged as an objective
need to research living organisms and their environmental habitats (Hanoush, 2004) and
to study the relationships between living and non-living elements. Insects are among the
living organisms that have aroused great interest among environmental scientists, as they
are among the most important classes of the arthropod phylum, both in terms of number and
biological diversity, and in terms of economic importance. Among the insects that have been
the subject of much scientific research are the mosquito families, because they are the first
enemy of humans and animals. They are vectors of the pathogenic agents of many diseases,
including malaria, yellow fever, elephantiasis, filariasis or filariasis, etc. Biodiversity can be
understood as the study of difference, that is, what distinguishes and makes at the same time
two neighboring entities in space or time. Conservation of biodiversity necessarily requires a
complete knowledge of the distribution of fauna and flora (Couturier et al. 1985). Arthropods
are abundant in all habitats from deserts to tropical forests. Insecticides are insecticides
intended to Kill insects. Pesticides are widely used in agriculture and community health
and are also present in the local environment and are mostly responsible for health effects
(Morsli et al. 2015) affecting insects as well as their toxic effects on humans (Lechekhab.
2018). Mosquitoes are considered harmful insects because they are the main vector of viral
diseases to humans and animals. We conducted a comparative chemical study using the

chemical pesticide «Rustile» used in agriculture on the larvae of domestic mosquitoes.

MATERIALS AND METHODS

Presentation of the study area Garaate Djamel

Garaate Djamel is located in the commune of El Chat, daira of Ben Mhidi on the left
side of the wilaya road number 109 connect the wilaya of Annaba with El- Kala (Gacem,
2013).
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Figure 1: Location of observation station (Garaat Djamel) (Gacem et al., 2023).

Insecticide Rustile

They are active substances or phytosanitary preparations that have the property
of killing insects and/or their larvae and/or eggs. They are part of the family of pesticides,
themselves included in the family of chemical pesticides, subject to regulation in Europe
through specific directives. The generic term “insecticide” also includes pesticides intended
to control arthropods that are not insects (such as spiders or mites such as ticks) as well
as sometimes repellents. A distinction is made between contact products. Insecticides are
chemical pesticides intended to destroy insects: widely used in agriculture and community
health (disease vector control), they are also present in the home environment, although
interesting from the point of view of operator safety, they have been subject to significant
limitations in use due to Presumed adverse effects on non-target groups (Habiba, 2022).
Both of these are great. The insecticide families are reviewed respectively, toxicokinetics,
mode of action at the biochemical level and described toxic effects in humans in the main

exposure contexts: household accidents, suicidal poisoning by high doses (Gacem, 2023).

Les Culicidae Culex pipiens Linnaeus, 1758

Mosquitoes are Arthropods. They are grouped in the Culicidae family, presenting
sucker-biting type mouthparts. The duration of larval stages is closely linked to certain
components of the environment, in particular temperature, humidity and photoperiod (Himmi,
1998). The life cycle of mosquitoes shows many variations depending on the species. The
egg, larva and nymph stages are aquatic, while the adult is aerial.
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Figure 2: The anterior parts of the Culex pipiens larva Gr. x150 (Personal photos).

ANALYSIS AND STATISTICS

The results obtained are represented by the mean, the standard deviation and the
percentage of mortality; we used the EXEL 2007 and EXEL 2010.

RESULTS

Figure (3) shows us the effect of the insecticide when placed with the larvae of the
mosquito, Culex pipiens pipiens. A significant value of the death rate of the larvae of the first
stage was estimated at 40%, followed by the death rate of the larvae of the second stage,
which was estimated at 26.66%, to decrease the death rate The larvae of the third instar
compared to the death rate of the larvae of the first and second instars, which is 20%, to
record the lowest mortality rate in the box containing the larvae of the fourth instar, which
was estimated at 6.66%. These results are due to the small size of the larvae of the first and
second instars and their effect on the pesticide and the inability to resist, while the larvae of
the third and fourth instars are larger and more resistant to the insecticide.

Through figure (4) it is clear to us that when mosquito larvae, Culex pipiens pipiens,
were placed with a little insecticide and left after 48 hours. The same death rate was
recorded for each of the first, second and fourth instar larvae, except that it decreased by
a large percentage compared to the first day, when we recorded 6.66% As for the mortality
rate for the third stage, it was completely absent.
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Figure 3 : Effect of the insecticide on Culex pipiens pipiens mosquito larvae within 24 hours.
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Figure 4: The ratio of the death rate of the four instars of the Culex pipiens pipiens larva within 48 hours.

DISCUSSION

Insects are among the most widespread arthropods on earth. In terms of
epidemiological significance and human nuisance, mosquitoes are the first pathogen vectors,
followed by Acariens mites, ticks, ticks, and finally Puces fleas (Lecointre, 2001). In order to
combat these vector factors, chemical control was the main method for controlling disease
vectors, but it has many disadvantages with regard to the high cost of pesticides, and it
negatively affects the environment and the health of non-target groups such as humans, in
addition to the emergence of resistance to some pesticides (Zaidi & Soltani, 2011). These
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species are highly responsive to pesticides in the world and Algeria (Bendali-Saoudi et al,
2013). It has succeeded in developing systems that are resistant to conventional insecticide.
As a result, the use of biological control has become a necessary alternative, thanks to its
effectiveness against a wide range of pests (Soltani, 2010). Biological control is a traditional
and alternative method to chemical control, non-selective and specific (Chaouch, 2024).
Insects are among the most widespread arthropods on earth. In terms of
epidemiological significance and human nuisance, mosquitoes are the first pathogen vectors,
followed by Acariens mites, ticks, ticks, and finally Puces fleas (Lecointre, 2001). In order to
combat these vector factors, chemical control was the main method for controlling disease
vectors, but it has many disadvantages with regard to the high cost of pesticides, and it
negatively affects the environment and the health of non-target groups such as humans, in
addition to the emergence of resistance to some pesticides (Habiba, 2022). These species
are highly responsive to pesticides in the world and Algeria (Bendali-Saoudi et al, 2013).
It has succeeded in developing systems that are resistant to conventional insecticide. As
a result, the use of biological control has become a necessary alternative, thanks to its
effectiveness against a wide range of pests (Soltani, 2010). Biological control is a traditional

and alternative method to chemical control, non-selective and specific.

CONCLUSION

Our experiments dealt with a study of the mortality rate of Culex pipiens pipiens
mosquito larvae treated with an insecticide Rustile during four stages of its life cycle. Through
our research, we concluded that this pesticide has a toxic effect on mosquito larvae, Culex
pipiens pipiens, where the effect is on the first small larval instars, the first larval instar L,,
then the second larval instar L,, compared to the third instar L, and the fourth L,. Hence,
farmers must use this insecticide used in agriculture, and this confirms the toxicity of the
insecticide, that is, the chemical control of mosquito larvae L,, L,, L, and L,, and therefore
biological control has more effectiveness in eliminating predators without environmental or
health damage, which made it more effective. Widely used of chemical control.
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ABSTRACT: The use of conventional
pesticides is one of the most widespread
methods of combatting harmful insects and
disease vectors. However, the side effects
of these chemicals on the environment as
well as on human health have encouraged
the development of several alternative
methods to chemical control, such as the
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use of biopesticides. The objective of this work is to test the effectiveness of essential oils
from the leaves of Origanum majorana, cultivated on the region of Ain Defla, against the
disease vector Culex pipiens. Toxicological tests were conducted with a series of essential
oil solutions (5, 10 and 20 pl) prepared in tubes containing 1 ml of ethanol. Three repetitions
were performed in containers holding 15 newly ecdysed L3 stage larvae and 150ml of rearing
water. The results revealed a toxic effect with a concentration-response. A very significant
mortality rate was observed after treatment with Origanum majorana, especially the mortality
rate reached with the highest concentration and with the lowest concentration. The LC,, and
LC,, are respectively: 5.37ul/ml and 15.48 pl/ml.

KEYWORDS : biopesticide, essential oils, Origanum majorana, Culex pipiens.

EFFET INSECTICIDE DE L'HUILE ESSENTIELLE DE L'ORIGANUM MAJORANA
CONTRE CULEX PIPIENS

RESUME: L'utilisation des pesticides conventionnels est I'un des types de lutte les plus
répandus contre les insectes nuisibles et vecteurs de maladies. Cependant, les effets
secondaires de ces produits chimiques sur I'environnement ainsi que sur la santé humaine,
ont encouragés le développement de plusieurs méthodes alternatives a la lutte chimique
comme I'utilisation des biopesticides. L'objectif de ce travail est de tester I'efficacité des huiles
essentielles des feuilles d’Origanum majorana, cultivée dans la région d’Ain Defla, a I'égard
du vecteur de maladie Culex pipiens. Les essais toxicologiques ont été réalisés avec une
série de solutions des huiles essentielles (5, 10 et 20 ul) préparé dans des tubes contenant
1 ml d’éthanol. Trois répétitions ont été effectués dans des récipients contenant 15 larves
du stade L3 nouvellement exuviées et 150ml d’eau d’élevage. Les résultats ont révélé un
effet toxique avec concentration-réponse. Un taux de mortalité trés important a été constaté
apres le traitement avec I'Origanum majorana, notamment le taux de mortalité atteint avec
la concentration la plus forte et avec la concentration la plus faible. Les CL,; et CL,, sont
respectivement : 5.37ul/ml and 15.48 pl/ml.

MOTSCLES: biopesticide, huiles essentielles, Origanum majoran, Culex pipiens.

INTRODUCTION

Origanum majorana, belonging to the Lamiaceae family, is an herbaceous plant
found in Southern Europe and the Mediterranean region, known as marjoram, which can
reach up to 60 cm. O. majorana is widely used as a garnish in food preparation, as well as
being a medicinal plant used for various purposes in the traditional medicine of different
regions.

Studies on this plant have identified a large number of its active compounds (Nasser,
2018); the most important of these bioactive constituents, which are mainly secondary
metabolites, include alkaloids, flavonoids, tannins, phenolic compounds, and essential oils,
which explain its biological properties. According to Fournier (2003), aqueous extracts,
powders, and essential oils from plants contain some types of secondary metabolites have
an insecticidal property.
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For several years the fight against harmful insects and disease vectors has been
mainly done using chemical pesticides. However, the repeated and continuous use of these
products has encountered several difficulties, such as resistance phenomenon, ecosystem
imbalances, lack of specificity, and persistent effects in non-biodegradable insecticides,
which are the most common issues (WHO, 2018; Richards et al, 2020). Therefore,
resorting to natural insecticidal molecules turns out to be an alternative approach. Currently,
insecticides based on essential oils are under study to take the place of chemical insecticides
in the field of phytoprotection.

The objective of this study would be to test the insecticidal activity of Origanum
majorana essential oils, on the L3 larvae of Culex pipiens; known as a significant vector of
diseases.

MATERIALS AND METHODS

Plant material

The sampling method used involves randomly collecting leaves, cultivated in the
region of Ain Defla) 36.2634° N, 1.9679° E(. The collected sample is placed in a bag and
then transported to the laboratory.

Mosquito rearing

The larvae of Culex pipiens (Diptera: Culicidae) were obtained from a stock colony
of the laboratory. Each 25 larvae were kept in Pyrex storage jar containing 150 ml of stored
tap water and maintained at temperature between 25-27°C and a photoperiod of 14L:10D.
Larvae were daily fed with fresh food consisting of a mixture of Biscuit Petit Regal-dried
yeast (75:25 by weight), and water was replaced every four days (Bendali et al, 2001).

Extraction and toxicity of essential oils of Origanum majorana

The extraction of essential oil from oregano is carried out by hydrodistillation using
a Clevenger-type extraction. The process involves introducing 140g of dried plant material
into a 1-liter flask, to which a quantity of distilled water equivalent to 2/3 of the flask’s
volume is added. The extraction operation is carried out for three hours from the start of
boiling. Finally, the obtained oil is stored and conserved at a temperature of 4°C.The toxicity
tests were conducted in accordance with the protocol recommended by the World Health
Organization, adopted for testing the sensitibity of larvae to insecticides used in control
campaigns (WHO, 2005). A preliminary test (1 ml of 96° ethanol and 99 ml of rearing water)
is carried out to demonstrate that the solvent (ethanol) has no larvicidal effect. The solvent
acts as a dispersing agent for the essential oil in the water. The treated series of newly
exuviated L3 of Cx. pipiens were exposed to the product for 24 h and the control series
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were exposed to water only. After the exposure time, the larvae were removed and placed
in untreated water. The tests were carried out with three replicates containing 15 larvae for
each.

Mortality was registered daily until the end of the treated stage. The percentage
of recorded mortality was corrected (Abott, 1925) and toxicity data were studied by probit
analysis (Fisher & Yates, 1957) and LC_, & LC, were calculated by the method of (Finney,
1971).

Yield
The yield of essential oil is the ratio between the weight of the extracted oil and the
weight of the dry matter of the plant (AFNOR, 1987). It is expressed as a percentage and is

calculated using the following formula:
Y=(WA/WB)x100, where:

* Y:Yield of oil in %
+  WA:is the Weight of the ail in g.

+  WB:is the Weight of the dry matter of the plant in g.

RESULTS

Yield

The weight of the essential oil after extraction was 0.336g, therefore the yield is
calculated as follows:

Y:(0.3369/140g) x100=0.24%.

The essential oil from Origanum majorana is yellow, clear with a pleasant smell, and
with a yield of 0.24% of the dry matter of the leave part of the plant.

Toxicity of Origanum majorana on Culex pipiens larve

Fig.01 illustrates the variation in the mortality rate of Culex pipiens larvae according
to the 4 concentrations used (p<0.005), after 24h of exposure. Indeed, the treatment of
L3 with the essential oils show average mortalities correlated to the doses used. The
mortality reaches (96%) for the high concentration 20 yl/ml compared to (58%) for the low
concentration 5 pl/ml.
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Figure 01: Concentration-response relationship for treatment of Origanum majorana on 3th instar larvae
of Culex pipiens for 24h.

The regression line of larval mortality after treatment with Origanum majorana is
presented in Fig.02. The corresponding LC,  and LC,, values are 5.37ul/ml and 15.48 pl/ml
after 24h of contact.
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Figure 02: Probit transformed responses with equation regression and coefficient of determination R2
for essential oils extracted from Origanum majorana and tested on 3th instar larvae of Culex pipiens for
24h.

DISCUSSION

Due to their chemical nature, pesticides are pollutants and toxic, and several harmful
effects resulting from their use have been documented. The use of natural substances of
plant origin, namely essential oils, constitutes a promising alternative (Ayed et al, 2017). In
this study, we attempted to evaluate the bio-insecticidal effect of essential oils from Origanum
majorana on the larvae of stage L3 of Cx. pipiens, depending on studied concentrations.
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The yields of essential oil extracted from Origanum majorana was 0.24%. In general,
this yield varies from one plant to another; it is 0.5% for Artemisia mestlantica and 0.2% for
Artemisia campestris (Khebri, 2011), 0.5% and 0.9% for Kaempferia galanga L. (Manat &
Weerachai, 2022). The insecticidal properties of certain essential oils have been specifically
tested on mosquito larvae. In this context, the work of Pitarokili et al, (2011), demonstrates
that oils extracted from three species of Mentha: M. pulegium, M. piperita, and M. spicata,
possess larvicidal activity against C. pipiens with LC,  values of 46.4, 40.28 and 27.23
ppm, respectively. Furthermore, Singh et al, 2003, revealed a larvicidal activity of essential
oils (EOs) extracted from Ocimum canum with lethal concentrations (LC50=301, 340 and
234 ppm, respectively) that are higher than those found in our experimentation and this
against three species of mosquitoes: A. aegypti, C. quinquefasciatus and A. stephensi.
These extracts contain on average 20 to 60 compounds, most of which are relatively simple
molecules. Their mechanism of action is unknown, and relatively few studies have been
conducted on this subject (Isman, 2000). It is considered that these mechanisms are unique,
and essential oil-based biopesticides can be tools of choice in pest resistance management
programs. With these specific mechanisms of action, these biopesticides can be used alone
and repeatedly without potentially inducing the development of resistance in pests (Windley
et al, 2012).

The results obtained in this work show that the essential oils of Origanum majorana
could constitute very interesting raw materials for the formulation of bio-insecticides to
combat the mosquito larvae. However, field trials will be necessary to confirm the practical
interest of these results.

CONCLUSION

The very encouraging results obtained in this experiment deserve to be exploited
through further research on these botanical species. In fact, this test was conducted only at
the laboratory, and additional work would be necessary to be able to establish a means of
biological control based on essential oils from plants that would be effective, economical,
and environmentally friendly.
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ABSTRACT: Thapsia garganica is a
medicinal plant belonging to the Apiaceae
family, commonly known in Algeria as
Derias. This plant contains several bioactive
compounds, some of which may have
antioxidant properties. The Antioxidant
activity of essential oils of Thapsia
garganica, using the powder of aerial parts
can be evaluated with DPPH (2,2-diphenyl-
1-picrylhydrazyl) test. DPPH is a free radical
that has a dark purple color in solution.
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When it reacts with antioxidants, it loses an electron, and its purple color disappears, indicating
its antioxidant power. It was comparing with Ascorbic acid or vitamin C as a reference.

The findings from the antioxidant activity analysis revealed that the plant being studied
demonstrated a high activity, showing an inhibition percentage (1) of 78.3% when compared
to Ascorbic acid as control, which exhibited 82.17% inhibition at the highest concentration,

which means a good antioxidant activity of this plant.
KEYWORDS: Thapsia garganica, Antioxidant activity, DPPH, Inhibition.

ACTIVITE ANTIOXYDANTE DE THAPSIA GARGANICA
RESUME: Thapsia garganica est une plante médicinale appartenant & la famille des Apiacées,
communément connue en Algérie sous le nom de Derias. Cette plante contient plusieurs
composés bioactifs, dont certains peuvent avoir des propriétés antioxydantes. L’activité
antioxydante des huiles essentielles de Thapsia garganica, en utilisant la poudre de parties
aériennes, peut étre évaluée avec le test du DPPH (2,2-diphényl-1-picrylhydrazyl). Le
DPPH est un radical libre qui a une couleur pourpre foncé en solution. Lorsqu’il réagit avec
des antioxydants, il perd un électron, et sa couleur pourpre disparait, indiquant son pouvoir
antioxydant. Il a été comparé a I'acide ascorbique ou vitamine C comme référence. Les
résultats de I'analyse de I'activité antioxydante ont révélé que la plante étudiée présentait
une activité élevée, montrant un pourcentage d’inhibition (I) de 78,3% par rapport a I'acide
ascorbique comme témoin, qui a présenté une inhibition de 82,17% a la concentration la

plus élevée, ce qui signifie une bonne activité antioxydante de cette plante.
MOTSCLES: Thapsia garganica, Activité antioxydante, DPPH, Inhibition.

INTRODUCTION

There has been a growing need for natural antioxidants as alternatives to synthetic
ones due to the health risks associated with the latter. However, the antioxidant effectiveness
may be linked to the concentration of phenolic compounds in a species. Phenolic compounds
are recognized for their capacity to neutralize toxic reactive oxygen species owing to their
high redox potentials, acting as reducing agents particularly for copper (Ben Haj Koubaier,
2014; Lahmadi et al, 2021).

A considerable array of medicinal plants and their refined components have
displayed promising therapeutic potentials. Various herbs and spices have been noted for
their antioxidant activity (Khalaf et al, 2008).

The objective of this study is to extract essential oils from the dried aerial parts of
Thapsia garganica using hydrodistillation. Subsequently, the antioxidant activity is assessed
using the DPPH method from the same plant, with ascorbic acid (Vitamin C) as a reference.
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MATERIALS AND METHODS

Presentation of the study area

The plant (T garganica) was harvested in April from Kheiri, Oued Adjoul in Jijel.
A coastal province located in the northeast of Algeria, Its coastline has a length of 121.2
kilometers and with an area of 62.38 square kilometers.

@

Kheiri Qued
Adjoul w132

dy=e slg S,

Figure 1: Location of the study area (Jijel, Algeria).
Source: https:/fr.wikipedia.org/wiki’lKhe%C3%AFri_Oued_Adjoul.

Plant material

The genus Thapsia consists of flowering plants in the Apiaceae family, encompassing
many original species from the Mediterranean region with medicinal properties (Ladjel et al,
2011; Athmouni et al, 2015).

Among them, Thapsia garganica, stands out, containing a molecule called
Thapsigargarine, which acts as a potent non-competitive inhibitor of ubiquitary enzymes
(Calcium/ ATPases). By doing so, it increases the calcium concentration in the endoplasmic
reticulum and induces cellular apoptosis (Makunga et al, 2006; Lopez et al, 2018).

After harvesting, the aerial parts of the plant were cleaned, washed, dried for 15 days
at room temperature, in a dry place protected from sunlight to maintain the integrity of the
molecules to the greatest extent possible, then ground into a fine powder using an electric
grinder.

Antioxidant activity

The obtained powder of the cited plant was placed in a distillation container
(Hydrodistillation by Clevenger) to obtain the essential oils (Clevenger, 1928). The
antioxidant activity of the essential oils of Thapsia garganica, with different concentrations
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(2, 4, 6 and 8 ug/ml) and also vitamin C (Ascorbic acid) as control can be evaluated by the
DPPH test (2,2-diphényl-1-picrylhydrazyl) (Athmouni et al, 2015). It is a free radical that
appears dark violet in solution; due to scavenging of stable free DPPH radicals, its violet
color changes to yellow, indicating its antioxidant capacity (Khadri et al, 2020), which is
representing by inhibition percentage as follows (Chibani et al, 2014):

Inhibition I= (Ao-Ae/A0)*100

Ao: Absorbance of DPPH in solution

Ae: Absorbance of the studied sample

The change in color is measured by the decrease in absorbance values at a
wavelength of 517 nanometers. A decrease in absorbance indicates an increase in free

radical scavenging activity, and vice versa.

RESULTS

The first graph (Figure 2) represents the inhibition activity of Thapsia garganica
against the DPPH radical at different concentrations. It can be observed that as the
concentration increases, the inhibition activity against the DPPH radical becomes stronger.
It was 71.94% with the lowest concentration and 78.3% with the highest concentration.
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Figure 2: Inhibition (%) of T. garganica essential oils.

The second graph (Figure 3) represents the inhibition activitiy of vitamin C (Ascorbic
acid) against the DPPH radical at different concentrations. It can be observed that as the
concentration increases, the inhibition activity against the DPPH radical becomes stronger.
It was 75.08% with the lowest concentration and 82.17% with the highest concentration.
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Figure 3: Inhibition (%) of Vitamin C.

The antioxidant activity against Ascorbic acid is greater than the antioxidant activity
against Thapsia garganica oils. However, despite this, the oils of this plant is considered to
have high antioxidant activity.

DISCUSSION

Based on the findings of the study on the antioxidant activity of T. garganica oils, the
inhibition percentage at the different concentrations was high which indicates a good level
of inhibition. These results are consistent with what was found by (Chibani et al, 2014) using
the same plant and the same method (DPPH) with an inhibition of 28.3 to 68.7% and 28.5
to 73.2% the lowest and highest concentration (1 and 200 pg/ml) for leaves and flowers
respectively.

This difference between the cited studies can be attributed to variations in
environmental conditions such as soil pH, light, geographical location, prevailing climate, as
well as the extent of exposure to different stresses, which play a significant role in altering
their physiology. This leads to changes in the nature, type, and quantity of compounds
produced, as well as the plant’s age stage.

The antioxidant activity of Thapsia garganica essential oils is attributed to the
presence of flavonoid compounds (Chibani et al, 2014; Aici and Benmehdi, 2021; Meratate
et al, 2022) that act by inhibiting enzymes that produce free radicals, neutralizing them,
or regenerating antioxidant systems. This has been confirmed by several studies on the
same plant. In addition to its antioxidant activity, the essential oils from various parts of
Thapsia garganica exhibits other notable biological properties like antiacetylcholinesterase,
antimicrobial, anticancer and insecticidal (Casiglia et al, 2016; Khadri et al, 2020; Aici and
Benmehdi, 2021; Khemis et al, 2023; Cao et al, 2024), suggesting promising therapeutic
prospects.
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CONCLUSION

We can conclude that the studied plant has a satisfactory antioxidant activity, although
it is lower than that of Vitamin C and this is what gives it a significant therapeutic importance.
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ABSTRACT: This study was conducted
during the 2020/2021 cropping season
at Setif Agricultural Experimental Station;
it aims to assess the efficiency of using
Numerical Image Analysis (NIA) in the
selection of durum wheat genotypes in
semi-arid areas. The genetic materials
used in this study consist of 11 advanced
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lines and 4 genotypes of which 3 are local
landraces used as control to evaluate their
performance,the genotypes tested were
sown in a randomized block design (RDB)
with three replications. each plot consisted
of 6 lines of 10 m long spaced of 0.2 m
width makes 12 m? as plot area. Analysis
of variance showed that all the parameters
measured numerically (senescence and
total reflectance) had a very high genotypic
significance. The chlorophyll content at full
heading showed a very highly significant
genotypic effect. Thousand kernels weight,
number of spikes per meter square, number
of days to heading and plant height had a
significant genotypic effect. The correlation
study showed that all senescence
parameters were significantly correlated.
A significant and negative correlation was
observed betweenchlorophyll  contents;
average of velocity and total reflectance.
Grain yield was highly and significantly
correlated with thousand kernels weight and
number of spikes per meter square. Number
of spikes per meter square was significantly
and positively correlated with average of
velocity and negatively correlated with
sum of temperatures at mid-senescence.
Number of days to heading was significantly
and negatively correlated with senescence
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average and maximum of senescence average. A significant correlation was observed
between plant height and sum of temperatures at mid-senescence.

KEYWORDS: Durum wheat, grain yield, senescence, reflectance, chlorophyll contents, semi-
arid.

INTRODUCTION

Durum wheat [Triticumturgidum L. ssp. durum (Desf.) Husn.] is the 10th most
important crop worldwide with an annual production of over 40 million tons (Sall et al.,
2019).The largest producer is the European Union, with 9 million tonnes in 2018, followed
by Canada, Turkey, United States, Algeria, Mexico, Kazakhstan, Syria, and India (Tedone
et al,, 2018).Durum wheat [Triticumturgidum L. ssp. durum (Desf.) Husn.] is one of the
most cultivated cereals in the Mediterranean basin, where drought is a limiting factor for its
production. (Royo et al., 1998), it’s mostly grown under rain-fed conditions, where drought
and heat stress usually constrain yield potential during the grain filling period (Simane
et al., 1993). Senescence is a universal phenomenon in living organisms, and the word
senescence has been used by scientists working on a variety of systems, such as yeast,
fruit fly, worm, human being and plants. However, the meaning of the word senescence
to scientists working on different organisms can be different, and the difference can be
subtle in some cases and very obvious in some other cases (Hafsi and Guendouz, 2012).
Senescence is subject to strong environmental and genetic regulation, and prior to visual
yellowing and chlorosis up to 50 % of leaf chlorophyll may be lost (Buchanan-Wollaston et
al., 2005; Borrill et al., 2019).Photosynthesis is the primary source of dry matter production
and grain yield in crop plants, the improvements of leaf photosynthesis have occurred with
the advance of breeding high-yielding cultivars (Jiang et al., 2002).The breeding of new
cereal grain varieties requires methods that are rapid and preferably non-destructive, to
assess the quality of grain in early generations. Near infrared (NIR) spectroscopy has great
potential to meet these requirements for the durum wheat breeder (Sisons et al., 2006).
Our study we aim to test the efficiency of the use of flag leaf senescence parameters, total
reflectance and the chlorophyll contents as selection criteria for durum wheat genotypes

growing under semi-arid conditions.

MATERIALS & METHODS

The study site

This study was conducted during the 2020/2021 cropping season at Setif Agricultural
Experimental Station (ITGC-AES, 36 ° 12°N and 05 ° 24’E and 1.081 m asl, Algeria).
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Plant material

The genetic material used in this study consists of 11 advanced lines and 4 genotypes
of which 3 are local landraces and used as control to evaluate the performance of the
experimental material. (table 1).

Genotype Pedigrees

G1 RASCON_37/GREEN_2/9/USDA595/3/D67.3/RABI//CRA/4/ALO/5/...
G2 MINIMUS_6/PLATA_16//IMMER/3/SOOTY_9/RASCON_37/9/...
G3 CMH77.774/CORM//SOOTY-9/RASCON-37/3/SOMAT-4

G4 CNDO/PRIMADUR//HAI-OU-17/3/SNITAN/4/SOMAT-3/

G5 CNDO/VEE//CELTA/3/PATA_2/6/ARAM_7//CREX/ALLA/5/ENTE/ ...
G6 SILVER 14/MOEWE//BISU_I/PATKA_3/3/PORRON_4/YUAN_I/9/...
G7 GUANAY /HU ALITA / 10/PLATA _10/6/MQUE/4/USDA573/...

G8 BCRIS/BICUM//LLARETA INIA/3/DUKEM_ 12/2*RASCON 21/5/R
G9 Simeto/3/Sora/2*Plata_12//SRN_3/Nigris_4/5/Toska_26/...

G10 Ossl1/StjS5/5/Bicrcderaal/4/BEZAIZSHF//SD19539/Waha/3/St

G11 Stj3//Bcr/Lks4/3/Ter-3/4/Mgnl3/Aghrass2

G12 Jupare C 2001

G13 Boussellem

G14 Boutaleb

G15 Oued Bared

Table 1. Varieties and their pedigrees

EXPERIMENTAL DEVICE

The genotypes tested were sown at November 19 with sowing density adjusted to
300 g m=2in a Randomized Block Design (RBD) with three replications. Each plot consisted
of 6 lines of 10 m long spaced of 0.2 m width which makes 12 m2as plot area.

PARAMETERS MEASURED

The following parameters were measured:

Physiologic traits

1. Sénescence parameters : (Sa%;Vsa; Vmax;3 T, )

We have followed the evolution of leaf senescence during 13 dates of assessment
from flowering until 100% of leaf senescence (S1-S13) by Numerical Image Analysis (NIA)
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according to Guendouz and Maamri (2011), Leaves were photographed on black surface,
between 11:00 and 12:00 solar time with a color digital camera (Canon, Power Shot A460,
AiAF, CHINA). Images were stored in a JPEG (Joint Photographic Expert Group) prior to
downloading onto a PC computer and analyzed using IPP (Image Pro Plus, Version 4,
Media Cybernetics, Silver Spring, MA, USA) software. The percentage of senescence (S)
was calculated foreach date of observation and for each genotype studied using Digimizer
software (Fig 1) by calculating the percentage of senescent zone from the total of leaf
surfaceS (%) = (senescent area of flag leaf /flag leaf area)*100(S1-S13). The13 dates of
assessment will be expressed subsequently in cumulative temperatures > T°C (3 1-3>13). In

the base of these values the following parameters were calculated:

a. Average of senescence Sa (%) : is the average of the following percentage of
senescence in the following dates

Sa % = (S1+S2.......Sn )/n

n= number of dates
b. Average of velocity Vsa (% /°C) :

The velocity of senescence (Vs) was calculated every date of senescence values
Vs=(5,-S)/(>TC, ,->TC)
> TC =sum of temperatures in the date of senescence value

»  Average of velocity Vsa is the average of the following velocity of the following
dates

Vsa = (Vs1+Vs2....... Vsn)/n

¢. Maximum of the senescence velocity (Vmax): is the highest velocity unregiste-
red.

d. Sum of temperatures at mid- senescence (> T5OS): estimated from the curve :

S=1 (2 T°C,, (Fig 3) as the sum of temperatures corresponding to S=50%.

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 6

44



& Digirmiser s = >
e Rk Viaw Famian emage [Rinasy - Tiwis: VeuibouHales
PR AN W Zooms [ 71 [ %

R ——ZLhAolceoa =« w53 DM Bl & a+ ¢
CLinara A\ Deakioo\01-08-08 oo = 5 || Maasurementa fet . x
S S Length Angle  Radi
7. 691480 332617
- =
Measure n mean s0
An 1 Tenes.
Parimetar 1 eonze01
Langth 1 amern
Length: 6.071 px Total length: 591.189 px Angle: 163.30% Angle': 73.30° M
| e————— |

Figure 1. Estimation of senescence by Digimizer software

2. Total reflectance: R(t) (at full heading)

With the same images (using to calculate senescence), we calculate reflectance
using Mesurim_pro_02 software (Guendouz and Maamri, 2011), this software can measure
the reflectance at Red, Blue, Green band and total reflectance. We used the total reflectance
for our work (Fig 2).

@ vesuri
Echier Eon Outls Fendtre mage Choie  Affichage dnde

IEECEDEEE SN e afa oo || [5] [ -]

Bl CrUserspe 1 Desktop sesuitats 2020- 200 1 Sarascnance 2020.2071\6and-02-05.002 190203 prg. [ JL@ITEE]

Copier Graphique  Tableau
srgour fon pbeeia) de ;2]
la bande de mesure || =
Mesurer les intensités dans I

& Tom

PO Blen

Mesure en émission
¢ Mesure en "sbsorption’

[ cutit i mesure RVBL

[
ﬂ L Taper ici pour rechercher

Figure 2. Reflectance calculating in total band using Mesurim_pro_02 software.

3. Chlorophyll contents CC (at full heading)

Chlorophyll contents (CC) of the flag leaf was measured using digital chlorophyll
meter (CCM) with (cci) units, this device allows measuring the absorbance of light in the
leaf.
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Agronomic traits (at maturity)

« @Grain yield (GY):The cereal yield performances of the different cultivars were
measured at maturity in quintals per hectare (Qs. ha') by measuring the grain
yield in one linear meter and converting it into quintals per hectare.

Thousand kernels weight(TKW) (g).

Number of spikes per meter square (NSm).

Number of days to heading (DH) (days): calculated from sown date 19/11/2020.
Plant height (PH) cm.

DATA ANALYSIS
All statistical analyses will be performed by Costat 6.400 (1998) software.

RESULTAS & DISCUSSION

Analysis of variance (ANOVA)

1. Agronomic traits

ANOVA (table 2) showed that genotypic effect was significant (p < 0.05; 0.001) with
Thousand Kernels Weight (TKW), number of spikes per meter square, days to heading and
Plant Height (PH).Grain Yield average ranged from 2.87 Q.ha™ for G11 to 13.59 Q.ha™' for
Boutaleb with genotypic mean of 6.34 Q.ha'. Thousand kernels weight arranged from 30.91
g for G8 to 46.69 g for G9 with 39.40 g as genotypic mean. Comparing to general mean,
high values of TKW was observed with the local landraces Boutaleb (44.96 g) .NSm-?ranged
from 178.33 s.m? for G4 to 320s.m™ for Boutaleb with a genotypic mean of 255.77s.m?.
The number of days to heading ranged from 136 days for advanced lines G1, G2, G8,
G10 and Jupare C 2001 to 147 for Boutaleb local landrace with 140.6 as genotypic mean.
Plant height ranged from 56.11 cm for G4 to 67.38 cm for G10 with a mean of 62.76, local
landrace Boutaleb registered a high plant height (66.16 cm).

Genotypes Agronomic traits

GY (@s.ha') TKW (g) NSm? DH (days) PH (cm)
G1 7.00 (bc) 41.98 (bc) 236.66 (bcde) 136 (d) 62.72 (cd)
G2 3.96 (bc) 35.62 (ef) 213.33 (de) 136 (d) 61.50 (d)
G3 7.05 (bc) 40.83 (bcd)  220.00 (cde) 142 (c) 61.88 (d)
G4 2.88 (c) 36.80 (de) 178.33 (e) 142 (c) 56.11 (e)
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G5 4.70 (bc) 36.10 (e) 220.00 (cde) 142 (c) 61.27 (d)
G6 6.16 (bc) 31.88 (fg) 240.00 (bcde) 142 (c) 61.27 (d)
G7 6.89 (bc) 34.36 (efg) 253.33 (abcde) 142 (c) 57.66 (e)
G8 4.45 (bc) 30.91 (g) 268.33 (abcd) 136 (d) 61.16 (d)
G9 6.61 (bc) 46.69 (a) 310.00 (ab) 142 (c) 65.55 (abc)
G10 8.69 (ab) 41.98 (bc) 268.33 (abcd) 136 (d) 67.38 (a)
G11 2.95 (c) 44.47 (abc) 285.00 (abcd) 142 (c) 67.22 (a)
Jupare C 2001 7.89 (bc) 41.98 (bc) 255.00 (abcd) 136 (d) 63.61 (bcd)
Boussellem 4.75 (bc) 40.39 (cd) 291.66 (abc) 142 (c) 63.94 (bcd)
Boutaleb 13.59 (a) 44.96 (ab) 320.00 (a) 147 (a) 66.16 (ab)
QOued El Bared 7.59 (bc) 43.27 (abc) 276.66 (abcd) 146 (b) 63.88 (bcd)
Mean 6.34 39.40 255.77 140.6 62.76
Min 2.87 30.91 178.33 136 56.11
Max 13.59 46.69 320 147 67.38
Génotype effect ns ol * el bl
LSD ., 5.672 4.162 76.53 1.526 3.167
CV % 53.45 6.30 17.89 6.4901e-8 3.017

ns : none significant ;*: significant (P<0.05) ;very highly significant (P<0.001).

Table 2. Analysis of variance of agronomic traits.

1.2 physiologic traits

For all genotypes studied, the senescence function with sums of temperatures
after flowering was of sigmoid type. > T50, the sums of temperatures corresponding to S=
50% (mid-senescence) differed markedly amongst genotypes, as shown in (Fig.2).ANOVA
showed that genotype effect was highly significant (P<0.001) with all senescence parameters
calculated Sa; Vsa; Vmax and ZT505, total reflectance R (t) and chlorophyll contents at full
heading (table 3). Senescence average (Sa) ranged from 29.68 % for advanced line G4 to
44.76 % for advanced line G2 with genotypic mean of 38.76 %. Average of velocity (Vsa)
arranged from0.319 %/°C for G3 to 0.429 % /°C for Boussellem with a genotypic mean
of 0.379 % / °C .Vmaxranged from 0.792 %/°C for Boutaleb to 1.593 %/°C for G2 with
genotypic mean of 1.139 %/°C. > T50_ arranged from 276.44°C for Bousselem to 337.13°C
for G4 with genotypic mean of 302.25 °C.The local landrace Boutaleb witch was the best
yielding genotype registered the low Sa% (32.49%),a low value of Vs % parameter (0.347
%/°C), a low value of Vmax (0.792%/°C) and a high value of 3 T50,(311.91°C) comparing
to genotypic means.The genotypes with lowest values of senescence average (Sa%) and
highest values of sum of temperatures at mid-senescence were the most tolerant and
adapted genotypes (Hafsi and Guendouz, 2020). At full heading, R (t) was ranged from
32.74% for G7 to 40.77% for G3 with genotypic mean of 36.37%, Boutaleb registered a low
value of R(t) (35.85%) comparing to mean . Chlorophyll content was ranged from 26.65 cci
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for Oued El Bared to 40.81 cci for G4 with genotypic mean of 33.05 cci.The diversity of the

yield is a consequence of the variation of the duration rather than the variation of the rate of

the photosynthetic activity; the delay of the senescence is a good parameter of selection of

the cereals which must be followed (Hafsi et Guendouz, 2020).

Perecntage of senescence

Percentage of senescence

0 100

20 30

Cumulative temperatures (°C)

Cumulative tempera (C)

0 0 0

Cumulatve temperatures (C)

Figure 3. Senescence functions with sums of temperatures after flowering of the 15 genotypes studied.

Genotypes Sénescence parameters T. Reflectance Chl. contents
Sa (%) Vsa (%/°C) Vmax (%/°C) XT50_(°C) R(t) (%) CC (cci)

G1 4466 (b) 0.327 (m) 1.412(b) 310.37 (c) 36.87 (c) 29.00 (de)
G2 44.76 (a) 0.382 (h) 1.593 (a) 278.97 (i)  38.73 (b) 30.18 (de)
G3 39.03(g) 0.319(n) 0.887 (i) 301.72 (ef) 40.77 (a) 30.21 (de)
G4 29.68 () 0.335() 0.837 (j) 337.73 (a) 36.84 (c) 40.81 (a)
G5 32.52 (k) 0.348 (k) 1.059 (f) 327.69 (b) 36.45 (cd) 29.71 (de)
G6 35.32 () 0.370 (i) 0.954 (gh) 307.4 (d) 35.63 (def) 31.40 (cde)
G7 38.83 (h)  0.405 (f) 1.149 (e) 302.72 (e) 32.74 (g) 37.73 (ab)
G8 38.95(g) 0.403 (g) 1.425 (b) 288.47 (h)  35.98 (cde) 32.15 (cde)
G9 40.53 (e) 0.415(e) 0.941 (h) 295.14 (g) 36.17 (cde) 36.12 (abc)
G10 37.31 () 0.357 (j) 1.041 (f) 299.81 (f)  34.93 (f) 33.83 (bcd)
G111 40.06 (f)  0.420 (c) 1.254 (d) 295.14 (g) 35.71 (def) 35.90 (abc)
Jupare C 41.59 (d) 0.417 (d) 0.975 (g) 299.81 (f)  35.61 (def) 38.16 (ab)
2001

Boussellem 41.65(d) 0.429 (a) 1.380 (c) 276.44 (j)  35.25 (ef) 34.16 (bcd)
Boutaleb 32.49 (k) 0.347 (k) 0.792 (k) 311.91 (c) 35.85 (def) 29.66 (de)
Oued EI 44.02 (c) 0.422 (b) 1.380 (c) 300.42 (f)  37.98 (b) 26.65 (e)
Bared

Mean 38.76 0.379 1.139 302.25 36.37 33.05
Min 29.68 0.319 0.792 276.44 32.74 26.65
Max 44.76 0.429 1.593 337.73 40.77 40.81
Génotype ok - ok ok ok ok
effect

LSD 5%) 0.093 0.002 0.024 2.189 0.925 5.533
CV % 0.14 0.29 1.30 0.43 1.52 10.01
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***: very highly significant (P<0.001).

Table 3. Analysis of variance of physiologic traits

Correlations among traits

2.1 Correlations among agronomic traits

The study of the correlations among agronomic traits (table 4) showed that grain
yield was high significantly (P< 0.01; 0.001) and positively correlated with thousand kernels
weight and number of spikes per meter square (r = 0.38**; 0.61***). A high and significant
(P <0.01; 0.001) and positive correlation was observed between thousand kernels weight
and number of spikes per meter square and plant height (r = 0.39**; 0.61***). Number
of spikes per meter square was significantly (P<0.05) and positively correlated with plant
height (r = 0.34*).Several works have proven the high correlation between Grain Yield and
some agronomic traits (Guendouz et al., 2012; Aissaoui and Fenni, 2021 and Mansouri et
al., 2018).

2.2 Correlations among physiologic traits

The study of the correlations among senescence parameters (table 3) showed that
senescence average (Sa) was highly and significantly (p< 0.01; 0.001) correlated with
average of Velocity of senescence (Vsa) and maximum of Velocity (Vmax) (r = 0.47*%;
0.73*** respectively) and very highly and negatively correlated with sum of temperatures
at 50% of senescence (3 T50s) (r = - 0.74***). Velocity of senescence average (Vsa) was
significantly (p<0.01; 0.001) correlated with maximum of velocity (r = 0.40**) and negatively
correlated with sum of temperatures at mid-senescence and Total reflectance R (t) (r = -
0.63***; - 0.39"*). Reflectance at total band R (1) was significantly (P<0.05) and negatively
correlated with chlorophyll contents (r = - 0.35%), the decrease of leaf reflectance increase the
photosynthetic capacity of leaves by increasing radiations absorbed by chlorophyll pigments
(Guendouz and Hafsi, 2016).Chlorophyll tends to decline more rapidly than carotenoids
when plants are under stress or during leaf senescence (Gitelson and Merzlyak, 1994).

2.3 Correlation among physiologic and agronomic traits

Days to heading was high significantly (p < 0.01) and negatively correlated with
senescence average and maximum of velocity (r= -0.38**,r=-0.41**)this results imply that
precocity increases senescence rate, velocity average had a positive significance (P<0.05)
correlation with number of spikes per meter square (r = 0.35*),Sum of temperatures a mid-
senescence was significantly (P<0.05) and negatively correlated with number of spikes per
meter square and plant height (r= - 0.30*; - 0.34*) (table 4).these results are relatively
adequate with those of Guendouz et al.,(2013) who suggested more or less similar
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correlations with some agronomic traits.

Sa Vsa Vmax 3T50s R(t) ccC GY TKW NSm2? DH PH

Sa 1

Vsa 0.47** 1

Vmax 0.73*** 0.40** 1

2T50s -0.74*** -0.63** -0.61"** 1

R(t) 0.19 039"  0.07 0.01 1
cc -0.22 0.19 -0.28 0.11 -035* 1

GY -0.05 -0.13 -0.28 005  -004 -002 1

TKW 0.9 0.10 -0.20 007 014  -008 0.38* 1

NSm?  0.14 0.35* -0.01 -0.30 -027 007  0.61** 0.39* 1

DH -0.38*  0.04 -0.41* 029 002 -012 018 028 020 1

PH 0.24 0.21 0.02 -034*  0.01 -029 027 061 0.35° 003 1

* significant (P<0.05);** highly significant (P<0.01); *** very highly significant (P<0.001)

Table 4. Correlations among physiologic and agronomic traits

CONCLUSION

This study confirms the efficiency of the useof flag leaf senescence,total reflectance
and chlorophyll contents at full heading as selection criteria for durum wheat in semi-arid
areas using Numerical Image Analysis (NIA).ANOVA showed that genotype effect was
significant for thousand kernels weight, number of spikes per meter square, number of
days to heading and plant height. Genotype effect were also significant for all senescence
parameters, total reflectance and chlorophyll contents at full heading .The study of the
correlations showed that grain yield was high significantly and positively correlated with
thousand kernels weight and number of spikes per meter square, in addition all senescence
parameters were significantly correlated. The negative correlation between chlorophyll
contents and total reflectance at full heading suggest that the decrease of leaf reflectance
increase the photosynthetic capacity of leaves by increasing radiations absorbed by
chlorophyll pigments. The negative correlation between number of days to heading and
senescence average and maximum of velocity implies that precocity increases senescence

rate.
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RESUMEN: EIl hierro es un micronutriente
esencial involucrado en muchos procesos
bioquimicos enlos microorganismos. Apesar
de que el hierro es bastante abundante en
la naturaleza, la insolubilidad del i6n férrico
() hace su adquisicion dificultosa para
ellos. Por esto muchos microorganismos
han desarrollado mecanismos especificos
para su adquisicion, produciendo un
agente quelante de bajo peso molecular,
denominado “sider6foro”, que excreta al
medio, el cual tiene gran afinidad por el
hierro. La raiz de la planta también secreta
sider6foros para mantener el nivel de
hierro para sus actividades metabdlicas
y fisioloégicas en suelos degradados y
estresados por hierro, pero muchas veces
no es suficiente. Segln estudios recientes,
el uso de sideroforos como biofertilizantes
ha demostrado ser efectivo en la mejora del
crecimiento de las plantas y en la absorcion
de nutrientes. Ademas los sideroforos
se han utilizado en biocontrol de hongos
fitopatégenos. La utilizacion del sideréforo,
acido rhodotordlico, producido por levaduras
rosadas y del sideréforo enteroquelina
producido por la bacteria Kosakonia
radicincitans redujeron el crecimiento
de hongos patogenos. El objetivo del
presente trabajo fue seleccionar a partir de
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microorganismos aislados de suelos agricolas, aquellos con capacidad de producir sider6foros
de tipo hidroxamato y/o catecolato, para luego aplicarlos en el desarrollo de un biofertilizante.
Los resultados mostraron que de las 94 cepas ensayadas, 38 produjeron hidroxamatos y 20
catecolatos; destacandose 12 cepas que produjeron ambos tipos de sideréforos. Por lo tanto
46 cepas presentaron producciéon de uno 0 ambos sideroéforos, es decir mas del 43 % del total
fueron positivas para produccion de estos quelantes de hierro en las condiciones del ensayo.
Los microorganismos estudiados podrian mediante su produccion de sideréforos, no solo
aportar hierro a la planta, mejorando su crecimiento, sino también actuar como agentes de
control biolégico; lo cual los hace excelentes candidatos para el desarrollo de un bioinsumo.
PALABRAS-CLAVE: sideréforo, catecolato, hidroxamato, microorganismos, bioinsumo

STUDY OF THE SIDEROPHORES PRODUCTION CAPACITY IN ISOLATED
STRAINS FROM AGRICULTURAL SOIL FOR APPLICATION AS BIOINPUTS

ABSTRACT: Iron is an essential micronutrient involved in many biochemical processes in
microorganisms. Although it is quite abundant in nature, it is mostly found as the ferric ion
(1), which is not soluble for plants and microorganisms, making it a nutrient that is hard to
absorb. Due to this fact, many microorganisms have developed a specific mechanism for its
acquisition, by producing a low molecular weight chelating agent, called “siderophore”, which
they excrete into the environment and has a high affinity for iron. The plant’s root also secretes
siderophores to maintain the iron levels for its metabolic and physiological activities in degraded
and low-iron soils. Still, many times this is not enough to reach the optimum level. According to
recent studies, the use of siderophores as biofertilizers has proven to be effective in improving
plant growth and nutrient absorption. Additionally, siderophores have been used for biological
control against phytopathogenic fungi. It has been shown that the use of the siderophore,
rhodotorulic acid, produced by pink yeasts, and the siderophore enterochelin, produced by
the bacteria Kosakonia radicincitans, reduced the growth of some pathogenic fungi. In the
present work, the goal was set to select from microorganisms isolated from agricultural soils,
those with the capacity to produce siderophores of the hydroxamate and/or catecholate type,
and then apply them in the development of a biofertilizer. The results showed that of the 94
strains tested, 38 produced hydroxamates and 20 catecholates; highlighting 12 strains that
produced both types of siderophores. Therefore, 46 strains showed the production of one
or both siderophores, that is, more than 43% of the total were positive for the production
of these iron-chelating compounds under the test conditions. Thus, these microorganisms,
through their production of siderophores, can not only provide iron to the plant, improving its
growth, but also act as biological control agents; which makes them excellent candidates for
the development of a bioinput.

KEYWORDS: siderophore, catecholate, hydroxamate, microorganisms, bioinput

INTRODUCCION

El hierro es un micronutriente esencial involucrado en muchos procesos bioquimicos
en los microorganismos. La existencia de dos estados de oxidacion le da al hierro su
capacidad para actuar como transportador de electrones. De esta manera el hierro esta
presente en los citocromos y en transportadores de electrones, siendo esencial para el
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crecimiento y la supervivencia de muchas especies microbianas. A pesar de que el hierro es
bastante abundante en la naturaleza, la insolubilidad del i6n férrico (l11) hace su adquisicion
dificultosa para los microorganismos. Debido a esta baja disponibilidad de hierro, muchos
microorganismos han desarrollado mecanismos especificos para su adquisicion. El
mecanismo es esencialmente el siguiente: el microorganismo produce un agente quelante
de bajo peso molecular, denominado “sider6foro”, que excreta al medio, el cual tiene gran
afinidad por el hierro. Este fendbmeno también se puede reproducir en medios de cultivo de
laboratorio, particularmente cuando el medio posee bajo contenido de hierro. La funcion
de los sidero6foros es solubilizar tanto hierro como esté disponible en el ambiente externo
y transportarlo al interior de la célula. Cuanto menor es el hierro disponible, mayor es la
cantidad de sider6foro producido. Los sider6foros se producen como ligandos libres (en la
forma desferri) y luego complejados con el hierro disponible en el medio para dar el ferro-
complejo. Este complejo es luego utilizado en la captacion de hierro por la célula. Dado que
los sideréforos aumentan la disponibilidad de hierro para un microorganismo, ellos pueden
funcionar como factores de virulencia ayudando al microorganismo patégeno a crecer
en la célula huésped. La especificidad del complejo férrico-sider6foro a veces previene
que el hierro sea complejado y utilizado por otros microorganismos diferentes a la célula
productora dando asi a este organismo productor una ventaja en la competicion con otros
microorganismos (MESSENGER and RATLEDGE, 1985). Los sideréforos son moléculas
especiales, muchos contienen aminoacidos modificados y se ha visto una gran variacion en
la estructura de los sider6foros desde una especie microbiana a otra. En general se clasifican
en tres grupos estructurales: catecolatos o fenolatos, mayoritariamente producidos por las
bacterias; hidroxamatos que los producen principalmente hongos y bacterias; y sideréforos
mezcla, los cuales presentan grupos hidroxamato, catecolato y carboxilato en una misma
estructura (TIMOFEEVA et al., 2022). La mayoria de los microorganismos aerobios y
anaerobios facultativos producen al menos un sideréforo, cuando crecen en condiciones
de carencia del mencionado metal (NEILAND, 1995). Desde los afios 80 se demostré la
presencia de sideroforos en suelo y también en ambientes acuaticos (POWELL et al., 1980).
Los sideroforos ejercen un efecto positivo sobre las plantas, en un estudio la Crisobactina
producido por Erwinia chrysanthemi activd la via de sefalizacion mediada por el acido
salicilico induciendo la expresion del gen PR1 en Arabidopsis (DELLAGI et al., 2009). La
raiz de la planta también secreta sider6foros para mantener el nivel de hierro para su
actividades metabdlicas y fisiologicas en suelos degradados y estresados por hierro, pero
muchas veces esto no es suficiente para llegar al nivel perfecto (HERLIHY et al., 2020). La
deficiencia de hierro es un fendbmeno observado en suelos desérticos ricos en CaCO,a pH
alto y se demostro deficiencia de hierro debido a una menor solubilidad del hierro en niveles
altos de pH. Por otro lado el riego por inundacién y aumento de la concentracion de nitratos
y fosfatos (uso exdgeno de fertilizantes sintéticos) en el suelo reduce la solubilidad del
hierro, altera la translocacién del hierro e induce su deficiencia en la planta (SINGH et al.,
2022). En agricultura, los sideroforos tienen aplicaciones en la promocion del crecimiento
de las plantas, se observé que el uso de microorganismos productores de sideroforos,
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pueden mejorar la vida de las plantas en suelos estresados por baja concentracion de hierro
(SAHA et al., 2016). Segun estudios recientes, el uso de sider6foros como biofertilizantes
ha demostrado ser efectivo en la mejora del crecimiento de las plantas y en la absorcion
de nutrientes (AL-ANI et al.,, 2021). La bacteria Pseudomonas putida secreta sideroforos
tipo hidroxamatos, que juegan un rol en la promocion de crecimiento y en la regulacion de
mecanismos de defensa de plantas (ASHAJYOTH et al., 2023). Ademas los sideroforos se
han utilizado en el control biolégico de hongos fitopatdgenos. La utilizacion del sideroforo,
acido rhodotordlico, producido por levaduras rosadas y del sider6foro enteroquelina
producido por la bacteria Kosakonia radicincitans redujeron el crecimiento de hongos
patégenos (CALVENTE et al., 2001a; CALVENTE et al., 2001b; LAMBRESE et al., 2018).

Por todo lo expuesto es que en el presente trabajo se plante6 el objetivo de
seleccionar a partir de microorganismos aislados de suelos agricolas, aquellos con
capacidad de producir sideréforos de tipo hidroxamato y/o catecolato, para luego aplicarlos
en el desarrollo de un biofertilizante.

MATERIALES Y METODOS

Microorganismos utilizados

Los microorganismos ensayados fueron aislados de muestras de suelo provenientes
de 10 fincas con cultivo de vid, de la provincia de Mendoza (Argentina). Los aislamientos
se realizaron mediante el método de diluciones susecivas, en tres medios de cultivo
seleccionados con la finalidad de detectar y poder aislar microorganismos con potencial
capacidad de promocion de crecimiento de plantas, los cuales fueron: medio base con
extracto de suelo, medio Sabouraud para hongos y levaduras y medio para identificar
microorganismos solubilizadores de fosfato. Se trabajoé con muestras de suelo extraidas
en dos temporadas de cultivo (2021/2022 y 2022/2023); y a su vez en cada temporada en
dos etapas del ciclo fenoldgico de la vid (brotacién y envero). Finalmente de las méas de
150 cepas de interés que se aislaron, se logr6 probar para produccion de sideréforos 94 de
ellas, entre bacterias y levaduras.

Observaciones macro y microscopicas

Ademas de realizar las determinaciones de produccion de distintos tipos de
sideroforos, se realizaron observaciones macro y microscopicas de cada una de las cepas.
Las observaciones macroscépicas consistieron en una caracterizaciéon de las colonias
segun: color, brillo, textura, bordes de las colonias, etc. Las observaciones microscopicas
se realizaron mediante preparados en fresco y consistieron en observar: forma, tamano,
movimiento, si se encontraban encadenados o agregados entre si o cualquier otra
caracteristica de importancia.
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Cultivo y produccion de sideréforos

A partir de estas cepas ya aisladas, se repicaron cada una en un medio de bajo
contenido en hierro, Vitamin Free (VF) conteniendo: Glucosa 10 g, (NH,), SO, 3.5 g,
Asparagina 1.5 g, Histidina 0.010 g, Metionina 0.020 g, Triptofano 0.020 g, KH,PO, 1 g,
MgSO,.7 H20 0.5 g, NaCl 0.5 g, Agar-agar 20 g, Agua destilada 1000 ml, pH 7. Este medio
se lo formul6 tanto de manera sélida (con agar-agar) como para medio liquido (sin agar).
Todos los microorganismos fueron repicados dos veces en medio sélido VF, con el fin
de lograr una estimulacion de la produccién de sider6foros a partir de la falta del hierro.
Aquellos microorganismos que sobrevivieron a los dos repiques, se los cultivd en el medio
VF liquido y se los llevo a agitacién a 120 rpm en cuarto estufa a 25 +/- 1 °C, por 120 horas.
Transcurrido este tiempo, se tomaron alicuotas de 10 mL de cada una de las muestras y se
las centrifugé a 10000 rpm durante 10 minutos.

Determinacién de sideréforos

Luego de la centrifugacion, se utilizo el sobrenadante para determinar hidroxamatos
y/o catecolatos mediante ensayos colorimétricos: método de Arnow para catecolatos y la
prueba de perclorato férrico para hidroxamatos. Método de Arnow: consistio en el agregado
secuencial de 1 mL del sobrenadante, luego 1mL de HCI 0.5 N, 1 mL del reactivo de Arnow
y por ultimo 1mL de NaOH 1N. Esté prueba se considera positiva en el caso de que, luego
del agregado del ultimo reactivo la muestra vire del amarillo al color rojo. La determinacion
se realiz6 a 510 nm en espectrofotometro. Método del Perclorato Férrico: consistio en el
agregado de 0.5 mL de sobrenadante junto con 2.5 mL de perclorato férrico 0.5 M en
acido perclérico. La prueba se considerd positiva si la muestra present6 viraje hacia los
tonos naranjas o rojos por formacién del quelato. En este caso se midi6 a 480 nm en
espectrofotometro. (PAYNE, 1994)

RESULTADOS Y DISCUSION

Los resultados de las observaciones macro y microscopicas evidenciaron una
amplia mayoria de bacterias y en menor proporcion levaduras. Los mismos se presentan
en las Tabla 1, Tabla 2, Tabla 3 y Tabla 4, junto con los resultados de las pruebas de Arnow
y Perclorato férrico. Los resultados de las determinaciones de sider6foros se expresaron
en forma semicuantitativa ya que como se explicé anteriormente los mismos presentan
un amplio rango de estructuras, las cuales no se conocian al momento de realizar este
trabajo, lo que impidi6 contar con el patrén adecuado para cuantificar cada determinacion.
Por tanto, los resultados de las reacciones colorimétricas se indican en la tabla segun su
densidad éptica (DO) como: (-) sin produccion, de 0 a 0,030; (+/-) dudoso o variable de
0,031 a 0,100; (+) positivo débil, de 0,101 a 0,200; (++) positivo moderado de 0,201 a 0,500
y (+++) positivo alto, desde 0,501 o0 mas.
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civiza |Soomanarni | ovedrascon 0 0
crway | Coie e | Lesadys o 0 0
ChM4 gg;%gii::g"ema de Bacilos pequefios. ) (+)
crnn 7 | Couribiaecemesa | Lovadur i 0 0
crutra | Caeriaboe e |Lovdura i : 0
ChM20b ;C);gclgzaigzsnwgncas. ﬁzﬂ:gzggicosa ) )
ChM22a g;d?:éi,bé%;i%. Bacilo pequefio. (-) ()
crwagy |Coeie jarea | Secloscicoe s 0 %
ChM27b ng;%r;i.a beige claro, E;;;I;l)gso'cosycoco ) )
crnzs: | olria g verdosa | Bacie lrs R )
ChM34a | Colonias blancas. S%(\:/iil;i)jac;hicos con ) )
crway | Coie e ema, | Bacoomurnosy [ 0
ChM37b aorzgrri]liliizighfaélor Bacilos muy pequefios. (+/-) (=)

(-) Negativo, (+/-) Dudoso, (+) Positivo débil, (++) Positivo medio, (+++) Positivo alto

Tabla 1: caracteristicas de los microorganismos aislados en periodo de brotacién temporada 2021/2022

y su produccion de sideréforos.

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability

Chapter 7

58



Chma | Colonia blancay Bacilo mediano sin +) (+1-)
cremosa. movimiento.
ChM44 Colonias cremosas, Bacilos, movimiento ) (+4)
color naranja. browniano.
Colonia color crema Bacilos medianos,
ChM52¢ claro, opaca. esporulado. ) )
Colonia naranja opaco, . . . E
ChM54a duras. Bacilo mediano -) (-)
ChMsga | Colonia amarilla, con IFaILZ?se ct;i)r?os con ) (+-)
textura, opaca y dura. ramificaciones.
Colonia naranja claro, | Bacilos medianos con .
ChM58b pocas colonias. movimiento. ) (++)
. Bacilos chicos
ChM62a gr‘l’l'l‘;ﬂ'tz orema, | amedianos, +) )
y ’ agrupados.
Blanca cremosa y con | Bacilo mediano sin
ChM63a | .10 movilidad ) (++)
. Bacilos con
ChM63d /C:r[r?gllﬁl:r?tzca‘ blanca una especie de -) (-)
’ ramificacion.
Colonia poco cremosa, | Bacilo chico con . 3
ChMé4a color crema. movimiento. ) )
Colonia blanco / crema | Bacilo largo, : .
ChMé4c con poco brillo. movimiento browniano. ) )
ChM64d | Colonia naranja a rosa. | Bacterias, cadena de (+4) (+1)
€0CoS.
ChM64f Colonia seca, amarillo | Bacteria, cocos en ) )
translucido. cadena.
Colonia blanca Bacilos grandes y ~ .
ChM65c cremosa y brillosa. alargados. ) )
Colonia rosa claro, Cocos en cadena, 2 3
ChM&5e cremosa y brillosa. chicos. ) )
. . Levaduras ovales,
ChM72a | Colonias rosa-naranja. brotes polares. -) (+)
Levaduras ovales,
ChM72b | Colonias rosadas brotes polares e -) (-)
inclusiones.
Colonia amarilla a . )
ChM73 beige, cremosa. Bacilos chicos. (-) (+/-)
Colonia beige a . .
ChM74a marrén, con textura. Bacilos chicos. (-) (-)
. Levadura redondeada, ~ 2
ChM74b | Colonia color crema. brotes polares. (-) (+-)
ChM76b Color)ia color beige/ Bacilos medianos (+) (-)
amarillento. ’
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ChM76¢c

Colonia rosa clarito a
crema.

Bacilos chicos méviles

ChM78a tcrg#c;?:r:ﬁ?; y Sgﬁjg’: dr('r;;:'dianos, (+) )
gelatinosa.

ChM78c | Colonia cremosa S%(\:/iil% SS medianos no (++) (+/-)

CIMTS | e reimiento. | mltpies brotes, 0 g

cneo [Coonacas | Baos mecinossin |, y

(-) Negativo, (+/-) Dudoso, (+) Positivo débil, (++) Positivo medio, (+++) Positivo alto

Tabla 2: caracteristicas de los microorganismos aislados en periodo de envero, temporada 2021/2022 y
su produccién de sideroforos.

ChM85 Colonia crema seca. Bacteria filamentosa -) (-)
o | e | somaete | O 0
onwgy | Colomabeigerema, | G0 i) () (41
agrupados.
ChM89 in?;l]zgi’acgirﬁmﬁ)_ Bacilo muy pequefio. -) (++)
ChM90a pm%‘fj'é’gijn“;;a;j:‘ﬁm Bacilo chico. (+) (+1)
CnMo0b | s defid. | movimiento browniano. |+ ()
o | Comecrenatee, | Saclopserd | o o
CNMSSD | i, brlante. | agregades en pares 0 )
el e B 5
ChMo6f COIOnEloaeli)?iﬁ gscuro, Bacilomsomﬁ?‘i;rzg.s con ) (+1-)
ChMgeg | Coloma beige, con aareands on ) (+-)
' cadenas.
ChMo7b m%?&r;:irrr;?rr:gga Gocobacios, sin ) *)
brillo.
omre | Comatiencs con || peeiosneos 10 5
ChM97d Coloniioaegﬁlgiscosa, Bacil&som;?i;r:g.s con ) )
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Colonia verde musgo,

Bacilos chicos, en

cremosa.

grandes, largos.

ChM97e cremosa, brillante. cadenas de a dos o ) (+5-)
mas.

cnuse | Solnierie s | sommosannes, |0 “

ChM99a Coloniab?irl?:rﬂi? fuerte, Bacilo:g;::g;ggcs)-s muy ) )

ChMo9d Colonia amarillo/beige, Bacilos medianos a ) (+/)

ChM100a

Colonia blanca, centro
amarillo, cremosa.

Bacilos chicos,
agregadodea?2o
mas.

(-) Negativo, (+/-) Dudoso, (+) Positivo débil, (++) Positivo medio, (+++) Positivo alto

Tabla 3: caracteristicas de los microorganismos aislados en periodo de brotacién temporada 2022/2023

y su produccion de sideréforos.

Colonia blanca ,

Bacilo pequenio,

ChM104 | fiiamentosa formando cadenas. ) )
omrios | Colniaanca, [ Lovaduasconrotes | 0
ChM105a grcialllgﬂit:beige, Levaduras ovaladas. () (+6-)
crwriose | Soonesbagea | Bacles muyciooss |y 0
Chirtosa | Co0rbelae Opacay | Lovaduas rodondzs | 0
Chwrtora | Soonesamarlo | Cocobeclopeen. |, @
o | Coes o | Bacls grancesunicos | 3
onwriore | Coknias amarlo | Bacios grarces 0 0
chwriorg | Colorbae rlante | Baco poqueo, 0 @
Crinoss | o e e s, | O 0
Crunoms | G e Vs, | ek e, | O .
e e 0 0
. Bacilos chicos
ChM110a | LSS remosa, | 20regados. g g
ChM110b ggézgitizzgf"a’ Bacilos muy pequefos. (++) (+-)
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ChM111d grzlr?wr(])i:ab;igﬁl,lante. SIZ(SLoogeaqgl:gggaos. ) ©)
vy | Cobnmanatta | Bacte mean, [ )
ChM111z | Colonia beige cremosa aiﬂ:gncgi;%;gados. ) )
crwran | Gt Ssceemncos |, 0
e [Soreeobese. |pmmoscire 0
crwea | S e[S e ¢
e | gt coness | ctospesvrcnsn |, 2
g | Somasarie. [ smosis | o
ChM114e Srcglrc:]réi:al?lanca Bacilos medianos. ) ()
s | Somapase e emmncony T 0
ChM116e | Colonia amarilla gggg’aﬁg‘;“:ﬂ‘r’é . () ()
o | Somec oo T 0
ChM1i18a g:riogrim gmarillo, seco, ggf;g):d%?ueﬁos, ) )
s | s coress | |smmoremey 10 0
ChM119 )(l:célrc;rri%gsige, brillante ng;gaﬂgg?’ algunos ) )
ChM119b | Colonia beige cremosa | Bacilo mediano. (=) ()
ChM119c | Colonia rosada oscura Esg(i)lfugggée’ ) (+)
ChM119e | Colonia beige claro ng;ga%iqsu:ﬂ?é si Q] (+/-)
ChM120 | Colonia beige cremosa Sggg)agc?sdz:t?é si () )
ChM120y | Colonia rosado claro. S:gg?ugggfje’ (++4) (++)

(-) Negativo, (+/-) Dudoso, (+) Positivo débil, (++) Positivo medio, (+++) Positivo alto

Tabla 4: caracteristicas de los microorganismos aislados en periodo de envero, temporada 2022/2023 y
su produccion de sideroforos.

Como se observa en los resultados de las 94 cepas ensayadas, 38 produjeron
hidroxamatos y 20 catecolatos; destacandose 12 cepas que produjeron ambos tipos de
sideréforos. Por lo tanto 46 cepas presentaron produccioén de uno o ambos sidero6foros,
es decir mas del 43 % del total fueron positivas para produccién de sideroforos en las
condiciones del ensayo. En la Figura 1 se muestran las reacciones colorimétricas
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correspondientes al ensayo de Arnow y el del Perclorato férrico en un grupo de pruebas
realizadas. Observandose en el caso del ensayo de Arnow la prueba positiva de color rojo
violaceo y los negativos de color amarillo ya que no se ha producido el viraje final que indica
la presencia del catecolato. En el caso de los ensayos de Perclorato férrico se observan
con diferentes intensidades de color rojo las pruebas positivas e incoloras las negativas.

ENSAYOS DE ENSAYOS DE
CATECOLATOS HIDROXAMATOS
E | J

Figura 1: Prueba de Arnow para determinacion de catecolatos (a y c) y Prueba del perclorato férrico
para determinacién de hidroxamatos (b y d)

En la Figura 2 se representan los porcentajes de pruebas que dieron negativo,
dudoso, positivo débil, moderado o alto para catecolatos y lo mismo para hidroxamatos.

ANALISIS DE LA PRODUCCION DE CATECOLATOS ANALISIS DE LA PRODUCCION DE HIDROXAMATOS

:sx‘

0%

= SIN PRODUCCION

= DUDOSO/VARIABLE

= POSITIVO DEBIL

“ POSITIVO MODERADO
= POSITIVO ALTO

SIN PRODUCCION
= DUDOSO/VARIABLE
= POSITIVO DEBIL
» POSITIVO MODERADO
= POSITIVO ALTO

Figura 2: Porcentajes de pruebas que dieron producciones negativas, dudosas, débil, moderadas o
altas para catecolatos (A) y para hidroxamatos (B)
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Si bien la proporcion de cepas productoras fueron mayoritariamente medias y
bajas, se debe tener en cuenta que esta es una seleccion preliminar de microorganismos
productores de sider6foros y no se ha intentado aun producirlos en medios de cultivo
especificos para catecolatos o hidroxamatos, ni tampoco optimizar dicha produccion,
por ejemplo manipulando condiciones del cultivo como cambio de fuentes de C y N, pH,
temperatura de crecimiento, agitacion, etc. (CALVENTE et al., 2001b). No obstante, estos
resultados son prometedores ya que nos indican que los microorganismos de estos suelos
presentan la capacidad de producir sideréforos lo que puede ayudar a las plantas en su
crecimiento como fue demostrado por numerosos autores.

CONCLUSIONES

Si tenemos en cuenta que la poblacion mundial est4d en constante crecimiento
y la superficie de tierra cultivable va disminuyendo o baja sus rendimientos debido a
malos manejos, existe una fuerte necesidad de introducir nuevas tecnologias agricolas.
Es posible garantizar una alta demanda de alimentos de alto valor nutricional en los
siguientes afos; para satisfacerla se deberan utilizar soluciones agronémicas de bajo
impacto para aumentar la resistencia de las plantas a los efectos adversos y condiciones
de suelos deteriorados (TIMOFEEVA et al., 2022). En mayo de 2020, la Unién Europea
anuncio el programa Farm to Fork estrategia (F2F), destinado a reducir la dependencia de
pesticidas, antimicrobianos y el uso excesivo de fertilizantes de sintesis quimica, es por
esto que durante los ultimos anos, la investigacion se ha centrado en nuevas tecnologias
agroecologicas, enfoques dirigidos a la gestién de la agrobiodiversidad (CASTIGLIONE
et al., 2021). Los bioestimulantes vegetales son productos de proxima generacion que
probablemente sean eficaces para la sostenibilidad agricola. Estos bioestimulantes
vegetales pueden combinar fertilizantes quimicos con microorganismos vy, por lo tanto,
se clasifican como bioestimulantes vegetales microbianos. Actualmente, hay numerosos
estudios dirigidos a seleccionar microorganismos con actividad de crecimiento especifica
para mejorar la asimilacion de nutrientes en el caso de su baja disponibilidad, asi como
en la aplicacion de microorganismos promotores de crecimiento de plantas, aislados de
regiones afectadas por la salinizacion y la desertificacion (CASTIGLIONE et al., 2021).
Como ya se mencion6 anteriormente los microorganismos productores de sideréforos,
pueden producir numerosos compuestos quelantes del hierro, que pueden mejorar la vida
de las plantas en suelos estresados por hierro. Estos microorganismos productores de
sideroforos, tienen actividades de biofertilizantes y biocontrol de la planta (SINGH et al.,
2022). En el caso del presente trabajo muchos de los microorganismos que presentaron
producciones medias y altas de siderdforos también mostraron alguna otra caracteristica de
promocion de crecimiento de plantas (solubilizacién de P, fijacion de nitrégeno atmosférico
y/o produccion de fitohormonas). Por sus caracteristicas de aportar nutrientes y/o
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fitohormonas podrian favorecer el crecimiento de las plantas; ademas por su produccion de
sider6foros no solo pueden aportar hierro al vegetal, sino también actuar como agentes de
control biolégico; lo cual los hace excelentes candidatos para el desarrollo de un bioinsumo.
Por lo tanto en estudios futuros se intentara estimular la produccion de los sideréforos
y probar estos compuestos como también sus organismos productores, en el control de
hongos fitopatdgenos como Botrytis cinerea. Desde este punto de vista se alcanzé el
objetivo propuesto que era seleccionar microorganismos productores de sideréforos para
desarrollar un posible bioinsumo.
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ABSTRACT: The gastrointestinal tract (GIT) and the community of intestinal microorganisms
play a crucial role in the health and functioning of birds, influencing nutrient absorption,
strengthening the immune system, and protecting against diseases. Changes in the
composition of this microbial community can negatively impact food efficiency, productivity,
and bird welfare. The gastrointestinal compartments of birds are inhabited by complex
bacterial communities, which recent studies have recognized as having fundamental roles
in bird nutrition, physiology, and intestinal development. The intestinal microbiota can act
as a protective barrier, adhering to the intestinal epithelial walls and reducing colonization
by pathogenic bacteria. These bacteria produce beneficial compounds such as vitamins,
short-chain fatty acids, and antimicrobial compounds, which provide nutrition and protection
to the animal. However, the intestinal microbiome can also serve as a source of bacterial
pathogens, posing a threat to public health. A healthy intestinal microbiota brings significant
benefits, including effective competition against pathogens, immune system development,
and the creation of protective barriers against undesirable microorganisms. On the other
hand, the commensal microbiota also presents challenges, such as competition for energy
and proteins in the proximal intestine and the generation of harmful metabolites. Despite
the benefits, these processes increase the demand for energy and protein from the host,
impacting bird growth performance. In summary, understanding and managing the intestinal
microbiota is fundamental to sustainably promoting birds health and productivity. This study
aims to analyze the influence of the intestinal microbiome on commercial poultry health and
production, focusing on its effects on the immune system, digestion, and disease resistance.
KEYWORDS: intestinal health, symbiotic, probiotic

O PAPEL DO MICROBIOMA INTESTINAL NA SAUDE E PRODUGCAO DE AVES
COMERCIAIS: UMA REVISAO

RESUMO: O trato gastrointestinal (TGI) e a comunidade de microorganismos intestinais
desempenham um papel crucial na salude e funcionamento das aves, influenciando a
absorcdo de nutrientes, fortalecimento do sistema imunoldgico e prote¢@o contra doencas.
Alteragcdes na composi¢éo dessa comunidade microbiana podem impactar negativamente a
eficiéncia alimentar, produtividade e bem-estar das aves. Os compartimentos gastrointestinais
das aves s&o habitados por complexas comunidades bacterianas, que recentes estudos
tém reconhecido como tendo papéis fundamentais na nutricdo, fisiologia e desenvolvimento
intestinal das aves. A microbiota intestinal pode agir como uma barreira protetora, fixando-
se as paredes epiteliais do intestino e reduzindo a colonizag¢do por bactérias patogénicas.
Essas bactérias produzem compostos benéficos, como vitaminas, acidos graxos de cadeia
curta e compostos antimicrobianos, que fornecem nutricdo e protecdo ao animal. No
entanto, o microbioma intestinal também pode servir como fonte de patdégenos bacterianos,
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representando uma ameacga a saude publica. Uma microbiota intestinal saudavel traz
beneficios significativos, incluindo competi¢éao eficaz contra patdgenos, desenvolvimento do
sistema imunolégico e criagdo de barreiras protetoras contra microrganismos indesejaveis.
Por outro lado, a microbiota comensal também apresenta desafios, como competicdo por
energia e proteinas no intestino proximal, e geragéo de metabdlitos prejudiciais. Apesar dos
beneficios, esses processos aumentam a demanda por energia e proteina do hospedeiro,
impactando o desempenho de crescimento das aves. Em suma, entender e gerenciar a
microbiota intestinal é fundamental para promover a satde e produtividade das aves de forma
sustentavel. Este estudo tem como objetivo analisar a influéncia do microbioma intestinal na
saude e na producgéo de aves comerciais, explorando seu impacto no sistema imunolégico,
na digestao e na resisténcia a doengas.

PALAVRAS-CHAVE: saude intestinal, simbiotico, probi6tico

INTRODUCTION

The health and proper functioning of the gastrointestinal tract (GIT) and the intestinal
microorganism community are crucial for efficient nutrient absorption, strengthening the
immune system, and protection against diseases. Changes in the composition of the
microbial community in the GIT can impair feed efficiency, productivity, and poultry welfare
(GASKINS; COLLIER; ANDERSON, 2002; KOHL, 2012). The gastrointestinal compartments
of chickens are densely populated by complex microbial communities dominated by
bacteria (FARKAS et al., 2022). Recent studies on interactions between the host and the
intestinal bacterial microbiome of commercial poultry have been conducted, emphasizing
the importance of the microbiome in the nutrition, physiology, and intestinal development of
birds (FENG et al., 2023; NEMATHAGA et al., 2023).

The intestinal microbiota can form a protective barrier by attaching to the epithelial
walls of enterocytes, thus reducing the opportunity for colonization by pathogenic bacteria
(KHAN et al., 2021). These bacteria produce vitamins, short-chain fatty acids, organic
acids, antimicrobial compounds, and triglycerides, and induce non-pathogenic immune
responses, providing nutrition and protection to the animal (PAN; YU, 2014). Conversely, the
intestinal microbiome can also be a source of bacterial pathogens such as Salmonella and
Campylobacter, which can spread to humans or act as a reservoir for antibiotic resistance
and transmission, posing a serious threat to public health (JUN-XION, 2016).

A healthy intestinal microbiota brings both benefits and costs to the host. Primary
benefits offered by commensal microbiota include effective competition against pathogens or
non-native microorganisms, as well as contributions to host nutrition (DIBNER; RICHARDS,
2005). Additionally, commensal microbiota can promote the development of the immune
system, including different components such as the mucosal layer, intestinal epithelial cells,
intestinal immune cells, and lamina propria (SHAKOURI; IJI; MIKKELSEN; COWIESON,
2009). These tissues play a crucial role in creating barriers between the host and microbes,
as well as combating undesirable intestinal microorganisms (OAKLEY et al., 2014).
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On the other hand, commensal microbiota also presents challenges for the host.
In proximal intestinal segments such as the gizzard and small intestine, microorganisms
compete with the host for energy and proteins. In both proximal and distal intestines,
microbes generate potentially harmful metabolites, such as amino acid catabolites, and
degrade bile acids, which can negatively affect bird growth and fat digestibility, respectively
(GASKINS; COLLIER; ANDERSON, 2002).

In the presence of microbiota, the intestinal mucus layer increases mucin production
and the rate of epithelial cell turnover, ensuring lubrication of the gastrointestinal tract and
preventing the invasion of microorganisms into the host intestinal epithelial cells (ARIYADI,
B.; HARIMURTI, 2015). Furthermore, the intestinal immune system is more robust and
secretes immunoglobulin A (IgA), which specifically binds to bacterial components, aiding
in regulating bacterial composition in the gut (GUTZEIT; MAGRI; CERUTTI, 2014). Despite
its benefits, these processes increase the host’'s demand for energy and protein, which can
influence bird growth performance (SUZUKI; NAKAJIMA, 2014).

Considering these factors, this study aims to analyze the impact of the intestinal
microbiome on the health and production of commercial poultry, exploring its influence on

the immune system, digestion, and disease resistance.

THE FUNCTION OF THE GASTROINTESTINAL MICROBIOTA

The entire gastrointestinal tract (GIT) of chickens is colonized by complex
microbial communities, composed of viruses, protozoa, fungi, bacteria, and archaea (WElI;
MORRISON; YU, 2013). The set of interactions between the avian microbiome and the host
has been extensively studied by many researchers (KUMAR et al., 2018; KOGUT, 2017;
YITBAREK, A. et al 2018; WARD, T.L. et al. 2019), given that such factors play important
roles in the physiology, intestinal morphology, and nutrition of birds (KOGUT et al., 2018).

A balanced intestinal microbiota brings benefits and costs to the host. The main
attributions given by the balanced microbiota include the reduction of pathogenic or non-
native bacteria through competitive exclusion mechanisms, stimulation of the birds’immune
system, and contributions to the host’s nutrient metabolism (DIBNER; RICHARDS, 2005).
Previous studies have established that conventionally raised animals are less susceptible
to pathogenic microorganisms compared to germ-free animals (AL-ASMAKH; ZADJALI,
2015).

Additionally, symbiotic microbiota can stimulate the development of the immune
system, including stimulation of intestinal mucosa, intestinal immune cells (T cells,
immunoglobulin-producing cells, and phagocytic cells), and lamina propria. These tissues
constitute barriers between bacteria and the host, assisting in combating undesirable
intestinal microorganisms (OAKLEY et al., 2014). In the distal portion of the avian intestine,
the microbiota also produces energy and nutrients such as amino acids, short-chain fatty
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acids (SCFAs), vitamins, and amino acids from undigested food, which are eventually
available to the host (DIBNER; RICHARDS, 2005). These SCFAs have bacteriostatic
components capable of eliminating pathogenic bacteria such as Salmonella spp and
Clostridium perfringens (RICKE, 2003). SCFAs are also a source of energy for animals and
can increase stimulation for the proliferation of intestinal epithelial cells, thus increasing the
gastrointestinal absorption area (DIBNER; RICHARDS, 2005).

On the other hand, beneficial microbiota incurs costs for the host. In the small intestine
and gizzard, microorganisms compete with the host for energy and protein (BARKO et
al.,, 2017). In both the proximal and distal intestines, bacteria produce toxic metabolites
and catabolize bile acids, which can reduce bird growth and decrease fat digestibility
(GASKINS; COLLIER; ANDERSON, 2002). In the presence of diverse microbiota, the
intestinal mucus layer increases mucin secretion and turnover of epithelial cells, thereby
keeping the gastrointestinal tract lubricated while preventing microorganisms from invading
avian intestinal epithelial cells (SHIRA; FRIEDMAN, 2018).

The more developed intestinal immune system secretes IgA, which specifically binds
to bacterial antigenic determinants, helping to regulate the bacterial composition in the
intestine (SUZUKI; NAKAJIMA, 2014).

An imbalanced intestinal microbiota is often referred to as dysbiosis, which can be
conceptualized as a qualitative and quantitative imbalance of the normal microbiota in the
small intestine, which may lead to adverse reactions in the Gl tract, including decreased
intestinal barrier function (such as reduction of intestinal villi) and poor nutrient digestion, thus
increasing the risk of colonization by pathogenic bacteria that may cause an inflammatory
response. Both infectious and non-infectious stress conditions can lead to dysbiosis.
Infectious causes include bacterial, viral, coccidial challenges, or toxic metabolites such
as toxins produced by bacteria like Clostridium perfringens. Non-infectious agents include
factors of nutritional imbalances, environmental stress, mycotoxins, and host genetic or
enzymatic dysfunction (TEIRLYNCK et al., 2011).

The gastrointestinal microbiota can also be classified as mucosal microbiota and
luminal microbiota. The composition of mucosa-related microbiota is influenced by various
host factors such as expression of specific adhesion sites on the enterocyte membrane,
immunoglobulin secretion, and mucin production ratio. The composition of luminal microbiota
is established by available nutrients, food passage rate, and the presence of antimicrobial
substances. Mucosal microbiota and luminal-associated microbiota also mutually influence
each other; therefore, it is of paramount importance to consider that diet can modify both
mucosal and luminal microbiota and consequently influence intestinal health (JEURISSEN
SHI et al., 2002).

Studies have already compared the taxonomic composition of these two partitions
in birds and highlighted how variability changes according to the food or additive in bird
diets (AWAD et al., 2016; METZLER-ZEBELI et al., 2019; PARASKEUAS; MOUNTZOURIS,
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2019). However, studies on the metabolic functions of these two microbial habitats have
not yet been evidenced. Nevertheless, the ongoing study of variations between luminal
and mucosal bacterial communities and studies on metabolic functions of the microbiota of
each partition are of great importance for a better understanding of the modulation of the
intestinal microbiota in birds. Additionally, the study of the bacterial community linked to the
mucosa is fundamental to understanding the host mucosal responses, as all changes in
mucosal immunity may have implications for the health and productive performance of birds
(BORDA-MOLINA et al., 2016).

COMPOSITION OF THE GASTROINTESTINAL MICROBIOTA

The small intestine (duodenum, jejunum, and ileum) of birds primarily functions
in the digestion and absorption of nutrients from food (SOUSA et al., 2015). Alongside
these microenvironments of the small intestine, other areas such as the esophagus, crop,
proventriculus, and gizzard harbor microbial colonies that perform important functions in
the growth, health, and productive performance of the animal (CHRISTOFOLI et al., 2020).

The composition of the gastrointestinal tract microbiota in laying hens differs
among segments, and its composition reflects the physicochemical changes of different
microenvironments (Figure 1). The pH of the compartment, growth substrates, redox
potential, antibacterial secretions, and host and microbiota metabolites directly influence the
colonization efficiency of microorganisms in intestinal segments. Segments of the proximal
part of the intestine are characterized by low pH, which selects for acid-tolerant bacteria and
eliminates most pathogenic microorganisms (THOMPSON; HINTON, 1997).

Duodenum Ceca
idi, Anaeratruncus, Bacillus, Bifidobacterium, Blautia,
Clostridium, ifi
Faecalibacterium, * : Cla y Caprenaciiiun Gaprosencitl
' G , Dorea, E: , Escherichia,
1 Lactobacillus e Eubacterium, Faecalibacterium, Flavibacterium,
Pl’OVEﬂtrlCU lus S!rep!ocacms Fusobacterium, Holdemania, Klebsiella, Lactobacilius,

Lactococcus, b y

Lactobacillus

3 , Porphy 3
Pseudomtonas, Rikenella, Ruminococcus, Staphylococcus,
Streptocaccus, biob ium, Trabulsiella, and We

Crop
Acinetobacter,
Bacillus, Blaufia,
Butyrivibrio,
Enterococcus,
Lactobacillus,
Porphyromonas,
Psendomonas,

Staphylococcus, Gizzar d
e Veillonella 4

Ile
Alistipes, Altoprevotella
Bacteroides, Candidatus,

Enterococcus e Lactobacillus Jej Clostridium, Enterococcus,
Enterococcus e Escherichia, Fusobacterium
Faecalibacterium Lactobacillus, Psendomonas

Rombutsia e Turicibacter

Figure 1. The composition of predominant microorganisms and the variation in diversity of the
gastrointestinal microbiota in different segments of birds. Adapted from (KHAN et al., 2020).
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The crop is responsible for storing food during periods without food and for
moistening the food before enzymatic digestion, harboring approximately 108 to 10° bacteria
per gram of crop contents (KIERONCZYK et al., 2016; YEOMAN et al., 2012). The crop
microbiota is predominantly dominated by Bacillus, Blautia, Enterococcus, Lactobacillus,
Pseudomonas, and Staphylococcus (SAXENA et al., 2016). Lactic acid-producing bacteria,
such as Lactobacillus, can almost entirely colonize this segment, reducing their proportion
along the Gl tract (CHRISTOFOLI et al., 2020). The proventriculus is considered the true
stomach of birds. The proventriculus is the part of the Gl tract that secretes hydrochloric
acid and pepsin, aiding in chemical digestion and chyme production, while the gizzard acts
as a mechanical function on food (BEDFORD, 2006).

Together, such organs harbor fewer bacteria due to the acidity of the environment
(REHMAN et al., 2007). The gizzard has approximately 107 to 108 bacteria per gram of chyme.
Predominant bacterial populations in the chicken gizzard include Enterobacteriaceae and
Lactobacillus (YEOMAN et al., 2012). Within what has been reported, in the proventriculus, the
microorganism population is 10* to 10° CFU/g of bacteria. The proventricular microbiota of birds
is dominated by Lactobacillus, similar to the gizzard, but unlike the crop, Lactobacillus does not
adhere to the proventricular epithelium (FULLER; TURVEY, 1971; OAKLEY et al., 2014).

The small intestine of birds is divided into three different segments: the duodenum,
jejunum, and ileum. The duodenum has a short transit time with a low pH, which functions
to activate enzymes. Pancreatic and biliary secretions aid in digestion, ultimately diluting the
chyme and limiting the number of bacteria capable of colonizing the Gl tract (REHMAN et
al., 2007). It is observed that the duodenal microbiota of birds consists mainly of Clostridia,
Streptococcus, Enterobacteria, and Lactobacillus (WAITE; TAYLOR, 2015).

Therefore, as the chyme enters the jejunum and ileum, there is a decrease in
digestive enzyme activities, and bile acids are unconjugated, thereby facilitating bacterial
colonization with increased pH in the following portions (REHMAN et al., 2007), with the
jejunum inhabited by Lactobacillus, Streptococcus, and Proteobacteria, and the ileum by
Lactobacillus, Enterococcus, Bifidobacterium, Bacteroides, Streptococcus, Clostridium,
Fusobacterium, and Coliforms. The jejunum and ileum have approximately 108 to 10°
bacteria per gram of digestive matter, while the duodenum has 10° to 10° (STANLEY;
HUGHES; MOORE, 2014).

The ceca contributes to various functions in avian physiology, such as nitrogen
recycling, water absorption, and electrolytes. The cecal microbiota is capable of food
fermentation and synthesizing metabolites such as SCFAs, which can then be used by the
host. The intestinal segment has the highest bacterial density in birds; this segment has a
cecal content pH ranging from 6.0 to 7.0 and a bacterial concentration of 10'° to 102 CFU/g
and can be colonized by Lactobacillus, Bacteroides, Proteobacteria, Bacillus, Clostridium,
Bifidobacterium, Fecalibacterium, Ruminococcus, Eubacterium, and Fusobacterium
(STANLEY; HUGHES; MOORE, 2014; SVIHUS, 2014).
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MICROBIAL COMPOSITION ACCORDING TO AGE

The structure of the microbiota undergoes several changes throughout the life of birds
due to modifications in metabolic function and cell density (SHANG et al., 2018). Differences
in microbiota structure change with age, which, in turn, alters modulation and mechanisms in
the intestine. Structure refers to total population density, the main community colonizing the
microenvironment, the native population, and how these microorganisms interact with each
other. In a favorable scenario, this balanced population structure can exclude pathogenic
bacterial populations. Intestinal stability reduces the possibility of dysbiosis, resulting in a
healthy microbiota (FEYE et al., 2020). The intestinal microbiota rapidly increases from
the 1st to the 3rd day, and around the 7th day, most microorganisms inhabiting the mature
microbiota are already present; therefore, the number of colonies varies weeks before
stabilizing. Two weeks after hatching, Oscillopira and Ruminococcus bacteria significantly
increase their population, whereas the number of Enterococcus is reduced (BALLOU et al.,
2016). When comparing chickens at 8 and 30 weeks of age, it is observed that bacteria
of the Firmicutes and Bacteroidetes genera become more abundant in the Gl tract (CUI
et al., 2017). Evaluating the effect of age on laying hens from 1 to 60 weeks old on the
composition of the intestinal microbiota, it was observed that Bacteroidetes, Firmicutes,
and Proteobacteria formed the vast majority of the microbiota population at all evaluated
stages (VIDENSKA et al., 2014). These data show that gram-negative bacteria dominate
the intestine in younger birds, while Firmicutes become more prevalent in the later stage of
the laying hen cycle (KHAN et al., 2020).

As chickens age, the intestinal barrier is compromised due to changes in the
composition of the intestinal microbiota, and studies indicate that reducing microbiota
variation may trigger dysbiosis in older birds, thus requiring the use of intestinal microbiota
balancers (BALLOU et al., 2016; MALIK et al., 2019; XU et al., 2016).

As chickens age, the intestinal barrier is compromised due to changes in the
composition of the intestinal microbiota, and studies indicate that reducing microbiota
variation may trigger dysbiosis in older birds, thus requiring the use of intestinal microbiota
balancers (BALLOU et al., 2016; MALIK et al., 2019; XU et al., 2016).

CONCLUSION

Inrecentyears, significant advances have been made in understanding the taxonomic
composition of the gastrointestinal microbiome and its impact on intestinal health. However,
there is a growing recognition of the need to expand our knowledge about the crucial role
that the microbiome plays in the nutrition, health, disease, and productivity of birds. To
advance in this direction, future studies need to adopt integrative approaches, combining
data from genomics, transcriptomics, proteomics, and metabolomics. This holistic approach
will allow for a more comprehensive understanding of the interactions between intestinal

microorganisms and their hosts.
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By better understanding the complex interactions between the microbiome and
its host, we will be able to develop more targeted and effective interventions to promote
intestinal health in birds. This includes modifying the metabolic pathways associated with
the microbiome, which may open up new opportunities for innovative therapeutic and

preventive interventions.
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RESUMO: O estudo foi realizado na
propriedade rural Ecovila landé, em Santa
Barbara do Para, com o objetivo de avaliar a
influéncia do tempo e do tipo de manejo em
Sistemas Agroflorestais (SAFs) na formagéao
de agregados biogénicos e fisiogénicos,
utilizando uma mata secundaria como
referéncia. As areas de estudo, compostas
por SAFs de 5, 4 e 2 anos, além da mata
secundaria, foram localizadas em uma
biossequéncia com o mesmo tipo de
solo. Foram realizadas coletas em cinco
pontos diferentes, com amostragem em
trés profundidades (0-5, 5-10 e 10-20
cm). A analise dos agregados foi feita por
meio de peneiramento das amostras e
caracterizagdo morfologica. Apds a coleta
dos dados, foram realizadas andlises
estatisticas para avaliar a normalidade
e homogeneidade dos dados, seguidas
por analise de variancia. Os resultados
indicaram diferencas significativas na
distribuicdo de agregados biogénicos nas
camadas de 5-10 cm e 10-20 cm, sendo
que o SAFs de 2 anos apresentou a maior
média percentual de agregados biogénicos.
Além disso, esse sistema também teve
sucesso na reducao da fracao de terra solta
nas camadas de 0-5 cm e 5-10 cm. O estudo
sugere que o SAFs mais recente exerce
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uma influéncia maior na formagédo de agregados em comparagdo com os sistemas mais
antigos e a mata secundaria. Estudos futuros sdo necessarios para melhor compreenséo
dessa relacdo entre cobertura vegetal e formacdo de agregados biogénicos em areas de
SAFs.

PALAVRAS-CHAVE: manejo sustentavel; andlise do solo; propiedade fisica, atividade
biogénica

BIOGENIC AND PHYSIOGENIC AGGREGATES IN SYNTROPIC
AGROFORESTRY SYSTEMS OF DIFFERENT AGES AND SECONDARY
FOREST

ABSTRACT: The study was carried out on the Ecovila landé rural property in Santa Barbara
do Pard, with the objective of evaluating the influence of time and type of management in
Agroforestry Systems (SAFs) on the formation of biogenic and physiogenic aggregates,
using a secondary forest as a reference. The study areas, composed of 5-, 4- and 2-year
SAFs, in addition to secondary forest, were located in a biosequence with the same soil type.
Collections were carried out at five different points, with sampling at three depths (0-5, 5-10
and 10-20 cm). The aggregates were analyzed by sieving the samples and morphological
characterization. After data collection, statistical analyzes were performed to assess the
normality and homogeneity of the data, followed by analysis of variance. The results indicated
significant differences in the distribution of biogenic aggregates in the 5-10 cm and 10-20
cm layers, with the 2-year SAFs presenting the highest average percentage of biogenic
aggregates. Furthermore, this system was also successful in reducing the fraction of loose
soil in the 0-5 cm and 5-10 cm layers. The study suggests that the more recent SAFs exert a
greater influence on aggregate formation compared to older systems and secondary forest.
Future studies are needed to better understand this relationship between vegetation cover
and the formation of biogenic aggregates in SAF areas.

KEYWORDS: sustainable management; soil analysis; physical property, biogenic activit

INTRODUCAO

Com a evolugédo da agricultura no mercado e demandas cada vez maiores por
alimentos tém instigado produgcbes mais aceleradas e em larga escala, porém as préticas
de manejo insustentaveis afetam diretamente o meio ambiente. Desse modo, agdes e
propostas de plantios e manejo sustentaveis devem serimplementadas para que a agricultura
e a conservagcdo ambiental sejam praticadas em complementaridade (YOUNGBERG;
DEMUTH, 2013). Assim, surgiu a Agricultura Sintropica, uma nova proposta de cultivo
elaborada pelo pesquisador e agricultor suico Ernst Gétsche, que se tornou mais avangada
pela sua nova estrutura e fungéo quando comparada ao cultivo agroflorestais. A partir de
2013, o termo “agricultura sintrépica” foi definitivo, tendo como principios a conservagéo da
cobertura vegetal natural associado a plantacdo de culturas comerciais, visando o balanco
energético positivo e processos de sucessao natural sem insumos externos (MICCOLIS et
al., 2016; PASINI, 2017).
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A Agricultura Sintropica tem se difundido amplamente pelas diversas regides do
Brasil, trazendo consigo solu¢des inovadoras e sustentaveis para os desafios enfrentados
pela agricultura contemporanea. Esta abordagem, que combina técnicas agroecolégicas
com principios de conservagao ambiental, tem despertado interesse e ganhado adeptos
em todo o pais (SILVA, 2023). Conforme destacado por Miccolis et al. (2016), a adocéo de
técnicas como o plantio em consércio e a integracéao de arvores nas areas de produgéo tem
contribuido para aumentar a produtividade e reduzir a dependéncia de insumos externos.

Para melhor compreenséo do desenvolvimento e qualidade do solo sob diferentes
métodos de cultivo, a andlise dos agregados estaveis é uma das propriedades fisicas chave
que indicam sua qualidade. Isso se deve ao fato de que praticas de manejo inadequadas
podem causar danos substanciais a estrutura do solo. Entre esses danos, a perda
de agregacdo pode resultar em maior compactacao, reducéo na formagédo de raizes e
atividade microbiana, diminuicdo da porosidade, restricdo na absor¢do de dgua e aumento
da suscetibilidade a erosdo (REINERT & REICHERT, 2006).

Os agregados sdo estruturas compostas pela unido de particulas primarias (areia,
silte e argila), que se unem através da acéo de agentes agregantes, como a matéria organica.
Quando incorporada, essa matéria organica funciona como um agente cimentante, unindo
as particulas minerais do solo. Além disso, os agregados também podem ser formados pela
acao de raizes e microorganismos (CARDOSO et al., 2013). Quanto a sua classificacao
morfoldgica, os agregados podem ser de origem fisiogénica ou biogénica.

A formacéo fisiogénica corresponde a uniao das particulas pela adicdo de matéria
orgénica em conjunto aos ciclos de umedecimento e secagem. Por outro lado, a estrutura
biogénica depende dos agentes cimentantes das raizes e organismos para consolidar as
particulas (BARBOSA, 2011). Em fungéo disso, os agregados biogenénicos servem como
armazenamento de carbono organico e habitat para organismos que fornecem himus e
formam poros e galerias no solo (BRUSSAARD et al., 2007).

Portanto, o objetivo deste trabalho foi caracterizar e quantificar os agregados de
acordo com a influéncia do tempo e tipo de manejo realizado em cada sistema na formacéo
biogénica e fisiogénica presente nos sistemas SAFs de diferentes idades e como referéncia
utilizou-se a mata secundaria.

METODOLOGIA

Area de estudo e delineamento experimental

O estudo foi conduzido na propriedade rural Ecovila landé, localizada em Santa
Barbara do Para, com as seguintes coordenadas: 1°09°43,89”S 48°15°31,99”0 (Figura 1).
Os tipos de solo predominantes na regido sao Latossolos Amarelos em é&reas de relevo
plano e Gleissolos nas baixadas, além de areas de Espodossolos também presentes
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na regido (IBGE, 1999). Quanto ao clima, de acordo com a classificacdo de Kdppen, é
considerado equatorial umido. As areas de estudo estédo inseridas em uma biossequéncia
que compartilha a mesma classe de solo, porém com diferentes praticas de manejo.
Essas areas incluem parcelas de 5, 4 e 2 anos sob sistemas agroflorestais sintrépicos
(SAFs5, SAFs4 e SAFs2, respectivamente), além de uma parcela de mata secundaria que
servira como referéncia (MS).
O delineamento experimental utilizado foi o inteiramente casualizado com cinco

repeticoes aleatdrias em cada sistema.
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Figura 1. Mapa de localizagdo da area de estudo
Fonte: Autores (2024)

Coleta das amostras e analise

Para a coleta das amostras, em cada area (sistema) foram abertas cinco mini
trincheiras com dimens6es aproximadas de 40x40x40 cm. Coletou-se amostras do tipo
indeformadas nas profundidades 0-5, 5-10 e 10- 20 e em seguida foram armazenadas
em potes plasticos com aproximadamente 500 g e levadas ao Laboratério de Génese e
Morfologia do Solo (UFRA, Belém) para posterior andlise.

O procedimento de analise dos agregados consistiu no peneiramento das amostras,
através do conjunto de peneiras granulométricas com aberturas 9,5; 8,0; 4,0 e 2,0 mm.
(Figura 2). Os agregados retidos em cada peneira foram separados e analisados de acordo
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com suas caracteristicas e padrdes morfolégicos para formacao biogénica e fisiogénica,
conforme proposto por Velasquez et al. (2007) e Rossi et al. (2016). A identificacdo dos
agregados fisiogénicos foi realizada pela observacao de formas angulares, enquanto os
biogénicos apresentam formas arredondadas, resultantes da passagem pelo trato intestinal
animal, além da presenca de raizes e coloragdo mais escura. (Figura 3). Apds a separagéo,
foi realizada a determinacdo da umidade residual e a quantificacdo dos agregados em
termos de seu percentual de massa em relacao ao total.

Figura 2. Peneiras granulométricas para separagéo dos agregados

Fonte: Autores (2024)
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Figura 3. Agregados oriundo de formacao biogénica

Fonte: Autores (2024)
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Analise de dados

Apb6s a obtencéo dos dados, foi realizado a avaliagdo de normalidade (Shapiro-
Wilk) e homocedasticidade (Bartlett) dos residuos. Para os conjuntos de dados que néo
atingiram tais parametros realizou-se a transformagéo Box-Cox a -1 e a 2.35, apds isso, foi
feita a analise de variancia através das comparacoes de médias entre si pelo teste t-student
a 5% no software Rstudio 4.0.1.

RESULTADOS E DISCUSSOES

AREA %MAB %TS
0-5
MS 52,35 a 47,21 ab
SAFs 5 43,53 a 55,55 ab
SAFs 4 37,47 a 62,52 a
SAFs 2 60,32 a 39,67 b
5-10
MS 62,53 b 37,443 b
SAFs 5 63,15 b 37,761 b
SAFs 4 39,50 c 62,093 a
SAFs 2 74,57 a 25,345 c
10-20
MS 66,97 a 33,02 b
SAFs 5 63,54 a 36,45 b
SAFs 4 44,38 b 55,61 a
SAFs 2 68,13 a 31,86 b

MAB = média percentual de agregados biogénicos; TS= média percentual de terra solta (ndo
agregados). Ms = Mata secundaria; SAfs 5 anos = sistema de 5 anos; SAfs 4= sistema de 4 anos;
SAFs 2 = sistema de 2 anos. Letras minusculas comparam os sistemas em cada profundidade. Media
seguida de mesmas letras néo diferem entre si pelo teste t-student a 5% de probabilidade.

Tabela 1. Valores em percentagem (%) de agregados biogénicos (MAB) e ndo agregados (TS) presente
nos SAFs e Mata secundéria

Fonte: Autores (2024)

Os resultados indicaram que os percentuais de massa de agregados biogénicos
(MAB) na profundidade 0-5 dos SAFs (5, 4 e 2 anos) e MS (Mata secundaria) néo
apresentaram diferenca significativa. Isto pode ser atribuido a maior concentragéo de
raizes na camada superficial do solo, onde ha um constante acimulo de material organico
e microrganismos, criando um ambiente favoravel para uma maior agregacao na regiao,
que se iguala em todos os sistemas. Essa observacdo esta em linha com os achados de
Loss et al. (2017) que n&o encontraram diferencas na proporg¢éo de agregados biogénicos
e fisicogénicos entre os tratamentos, mesmo apds a aplicagcdo de diferentes tipos e
quantidades de estrume suino na camada de 0-5 cm.
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Na camada de 5-10 cm, foram observadas diferencas significativas, com o sistema
de 2 anos (SAFs 2) apresentando uma média percentual de agregados biogénicos
(MAB) maior do que os demais sistemas, seguido pelo SAFs de 5 anos e pela MS, que
apresentaram médias semelhantes, e pelo SAFs de 4 anos, que teve a menor média. Esse
padrao também foi observado na camada de 10-20 cm, onde o SAFs de 2 anos manteve a
maior média de agregados, enquanto o SAFs de 4 anos teve a menor média novamente.

O sistema de 2 anos demonstrou melhor desenvolvimento estrutural, apresentando
também menor média de massa de ndo agregados (TS) nas profundidades 0-5, 5-10 e
10-20. Nesse sentido duas hipoteses foram formuladas, a primeira estar relacionada a
influéncia do sistema radicular de gramineas, visto que alguns autores (WENDLING et
al, 2005 e NICHOLS et al, 2013) deletaram que as raizes das gramineas influenciaram
na quantidade e estabilidade estrutural de agregados. Outra hipbétese diz respeito ao
manejo realizado com podas frequentes de material verde que s&o mantidos em superficie,
contribuindo para conservagao e aumento da umidade e diminui¢cao das perdas de solo por
eroséo e aumenta o teor de matéria organica e formacgéo de agregados (PERIN et al, 2003)

Em contra partida, o sistema de 4 anos apresentou uma menor média de porcentagem
de agregados em todas as profundidades (0-5, 5-10, 10-20). Isso se deve ao fato de que
o solo onde o SAFs foi implantado possuia uma maior presenca de areia em comparagao
as outras areas. No entanto, o manejo desse sistema foi realizado com cobertura de
matéria orgénica a base de carocos de acai e esterco, o que contribuiu para a formacao
de agregados, embora nédo tenha sido suficiente em comparacao com os outros. Por outro
lado, para a formacgéo de agregados séo necessarias duas condi¢des essenciais: primeiro,
a presenca de forgas mecanicas (como raizes, macro e microfauna, ciclo de umedecimento
e secagem) para unir as particulas priméarias do solo; segundo a presenga de agentes
cimentantes, como a fragao argila, 6xidos e matéria organica (CARTER, 2004). Portanto,
um solo com maior teor de areia tende a ter uma agregacdo menos eficiente em curto
prazo, uma vez que, de acordo com Chan et al. (2001), os agregados também dependem

da juncao de particulas de argila em conjunto com a matéria orgénica para sua formagéo.

CONCLUSAO

O SAFs mais novo (SAFs 2) obteve maior influéncia na quantidade de agregados
em relacéo aos SAFs mais antigos (5 e 4 anos) e Mata secundaria. Tendo como hipéteses,
que tal influencia na agregac¢éo pode estar relacionada ao manejo com podas frequentes de
material verde e ao sistema radicular de gramineas que podem ter estimulado o aumento
da atividade bioldgica do sistema.
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RESUMO: Com os avangos do
melhoramento genético, os nutricionistas
observaram a necessidade de adequar
0s programas nutricionais ao potencial
genético e a capacidade de producdo
das matrizes atualmente disponiveis
no mercado, afim de garantir melhor
desempenho e produtividade dos leitbes
nascidos. No manejo nutricional da fémea
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gestante, deve ser considerado o desenvolvimento adequado da placenta e corddo umbilical
para garantir o aporte de nutrientes e oxigénio para o desenvolvimento fetal. O aumento
do numero de fetos no Utero leva a um aumento na competicdo de oxigénio e nutrientes
pelos fetos acarretando em nascimento de leitdes com menor peso e mais fracos que sao
sinais caracteristicos do chamado crescimento intra-uterino retardado (CIUR). Quando
nao ha adequado desenvolvimento, os leitbes leves apresentam desempenho limitado
ao longo do ciclo de produgéo, necessitando de estratégias que diminuam a frequéncia
de nascidos na categoria de baixa viabilidade. Resultados positivos tém sido alcancados
com a suplementagéo da ragédo de gestagdo, aumentando a sobrevivéncia embrionaria, a
distribuicdo de nutrientes, o peso do feto e consequentemente melhorando o desempenho
pbs-natal da leitegada. Diante do exposto, sdo destacados na presente revisdo os efeitos da
nutricdo de matrizes gestantes no desenvolvimento fetal.

PALAVRAS-CHAVE: nutrientes, porcas, feto, placenta

ABSTRACT: With advances in genetic improvement in swines, it is important to adapt
nutritional programs to the genetic potential and production capacity of sows, in order to
guarantee better performance and productivity of piglets born. In the nutritional management
of the pregnant female, adequate development of the placenta and umbilical cord should be
considered to ensure nutrient and oxygen supply for fetal development. The increase in the
number of fetuses in the uterus leads to an increase in competition of oxygen and nutrients by
the fetuses leading to the birth of smaller and weaker piglets that are characteristic signs of
retarded intrauterine growth. When there is no adequate development, piglets with low weight
birth present limited performance throughout the production cycle, necessitating strategies
that reduce the frequency of low birth weight piglets. Positive results have been achieved with
supplementation of the feed gestation, increasing embryo survival, nutrient distribution, fetal
weight and consequently improving the postnatal performance of the litter. The effects of the
nutrition of pregnant sows on fetal development are highlighted in the present review.
KEYWORDS: nutrients, sows, fetus, placenta.

INTRODUCAO

A nutricdo de fémeas suinas tem evoluido consideravelmente nos ultimos anos.
Com os avangos do melhoramento genético, os nutricionistas observaram a necessidade
de adequar os programas nutricionais ao potencial genético e a capacidade de producéao
das matrizes atualmente disponiveis no mercado.

As taxas de ovulagdo dessas matrizes estdo cada vez maiores, originando as
chamadas fémeas hiperprolificas ou de alta prolificidade. A hiperprolificidade caracterizada
pela producgéo de leitegadas numerosas, associada as mudangas no manejo, possibilitou em
alguns sistemas a producéo superior de 30 leitbes desmamados/fémea/ano (AGRINESS,
2015). A hiperprolificidade € uma caracteristica desejavel, visto a produ¢cdo de um maior
numero de leitdes para o sistema de producdo, no entanto, leitdes de baixa viabilidade
resultantes da maior lotagéo intrauterina requerem maior aten¢cdo e mao de obra, sendo

parte dos problemas advindos das matrizes atuais.
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Quando ocorre aumento do nuamero de fetos, o fluxo sanguineo uterino também
aumenta, porém, ndo em proporg¢ao suficiente, o que reduz o fluxo sanguineo para os fetos,
diminuindo o suprimento de nutrientes e oxigénio para cada (FOXCROFT et al., 2006).
Assim, é possivel verificar uma correlagdo negativa entre o peso ao nascer e o niumero
de nascidos, reduzindo de 25 a 35 gramas no peso médio para cada leitdo adicional
(DEVILLERS et al., 2007).

No manejo nutricional da fémea gestante, deve ser considerado o desenvolvimento
adequado da placenta e corddo umbilical para garantir o aporte de nutrientes e oxigénio
para o desenvolvimento fetal (LIU et al., 2012). O aumento do nimero de fetos no Utero
leva a um aumento na competicdo de oxigénio e nutrientes pelos fetos acarretando em
nascimento de leitdes com menor peso e mais fracos que sdo sinais caracteristicos do
chamado crescimento intrauterino retardado (CIUR) (FOXCROFT et al., 2006). Esse
aumento na competicdo por nutrientes pode causar deficiéncia nutricional nestes animais
ainda no Utero, que para aumentar as chances de sobrevivéncia se adaptam através de
alteracgdes fisiologicas e metabolicas. No entanto, essas modificacdes ocorrem em nivel de
genoma, podendo permanecer ao longo da vida do animal, o que é chamado de programacao
pré-natal (WU et al., 2004). Quando nao ha adequado desenvolvimento, os leitdes leves
apresentam desempenho limitado ao longo do ciclo de producéo (alta mortalidade, pior
conversao alimentar, menor ganho de peso e piora na qualidade da carne), necessitando
de estratégias que diminuam a frequéncia de nascidos na categoria de baixa viabilidade
(GONDRET et al., 2006).

Leitdes de baixo peso ao nascimento apresentam menores chances de sobrevivéncia,
devido ao menor nivel de reservas corporais, alta sensibilidade ao frio e dificuldades
de realizagcdo da primeira mamada. Além disso, estes animais de baixo peso tem um
crescimento limitado pela hipertrofia de suas fibras musculares, pois o crescimento do
nuamero de fibras musculares é estabelecido durante o desenvolvimento fetal (WIGMORE
& STICKLAND, 1983).

Em trabalho avaliando o peso ao nascer e desempenho subsequente, REHFELDT &
KUHN (2006) verificaram que existe um efeito do peso ao nascer sobre o desempenho dos
leitdes na fase de creche e terminagéo. Estes autores concluiram que os leitdes com peso
ao nascimento entre 0,8 e 1,2 kg apresentam um menor peso vivo e menor peso de carcaga
aos 182 dias de idade quando comparados aos leitdes médios ou pesados ao nascimento.

O crescimento e desenvolvimento fetal € um processo biolégico complexo que
apesar de ser guiada pelo genoma, essa regulacédo genética pode ser influenciada pelo
ambiente intrauterino e pela nutricdo materna. Esses fatores podem interferir no tamanho
e capacidade funcional da placenta, transferéncia de nutrientes e oxigénio da matriz
para o feto, viabilidade de nutrientes para o feto e em vias metabdlicas, podendo causar
problemas irreversiveis nos animais. Assim, fica evidenciado que o crescimento pré-natal

em mamiferos placentarios € sensivel aos efeitos diretos e indiretos da nutricdo materna
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em todos os estagios desde a maturacdo do odcito até o nascimento (REHFELDT et al.,
2006; FERGUSON, 2005).

Além dos estudos mostrando o comprometimento no desenvolvimento de leitbes
mais leves ao nascimento, também é evidenciado perda na qualidade da carne (GONDRET
et al., 2006; REHDFELDT & KUHN, 2006). Assim, o0 peso ao nas cimento esta diretamente
relacionado a qualidade do leitdo, que, por sua vez, esta relacionado a sua capacidade
de sobrevivéncia e a seu desempenho posnatal. Dessa forma, o peso ao nascer € uma
importante caracteristica econdmica para a suinocultura.

O entendimento dos processos relacionados ao desenvolvimento fetal em animais
de producéo tem sido alvo de pesquisas recentes. A partir desse conhecimento, torna-se
possivel a adogcéo de estratégias alimentares durante os diferentes estagios da gestacéo
que possam resultar em incrementos na deposic¢ao de tecido muscular, o que resultaria em
curto prazo em maior uniformidade de leitegada e em médio/longo prazo, em melhorias no
desempenho da progénie bem como na qualidade da carne destes animais.

Crescimento intrauterino retardado

O crescimento intrauterino retardado (CIUR) pode ser definido como a redugéo
no crescimento e desenvolvimento de embrides e fetos de mamiferos ou de seus érgéaos
durante a gestacdo. Em granjas, devido a facilidade de mensuragao do peso fetal relativo
a idade gestacional ou ao nascimento, estes parametros podem ser usados como critério
pratico para se detectar o CIUR (WU et al., 2006).

Perdas significativas de embrides e fetos podem ocorrer durante todo o periodo de
gestacao (GEISERT & SCHMITT, 2002; JONKER, 2004). Além da contribuicdo genética
dos pais, o crescimento e desenvolvimento fetal sdo afetados pelo ambiente e por uma
variedade de fatores. Entre estes, inclui a nutricio materna (baixa ou alta ingestédo de
alimentos ou desequilibrio de nutrientes), ma absorcéo intestinal materna, ingestao de
substancias téxicas, temperatura ambiental e estresse, distirbios no metabolismo materno
ou fetal entre outros (MELLOR, 1983; MCEVOY et al., 2001; REDMER et al., 2004; WU
et al., 2004). Assim, varios fatores podem prejudicar o crescimento fetal e causar o CIUR,
sendo os dois principais fatores a capacidade uterina insuficiente e a nutricdo materna.

Entre os animais domésticos, a ocorréncia de CIUR em suinos & maior. Antes dos
35 dias de gestacéo, os embrides suinos sdo distribuidos de forma uniforme nos cornos
uterinos (ANDERSON & PARKER, 1976). Depois deste periodo, a capacidade uterina
se torna um fator limitante para o crescimento fetal, embora a distribuicdo destes esteja
uniforme (KNIGHT et al., 1977). A diferenca de crescimento entre os fetos no Gtero € mais
evidente no final da gestagdo, onde o nimero de fetos excede cinco por corno uterino
(PERRY & ROWELL, 1969).

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 10

91



Diferente de equinos e ruminantes, os suinos geralmente tém maior habilidade para
mobilizagc&o de reservas corporais para direcionar para a nutricdo dos fetos. Portanto, uma
moderada restricdo alimentar néo seria suficiente para causar CIUR. Em trabalho realizado
por ATINMO et al. (1974), foi observado que a restricdo de 50% de racdo para porcas
gestantes nao influenciou o peso dos leitdes ao nascimento. Em contrapartida, BUITRAGO
et al. (1974) observaram que uma restricdo alimentar mais severa durante todo o periodo
de gestacgédo, de 8.0 para 2.0 Mcal de energia digestivel diaria, resulta em redugéo do peso
e reducao das fibras musculares de leitdes ao nascimento.

Quando a matriz ndo recebe uma nutricAo adequada durante o periodo de
gestacao, o feto sofrera adaptacdes que o permitam sobreviver apés o nascimento.
Ocorrerao mudancgas na taxa metabdlica do feto com alteracdo da produgéo hormonal e
redirecionamento do fluxo sanguineo para proteger os érgaos-chave, tais como cérebro.
Portanto, um animal acometido por CIUR possui 6rgaos menores, com excec¢éo do cérebro.
Este fenémeno é conhecido como “Brain sparing effect” (efeito de poupar o cérebro). Dessa
forma, uma boa medida para se determinar a existéncia de CIUR seria a relagéo entre
0 peso do cérebro e do figado. Em animais normais, esta relacdo € menor que um. A
ocorréncia de placentas pouco desenvolvidas também pode estar associada ao CIUR, visto
que o peso das placentas e o fluxo sanguineo placentario estéo correlacionados ao peso
dos fetos (TOWN et al., 2004).

Além de comprometer a sobrevida do animal, o CIUR deixa sequelas permanentes
que acometem determinados parametros zootécnicos tais como composi¢do corporal,
conversao alimentar, qualidade da carne, desempenho reprodutivo e saude ao longo
da vida do animal (WU et al., 2006). Estes mesmos autores também observaram maior
mortalidade de leitdes com CIUR antes do desmame e aqueles que sobrevivem sofrem
atraso de crescimento permanente.

Geralmente, leitdes com peso ao nascimento menor que 1,1 kg tém crescimento
mais lento, s&o menos eficientes e possuem carcagas com maior propor¢éo de gordura e
menos musculos, quando comparados com leitbes mais pesados com 0 mesmo peso ao
abate (GONDRET et al., 2006).

O crescimento fetal restrito esta associado com estruturas, metabolismo e fungdes
anormais do intestino (WU et al., 2006). A redugcédo do crescimento fetal causado por
uma nutricdo materna inadequada ou por superlotagdo uterina tem efeitos deletérios no
intestino ocorrendo uma diminuicdo de sua massa e consequentemente ma absorcao
de nutrientes. WANG et al. (2008) utilizando andlises protedmica, verificaram diferencas
na expressdo de 11 proteinas no intestino delgado de leitdes com CIUR, sendo essas
proteinas relacionadas com o metabolismo energético, resposta imune, estruturas celulares
e fungbes antioxidantes. Estes autores também observaram alteragées no proteoma do
figado de suinos recém-nascidos com CIUR relacionados com o metabolismo do ferro.

As transferrinas séo proteinas responsaveis pelo transporte de ferro e a reducao dessas
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proteinas transportadoras no figado de neonatos com CIUR pode resultar em deficiéncia
de ferro causando anemia nesses animais. Também foi constatada a alteragdo em 12
proteinas relacionadas com a sintese e degradacao proteica, que esta relacionado com a
diminui¢do do namero de fibras musculares em leitdes acometidos com CIUR.

Dessa forma, pode-se concluir que o CIUR tem efeitos no proteoma do intestino
delgado, figado e musculo esquelético de leitbes recém-nascidos, causando alteragé@o
na sinalizagdo celular, resposta imune, aumento da proteélise, redugdo da sintese de
polipeptidios, comprometendo a saude e o desempenho futuro desses animais.

Um fator importante na regulagéo fetal e crescimento da placenta € o fator de
crescimento semelhante a insulina | (IGF-1) € um polipeptidio produzido pelo figado em
resposta ao hormoénio de crescimento (GH).

Este fator promove a proliferacéo, diferenciacédo, migracdo, agregacao e inibem a
apoptose das células de mamiferos (CLEMMONS, 1997). CHEN et al. (2011) avaliaram
a expressdao de mRNA de IGF-1 no musculo longissimus dorsi, figado e rins de leitdes
normais e com CIUR e verificaram que a expressao de IGF-1 tem uma correlagéo positiva
com o peso corporal, dos rins e figado. A expresséo de IGF-1 foi maior em leitdes com peso
normal quando comparado a aqueles com CIUR.

Além disso, as concentragdes dos aminoacidos arginina, ornitina, prolina, glutamina
e poliaminas sdo menores no musculo esquelético de fetos suinos com CIUR. Dessa
mesma forma, as concentragdes de prolina sdo bem menores também no alantoide e fluido

amniotico destes animais (WU et al., 2008).

Fases da gestacado da matriz suina

A duracédo da gestacdo em suinos € em média 114 dias, podendo variar em quatro
dias, para mais ou menos, dependo da genética, linhagem e ambiente (PANZARDI et al.,
2007). A necessidade nutricional da matriz € determinada pela demanda para a mantenca,
ganho materno e fetal durante a gestagéo, e essas proporcoes de ganho sao influenciadas
pela fase de gestagéo e prolificidade principalmente (ABREU et al., 2013).

As fases gestacionais sao englobadas em trés eventos: até 21 dias, onde ocorre a
ligacdo do embrido e inicio da formacéo da placenta; dos 21 aos 75 dias, fase em que ocorre
a formacéao das fibras musculares fetais; dos 75 dias até o parto, onde ha um crescimento
significativo do feto e das glandulas mamarias (KIM et al., 2009).

O primeiro terco da gestacdo é caracterizado pela ligagdo embrio-maternal, inicio da
formacgao da placenta e anexos fetais, 0 que exige menor necessidade de ganho de peso e
reserva energética da fémea. Nesta fase, tanto a subnutricdo como uma supernutricdo pode
ser prejudicial. Uma alimentacéo deficiente pode resultar em menor sintese de 6xido nitrico e
poliaminas resultando em menor vascularizacéo placentaria e transferéncia de nutrientes da
mae para o feto. Por outro lado, um maior consumo alimentar durante o inicio da gestagéo
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também pode exercer influéncia negativa na sobrevivéncia embrionaria. Isto é atribuido a
reducdo da concentracdo de progesterona plasmatica, devido ao aumento do fluxo sanguineo
e do catabolismo hepatico deste horménio, causados pelo alto consumo de alimento (DEN
HARTOG et al., 1994). A progesterona influencia as atividades secretérias do Utero e do oviduto
necessarias para o embrido em desenvolvimento (FOXCROFT et al., 2000). O periodo critico
para sobrevivéncia embrionaria compreende as primeiras 48 e 72 horas da gestacéo, onde
entdo, recomenda-se limitar o consumo de racao (JINDAL et al., 1996).

Portanto, o manejo nutricional tem como objetivo melhorar a sobrevivéncia
embrionaria e suprir de forma adequada para que a placenta e seus anexos tenham uma
formagédo adequada (ECHEVERRI, 2004). E de fundamental importancia a estimulagéo da
angiogénese nesta fase para ter melhor crescimento celular e troca de gases e nutrientes
entre a mée e o feto, garantindo assim, um melhor desenvolvimento fetal (ALMEIDA, 2009).

O terco médio da gestacdo € uma fase em que ha a recuperacéo das reservas
corporais das fémeas, mobilizadas na lactacéo anterior. A nutricdo ap6s o periodo critico
inicial da prenhez e até o inicio do terco final da gestacédo influencia mais a composicao
corporal da fémea do que o tamanho da leitegada ou o peso dos leitbes (CLOSE &
COLE, 2001), apesar de ser nessa fase em que ha o estabelecimento do numero de
fibras musculares nos fetos. O numero de fibras musculares dos fetos esta relacionado
com a eficiéncia do crescimento ap6s o nascimento (DWYER et al., 1993). Quando o
numero de fibras é reduzido, ocorre a queda do desempenho e ganho de peso destes
leitbes (GONDRET et al., 2005). Sendo assim, a nutricdo nesta fase, é importante visar a
formacgéo de fibras musculares primérias e secundarias dos fetos a fim de garantir melhor
desempenho po6s-natal.

No terco final da gestacdo é o periodo que ocorre o maior desenvolvimento da
glandula mamaria e crescimento fetal, dessa forma, é necessario um maior aporte proteico
e energético quando comparado as fases inicial e intermediéria, resultando em aumento
das exigéncias nutricionais das fémeas suinas (MCPHERSON et al., 2004).

Outro fato a ser considerado nesta fase final, € que ap6s 90 a 95 dias, ainda ha
continuidade do processo de hipertrofia muscular dos fetos, logo, o fluxo de nutrientes e oxigénio
somado a nutricdo materna sdo importantes e podem influenciar o peso ao nascimento dos
leitbes (ALMEIDA, 2009). Deve ser considerado que o maior fornecimento de energia durante
a gestacao pode resultar em um menor consumo de racdo durante a lactacéo.

Portanto, se faz necessaria uma perfeita integracéo entre essas duas fases, para que
seja alcangado um melhor desempenho reprodutivo das matrizes, e, consequentemente,
uma maior longevidade das mesmas dentro do plantel reprodutivo.

Conhecendo as diferentes fases da gestagdo, tornase possivel adequar os
programas nutricionais de cada uma das fases de modo a favorecer os principais eventos.
Uma nutri¢cdo equilibrada tera como consequéncias uma melhor taxa de sobrevivéncia fetal
€ peso ao nascimento viavel para o sistema de produgéo.
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Placentacao e crescimento fetal

No inicio da gestacdo, existe a necessidade do fornecimento de condi¢cdes para
a sobrevivéncia embrionaria com consequente aumento da leitegada. Uma subnutricdo
ou supernutricdo, neste periodo, pode ser prejudicial. A capacidade uterina pode afetar o
tamanho da leitegada e o peso ao nascimento dos leitdes, que é altamente dependente da
quantidade de nutrientes fornecidos através da placenta. A formacao placentéria apresenta
um desenvolvimento expressivo do 12° a 30° dia de gestagdo e apods este periodo, a
placenta encontrase completamente formada (ECHEVERRI, 2004).

A capacidade funcional da placenta é extremamente importante para o
desenvolvimento dos leitdes, uma vez que o desempenho pés-natal € determinado,
em grande parte, pelo desenvolvimento intrauterino (FOXCROFT & TOWN, 2004).
O desenvolvimento da placenta dos leitbes é estimulado por fatores regulatérios do
crescimento representados pelo fator de crescimento semelhante a insulina e fator
de crescimento vascular endotelial (DANTZER & WINTHER, 2001). A placenta forma
estruturas que se ligam ao endométrio, formando uma superficie de contato essencial para
a troca de nutrientes, gases respiratérios e produtos do metabolismo entre as circulagdes
materna e fetal. Essa estrutura que liga o embrido ao endométrio ocorre pela interdigitacao
do cdrion com o epitélio endometrial, que sé@o locais de aberturas das glandulas uterinas
as quais sao recobertas pelo corion. As aréolas sao estruturas de absorcéo especializadas
que se desenvolvem a partir dos 15 dias de gestacao, utilizadas para a transferéncia de
macromoléculas. Assim, a superficie da placenta dos suinos € formada por complexos
areolares e de subunidades interareolares responsaveis pela transferéncia de nutrientes e
trocas sanguineas (GEISERT & YELICH, 1997).

Para a nutricéo e sobrevivéncia do feto, além do nUmero de pontos de transferéncia de
macromoléculas, é fundamental considerar o aporte sanguineo através da vascularizagao.
Na superficie do corioalantéide, a bicamada formada pelo epitélio do trofoblasto e
endométrio desenvolve dobras microscopicas aos 35 dias de gestagdo, as quais séo o
ponto de contato entre os capilares fetais e maternos (VALLET et al., 2009).

Uma placenta pouco eficiente passa a ser a principal responsavel pelo aumento da
taxa de mortalidade pré-natal. As placentas mais eficientes na disponibiliza¢do de nutrientes
para o feto sdo decorrentes de maior fluxo sanguineo, como observado nas fémeas da raca
chinesa Meishan, as quais desenvolvem placentas menores ocupando reduzido espacgo
uterino, porém ha intensa proliferacéo de vasos sanguineos na membrana cério-alantoide,
possibilitando maior sobrevivéncia embrionéria, leitegadas numerosas e mais homogéneas
(WILSON et al., 1998). Fatores que influenciam os aspectos de desenvolvimento e fungéo da
vascularizag¢éo da placenta podem ter efeito marcante no crescimento fetal e, portanto, com
consequéncias na sobrevivéncia e crescimento neonatal. Por exemplo, uma alimentagéo
desequilibrada, no inicio da gestacao, pode resultar em menor sintese de 6xido nitrico e de
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poliaminas, resultando menor vascularizagé@o placentaria e transferéncia de nutrientes da
mae ao feto, levando a uma subnutri¢éo fetal.

Entre os nutrientes, os aminoacidos sdo considerados os mais importantes para o
crescimento fetal, devido a necessidade destes para ativar os mecanismos da sintese de
proteina nas células (RHOADS & WU, 2009). Além disso, os aminoacidos regulam diversas
rotas metabdlicas a fim de garantir a sobrevivéncia, crescimento, desenvolvimento,
reproducdo e saude de animais e humanos (WU et al., 2009). Segundo estes mesmos
autores, os produtos do catabolismo da arginina, como o 6xido nitrico e as poliaminas,
desempenham papel importante no crescimento placentario.

Segundo MCPHERSON et al. (2004), a composicdo dos tecidos fetais sofre
mudancas durante o periodo de gestacédo. Além disso, a deposicéo de proteina e a gordura
ocorrem de forma mais acelerada depois de 69 dias de gestacéo. Esses resultados indicam
que deve haver um suporte adequado de proteinas e lipideos para porcas gestantes para
assegurar um adequado crescimento do tecido fetal, principalmente depois de 69 dias de
gestacéo.

O crescimento do figado nos fetos ocorre rapidamente nos estagios iniciais da
gestacdo e o seu crescimento vai diminuindo enquanto o crescimento fetal progride.
Uma explicacdo por esse rapido desenvolvimento do figado € o aumento da atividade
eritropoiética neste 6rgdo durante o inicio da gestacéo (DYCE et al., 1996).

Durante o crescimento pré-natal, a formagéo dos eritrocitos ocorre no figado, baco e
na medula 6ssea, ao passo que durante o crescimento pés-natal, a formacao dos eritrocitos
ocorre quase que exclusivamente na medula 6ssea (REECE, 1997).

Crescimento e desenvolvimento das fibras musculares nos fetos

A formacdo do tecido muscular esquelético ocorre durante a fase embrionaria
(COSSU & BORELLO, 1999). A regulagéo deste processo envolve a ativagao, proliferacao
e diferenciacdo de varias linhagens de células miogénicas e dependem da expresséo e
atividade de fatores de transcricdo, conhecidos como fatores de regulagdo miogénica
(MRF). Durante o desenvolvimento do embrido, o comprometimento das células
miogénicas do mesoderma com linhagem miogénica depende da sinalizagdo oriunda de
tecidos circundantes, tais como notocorda e o tubo neural (CHARGE & RUDINIKI, 2004).
Estes sinais sdo responsaveis pela ativagdo de genes e/ou fatores de transcricdo capazes
de transformar células ndo musculares em células com fenétipo muscular (PAULINO &
DUARTE, 2013).

A formacdo do tecido muscular € uma funcdo de baixa prioridade na particdo
dos nutrientes quando comparado a érgdos como cérebro, coracéo e figado (DU et al.,
2010). Portanto, o desenvolvimento do musculo esquelético é particularmente vulneravel a

disponibilidade de nutrientes (ZHU et al., 2006 ). Nas espécies multiparas, como na suina,
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ha naturalmente uma variagdo no peso ao nascimento, sendo esta variagcdo fortemente
relacionada com o numero de fibras musculares presentes. Leitbes com menor peso ao
nascer apresentam um menor niumero de fibras musculares, sendo decorrente de um
menor numero de fibras que se diferenciaram durante o periodo de miogénese pré-natal,
por motivos genéticos (cruzamento, gendétipo) ou maternos (nutricao).

O mdasculo esquelético constitui o principal componente da carcaca de animais
destinados a producgao de carne. O baixo peso dos leitbes ao nascer parece estar associado
a reducdo do numero de fibras musculares estabelecidas ainda no Utero (WIGMORE &
STICKLAND, 1983). Leitdes nascidos com menor nimero de fibras musculares normalmente
tem menor potencial de crescimento que animais nascidos com maior quantidade de fibras,
concluindo assim que um maior numero de fibras musculares € necessario para um melhor
crescimento e desempenho (DWYER et al., 1993).

Um dos principais fatores responsaveis pela reducao da deposicao de proteina no
musculo esquelético e aumento da gordura em fetos com CIUR é a regulagdo metabolica
anormal do turnover proteico, adipogénese e biogénese mitocondrial. Leitdes recém-
nascidos com CIUR tém maior abundancia de proteassoma no musculo esquelético
e figado, o que aumenta a degradacédo de proteinas quando comparados com leitbes
nascidos com peso normal (WANG et al., 2008).

Estudos revelam a presenca de quatro grupos de fatores reguladores da miogénese:
myoD, myf5, myogenina e MRF4 (myf6), sendo que todos podem ativar a diferenciacao
da musculatura esquelética. Estes fatores reguladores da miogénese consistem num
grupo de fatores de transcricdo responsaveis pela regulagdo central do programa de
desenvolvimento muscular esquelético (MALTIN et al., 2001). Experimentos demonstraram
que o myoD possui uma fungéo principal na formagéo e na sobrevivéncia dos mioblastos,
desempenhando um importante papel na diferenciagcdo do mioblasto, enquanto acredita-se
que o miogenina esta envolvido na diferenciacéo final em miotubos (RAWLS, et al., 1995).

Em um trabalho realizado por TOWN et al. (2004), foi verificado um efeito moderado
do processo de superlotagdo uterina na expressédo de fatores reguladores da miogénese,
como miogenina e myoD. Os autores concluiram que a superlotagdo intrauterina aos 30
dias de gestagcdo pode causar um impacto na diferenciagcdo das fibras musculares em
virtude da reducédo da expressdo da miogenina.

A multiplicacdo do numero de fibras musculares (hiperplasia) ocorre na fase
fetal e 0 numero de fibras estd completo ao nascimento do animal. Dois tipos de fibras
musculares sdo formados durante o desenvolvimento fetal, as primarias e secundarias. As
fibras musculares primarias sdo formadas pela fusdo rapida dos mioblastos formando os
miotubos primarios e as secundarias sao formadas na superficie das fibras primarias. Nos
suinos, as fibras primarias estao presentes aos 35 dias de gestacéo e seu nimero cresce
gradualmente até os 60 dias. A formacgéo das fibras secundarias ocorre rapidamente por
volta dos 54 a 90 dias de gestacdo (WIGMORE & STICKLAND, 1983), completando o

processo de hiperplasia por volta dos 90 dias de gestacéo.
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As fibras primarias sdo mais resistentes aos fatores ambientais, enquanto as
secundarias sdo mais susceptiveis a fatores relacionados a variacdes hormonais e
nutricionais (HANDEL & STICKLAND, 1987). A principal razdo da menor formacéao de
fibras musculares no feto € a subnutricao uterina, que pode ser explicado pela distribuicédo
dos fetos nos cornos uterinos, definindo uma diferenciagéo no aporte nutricional. Animais
refugos normalmente sdo provenientes de placenta com menor peso e reduzido fluxo
sanguineo enquanto leitdes de maior peso sé&o provenientes de placenta com maior peso
e fluxo sanguineo indicando uma diferenca no aporte nutricional (DWYER et al., 1993). A
restricdo de nutrientes durante o inicio e no meio do periodo de desenvolvimento reduz
o0 numero de fibras musculares, enquanto a restricdo durante o final da gestacéo reduz
o tamanho das fibras musculares e a formagéo de adip6citos intramusculares (DU et al.,
2010).

Os mecanismos pelos quais os hormdnios agem sobre o crescimento muscular fetal
ainda ndo sdo bem conhecidos. E possivel que exista uma relagéo entre os diferentes
horménios que estdo ligados ao crescimento e as substancias denominadas de repartidores
de nutrientes. Estas substancias sdo chamadas assim devido a sua capacidade de
redirecionar a distribuicdo de nutrientes em funcdo da alteracdo do metabolismo da
célula. Dessa forma, os nutrientes utilizados para a producao de tecido adiposo seriam
direcionados para aumentar a deposicao de tecido muscular (RICKS et al., 1984).

Quando se tem um adequado aporte nutricional durante o segundo ter¢co da gestacéo,
onde ocorre a formacdo das fibras musculares nos fetos, observa-se uma melhora na
capacidade oxidativa nos musculos (MARKHAM et al., 2009). Um maior numero de fibras
oxidativas podem produzir carne de melhor qualidade com cor mais intensa, pH adequado
e reducgdo da perda por gotejamento (CHANG et al., 2003).

Ap6s 0 nascimento, o crescimento muscular ocorre por meio da hipertrofia das
células musculares pré-existentes e esse processo € dependente das células satélites.
As células satélites sdo mioblastos indiferenciados que permanecem entre a membrana
plasmatica da fibra muscular e a lamina basal (CHARGER & RUDINIKI, 2004), que quando
estimulada, é ativada, proliferando e fundindo com a fibra muscular pré-existente. Os
nucleos derivados das células satélites comegam a sintetizar proteinas, aumentando o
volume muscular através da formacgéo de novos sarcOmeros. No entanto, se houver a
formacéo insuficiente de fibras musculares durante a fase fetal, o crescimento do musculo
pbés-natal &€ severamente limitado.

Dessa forma, é de fundamental importancia o conhecimento de como manipular o
desenvolvimento intrauterino do animal com o objetivo de maximizar a formacao de fibras
musculares, proporcionando assim, maior potencial de crescimento do animal em sua vida
pés-natal (PAULINO & DUARTE, 2013).

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 10

98



Suplementacéao de arginina

A arginina € um aminoacido utilizado para sintese proteica e € metabolizada
em glutamina, glutamato, prolina, aspartato, aspargina, ornitina e citrulina, com grande
importancia biologica para o desenvolvimento placentério e fetal (WU et al., 2009).

A sintese da arginina ocorre principalmente no eixo intestino-renal, sendo que
células do epitélio do intestino delgado produzem citrulina e células dos tabulos proximais,
nos rins, extraem a citrulina da circulagdo sanguinea, convertendo-a em arginina,
devolvendo-a para a circulagdo. A arginina, quimicamente denominada &cido 2-amino-5-
guanidopentandico, é considerada um aminoacido condicionalmente ndo essencial para
suinos, haja vista que é primordialmente necessaria dos 3 aos 21 dias de idade, momento
em que o organismo animal é capaz de sintetizar cerca de 60% de suas exigéncias. Sendo
assim, a suplementacéo de arginina em dietas para porcas gestantes e lactantes tem sido
uma ferramenta para maximizar o desempenho de leitdes lactantes.

A nutricdo aminoacidica é primordial para o desenvolvimento dos fetos, influenciando
de forma positiva a maturagéo dos principais sistemas (muscular, cardiovascular, digestoério,
respiratério, esquelético, entre outros). Nesse contexto, a arginina desempenha importante
papel no desenvolvimento de fetos de mamiferos (WU et al., 2007).

A suplementacdo de aminoéacidos na ragéo de porcas em gestacdo pode resultar
em melhor desempenho reprodutivo com leitegadas mais pesadas e uniformes. A arginina
€ 0 aminoacido mais estudado na tentativa de minimizar e/ou reduzir os efeitos da
superlotagdo uterina sobre o tamanho e qualidade da leitegada. Este aminoéacido influencia
na angiogénese e desenvolvimento vascular providenciando mais nutrientes e oxigénio da
porca para os fetos (LIU et al., 2012).

A arginina é precursora do 6xido nitrico e responsavel pela sintese de poliaminas,
sendo assim, os aminoacidos da familia da arginina (arginina, prolina e glutamina) séo
substratos essenciais para um bom desenvolvimento da placenta e de fetos suinos (WU
et al., 2004). O 6xido nitrico e as poliaminas sdo essenciais ao crescimento placentario e
para a angiogénese.

O o6xido nitrico € um importante fator vaso-relaxante que regula o fluxo sanguineo
materno-fetal e, portanto, a transferéncia de oxigénio da mée para o feto (BIRD et al.,
2003). As poliaminas, que sao sintetizadas na placenta suina a partir de substratos
derivados da prolina, regulam o DNA e sintese proteica, estando diretamente relacionadas
a proliferacéo e diferenciagé@o celular (WU et al., 2005). Segundo estes mesmos autores,
o fluido alantoide de suinos € rico em arginina aos 40 dias de gestacéo e essa abundéancia
nos fluidos fetais esté relacionada a elevada sintese de Oxido nitrico e poliaminas pela
placenta suina durante a primeira metade da gestacéo, quando o seu crescimento é mais

rapido.
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O numero de leitdes natimortos pode ser reduzido com a inclusé@o de arginina a dieta
ao final da gestacéo, visto que o 6xido nitrico melhora o fluxo sanguineo e consequentemente
a passagem de nutrientes da mée para o feto, o que possibilita maior sobrevivéncia dos
fetos. MATEO et al. (2007) observaram reducao de 65% de leitdes natimortos e aumento do
peso da leitegada ao nascimento quando leitoas receberam 1% de arginina dos 30 até os
110 dias de gestacao. Resultado semelhante foi encontrado por REMAEKERS et al. (2006),
que constatou que o fornecimento de 40 g/dia de Larginina dos 14 aos 28 dias de gestacéao
aumentou o tamanho da leitegada de +0,8 leitédo/leitegada. Em contrapartida, LIMA (2010)
nao verificou diferenga no numero total de leitdes nascidos vivos em porcas suplementadas
com arginina durante a gestacao, pois o fornecimento das dietas foi iniciado na fase final da
gestacao (90 dias), de modo que o tamanho da leitegada ja fora determinado no primeiro
més gestacional.

Arginina e glutamina podem estar envolvidas na melhora da miogénese de fetos,
colaborando para um melhor desempenho pés-natal de leitbes de matrizes suinas
hipeprolificas. Em estudos realizados por BERARD & BEE (2010) foi observado que a
suplementacgéo de arginina para porcas em gestacéo afetou de forma positiva a formacgéo
das miofibras primarias nos fetos, que, como sabemos, pode ter efeitos positivos no
crescimento do musculo ap6s o nascimento, composicéo e qualidade da carcaga desses
animais. Entretanto, segundo HAZELEGER et al. (2007), a melhoria na formagédo das
miofibras primarias ndo se deve diretamente a suplementac¢do de arginina na dieta de
gestacao, e sim no aumento da angiogénese placentaria.

A glutamina é abundante nas proteinas teciduais fetais e a sua deficiéncia é o principal
fator que contribui para o aparecimento de CIUR. Portanto, a sua utilizagdo na ra¢éo de porcas
gestantes pode trazer beneficios como aumento do peso do leitdo ao desmame e reduzir a
incidéncia de CIUR. Ja a suplementagéo simultanea de arginina e glutamina na ragéo de porcas
em gestacdo melhora significativamente o desempenho reprodutivo das porcas primiparas
(WU et al.,, 2011). Isso em virtude que os dois aminoacidos regulam a sintese proteica por
ativarem a producéo de poliaminas.

Desse modo, a suplementagdo com arginina para fémeas gestantes parece nao
apresentar efeitos sobre o desempenho das fémeas, mas sim da leitegada, influenciando
positivamente alguns indices zootécnicos.

Suplementacéao de ractopamina

Outra forma de melhorar o desenvolvimento fetal € a utilizagdo de agonistas
[B-adrenérgicos, onde o mais utilizado é a ractopamina, que é conhecida como um modulador
agonista B-adrenérgico da classe das fenetanolaminas, um promotor do crescimento que
age como modificador do metabolismo do animal proporcionando menor deposicdo de
tecido adiposo e maior porcentagem de carne magra na carcaga, sendo analogo estrutural

de horménios denominados como catecolaminas (adrenalina e noradrenalina).
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KIM et al. (1994) observou que leitdes provenientes de porcas alimentadas com
Salbutamol durante o primeiro ter¢o da gestacéo apresentaram aumento no numero de
fibras musculares. HOSHI et al. (2005), suplementando porcas com ractopamina de 25 a
50 dias de gestagao, constataram maior ganho de peso da progénie. Da mesma forma,
GATFORD et al. (2009) constataram que a suplementacdo de 20 mg/kg de ractopamina
melhorou o desempenho dos leitdes nascidos com aumento de 9% no ganho de peso, e
0 desenvolvimento do tecido muscular esquelético. Em estudo mais recente, GARBOSSA
et al. (2015) testaram a suplementacado combinada de ractopamina e arginina para porcas
gestantes e constataram que a combinagdo destes nédo resultou em efeitos aditivos,
aumentando apenas o numero de leitdes nascidos vivos, porém, observaram melhora
no desempenho e crescimento muscular das fibras do musculo semitendinoso de leitbes
recém-nascidos. Sendo assim, €& necessario mais estudo sobre a combinag¢do desses
aditivos nas dietas de porcas gestantes para melhor entendimento de seus efeitos.

Embora sejam poucos trabalhos que estudam arelagcao dos agonistas -adrenérgicos
com o desenvolvimento fetal, estudos indicam que periodos de suplementacdo mais
extensos ndo sdo necessariamente 0s responsaveis pelos melhores efeitos. Este
comportamento se deve a diminuicdo da sensibilidade dos receptores beta aos agonistas
apos a exposicao por periodos mais prolongados (MOODY et al., 2000). O processo de
dessensibilizagdo ocorre através da fosforilagdo da regidao C-terminal dos B-receptores.
Essa fosforilagdo induz as proteinas G a se ligarem a outras proteinas, resultando na
desativagéo dos receptores (PIPPIG et al., 1993).

O tecido placentario expressa receptores Badrenérgicos (MOORE & WHITSETT,
1982). Um experimento realizado in vitro por SIBLEY et al. (1986), pode-se concluir
que a ractopamina é um (3 agonista que é capaz de regular a transferéncia de sodio na
placenta de porcas. Esse efeito & importante devido a maioria dos aminoacidos serem
transportados por transporte ativo dependente de sédio (BATTAGLIA & REGNAULT, 2001).
Além disso, os agonistas Badrenérgicos podem aumentar o fluxo sanguineo para os fetos
através de receptores presentes na musculatura lisa dos vasos sanguineos, elevando o
0 AMPc causando vasodilatacdo, como demonstrado em artérias umbilicais humanas in
vitro (KARADAS et al., 2007). Segundo Cantarelli et al. (2009), a ractopamina aumenta
a retencé@o de nitrogénio, o que pode contribuir para maior sintese de proteina nos fetos,
aumentando assim, a formagéo do tecido muscular.

A acéo da hipertrofia sobre o musculo esquelético pode ser mediada pelo IGF-1
(Fator de crescimento semelhante a insulina ), que aumenta a sintese proteica e parece
ser importante também na regulagdo do numero de fibras musculares, por ser responsavel
pela proliferagcéo e diferenciagdo dos mioblastos (ROSENTHAL & CHENG et al., 1995).
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Outros aditivos e composicao da racao de fémeas suinas em gestacao

O nivel de energia da dieta também tem sido estudado como fator relacionado ao
desenvolvimento fetal e da placenta. Segundo NOBLET et al. (1985), existe uma relagéo
direta entre a nutricdo materna e o peso fetal, no qual reduzindo a ingestao de energia apos
80 dias de gestacgéo, ocasionou uma redugao do crescimento dos fetos em marras. Dessa
mesma forma, LAWS et al. (2009) verificaram que a suplementacdo de 10% de 6leo na
dieta melhorou o peso ao nascimento e a uniformidade de leitdes ao nascimento. MAHAN
(1998) verificou melhoras no peso da leitegada ao nascimento quando avaliou diferentes
niveis de fornecimento de ragcéo para fémeas suinas no periodo de gestacdo. Os animais
que receberam 130 gramas de racéo adicional por dia obtiveram maior niUmero e peso
de leitdes ao nascimento quando comparados com a ragédo controle. Em contrapartida,
LAWLOR et al. (2007), avaliando diferentes niveis de energia durante a gestacdo, nao
observaram influéncia no peso ao nascimento e uniformidade da leitegada. Diversos autores
observaram efeitos negativos na mortalidade, niUmero total de nascidos vivos, peso da
leitegada e uniformidade quando forneceram quantidades elevadas de racao em diversas
fases da gestacdo (MILLER et al., 2000; NISSEN et al., 2003; LAWLOR et al., 2007). O
fornecimento elevado de racdo durante este periodo pode alterar as concentracdes de
progesterona circulante, que, por sua vez, modifica o desenvolvimento e atividade secretora
do endométrio, causando alteracdo na composi¢éo dos fluidos alantbicos que fornecem
nutrientes para os fetos (EINARSSON & ROJKITTIKHUN, 2003).

Efeitos negativos tém sido observados quando ocorre restricao proteica durante
a gestacdo. Em estudos realizados por WU et al. (1998), foi observado concentracdes
reduzidas de aminoacidos como a arginina, ornitina e prolina na placenta e endométrio
de marras recebendo dietas com baixos niveis de proteina. Com essa restricdo severa
de proteina, ira ocorrer reducdo nas atividades do 6xido nitrico sintetase e a sintese de
citrulina a partir da atividade da arginina e ornitina descarboxilase na placenta e endométrio.
Esses resultados mostram a importancia da nutricdo materna, mais especificamente dos
aminoacidos da familia da arginina no crescimento fetal, uma vez que as funcdes afetadas
estéo relacionadas com a angiogénese e ao crescimento da placenta e fetal.

O alto ou baixo consumo de proteina (250 e 50%, respectivamente, das
recomendacdes nutricionais) de porcas durante a gestagdo podem alterar o metabolismo
fetal de aminoacidos podendo causar CIUR (REHFELDT et al., 2011). Diversos estudos
revelam que o baixo consumo de proteina durante a gestagéo resulta em CIUR e desordens
metabolicas na leitegada (DESAI et al., 1997; HOLEMANS et al., 2003). Os efeitos das
dietas com alto teor proteico ainda ndo séo tdo conhecidos (DAENZER et al., 2002; KUCIA
et al.,2011).

A utilizacédo de aditivos pode ser uma alternativa para melhorar o desempenho da
leitegada durante a gestacdo. O efeito da utilizagdo de L-carnitina tem sido avaliado em
varios estudos. Em estudo realizado POR MUSSER et al. (1999), foi observado que fémeas
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alimentadas com L-carnitina durante a gestacado (5° ao 112° dia) apresentaram maiores
concentracbes de insulina e IGF-1 entre 60 e 90 dias, que € o periodo de desenvolvimento
das fibras musculares secundarias do feto. A adicdo de L-carnitina na dieta melhorou a
utilizacao dos nutrientes resultando em um aumento do peso das reservas de gordura e um
maior peso ao nascimento. Os efeitos positivos da administra¢cdo de L-carnitina estariam
relacionados a possivel elevacao dos niveis de IGF-1, o que, segundo MAGRI et al. (1991)
seria importante na proliferacdo e diferenciagdo das células miogénicas, melhorando o
crescimento p6s-natal dos leitdes. De acordo com RAMANAU et al. (2004), leitdes nascidos
de fémeas alimentadas com L-carnitina durante o periodo de gestagdo apresentaram maior
taxa de crescimento durante a amamentacao do que leitdes do grupo controle.

Existem poucos estudos que relatam as exigéncias de vitamina D para marrés
e porcas durante a gestagdo ou lactagdo. A suplementagcdo normalmente é na forma
de vitamina D que é absorvido no intestino e transportado para o figado onde ocorre
hidroxilagdo, formando o 25- hidroxicolecalciferol (250HD3).

Em trabalho realizado com suplementacéo de 25- Hidroxivitamina D3 (250HD3)
para porcas primiparas em lacta¢do, ZHOU et al. (2016) observaram aumento no nimero de
fibras musculares em leitdes recém nascidos quando comparados com leitdes nascidos de
fémeas que néo foram suplementadas. Resultados semelhantes foram obtidos por HINES
et al. (2013), que verificaram um aumento no nimero de fibras do musculo Longissimus
dorsi em fetos aos 90 dias de gestacdo em porcas suplementadas com 250HDS3. Portanto,
os efeitos desta vitamina no crescimento muscular dos leitbes apdés o nascimento ainda
néo sdo conhecidos.

Algumas evidéncias tém mostrado que a vitamina D exerce uma variedade de efeitos
sobre o desenvolvimento do musculo esquelético (GIRGIS et al., 2012; HAMILTON, 2009). A
suplementacéo de 1,25 Hidroxicolecalciferol D3 resulta em alteragcdo no RNA mensageiro e na
expressao de proteinas moduladoras de determinados fatores de transcricdo muscular, que
aumentou significativamente o tamanho e didmetro da fibra muscular (GARCIA et al., 2011).

CONSIDERAGCOES FINAIS

O peso do leitdo ao nascimento € um fator extremamente importante, inicialmente,
para sua sobrevivéncia, e, posteriormente, para um bom crescimento e desenvolvimento até
o momento de abate. Fémeas hiperprolificas produzem um maior numero de leitdes nascidos
por leitegada, o que resulta em menor peso médio ao nascimento e, consequentemente,
maior variabilidade de peso desses leitdes. A capacidade uterina entra, neste aspecto,
como um fator limitante. Portanto, caracteristicas como eficiéncia placentaria e tamanho de
placenta devem ser incluidas em programas de melhoramento genético, uma vez que se
tratam de aspectos vistos como essenciais para a producao de leitbes mais homogéneos
e de melhor viabilidade.
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A nutricdo e o manejo alimentar devem ser realizados sempre respeitando as
diferentes fases reprodutivas em que as fémeas se encontram, no intuito de proporcionar
uma alta qualidade nutricional e, consequentemente, um bom peso do leitdo ao nascimento.
Associando estes dois fatores (genética e nutricdo), certamente, auxiliardo no aumento da
sobrevivéncia dos leitdes durante a fase de lactagéo e com isso, contribuindo positivamente
com a diminui¢do da taxa de mortalidade na maternidade e com o aumento do ganho
econdmico da producgao.
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ABSTRACT: Due to the lack of food to
offer the animals during the dry season, the
irrigated cultivation of cactus pear is justified
to accelerate the harvest. Given this, the
supply of saline water as a water source
to meet the needs of plants becomes an
important alternative for the development of
irrigated agriculture. However, irrigation with
saline water when poorly managed, can
compromise the production system. Animal
manure can be used to minimize the harmful
effects of irrigation water salinity on plants.
For higher productivity of cactus pear crops,

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability

Chapter 11

110


https://orcid.org/0000-0001-6704-2289
http://lattes.cnpq.br/3924251043370854
https://orcid.org/0000-0003-2211-6795
http://lattes.cnpq.br/2621131411062422
https://orcid.org/0000-0002-4624-1825
http://lattes.cnpq.br/4306037261876678
https://orcid.org/0009-0002-7128-2394
http://lattes.cnpq.br/0413826335307009
https://orcid.org/0000-0003-0146-2584
http://lattes.cnpq.br/8475370314741859
https://orcid.org/0009-0000-2448-5354
http://lattes.cnpq.br/4152012653085297

the implementation of a production system with water supplementation using irrigation with
brackish water from underground wells in the region and the adequate incorporation of organic
fertilizer is an alternative for farmers. Therefore, this review aimed to gather information about
the cultivation of cactus pear irrigated with saline water and fertilized with doses of of organic
matter.

KEYWORDS: Brackish water, Manure, Opuntia stricta Haw, Semiarid.

PRODUCAO DE PALMA FORRAGEIRA IRRIGADA COM AGUA SALOBRA E
DOSES DE MATERIA ORGANICA

RESUMO: Devido a falta de alimentos para oferecer aos animais durante a estagao seca,
justifica-se o cultivo irrigado da palma forrageira para acelerar a colheita. Diante disso, o
fornecimento de agua salina como fonte hidrica para suprir as necessidades das plantas
torna-se uma importante alternativa para o desenvolvimento da agricultura irrigada. No
entanto, a irrigacdo com agua salina, quando mal manejada, pode comprometer o sistema de
produgéo. O esterco animal pode ser usado para minimizar os efeitos nocivos da salinidade
da agua de irrigacdo nas plantas. Para maior produtividade da cultura da palma forrageira,
a implantagcédo de um sistema de producdo com suplementacao hidrica utilizando irrigagéo
com agua salobra de pocos subterrédneos da regido e a incorporacdo adequada de adubo
organico € uma alternativa para os agricultores. Portanto, esta reviséo teve como objetivo
reunir informagdes sobre o cultivo da palma forrageira irrigada com agua salina e adubada
com doses de matéria organica.

PALAVRAS-CHAVE: Agua salobra, Esterco, Opuntia stricta Haw, Semiarido.

INTRODUCTION

In arid and semiarid regions, the uneven distribution of rainfall and the limited availability
of freshwater can limit the development of competitive and economically viable livestock
production (Silva, 2017). In this context, the use of water from underground wells, which mostly
have high levels of salinity, appears as an alternative. When well managed, the use of this
water in a rational and controlled way can represent an alternative for irrigation of some crops.
According to Lima et al. (2018), irrigation in a production system depends on agroeconomic
performance, which is based on the productive response, net income, and economic viability.

Cactus pear responds positively to irrigation. According to Araljo Junior et al. (2021),
the Orelha de Elefante Mexicana (OEM) variety, when irrigated, provides an economic return
18 months after planting. However, caution is required in the irrigation of this plant with saline
water, since when in excess in the soil, the salts can compromise the rational agricultural
exploration because of the osmotic effects, ionic toxicity, and nutritional imbalance, causing
a reduction in growth and development of the crops, consequently serious damage to
agricultural activity (Andrade et al., 2019). In addition to promoting variations in the chemical
and physical structures of the soil, culminating in the loss of fertility and susceptibility to
erosion (Schossler et al., 2012).
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Considering the damage that saline water can cause, salt toxicity has to be
minimized and soil properties have to be improved by using economic approaches such as
the application of organic fertilizer (Shaaban et al., 2013). The benefits of adding organic
materials are due to their role in minimizing the deleterious effects of salts in the soil through
improvement, and alteration of the chemical and physical properties of the soil, as well as
its role as a fertilizer (Murtaza et al., 2020).

For greater productivity of cactus pear crops, the implementation of a production
system with water supplementation using irrigation with brackish water from underground
wells in the region and the adequate incorporation of organic fertilizer is an alternative for
farmers in this region, mainly due to freshwater restriction. In this sense, this review aimed
to gather information about the cultivation of cactus pear irrigated with saline water and

fertilized with doses of organic matter.

PRODUCTIVE AND NUTRITIONAL POTENTIAL OF CACTUS PEAR

Cactus pear represents most of the food offered to animals during the dry season
in the northeastern semiarid regions, which is justified by the following characteristics:
rich in water, mucilage, and mineral residue, high coefficient of dry matter digestibility, and
high productivity per unit area (Lopes et al., 2013). Which makes it a viable alternative to
maintaining adequate levels of animal productivity in the semiarid region (Dubeux Janior et
al., 2010).

According to Abidi et al. (2009), cactus pear contains an average of 90% water in its
composition. This high-water content tends to reduce water intake by animals (Magalhaes
et al., 2019), which favors animal production in periods of water deficit, common in the
semiarid region. Some authors observed that water intake via a drinking fountain linearly
decreased as the levels of cactus in the diet increased (Abidi et al., 2009; Soares, 2017).
According to the NRC (2001), the requirement for water can be met through three different
sources: voluntary intake of water; water intake from food; and water from the metabolism
of nutrients in the body.

Among the cactus pear varieties, the Orelha de Elefante Mexicana (OEM) presents
good agronomic responses, is less demanding in terms of nutrients, more tolerant to water
stress conditions, and shows a higher production of dry matter per unit area compared to the
Miuda cactus (Lopes et al., 2019). However, it presents variations in chemical composition
(Table 1) according to plant age, harvest time, climate, fertilization management, and
planting spacing.
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References DM omz MMm2 CP? EE2 NFC*> NDF? ADF?

g.kg"

Araujo Junior et al. (2021) 86,5 840,2 159,7 358 8,0 - 161,6 -
Conceicgéo et al. (2018) 105,5 802,5 198 55,5 12,1 406,7 291,6

Goes Neto et al. (2021) 103,4 8114 - 741 16,2 342,8 4212 281,0
Pessoa et al. (2020) 96,86 889,9 112,8 53,1 15,4 616,7 210 1411
Monteiro et al. (2019) 123 914 86 55 - 550 259 -
Morais et al. (2019) 107,7 893,2 - 63,6 5451 272,4 -
Silva et al. (2018) 94,0 8812 - 60,0 12,7 547,3 262 -

DM= Dry matter, OM= Organic matter, MM= Mineral matter, CP= Crude protein, NFC= Non-fibrous
carbohydrates, NDF= Neutral detergent fiber, ADF= Acid detergent fiber. 'g.kg" Natural matter. 2g.kg™
Dry matter.

Table 1. Chemical composition of cactus pear Orelha de elefante mexicana

The high productivity of cactus pear in the semiarid region is due to their adaptation
to the climate of this region, which can be partially explained by the opening of the stomata
essentially at night, when ambient temperatures are mild, which reduces water losses by
evapotranspiration, thus showing a high water use efficiency (WUE) (Taiz & Zaiger, 2016).

Water use efficiency (WUE) for cactus pear is 50:1, that is, 50 kg water for each
1 kg dry matter produced, while C3 and C4 plants have efficiencies of 1000:1 and 500:1,
respectively (Pereira et al., 2012). Water use efficiency can be different between cultivars,
as demonstrated by Silva et al. (2014a, 2014b), who found that the Orelha de elefante
mexicana cultivar presented a superior WUE than the other cultivars studied, considering
the green matter production.

The cactus pear production system in the semiarid region is marked by the low
adoption of technologies, which directly leads to productivity lower than the capacity of the
crop given its multiple options for use that are not explored. Traditionally, under non-irrigated
cultivation conditions, cactus pear is harvested every two years (Silva et al., 2015), however,
the beginning and length of each vegetative stage may vary depending on the adopted
management practices, postponing or anticipating the time of crop harvest (Aratjo Junior
et al., 2021). Among these technologies, the use of irrigation, fertilization, denser planting
with techniques that increase crop yield, and the combination of these can be highlighted.

The adoption of irrigation to increase the growth and survival of cactus pear plantations
is an alternative that can be used by farmers. Lira et al. (2016) mention that when having an
irrigation system, even if the amount of water is limited, that is, even in conditions where the
water supply through irrigation does not meet the requirements of the crop, a small amount
of water can result in positive responses in the plant, mainly in cactus pear.

Irrigation promotes and guarantees the survival of the cactus pear crop and generates
a strategic green reserve of water. According to Candido et al. (2013), the water potential of
dense cultivation of the cactus pear cultivar Gigante with a production of 400 Mg of green
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matter per hectare is high, with water content in the plantation around 90%, in which one
hectare of the crop can supply around 360,000 liters water to cattle or goats in the semiarid

region of Brazil.

USE OF BIOSALINE AGRICULTURE IN FORAGE PRODUCTION

Biosaline agriculture is a broad term used to characterize the cultivation of forage
plants irrigated with saline well water (Masters et al., 2007). According to Silva et al. (2023),
the use of saline water sources represents an alternative that can minimize the water supply
crisis, especially in the arid and semiarid zones of the planet. These waters are used for
irrigation and contain varying amounts of salts, which can interfere with crop development
and production at certain concentrations.

The effects of salt stress on plants vary depending on different factors, such as
the level of salt concentration, duration of exposure, phenological stage, interaction with
environmental conditions, and resistance of the species or cultivar to salinity conditions
(Toscano et al., 2019). The ability of the plant to survive and develop under saline stress
is a function of its tolerance or escape mechanisms or a combination of both (Munns &
Tester, 2008). According to the degree of tolerance to salinity, plants can be classified
into halophytes: Plants that have a set of morphological, anatomical, and physiological
adaptations that help them to germinate, grow, reproduce, and complete their life cycle
in environments with high concentrations of salts (Nikalje et al., 2018); and glycophytes:
Plants that are not adapted to tolerate salinity (Cheeseman et al., 2015).

Some halophytes have developed modified epidermal cells that accumulate
excessive Na* in their vacuoles, which allows them to adapt to high salinity (Zhao et al.,
2020), and can develop in environments with salt concentrations above 200 mM (millimolar)
(Cheeseman et al., 2015).

In the Northeast, as in other regions of Brazil, the use of groundwater has increased
in recent years. Soil drilling to reach water is a practice that farmers in semi-arid region use
in search of a water source to meet the requirements of plants, thus becoming an important
alternative for the development of irrigated agriculture (Santos et al., 2020).

Biosaline agriculture, when properly used, can increase crop production, however,
when combined with inadequate management can cause great losses in a productive system,
due to the excessive increase in the concentration of salts in the soil. The effects of salts on
soil occur through the electrochemical interaction between salts and clay (Gheyi et al., 2016).

The increase in the exchangeable sodium concentration in the soil may make it
denser, compact in dry conditions, dispersed, and sticky in wet conditions (Dias & Blanco,
2010). The concentration of sodium in the soil is capable of promoting the dispersion of clay
particles, making the soil pulverized, causing clogging of micropores, reduced aeration, and
water infiltration (Gasparetto et al., 2009).
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Melloni et al. (2000) summarize the effects of soil salinity on plants into effect
caused by the reduction of osmotic potential; nutritional imbalance due to the high ionic
concentration and the inhibition of the absorption of other cations by the excess and toxic
effect of sodium and chloride ions. The osmotic effect is due to the presence of salts in the
soil that increase water retention forces, which reduces its availability for plants (Acosta-
Motos et al., 2017) and, as a result, also reduces the availability of nutrients.

The increase in osmotic pressure caused by the excess of soluble salts in the soil
solution may reach a level where plants will not have enough suction force to overcome
the osmotic potential and, as a result, the plant will not absorb water, and consequently
nutrients and this process is also called physiological drought (Dias & Blanco, 2010).

Another effect caused by salinization is the nutritional imbalance of the plant caused
by disturbances in the absorption and/or distribution of nutrients. The reduction in Ca
absorption, for example, can lead to loss of plasma membrane integrity, compromising the
absorption capacity of some ions, mainly potassium (K) (Farias et al., 2009). In plants,
the toxicity caused by saline water is mainly due to the presence of chlorine, sodium, and
boron ions. These ions, when absorbed by plants, are accumulated in their tissues in
concentrations high enough to cause damage to crops and reduce their yield (Silva et al.,
2011).

One of the main determinants of livestock production in biosaline agriculture is
the amount of biomass produced that can be consumed by the animals (Masters et al.,
2007). The improvement in the use of brackish water has been the object of studies and,
consequently, the effects of salt on the development and distribution of nutrients in plants
have been better understood.

BRACKISH WATER FOR CACTUS PEAR IRRIGATION

The semiarid region has a network of very poor rivers, with low runoff volumes (Rocha
& Soares, 2015). This can be explained by the temporal and spatial variability of rainfall and
the dominant geological characteristics, where there is a predominance of shallow soils on
crystalline rocks and, consequently, low water exchange between the river and the adjacent
soil (Araujo, 2015).

In this scenario, the use of groundwater, specifically saline and brackish water, is
important to increase agricultural and livestock production in the semiarid region. In addition,
the availability of water for human consumption and agricultural practice has been gradually
reduced both in quality and quantity, thus making the alternative use of water with higher
salt contents necessary to meet the demand for agricultural irrigation in these regions (Silva
et al., 2014a).

The quality of water used for irrigation is defined according to three criteria: its salinity,
expressed as electrical conductivity, which assesses the risk of increasing the concentration
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of soluble salts in the soil; its sodicity expressed as Sodium Adsorption Ratio, SAR, which
assesses the risk of raising the percentage of exchangeable sodium, causing deterioration
in the soil structure, and finally its toxicity which assesses the accumulation of certain ions
in plant tissues (Almeida, 2010).

Irrigation with brackish water to optimize the growth and survival of crops is a
strategic alternative that can be used by farmers located in regions characterized by the
uneven temporal and spatial distribution of rainfall. Nevertheless, the use of saline water
must be done in a rational way, since the lack of knowledge in the use of this resource can
lead to the total loss of the crop, in addition to making the use of the soil unsuitable for other
crops or even accelerating a process of desertification (Silva, 2017).

For Nobel (2001), soil salinity of 100 ppm (parts per million) inhibits atmospheric CO,
uptake and Opuntia growth by 30%. These levels are usually exceeded in soils irrigated
with saline water, as well as under natural conditions, when high temperatures cause high
evaporation and, consequently, accumulation of salts on the soil surface. According to Araudjo
Junior et al. (2021), cactus pears are not tolerant to saline stress, with general inhibition of
root development and shoots of cactus pears in saline soils, because high levels of sodium
in the soil inhibit CO, fixation (Dubeux Junior et al., 2010).

Freire et al. (2018) evaluated irrigation frequency (7, 14, 21, and 28 days) and salinity
levels (0.3; 0.5; 1.5, and 3.6 dS m™* NaCl) and noticed that the cactus pear does not tolerate
the highest level of salts when irrigated with shorter intervals. In view of this, the tolerance
of cactus pear and other plants to salinity for greater irrigation efficiency in each crop. When
choosing to use brackish water in cactus pear irrigation, the soil must be well drained and
irrigation should continue until the rainy season, since rain promotes the leaching of salts
(Santos et al., 2020).

However, the use of irrigation systems with brackish water can increase the
productivity of cactus pear plantations when well managed, as demonstrated by Fonseca et
al. (2019), irrigating the cactus pear cultivar Gigante with 33% ETo with an interval of three
days, which resulted in an increase in cactus height and the number of total cladodes in the
plant.

ORGANIC MATTER FOR CACTUS PEAR CULTIVATION

The selection of the ideal planting system for cactus pear is influenced by several
aspects such as climatic conditions, soil quality, property size, labor supply, technical
assistance, the possibility of mechanization, costs of acquisition of inputs, availability of
organic fertilizer, levels and sources of fertilizers, pests, and diseases, intercropped or
monoculture cultivation, spacing used and among others (Padilha Junior et al., 2016).

The mineral and organic maintenance fertilization is an important management
measure for the cactus pear crop and should be carried out at each harvest, considering
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the high extraction of nutrients with the removal of the paddles (Lemos, 2016). Mineral
fertilizers have great efficiency in the availability of nutrients for plants, but due to their high
cost, livestock farmers do not always have sufficient financial conditions to purchase in
quantity and quality according to their needs (Macedo et al., 2018). Because of this, the use
of organic fertilizer produced on the property is an option for farmers. The use of organic
matter as a nutrient source on agricultural land improves the physical properties of the soil,
in addition to being an environmentally friendly way of waste disposal (Nazli et al., 2016).

According to Finatto et al. (2013), organic fertilizer consists of residues of animal
and plant origin, which, after decomposition, results in organic matter. In the past, organic
sources were the only sources used in the soil, with the development of mineral sources,
organic fertilization was being used less, and currently, due to the social appeal, from the
conservationist and ecological point of view, this practice is gaining space in areas with
agriculture or livestock (Macedo et al., 2018).

Among the various beneficial effects of organic matter in the soil in agricultural
systems, the stimulation of the soil microbiota, soil physical conditioning (structure, porosity),
biological and chemical buffer effect with the supply of negative charges, and increased
Cation Exchange Capacity — CEC, nutrients (N, P, K, and S), thermal control and better
water retention stand out (Ungera et al., 1991; Conceicéo et al., 2005; Boulal et al., 2011;
Lemos, 2016).

Given the improvements in soil texture, organic fertilization can increase the carrying
capacity capacity of the semiarid region. According to Peixoto et al. (2018), the production
of green matter (Mg.ha") of cactus pear cultivar Gigante fertilized with bovine manure was
33.03% higher than the treatment without fertilization.

Regarding the amount of organic matter in cactus pear crops, Dubeux Junior et al.
(2010) recommend the use of 10 to 30 Mg.ha' cattle manure after each harvest, depending
on the planting spacing used. In turn, Santos et al. (2002) suggest that in denser plantations
30 Mg.ha' can be used. Ramos et al. (2017) evaluated the growth of cactus pear cultivar
Gigante as a function of fertilization with goat manure (0, 5, 10, 15, 20 Mg.ha™"), and observed
a linear increase in the number of cladodes with the addition of organic fertilizer. Barros et
al. (2016) also observed that the application of 90 Mg.ha™ organic fertilizer to cactus pear
cultivar Miuda promoted increments from 7.17 to 20.9 cladodes.

According to Macédo et al. (2018), factors such as temperature, pH, and soil moisture
are essential for the decomposition of organic matter to be more or less efficient. Souto et
al. (2005) examined the decomposition rate of manure at different depths and reported that
the decomposition was strongly influenced by the rainfall during the experimental period.
According to Zhou et al. (2020), soil moisture acts on the dynamics of microorganisms that
are essential for nutrient cycling and the fertility of agroecosystems, which stimulates plant
growth and production. This is because water contributes to the solubilization of minerals
present in the organic matter and uptake by the roots of cactus pear plants (Nunes, 2018).
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FINAL CONSIDERATIONS

Irrigation with saline water can be a viable alternative to increase the productivity of
cactus pear plantations, but proper management is required to minimize the effects of salts
on the soil. Organic matter is a low-cost alternative that minimizes the deleterious effects
of salts. Because of this, further research is necessary to evaluate the morphological,
productive, and nutritional parameters of cactus pear irrigated with saline water and fertilized
with doses of organic matter so that the production of cactus pear in the semiarid region
can be improved.
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RESUMO: O autor realizou vérias
pesquisas para o cultivo de milho no
Panama, Brasil, Paraguai e Equador como
cultura bésica. Neste artigo, explicou-se
os resultados obtidos no Paraguai com
os companheiros de América Latina. Na
cidade de Pilar, Paraguai, realizou-se uma
investigacdo para determinar a variagdo no
rendimento da cultura do milho comparado
entre os dois hibridos TNH0032100 e
TNHO0033100, a partir de diferentes niveis
de adubacdo nitrogenada num Entisol.
Avaliaram-se quatro doses de N (0, 50, 100
e 200 kgN/ha), combinando dois hibridos
ao acaso com trés repeticbes na cultura
do milho onde utilizou-se o delineamento
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experimental em parcelas subdivididas.
Dos resultados da analise de variancia,
observou-se a diferenga significativa a 1%
para os hibridos, quanto ao percentual de
proteina bruta no grdo, também obteve-se
altamente diferenca significativa a 1% para
os niveis do gréo N aplicado na cultura. O
rendimento e 0 % de proteina bruta para
0 hibrido TNH0032100 foram superiores
aos para o hibrido TNH0033100. Por
isso recomendou-se o cultivo do hibrido
TNH0032100 no campo. Dos resultados
obtidos, sobre a recuperagcédo eficiente
aparente de N, no tratamento 50kgN/ha
foi de 38,3% no hibrido TNH0032100, com
lixiviacao e/ou volatilizagdo deste elemento
na cultura. Por outro lado, considera-se
liberagdo nitrogenada a partir da matéria
organica do solo (1,56%) pela mineralizagao
por atividade microbiana na cultura do
milho. No experimento, a adubacédo de N
realizou-se na época da semeadura, aos 30
e 60 dias apds a semeadura. Os resultados
obtidos, determinou-se 50kgN/ha como a
adubagcédo econdmica para o hibrido TNH
0032100.
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EFFECT DE NITROGEN APPLICATION ON THE CORN (ZEA MAYS) CULTURE
COMPARED WITH TWO HYBRIDS

ABSTRACT: The author carried out various research for corn culture on Panama, Brazil,
Paraguay and Ecuador as a basic crop. On the article, it is explained the obtained results
in Paraguay with the Latin American companions. At Pilar city in Paraguay, it carried out
an investigation to determine the variation on corn crop yield, the hybrids TNH0032100 and
TNH0033100, from different levels of nitrogen fertilization on an Entisol. It was evaluated
four levels of N (0, 50, 100 and 200kgN/ha) combined with two hybrids at random with three
replications on corn where it was used the experiment design in split plots. From the results
of analysis of variance, it was showed significant difference at 1% for these hybrids, and
it was also obtained highly significant difference at 1% levels N applied to the crop on the
percentage of crude protein in the grain. Yield and % of crude protein for hybrid TNH0032100
were superior to those for hybrid TNH0033100. Therefore, it is recommended that the hybrid
TNH0032100 culture in the field. From the results obtained on the efficient recovery of apparent
N in the treatment of 50kgN/ha was 38,3% in the hybrid TNH0032100, with leaching and/or
volatilization of this element inside the crop. On the other hand, it is considered the nitrogen
release from the soil organic matter (1,56%) by the mineralization by microbial activity within
the corn crop culture. On the experiment, it carried out the N application at sowing, 30 and
60 days after sowing. It was determined 50kgN/ha as an economic application for the hybrid
TNH 0032100.

KEYWORDS: apparent efficient recuperation of nitrogen absorption, corn, hybrids, nitrogen
fertilization, yield

INTRODUCAO

A regido latino-americana, na maior parte das definicdes, compreende todos os paises
do continente americano, exceto os Estados Unidos e o Canada. A agricultura na América
Latina € uma das suas principais atividades econémicas e destaca os paises integrantes no
cenario mundial. Na producdo agricola na América Latina, pode-se distinguir dois grandes
grupos tais como minifundios e latifundios. A agricultura representa uma atividade econémica
importante nos paises latinos, pois grande parte das suas terras é utilizada para o cultivo.
Uma caracteristica interessante da regiéo € que cerca de70% da produgéo agricola vém de
pequenas e médias propriedades, produtoras de feijao, batata, inhame, milho e mandioca.
Apesar de terem uma grande participacdo no mercado, essas propriedades ndo adotam
tecnologias avancadas, o que justifica sua baixa produtividade. A falta desse tipo de recurso
€ explicada, em grande parte, pela falta de incentivos financeiros e pela pouca divulgacéo de
informacgdes que as permita modernizar seus meios de producao.

Atualmente, para os grandes latifundios, realiza producdo de monocultura para
exportacdo, com lavouras de cana-de-agucar, café, cacau, trigo, frutas regionais e soja.
Para Milho, também, mais uma vez, o Brasil e a Argentina séo os grandes responsaveis pelo
destaque da América Latina na produgéo de grdos no mundo, dessa vez o milho. Segundo
dados das Nacgdes Unidas, em 2016 a produgéo do gréo foi de 171 milhdes de toneladas.
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No Paraguai, também, & muito importante para produgdo de Milho como dieta
humana e animal. Para Milho, pela pagina de Web, produziu-se 64.143.414 toneladas no
Brasil, enquanto que, para a Argentina, 39.792.854, para o Paraguai, 5.152.320 toneladas,
respectivamente. Mundialmente, 1.060.247.727 toneladas de milho s&o produzidas por ano.
Os Estados Unidos da América sdo o maior produtor de milho do mundo, com 384.777.890
toneladas de volume de produgdo por ano, respectivamente. A Tabela N°1 mostra a
producao de milho nos 4 paises onde o autor trabalhou sobre manejo da fertilidade do solo.

Bandera Pais Produccion (t) Area cultivada (ha) Re(r;(céilr::; to
i! Panama 130000 68903 1886,7
Brasil 64143414 14958862 4288,0
= Paraguay 5152320 960000 5367,0
el Ecuador 1199075 378335 3169,3

Tabela No1. Producéo de milho no Panama, Brasil, Paraguai e Equador.

Fonte: Pagina de web modificado pelo autor

Especialmente, observou-se o menor rendimento no Panama, levando em
consideragéo alta donagéo de solo muito acido tal como Ultissolo.

Atualmente, existem os maiores desafios da agricultura latino-americana. Segundo
a publicacao Persectivas da Agricultura e do Desenvolvimento Rural nas Américas, o maior
desafio para a agricultura na América Latina é alcangar uma produtividade sustentavel. A
ideia € que vantagens econdmicas sejam distribuidas com igualdade entre os trabalhadores
rurais. Apesar do grande avango nas praticas agricolas percebido nos dltimos anos, o que
se reflete no crescimento nas safras, o esfor¢o ainda tem sido insuficiente para trazer uma
melhoria real na realidade social dos cidaddos do campo. Um desenvolvimento realmente
sustentavel deve se basear em trés eixos:

+  Protecdo ao meio ambiente;
* Incluséao social;
. Expansao econdmica,

Como a opinido do autor, € necessario educacional para os jovens que querem
realizar agricultura. Acompanhando essas dificuldades, vém os desastres naturais, como
inundagdes, secas e o fenémeno El Nifio. Dessa forma, os desafios se acumulam, somados
a crescente demanda populacional de alimentos.
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Foto N°1. Cultura de milho baixa condicdo de manejo da fertilidade do solo na Finca experimental em
Panama (1994), Brasil (2004), Paraguai (2010) e Equador (2019).

Para o milho, € um produto multiplo, como dieta humana e animal e bioenergia... etc.
De qualquer forma, é muito importante que se estabeleca um manejo integral da fertilidade
do solo para a produgao sustentavel deste cultivo com baixos insumos e selec¢ao do hibrido
que pode-se adaptar em cada regido. Levando em consideragdo as mudangas climaticas
e a guerra (falta de materiais adubados)...etc, & necessario buscar o hibrido ou variedade
adequado para o milho em cada solo com diferentes niveis de fertilizantes para estabelecer
0 sistema com baixos insumos.

O autor realizou varias pesquisas para o cultivo de milho no Panama, Brasil,
Paraguai e Equador como cultura basica (ver a Foto N°1) com os conpaheiros dos paises.
Neste artigo, explicou-se os resultados obtidos no Paraguai.
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Departamento de Neembuca

Cidade de Pilar

|| PARAGUAI
it v

Figura N°1. Situagdo do experimento na Cidade de Pilar no Departamento de Neembucu, Paraguai

MATERIAIS E METODOS

Realizou-se o experimento num Entisol na Escola Agricola San Isidro Labrador na
Cidade de Pilar no Departamento de Neembuct, Paraguai (ver a Figura N°1). Para isso,
implementou-se um desenho experimental de parcelas divididas do campo da mesma
Escola, onde plantou-se milho, hibrido TNH 0032100 e TNH 0033100 com diferentes niveis
de adubacgédo quimica nitrogenada no solo, a fim de assim comparar seu comportamento
em resposta a adubacéo aplicada, consultando o método de Reyes (2003).

Adota-se uma metodologia quantitativa de acordo com os objetivos propostos,
onde pretendeu-se avaliar a produtividade em fungéo do hibrido da cultura do milho sob
diferentes niveis de adubacéo de N.
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Figura N°2. Desenho experimental e area util

Nesse arranjo, utilizou-se dois tamanhos de parcelas: a Parcela grande atribuida
aos fatores (Hibrido) e o Sub-parcelas, atribuidas aos niveis do outro fator (Nitrogénio). A
unidade de andlise foi composta pelo Sub-parcelas, com uma populacéo total de plantas
de 2.400. A densidade de plantas foi a seguinte: 90cm entre fileiras e 30cm entre plantas,
deixando 2 plantas por cova; obtendo assim 1200 plantas para cada Parcela grande e
100 plantas para cada Sub-parcela. O terreno principal tinha 264 m? (11m x 24m) para a
variedade, e o Sub-Parcela de 15m? (5m x 3m) para niveis de adubagdo nitrogenada. A
area Util era de 4,86 m? (2,7m x 1,8m), em que tiveram 36 (2 x 3 x 6) chumbadas em cada
Sub-Parcela (Ver a Figura N°2 e Foto N°2).

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 12 128



Foto N°2. Cultura de Milho no campo experimental

Foto: um estudante, 2011

Como hibrido de milho, utilizaram-se TNH0032100 e TNH0033100, preparou-se
como a Parcela principal. Por outro lado, como Sub-parcela, se preparam-se os 4 niveis do
N tal como Tratamento preparam-se 0, 50, 100 e 200 kgN/ha.

Para a adubacgéo do Fésforo e Potéassio, levando em consideragéo os resultados da
analise do solo da parcela experimental onde observa-se teor meio para P e o baixo para K
no solo, respectivamente. (Ver Tabela N°2); precedeu-se a adubacgéo de superfosfato triplo
(na forma de P,0,) e cloreto de potassio (na forma de K,0) na dose de 50kg/ha em cada
tratamento, antes da semeadura, para suprir a deficiéncia desses elementos e favorecer a
absorgéo de N para obter rendimento 6tima na cultura.

Para a adubacéo nitrogenada, utilizou-se Ureia para a cultura de milho. A adubacao
da Ureia realizou-se em trés etapas; na época da semeadura, 30 e 60 dias apos a
semeadura.

Para Analise do solo antes da adubagé@o e semeadura, utilizou-se agua destilada
(agua: solo = 1:1) para determinar o valor do pH, e a solugédo extratora de Mehlich N° 1
(0,06M HCI + 0,0125 M H,SO,) para determinar P e K disponiveis; a solugéo salina 1M KClI
para determinacéao de Ca, Mg e Al trocaveis e o método de Walkley-Black (anéalise quimica)
para determinagdo da matéria organica do solo. Além disso, o (H+Al) trocavel determinou-

se apos a realizagdo do método de pH Shoemaker, Mclean e Pratt), usando a Tabela

(
SMP

da interag&o entre o valor de pH . e o (H+Al) trocavel. Por outro lado, utilizou-se o sistema
Bouyoucos para determinar o teor de argila (%) na analise fisica do solo no Laboratério da

Fundagéo Nikkei - CETAPAR (Centro Tecnolégico Agropecuério do Paraguai).
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Para Analise do tecido vegetal do gréo, determinou-se o percentual de umidade no
gréo de milho antes de realizar a analise do tecido vegetal na Fundacdo Nikkei-CETAPAR,
e procedeu-se a pesar o grao fresco colhido para determinar o percentual de umidade de
ambas os hibridos de milho TNH0032100 e TNH0033100, posteriormente colocou-se na
estufa a 65°C por 3 dias, obtendo assim o peso seco, para determinar a % de umidade
do gréo colhido, e assim calcular o rendimento com 14% de umidade. As amostras secas
utilizaram-se para determinar a porcentagem de proteina bruta (kg/ha) no gréo de milho.

Para a Anélise do tecido vegetal, enviaram-se amostras secas dos diferentes
tratamentos a Fundacdo Nikkei-CETAPAR, na que utilizou-se o método de Kjeldahl,
utilizando acido sulfdrico para determinar o teor de NH,*-N no tecido vegetal. Para a

determinagéo da proteina bruta utilizou-se o valor de NH,*-N x 6,25 (coeficiente protéico).

RESULTADOS E DISCUSSAO

Analise do solo antes da adubacao e semeadura

A Tabela N°2 mostra os resultados da propriedade fisica e quimica do solo antes de

adubacao e semeadura.

Amostra pH (H20) pHswp  Argila P K Ca Mg Al H+Al M.O.
% mg/kg cmolc/kg cmoli/kg cmol/kg cmol/kg cmolc/kg %

Valor 5,70 5,64 16,7 44,0 0,08 0,37 0,11 012 6,70 1,56

Amostra SB CTC " m CTCe

cmole/kg cmolg/kg % % cmolg/kg
Valor 0,56 7,26 7,77 1,58 0,68

Nota: M.O. = Matéria orgénica

Além disso, realizaram-se calculos de:

Soma por bases (SB) = Ca** + Mg* + K*

Capacidade de troca catidnica (CTC) = SB + H*+A*
Saturagéo por bases (V) (%) = SB/CTC x 100

Saturagéo por Al (m) (%) = Al*/CTC x 100

Capacidade de Troca Catidnica efetiva (CTCe) = SB + Al**

Tabela N°2. Andlise do solo antes da adubacéo e semeadura
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158
Cada Saturagao

= Saturagao por K
= Saturacao por Ca
= Saturagao por Mg
= Saturagao por Al
= Saturacao por H

Figura N°3. Cada saturagdo por bases no solo

Pelo célculo de cada saturacao de acordo com a nota na Tabela N°1, sdo de 1,08
para a saturacao para K, de 5,12 para a saturacdo por Ca, de 1,57 para a saturagéo por
Mg, de 1,58 para a saturacao por Al, de 90,6 para a saturacéo por H e de 92,2 (1,58 + 90,6)
para a saturacdo por Al + H, respectivamente e A Figura N°3 mostra o grafico redondo.
Basicamente considera-se solo acido com alto teor de H trocavel e pode-se aplicar o
trabalho para regido de solos acidos no Brasil.

Caracteristicas agronémicas da planta de milho - Comprimento da espiga (cm)

A Figura N°4 mostra a comparacgao do comprimento de espiga entre os dois hibridos
em cada tratamento com diferentes niveis de N aplicado. Dos resultados da analise de
variancia, pode-se observar que ndo houve diferenca significativa quanto ao comprimento
das espigas para os diferentes tratamentos, porém, apresenta-se o maior valor meio no
comprimento da espiga no duas variedades para o tratamento com 50kgN/ha, no entanto,
tampouco observou-se estatisticamente significativa para sua diferenca de comprimento
sobre o teste de faixa multipla de Duncan.
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Figura N°4. Comparagéao do comprimento de milho entre os doi hibridos em cada tratamento com
diferentes niveis de N aplicado

Rendimento do milho (kg/ha)

A Figura N°5 mostra a dindmica do rendimento de gréos em cada hibrido de milho
baixo condi¢édo de diferentes niveis de N aplicado. Dos resultados da analise de variancia,
observou-se a diferencga significativa a 1% para o hibrido do milho e é superior para o

hibrido TNH0032100.
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Figura N°5. Dinamica do rendimento de grdos em cada hibrido de milho baixo condi¢do de diferentes

niveis de N aplicado
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Analise do tecido vegetal no grao

A Figura N°6 mostra a comparagéo da proteina bruta (%) no grao entre os dois
hibridos em cada tratamento com diferentes niveis de N aplicado. Dos resultados da analise
de variancia é possivel apontar que houve diferenca significativa a 1% néo sé para o hibrido
sino também para os niveis de N aplicado em comparacdo com a testemunha. Pode-se
observar uma alta porcentagem de proteina bruta nos tratamentos de 100 e 200kgN/ha
para o hibrido TNH0032100, mas n&do observou-se a diferenga significativa no Teste de
faixa multipla de Duncan. Nota-se também que o percentual de proteina bruta coincide nos
dois hibridos (TNH0032100 e TNH0033100) com excepgéo do tratamento de 200kgN/ha.

12.00 - 111 a 111 a

10.00
8.00

6.00
= TNH0032100

4.00 1 TNH0033100

Proteina bruta (%)

2.00

0.00

0 50 100 200
Adubacéo nitrogenada (kgN/ha)

Nota: Médias com a mesma letra ndo séo significativamente diferentes no teste de faixa multipla de
Duncan.

Figura N°6. Comparagéo da proteina bruta do milho entre os dois hibridos em cada tratamento com
diferentes niveis de N aplicado

Teor de proteina bruta no grao (kg/ha)

A Figura N°7 mostra a dindmica da proteina bruta no grdo em cada hibrido de milho
baixo condi¢édo de diferentes niveis de N aplicado. Dos resultados da analise de variancia,
observou-se a diferencga significativa a 1% para o hibrido do milho e é superior para o
hibrido TNH0032100 ao aplicar 50 a 100kgN/ha.
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Figura N°7. Dindmica do teor de proteina bruta no grdo em cada hibrido de milho baixo condicéo de
diferentes niveis de N aplicado

Recuperacao eficiente aparente do N aplicado para cada hibrido de milho
Também, &€ muito importante avaliar a recuperacéo eficiente aparente do N.

Equacao para determinar a recuperacao eficiente aparente

Absorcdo nitrogenada em cada tratamento (g) — absorc¢io nitrogenada em testemunha(g)
X

100
Aplicagdo nitrogenada (g)

= Recuperacio eficente aparente do N (%)

Por exemplo, no tratamento 50kgNha para o hibrido TNH0032100, 926kgha / 6,25
(coeficiente protéico) = 148,2kg/ha como Nitrogénio amoniacal na Figura N°7.

Na Testemunha para mesmo hibrido, 806,2 / 6,25 (coeficiente protéico) = 129kg/ha
como Nitrogénio amoniacal na Figura N°7.

De acordo com a equacéo, (148,2 - 129) / 50 x 100 = 38,4 %

Na Figura N°8 pode-se observar que a recuperacéo eficiente aparente de nitrogénio
diminui @ medida que aumentam as diferentes doses de N aplicado em ambos os hibridos
de milho. A recuperacao eficiéncia aparente do N para o hibrido TNH0032100 com 50kgN/
ha foi de 38,3%, a qual obteve a maior porcentagem de recuperagdo entre todos os
tratamentos. Atualmente, considerou-se alto teor de liveragéo de N inorgéanico a partir da
matéria organmica quedada do solo dentro da cultura de milho e observou-se baixo valor
para a recuparacao nitrogenada aplicada de acordo com alta adubagéo nitrogenada.
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Figura N°8. Recuperacao eficiente do N para cada hibrido

Os resultados obtidos (ver as Figuras N°5 e N°8), determinou-se a adubacao
econdmica do N aplicado foi de 50kgN/ha para o hibrido THN0032100.

CONCLUSOES

De acordo com a anélise dos dados obtidos durante a experimentagéo da cultura do
milho, hibrido TNH0032100 e THN0033100, com diferentes niveis de adubacao nitrogenada
(OkgN/ha, 50kgN/ha, 100kgN/ha e 200Nkg/ha), conclui-se que a diferenca no rendimento
entre os hibridos comparados resulta altamente significativa, onde destaca-se o hibrido
TNHO0032100, para adubacédo de 50kgN/ha; sendo também a combinac&o de hibrido e
dose de N na qual apresenta maior rentabilidade (ao contrario com outras combinagdes);
enquanto o hibrido TNH0033100, obteve maior rendimento com a adubacédo de 100kgN/ha,
mas do ponto de vista econémica o tratamento que proporciona maior rentabilidade para o
hibrido é 50kgN/ha, mesmo assim comparando os dois hibridos em estudo como aponta-
se no hibrido TNH0032100 a que oferece maior retorno e determinou-se 50kgN/ha como a
adubacédo econdmica para o mesmo hibrido.

Atualmente, considerou-se alto teor de liveracdo de N inorganico da matéria
organmica quedada a partir do solo dentro da cultura de milho e observou-se baixo valor
para a recuparacao nitrogenada aplicada de acordo com alta adubacéo nitrogenada.
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RESUMEN: La ovariectomia bilateral,
castracibn o esterilizacibn, es un
procedimiento quirtrgico que consiste en
extirpar los ovarios, mediante diferentes
técnicas siendo utilizado por productores
de los sectores de vacas lecheras y
vaquillas en corrales de engorde. La técnica
previene la gestacion y elimina la principal
fuente de estrégeno a nivel ovarico. Las
ventajas para las vaquillas esterilizadas
incluyen: prevencion de novillas prefadas
en el corral de engorde, eliminacion de
aditivos alimenticios que suprimen el estro,
no requiere de prueba de brucelosis y
tuberculosis lo que facilita su movilizacion
por transporte fuera del pais, mejor ganancia
diaria promedio y conversion alimenticia
en comparacion con novillas sin castrar,
y las vacas adultas castradas obtienen
mejor rendimiento de la canal y marmoleo
de grasa en la masa muscular, generando
una mejor relacion costo beneficio al
sacrificio. La Asociacion Americana de
Medicina Veterinaria, recomienda que se
utilice la técnica aséptica adecuada y la
sujecion en todos los procedimientos, y
que la ovariectomia de flanco realizada
sin anestesia es inhumana. El dolor y la
incomodidad deben minimizarse tanto como
sea posible antes, durante y después del
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procedimiento quirtrgico. Realizar un diagnostico de prefiez antes de esterilizar las vaquillas
podria reducir el riesgo de complicaciones.

ABSTRACT: Bilateral ovariectomy, castration or sterilization, is a surgical procedure that
consists of removing the ovaries, using different techniques, being used by producers in the
sectors of dairy cows and heifers in feedlots. The technique prevents pregnancy and eliminates
the main source of estrogen at the ovarian level. The advantages for sterilized heifers include:
prevention of pregnant heifers in the feedlot, elimination of feed additives that suppress estrus,
does not require testing for brucellosis and tuberculosis, which facilitates their mobilization for
transport outside the country, better average daily gain and feed conversion compared to
non-castrated heifers, and castrated adult cows obtain better carcass yield and fat marbling
in muscle mass, generating a better cost-benefit ratio at slaughter. The American Veterinary
Medical Association recommends that proper aseptic technique and restraint be used in all
procedures, and that flank oophorectomy performed without anesthesia is inhumane. Pain
and discomfort should be minimized as much as possible before, during, and after the surgical
procedure. Performing a pregnancy diagnosis before sterilizing heifers could reduce the risk
of complications.

KEYWORDS: ovariectomy, risks and benefits.

INTRODUCTION

It is recognized that castration of cattle is important to inhibit heat behavior, improve
the characteristics and quality of meat, and increase health security, by allocating cattle
only for supply. Castration procedures cause pain and discomfort and studies indicate that
preoperative use of non-steroidal anti-inflammatory agents as well as local anesthetics
reduces the pain and distress associated with castration. The veterinarian should counsel
clients and advocate for the use of procedures and practices that reduce or eliminate
pain and distress (AVMA 2014). These include low-stress coping techniques and the use
of clinically effective medications approved or permitted by the association. There are a
number of acceptable castration techniques, as well as numerous pain management
protocols considering relevant variables such as the animal’s age, weight, temperament,
skill level of the operator/technician, environmental conditions, available facilities and the
human and animal safety (AVMA 2014).

MATERIALS AND METHODS

Ovariotomy in cows can be performed through a flank or vaginal approach. The flank
approach begins with adequate asepsis, local anesthesia or block, and incising the left
paralumbar fossa. (Coetzee, et.al. 2010), After opening the different surgical planes with an
incision of approximately 15 cm, the hand is introduced to identify the ovaries and amputate
with scissors or an ovariotomy instrument. The vaginal approach is performed by isolating
the ovaries by rectal palpation. (Bronzuoli, Carlos. M. 2009). Disinfection of the vulva and
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perineal region is performed, a low epidural block is applied, and a sterilization instrument
is introduced into the vagina. A colpotomy incision is created by introducing the sterilization
instrument through the vaginal fornix dorsolaterally to the cervix. There are variations in
the world of vaginal methods (colpotomy) that act through the uterus to remove the ovaries
or prevent blood supply to the fallopian tubes. Dutto ovariotome (Bronzuoli, Carlos M.
2009), Webb of the fallopian tube, Willis castrator (Petherick, et.al. 2014), Kimberly-Rupp
cylindrical, Resinger and Richter epheminator with emasculating forceps, Riliu ovariotome
for lassoing with clamp, linear strangulation with the Chassaignac fine chain bruiser, seal
castration with nylon plastic clamp, linear extraction, (AVMA 2011). The surgical wound is
inside the uterus, without sutures and not external to the skin (Kimberling and Rupp 1980).
There is no damage to the skin, nor loss of meat in the carcass due to the scar (Moran, et.al.
2016). Animals recover in 4 days after surgery. They are faster procedures than flankotomy
and reduce suffering and collateral damage. It is important to carry out the application of
surgical protocols or procedures in relation to cleaning, disinfecting and shaving the incision
site with a scalpel, manually locating the left ovary, introducing scissors for cutting and
extraction, locating the right ovary, cutting and extraction. Both ovaries are checked. The
superficial plane or skin is stapled and the muscles and peritoneum are not sutured and the
wound is healed with methylene blue. The technique is widely accepted among surgeons

RESULTS

The different surgical procedures have been peer reviewed by the Animal Welfare
Division of the American Veterinary Medical Association (AVMA), where you can mainly see
a review of the scientific literature, which includes information obtained from proprietary
data, legislative and regulatory review, market conditions and academic ethical evaluations.
For the specific case of collection and transfer of cattle for completion in the United States,
the dominant method authorized by the USDA is Flancotomy or extraction of the two ovaries
with a 15-20 centimeter incision on the left flank, after asepsis of the paralumbar fossa and
shaving of the area (Flores Delgado, Pamela. 2013). An aponeurosis is made by cutting the
transversus abdominis muscle, it is manually explored in the peritoneum of the abdominal
cavity until the ligament of the two ovaries is cut with curved serrated scissors or another

oophorectomy instrument (Rizzo, et.al. 2016).

DISCUSION

The AVMA recognizes that castration procedures cause pain and discomfort, and
studies indicate that preoperative use of nonsteroidal anti-inflammatory agents and local
anesthetics reduces the pain and distress associated with castration. The veterinarian
should always counsel clients and advocate for the use of procedures and practices that
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reduce or eliminate pain and distress. These include low-stress coping techniques and the
use of approved or permitted clinically effective medications. Complications of transvaginal
sterilization include hemorrhage and peritonitis; both can be fatal (Urrutia, et.al. 2012).
Peritonitis can be caused by unintentional intestinal or rectal perforation (Piccinali, Ricardo.
2013). The mortality rate is much higher when the surgeon is inexperienced (Cattle Standards
and Guidelines. 2013). Hemorrhage is more significant when the animal is pregnant, due to
increased blood flow and the risk of cutting the uterine arteries (Cala. et.al. 2008). Castrating
heifers is required, because in the USA the import of animals with reproductive capacity that
are not genetically pure of a superior breed that allows genetic improvement is not allowed,
even when their destination is the feedlot for finishing and slaughter (Gastelum. 2011).
When considering the potential zoosanitary risks, females and males should be castrated
to the quarantine station on the border with the USA or many other international markets
(Caceres. 2016). During pregnancy, Brucellosis increases the possibility of developing and
spreading to other animals in the pen due to placentitis during parturition (Gastelum. 2011).
The USA does not want to run the risk of an unexpected outbreak, which prevents them from
exporting their meat to other parts of the world (SENASICA. 2015).

CONCLUSIONS

Little research and formal animal welfare assessments have been published regarding
the pain and discomfort experienced by bovids during and after sterilization (Moran. 2016).
Clinical signs that have been interpreted as indicators of postsurgical discomfort include
stiff walking, prolonged prostration as well as raised head and tail (Ruiz. et al. 2015). In
one study, the discomfort experienced by animals was considered comparable to that
following normal rectal palpation (Prado. 2016). However, it should be noted that behavioral
responses to painful stimuli may not be proportional to the degree of pain experienced. Pain
is also evident when there is trauma to the vaginal wall due to childbirth, and the use of
epidural anesthesia is common when procedures are performed to repair this tissue. Blood
cortisol concentrations have been studied as indicators of physiological stress in animals,
and it was found that, regardless of whether the oophorectomy was performed through the
vaginal or flank approach, cortisol concentrations increased after the procedure (Rizzo et
al. .al. 2016). This study also evaluated serum haptoglobin concentrations, which in cattle
may indicate a systemic inflammatory response. Serum haptoglobin concentrations were
significantly higher in flank-spayed heifers compared to vaginally spayed heifers 8 to 96
hours after the procedure (Rizzo. et.al. 2016). Haptoglobin did not increase significantly in
vaginally spayed heifers.
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INTRODUCTION

Breeding of sheep represents a
significant branch of livestock production.
Despite the fact that the number of sheep
in the social and individual sector of
production varies from time to time, this
branch of the economy and its improvement
is given exceptional attention. The reason
for this lies not only in tradition, but also in
the knowledge that the breeding of small
ruminants represents national wealth, both
due to the production of wool and milk,
as well as sheep and lammb meat, which
is a highly sought after item on the world
market.

The improvement of this production
is related to solving a number of different
problems, which aim primarily to increase
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the economy while preserving the health
and well-being of the animals. As part of
these tasks, primary attention must be paid
to health care.

There are many factors that
contribute to the appearance, maintenance
and spread of parasitosis. Among them
are: joint keeping of animals of different
age categories, joint grazing of animals of
different age categories often of different
owners, a large number of animals of older
categories - carriers of a significant number
of parasites, favorable climatic conditions
for the development and survival of
paraparasitic stages and transitional hosts
that are necessary for the development of
certain a type of parasite in the external
environment, and therefore the infection of
animals.

The absence or inadequate
implementation of control measures also
contributes to the prevalence of parasitosis.
The lack of enlightenment of the population,
primarily livestock farmers, is one of the
significant factors in the epizootiology of

these diseases. The grazing diet allows
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sheep to have constant contact with transitional hosts (oribatids, molluscs, etc.) and eggs
and larval forms of parasites, so that there is no sheep that is not infected with at least one
parasite species. Based on research in the world and in our country, diseases of parasitic
etiology dominate in sheep both in terms of prevalence and incidence, and are accompanied
by significant morbidity and moderate mortality.

The damage that occurs in sheep production is a consequence of the negative
pathogenic effects of parasites on the host organism. In favorable conditions for the
development and survival of the preparasitic stages in the external environment, conditions
are created for infections of greater intensity, often with a greater number of parasite species,
with different localization in the host organism. The consequence of this is the development
of a clinically manifested disease, with the death of a large number of individuals, most often
among the younger categories. The fact is, however, that in most cases, parasitic infections
occur subclinically, that is, “imperceptibly” to the eye of the herdsman. Negative economic
effects are also present in these situations and are manifested by a decrease in animal
production, i.e. a decrease in the production of wool and milk, a poorer upbringing of the
young, a decrease in general body resistance, i.e. an increased susceptibility to agents of
other etiologies.

GASTROINTESTINAL HELMINTHS OF SHEEP

Distribution of gastrointestinal helminths in sheep

Numerous literature data support the fact that gastrointestinal shelminths is the most
common parasitic disease of small ruminants. All over the world, an extremely large number
of older animals are infected with a large number of species of nematodes that participate
in the etiology of this disease. It is of even greater importance that the infection of the
young that occurs already in the first months of life. At the same time, adults are the main
contaminant of pastures and are responsible for maintaining parasitic infections in herds.
Parasitic gastroenteritis of ruminants is a disease caused by a large number of nematode
species from the genera Strongilidae, Trichostrongylidae and Ancylostomidae. The disease
is related to the grazing diet and the biological cycle of the parasite, which takes place
without transitional hosts.

These studies were carried out in the north of Europe, where sheep and goat
breeding were developed. In southern Greenland, sheep were dominated by Nematodirus
spp. Trichostrongylidae spp. and Ostertagia spp. In Iceland, during the slaughter season,
which lasts from September to October, they examined the kid and established an infection
with Teladorsagia spp., Trichostrongylus spp., Nematodirus spp. Oesophagostomum spp.
In Sweden, they investigated the distribution and eradication possibilities of Haemonchus
contortus, and in Poland, they investigated the excretion of parasite eggs in sheep feces
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and their role in pasture contamination, as well as the prevalence of certain helminthosis in
sheep herds in that country.

In Western Europe, these studies were most present in countries with a long
tradition of sheep production. In the British Isles, in Scotland, researches have shown the
influence of climatic variations on the prevalence and distribution of certain helminthosis
of sheep, especially Haemonchus contortus, Nematodirus spp. and Trichostrongylus spp.,
while studies of the natural dynamics of occurrence of gastrointestinal nematodes in sheep
in England have established that it is more similar to the dynamics of occurrence in the
continental part of Europe than in other parts of the British Isles. in France) found that in
small ruminants the highest prevalence of nematodes from the genera Ostertagia spp.,
Trichostrongylus spp., Nematodirus spp., Bunostomum spp., Capillaria spp. and Trichuris
spp. Differences in the distribution of individual types of helminths in the investigated areas
were not significant due to the uniform microclimate in them.

In the Mediterranean area, where goat and sheep breeding is one of the main
economic branches, extensive research was also conducted that monitored the prevalence
of helminths in sheep during the grazing season, concluding that the seasonal variation
is directly correlated with external conditions and that it reaches its peak at the beginning
and end of the grazing season and that it depends on the type of helminth. In sheep and
goats in Sicily, they established the presence of Trichostrongylus spp., Nematodirus spp.,
Oesophagostomum spp. and Chabertia ovina. In Spain, they investigated the etiology and
epizootiology of gastrointestinal strongylids in the Toledo area and followed the occurrence
of these parasites in goats in the dry areas of central Spain. The conclusion is that the
seasonal distribution is certainly more significant in areas that are less susceptible to drying
out and that are not conducive to the development of trichostrongylid larvae.

In the Western Balkan these studies were carried out in Macedonia, Bulgaria
and Romania. The obtained results indicate that in lambs, infection with gastrointestinal
nematodes is established very quickly after leaving for pasture, and that polyparasitism
occurs as a regular occurrence in sheep and goats and is caused mostly by nematodes from
the genus Nematodirus spp. Trichostrongylidae and Strongyloides spp.

In the Middle East, these studies are also in the center of attention due to the large
number of herds of goats and sheep conditioned by climatic and religious factors. In Syria,
the presence of Haemonchus contortus, Ostertagia spp. and Trichostrongylu spp. as the
dominant parasite species of sheep and goats, and in sheep in Jordan, they came to the
conclusion that representatives of the same genera dominate here as well. Research into the
helminofauna of sheep and goats in Turkey has established that it does not fundamentally
differ from neighboring countries in terms of composition and seasonal distribution.

African countries also have widespread farming of small ruminants. Climatic (deserts,
semi-deserts, droughts, etc.), religious (large number of Muslim population) and economic

conditions (most of the population is on the brink of existence and keeping goats or sheep
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is the most profitable form of livestock production with the least investment) caused the
presence of a large number of small herds along the entire African continent. In Morocco and
Egypt, representatives of the genera Haemonchus, Ostertagia spp., and Trichostrongyloidea
were identified as the most numerous species. In Ethiopia and Nigeria, he established
the presence of Haemonchus contortus, Trichostrongylus spp., Oesophagostomum spp.,
Cooperia spp. and Bunostomum trigonocephalum. In his research, he states that mixed
infections were the most common. In sheep in the southern forest regions of Ivory Coast,
infections with Haemonchus contortus, Trichostrongylus spp., Oesophagostomum spp.,
Cooperia spp. and Nematodirus spp. as well as in sheep in Kenya and Cameroon. An
identical faunistic composition of the parasite was also found in the very south of Africa, in
sheep, goats and unborn lambs.

In Asia, sheep farming conditions are similar to helminth species. One part of the
findings refers to research carried out in the former USSR, and then in Russia. However,
the countries of the Indian subcontinent, Pakistan, India and Bangladesh, are certainly
leading in this regard. In that area, the dominant species of nematodes are from the genera
Haemonchus, Trichostrongylus spp., Oesophagostomum spp. and Nematodirus spp.
In goats in Mongolia, the highest prevalence and intensity of infections was caused by
nematodes from the genera Ostertagia spp., Marshallagia spp., and Nematodirus spp. In
the People’s Republic of China, research indicated that the highest prevalence and intensity
of infections was with Ostertagia spp., Trichostrongylus spp,, Trichocephalus spp. and
Nematodirus spp.

The American continent is not spared from the presence of gastrointestinal strongylids.
They are a constant health problem for sheep and goats. In the USA, a large number of
researches were carried out as part of the US Food and Drug Administration experiment.
The conclusion of the research is that the most common gastrointestinal strongylids from
the genera Nematodirus spp. Trichostrongylidae, Haemonchus contortus and Strongyloides
papillosus.

In South America, the situation is very similar. Small herds of sheep and goats are
most often present along the high slopes of the Andes, and in smaller numbers on the
pampas plains. As for the seasonal dynamics, it is identical to that occurring in Central
European herds, and the parasitofauna is within the known strongylid species (Ostertagia,
Teladorsagia, Marshallagia, Haemonchus contortus, Nematodirus, Trichostrongylus,
Bunostomum, Cooperia, and Oesophagostomum), with several species within them, whose
distribution is within the ecological valence of the environment.

In Australia, the dominant parasitic species are represented by certain species from
the genera: Ostertagia spp., Haemonchus, Trichostrongylus spp., and Chabertia, while in
certain areas of New Zealand representatives of the genera dominate: Ostertagia spp.,
Cooperia spp., Oesophagostomum spp., Trichostrongylus spp., and Bunostomum spp.
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Biology characteristic of gastrointestinal helminths in sheep

Parasitic gastroenteritis of ruminants is a disease caused by a large number of
nematode species from the genera Strongilidae, Trichostrongylidae and Ancylostomidae.
The disease is related to the grazing diet and the biological cycle of the parasite, which
takes place without transitional hosts.

Those genera include numerous subgenera, such as Ostertagia, Teladorsagia,
Haemonchus, Trichostrongylus, Cooperia, Nematodirus, Mecistocirrus, Bunostomum,
Oesophagostomum, and Chabertia. At the typical diagnostic stage, these trichostrongyle
parasites (eggs on fecal flotation) are indistinguishable. Their life cycles are generally the
same, differing only in slight nuances, such as the length of each stage, their location in the
Gl tract of adults, or their preferred environmental temperature ranges. Life cycles of all the
trichostrongyles are direct and rely on animals to graze contaminated pastures to initiate
infection. For these reasons, their diagnosis, treatment, control and prevention are very
similar.

The developmental cycle of the parasite is straightforward. Females lay eggs that
are eliminated in the external environment with feces. It is considered that the most fertile
female is H.contortus, which lays 5,000-10,000 eggs per day. The eggs are of the strongylid
type, 60-110 ym in size, with 8-16 (32) blastomeres. Eggs of Nematodirus spp. are 2 times
larger, 130-260 pm, with 4-8 blastomeres. L3 of this species develop in eggs. In the external
environment, embryogenesis, hatching of larvae, their molting and formation of infectious
L3 occur. The infection is peroral through contaminated food or water, L3 enter the wall of
the appropriate part of the digestive tract - the histotropic phase of development, and then
return to the lumen and become adults. Bunostomum spp. percutaneous and p/o a L3
infection follow pulmonary-tracheal migration. The prepatent period is different for different
species: Oesophagostomum usually 4-6 weeks, Chabertia 5-7 weeks, Trichostrongylidae
2-3 weeks, (if hypobiosis of the larvae in the mucosa has occurred, then adults emerge 4-6
months later). Bunostomum 40 -60 days. Parasites live in the host for several months to
1-2 years.

The development of eggs and larvae, as well as the activity of L3, depends on
temperature, humidity, oxygen and sunlight. Temperature: H.contortus optimal temperature
for egg embryonation and formation of L3 is 35°C; eggs of Ostertagia, Trichostrongylus and
Oesophagostomum spp. embryonate at a temperature below 26°C, but for a longer time.
They are more resistant to lower temperatures and desiccation - embryonation of eggs and
hatching of larvae takes place even at 5°C. Eggs of Ostertagia spp. survive 20 days at -5°C.
For embryonated eggs of Nematodirus spp. the optimal temperature is 21°C.

Embryonic development in eggs depends on soil moisture, atmospheric precipitation
(dew). The position of the eggs in the breech, i.e. blocks of faeces, helps the survival of
the eggs in many ways. Infectious L3 are negatively geotropic and positively phototropic to
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moderate sunlight intensity. The humidity of the environment is necessary for their activity
and the length of their survival in the external environment depends on it - during the winter
and hot summers, the largest number of larvae die. The most infectious larvae are found on
plants in April and September, less in May and October, and the least in July and August.

In natural conditions, every animal is infected - constant contamination of the
pasture. This is contributed by the increased susceptibility of the already infected herd, the
introduction of susceptible animals into the infected herd and the increase in the intensity
of the infection in the already infected herd. Immunity is developed through continuous
infections and then there is the elimination of the present parasites (self cure mechanism),
complete or partial inhibition of the development of newly introduced larvae (spring rise)
and complete or partial inhibition of the reproductive abilities of female parasites (spring
rise). The seasonal dynamics of certain types of parasites, the degree of infection and the
occurrence of diseases vary not only in different areas but also in the same area during the
year. The parasite-host relationship is complex: physiological state and general condition,
cultivation and feeding method, lambing time, soil configuration and macroclimate.

Recommendations for pasture rest times can be based on these factors; pastures
can be rested for shorter periods of time when it is hot, but they need to be rested for
longer periods of time in cool, dry weather. Similarly, humid, mild temperatures and rainfall
events in temperate-arid climates increase the success of trichostrongyles and accelerate
the rate of their development on pasture. Increased monitoring is required during these
high-risk periods. In addition, trichostrongyles require vegetation to complete their life cycle,
so animals on a dry lot will have a substantially decreased risk of detrimental infection.

Pathological importance of certain types of gastrointestinal helminths

Most Gl parasite infections in ruminants are mixed, with several genera infecting a
single animal. Notable exceptions are haemonchosis and type |l ostertagiasis . In general,
clinical signs are present in only a small proportion of a group of animals, even though
all the animals have Gl parasites. The clinical signs associated with Gl parasitism are
typically nonspecific and manifest as a chronic, slowly progressive illness unless a very
high infectious dose is encountered or other concurrent risk factors are present.

Heavily infected animals experience gradual weight loss or decreased weight gain
(in the case of young animals), ill thrift, gradually decreasing milk production, and poor hair
coat. More severely affected animals show lethargy and weakness, and they may spend
more time away from the group or lying down. Emaciation may occur in long-standing cases
because of inappetence that progresses to anorexia, as well as poor nutrient absorption.
Chronic Gl parasitism may also predispose animals to secondary infections (bacterial, viral,
fungal) that they would normally be able to resist.
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Whether or not the animal has diarrhea, heavy Gl parasitism causes a protein-losing
enteropathy as a result of either increased loss from diarrhea or decreased absorption from
direct damage to the mucosa by the parasites. Clinical signs of hypoproteinemia might
include submandibular edema (bottle jaw) or ventral edema. In addition to inadequate
protein absorption, heavily parasitized ruminants are likely to show poor absorption of
critical vitamins and minerals from their diet.

Bloodsucking species of trichostrongyles (eg, Haemonchus spp) cause severe
anemia; however, some anemia can also be found with most heavy trichostrongyle
infections. Because trichostrongyles use cutting or slicing mouthparts to attach to abomasal
or intestinal mucosa, blood can leak from these sites. Clinical anemia is commonly chronic,
and many animals can compensate until their hematocrit is < 10%. Severe anemia presents
as cardiovascular collapse: increased heart rate, increased respiratory rate and effort
(open-mouth breathing, cheek puffing), poor perfusion, cold extremities, and sudden death.
Acute decompensation may follow a quicker clinical course after heavy exposure (eg, after
large rainfall events that accelerate larval development), or after an animal with chronic
parasitism reaches critical levels of anemia, hypoproteinemia, and/or emaciation.

Oesophagostomosis

Oesophagostomum larvae develop in the mucosa and submucosa of the colon (cecum
and colon) but also in the ileum, causing loss of blood and plasma proteins due to severe
inflammation of the mucosa. Clinical symptoms isfever, diarrhea, inappetence and weight
loss, death; in older categories - chronic course - with less pronounced symptoms, decline in
productive abilities; solid immunity develops, but reinfections can lead to acute allergic enteritis
(type Il hypersensitivity) in the proximal part of the colon with eosinophilic infiltration, profuse
secretion and hypertrophy. The larvae in the nodules cause acute ulcerative colitis, and the
chronic course leads to death. Clinical signs are loss of appetite andanemia.

Chabertiosis

Infections with Chabertia ovina are usually of moderate intensity. Adults and larvae
do not suck blood but may ingest some if a blood vessel is damaged. Nevertheless they
harm the gut’s lining where they attach, whereby they often change their attachment site
multiplying the lesions. These causes small but numerous local ulcers, sometimes also
bleeding, which can be significant in case of massive infections. In case of high intensity
infection (over 800 parasites in small ruminants), colitis occurs and death is possible. Heavy
infection with Chabertia ovina adults can severely damage the mucosa of the colon, with
resulting congestion, ulceration, and small hemorrhages. Infected small ruminants are
unthrifty, and their feces are soft, contain mucus, and may be streaked with blood. Immunity
develops quickly, and outbreaks occur only in young animals or under conditions of severe
stress.
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Bunostomosis

It occurs frequently, and the parasites are highly pathogenic; animals at the age
of 5-8 months are most often infected. An infection with 20-100 and the death of lambs is
caused by 500-600 parasites leading to the manifestation of clinical symptoms. Clinical
symptoms are anemia (they feed on blood and have a negative effect on hematopoietic),
inappetence, weight loss, diarrhea with mucus and blood, hypoproteinemia, edema in the
subjaw area, cachexia and will die.

Trichostrongylidosis

Heavy infections with Trichuris spp (whipworms) are not common; however, they
may occur in young lambs or kids or during drought conditions when animals are fed
supplemental feed on the ground. The eggs are very resistant to environmental conditions
and can remain persistent on farms with contamination. Congestion and edema of the
cecal mucosa develop, accompanied by diarrhea and unthriftiness. Both, larvae and adult
parasites cause pathogenic effects. The course of the infection depends on the number of
parasites and the species are hematophagous and pathogenic, the age and diet of the host;
the disease manifests itself in animals younger than two years. The main pathogenic effects
are hyplastic gastritis and catarrhal enteritis.

Ostertagiosis

The parasitized glands of the gastric mucosa are destroyed; the cells that produce
HCI are destroyed, protein digestion stops, pepsinogen cannot be converted into pepsin and
therefore appears in the plasma (the permeability of the damaged mucosa is increased),
which leads to the release of plasma proteins into the lumen of the abomasum and peripheral
edema. The lesions are in the form of whitish raised nodules that merge, so the abomasal
mucosa looks like cracked skin.

Hemonchosis

Acute course induce hemorrhagic anemia (normocytic hypochromic), dark-colored
feces - melena, edema, general serious condition, decline in quality and quantity of wool
and sudden death. Chronic course: inappetence, progressive weight loss, general serious
condition, anemia, diarrhea rarely occurs, constipation is even more common.

Nematodirosis

Nematodirosis is characterized by sudden-onset unthriftiness, profuse diarrhea, and
marked dehydration, with death as early as 2—3 days after an outbreak begins. Nematodirosis
is commonly confined to lambs or weaner sheep, but in low-rainfall country where outbreaks
are sporadic, older sheep may have heavy infections. Nematodirosis lesions usually consist
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of dehydration and a mild catarrhal enteritis; however, acute inflammation of the entire small
intestine may develop. Counts of = 10,000 worms, together with characteristic clinical signs
and history, are indicative of clinical infections. Affected lambs may pass large numbers
of eggs, which can be identified easily. If the onset of disease precedes maturation of the

female worms, eggs will not be identified on fecal examination.

Trichostrongylosis

Anorexia, persistent diarrhea, and weight loss are the main clinical signs of
Trichostrongylus infection. Villous atrophy (or stunting of villi) impairs digestion and
malabsorption; protein loss occurs across the damaged mucosa.In these infections, dark
hemorrhagic diarrhea with weight loss is typical. Infection of lambs with thet parasite has
particular pathogenic significance in some regions; a sudden increase in L3 on pasture
during May and June can lead to high-intensity lamb infections and outbreaks of clinical
symptoms. The parasite can be highly pathogenic because large numbers of larvae hatch
over a short period at a time when young lambs are beginning to consume sizable quantities
of grass. Disease may be associated with developing larval stages and may occur within 2
weeks of challenge (the prepatent period is 15 days).

Cooperiosis

Infection with Cooperia spp. hada clinical signs are diarrhea (aqueous, green or black)
with subsequent dehydration and weight loss as a consequence of poor food conversion.
Other signs are the same as for other gastrointestinal roundworms: apathy, loss of appetite,
reduced weight gains, etc. Massive infections are particularly harmful for young animals,
which can become anemic. L4 larvae and adults burrow into the gut’s wall, particularly in
the first part (duodenum) and harm the tissues and blood vessels, but do not suck blood. As
a general rule, Cooperia worms are less harmful than other gastrointestinal worms such as

Haemonchus and Ostertagia. However, they worsen the damaged caused by other worms.

Skrjabinemosis

Skrjabinema ovis are usually nonpathogenic pinworms. Adults are 8—-10 mm long
and live in the rectum and anus. Clinical signs include possible anal pruritus.
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Localization of the most important gastrointestinal strongylids of sheep

genus species host localisation

Oesophagostomum. venulosum small ruminant
Oe. columbianum small ruminant large intestine
Chabertia ovina small ruminant

Strongilidae -
Haemonchus contortus small and large ruminant
Ostertagia circumcincta mali prezivari
Ost. ostertagi small and large ruminant abomasus
Trichostrongylus axei small and large ruminant
Trich.colubriformis small ruminant
Cooperia curticei small ruminant

Trichostrongylidae Coop. punctata small ruminant small intestine
Cooperia oncophora small and large ruminant
Nematodirus filicolis small ruminant
Nem. Spatiger small ruminant
Nem. Battus small ruminant

Ancylostomatidae Bunostomum trigonocephalum small ruminant

GASTROINTESTINAL HELMINTHS OF SHEEP BREED IN SPREAD
BELGRADE AREA

Breeding of sheep and goats were increased during last decade on Belgrade area.
Today, small flocks of sheep and goats play an important role in providing animal protein for
diet, especially for those people who live in village at mountains part of Belgrade area. Both,
sheep and goats are milked and they produce the bulk milk supply.

Topography and climate condition of Belgrade

Belgrade is the capital and largest city of Serbia. It is located at the confluence of the
Sava and Danube rivers and the crossroads of the Pannonian Plain and the Balkan Peninsula.
The city has an urban area of 360 km? while together with its metropolitan area it covers
3,223 km?. The spread area of Belgrade has extremely favorable conditions for modern
agricultural production (climate, agricultural land, watercourses, developed processing
industry). This economic branch is of strategic importance for supplying Belgrade with food
products, along with the resources that abound in the wider environment (Vojvodina and
Sumadija). The Belgrade region has a significant land potential of about 322,292 hectares
of agricultural land, which makes up 70% of the total territory of the City of Belgrade.
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Topography

Geographical and climate data about examined area was next: Belgrade is situated
in South-Eastern Europe, on the Balkan Peninsula. It lies at the point where the river
Sava merges into the Danube, on the slope between two alluvial planes. The river waters
surround it from three sides, and that is why since ancient times it has been the guardian
of river passages.

Belgrade lies 116.75 metres above sea level and is located at confluence of the
Danube and Sava rivers. The city has an urban area of 360 square kilometres, while together
with its metropolitan area it covers 3,223 km2. On the right bank of the Sava (examined
area), central Belgrade has a hilly terrain, while the highest point of Belgrade proper is
Torlak hill at 303 m. The mountains of Avala (511 m) and Kosmaj (628 m) lie south of the
city. Across the Sava and Danube, the land is mostly flat, consisting of alluvial plains and
loessial plateaus.

After World War 1l, New Belgrade was built on the left bank of the Sava river,
connecting Belgrade with Zemun. Smaller, chiefly residential communities across the
Danube, like Krnjaca, Kotez and Bor¢a, also merged with the city, while Pancevo, a heavily
industrialised satellite city, remains separate. The city has an urban area of 360 km? (140 sq
mi), while together with its metropolitan area it covers 3,223 km?.

One of the characteristics of the city terrain is mass wasting. On the territory covered
by the General Urban Plan there are 1,155 recorded mass wasting points, out of which 602
are active and 248 are labeled as ‘high risk’. They cover almost 30% of the city territory
and include several types of mass wasting. Downhill creeps are located on the slopes
above the rivers, mostly on the clay or loam soils, inclined between 7 and 20%. The most
critical ones are in Karaburma, Zvezdara, Visnjica, Vin€a and Ritopek, in the Danube valley,
and Umka, and especially its neighbourhood of Duboko, in the Sava valley. They have
moving and dormant phases, and some of them have been recorded for centuries. Less
active downhill creep areas include the entire Terazije slope above the Sava (Kalemegdan,
Savamala), which can be seen by the inclination of the Pobednik monument and the tower
of the Cathedral Church, and the Vozdovac section, between Banjica and Autokomanda.

Landslides encompass smaller areas, develop on the steep cliffs, sometimes being
inclined up to 90%. They are mostly located in the artificial loess hills of Zemun: Gardos,
Cukovac and Kalvarija.

However, the majority of the land movement in Belgrade, some 90%, is triggered by
the construction works and faulty water supply system (burst pipes, etc.). The neighbourhood
of Mirijevo is considered to be the most successful project of fixing the problem. During the
construction of the neighborhood from the 1970s, the terrain was systematically improved
and the movement of the land is today completely halted
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Climate condition

Belgrade’s climate exhibits influences of oceanic, under the Kdppen climate
classification, has a humid subtropical climate (Cfa) bordering on a humid continental climate
(Dfa) with four seasons and uniformly spread precipitation. Monthly averages range from
1.4 °C in January to 23.0 °C in July, with an annual mean of 12.5 °C. There are, on average,
44.6 days a year when the maximum temperature is at or above 30 °C 95 days when the
temperature is above 25 °C. On the other hand Belgrade experiences 52.1 days per year
in which the minimum temperature falls below 0 °C, with 13.8 days having a maximum
temperature below freezing as well. Belgrade receives about 691 mm of precipitation a year,
with late spring being wettest. The average annual number of sunny hours is 2,112. (http://

www.hidmet.gov.rs/).

Agricultural production in the wider Belgrade area

The city is divided into 17 municipalities. Most of the municipalities are situated on the
southern side of the Danube and Sava rivers, in the Sumadija region. Three municipalities
(Zemun, Novi Beograd, and Surcin), are on the northern bank of the Sava in the Syrmia
region and the municipality of Palilula, spanning the Danube, is in both the Sumadija and
Banat regions. The wider area of Belgrade municipalities consists of many villages, and the
land is suitable for agriculture, especially for the cultivation of agricultural crops and animal
husbandry.

Breeding of sheep and goats were increased during last decade on Belgrade area.
Today, small flocks of sheep and goats play an important role in providing animal protein for
diet, especially for those people who live in village at mountains part of Belgrade area. Both,
sheep and goats are milked and they produce the bulk milk supply, together with a large
proportion of the meat that is consumed. Along with the increasing number of flocks began
on examination of their health status. During those examination especially was paid to the
parasitic infections

The first serious studies of parasitic fauna of sheep and goats in the area of Belgrade
were done in the period 2009-2010.In the meantime, there has been an increase in the
number of herds, changes in microlimatic conditions and environmental conditions. Due to
the sudden urbanization, which is inevitably accompanied by pollution of land and water,
an increase in the number of non-owner dogs, the approach of wild animals to human
settlements (foxes, etc.)? This has affected the quality of the environment, the grazing areas
where sheep are kept, as well as the global epidemiological and hygienic condition of the
city. All this affects, together with parasitic infections, the production results (milk yield,
growth, quantity and quality of wool) in sheep.
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For these reasons, after ten years, we returned to examining the parasitic fauna of
small ruminants in the area of Belgrade in order to see the current situation causing these

changes.

Methods of examination

Fecal examination

Faeces examination was conducted by methods of direct smear and flotation. During
our examination we always used fresh samples of faeces. For direct smear, a small quantity
of faeces is placed on a slide, mixed with a drop of water, spread out and examined directly.
At least three slides from different parts of faecal sample should be examined. This method
is suitable for very rapid examination, but it will usually fail to detected low-grade infection.
Flotation techniques use solutions which have higher specific gravity than the organisms to
be floated so that the organisms rise to the top and the debris sinks to the bottom.

During our examination we used Zinc sulphate solution with specific gravity 1.36
(700 g ZnSO4 in 1000 ml water). The intensity of infection was measured by McMaster
method. The number of eggs per gram can be calculated as follows: count the number of
eggs within the grid of each chamber ignoring those outside the squares and then multiply
the total by 50 — this gives the number of eggs per gram of faeces (e.p.g.)

A centrifugation fecal flotation performed on individual animal feces and at composite
samples from multiple animals within a herd enables a qualitative assessment of the types
of Gl nematodes shedding eggs in the feces and a subjective assessment of the magnitude
of infection. Composite fecal sampling is a robust method for evaluating parasite burden
within a herd that is a resource-efficient option for owners and producers.

Fecal egg counts can provide robust information about herd health, and with good
record keeping they can create a strong clinical picture of infection patterns within herds

over time.

Necropsy examination

During necropsy the abomasum was cut open and the contents were washed into a
bucket, under a strong flow of water. More water was added to give a total volume of five
litres. While agitating the bucket, four subsamples of 50 ml (altogether 1/25 of the total
material) were taken. The rest was washed through a sieve with a grid aperture of 250
um, and searched macroscopically for large nematodes. The subsamples were washed
gently through a sieve with a grid aperture of 100 pym. Material remaining in the sieve was
poured into a Petri dish and examined on a dark background under a binocular microscope.
All adult, male nematodes,with well-developed spicules, were transferred to a microscope
slide, identified by species and counted. In order to estimate the total adult nematode burden
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of each species, the number of male nematodes of each speciesfound in the subsamples
was multiplied by 25 and then again by 2, accounting for the adult female nematodes.

The same method was used on the small intestine, except that the intestine was
not cut open, but its content was pressed out and theremaining material washed out with
running water. The large intestine was cut open and itscontents washed through a sieve
with a grid aperture of 250 ym. The contents of the sieve were put in small portions into
a large tray, water was added, and the contents were macroscopically searched for large
nematodes.

Found parasites either fixing in 10% formalin, were mounted in lactofenol for
identification, and mounted in Canada balsam.

Determination of adult parasites and parasites eggs we performed by its morphological
characteristic.

First study of endoparasites infection (2009-2010)

The first study about season distribution of gastrointestinal helminthes of small
ruminant at spread Belgrade area was started in March 2009 and finished in January 2010.
During study we examined a total of 91 flocks of goats and sheep from 6 Belgrade districs
Mladenovac, Lazarevac, Obrenovac, Grocka, and Vozdovac (from the village Mladenovac,
Vlaska, Mala Krsna, Velika Krsna, Medjuluzje, Senjak, Velika lvan¢a, OraSac, Mala Vrbica,
Rajkovac, Dubona, Sepsin, Resnik, Velike Granice, Granice, Koracica, Jagnjilo, Markovac,
Lazarevac, Arapovac, Junkovac, Leskovac, Sokolovo Rabrovac, Vrbovno, Zvecka, Krtinska
and Stepojevac).

During study we collected fecal samples at monthly intervals. A total of 910 fecal
samples were analyzed using standard coprological techniques. A total of 89 sheep’s we
were analyzed by post-mortem examination. Total differential worm counts were performed
on all the alimentary tract and lungs using the technique. The faecal samples were obtained
from a different source all together as they were collected from flocks in the field, and
the results support the other findings. These counts were also of value in providing some
information on the egg rise. The number of guts and lungs examined in this survey thought
small in number, but in combination with results of coprological examination, samples
appeared to represent the population adequately.

During the period 2009-2010 the next helminth species were found: The prevalence
of individual species was the next: Ostertagia circumcincta (95,23%), O.trifurcata (91,53%),
O.ostertagi (23,33%), Trichostrongylus axei (100%), T.colubriformis (89,57%), T.capricola
(62,85%), Nematodirus spathiger (100%), N. filicolis (43,31%), Haemonchus contortus
(88,95%), Marshallagia marshalli (23,77%), Skrjabinema ovis (5,26%), Bunostomum
trigonocephalum (13,28%), Chabertia ovina (64,14%), Oesophagostomum venulosum
(28,39%), n Cooperia curticei (60.52%).
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Species in the genus Ostertagia, Trichostrongylus and Nematodirus were present
after the first appearance of those present during the entire study period.

Haemonchus contortus is ordered in animals during the warmer and Marshallagia
marshali during the colder period of the year. Species in the genus Cooperia, and
Oesophagostomum. Bunostomum were often present in lambs sacrificed during all the
monitoring period. Species in the genus Cooperia, and Oesophagostomum. Bunostomum
were often present in lambs sacrificed during the monitoring period

Atthe beginning of our research, conducted in March, the real extent of gastrointestinal
infections strongilidae was 83.33%, after which he soon reached a level of 100% in the
same way and moved to the end of follow-up period. Extensity of infection established
genera gastrointestinal strongilidae was different. The distribution of parasites of the genera
Ostertagia, Trichostrongylus and Nematodirus was reached during the monitoring period
almost the maximum level.

The distribution of species within the established genera also varied. Within the genus
Ostertagia most abundant were dominated by Ostertagia circumcincta and O.trifurcata.
Prevalence of infection with Ostertagia ostertagi and O.occidentalis was higher during the
colder periods of the year.

Among the species of the genus Trichostrongylus was the most prevalent
Trichostrongylus colubriformis. Extensity of infection with T.axei and T.vitrinus varied,
without any regularity. Extensity of infection with Nematodirus filicollis and N.spathiiger
demonstrated a tendency to increase and leveled off at the highest level of the whole study

period.
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The dynamics of the first occurrence of established species of gastro-intestinal
strongilida was as follows:

In March: Teladorsagia (Ostertagia) circumcincta, Ostertagia ostertagi, Trichos-
trongylus colubriformis, Nematodirus filicoliis and N.spathiger

In May: Ostertagia trifurcata, Trichostrongylus axei, Bunostomum trigonocepha-
lum and Chabertia ovina;

In June: Skrjabinema ovis

In July: Haemonchus contortus, Cooperia curticei and Oesophagostomum ve-
nulosum;

In November: Marshallagia marshalli
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The season dynamics of Gl parasitesx in period 2009-2010

Second study of endoparasites infection (2018-2019)

The study of endoparasites infection performed during 2018-2019. we were carried
out in 152 flocks of sheep originated from from 6 Belgrade districs Mladenovac, Lazarevac,
Obrenovac, Grocka, and Vozdovac (from the village Mladenovac, Vlaska, Mala Krsna,
Velika Krsna,Medjuluzje, Senjak, Velika Ivanca, Ora8ac, Mala Vrbica, Rajkovac, Dubona,
éepéin, Resnik, Ritopek, Vréin, Vinca, LeStane, Pinosava, Grocka, Velike Granice, Granice,
Koracica, Jagnjilo, Markovac, Lazarevac, Arapovac, Junkovac, Leskovac, Sokolovo,
Rabrovac, Vrbovno, Zvecka, Krtinska and Stepojevac). During our examination we were
examined total of 631 fecal samples. Examination we performed using standard coprological
technique.

Total of 73 sheep and lambs we were examined by post-mortem examination.
Total differential worm counts were done on the entire alimentary tract using the standard
paristology necropsy technique. Determination of adult and eggs of parasites were done by
morphological characteristic.

The faecal samples were obtained from a different source all together as they
were collected from flocks in the field, and the results support the other findings. These
counts were also of value in providing some information’s on the peripartuirent egg rise.
The number of guts and lungs examined in this survey thought small in number, but in
combination with results of coprological examination, samples appeared to represent the
population adequately.

In period 2018-2019 we found next helminth species: Teladorsagia (Ostertagia)
circumcinctain 75,23%, Ostertagia trifurcata 71,53%, O.ostertagi 21.99%, Trichostrongylus
axei 62,23%, T.colubriformis 69,57%, T.vitrinus 62,85%, Nematodirus spathiger 77,43%,
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N, filicolis 33,31%, Haemonchus contortus 58,95%,

Marshallagia marshalli 27,77%,
Skrjabinema ovis 11,31%, Bunostomum trigonocephalum 13,28%, Chabertia ovina 63.85%,

Oesophagostomum venulosum 27.91%, Cooperia curticei 60.52%,C.oncophora 28,39%

and C.punctata 13,28%.

genus species intensity of infection
min max averige
Haemonchus contortus 12 104 58
circumcincta 5 955 480
Ostertagia ostertagi 8 64 36
occidentalis 8 52 30
Marshallagia marshalli 18 188 103
axei 2 258 130
Trichostrongylus colubriformis 3 4457 2230
capricola 7 921 464
Skrjabinema ovis 3 19 1
Nematodirus filicollis 96 2700 1398
spathiger 17 5361 2689
Cooperia curticei 1 97 54
Bunostomum trigonocephalum 8 232 120
Oesophagostomum venulosum 2 14 8
Chabertia ovina 2 6 4

Intensity of infections (finding number of eggs/g feces)

Most prevalence species of nematode are Trichostrongylus and Nematodirus species.

The distribution of species within the established genera also varied. Within the genus

Ostertagia most abundant were dominated by Ostertagia circumcincta and O.trifurcata.

Prevalence of infection with Ostertagia ostertagi and Ostertagia occidentalis was higher

during the colder periods of the year.Among the species of the genus Trichostrongylus was

the most prevalent Trichostrongylus colubriformis. Extensity of infection with Trichostrongylus

axei and T.vitrinus varied, without any regularity. Extensity of infection with Nematodirus

filicollis and N.spathiiger demonstrated a tendency to increase and leveled off at the highest

level of the whole study period.

The dynamics of the first occurrence of established species of gastro-intestinal

strongilida was as follows:

* In March: Teladorsagia (Ostertagia) circumcincta, Ostertagia ostertagi, Trichos-
trongylus colubriformis, T.vitrinus, Nematodirus filicoliis and N.spathiger

* In May: Ostertagia trifurcata, Trichostrongylus axei, Bunostomum trigonocepha-
lum and Chabertia ovina;
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* InJune: Skrjabinema ovis

» InJuly: Haemonchus contortus, Cooperia curticei, C.oncophora C.punctata Oe-
sophagostomum venulosum;

* In November: Marshallagia marshalli
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The season dynamics of Gl parasitesx in period 2018-2019

The seasonal dynamics itself varied within the limits that are usually found in the
found parasite species. We will see that in the month of March - the period that coincides
with the period of the first outing to pasture, the largest number of parasite species appeared
(“spring-rise” phenomenon).

The next peak occurs in May, when we find four types of parasites, in July when there
are three, while in June and November we have only one type of parasite each.

The ecological parameters that influence it are the micro and macro climate of the
steam area, vegetation and the number of animals in the pasture. The population pressure
on the pasture (number of animals per unit area) and the method of grazing - whether it is
forced or stationary also affect the load on the pasture and the degree of its infection.

During our research done in the period 2018-2019, a difference in the biodiversity
of Gl helminths is noticed in comparison with the research done in the period 2009-2010.
This research has for the first time identified parasites of the genus Cooperia that were not
previously present in the Belgrade area. They are usually found in sheep flocks in southern
and south-east Serbia.

Simultaneously with the increase in the number of Gl helminth species, the prevalence of
previously established species decreased. This is most noticeable in the three bridge prevalence
genera of the Gl nematode Ostertagia, Trichostrongylus and Nematodirus species.
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If we make a comparison with the results we had during the research done in the

period 2009-2010, it can be seen that the prevalence of certain types of parasites has

decreased, but the number of parasite species has increased. There are many reasons

for that, and the main one is that in the past period there has been a significant increase

in the number of herds in the villages around the city. these were mainly animals that were

procured from other parts of Serbia where these types of parasites are present.

YEARS
2009-2010 2018-2019
parasites species % parasites species %

Teladorsagia (Ostertagia) circumcincta 95.23 | Teladorsagia (Ostertagia) circumcincta | 75.23
Ostertagia trifurcata 91.53 | Ostertagia trifurcata 71.33
Ostertagia ostertagi 283.33 | Ostertagia ostertagi 21.99
Trchostrongylus axei 100.00 | Trichostrongylus axei 62.23
Trichostrongylus colubriformis 89.57 Trichostrongylus colubriformis 69.57
Trichostrongylus capricola 62.85 Trichostrongylus vitrinus 42.45
Nematodirus spathiger 100.00 | Nematodirus spathiger 77.43
Nematodirus filicolis 43.31 | Nematodirus filicolis 35.91
Hameonchus contortus 88.95 | Haemonchus contortus 57.65
Marshallagia marshalli 23.77 | Marshallagia marshalli 29.89
Skrjabinema ovis 5,26 Skrjabinema ovis 11.31
Bunostomum trigonocephalum 13,28 | Bunostomum trigonocephalum 13.28
Chabertia ovina 64.14 | Chabertia ovina 63.85
Oesophagostomum venulosum 28.39 | Oesophagostomum venulosum 27.91
Cooperia curticei 60.52 | Cooperia curticei 40.52

Cooperia oncophora 28.39

Cooperia punctata 13.28

Comparative prevalence of Gl helminths og sheep in perid 2009-210 and 2018-2019
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Comparative prevalence of Gl helminths og sheep in perid 2009-2010 and 2018-2019

Although most of the gastro-intestinal species appear to follow this general pattern
of seasonal distribution, some variations in intensively and duration of these characteristics
with different worm species occurred. Thus with Trichostrongylus and Nematodirus species
infection at mature sheep the spring peak was more pronounced that the autumn infection.

The season dynamics of the established parasites species during both period of
examination (2009-2010 and 2018-2019) was as follows:

+ In March have occurred Ostertagia spp. and Trichostrongylus spp.

+ In May, the observed infection with Nematodirus spp, Bunostomum spp. and
Chabertia spp. (ovina)

» In June was the first record of Skrjabinema spp;

+ In July were established eggs of Haemonchus spp. (contortus) and Cooperia
spp.
* In November showed the presence of Marshallagia spp

Climate variations are a significant factor of seasonal distribution of certain species
of sheep helminates. There are discrepancies in the seasonal distribution between certain
regions in Serbia. Thus, certain species within the genera Ostertagia, Trichostrongylus and
Nematodirus occur earlier in the plains (north Serbia Vojvodina) and the area of Belgrade
than in hilly and mountainous areas.

Found parasites species were present at small ruminats in other parts of Serbia.
This was confirmed by during examination performed in the hilly areas of Serbia (Sar
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Planina, Stara Planina) (Vuji¢ et al.,1911,2015a), south, south-east and south-west part of
Serbia, (Pavlovi¢ et al.2013a,b, 2018a), at Timok District (Jovanovi¢ et al.1991), Belgrade
area (Pavlovi¢ et al.2009,2012) Vojvodina (Pavlovi¢ et al.2017b) and Kosovo (Pavlovi¢
et al.1995,Milanovi¢ et al.2018). Same parasitic species were occurred at other Balkan
countries like Macedonia or Bulgaria (Georgievski, 1989, Zurliiski and Rusev,1990).

Generally speaking the occured parasites represent a global problem. Way of breeding
usualy at shepeng had prerequisite to a lot of infections including parasitoses. Pasture
breeding make possible contact within sheep and eggs, larvar stages and intermediate host
of parasites. Those induce that there are no one sheep without parasites. The countries
of Magreb, Middle East and Northern Africa are also in permanent probleme with parasitic
infections and losses ensued by them. Negative influence of parasitic infection reflected
througt lost of weight and decrement quantum of lactation (Bahgat et al.1988, Dogana, et
al. 1989, Ashraf and Nepote, 1989, Fakae, 1990, Smith,1990, Quesadaet al.1990).

CONCLUSION

However, since the parasitic infections are in majority sub clinical this problem is
not played due attention by a sheep breeder from the village in the Belgrade area. The
prophylactic treatment is not conducted in the majority of flocks or it is only partially
performed what can be seen by the records from the slaughter line and from production
results. In aim of introducing parasites fauna of sheep and prepare measure to its control
we must to continue our examination. This was the only way to obtain better product results,

characteristics and quality of sheep and lambs meat.
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ABSTRACT: In recent years, the animal protein industry has grown significantly due to
population expansion. However, this has increased animal waste generated during meat
production processes. To address this issue, cellular agriculture is becoming a promising
biotechnological approach to sustainable production. The aim is to reduce animal dependency
and suffering by developing cell-based protein sources, derived from animal tissues through
cell cultures. This technology is rapidly advancing to meet the challenge of feeding the world’s
growing population a diet that is healthier, sustainable, animal-free, and environmentally
friendly, and that generates minimal or no animal waste. This mini-review explores the advances
and challenges in cell-based seafood production, highlighting the relevant methodologies for
obtaining them from commercially important marine species and underscores the importance
of developing alternative marine proteins with nutraceutical properties for the future.
KEYWORDS: alternative protein, cultivated meat, cellular agriculture, innovation.

TENDENCIAS EM FRUTOS DO MAR A BASE DE CELULAS: O USO DA
BIOTECNOLOGIA PARA NUTRICAO E SUSTENTABILIDADE

RESUMO: Nos ultimos anos, o setor de proteina animal cresceu significativamente devido
a expansao populacional. No entanto, isso resultou em um aumento dos residuos animais
gerados durante os processos de producdo de carne. Para resolver esse problema, a
agricultura celular estd se tornando uma abordagem biotecnolégica promissora para a
producéo sustentavel. O objetivo € reduzir a dependéncia e o sofrimento dos animais por
meio do desenvolvimento de fontes de proteina baseadas em células, derivadas de tecidos
animais por meio de culturas de células. Essa tecnologia esta avangando rapidamente para
enfrentar o desafio de alimentar a crescente populagao mundial com uma dieta mais saudavel,
sustentavel, livre de animais e ecologicamente correta, e que gere 0 minimo ou nenhum
residuo animal. Esta mini-revisdao explora os avancos e desafios na producao de frutos do
mar com base em células, destacando as metodologias relevantes para a sua obtencéo
originada de espécies marinhas comercialmente importantes e ressalta a importancia do
desenvolvimento de proteinas marinhas alternativas com propriedades nutracéuticas no
futuro.

PALAVRAS-CHAVE: proteina alternativa, carne cultivada, agricultura celular, inovagao.

INTRODUCTION

The escalating global demand for animal-derived protein exacerbates the strain on
ecosystems and biodiversity (FAO, 2018). Universal meat production significantly contributes
to greenhouse gas emissions, with a substantial portion attributed to deforestation for grazing
land (Steinfeld et al. 2006). Traditional agriculture is currently confronted with a formidable
challenge. The consumption of animal protein and population growth exert pressure on
biodiversity and deplete natural resources, thereby jeopardizing food security (Eibl et al.
2021; Mc Carthy et al. 2018).

Overfishing threatens marine biodiversity and food security, resulting in declines
in seafood biomass and endangering animal populations with extinction (Palomares et
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al. 2020). Over 15 years of exploitation, industrial fishing and fisheries are estimated to
have reduced the ocean’s biomass content by 80% (Myers; Worm, 2003). The demand
for seafood is expected to rise due to its high content of quality protein, vitamins, trace
elements, polyunsaturated fatty acids and minerals (Hassan et al. 2020).

Cultivated meat and seafood represent novel foods with the potential to offer an
ethical, sustainable, and healthy protein source (Ong et al. 2021). Cell-cultured seafood
production has the potential to alter several fundamental parameters considered constant
in food production, including the generation of inedible excess tissue such as bones,
blood, and skin, which are often discarded, leading to a negative environmental impact
(Arvanitoyannis; Kassaveti, 2008). In addition to reducing environmental impact, cell-based
food products can foster the development of local and autonomous markets by producing
indirect environmental benefits. It can also shorten cycle times by streamlining supply
chains and reducing production times from months to weeks to create functional foods
(FAO; WHO, 2023).

As aquaculture transitions towards more intensive, controllable, and efficient
systems, cell-cultured seafood production offers a new option to address the challenges
associated with industrial aquaculture and marine fishing. This mini-review explores the
opportunities and challenges in cell-based seafood production, addressing aspects such
as marine cell culture, natural marine muscle tissue, and considerations regarding marine
animals. We aim to summarize the trends and frontiers of cell-based food applied to seafood
and to provide an overview of relevant methodologies for obtaining cells from commercially

important marine invertebrate species.

SEAFOOD AS A SOURCE OF NUTRACEUTICALS

Nutraceuticals are substances, either in whole or in part, delivered as dietary
supplements or ingredients clinically proven to offer benefits, including prevention and
treatment of diseases. Marine nutraceuticals specifically pertain to compounds derived from
sea (Ande et al. 2017). These compounds encompass oils (from fish, algae, seal blubber,
and shark liver), which are rich in long-chain omega-3 polyunsaturated fatty acids, as well
as shark cartilage, chitin, chitosan, and associated products, enzymes, peptides, protein
hydrolysates, vitamins A, D and E, and other products (Alasalvar; Shahidi; Quantick, 2002).
These marine nutraceuticals possess numerous unique features not found in nutraceuticals
obtained from terrestrial resources, thus attracting increasing attention (Suleria et al. 2015).

Interestin seafood and other marine-derived compounds arises because most aquatic
organisms have inherent mechanisms to survive hostile oceanic environments, including
varying salinity, pressure, temperature, and illuminations. Most marine organisms produce
several secondary metabolites that, while not directly involved in central physiological
functions, contribute to their survival. They synthesize novel compounds with interesting
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bioactivities, facilitating adaptation to these conditions (Venugopal, 2018). Nutraceuticals
derived from seafood have already been recognized for their beneficial effects on human
health, attributed to various physiological functions (McManus; Newton, 2011). Studies
indicate that consuming seafood can reduce the risk of heart attack, stroke, obesity, and
hypertension (Stanek et al. 2023; Giosue et al. 2022; Riccardi, 2022; Anand et al. 2015).
Seafood is low in saturated fat and higher in “heart healthful” polyunsaturated fat, including
omega-3 fatty acids (Reames, 2012).

The Bivalvia class, which represents the shellfish, constitutes a significant food
source and is part of the traditional diet of numerous cultures (Tabakaeva; Tabakaev,
Piekoszewski, 2018). The nutritional value of these mollusks includes proteins and amino
acids of high biological values, B-complex vitamins, saturated long-chain fatty acids, and
minerals (Wright; Fan; Baker, 2018; Willer; Aldridge, 2020). The levels of saturated amino
acids, omega-3 fatty acids, potassium, sodium, iron, and chlorine are higher in saltwater
bivalves compared to freshwater bivalves (Moniruzzaman et al. 2021). Considering such
nutritional composition, regular consumption of mollusks could improve immunity and
reduce the risk of developing diseases (Chakraborty; Joy, 2020). The shells, soft tissues,
and mucilage of mollusks are used in the pharmaceutical and food industry to develop
medications for the treatment of various illnesses (Khan; Liu, 2019; Pissia, Matsakidou,
Kiosseoglou, 2021; Lobine, Rengasamy; Mahomoodally, 2022).

Among the critical seafood, decapod crustaceans, which include lobsters, shrimps,
and crabs, stand out for their significant role in the human food supply and the global
economy (Mahmood Ghafor, 2020; FAO, 2022). Besides their ecological importance to
the environment, decapod crustaceans are relevant for human health, providing abundant
protein and micronutrients for nutrition (Behringer; Duermit-Moreau, 2021). The high
commercial value of these animals attracts agribusiness, food industries and the marine
ornamental business (Calado et al. 2003).

Aquaculture farming and fishing ensure a quality protein source for human
consumption. Fish is a rich source of essential nutrients, including highly digestible
proteins, vitamins A, and D3, trace minerals as iodine and selenium, and n-3 long-chain
polyunsaturated fatty acids and its consumption is generally regarded as part of a healthy
dietary pattern (Ramalho Ribeiro et al. 2019). In addition to their high nutritional value, fish
proteins have functional properties such as water-holding capacity, gelling, emulsification,
and textural properties. These characteristics play crucial roles in determining the textural
attributes of these products, making them important quality parameters and strategic tools
for cell-based sustainable biotechnology (Pal et al. 2018).
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ADVANCES IN CELL-BASED SEAFOOD

Given livestock production’s significant adverse impacts, establishing an in vitro
meat production system is increasingly justified (Datar; Betti, 2010). Consumer demand for
cellular meat production primarily arises from concerns about the environment and animal
welfare. At the same time, secondary considerations include consumer and public health
aspects of animal production and food security (Warner, 2019).

Producing meat through tissue engineering and cell culture is not new. Initially, early
attempts were concentrated in universities and other research units. Before Mark Post
showcased the world’s first so-called lab-grown hamburger in late 2013 (Kupferschmidt,
2013), NASA had invested in producing edible fish muscle protein in vitro. The goal was to
send high quantities of nutritional food to space with the least possible volume. To achieve
this, researchers isolated muscle cells from the dorsal muscle of Carassius fish as an initial
step (Benjaminson; Gilchriest; Lorenz, 2002).

Following the initial academic efforts, the concept of cell-based meat garnered
attention in the food industry. Consequently, various startups related to the production of
cell-based meat or the development of technologies enhancing its manufacture emerged,
with many focusing on seafood (Table 1). While some focus has been on the biology
and engineering required to optimize the manufacturing process, most of the debate has
revolved around cultural, environmental, and regulatory considerations (Faustman et al.,
2020). As startups began to develop prototypes of structured foods, new regulatory concerns
emerged. The first governmental approval for the commercialization of cell-based meat was
granted by the Singapore Food Agency in late 2020, permitting Eat Just, a startup based in
the United States, to sell cell-based chicken in Singapore (Southey, 2022).

Company’s Name Focus Location Year of Foundation
Fineless Foods Fish USA 2016
Wild Type Fish USA 2016
BlueNalu Seafood USA 2017
Avant Meats Seafood Hong Kong 2018
Shiok Meats Seafood Singapore 2018
ArtMeat Beef and Seafood Russia 2019
Bluu Biosciences Seafood Germany 2020
Cultured Decadence Seafood USA 2020
Magic Caviar Caviar Amsterdam 2020
Umami Bioworks Seafood Singapore 2020
Wanda Fish Fish Israel 2021
Mermade Seafood Seafood Israel 2021
Sustineri Piscis Fish Brazil 2023

Table 1: List of start-ups focusing on the production of cell-based seafood
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Market entry of cell-based food products may require authorization at various
levels, encompassing processes such as a food safety assessment of the cell-based food
product, approval of planned and implemented quality controls, assurance protocols for the
production process, and adherence to approved labeling requirements for the products.
The essential elements for a practical regulatory framework for cell-based food are still
considered in many countries (FAO, 2022). In the Brazilian regulatory context, the Good
Food Institute Brazil (GFI) has launched a regulatory study to identify potential adjustments in
the current regulatory frameworks. Scientifically grounded arguments support this endeavor
and involves engaging the country’s regulatory agencies (GFI, 2022). Recently, GFI Brazil
published a Food Safety Plan for a cultivated meat burger, contributing to assessing safety
aspects in cultivated meat production through applying the Hazard Analysis and Critical
Control Points (HACCP) approach (Sant’Ana et al. 2023).

The recent evolution of cell culture techniques that facilitate the growth of edible
animal tissue in vitro represents an example of potentially disruptive technology with many
exciting aspects to consider (Van der Weele et al., 2019; Stephens; Sexton; Driessen, 2019).
With the current advancement in technology, lab-grown meat, also known as cultured meat,
is expected to significantly impact the food market in the future (Ismail; Hwang; Joo, 2020).

CHALLENGES IN CELL-BASED SEAFOOD

The absence of fish and marine invertebrate cell lines means that cell culture research
is conducted using primary cells isolated from these animals. A primary cell culture is initiated
directly from the tissue (Jedrzejczak-Silicka, 2017). The isolation process involved in primary
culture allows for precise control over hormonal, substrate, and physical conditions, which
can influence cell and tissue function (Hightower; Renfro, 1988). Muscle and fat cells are
crucial cell types aiming for the final product. As some of these cells can be hard to isolate,
precursors of these cell types, such as satellite cells, fibro-adipogenic progenitors, pre-
adipocytes, and mesenchymal stem cells, become strong candidates to be used as sources
for the development of a cell-based seafood prototype (Bomkamp et al. 2023).

Isolation and Primary Culture

The techniques for obtaining primary cell cultures from seafood are similar to those
used for mammals and other animals. Initially, the animal is sterilized with ethanol and
anesthetized, after which the tissue of interest is removed under sterile conditions and
subjected to a series of antibiotics to prevent microbial contamination. Subsequently, the
desired tissue undergoes dissociation methods, such as enzymatic dissociation (Plotnikov,
Karpenko; Odintsova, 2003; Oestbye; Ytteborg, 2019) or mechanical dissociation (Van der
Merwe et al. 2010), to obtain a single-cell suspension for seeding in an appropriate culture
medium.
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Alternatively, the explant method can be employed instead of the single-cell
suspension. In this case, no enzyme is used, and the original tissue is minced into smaller
pieces, which are then placed in culture flasks. Cells begin to migrate out of the tissue
pieces and adhere to the surface of the culture flask (Freshney, 2010; Potts et al., 2020).
Observations have been made of cell migration and growth from heart explants of the Indian
Mud Crab Scylla serrata for over three weeks, demonstrating adherent cells with round,
epithelioid-like, and fibroblastic morphologies (Sivakumar et al. 2019).

Previous studies have reported protocols for cell sorting to establish primary
monogenic cultures. Techniques utilizing density gradient media to separate cells by density
have yielded significant results (Gong et al. 2008; Odintsova; Dyachuk; Nezlin, 2010;
Nogueira et al. 2013), particularly for shrimp hepatopancreatic cells (Toullec et al. 1992).
Koiwai et al. (2019) recently isolated crustacean hemocytes using lectins and magnetic-
activated cell sorting (MACS).

Over the past 30 years, researchers have attempted to create primary cultures
of various crustacean species, with shrimps being the most commonly studied. Methods
have been described for culturing shrimp ovaries, lymphoid tissues, cardiac, nerve,
hematopoietic, hepatopancreatic, and epidermal cells (Nadala; Lu; Loh, 1993; Luedeman;
Lightner, 1992; Tapay et al. 1995; Chen; Wang, 1999; Kasornchandra et al. 1999; Maeda et
al. 2004; Anoop et al. 2021). Other crustaceans, such as crabs and lobsters, have also been
the focus of primary cell culture research (Fadool; Michel; Ache, 1991; Stepanyan, 2004; Li;
Shields, 2007; Sashikumar; Desai, 2008; Deepika, Makesh; Rajendran, 2014; Sivakumar et
al. 2019). Among the primary tissues developed, cardiac tissue (Owens; Smith, 1999) and
ovaries (Fraser; Hall, 1999) have shown more promising results, remaining viable in culture
for more extended periods.

Various types of bivalve mollusk tissues have been experimented with to initiate
primary cell cultures. Heart (Cecil, 1969; Wen; Kou; Chen, 1993), mantle (Perkins; Menzel,
1964), digestive glands (Le Pennec; Pennec, 2001), and gills (Gomez-Mendikute et al.
2005; Cornet, 2006) have shown substantial results in the growth of primary cell cultures
of bivalve mollusks. Similarly, embryonic tissue (Boulo et al. 2000) and hemolymph (Ji et
al. 2017) have also demonstrated significant results. Among these tissue sources, cultures
from embryonic tissues show better potential for proliferation than cells from adult tissues
(Odintsova; Khomenko, 1991).

Recent research has successfully cultivated adductor muscle cells of scallop
Patinopecten yessoensis, obtaining fibroblast-like cells with multiple filopodia, similar to
precursors of mature muscle cells in mammals. This was achieved using tissue explant
methods and supplementing the medium with adductor muscle extract, fetal bovine serum,

and supplements for insect cell culture (Suzuki et al. 2021).
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In vitro culture conditions for marine animal cells

Concerns regarding the culture conditions of mollusk cells have been addressed over
the years. The growth medium commonly used for the cultivation of marine bivalve cells
typically consists of a formulation of L-15 medium (Chen; Wang, 1999; Ladhar-Chaabouni
et al. 2021) supplemented with soluble factors to enhance cell viability (Domart-Coulon et al.
1994). Adding taurine, an amino acid found in bivalve hemolymph, to the medium regulates
osmolarity and improves cell viability (Lange, 1963). Medium osmolarity, pH, and incubation
temperature are adjusted based on the specific animal species and body part. Generally,
the growth medium’s osmolarity must be like hemolymph’s (Odintsova; Khomenko, 1991),
typically ranging between 760 to 1100mOsmol for bivalves. The temperature of incubation
is also a variable parameter. While low incubation temperatures reduce the risk of culture
contamination, temperatures below 15° C do not contribute to cell migration.

The substrate to which cells adhere has significant effects on culture viability.
Attached cells often exhibit increased metabolic activity (Ben-Ze’ev; Farmer; Penman, 1980).
A desirable substrate promotes cell attachment and spreading in vitro, and considering
that muscle cells are anchorage-dependent, selecting a compatible substrate is vital for
bivalve muscle cells. It has been demonstrated that poly-D-lysine with a molecular weight
exceeding 100 kDa promotes conditions for attachment of bivalve heart muscle cells in vitro
(Buchanananan et al. 1999).

Fish cell culture protocols are very similar to other established animal cell cultures,
with some adaptations regarding incubation temperature and medium osmolality specific to
different fish species (Fernandez et al. 1993). Commonly used growth media are Eagle’s
Minimum Essential Medium (EMEM), Leibovitz Medium L-15 or Medium 199 (Fryer;
Lannan, 1994). According to Wolf and Ahne (1982), the more commonly used and elaborate
media include vitamins and amino acids, often supplemented with fetal bovine serum (FBS).
FBS is a joint supplement used in various protocols for animal cell cultures, containing
a mixture of amino acids, proteins, vitamins, hormones, and other nutrients and factors
that support the growth and survival of animal cells in culture (Barnes; Sato, 1980). The
typical supplementation proportion of medium with FBS is 10% of the total medium volume,
although some cell lines grow satisfactorily with only 5% serum, albeit at slightly reduced
growth rates. Eagle’s Minimal Essential Medium supplemented with fetal bovine serum is
considered a versatile culture medium for mammals, birds, reptiles, amphibians, and fish cells
(Lakra; Swaminathan; Joy, 2011) with appropriate adjustment in incubation temperatures.
Unlike mammalian cell cultures, fish cells can thrive with infrequent subcultures (every 7-14
days or more) and rarely require changes in growth medium between subcultures (Fryer;
Lannan, 1994).

The optimal growth temperature range reflects the donor fish species and its natural
environment (Nicholson, 1989). The ease of growing fish cells at a lower temperature
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compared to mammalian cells may provide cost benefits for cellular fish meat production.
Moreover, blending tissue engineering with modern aquaculture techniques presents an
attractive opportunity to utilize marine muscle cell culture for in vitro fish meat production
(Goswami et al. 2022).

Cell immortalization and cell stemness

Cells obtained from primary cell culture undergo only a limited number of cell divisions
before entering a state of senescence, wherein they experience stable growth arrest. The
use of primary culture for cell-based seafood production becomes unsustainable in the long
term due to the necessity of maintaining a donor animal as a cell source. To address this
issue, the immortalization of target cells for alternative food production is a necessary goal
to achieve large-scale production. Cell immortalization disrupts the mechanisms responsible
for reaching senescence (Soice; Johnston, 2021).

Embryonic stem cells (ESC) represent a valuable repository of diverse cell
morphotypes. Due to their plasticity, stem cells obtained from embryos, classified as
totipotent cells, theoretically can differentiate into any cell type of the organism (Rippon;
Bishop, 2004). Few researchers have achieved positive results in obtaining somatic cells
from ESCs of marine animals under in vitro conditions (Table 2). These cells can undergo
considerable differentiation, facilitated by supplementing the culture medium with specific
factors (Holen; Kausland; Skjeerven, 2010).

Species Embryonic Cellular differentiation Reference
stage
Sparus aurata (Fish) Morula neuron-like and epithelial-like Vergés-Castillo
et al. 2021
. . fibroblast-like and neuronal- Holen, Kausland, e
Gadus morhua (Fish) Mid-blastula like Skjzerven, 2010

Mytilus trossulus (Mussel) Trochophore ciliated cells, muscle cells Odintsova, Dyachuk,

larvae and neuron-like e Nezlin, 2010
Loteolabrax japonicus (Fish) Blastula neuron-like and muscle cells Chen,zsor(;%, eve,
Macrobrachium rosenbergii connective-tissue-like Sudarshan et al.

Fertilized egg

(freshwater shrimp) morphology 2024

Table 2: Cells obtained by differentiation of embryonic stem cells delivered from seafood animals

Cell lines are already available from seafood species. Establishing an immortalized
lineage from bivalves has been a focal point for numerous researchers due to their social
and ecological significance. Unsuccessfully, the only immortalized cell line originating from
a mollusk species thus far is the embryonic delivery cell line provided by the freshwater
snail Biomphalaria glabrata (Wang; Wang, 2019). Various transfection and cell hybridization
techniques in crustaceans in shrimp cell culture are being explored as alternatives to
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establish stable long-term cell lines, showing promising results (Ma; Zeng; Lu, 2017).
Only three crustacean cell lines have been established, originating from the shrimp genus
Penaeus. These cell lines are identified in the Cellosaurus database as OKTr-1 (RRID:
CVCL_9U40), OKTr-23 (RRID: CVCL_9U41), and PmLyO-Sf9 (RRID: CVCL_A8SX). Both
cell lines OKTr-1 and OKTr-23 were described by Tapay et al. (1995) and categorized as
transformed cells originating from the shrimp lymphoid tissues cell line (Oka). Conversely,
the PmLyO-Sf9 cell line was derived from the hybridization of sf9 cells from the insect
Spodoptera frugiperda with the lymphoid tissue cells of the shrimp Penaeus monodon
(Anoop et al. 2021; Sathyabhama et al. 2021).

Most fish cell lines are derived from tissues such as skin, gill, heart, liver, kidney,
spleen, swim bladder, brain, etc. Embryos and fins are the most frequently utilized tissue
sources for primary culture. After the ovary, the fin is the second most common tissue used
for cultivation due to its high regenerative ability (Fryer; Lannan, 1994). An increasing number
of marine fish cell lines are available, likely in response to the growing interest in testing viral
load, examining water toxicology, and developing vaccines for farmed fish. However, few of
these cell lines have been utilized to produce edible fish, apart from a study on producing
fish-based proteins for space voyagers on long journeys (Benjaminson; Gilchriest; Lorenz,
2002). Bairoch (2018) listed more than 139,500 cell lines in Cellulosaurus database, with
about 856 being fish cell lines.

DISCUSSION

Climate change, food supply shocks caused by pandemics, and population growth
threaten the traditional food system. Satisfying the demand for meat in the future will be a
challenge if we intend to maximize the use of agricultural resources and reduce greenhouse
gas production (FAO, 2017). Therefore, disruptive food technologies will be necessary for
a more resilient, sustainable, and adequate food system. In this perspective, it is required
to consider the factors influencing consumer perceptions of new food technologies, leading
to greater acceptance of them (Siegrist; Hartmann, 2020). Informed decisions must be
made to achieve scalability, reduce costs, and navigate regulatory challenges effectively. In
addition to the core food safety assessments, regulatory considerations may be necessary
for other issues such as labeling, consumer preference/acceptance, and ethical or religious
aspects of cell-based food products (FAO, 2022).

To discuss the relevant technical issues of cell-based food production, it is important
to use clear and consistent terminologies that all the stakeholders can accept. Terminologies
and labels are also necessary and direct means of communicating information to consumers
(FAO, 2021). Fernandes et al. (2019) suggest that, despite a clustering of recurring and
highly relevant terms, cultured meat is a subject that spans various areas of knowledge.

Nomenclature can significantly impact consumer perception, marketing efforts and relevant
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regulatory actions such as labeling. While consumer acceptance is critical to the industry’s
success, the common or usual name chosen to label cell-based products must meet
regulatory criteria, not just marketing needs (Hallman et al. 2023). A consistent nomenclature
is crucial in bringing cultivated protein products to the commercialized market (Malerich;
Bryant, 2022). A literature synthesis was conducted on various relevant terminologies
by The Food and Agriculture Organization of the United Nations and the World Health
Organization (FAO; WHO, 2023). The results showed that while some preferences differ
among different sectors, “cell-based food” was less confusing, conveniently overarching,
and generally well-accepted by consumers. However, it is essential to note that no term is
100 percent scientifically correct.

Although the terminology is still under discussion, cellular agriculture and cell-based
meats have been considered the future of foods. There has been considerable buzz with the
launch of next-generation meat alternatives. This field’s growing excitement has prompted
increasing research, value propositions, business investments, media coverage and
discussion. Even so, crucial fundamental research to overcome key technical challenges
must be carried out before cell-based meat production can be a reality. Alongside research
progress, regulations and standardization of cell-based meat must keep up with the rapid
progress in this field (Ong; Choudhury; Naing 2020).

Cultured meat is a promising but early-stage technology with critical technical
challenges, including cell source, culture media, mimicking the in vivo myogenesis
environment, animal-derived and synthetic materials, and bioprocessing for commercial-
scale production (Stephens et al. 2018). Thus, one of the technical challenges of this
technology is related to the use of animals and products derived from them. As Bhat et
al. (2019) mentioned, cell-based meat does not involve slaughtering many animals.
However, the initial source of cells and biopsies for starting cell cultures will certainly impact
consumers’ perceptions and decisions. Legislation regarding cell sourcing and isolation
may exist concerning the acquisition of biopsies from live or deceased animals, which could
raise animal welfare concerns. Cell bank regulations are also in place in several countries
(EMA, 1998; FDA, 2010).

Besides, mass production of cell-based food utilizing traditional cell culture protocols
will require hundreds of gallons of fetal bovine serum to produce a few pounds of meat.
This implies the continuation of livestock production and an increase in animal exploitation.
Due to ethical, environmental, and biological concerns, alternatives to fetal bovine serum
or any animal-derived supplement for cell culture are needed. High-volume cell production
in industrial bioreactors using serum-free medium is essential for commercial cultured
meat manufacturing (Garrison et al. 2022). Numerous studies have focused on finding
an optimal substitute for FBS. The use of fungi extracts (Benjaminson; Gilchriest; Lorenz,
2002), microalgae extracts (Ng et al. 2020), or cyanobacteria (Jeong et al. 2021) has shown
success in eliminating or significantly reducing the use of FBS in culture. Cell-based food
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production may also generate new biological or chemical by-products and waste, subject to
specific regulations such as environmental legislation. Furthermore, these by-products may
be utilized in feed applications if they meet feed safety requirements (FAO, 2022).

On the other hand, one potential future advantage of cell-based meats is the ability
to design products with specific nutritional characteristics that are not typically achievable
through conventional animal feeding approaches (Faustman et al. 2020). Cultivated meat
technology can potentially disrupt the food industry; indeed, it is an inevitable reality. This
new technology offers an alternative solution to address the environmental, health and
ethical issues associated with the demand for meat products. The global market eagerly
anticipates biotechnological advancements in the cultivated meat production chain (Santos
et al. 2023).

A few years ago, cellular agriculture progressed with new research and publications
to improve the selection of cell species and cell types to intensify cell-based meat production.
Pressing issues such as global warming, environmental instability, and food security
have propelled cell-cultured seafood into the spotlight (Rubio et al. 2019). The marine
environment harbors many bioactive compounds with unique properties, offering significant
potential for biotechnological applications (Boziaris, 2014). Seafood production from marine
cell cultures represents a novel approach and an exciting opportunity for cellular agriculture.
Cell-based seafood holds promising market penetration and sustainability potential, as it
can produce meat from species that are challenging to cultivate in traditional aquaculture
at competitive prices (Farzad, 2021). Consequently, the emergence of cell-based seafood
industries has drawn the attention of aquaculture sectors. However, its market presence
remains hypothetical due to consumer acceptance being contingent upon the approval of
cell-based meat (Lindfors; Jakobsen, 2022).

Our mini-review of the relevant literature indicates that marine cell and tissue
culture research has been largely overlooked. Recent advancements in cellular agriculture
underscore the substantial environmental benefits that may result from substituting some
industrially raised and processed meat with cultured meat alternatives. There are notable
research gaps in marine cell culture that present valuable opportunities for further exploration
(Munteanu et al. 2021; Rodriguez Escobar et. al. 2021). Cell-based meat represents a
promising strategy that could offer tools for nutritional enrichment and sustainable seafood
generation without the environmental impact associated with traditional methods (Azhar et
al. 2023).

The future generation of meat substitutes should focus on reducing saturated fat
content and using fewer additives (Franca et al. 2023). Meanwhile, due to the advances
in cultured meat technology worldwide and the slight emphasis that this area has received
in no country, we may be missing significant opportunities in this market (GFI, 2022).
According to Morais-da-Silva; Villar; Reis (2022), the potential of plant-based and cultivated
meat production for creating new and high-skilled jobs has been highlighted. The impact of
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novel food production systems on employment in conventional meat production may differ
for each value chain stage. Technological advancements and investments in cultured meat
research suggest that cultured meat will become a mainstream food commodity shortly
(Post et al. 2020).
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FABRICACAO DE MATERIAL SUSTENTAVEL

Roberto Yuri Costa Dias
http://lattes.cnpq.br/1066558959052005

Rafael Vilhena Soares
Maria de Fatima Mendes Leal
Pedro Victor de Mendonca Maia

Roberto Tetsuo Fujiyama

RESUMO: Nestetrabalho, sdo apresentados
resultados de atividades desenvolvidas em
uma disciplina da faculdade de engenharia
mecanica da UFPA. Na atividade, peciolos
de folha de palmeira foram utilizados para
fabricar material comp@sito utilizando matriz
de poliéster. ApOs a separacéo das folhas,
o peciolo foi extraido. O peciolo foi cortado
em um comprimento de 10 mm. Apés o
corte, as placas de material composito
séo fabricadas com as fibras orientadas
aleatoriamente. O objetivo deste trabalho &
apresentar um material com caracteristicas
sustentaveis. Ao final, foram produzidas
placas de material compésito com fibras
peciolo e matriz de poliéster. O material
produzido apresentou boas caracteristicas
em termos de configuragéo e distribuicao
da fibra.
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COMPOSITE REINFORCED
WITH PALM PETIOLE FIBER:
PRODUCTION AIMING FOR THE
SEARCH FOR SUSTAINABLE
MATERIAL

ABSTRACT: In this work, results of
activities developed in a discipline of
the faculty of mechanical engineering at
UFPA are presented. In the activity, palm
leaf petioles were used to manufacture
composite material using polyester matrix.
After separating the leaves, the petiole was
extracted. The petiole was cut to a length
of 10 mm. After the cut, composite material
plates are manufactured with the fibers
oriented randomly. The objective of this work
is to present a material with sustainable
characteristics. At the end, composite
material plates were produced with petiole
fibers and polyester matrix. The material
produced showed good characteristics in
terms of fiber configuration and distribution.
KEYWORDS: Composite Material, Natural
Fiber, sustainability
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INTRODUCAO

O desenvolvimento de novas tecnologias, novos materiais e de formas de processos
industriais, com o passar do tempo tem se tornado uma realidade natural da sociedade que
avanca de forma progressiva. Conforme a tecnologia avanca, a busca por novos materiais
€ ampliada, a fim de suprir a necessidade de mercado na produgéo de bens que alimentam
diversos setores produtivos das industrias. Ainda neste contexto tem-se o envolvimento de
materiais ecologicamente correto como forma de proteger o meio ambiente.

No Brasil a busca por novos materiais é intensificada, objetivando a utilizagéo de
componentes naturais, visto que o pais é privilegiado por ter mais de 4 milhdes de km?
de floresta amazonica, segundo o IBGE (Instituto Brasileiro de Geografia e Estatistica),
facilitando a disponibilidade de material necessario para estudo. Dentro da gama de novos
materiais que estdo sendo explorados temos os materiais compoésitos reforcados com

fibras naturais.

O desenvolvimento de novos materiais tém sido objeto de pesquisa, desde a
formulacéo a caracterizacdo de compdsitos constituidos com fibras naturais.
Os materiais compositos sdo obtidos através da combinacgéo de dois ou mais
materiais com diferentes propriedades quimicas e fisicas, sendo que um dos
componentes é o matricial e os demais o reforgo, no qual as propriedades sao
obtidas a partir da combinacé&o das propriedades dos constituintes individuais
(NAZARENO, 2018, 90).

Na regidao norte, temos como referéncia na producdo de pesquisas relacionadas
a materiais compositos o laboratério do Grupo de Pesquisa em Materiais Compositos da
Universidade Federal do Para, utilizando de reforco fibras naturais como, por exemplo,
fibra de juta, malva, bambu e coco. As pesquisas no laboratério envolvem a aplicagédo de
recursos ou matérias prima naturais, reciclaveis e renovaveis.

Segundo a Secretaria de Estado de Desenvolvimento Agropecuério e da Pesca, o
Para é o maior produtor nacional de 6leo de palma de dendé com uma éarea plantada de
231.669 hectares e area colhida de 200.000 hectares, sendo 40 mil hectares em areas de
agricultores familiares.

No trabalho “Fabricagdo de materiais compositos sanduiche reforgados com fibra
de juta e residuos de madeira” (DIAS, et. al) é realizada a produ¢éo de material compoésito
utilizando fibra de juta e utilizando um residuo de madeira que seria descartado, mas
buscou-se uma nova utilizagéo, sendo a fibra de juta produzida a partir do caule da planta
e o residuo de madeira gerado de processamento de madeira para fins diversos.

As fibras vegetais sdo estruturas alongadas extraidas da natureza sem ter que
passar por rea¢des quimicas de sintese ou de modificagdes estruturais. Algumas delas séo
partes integrantes de folhas, de caules, de sementes e de frutos. (GOMES, 2015)

O peciolo, parte componente de uma folha, € a haste que possibilita movimentacao,
costumeiramente em formato cilindrico, (ALMEIDA, M e ALMEIDA, C, 2018, p.57) que
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no caso particular da palmeira do dendé sé@o encontrados ao centro da folha conforme o

esquema apresentado na figura YY.

O método mais simples de laminag&o consiste na impregnacéo de resinas de baixa
viscosidade sobre as fibras, que geralmente encontram-se na forma de tecidos. Camadas
deste tecido sdo empilhadas e revestidas com resina para que se obtenha a espessura
desejada. Geralmente este processo ocorre sobre uma superficie plana ou molde aberto. A
resina e o agente endurecedor sédo misturados imediatamente antes da aplicacdo e a cura
€ realizada a temperatura ambiente (CLYNE e HULL, 2019)

Reforgo

Resina Rolo laminador
Laminado

b
Molde de Contato Camada de Gel

Figura 1- llustrag@o do processo de laminagdo manual
Fonte: Adaptado de Chawala, 2019

Neste trabalho é proposto o uso do peciolo das folhas da palmeira de Dendé na
fabricacdo de placas de materiais compgositos, nas dimensdes de 10x20mm, com o objetivo
de identificar a viabilidade de utilizagdo do mesmo como reforgo e a realizacao de avaliagéo
da qualidade superficial do compésito produzido buscando observar como o peciolo da
palmeira de dendé ficou disposto na matriz polimérica.

Peciolo compreende a haste que possibilita a movimentacdo da folha,
costumeiramente em formato cilindrico

MATERIAIS E METODOLOGIA

Materiais

Para a produgéo dos compositos, utilizou-se como matriz resina poliéster, comprada
pelos entes do laboratério, e como reforgo, fibras do peciolo da folha da arvore de dendé,
obtida a partir de uma palmeira dendezeiro, localizada na Universidade Federal do Para,

campus Belém.
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Os materiais utilizados para confeccéo dos corpos de prova:
Peciolo da Folha de Dendé; Resina Poliéster; Catalisador; Cera Desmoldante;
Pincel; Molde de silicone. Na figura 1 tem-se a ilustracdo destes materiais citados, com

excec¢ao da folha do dendé.

a. Utilizada com o intuito de reduzir a aderéncia entre a resina e 0 molde, facilitan-
do a retirada do corpo de prova.

b. Molde padronizado com dimensdes especificadas pela norma ASTM D638.

c. Tem por objetivo retirar o excesso de cera desmoldante que por ventura se aloje
em certas regides do molde de silicone.

d. Resina Poliéster utilizada como matriz do material composito.

e. Tem como funcao acelerar o processo de cura ou solidificacdo do material.

Figura 2: a) Cera Desmoldante b) Molde de Silicone C) Pincel d) Resina Poliéster e) Catalisador.

Fonte: Autoria Propria

Métodos

Primeiramente, realizou-se a extragcéo do peciolo da folha do dendé, para posterior
corte do mesmo no tamanho de 10 mm. Apés esta etapa, foram determinadas a fragéo
massica de fibra presente no compésito. Por fim, houve a mistura dos componentes, resina
poliéster e peciolo de dendé, que produziram os corpos de prova, os quais foram envazados
no molde de silicone.

Extracao e corte do peciolo

A extragéo das folhas foi realizada de palmeiras de dendé encontradas no campus
Universidade Federal do Para, conforme a Figura 2.
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Figura 3 — Dendezeiro.

Fonte: Autoria prépria.

Em seguida, foi retirado o peciolo da folha de dendé, que consiste na parte central
da folha, dando inicio ao corte em tamanhos de 10 mm, utilizando gabarito. A Figura 3 é
referente as duas partes separadas que compdem a folha da palmeira do dendé. Na Figura
4 tem-se o peciolo cora no comprimento de 10 mm.

F

a b
Figura 4- a) Foliolo; b) Peciolo.

Fonte: Autoria prépria.
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Figura 5- Fibras do peciolo de dendé apds o corte com 10 mm de comprimento.

Fonte: Autoria prépria.

Determinacao das frac6es massicas

Afragcdo massica é determinada pela divisdo da quantidade de fibra pela quantidade
de resina utilizada. A quantidade de reforgo dentro da matriz polimérica pode alterar suas
caracteristicas mecénicas, por este motivo sua determinagéo é fundamental. Foi realizado
o preenchimento do molde até o seu limite com as fibras dos peciolos e posteriormente a
pesagem dessa quantidade.

Figura 6 — Molde com fibras

Fonte: O autor

Preparacédo da composicao antes do envase no molde

A matriz poliéster foi misturada com as fibras de peciolo de dendé, ja padronizadas
com 10 cm de comprimento, em um recipiente plastico transparente, em seguida, a mistura
foi vertida no molde de silicone de maneira a ocupar todo o interior destinado a formar o
corpo de prova, a fim de configurar as dimensdes preestabelecidas, vale ressaltar que todo
este processo foi feito de forma manual. Para o preenchimento dos moldes foram utilizados
61,5 g de resina e 1% de catalisador.
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RESULTADOS E DISCUSSAO

Um dos parametros de influéncia nos compoésitos reforcados com fibras esta

relacionado ao comprimento da fibra de reforco. Cabe ressaltar, que as caracteristicas

mecénicas de um composito reforgado com fibras ndo dependem somente das propriedades

da fibra, mas também do grau segundo o qual a carga aplicada é transmitida para as fibras

pela fase matriz. Outro pardmetro a ser considerado é a orientacdo e concentracdo das

fibras. O arranjo ou a orientacéo das fibras, a concentracéo das fibras e a sua distribuicéo

apresentam influéncia significativa sobre a resisténcia e outras propriedades dos compésitos

reforcados com fibras.

Fundamentado nisso, a Tabela 1 mostra que a eficiéncia de refor¢o por fibras

distribuidas aleatoriamente e uniformemente & de apenas um quinto da eficiéncia na

direcado longitudinal de um compésito com fibras alinhadas; entretanto, as caracteristicas

mecanicas sao isotropicas.

Orientacées da Fibra Dire¢do da Tensédo Eficiéncia
do Reforco
Todas as fibras paralelas Paralela as fibras 1
Perpendicular as fibras 0
Fibras distribuidas aleatéria e uniformemente  Qualquer dire¢cdo no plano das fibras 3
em um plano especifico 8
Fibras distribuidas aleatéria e uniformemente  Qualquer direcéo 1
nas trés dimensdes no espaco 5

Tabela 1 — Eficiéncia de refor¢co de compositos reforgados com fibras.

Fonte: H, Krenchel, 1964.

Mediante inspecao visual, notou-se que as placas apresentaram certas vacancias

de preenchimento do peciolo do dendé, conforme mostra a Figura 5. Essas vacancias

podem influenciar na resisténcia do material pelo fato de ndo apresentar homogeneidade

por toda regido da placa de compésito.
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Figura 7 — Placas de compésito reforcado com peciolo de dendé.

Fonte: Autoria prépria.

Por fim, as placas de compoésito apresentaram poucas porosidades, mas com
formacdes de bolhas de ar. Indicativo para um maior cuidado no processo de envase no
molde. Quanto a utilizag@o dos peciolos de dendé com a resina poliéster, foi observada uma
boa trabalhabilidade oferecendo assim o tempo necessario para a realizagdo do envase,
proporcionando um bom tempo de execugao nas producgdes das placas.

O peciolo apés o corte e secagem apresentou um diametro médio de 1,3 mm. Na
figura 6 € possivel observar a disposicéo do peciolo dentro da matriz polimérica.

Figura 08 — Disposicéao do peciolo de Dendé na matriz polimérica.

Fonte: Autoria prépria.
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CONSIDERAGCOES FINAIS

Observando o cenario de desenvolvimento de materiais atual, é de grande
importancia pesquisas relacionadas a busca de materiais alternativos que possam suprir a
demanda geracional. O presente trabalho buscou a avaliagéo da viabilidade de producéao
de compositos através de peciolos de dendé, e assim foi observado um promissor avango
na utilizacdo do presente material. O resultado inicial é positivo, o material teve uma boa
trabalhabilidade, se adequou bem ao molde utilizado. No entanto é necessaria em pesquisas
futuras a avaliacdo de suas propriedades, através de ensaios de caracterizacdo mecanica,
como o ensaio de tracdo, a fim de obter maior detalhamento do material produzido e
posteriormente realizar a busca de utilizagcdo deste material como produto de utilidade em
setores industriais e domésticos, trazendo para as industrias uma alternativa de fabricacéo
de material utilizando componentes naturais.
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RESUMO: O sistema cardiovascular &
composto pelo coragdo, sistema vascular
sanguineo e o sistema vascular linfatico.
Sendo o sistema vascular sanguineo o que
desempenhamaiorfungéo, levando oxigénio
e nutrientes para as diversas partes do
corpo e que os residuos metabolicos sejam
transportados até seu local de eliminacéo.
E formado pelo coragdo, artérias, vasos
capilares e veias. Nesse sentido o objetivo
desse trabalho é coletar e aplicar um método
de conservacdo, buscando compreender
as técnicas de preservacdo de estruturas
anatémicas; realizar dissecagédo do 6rgéo,
conhecer as estruturas que compdem a
anatomia topografica, avaliacdo de tecidos
e estrutura anatomofisioldégica do sistema
cardiovascular, suas patologias e aprofundar
o0 conhecimento sobre a integracdo do
sistema abordado que levam a homeostasia
de cada organismo. Paralelamente a
isso iniciou-se uma pesquisa de carater
qualitativo através de um estudo de caso
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com pesquisa bibliografica, com procedimentos de natureza aplicada. O material para o
estudo foi uma doagdo de um coragdo da espécie bovina, onde seu abate ocorreu para
consumo humano. O coracgéo foi fixado no formol 10% para sua conservacéao e foi realizado
a seccionamento do tecido adiposo e do saco pericardico que estava envolto a fim de deixar
mais evidente a musculatura, veias e artérias do referido 6rgao. Esse trabalho buscou alinhar
0s conhecimentos tedricos e praticos, sendo possivel identificar as particularidades do 6rgéao
de maneira macroscépica, sua fungdo morfolégica e funcional, e de que maneira se realiza a
fixagdo e preservacao de 6rgaos em formol.

PALAVRAS-CHAVE: Espécie bovina; Coracéo; Vascularizagdo; Patologias.

ABSTRACT: The cardiovascular system is composed of the heart, the blood vascular system
and the lymphatic vascular system. As the blood vascular system plays the greatest role,
carrying oxygen and nutrients to different parts of the body and metabolic waste is transported
to its elimination site. It is formed by the heart, arteries, capillaries and veins. In this sense, the
objective of this work is to collect and apply a method of conservation, seeking to understand
the techniques of preservation of anatomical structures; perform organ dissection, know
the structures that make up the topographic anatomy, tissue evaluation and anatomical
and physiological structure of the cardiovascular system, its pathologies and deepen the
knowledge about the integration of the approached system that lead to the homeostasis of
each organism. At the same time, a qualitative research was started through a case study with
bibliographical research, with applied procedures. The material for the study was a donation of
a bovine heart, where it was slaughtered for human consumption. The heart was fixed in 10%
formalin for conservation, and the adipose tissue and the surrounding pericardial sac were
sectioned in order to make the musculature, veins and arteries of that organ more evident.
This work sought to align theoretical and practical knowledge, making it possible to identify
the organ’s particularities in a macroscopic way, its morphological and functional function, and
how the fixation and preservation of organs in formaldehyde is carried out.

KEYWORDS: Bovine species; Heart; Vascularization; Pathologies.

INTRODUCAO

Os bovinos pertencem a familia Bovidae e a subfamilia Bovinae. Esses animais sdo
herbivoros, e sua alimentacdo é composta basicamente por material vegetal. Além disso,
eles sdo classificados como ruminantes, reconhecidos pela realizagdo de movimentos
de mastigacdo mesmo quando nédo estdo se alimentando (ruminag¢édo). No estudo da
fisiologia animal, o corpo é dividido em sistemas, e o presente trabalho abordara o sistema
cardiovascular ou também conhecido como sistema circulatério.

O sistema cardiovascular € composto pelo coragéo, sistema vascular sanguineo e o
sistema vascular linfatico. Sendo o sistema vascular sanguineo, o que desempenha maior
funcéo, formado pelo coragéo, artérias, vasos capilares e veias. Este sistema caracteriza-
se por ser um sistema fechado, circulando sangue ininterruptamente. Composto por duas
circulagdes em série: a circulagéo pulmonar (pequena circulagéo), que € formada pelo atrio
direito, ventriculo direito e pulmdes; e a circulacéo sistémica (grande circulagéo), integrado
pelo &trio esquerdo, ventriculo esquerdo e 6rgaos sistémicos.

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 17

206



Esse trabalho buscou aliar os conhecimentos teéricos e praticos, propiciando assim a
realizac¢do de atividades relacionadas com os conteudos estudados no semestre. Procurou-
se vivenciar na pratica a morfofisiologia dos sistemas organicos de animais domésticos a fim
de gerar suporte para identificar e classificar os fatores etiolégicos, compreender e elucidar
a patogenia, interpretar sinais clinicos, exames laboratoriais, alteragbes morfofuncionais,
além de avaliar e aprimorar 0 senso critico.

Dessa forma o objetivo geral deste trabalho foi coletar e aplicar um método de
conservagdo. E como objetivos especificos buscou-se compreender as técnicas de
preservacdo de estruturas anatdémicas; realizar dissecacdo das estruturas, avaliacdo
de tecidos e estrutura anatomofisiologica do sistema cardiovascular; reconhecer as
caracteristicas estruturais, funcionais e morfologicas; identificar as caracteristicas
macroscopicas de tecidos que compdem o sistema cardiovascular; integra¢do do sistema
abordado e que levam a homeostasia de cada organismo; conhecer as estruturas
que compdem a anatomia topografica, fisiologia e morfologia histologica do sistema
cardiovascular e relacionar a integracao das atividades sincronas e assincronas.

DESENVOLVIMENTO

No presente trabalho serdo detalhados o referencial tedrico, contendo abordagem
de exposicao ordenada e pormenorizada da anatomia do coragao bovino, pericardio, veias,
artérias, vascularizacao e patologias que acometem o sistema cardiovascular dos bovinos.
Em seguida a metodologia empregada para conservagédo do modelo anatémico em questao
e os resultados encontrados.

Referencial Tedrico

O sangue apoés circular nos tecidos retorna ao coragdo desoxigenado, sendo
rico principalmente em dioxido de carbono, por meio da veia cava cranial (contendo
sangue dos membros superiores do corpo) e da veia cava caudal (contendo sangue dos
membros inferiores do corpo). O sangue venoso entra no atrio direito durante a diastole,
periodo de relaxamento do atrio, o sangue é direcionado, através da valva tricuspide, ao
ventriculo direito. No ventriculo ocorre a sistole, periodo em que se contrai e o sangue
passa pelas valvulas semilunares pulmonares e segue para os pulmdes, por meio das
artérias pulmonares. Posteriormente a circulagdo do sangue pelos pulmdes, ele retorna
contendo sangue arterial, composto basicamente de oxigénio, ao coragdo por meio das
veias pulmonares e direcionando-se ao atrio esquerdo, passa pela valvula mitral e chega
ao ventriculo esquerdo, de onde é bombeado para todo o corpo por meio da artéria aorta
(REECE, 2020).

Os vasos sanguineos fazem um caminho permanente do sangue que deixa o
coracao e retorna a ele. Dos ventriculos para os atrios, 0s vasos sanguineos compreendem
a ordem: artérias, arteriolas, capilares, vénulas e veias (REECE,2020).
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Em bovinos o volume sanguineo corresponde a 6 a 8% do seu peso corporal. Uma
célula sanguinea demora aproximadamente 30 segundos para deixar o coragéo, passar
por todo o corpo e regressar (KONIG; LIEBICH, 2016).

Anatomia do coragdo bovino

O coracao situa-se no mediastino, ou seja, na parte interior do saco pericardico,
onde fica a maioria da massa cardiaca no hemotérax esquerdo. A regido ocupada pelo
coracao é oposta a parede toracica, grande no lado esquerdo do térax e se estende a partir
do bordo caudal da terceira costela e vai até o quinto espaco intercostal, e do lado direito
se posiciona em meio ao terceiro e quartos espacos intercostais (CABRAL, 2008).

E composto pelo endocardio (parte mais interna) o qual recebe as cavidades do
coragao, miocardio (maior parte) e o epicardio (parte mais externa). Possui também uma
base que contém dois atrios (esquerdo e direito), um apice, dois bordos, cefalico-direito e
caudal- esquerdo e duas faces (atrial e auricular). A diviséo interna do coracao se da em
quatro camaras, dois atrios de forma dorsal e dois ventriculos de forma ventral (LEMOS,
2017).

Por sua vez, os atrios (direito e esquerdo) sédo desligados de forma interna pelo septo
interatrial, e os dois ventriculos pelo septo interventricular (Figuras 1 e 2). O atrio do lado
direito faz comunicacdo com o ventriculo direito por meio do 6stio atrioventricular direito,
que contém uma valvula tricuspide. J& o atrio esquerdo se comunica com o ventriculo
esquerdo por intermédio do 6stio atrioventricular (CABRAL, 2008).

O miocardio, ou musculo cardiaco, compde a maior parte da parede cardiaca. Ele
consiste em fibras de musculo estriado modificado, as quais se caracterizam por possuirem
nucleos basais. Essas fibras formam anastomoses umas com as outras através de suas
extremidades, o que resulta em um padrdo de entrelagamento com faixas mais leves que
marcam a jungéo entre as células, os discos intercalares (KONIG; LIEBICH, 2016).

Os impulsos cardiacos séo gerados a partir do auto despolarizagéo do n6 sinoatrial e
a seguir, devido as comunicagdes entre as células cardiacas e a um sistema especializado
de conducgéo, formado pelos nés atrioventriculares, feixe (feixe de His) e fibras de Purkinje,
0s impulsos passam rapidamente para toda a musculatura cardiaca, de forma que o
coracao funciona como um sincicio (como se fosse uma Unica célula), ocorrendo contragéo
de suas células quase ao mesmo tempo. Essa contracéo de relaxamento sincronizado é
importante para que desempenhe de forma adequada sua fungéo de bomba (KLEIN, 2014).
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Figura 1: Coragéo Bovino, vista esquerda.

Fonte: Anatomia dos animais domésticos, Sisson/ Grossman 1986

Figura 33-2. Coragiao de bezerro, vista atrial (caudal direita).

1, Aorta descendente; 2, tronco braquiocefalico; 3, ligamento arterial; 4, arté-
rias pulmonares; 5, veias pulmonares; 6, veia cava caudal; 7, veia cava cranial'..ﬂ.
itrio direito; 9, veia azigos direita; 10, seio corondrio; 11, veia cardiaca média;
12, ramo interventricular subsinuoso; 13, artéria coronaria direita; 14, ventri-
culo esquerdo; 15, ventriculo direito; 16. grande veia cardiaca.

Figura 2 : Coragéo de bezerro, vista atrial (caudal direita)

Fonte: Anatomia dos animais domesticos, Sisson/ Grossman 1986
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O peso do coracao de um bovino adulto é de aproximadamente 2,5 kg, que coincide
a 0,4% ou 0,5% do peso corporal. Contém um sulco intermédio ou caudal, que quando
comparado a de um equino compreende um elevado comprimento de sua base ao apice,
€& menor nos dois diametros, sendo assim, a parte ventricular possui forma cénica e mais
pontiaguda (LEMOS, 2017).

Pericardio

Imagem 02 x,mmveﬂc&m
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Parietal
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Visceral

Figura 3: Cavidade pericardica.
Fonte: STRAMA, 2019.

O coragéo é parcialmente cercado por uma membrana serosa chamada de pericardio.
O pericardio € um saco fibro-seroso que envolve o coragdo e parte dos grandes vasos.
Com a funcéo de protecao e sustentacéo, corresponde a um saco completamente fechado
de paredes resistentes. Divide-se em duas partes: o pericardio fibroso e o pericardio seroso
(Figura 3). O pericardio fibroso, fica mais externo, localiza-se unido ao esterno através dos
ligamentos externos pericardicos direito e esquerdo (DYCE, 2004).

O pericardio seroso é constituido por duas laminas, a parietal e a visceral. A lamina
parietal, que forra a face externa do pericardio fibroso, é continua a camada visceral na
base do coracgéo e reforgada por uma camada fibrosa superficial (o pericardio fibroso), que
por sua vez, é recoberta por uma camada de pleura mediastinal (também conhecida como
pleura pericardica). E a visceral, é a Gltima camada do coragéo, mais interna que cobre a
superficie do coragédo e topos justos cardiacos dos grandes vasos, sdo continuas numa
linha de reflexao sobre os grandes vasos e formam entre si a cavidade fechada (o espacgo
pericardico) que contém um liquido seroso (liquido pericardico), em quantidade suficiente
para permitir uma facil movimentacao do coragdo contra o pericardio, sem atrito entre as
camadas na hora das contragdes cardiacas (FAILS, 2019).
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Vasos Sanguineos

O coracgéo tem a funcdo de bombear o sangue por todo o corpo através de vasos
sanguineos que saem dele. Estes Gltimos sdo classificados como veias ou artérias
conforme o sentido do fluxo do sangue e conforme ao tipo de sangue que elas carregam.
As veias carregam sangue venoso, pobre em oxigénio, da periferia do corpo até o coragéao.
Ja as artérias fazem o caminho inverso, transportam sangue arterial, rico em oxigénio, do
coragao para o resto do corpo (DYCE, 2004).

As veias sao classificadas em veias pequenas, médias e grandes calibres. Quanto
mais préximo ao corag¢ao, sdo menos numerosas e de maior calibre e quanto mais longe,
s&0 mais numerosas e de menor calibre. Sao divididas em trés partes: tdnica intima, que &
uma camada subendotelial delgada feita de tecido conjuntivo frouxo, tinica média, que &
uma camada mista de células musculares com fibras reticulares, e tunica externa ou tanica
adventicia, que é bem grossa (JUNQUEIRA; CARNEIRO, 2017).

As vénulas sdo as menores veias encontradas e se estendem por todo corpo. Tem
como principais fungdes, ser mediador da inflamacgéo e alterar a permeabilidade vascular
além de influenciar no fluxo de sangue nas arteriolas, recebem sangue dos capilares,
tornam-se veias e retornam o sangue para o cora¢ao (JUNQUEIRA; CARNEIRO, 2017).

A veia cava é dividida em cranial e caudal, veia cava cranial recebe o sangue
oriundo da cabeca, dos membros toracicos e da metade cranial do corpo, ja a veia cava
caudal recebe sangue que vem dos membros pélvicos e da parte caudal do corpo, as duas
despejam seu conteudo dentro do atrio direito. Merece destaque a veia porta e as veias
pulmonares. A primeira tem grande importancia no sistema pois ela recebe sangue do
aparelho digestivo e o leva pelo figado até a veia cava. Ja a segunda, transporta o sangue
rico em oxigénio de volta ao atrio esquerdo. Essa tem uma caracteristica importante ja que
€ Unica veia que transporta sangue rico em oxigénio enquanto as outras carregam sangue
pobre em oxigénio chamado de sangue venoso (KONIG; LIEBICH, 2016).

As veias, principalmente as maiores, possuem dobras da tunica intima que se
projetam para o lumen do vaso: as chamadas valvulas. Tais valvulas sdo compostas de
tecido conjuntivo rico em fibras elasticas, revestidas por endotélio e consistem em estruturas
que impedem o refluxo sanguineo e direcionam o sangue venoso de volta para o coragao
(JUNQUEIRA; CARNEIRO, 2004)

O sistema cardiovascular € sempre o primeiro a se tornar fundamental nos
mamiferos, os vasos sanguineos incluem as artérias que transportam o sangue a partir do
coracdo. Quando as artérias se ramificam e se dividem, elas acabam formando arteriolas,
um didmetro menor, que levam aos capilares, os quais apresentam o menor didmetro
dentre todos os vasos sanguineos e permitem a passagem de células e nutrientes para os
tecidos. A artéria coronéria direita vem do seio direito do bulbo da aorta e faz passagem

entre a auricula do atrio direito e também do tronco pulmonar até o sulco coronério. Faz seu
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seguimento ao redor da face cranial com base do coracéo e entdo se afunila em diregéo
a origem do sulco interventricular subsinuoso. A artéria coronaria direita se prolonga até o
apice e nao irriga essa area os equinos e suinos (DYCE, 2004).

Temos uma grande variacdo no padrdo das artérias coronarias em individuos,
aquela que nao é clinicamente importante na medicina veterinaria, por outro lado tens
diferenga grande na medicina humana no que se refere a cirurgia e a infarto. As artérias
coronarias sdo denominadas artérias finais porque ndao formam anastomoses, por isso a
ocluséo vascular de um ramo que nao pode ser tolerada e acarreta infarto local do musculo
cardiaco. A maioria das veias coronarias desemboca na veia cardiaca magna que ocorre
paralelamente a artéria coronaria esquerda (JUNQUEIRA; CARNEIRO, 2017).

Artérias de circulagdo pulmonar, o sangue & desoxigenado é transpassado do
ventriculo direito para o pulméo pelas artérias da circulagéo pulmonar que faz que com o
tronco pulmonar e as artérias pulmonares direita e esquerda, ventralmente a bifurcacéo
da traquéia o tronco pulmonar se divide nas artérias pulmonares direita e esquerda. Cada
artéria passa para o pulmao correspondente onde seus ramos seguem os brénquios até
sua terminacéo. As artérias pulmonares sdo as Unicas artérias no corpo que conduzem
sangue desoxigenado. As artérias da circulacdo sistémica compreendem as artérias que
transportam o sangue oxigenado do ventriculo esquerdo do coragcdo para os 6rgaos e
tecidos corporais (KONIG; LIEBICH, 2016). Artéria subclavia é o tronco costocervical
em qual se divide na artéria escapular dorsal, que ela se ramifica na base do pescoco
e ao redor da cernelha, tem a artéria intercostal suprema (no céo é a artéria vertebral
toracica), no qual se nutre as primeiras artérias intercostais. Artéria cervical profunda é
o ramo terminal do tronco costocervical que se prolonga dorsalmente. A artéria vertebral
passa cranialmente pelo canal transverso formado pelos forames transversos sucessivos
das vértebras cervicais. Entra pelo canal vertebral do atlas. No bovino a artéria vertebral
também vasculariza as partes caudal do encéfalo, esse fato ganha importancia. A artéria
toracica interna ocorre de forma caudal, acima do esterno e emite ramos intercostais, ela
termina no diafragma e na artéria musculo frénica (KONIG; LIEBICH, 2016).

Os capilares ficam responsaveis por realizar as trocas gasosas entre as vénulas
e as arteriolas, permitindo a troca de nutrientes entre 0 sangue e as células do corpo
(EURELL; FRAPPIER, 2012), ainda segundo Dyce (2004), a quantidade de vasos capilares
difere-se de acordo com o tipo de tecido que ele irriga.

Os capilares conectam as artérias e as veias e realizam a troca de gases e pequenas
moléculas por difusdo com os tecidos (REECE, 2017). A partir da arvore arterial, os vasos
se abrem em volumosas redes de tdbulos pequenos e de paredes uniformemente delgadas
chamadas capilares (EURELL; FRAPPIER, 2012).
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Patologias cardiacas em bovinos

As principais patologias clinicas que podem acometer o sistema cardiaco dos
bovinos sdo as endocardites, pericardites, cardiomiopatias, miocardites, e os problemas
cardiacos congénitos. Nestes animais, essas patologias sdo consideradas como sendo
uma presuncao a longo prazo, independentemente da sua causa, tornando mais dificil a
decisdo a tomar nesta situacédo (tratamento, refugo ou eutanasia) (JONES et al, 2000).

No entanto, o conhecimento dos principais sinais clinicos e anatomo-fisiologicos,
podem ajudar a distinguir um diagnéstico quando encontrada em estagio inicial, e a conduta
correta em relagdo a satude do animal (BEXIGA et al, 2008).

Endocardite

A endocardite € a patologia valvular mais frequentemente encontrada em bovinos
adultos. E adquirida e resulta em insuficiéncia da valva afetada. Apesar da valvula trictspide
ser a que se encontra comprometida com casos apresentados, também apresentam outras
valvulas ou o endocardio adjacente a estas podem, ocasionalmente, ser alvo de infeccéo
(PEEK; MCGUIRK, 2008).

Esta € uma das poucas condi¢des cardiacas passiveis de serem tratadas, de nem
sempre ter uma taxa de sucesso elevada. Deste modo, € importante que as suspeitas,
diagnéstico e tratamento ocorram o mais rapido possivel para que o prognéstico seja mais
favoravel (PEEK; MCGUIRK, 2008). As endocardites em bovinos séo maioritariamente de
origem bacteriana, mas podem, ocasionalmente, ocorrer devido a parasitas (RADOSTITS
et al, 2007).

Existem ainda duvidas sobre se a infeccdo se inicia por adesdo direta do
microrganismo ao endotélio normal, ou se através de pequenas descontinuidades da
superficie das valvulas ou por difus@o hematogénica através dos capilares da base das
véalvulas (RADOSTITS et al, 2007).

Nos bovinos, a endocardite surge como consequéncia de uma doenca crénica em
uma regiao distante e com bactérias persistentes, sem lesdes prévias no endotélio valvular
(RADOSTITS et at, 2007).

Pericardites

A reticulo-peritonite traumatica é uma patologia comum em bovinos, pois o0 seu
comportamento alimentar, pouco seletivo, faz com que estejam predispostos a ingestéao
acidental de corpos estranhos, principalmente metalicos. Devido a localizagdo anatdomica
do coragao nos bovinos, muito proximo da zona diafragmatica do reticulo, a presenca de um
corpo estranho perfurante no reticulo pode levar ao desenvolvimento de uma pericardite,
uma vez que o corpo estranho cria um trajeto fibroso levando bactérias que contaminam o
fluido pericardico, provocando uma pericardite fibrina-purulenta — pericardite traumatica —
uma das principais causas de pericardite nos bovinos (PEEK; MCGUIRK, 2008).
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Umavez que o diafragma, pericardio e musculo cardiaco se encontram imediatamente
cranialmente ao reticulo e o figado dorso medialmente a este, o avanco do corpo estranho
que causou a reticulo-peritonite pode levar ao desenvolvimento de uma pericardite séptica
e/ou ao envolvimento dos outros 6rgéaos no processo inflamatério (GUARD, 2002).

Na maioria dos casos desenvolve-se uma situagéo de toxemia, produzindo bactérias
presentes no saco pericardico. Caso existam bactérias produtoras de gés, este ira misturar-
se com o fluido existente, sendo, por vezes, possivel ouvir a auscultagdo (RADOSTITS et
al., 2007).

Problemas cardiacos congénitos

Defeitos congénitos (DCs) sado disturbios na estrutura e/ou fungdo de todo um
sistema, ou parte dele, que ocorrem desde o nascimento. Em bovinos, os DCs tém
prevaléncia variavel entre 0,2-3% (LEIPOLD; DENNIS 1986). As perdas referentes aos
DCs em um rebanho estéo relacionadas ao aborto (ROUSSEAUX, 1988), as malformacgdes
fenotipicas, as deficiéncias funcionais e ao subdesenvolvimento (PIMENTEL et al, 2007).

Os DCs podem ser hereditarios ou terem causas infecciosas ou ambientais, ou
ocorrerem por uma interacao de ambos, agindo em um ou mais estagios do desenvolvimento
fetal CITEK et al., 2009). A ocorréncia de casos de DCs com aumento gradual no nimero
de animais afetados, associado ao uso continuo dos mesmos reprodutores em rebanho
de uma Unica origem esta relacionada a doenga hereditaria por genes recessivos. O
nascimento de varios animais com DC em um Unico periodo reprodutivo € comum em
casos induzidos por fatores ambientais ou doencas hereditarias por genes dominantes
(SCHILD, 2007).

METODOLOGIA

O estudo desenvolvido caracteriza-se primeiramente de enfoque qualitativo através
de um estudo de caso com pesquisa bibliografica. Os procedimentos de natureza aplicada
iniciaram-se com a doacao do coragao bovino.

O presente trabalho tem como estudo o sistema cardiovascular de um bovino da
raca holandés com idade de dois anos e trés meses, de aproximadamente seiscentos
quilos, sendo que o animal era de pastagem, mas estava confinado ha seis meses. O
abate aconteceu na propriedade rural particular de um integrante do grupo, na cidade de
Selbach-RS. O coragéo foi doado pelo colega que o levou até a instituicdo, onde iniciou-se
0 processo de conservacao.

Para a coleta do 6rgéo, foi utilizado: facas, serra, tesouras, avental de pvc, 6culos e
luvas. ApOs a coleta, o coracao foi armazenado em uma caixa plastica a formol 10% como
recomendado por Freitas et al, (2009). A solugéo foi preparada onde um litro de formol
37% foi diluido em nove litros de agua. Ao final do processo toda extensédo do 6rgéo ficou
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submersa na solucéo e apdés dez dias mudou sua coloragdo avermelhada para um tom
mais esbranquicado (Figuras 4 e 5). Permanecera armazenado na instituicdo por tempo
indeterminado. Estando o 6rgao conservado, reuniu-se o grupo no laboratério de anatomia
da Faculdade IDEAU de Passo Fundo, onde foi realizada a secgdo do saco pericardico,
a fim de deixar mais evidente a musculatura do referido 6rgéo. Para a realizagdo desse
procedimento foi utilizado equipamentos de seguranga como jaleco, éculos, luvas e auxilio
de um bisturi.

Figura 4 e 5: Materiais utilizados e coragéo imerso na solugéo de formol e agua.
Fonte: Autores, 2021.

RESULTADOS E DISCUSSAO

No processo de preparagdo do sistema cardiovascular, composto pelo coracédo e
vasos sanguineos, utilizou-se a técnica de conservagéo em formol a 10% e observou-se
sendo eficaz, assim como descrito por Kimura e Carvalho (2010). Esta técnica compreende
em preservar tecidos bioldégicos sem que acontega a decomposigéo ou algum processo que
ird prejudicar a peca anatémica. Durante a conservacéo da peca, ela teve uma mudanca
em sua coloracgéo inicial, avermelhada, para um tom mais esbranquicado ap6s dez dias
(Figura6 e 7).
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Figura 5 e 6: Resultado apds imersao em solugao de formol.

Fonte: Autores, 2021.

Assim como foi observado na peca trabalhada, parte da dificuldade na aprendizagem
esté relacionada com o fato de que o coragdo nao é perfeitamente simétrico, podendo ser um
tanto dificil discernir qual face (dorsal, ventral, direita ou esquerda) e quais vasos estao sendo
visualizados.

Conforme relatado por Silva (2014), o coragao é dividido, por um septo interventricular
longitudinal, em lado esquerdo e lado direito. Cada um possui um septo transverso nos
atrios, que recebem sangue e nos ventriculos que bombeiam sangue.

Segundo Konig e Liebich (2016), e visualizado na figura 7, o atrio direito recebe
sangue da veia cava cranial, da veia cava caudal e do seio corondrio dividindo-se em parte

principal, seio da veia cava, e a auricula do atrio direito.
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Figura 7: Atrios e Ventriculos.

Fonte: Biologycorner.com

O ventriculo direito designa a parte cranial direita da massa ventricular formando
quase toda a borda cranial do coragdo, mas nao vai até o apice. Semelhante a algo
triangular em seu contorno e tem a forma crescente, em corte transversal. E ornado pela
valva atrioventricular direita (tricuspide) e pela valva pulmonar (CINELLI; SILVA, 2014).

Segundo 0 mesmo autor, o atrio esquerdo forma a parte caudal da base do coracéo.
Localiza-se caudalmente ao tronco pulmonar e a aorta, e dorsalmente ao ventriculo
esquerdo. As veias pulmonares abrem-se no atrio caudalmente ao mesmo e do lado direito.
O ostio atrioventricular esquerdo esta posicionado ventro cranialmente.

O ventriculo esquerdo é constituido pela parte caudal esquerda da massa ventricular.
Ele possui sua forma mais regular e cénica do que o ventriculo direito e sua parede é muito
mais espessa, exceto no apice. Ele forma todo contorno caudal da parte ventricular e do apice
do coragéo. E ornado pela valva atrioventricular esquerda, também chamada de bicuspide ou
mitral, e pela valva aédrtica (CINELLI; SILVA, 2014).

Conforme cita Getty (2008), o musculo estriado cardiaco € o tipo de tecido muscular
que forma as camadas musculares do coracdo, conhecida por miocardio, também é
chamado tecido muscular estriado cardiaco.

Conforme visto na pega anatémica trabalhada, coragéo € formado por trés tipos
principais de musculos: Ventricular, contrai de forma parecida com o masculo estriado, mas
a duracéo de contracao é maior; Atrial, contrai de forma parecida com o musculo estriado,
mas a duracdo de contracdo € maior; Fibras musculares excitatérias e condutoras, sO
se contraem de modo mais fraco, pois contém poucas fibrilas contrateis, ao contrario,
apresentam ritmicidade e velocidade de condugédo variaveis, formando um sistema
excitatorio para o coragdo (GARTNER, 2007).
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As midias se dispéem lado a lado, juntando-se e separando-se entre si, através de
“‘luncdes de abertura”. Uma grande vantagem neste tipo de disposicdo de fibras € que o
impulso, uma vez atingindo uma célula, passa com grande facilidade as outras (BANKS, 1991).

Existem dois sincicios funcionais formando o coragéo: Sincicio atrial e Sincicio
ventricular. Os dois sdo separados por uma membrana de tecido fibroso. Isso possibilita
que a contracao nas fibras que compdem o sincicio atrial ocorra em tempo diferente da que
ocorre no sincicio ventricular (CUNNINGHAM, 2004).

Conforme relatado por Ashdwn (2011), isso ocorre para a perfeicdo do batimento
cardiaco, ou seja, enquanto o atrio se contrai, denominado sistole o sangue é ejetado para
o ventriculo, denominado diastole, e quando o atrio relaxa (diastole), o ventriculo se contrai
(sistole) proporcionando assim o fechamento das valvulas e impulsionando o sangue para
as artérias. Sendo assim, o “atraso” dos impulsos, ocasionado pela membrana de tecido
fibroso entre atrios e ventriculos, causa diferenca de contragao entre eles. As contracoes se
caracterizam assim por ser ritmica, vigorosa e involuntaria. As fibras musculares cardiacas
tém discos (membranas que delimitam a célula) intercalados entre uma fibra e outra,
possuindo contragdes involuntarias, sendo controladas pelo sistema nervoso auténomo.

Observou-se que 0 6rgéo estava envolto de tecido adiposo, que foi parcialmente
removido para melhor visualizagdo dos vasos, além disso parte do saco pericardio também
foi seccionado com a mesma finalidade (Figura 8). O tecido adiposo é um tipo especial de
tecido conjuntivo formado por adip6citos. Sendo a principal fonte reservatoria de energia
para o organismo, encontrado espalhado pelo corpo com fungéo de sintetizar lipidios,
proteger os érgéos internos em seus lugares e servir de isolante térmico (ALANIZ, 2006).
O excesso de adipécitos pode acarretar obstrucéo de artérias e veias, além de afetar o
metabolismo e qualidade de vida do animal.

Figura 8: Saco pericardio seccionado e pega pronta.

Fonte: Autores, 2021.
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O coracgéao dos bovinos apresenta o osso cardiaco. Esse 0osso é uma calcificacao de
parte do esqueleto fibroso do coracédo e serve para estabilizar os grandes vasos durante a
sistole, apresentando uma capa de gordura densa e possuem aspecto triangular (MELO,
2010).

Finalizando, ressalta-se a importancia do estudo do sistema cardiovascular bovino,
para conhecimento de suas estruturas e funcionamento, assim contextualizando com as
demais estruturas para o melhor entendimento do organismo como um todo, favorecendo
praticas de manejo e bem-estar desta espécie.

CONCLUSAO

Conclui-se que, a partir desse trabalho se aliou a pesquisa e as aulas te6ricas com
a pratica, favorecendo o aprendizado e desenvolvimento, o objetivo foi alcangado sendo
possivel identificar anatomicamente as particularidades do 6rgéo de maneira macroscopica
como as veias e artérias, sua funcdo morfologica e funcional, a vascularizagcao e percurso
do sangue no corpo, patologias envolvidas e de que maneira se realiza a fixacdo e
conservacgao de 6rgaos em formol 10%.
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ABSTRACT: Gypsum (calcium sulfate) for
agricultural uses is a source of essential
nutrients for plants (calcium and sulfur) and
a soil and root environment conditioner in
surface and subsurface soil layers. Applying
gypsum to the soil reduces physical,
chemical, and biological losses. Gypsum is
primarily available as mined (sedimentary
rocks) or as a by-product of industrial
processes (e.g., acid manufacturing),
food protein production (lacto-gypsum),
or pollution control systems (e.g., flue
gas desulfurization gypsum). Many plant
nutrients in the soil can be managed by
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applying gypsum alone or in combination
with other components such as lime and
organic amendments.  Surface-applied
gypsum improves nutrient distribution in the
soil profile and reduces aluminum saturation
in no-tillage cropping systems. There are
multiple and simultaneous benefits of
applying gypsum to the soil that may be
responsible for increasing plant resistance
to stresses (biotic and abiotic plant diseases)
and increasing plant biomass, grain, fibers,
and extract yields in traditional extensive
agroenvironments or organic cultivation.
However, the use of gypsum in agriculture
depends on its availability and shipping costs
compared to the expected soil and yield
responses. When gypsum is economically
viable, significant advances in yields and the
overall efficiency of the production process
can be achieved in various crops and soil
conditions. The aim of this chapter is not
to exhaustively cover all gypsum-related
topics but to address concepts and studies
that will (i) review the recent literature on
the effects of gypsum application in the soil-
plant-environment system; (ii) present the
gypsum recommendation methodologies
and considerations; (iii) discuss studies
and cases of gypsum uses in different soils
and environmental conditions; (iv) suggest
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ways of managing gypsum to efficient and sustainable agriculture, and (v) present themes to
be studied and explored to advance the knowledge of this agricultural tool. The information
presented in this chapter is intended for farmers, researchers, natural sciences students,
agricultural management consultants, environmental regulators, and agricultural gypsum
producers and traders.

KEYWORDS: calcium sulfate, calcium, sulfur, soil parameters, plant nutrition, crop
management, efficient food production, eco-friendly agriculture

The sustainability of a growing human population depends on the sustainability of
agriculture. Food, feed, fibers, and fuel from crop plants must consider preserving and
improving healthy environments and their ecological services. Therefore, agriculture must
be conducted according to adequate technical principles and precise farming management.
The correct amount and time of fertilizer applications for crop production are essential for
enhanced results and reduced environmental impacts.

Modern techniques for field fertilization include using highly efficient fertilizers and
soil conditioners (products that affect soil physical, chemical, and biological attributes) to
supply crop plants during their cycle. Agricultural gypsum is a fertilizer and a soil conditioner,
and despite its underuse for farming, it is among the most important nutritional amendments

used for crop production worldwide.

GYPSUM ORIGINS

Concentrated gypsum (CaSO,, or calcium sulfate) contains about 23.3% calcium,
18.6% sulfur, and minor amounts of other elements; however, for agricultural purposes,
hydrated gypsum (CaSO, x 2H,O, or gypsum) is more available to the farmers. The
production of hydrated gypsum starts with gypsum natural rock (Deer et al., 1966), which is
grounded and heated (190-200 °C) to remove more than two-thirds of its water content. This
less hydrated mined gypsum is a neutral salt containing approximately 79% calcium sulfate
and 21% water, and it is a moderately soluble (2.5 g L") and a relatively common mineral
(Curi et al., 1993; Chen and Dick, 2011; Wang and Yang, 2018). Anhydrite (anhydrous
gypsum) is another natural rock available as a gypsum source; however, the hardness and
low reactiveness make it less economically attractive.

The world’s top five mined gypsum producers are the USA (22 million tons), China,
Iran, Turkey, and Thailand (Crangle Jr., 2021). Brazil produces about 3 million tons of mined
gypsum (Crangle Jr., 2021), and 80 mines have been exploring this resource recently
(IBRAM, 2020), mainly concentrated in the north, northwest, and central-west sides of the
country (van Raij, 2008). Gypsum for agricultural uses is also available as (i) a by-product of
phosphoric, hydrofluoric, and citric acid production, (ii) a by-product of the pollution-control
processes (e.g., neutralization of sulfuric acid and flue-gas desulfurization), and minor (iii)
from dairy whey side streams (Alcordo and Rechcigl, 1993; Zoca and Penn, 2017; Bondi et
al., 2021).
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The gypsum by-product of the manufacture of phosphoric acid from the sulfuric acid
attack on rock phosphate is named phosphogypsum (van Raij, 2008; Vitti et al., 2008).
This sort of gypsum is widely available and may have impurities such as small proportions
of phosphorus, potassium, magnesium, sodium, boron, fluorine, silicon, iron, aluminum,
heavy metals, and radionuclides depending on the gypsum rock composition and geological
origins (Alcordo and Rechcigl, 1993), but the calcium and sulfur relative concentrations still

very similar among the types of mined gypsum available (van Raij, 2008).

BENEFITS AND EFFECTS OF GYPSUM USE

The positive results of gypsum application to the soil-plant-environment system are
long known (Mayer, 1768; Crocker, 1922; Brasil et al., 2020). The first studies to highlight
the positive effects of gypsum on agriculture in Brazil were reported by Malavolta et al.
(1979) - which indicated crop improvements and higher root development in high-sodium
soils - and by Ritchey et al. (1980) - which stated that single superphosphate and gypsum
application resulted in (i) increased soil calcium contents, (ii) lower subsoil aluminum sa
turation, and (iii) improved maize (Zea mays) root development.

Ritchey et al. (1980) also highlighted that the leaching of soil bases such as potassium
and magnesium could occur as the gypsum rate increases and that the improvements
generated by the gypsum application are not exclusively due to the calcium sulfate as a
source of calcium and sulfur. Syed-Omar and Sumner (1991) observed that exchangeable
magnesium was reduced throughout the first 0.525 m soil layer, while no reduction in
exchangeable potassium was observed below the 0.225 m soil layer. Their study indicates
magnesium is more susceptible to leaching loss than potassium after surface gypsum
application (2, 5, or 10 Mg ha™"). It was also suggested that surface-applied gypsum be used
as a soil ameliorant along with proper management of magnesium and potassium fertilizers.

Gypsum dissociates into calcium cation (Ca®") and sulfate anion (SO,?) in soil solution.
The calcium added to the soil complex displaces other cations, such as magnesium (Mg?),
potassium (K*), and aluminum (AI**). These displaced cations react with the sulfate anion
and originate less phytotoxic forms of aluminum and neutral ionic pairs (cation + SO,?), such
as MgSO, and K,SO, which are highly mobile ionic pairs in the soil profile (Carvalho and
van Raij, 1997).

The magnesium leaching caused by gypsum application can be even more damaging
to plant development if other soil nutrition strategies are not appropriately implemented.
A plant magnesium deficiency in the Brazilian Cerrado was potentialized by gypsum
application to a newly opened area (summer of 2023/2024) for grain cropping (Padua Jr., A.
L. — data not previously published). The affected area was treated with 3 Mg ha™' of calcitic
lime (45-55% CaO, 1-4.99% MgO) 90 days before maize sowing and 1 Mg ha' de gypsum
60 days before maize sowing. The soil magnesium content in the 0-0.2 m soil layer was
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also low (0.4 cmol_ dm?). However, the recommendation for magnesium-poor soils where
gypsum is needed is the application of dolomitic lime (25-35% CaO, = 5% MgO). Dolomitic
lime (2 Mg ha') was applied to only one section of the cropping area. The plants from where
calcitic lime was applied presented leaf symptoms of magnesium deficiency (Figure 1).

18 g A 4 S \ A 20\

Figure 1. Maize plants from where calcitic lime and gypsum were applied presented leaf yellowing
due to magnesium deficiency (A). B. Initial maize leaf symptom of magnesium deficiency (interveinal
chlorosis).

Source: Padua Jr, A. L.

Such a condition of maize plants responding to low magnesium availability was
caused by (i) the excess of calcium cations from lime and gypsum application, (ii) the
increased cation leaching potential generated by gypsum application, and (iii) the low soil
magnesium content. Thus, in this case, gypsum potentialized the abiotic stress caused by
the soil magnesium shortage. Magnesium sulfate (9% magnesium) was applied via foliar
to reduce damage to the crop yield. Still, a nutritional soil repositioning of magnesium must
be done before the next crop season. The effects and recommendations on soil cation
management and the joint application of gypsum and lime will be further discussed.

Moreover, gypsum application does not provide only calcium and sulfur; other
nutrients are added with gypsum application (Alcordo and Rechcigl, 1993). According to
van Raij (2008), some gypsums can add up to about 1 kg ha™' of boron for each 2 Mg ha™ of
gypsum applied to the cropping system. Boron is essential for root system growth, cell wall
formation, and root expansion in the soil volume.

The regular gypsum positive effects include calcium and sulfur source in superficial
and deeper soil profiles but also have positive effects on soil physical, chemical, and
biological conditioning; reclaimed soils; reduced damage caused by subsoil acidity
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(exchangeable aluminum) and pollutants on plant growth; increased the abundance of soil
microorganisms; improved nutrient redistribution and its plant-use-efficiency in soil profile;
enhanced seedling, shoot, and root development; lower nutrient losses in agricultural
biological waste composting; increased rainfall absorption; lower soil particle dispersion;
improve soil stability; lower surface crust formation, runoff, and soil erosion (Ritchey et al.,
1980; Ritchey et al., 1995; Toma et al., 1999; Martins et al., 2002; Soratto and Crusciol,
2008; Chen and Dick, 2011; Canadas et al., 2014; Batte and Forster, 2015; Qayyum et al.,
2017; Zoca and Penn, 2017; Bossolani et al., 2018; Cuervo-Alzate and Osorio, 2020; Qu et
al., 2020; Charlo et al., 2022; Goiba et al., 2023; Garbowski et al., 2023; Jin et al., 2023; Li
et al., 2023; Niaz et al., 2023; Outbakat et al. 2023; Robinson et al., 2023; AbouRizk et al.,
2024). Gypsum can also have other purposes and be carbonated with carbon dioxide (CO,)
to sequester it from the atmosphere; one megagram or one ton of hydrated gypsum can
react with about 0.26 Mg of CO, and form lime (Wang et al., 2021).

About three decades ago, Wallace (1994) presented many reasons why gypsum
is essential for agriculture maintenance on many soils. The main advantages of gypsum
application to the soil include accumulating more soil organic matter and aggregate stability,
improved water drainage into the soil, prevention, and correction of soil sodicity, and faster
seed emergence. The author also highlighted that gypsum is an industrial waste product
available at a relatively low cost in many locations.

Some agricultural areas may still be far from a gypsum source. The beneficial
soil-plant-environment returns of gypsum must be considered before gypsum acquisition
since shipping costs can be restrictive. The expenses of gypsum benefits naturally include
purchasing the material, transporting it from industry to the crop area, and spreading it on
the soil (Chen and Dick, 2011). Despite its many benefits, the commercial-scale use of
gypsum still depends on its logistics and investment return compared to the yield responses
achieved with its application, the cost/benefit ratio (Shainberg et al., 1989).

The review of Rashmi et al. (2018) resumed many of the impacts of gypsum
application to crops, especially oilseed crops such as soybean (Glycine max) and mustard
(Brassica juncea). The authors presented gypsum’s fertilizer and soil conditioner roles
and gypsum’s impacts on plant biometrics, chemical composition, crop yield, and soil
parameters. Although, as pointed out by Chen and Dick (2011), most farmers are unfamiliar
with the field application of gypsum and consequently have not seen the gypsum benefits.
Thus, there is a considerable lack of knowledge about the best management practices for
using gypsum as an agricultural amendment.

Moreover, the soil chemical balancing for plants requires regular applications of
minerals containing calcium, such as limestone (lime calcium carbonate, CaCO,) and
gypsum, to achieve cation balance on the soil exchange sites (Brock et al., 2020). The base
cation saturation ratio of 13:2:1 (calcium, magnesium, and potassium contents, respectively)
is usually indicated as a reference to support optimum crop development (Chaganti and
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Culman, 2017). However, optimum crop development has been observed in commercial
crop areas in Brazil for base cation saturation ratios of 8-10:3:1 (Padua Jr., A. L. - personal
information). Potassium luxury uptake by plants and reduced phosphorus deficiency are
also observed in soils with chemically balanced cation saturation ratios (Kopittke and
Menzies, 2007).

Gypsum can even be used as a phosphorus sorbing and retaining material in soils
(Penn and Bryant, 2006; Bryant et al., 2012; McGrath et al., 2013; Endale et al., 2014; Penn
and McGrath, 2014; Watts et al., 2021; Mao et al., 2022; Ekholm et al., 2024), reducing
its losses up to about 66% (Murphy and Stevens, 2010; Kumaragamage et al., 2022).
King et al. (2016) reported that the surface application of flue gas desulfurization gypsum
(FGDG) (further discussed) considerably reduced dissolved reactive phosphorus and total
phosphorus concentrations and loadings in drainage waters (runoff and tile solutions).
Favaretto et al. (2012) also reported that gypsum application reduces water pollution by
phosphorus but increases soil ammonium (NH,*) mobility. It is worth noting that the effects
of gypsum application on soils and crops could take several years before demonstrable
benefits (Farina and Channon, 1988; McKibben, 2012), but these effects can last for years
(Toma et al., 1999).

The combination of gypsum with other materials frequently outcomes improved
results. Tubail et al. (2008) reported that combining FGDG with organic waste (nitrogen-
rich streams) results in a product with decreased nitrogen potential loss and reduced odors
associated with ammonia volatilization during the composting process. Bossolani et al.
(2020), after a long-term study, reported that the combined application of lime (13.04 Mg ha
") and gypsum (10 Mg ha) increased soil fertility and biological nitrogen fixation to an
extended level. These authors also reported (i) reduced soil nitrification and denitrification in
maize rhizosphere intercropped with Ruzi grass (Urochloa ruziziensis), (ii) altered nitrogen
cycle genes in the soil biota, (iii) reduced aluminum saturation, (iv) balanced micronutrient
availability (especially manganese), (v) improved calcium and magnesium availability in
soil, (vi) increased nitrogen acquisition and (vii) increased maize grain yield.

However, the effectiveness of the benefits from gypsum application depends
significantly on the physical and textural qualities of the gypsum reaching the field. Factors
such as particle size, humidity, purity, and impurities play crucial roles in influencing the
overall impact of gypsum effects on soil properties, plant growth, and yield responses. The
moisture content of the gypsum to be applied must be low, and the gypsum material must
be dry enough to be handled without clumping together due to high water content. Gypsum
moisture content between 10 and 22% presents no significant physical limitations for field
application [Paolinelli et al. (1986) in van Raij (2008) p. 34]. Occasionally, gypsum can arrive
in the cropping area excessively wet (Figure 2), especially during high gypsum demands by
crop management agendas.
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Figure 2. Excessively wet phosphogypsum. Saturated load was dripping calcium sulfate solution (A)
from a mass in the back of a truck (B) that was unloaded as a compacted material (C and D) physically
inappropriate for field application.

Source: Guareschi, G.
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Such a situation of excessive water content in gypsum constitutes two significant
problems besides losing gypsum’s overall agronomic efficiency: (i) wet gypsum cannot be
homogeneously applied over the field using regular mechanical spreaders, and (ii) after wet
gypsum dries, it becomes a hard solid material that needs to be grounded and sieved again

before its application.

LESS EXPRESSIVE GYPSUM EFFECTS

Numerous reports of improvements in the soil system and crop yield increments
are not always detected or consistent due to variations in soil type, crop species, and
prevailing climate conditions. These observations challenge the identification of the precise
improvements responsible for yield increases since many simultaneous physical and
chemical interactions occur in soil (Zoca and Penn, 2017). Thus, it is more reasonable to
understand crop yield improvements (when they occur) due to the synergic effects of the
gypsum application to the soil-plant-environment system (Shainberg et al., 1989).

The improvements generated by the gypsum application are not always consistent
and present mixed effects on soil, plant, and environmental parameters (Churka Blum
et al., 2013; Tirado-Corbala et al., 2013; Buckley and Wolkowski, 2014; Bortolanza and
Klein, 2016; Chaganti et al., 2019; Sun et al., 2019; Brignoli et al., 2021; Popp et al. 2021).
For example, Adams et al. (2022) found that the surface runoff in grassland systems was
reduced - regardless of management (grazing or hay) - by pasture aeration (spike aerator)
following broiler litter application (5.6 Mg ha™), especially when compared to surface-
broadcast traditional practices; however, the authors observed that gypsum application did
not affect soil infiltration rates.

Kost et al. (2018) studied the effects of FGDG and mined gypsum application on soil,
plant, and water parameters across ten sites distributed in the USA (Alabama, Arkansas,
Indiana, New Mexico, North Dakota, Ohio, and Wisconsin states) via a data meta-analysis.
The authors found relatively few significant effects of gypsum applications on the response
variables. Some crop yield responses to gypsum were detected in some sites, but the
overall results indicated no significant differences between the gypsum sources and the
untreated control. Additionally, Charlo et al. (2020) reported that maize yield and plant
biometric attributes were not influenced by gypsum or K,O doses; they also reported that
gypsum caused cation (potassium and magnesium) displacement to deeper soil layers (0.2-
0.4 m), which was not enough to improve maize responses.

Gypsum application usually reduces the adverse effects of polluted soils on plants.
However, Dubrovina et al. (2021) found no effect on alleviating metal phytotoxicity in the
contaminated soil they studied [O horizon (forest litter) and A horizon (mineral soil)]. Instead,
gypsum increased the concentrations of soluble metals in the soil solution and enhanced
the metal plant uptake. The calcium cations from solubilized gypsum possibly displaced
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the metals in the exchangeable soil complex, making them more available to the plants
and increasing the environmental hazard; thus, gypsum was ineffective and considered
inappropriate as a soil remediation method to ameliorate soils polluted by metals. Arguello
et al. (2022) also found limited effects of gypsum in cadmium-contaminated soils cultivated
with cacao and, in some cases, even increased cadmium dissolution and plant-available by
forming cadmium sulfate (CdSO,) complexes.

GYPSUM AS BY-PRODUCT

Using industrial residues for soil amelioration and crop production can be a sustainable
practice, and it has become of great interest in recent years. By-products from treated slags,
such as yellow gypsum (Ali and Shahram, 2007; Ashrit et al., 2016; Ashrit et al., 2020;
Prakash et al., 2020; Laxmanarayanan et al., 2022), and from pollution-control processes,
such as the FGDG (Baligar et al., 2011; Watts and Dick, 2014; Wang and Yang, 2018) have
demonstrated significant and positive results for the soil-plant-environment system. The
yellow gypsum is produced from the Linz-Donawitz slag treated with concentrated sulfuric
acid and neutralized with lime. The product (yellow gypsum) has about 87.98% of gypsum,
plus other important nutrients such as iron (3.53%), silicon (1.79%), magnesium (0.78%),
phosphorus (0.37%), titanium (0.15%), and other trace elements (Ashrit et al., 2015). The
FGDG is primarily produced during the wet sulfur removal from fuel combustion gases in
thermal power facilities, coal-fired power generation industries, smelters, and large-scale
boilers (Koralegedara et al., 2019; Liu et al., 2021). Therefore, yellow gypsum and FGDG
are mainly used in countries where their production is abundant, like China, the USA, India,
and Germany.

The FGDG delivers similar benefits to the soil-plant-environment system as the
gypsum from other origins (e.g., mined, by-product of acids production, dairy whey side
streams). Reports of positive FGDG effects, even in long-term studies, are regular. Such
effects include plant macro and micronutrients fertilization, reclaiming soil physicochemical
attributes and polluted soils, stimulation of soil microbiota activity and ecological services,
control of soil and nutrient erosions, improved plant development, and increased crop yield
(Dick et al., 2006; Baligar et al., 2011; Watts and Dick, 2014; Marchis et al., 2016; Panday
et al., 2018; Wang and Yang, 2018; Wang et al., 2021; USEPA, 2023). Zhao et al. (2019)
studied the physical-chemical attributes and heavy metal contaminations after 17 years
of FGDG application on sandy loam soil. After that period, the authors observed (i) an
increased occurrence of soil macroaggregates (> 250 um), (ii) no significant differences in
the soil heavy metal contents (arsenic, cadmium, chromium, copper, mercury, nickel, lead,
and zinc), and (iii) the soil reclamation effect caused by FGDG on sodic soils persisted and
extended to deep soil layers.
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FGDG can also be applied as an encapsulated or non-encapsulated soil amendment
(Codling, 2017; Koralegedara et al., 2019). Additionally, FGDG typically presents a small and
uniform size, with more than 95% of the particle sizing less than 150 microns, but it can be
processed to form large-sized granules (Chen and Dick, 2011). However, gypsum produced
from pollution-control processes may contain calcium carbonate, calcium sulfite, quartz
(Si0,), heavy metals, and other impurities that must be analyzed for safe environmental use
before agricultural application (Chen and Dick, 2011; Wang and Yang, 2018; Koralegedara et
al., 2019; Kong et al., 2023); therefore, for the environmentally responsible use of FGDG, it
is necessary to accurately determine the contents of elements (plant nutrients or pollutants)
in its composition (Chen and Dick, 2011; USEPA, 2023).

Chen et al. (2014) studied FGDG and mined gypsum application across many soils
in the USA (Ohio, Indiana, Alabama, and Wisconsin states) to determine gypsum’s ability
to affect the concentration of trace elements (arsenic, barium, cobalt, chromium, copper,
molybdenum, nickel, niobium, lead, antimony, selenium, strontium, vanadium, and zinc)
in soils and earthworms. The authors found that (i) only mercury was slightly increased in
some soils and earthworms when FGDG was applied; (ii) in some soils that received FGDG,
selenium in earthworms was higher than in the untreated control but not higher than in
mined gypsum treatment, and (iii) the bioaccumulation factor (ratio of element concentration
in earthworm and element concentration in soil) where FGDG was applied were similar, or
lower, to the untreated control and mined gypsum.

Additionally, Lee et al. (2007) indicated that the autumn surface application of
FGDG in no-tillage systems managed before spring cropping would allow enough time for
oxidation and dissolution reactions without causing significant negative effects on the soil
biota. Thus, when properly managed and applied at the correct periods, FGDG represents

a considerable input into agricultural systems.

GYPSUM ON SOIL ATTRIBUTES

The soil’s physical characteristics are also essential for sustainable plant development.
The soil infiltration rate (solution flux through a surface area per time) and water storage
are usually improved by gypsum application (Mcintyre et al., 1982; Truman et al., 2010;
Muller et al., 2012; Zoca and Penn, 2017; Crusciol et al., 2019). The effects of gypsum on
soil infiltration and water storage capacity originated from the flocculation and aggregation
of subsoil components and improved root development. A developed root system also
increases subsoil aggregation and reduces soil compaction; thus, gypsum, more precisely,
calcium in gypsum, can minimize soil dispersion (Summer et al., 1990; Norton, 2008). As
previously mentioned, gypsum can prevent soil surface crusting and reclaim calcareous

non-sodic soils (Amezketa et al., 2005).
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According to the Soil Science Society of America (1997), gypsum should be used
as a calcium source in sodic soils, while the Brazilian legislation (Brasil, 2006) considers
gypsum a soil sodicity corrector (sodium saturation reducer) and soil conditioner (soil
attribute improver). These effects reduce soil erosion and improve water bodies’ quality,
particularly when applying gypsum with other management techniques. Soil aggregation
induced by gypsum and polysaccharide (glucose) amendments can be enhanced (Walia et
al., 2018). Such improved soil aggregation is usually attributed to the glucose gluing activity
and the gypsum (calcium) binding-stabilizing activity.

Additionally, reports of positive effects of gypsum application on soil physics - soil
structure (Tirado-Corbalé et al., 2019), water infiltration and drainage (Jayawardane and
Blackwell, 1986; Tirado-Corbala et al., 2013; Watts and Dick, 2014), bulk density (Buckley
and Wolkowski, 2014), penetrometer resistance (Ellington, 1986) - are regular and important
to the cropping system and raise the interest in the regular use of gypsum (Zoca and Penn,
2017; Rashmi et al., 2018). Gypsum is also used to reclaim sodic soils and to improve
soil water infiliration decreased by low electrolyte concentration (Oster, 1982). However,
the magnitude of soil and crop responses to gypsum application is affected by multiple
variables such as soil characteristics, the history of the cropping area (previous agricultural
practices), and crop variety (Shainberg et al., 1989). Despite many favorable reports in the
literature, gypsum value is still poorly disseminated among farmers.

Gypsum is occasionally reported to change soil pH, especially soil water pH, either
increasing or decreasing it (Farina and Channon, 1988; Shamshuddin and Ismail, 1995;
Caires et al., 2006; Chen and Dick, 2011; Zoca and Penn, 2017; Tavakkoli et al., 2021).
However, the range of soil pH changes caused by gypsum is modest and usually of a low
extent (0.2-0.3 pH units). The soil pH response to the gypsum application is the product of
the reactions between the gypsum and soil components. The replacement of hydrogen and
aluminum in the cation exchange capacity (CEC) with calcium, the replacement of hydroxyl
(OH) with sulfate (SO,?), the precipitation of the solid soil phase, the ion-pair formation, and
the self-liming effect are some of the gypsum reactions able to affect the soil pH significantly
(Sumner, 1993). These reactions depend on the soil mineralogy and CEC ion composition,
and the magnitude of each response dictates the influence of gypsum on soil pH (Zoca and
Penn, 2017). However, when soil pH is high, presenting a soil pH of low acidity to alkaline
conditions, the lime application is usually avoided. Thus, gypsum becomes an option for
calcium and sulfur sources without significantly changing the soil pH in the soil profile.

Many areas worldwide present degraded soils or soil with severe chemical and
physical limitations, raising concerns about food security (Kopittke et al., 2019; Agim et al.,
2021; Kraamwinkel et al., 2021). Most of those degraded soils are highly weathered tropical
soils, which need corrections to become highly crop-productive and sustainable. The soil
acidity (low soil pH) is corrected with lime (CaCO, and MgCO,). Still, the lime’s beneficial

effects are regularly limited to the soil layer of incorporation (usually up to 0.2 m deep) or the
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first centimeters if applied to the soil surface (usually up to 0.1 m deep). However, Fontoura
et al. (2019) reported that the lime application to the soil surface of a moderately acidic
Oxisol under no-tillage rapidly lowered the subsoil acidity up to 0.6 m deep in the soil profile.
Other studies also reported the effects of lime and gypsum surface application in deep soil
layers (Crusciol et al., 2019; Besen et al., 2021a).

The time needed for gypsum reaction in soil and significant effects arising from its
application depends on regular factors but are not limited to soil type, gypsum granulometry,
soil temperature, and gypsum way of application (on the soil surface, soil incorporated, and
dissolved in irrigation). Table 1 presents a study done with gypsum application in an Oxisol
(60% clay) cultivated with soil tillage and cropped with maize in 2013 (Padua Jr., A. L. —
data not previously published). Basic soil analysis was performed every 0.2 m up to 1 m
depth before and after four months of gypsum (6 Mg ha'') application. The gypsum rate was
applied on the soil surface 40 days before maize sowing.

Soil pH SOM Phosphorus Calcium Sulfur CEC Vv m
layer (CaCl,)  (dag dm?) (mg dm) (cmol .dm®)  (mgdm?)  (cmol.dm?) (%) (%)

(m) t

0

4m t 4m t 4m t

0 0 0

4m t 4m t 4m t 4m t 4m

0 0 0

0-02 44 54 32 33 22 1.8 22 45 25 64 8.1 87 49 75 5 2
02-04 40 48 23 21 0.7 1.2 1.1 29 12 344 79 85 30 52 32 4
04-06 39 47 15 17 05 0.7 06 23 07 181 69 75 22 45 50 11
0.6-08 40 45 11 14 1.0 0.7 0.6 14 10 107 63 66 20 32 50 19

0.8-1 40 44 11 10 0.2 0.6 0.5 14 14 53 62 67 18 31 57 32

SOM: soil organic matter; CEC: cation exchange capacity; V: soil base saturation; m: soil aluminum
saturation. Source: Padua Jr., A. L.

Table 1. Basic soil chemical analysis at different soil layers before (t;) and four months (4 m) after
gypsum (6 Mg ha™) application in a Haplorthox (Oxisol).

The gypsum application increased the contents of calcium, sulfur, and bases in the
soil, reducing aluminum saturation in all the soil layers evaluated (Table 1). The maize grain
yield observed raised from 6,600 kg ha' (control no gypsum) to 10,200 kg ha' (6 Mg ha"),
indicating that applying gypsum about 40 days before sown is enough for the presented
situation to cause significant increments to maize grain productivity. Interestingly, during the
soil sampling in this soil tillage area, it was possible to demonstrate that only four months
was enough for gypsum to run through the soil profile from the soil surface to depths up to
1 meter (Figure 3).
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Figure 3. Deposit of solubilized gypsum in the 0.8-1 m soil layer four months after its application to a soil
tillage area. Soil sample extracted with the aid of a Dutch auger.

Source: Padua Jr,, A. L.

Even in no-tillage cropping systems, the benefits of recent gypsum applications
could be observed in soybean crops, especially in tropical soils. The gypsum application
(3 Mg ha'") 60 days before soybean sowing improved nutrient distribution in the soil profile,
raised grain yield, and increased residual effect of lime and gypsum for the succeeding crop
seasons in Oxisol (Padua Jr., A. L. — data not previously published). The gypsum application
increased soybean grain yield by about 240 to 720 kg ha™'.

Another soybean study in Oxisol presented the positive effects of gypsum (2 Mg
ha') - applied 40 days after lime application (2 Mg ha') and 20 days before soybean sowing
- on some soil cations contents in deep soil layers (Padua Jr., A. L. — data not previously
published). Calcium and magnesium soil contents and aluminum saturation are compared
between the year of gypsum application (2015) and two years after (Figure 4).
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Figure 4. Soil calcium, magnesium, and aluminum contents in deep soil layers of an Oxisol in the year
of gypsum application (2 Mg ha) and two years after.

Source: Padua Jr., A. L.

The increased soil aluminum saturation at the 0.2-0.4 m soil layer in 2017 is probably
due to a boosted soybean root system cropped in the area. The gypsum application
improved soil attributes in deeper soil layers and enhanced deeper root development
conditions. This robust soybean root system would naturally absorb more soil cations and
compensate for such extra absorption by exudating more hydrogen ions (H*) in the soil
solution. The increased H* availability reduced soil pH and increased aluminum availability
and its saturation in soil. In the 0.8-1 m soil layer, the drop in the soil aluminum saturation
was very expressive. It reflected the consequences of the arrival of solubilized soil cations
from the gypsum applied above. In this soil depth (0.8-1 m), the influence of the soybean
root system is lower than the effect of soil cation arrival from gypsum application, thus
reducing the soil aluminum saturation.
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Additionally, the greater volume of roots produced in the soil profile due to gypsum
application increases soil phosphorus contents and cation exchange capacity over time

after root decomposition.

GYPSUM AND LIME

The low lime solubility (about 172 times lower than gypsum) and the lack of soil
disturbance in areas under no-tillage cropping systems reduce the effectiveness of the lime
benefits to the soil profile when applied to the soil surface. In the Brazilian tropical soils,
gypsum application frequently occurs from July to October, usually 40-60 days after lime
and before routine fertilization and sowing. Still, no defined criteria for joint gypsum and
lime application or the exact time for application is considered. This circumstance raises the
need for studies including lime and gypsum (more soluble) in the soil surface to improve
subsoil conditions for root systems development.

The interaction of gypsum and lime on soil attributes and crop yields is reported
in the literature, especially but not exclusively for no-tillage cropping systems where the
amendments must be applied to the soil surface (Caires et al., 2011a; Pauletti et al., 2014;
Crusciol et al., 2016; Costa and Crusciol, 2016; Dalla Nora et al., 2017; Zoca and Penn,
2017; Fontoura et al., 2019; Anderson et al., 2021a). However, the results of the gypsum
and lime interaction are occasionally contrasting.

In a no-tillage cropping system, the subsoil acidity is of significant concern since
lime application to the soil surface could not solve this problem in deep soil layers. Due to
the higher solubility and movement (deeper penetration) in the soil profile of the calcium-
sulfate pair, the gypsum application can potentially reduce the subsoil acidity (aluminum
saturation) (Ritchey et al., 1980; McBride, 1994; Zoca and Penn, 2017). The increment
in exchangeable calcium (cation concentration effect) and sulfate [aluminum precipitation
- Al(S0O,),] reduces the toxic aluminum effects in subsoil layers (Shainberg et al., 1989;
Zambrosi et al., 2007).

According to Vitti and Mazza (2002), gypsum application to sugarcane (Saccharum
officinarum) cropping areas must occur immediately after lime application, and the positive
results are more expressive in Oxisols and quartz sand soils. However, according to Dematté
(2005), the best efficiency of the gypsum reactions and effects in the soil is achieved three to
six months after lime application. The author also exposed that such a procedure (gypsum
three to six months after lime application) is counterproductive (timely) and suggested that
good results are still observed when lime is applied before gypsum (two operations) and
then incorporated.

Crusciol et al. (2019) evaluated the effects of lime (2.7 Mg ha') and gypsum (2.1
Mg ha") on (i) soil (sandy clay loam) attributes, (ii) plant nutrition, (iii) forage dry matter and
crop yield, (iv) estimated cattle meat production, and (v) economic issues, and concluded

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 18

236



that the surface application of lime plus gypsum is essential for food production in acid soils
under no-tillage in tropical agriculture. The authors reported that (i) lime increased soil pH,
reduced the exchangeable acidity (H* + AI**) and the relative concentration of aluminum up
to 0.6 m soil depth; (ii) gypsum increased calcium contents through the soil profile; (iii) lime
(with or without gypsum) improved the nutrient acquisition by the crops cultivated in rotation;
(iv) lime and gypsum raised the forage dry matter yield and crude protein concentration of
palisade grass (Urochloa brizantha); (v) estimated meat production of the joint application
(lime + gypsum) was 26% higher than lime alone and 225% higher than the untreated
control, and (vi) increased the economic performance during four cropping seasons. The
authors also emphasized that lime and gypsum applied one day apart can generate positive
agronomic and economic results; however, the usual recommendation is to apply lime first
to the soil, then gypsum application later or in the next crop season.

Field empirical experience has shown that crop responses to gypsum application in
tropical soils occur more expressively when applied in alternated years with lime application
—gypsum application in the first year, lime application the next year, and follows successively
alternating fertilizers (Padua Jr., A. L. - personal information). Moreover, Besen et al. (2024)
reported that applying lime and gypsum to the soil surface is preferable in no-till cropping
areas for improved soybean and wheat performance.

The combined application of lime and gypsum can also be an adequate alternative
to supply calcium and magnesium in deep soil layers of stabilized no-tillage systems (> 10
years without significant soil tillage), especially in drylands. However, in irrigated areas,
the conditions are different. In general, artificial watering over time improves the subsoil’s
chemical and physical properties and helps build the attributes along the soil profile. Thus,
crops in areas artificially irrigated can be less responsive to gypsum applications.

Additionally, gypsum is more effective than lime for sodic soil reclamation as it
increases the concentration of electrolytes in the soil solution and displaces sodium with
calcium within the structure of the clay components (Oster, 1982; Raine and Loch, 2003).
Many agricultural amendments [e.g., rice (Oryza sativa) straw, press mud (residue from
sugarcane juice filtration), cow manure, combined organic residues, biochar, beneficial
microorganisms, and phytohormones] have also been applied with gypsum to improve
sodium removing, salt-leaching efficiency, soil biological properties, reclaim degraded
lands, and crop vyield (Kilpatrick, 2012; Schuliz et al., 2017; Yamika et al., 2018; Ahmed et
al., 2020; Basak et al., 2021; Bello et al., 2021; Rezapour et al., 2021; Yahya et al., 2022;
Xu et al., 2023).

Zhao et al. (2019) studied buried layers of maize straw (6, 12, and 18 Mg ha™)
and soil incorporated (0-0.2 m) FGDG (0.75 Mg ha™) on soil attributes and sunflower
grain yield. Generally, the combined application (buried straw and incorporated gypsum)
reduced soil pH and exchangeable absorption percentage. It increased the soil’s electrical
conductivity and grain yield (17.4% in the first year, 20.4% in the second year). The authors
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also concluded combining organic residue and FGDG reduces soil salinity and sodicity.
Moreover, gypsum application with Atriplex halimus (sea orache, Mediterranean saltbush,
and a phytomedicine) can reclaim highly saline-sodic clay loam soils (Gharaibeh et al.,
2011). The application of gypsum with compost (mix of plant and animal residues) and
nanoparticles of manganese and selenium also improved some chemical and physical soil
properties, water productivity, and yield of fava beans (Vicia faba) in salt-affected soil (Amer
et al., 2023). The joint utilization of gypsum with lignin sludge as an organomineral fertilizer
has also been a viable way to sustainably place gypsum, improve forest cultivation, and
reclamation of disturbed lands, slopes of highways, and landfills of solid municipal waste
(Matveeva et al., 2022).

CROP RESPONSES TO GYPSUM

Calcium is a low-mobility nutrient in plants and can not be mobilized from older tissues
and redistributed in the plant via the phloem (Hanger, 1979; White and Broadley, 2003). Once
calcium is associated with a compound within the plant structures, its relocation is slow, if
at all, from one part of the plant to another. Fruits, for example, are at the end of the xylem
transport system and are prone to receiving less calcium than other plant organs (Tonetto
de Freitas and Mitcham, 2012; Song et al., 2018). Therefore, calcium must constantly be
available to the roots (Chen and Dick, 2011); consequently, the crop responses, especially
the yield responses, are prone to be sensitive to gypsum, a calcium source.

However, such yield responses are related to improved soil calcium and sulfur
content increases and/or reductions in the subsoil layers’ toxic aluminum (AI®*) saturation.
Additionally, the yield responses are frequently observed after enough time (months) of
gypsum application to allow dissolved gypsum to be leached down into the subsoil layers
(Sumner, 1993). However, Caires et al. (2011b) found a positive maize yield response to
gypsum application in Oxisol right in the first year of application but no yield response to the
soybean subsequently cropped.

In their chapter, Zoca and Penn (2017) concluded that all gypsum sources could
generate positive crop yield responses and reduce the negative effects of stressful
conditions. However, the authors highlighted that the impacts of gypsum application
(positive or negative) must be evaluated for each specific objective, region (soil type and
rainfall regime), crop species, and cultivation system. Rashmi et al. (2018) also concluded
that gypsum could positively and negatively impact the soil-plant-environment system and
that oilseed crops do not have a suitable recommendation for different soil types, climates,
crop species, and cropping systems.

Despite some contrasting results, the positive effects also present a variety of ranges,
going from substantial increases to a slight decrease in grain yield. In this sense, Pias et
al. (2020) performed a meta-analysis comprising 129 harvests of six different crop species,

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 18

238



including barley, maize, rice, wheat (Triticum sativum), soybean, and white oat (Avena
sativa), to identify the conditions under which grain yield responds to gypsum application in

no-tillage areas (Figure 5).
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Figure 5. Mean effects (%) of gypsum application on crop grain yield in no-till soils in each primary study
included in the meta-analysis. Error bars represent 95% confidence intervals of the means. The number
of observation pairs and the total number of crop harvests (environment x year) included in each
category are shown in parentheses.

Source: Pias et al. (2020)
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Pias et al. (2020) found that (i) increased grain yield is very plausible (77-97%)
when gypsum was applied to soils with aluminum saturation exceeding 5% in the 0.2-0.4
m soil layer - the decreased subsoil aluminum toxicity caused by the gypsum application
allowed improved grain yields - (ii) the average increments in grain yield were 14 and
7% for cereal crops grown under water deficiency or not, respectively, and (iii) gypsum
application should be avoided if aluminum saturation is below the critical thresholds since
gypsum can cause excessive magnesium leaching across the soil profile. The authors also
observed that soybeans positively responded to gypsum, even in areas with water deficit
and aluminum saturation greater than 10%. The probability of a positive response was
88%, and the average yield increase was 12%. Such meta-analysis indicated that gypsum
increased grain yield, decreased it, or presented no appreciable effect in 57, 5, and 38% of
the evaluated studies, respectively.

Therefore, plant responses to gypsum application can be highly variable. For
example, annual crops such as maize, wheat, and soybean, in general, present improved
but extensively variable grain yield results (Dalla Nora et al., 2017; Soratto & Crusciol,
2008). Other studies do not reveal any positive gypsum effect on grain yield, maintaining
similar results to the control (no-gypsum) (Marchesan et al., 2017; Fontoura et al., 2019),
and there are studies even reporting minor drops in grain yield (Somavilla et al., 2016).

The variations in many reported results could be justified, in most cases, by the
influence of other variables such as plant species and varieties, the time after gypsum
application, gypsum application rates, soil chemical, physical, and biological properties,
and climate (e.g., rainfall rates, average temperature) affecting the reports. Zoca and Penn
(2017) also presented an excellent survey on agronomic gypsum studies varying from
gypsum significantly improving soil attributes, crop performance, and yield results to no
positive results.

The improvements in crop yield due to gypsum application are difficult to define, and
delineating the exact positive effects besides a nutrient source due to many physical and
chemical changes co-occurring in the soil is challenging. However, the impact of gypsum
on soil characteristics and crop responses is primarily positive. It results from the synergic,
accumulative, and additive effects of each potential change to the soil-plant-environment
system caused by gypsum application.

GYPSUM TO GRAINS CROPS

In a long-term study (58 months), Caires et al. (2006) observed that (i) gypsum
improved the subsoil chemical conditions, (ii) raised soil pH (0.01 mol L' CaCl,), calcium,
and sulfur contents, but also (iii) caused magnesium leaching in the soil profile. However,

the authors could not identify a gypsum effect on soybean grain yield, but gypsum improved
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soybean grain quality, presenting higher protein, sulfur, phosphorus, potassium, and
calcium contents. The authors concluded that applying gypsum to no-tillage soybean crops
is important to produce high-quality seeds.

The residual effects of lime and gypsum application (3.71 or 7.42 Mg ha'') on clayey
soil and the grain yield of soybean and wheat in southern Brazil were studied by Besen et
al. (2021a). The studied area has been cultivated under no-tillage since 1975. The authors
found after 48 months of gypsum application that (i) aluminum contents decreased until 0.6
m soil depth if ime was incorporated (0.2 m) and until 0.3 m soil depth if lime was applied to
the soil surface; (ii) lime incorporation reduced soil organic matter content in the surface soil
layer; (iii) superficial lime application increased the magnesium contents in the 0.4-0.6 m
soil layer; (iv) 7.42 Mg ha' had a pronounced residual effect in subsoil layers but increased
the vertical displacement of magnesium and potassium contents, and (v) soybean and
wheat yields were not affected by the soil base saturation variations. Therefore, the authors
concluded that the standard gypsum rate (3.71 Mg ha) provided the best results and
highlighted that the benefits of superficial gypsum application extend beyond surface soil
layers in clayey soil from subtropical environments. Applying gypsum to the soil surface is
also preferable to preserve the benefits of a continuous no-tillage cropping system.

Da Costa et al. (2016) reported different soil organic matter and soybean yield
results. They found that (i) lime (2 Mg ha') application, with or without gypsum (2.1 Mg ha'),
can increase soil organic matter accumulation in the long term, and (ii) application of lime
associated with gypsum to soil surface increased soybean and sorghum (Sorghum bicolor)
calcium absorption and their respective grain yields. The authors also found that the subsoil’s
sulfur residual effects were observed after five years of gypsum application. In another study
on sorghum, Charlo et al. (2022) reported that gypsum effectively increases soil calcium
content by 60.5% in the 0-0.2 m soil layer and 34% in the 0.2-0.4 m soil layer. The authors
also observed that (i) the highest gypsum dose studied (4,000 kg ha) increased the soil
availability of phosphorus and sulfur by 32.5 and 681%, respectively, and (ii) the nutrients
increments would improve the crop’s resistance to drought stress. Such improved nutrient
availabilities mainly result from (i) the ions added to the soil with the gypsum application and
(ii) the ion displacements in the soil complex caused by the added ions.

A noteworthy study was published by Fontoura et al. (2019), where they evaluated
the surface gypsum and liming application on the chemical properties of four soil layers (0-
0.1, 0.1-0.2, 0.2-0.4, and 0.4-0.6 m) in two periods 10 years apart (1 and 11 years after lime
and gypsum application). Between the first and eleventh year of the experiment, 26 crops
were cultivated [10 soybean crops, four white oats, three maize, three wheat, three barley
(Hordeum vulgare), and three forage radish (Raphanus sativus)] under a no-tillage cropping
system. The authors found (i) no synergic effect of gypsum and lime on soil chemical
properties, crop yield, and most leaf-tissue macronutrients; (ii) yield increments were minor

for cereals (4%) than for soybean (14%) and were limited to just 25% of cereal crop seasons,
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and 40% for soybean; (iii) in the short term, gypsum raised more the exchangeable calcium
content to 0.6 m soil depth than lime, but the latter presented more reductions in the soil
acidity and extended residual effect (improved soil conditions for extended period), and (iv)
the lime application to the soil surface under no-tillage lowered the subsoil acidity up to 0.6
m in the first year after its application, and improved soybean grain yield.

Fleuridor et al. (2021) indicated no yield improvements for maize, alfalfa (Medicago
sativa), or alfalfa-mixed grasses after two years of gypsum application. However, gypsum
consistently increased sulfur concentrations in soil and crop tissues as soon as five
months after each gypsum application. In the short term, the authors also observed that
gypsum did not affect mineralizable soil carbon, penetrometer resistance, or unsaturated
hydraulic conductivity. However, the second gypsum application reduced the soil protein
and magnesium contents; the authors also reported magnesium leaching. Magnesium and
potassium leaching to subsoil layers is regularly reported in the literature on gypsum and
soil attributes. Therefore, planning magnesium and potassium fertilization before gypsum
application must be considered as a way to improve soil fertility deeper in the soil profile.

In the long-term observations, Caires et al. (2011a) observed a residual effect on the
subsoil sulfur content of an oxidic soil. After eight years of gypsum application, the sulfate
concentrations in the subsoil were still high. After 7-10 years of surface-applied gypsum
(no-tillage), maize grain yield improved, but soybean grain yield did not. The authors also
reported that using gypsum in no-till systems is interesting when maize is frequently grown
in crop rotations.

Additionally, it is essential to state that the residual effect of gypsum in the soil-plant-
environment is unseparated from the soil attributes. Different soil characteristics (chemical,
physical, and microbiological aspects) affect the extension of gypsum residual. Other
significant factors that influence the gypsum residual include (i) the physical and chemical
characteristics of the soil B horizon, (ii) the occurrence of impediments in lower soil layers,
(iii) soil organic matter content, and (iv) the predominant soil structure.

De Moura et al. (2018) studied maize crop response in an Argisol (soil classified as
Argisol in the Brazilian soil classification system) after five years of gypsum application and
combinations with the residues of leguminous plant species [Gliricidia sepium (gliricidia) and
Acacia mangium (acacia)]. They found that the mixed application of leguminous residues,
urea, and gypsum (6 or 12 Mg ha') reduced soil penetration strength and increased soil
calcium content, soil organic matter, maize leaf area index, plant nitrogen amounts, and the
maize grain yield. The authors concluded that managing gypsum and leguminous residues
in humid tropic agrosystems is an appropriate strategy to improve maize productivity and
crop sustainability.

Regarding the soil incorporation of such soil amendments, Besen et al. (2021b)
evaluated lime incorporation approaches (incorporated or superficial) and the effect
of reapplied lime and gypsum on soil chemical properties and grain yield of wheat and
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maize in southern Brazil. Similar to other studies, the authors reported that (i) incorporating
lime reduces soil acidity (increasing soil pH and reducing available aluminum), increases
calcium and magnesium contents, and decreases the organic matter content in the revolved
soil surface; (ii) gypsum increases sulfur and calcium availability in deeper soil layers; (iii)
high gypsum rates (> 7.42 Mg ha') reduce the magnesium content in the surface layer; (iv)
lime associated with gypsum and applied to the soil surface resulted in the highest wheat
and maize yields indicating that the benefits of the continuous no-tillage system could be
maintained. Besen et al. (2021b) also indicated the increasing sulfur content as the main
factor for increased crop yields. Additionally, reductions in aluminum saturation in deeper
soil layers were a common effect of the gypsum application to wheat, soybean, and maize
(Rampim et al., 2011; Nora et al., 2014)

Also, on wheat, Rawat et al. (2020) studied the plant development (plant emergence,
tillers per square meter, biometrics, yield) after applying nano-sized gypsum in silty clay
loam soil and found positive results. The treatments that reduced the regular mineral
fertilization (75%) plus nano-sized gypsum presented similar or superior plant development
to the complete regular mineral fertilization (100%). Such treatments generated up to 25%
economy compared to the recommended rates of mineral fertilizer with no grain yield
penalty. Abbas et al. (2023) observed no noticeable impact of gypsum rate on the straw
yield; however, the authors also observed that 3 Mg ha™' of gypsum improved soil moisture

conservation, nutrient uptake, and wheat grain yield with less input cost.

GYPSUM TO SUGARCANE CROP

Gypsum and lime ratios and application methods (incorporated, superficial, or
applied in-furrow) in sugarcane were studied by Morelli et al. (1987) after 6 and 18 months
of the application of the treatments. They concluded that (i) lime effectiveness was limited to
the soil layer near the soil surface, regardless of incorporation method; (ii) gypsum improved
base saturation and reduced aluminum saturation up to 0.75 m deep in the soil profile; (iii)
calcium and magnesium saturation reduced in the second evaluation (18 months), and (iv)
gypsum alone or with lime resulted in greater sugarcane yields than lime alone. A similar
conclusion was pointed out by Lorenzetti et al. (1992).

Morelli et al. (1992) reported increased soil calcium contents and base saturation
in deep soil depths after 18 months of gypsum application in another sugarcane study.
The same was not observed when only lime was applied. The authors also reported that
(i) the best calcium and magnesium distribution in the soil profile and the most prominent
base saturation were observed when gypsum and lime were combined; (ii) the application
of gypsum alone (without lime) caused magnesium leaching to deep soil layers; (iii) the
combined application of gypsum and lime resulted in greater sugarcane yields than each
one alone, and (iv) the highest sugarcane root biomass and yield - after four sugarcane
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harvests - were observed when 4 Mg ha™' of lime were applied with 2 Mg ha™' of gypsum.

Crusciol et al. (2017) studied the surface application of gypsum with silicate, or
lime, on sugarcane yield and the amendment of subsoil acidity in a 12-month study. The
subsurface soil layer (0.2-0.4 m) presented reduced aluminum saturation and increased
calcium, magnesium, potassium contents (base saturation), and sulfur contents with the
surface gypsum application. The association of gypsum with silicate, or lime, increased
sugarcane stalk, bagasse, trash yield, and energy yield; however, applying gypsum in
association with silicate leads to the most superior profitability.

The dolomitic lime and gypsum surface application in green sugarcane ratoon
was studied by Rossato et al. (2017) after 12 months of the treatment’s application. They
concluded that gypsum acted as a subsurface conditioner and contributed to the liming
benefits of surface lime application to reach deeper soil layers. This deepening of the soil
improvements caused by the gypsum and lime application allowed the development of
the sugarcane root system to greater depths. It generated increments in sugarcane stalk,
bagasse, trash yield, and sugar yield. However, the authors also indicated that gypsum
might lead to the leaching of magnesium and potassium into deep soil layers.

Araujo et al. (2019) studied the influence of gypsum (5 Mg ha) on soil carbon up to
2 m depth of an Oxisol. The carbon accumulation, its relationships with the soil’s chemical
properties, and the development of the sugarcane root system were evaluated next to the
seventh sugarcane cut (87 months after gypsum application). The authors reported (i)
increased calcium and sulfur contents and reduced aluminum saturation in the soil profile,
which were responsible for the improved sugarcane root system development, and (ii)
increased carbon sequestration in the deeper soil layers (1-2 m), where the leading supplier
of soil acidity were the sugarcane roots.

GYPSUM TO OTHER CROPS

All living plants need calcium, sulfur (macronutrients found in gypsum), and other
essential nutrients to complete their cycle. Crop plants of high productivity continuously
need those nutrients and other beneficial nutrients in balanced proportions to develop
and produce fully. Thus, several other crops present significant responses to the gypsum
application. Most observed results are positive, highlighting the benefits of regular gypsum
use and management for crop production and improved yield.

In coffee (Coffea arabica), the contents of soil calcium, magnesium, and potassium
and their sulfate (SO,*) ionic pair along the soil profile (0-2.4 m deep) were evaluated by
Ramos et al. (2013). The authors studied an Oxisol 16 months after gypsum application and
reported that (i) 96% of ionic potassium (K*) in soil solution was at 0.35 to 0.45 m in its free
form; (ii) the predominant leached chemical species occurred in the free forms (Ca?*, Mg#,
K+, §0,%), and (iii) the content of the chemical species of calcium and magnesium sulfate
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was higher than the potassium sulfate chemical specie.

Anikwe et al. (2016) found that the combined application of lime (5 Mg ha) and
gypsum (2.5 Mg ha) to an Ultisol improved soil physicochemical properties and cassava
(Manihot esculenta) yield. The authors argued that the calcium applied via lime and gypsum
flocculated the soil particles, enhancing the soil’s physical attributes and pH, soil infiltration
and aeration, soil phosphorus availability, and plant nutrient uptake for improved cassava
growth. Corroborating the results observed by Anikwe et al. (2016), the effects of lime on
soil physics are already known and usually affect soil flocculation, density, aggregates, and
porous structure (Auler et al., 2019; Conradi et al., 2020).

Magnesium sources such as kieserite (standard magnesium source for agriculture
- MgS0,.H,0), ground magnesium limestone [CaMg(CO,),], and magnesium-rich synthetic
gypsum (an industrial by-product that has > 70% of gypsum, 17.1% of magnesium hydroxide,
4.3% of calcium hydroxide, 2.3% of calcium carbonate, and pH 8.8) were evaluated in oil palm
(Elaeis guineensis) by Ayanda et al. (2020). The authors concluded that the magnesium-rich
synthetic gypsum is a viable soil conditioner for fertilizing and liming the soil. This source
satisfied oil palm plants’ calcium and magnesium requirements like other sources. Such a
magnesium-improved gypsum would minimize the magnesium-induced deficiency caused
by the magnesium-leaching potential when conventional gypsum sources are applied.

In eucalyptus (Eucalyptus sp.) seedlings, Gabriel et al. (2018) reported that lime
decreased soil acidity and improved plant development; however, the authors also noted
that the gypsum effect on the variables evaluated was insignificant and highlighted that
gypsum could reduce seedling growth if excessive rates are applied. Ferreira et al. (2020)
assessed the eucalyptus development for 36 months after applying up to 9.6 Mg ha' of
gypsum and reported no benefits to the dendrometric growth. The authors discussed the
lack of plant response to gypsum benefits (source of calcium, sulfur, and a soil conditioner).
They indicated a combination of factors responsible for the results’ non-significance, such
as soil type, eucalyptus tolerance to soil acidity, agronomic management, and climatic
conditions.

Other perennial crops, such as turfgrasses, need corrections and supplementations
in deep soil layers to achieve full development. Such improvements in deep soil layers
can not be reached only with lime, especially when tilling is not an option (e.g., gardens
and golf courses). Schlossberg et al. (2006) reported amelioration of the subsoil attributes
up to 0.6 m deep after two years of soil surface gypsum application (10.6 or 20 Mg ha™).
Thus, gypsum was a necessary soil amendment to manage macronutrients and potential
soil acidity. The authors also reported that the turfgrass beneficial growth responses to the
gypsum application vary among species.

Many horticultural crops, for example, presented improved yield, quality, shelf life,
and profitability when gypsum is applied (Korcak, 1993; Brown, 2018; Lantzke, 2018;
Santos et al., 2020; Charlo et al., 2021; Watts et al., 2021). Even crop production in soilless
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growth media can benefit from gypsum. Media containing FGDG and organic composts
have provided excellent plant production with no harmful environmental results (Chen
and Dick, 2011). Bardhan et al. (2005) studied tomato (Lycopersicum esculentum) and
wheat development in a low-cost, high-quality growth media for nursery, greenhouse, and
landscape industries. The authors reported (i) improved plant growth (35 days after planting)
for the tested media growth containing gypsum compared to the commercial media brand,
and (ii) no toxic elements were detected in excess in the media solution leachates or the
plant tissue evaluated.

Plants that exhibit rapid growth rates and are multipurpose, such as hemp (Cannabis
sativa) and hops (Humulus lupulus) — both from the Cannabaceae botanical family — will
positively respond to adequate fertilization and soil management (Brooks et al., 1961; Duke,
1983; Cannoy, 2015; Anderson et al., 2021b; Rehman et al., 2021). Industrial by-products
applied as crop fertilizers and soil conditioners have also been tested for hemp production.
Zielonka et al. (2017) studied the effects of sewage sludge (with and without gypsum) on
hemp photosynthetic performance. The authors reported increased chlorophyll content in
the leaves; however, this effect varied among hemp varieties. In hops, the gypsum benefits
are long known (Mayer, 1768); however, no specific recommendation for calcium or sulfur
rates has been reported yet (Gingrich et al., 2000; HAPI, 2019). In these cases, where there
is a lack of information regarding gypsum rate, the use of soil parameters - as indicated by
other researchers for gypsum recommendations (Ernani et al., 1992; Sousa et al., 1992;
van Raij et al., 1997; Sousa and Lobato, 2004; Sousa et al., 2007; Guimaraes et al., 2015;
Pauletti and Motta, 2017; Tiecher et al., 2018) - is the most appropriated approach of
determining a gypsum rate to be applied.

PLANT DISEASE RESPONSES TO GYPSUM

As highlighted here, gypsum is primarily a source of calcium and sulfur, especially
in subsoil layers, which can provide adequate nutrition to improve the plant root system,
absorption of nutrients, and natural disease control. Some reports of gypsum success
management in controlling plant diseases have been published in the literature. The plant
protection enhanced by gypsum application is probably related to improved calcium and
sulfur plant nutrition, besides the soil improvements already mentioned.

Calcium is an essential factor for cell wall and membrane stability (structural functions)
but also a secondary messenger in many physiological processes (signaling functions) that
include the plant’s responses to stresses via calcium-dependent proteins (Lecourieux et al.;
2006; Zheng et al., 2013; Thor, 2019). Sulfur plays an essential role in plant development
by being a structural constituent of critical macro-biomolecules (amino acids, proteins, and
oils) that regulate many processes regarding plant tolerance to environmental stresses
(Zenda et al., 2021). Additionally, sulfur positively interacts with soil nitrogen, phosphorus,

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 18

246



and microorganisms, improving soil health.

Walker and Csinos (1980) evaluated the effects of gypsum application on peanut
(Arachis hypogaea) yield, kernel grade, and pod rot (Pythium myriotylum and/or Rhizoctoniu
solani) damage in five peanut varieties in a sandy loam soil for three consecutive years. The
authors detected reductions in pod rot severity, increments in kernel calcium content, and
peanut yield for all cultivars as the gypsum rate increased. In watermelon (Citrullus lanatus),
the rising rates of calcium applied as gypsum also reduced the incidence of blossom-end
rot. This abiotic disease is caused by calcium deficiency, and the symptom is characterized
by increasing dark rotten spots at the end of the watermelon fruit (Scott et al., 1993).

Narasimhan et al. (1994) studied the foliar applications of calcium sulfate, magnesium
sulfate, ammonium molybdate, soil gypsum applications (500 kg ha™'), and fungicide
(carbendazim) application to manage sheath rot (Sarocladium oryzae) in rice. The sheath
rot incidence was assessed 20 days after the treatment’s application and was counted as
the percentage of tillers affected by the disease. The gypsum application to the soil or the
foliar fungicide application presented similar results regarding the management of sheath
rot and grain yield increase. The authors also observed that all gypsum treatments reduced
the incidence of sheath rot in rice, but this did not always translate into yield gains. However,
Zahra and Sarwar (2015) found positive effects of gypsum and potassium silicate on rice
yield parameters (plant height, productive tillers, straw, grain yield, and total biomass). The
same authors also highlighted that the role of gypsum was more prominent than that of
potassium silicate in improving the rice yield.

Messenger et al. (2000) reported that the application of gypsum reduced root rot
(Phytophthora cinnamomi) in avocado (Persea americana) seedlings regardless of good
or poor soil drainage. The authors highlighted that (i) the gypsum reduced the negative
effect of root rot on the entire avocado seedling and root weight; (ii) seedlings grown in
gypsum-amended soil were more resistant to root rot; (iii) reductions in root rot infection
were not caused by avocado growth, improved root resistance, or reduced cell-membrane
permeability in the roots, and (iv) the root rot infection was not profoundly affected by poor
soil drainage when high gypsum rates were applied.

According to Fernando et al. (2021), gypsum is an important soil amendment to
enhance plant growth, protection, and onion (Allium cepa) production. The authors reported
that the best results for anthracnose (Colletotrichum spp.) control (non-occurrence of tip-
burning or bulb rot) and onion bulb yield were observed when gypsum application was split
in two (50 kg ha' at planting and 50 kg ha' two weeks after). This result indicates that a
more constant nutrient availability by splitting the fertilizer rate is an adequate strategy to
improve plant performance and sanity.

Applying gypsum (8 Mg ha') on Mombaca grass (Panicum maximum cv. Mombaca)
also generated significant improvements, increasing plant fresh-biomass, seed production,

and root system volume in an Oxisol. Additionally, the sulfur in gypsum reduced leaf spot
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occurrence and severity (Bipolaris maydis) (Figure 6).

Figure 6. Incidence of leaf spot (Bipolaris maydis) on Mombaca grass (Panicum maximum). A: control
treatment (no gypsum applied). B: gypsum treatment (8 Mg ha).

Source: Padua Jr., A. L.

GYPSUM AGRICULTURAL RATE RECOMMENDATIONS

Many of the gypsum interactions with the soil are known, and the results expected
from its application are relatively well described, at least for the short-term experience with
gypsum; however, the method of gypsum recommendation varies for different purposes and
circumstances (van Raij, 2010). The positive effects of gypsum application in soil and plants
are usually expected to occur when (i) root penetration is limited by available aluminum or low
calcium contents in subsurface soil layers and when (i) soil compaction can be alleviated by
reducing the dispersion of clays in the soil. Ritchey et al. (1995) also indicated that (i) soils
under periodic drought (water stress) or (ii) excessive rainfall (increased nitrogen leaching)
and (iii) areas where the application of calcium can decrease the subsoil acidity are areas
prone to present improved plant results from the gypsum application. Soils of dystrophic,
dystrophic alic, aluminic, and acric characteristics are also prone to respond positively to
gypsum application (Santos et al., 2018).

Gypsum application is standard for soil and crop management in many tropical soils,
such as Brazil. Different methods of gypsum recommendations for crop production and soil
conditioning are presented, and all of them are adequate for defined scenarios. However, a
unique method for determining suitable gypsum application rates for all soils and cropping
systems is unavailable. Many gypsum recommendations are based on empirical experiences
and ranges of rate responses to gypsum. For example, Koske et al. (2005) reported for
many Louisiana (USA) soils that if soil analysis indicates low calcium contents and soil pH
of low acidity to alkaline, then 2,441 to 3,906 kg of gypsum should be added per hectare and
incorporated by soil tillage before tomato planting in greenhouse areas.

Other imprecise recommendations include soil and medium ameliorations in
greenhouses, nurseries, landscapes, and sports fields. These recommendations are usually
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based on the same soil attributes considered for field crops; however, the rates applied to
those specific places are generally higher to reduce the frequency of gypsum application
(Chen and Dick, 2011). In most tropical soils, the regular gypsum rate recommendations for
no-tillage (no soil disturbance) cropping systems are established on the subsoil contents of
calcium, aluminum, sulfur, and phosphorus, the clay content, and the CEC. Those regular
gypsum rate recommendations were naturally developed for conventional tillage cropping
systems. However, Guimaraes et al. (2015) found a strong correlation between grain yield
increase in no-tillage cropping areas and calcium saturation (78-84%) at 0-0.1 m soil depth.
The authors used a machine learning technique and concluded that calcium saturation
in the effective CEC, instead of aluminum saturation, is essential to estimate gypsum
requirements in no-tillage cropping areas.

However, when the exchangeable calcium content is 0.5 cmol, dm* or lower and/
or subsoil aluminum saturation is 20% or greater, significant positive responses to the soil
and crop plants are expected, according to Sousa and Lobato (2004), Sousa et al. (2007),
and Pauletti and Motta (2017). Other recommendations are based on different variables.
Dematté (1986) presented a gypsum recommendation for sugarcane crops based on the
average soil CEC and soil base saturation (Table 2) in the 0-0.4 m layer of dystrophic sandy
soil. The author also observed the (i) rise of soil base saturation in deep soil layers and (ii)
14 Mg ha' more sugarcane produced (three cuts average) when 2 Mg ha of gypsum was
applied to ratoon sugarcane.

CEC \" Gypsum rate
(mmol dm) (%) (Mg ha')
<10 2
<30 10-20 1.5
20-35 1
<10
30 - 60 10-20
20-35 1.5
<10 3.5
60 - 100 10-20 3
20-35 25

Table 2. Approximated gypsum rate according to the cation exchange capacity (CEC) and soil base
saturation (V).

Source: Dematté (1986).

Oliveira et al. (2007) recommended gypsum application to sugarcane crops when
the soil calcium contents are below 0.4 cmol, dm® and the aluminum saturation is bigger
than 20% in the 0.2-0.4 m soil layer. The authors recommended gypsum based on a fraction
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of the recommended lime rate for sugarcane multiplied by a correction factor according to
the soil layer: G = (LRx0.3) x (SL/0.2), where G is the rate of gypsum to be applied (Mg ha-
"), LR is the lime recommendation (Mg ha') for the respective area, and SL is the soil layer
depth interval that will be conditioned (m).

Vitti et al. (2005) also studied the application of gypsum to the sugarcane crop. The
authors presented that if the calcium content is lower than 0.5 cmol_ dm®, or the aluminum
content is higher than 0.5 cmol_ dm3, or the aluminum saturation is higher than 30%, or
the base saturation is lower than 30% in the subsoil layer (0.2-0.4 m), then, significant
effects of gypsum applications are expected to happen to the sugarcane crops. The gypsum
recommendation proposed by Vitti et al. (2005) depends on the soil base saturation and
CEC: G =((V,-V,) x CEC)/50, where G is the rate of gypsum to be applied (Mg ha™), V,
and V, are the desired and the actual soil base saturation (%), respectively, and CEC is the
cation exchange capacity (cmol, dm®).

The harmful subsoil conditions of low calcium content and acidity generate poor root
system penetration, especially when exchangeable aluminum is highly available. These can
be considered the most detrimental conditions for plant development and yield. Gypsum can
help solve those limitations to improve plant development. According to Lorenzi et al. (1997),
soils presenting less than 0.4 cmol_ dm= of calcium and/or aluminum saturation greater than
40% are significantly responsive to gypsum application. The gypsum recommendation in
these soils was also based on the soil clay content: G = 6 x clay, where G is the rate of
gypsum to be applied (kg ha™), and clay is its amount (g kg™) in the subsoil layer (0.2-0.4 m).

Alvarez et al. (1999) indicated that if the calcium content is lower than 0.4 cmol_dm?,
or the aluminum content is higher than 0.5 cmol  dm?, or the aluminum saturation is higher
than 30% in the subsoil layer (0.2-0.4 or 0.3-0.6 m), then the positive effects of gypsum
applications are expected to happen to the crops and soils. The gypsum recommendation
is based on soil texture and varies from 0-400 kg ha' (0-15% clay) to 1200-1600 kg ha™
(60-100% clay).

According to Sousa et al. (2001), the gypsum rate for soils cultivated with pasture can
be recommended based on the soil clay content and soil texture when gypsum is intended
as a soil conditioner and based on the sulfur content when gypsum is designed as a sulfur
source. The gypsum rate estimated from the soil clay content is calculated as G = 50 x clay,
where G is the rate of gypsum to be applied (kg ha), and clay is its amount (% or dag kg") in
the subsoil layer (0.4-0.6 m). According to soil texture, the gypsum recommendation varies
from 700 kg ha' (sandy soils) to 3,200 kg ha™* (clayey soils). The residual effects of gypsum,
recommended according to soil clay content or texture, can last at least five years.

The gypsum recommendation to supply sulfur to the plants is based on the average
soil sulfur contents in the 0-0.4 m soil layer (Sousa et al., 2001). To soils with low sulfur
contents (<4 mg dm?), the gypsum rate is G = 10 x clay, where G is the rate of gypsum to
be applied (kg ha), and clay is its amount (% or dag kg™) in the soil. To soils with medium
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sulfur contents (5-9 mg dm®), the gypsum rate is G = 5 x clay. The residual effects of
gypsum, recommended according to soil clay content or texture, can last at least two years.
When the soil sulfur content is high (= 10 mg dm), no gypsum application is needed unless
the area is intended for pasture establishment or recovery and the soil sulfur content is
lower than 4 mg dm?=2 in the first 0.2 m of the soil profile.

Pias et al. (2019) also argued that (i) the no-tillage cropping system altered the
soil sulfur dynamics, (ii) the emergence of high-yield crop varieties, (iii) the application of
low-concentration sulfur fertilizers, and (iv) the reduction in atmospheric sulfur depositions
makes the recommendation for sulfur fertilizers a priority since positive responses are
expected, especially when the soil analysis (0-0.2 m depth) is below 7.5 mg dm=.

Sousa and Lobato (2004) also indicated that if the calcium content is 0.5 cmol, dm™®
or lower and/or subsoil aluminum saturation is 20% or greater, and the gypsum rate is for
an annual crop, then it can be estimated as G = 50 x clay, where G is the rate of gypsum to
be applied (kg ha'), and clay is its amount (% or dag kg™) in the subsoil layer (0.2-0.4 m);
if the gypsum rate is for a perennial crop, then it can be estimated as G = 75 x clay, where
G is the rate of gypsum to be applied (kg ha'), and clay is its amount (% or dag kg) in the
subsoil layer (0.2-0.4 m)

According to Sousa et al. (1992), the study of subsoils in Cerrado (Savanna-like biome
presenting weathered acid soils) indicated that significant responses to gypsum application
might occur when subsoil exchangeable calcium contents below 0.1 cmol kg™, regardless
of subsoil aluminum content. The authors also showed that when soil calcium contents
exceed the plant’s needs, the aluminum content dictates the occurrence of significant
gypsum effects. In these conditions, significant soil and plant responses are expected to
happen when aluminum saturation contents are above 65% and lower responses when
aluminum saturation is below 35%. Sousa et al. (1992) presented a formula to determine
gypsum recommendation also based on the soil clay content: G = 17 + 6.508 x clay, where
G is the rate of gypsum to be applied (kg ha), and clay is its amount in the subsoil layer (g
kg"). Moreover, acid soils with low CEC were reported to be similarly responsive to gypsum
application (Dematté, 1992), including Oxisols, oxidic Ultisols, and low-CEC acid Inceptisols
and Entisols. Sousa et al. (1992) also suggested using remaining phosphorus to indicate
the gypsum rate; the extreme rate values varied from about 0.453 to 0 Mg ha™ for 30 to 60
mg dm-? of phosphorus and from 1.680 to 0.720 Mg ha™' for 0 to 19 mg dm of phosphorus.

Despite the many options, some inconsistencies regarding the gypsum
recommendations and rates have been pointed out. Pivetta et al. (2019) evaluate cotton
root development in an Oxisol related to aluminum and calcium activity and speciation in
the soil solution as affected by gypsum rates based on soil clay content. The authors found
that (i) the cotton root growth was more related to soil properties such as calcium content,
aluminum saturation, base saturation, ratio calcium-effective cation exchange capacity,
and ratio aluminum-calcium than to soil solution attributes, and (ii) that the current gypsum
recommendations based on soil clay content are underestimating the gypsum rates needed
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by the cotton crop.

Lately, Caires and Guimarées (2018) suggested a method for estimating gypsum
rates based on the increase in calcium saturation to 60% in the effective CEC (eCEC = soil
base sum + aluminum) at the subsoil layer (0.2-0.4 m). Over 10 years, the authors studied
the effects of gypsum application on maize, soybean, wheat, and barley and, through an
algorithm approach to regressions, proposed G = (0.6 x eCEC — Ca) x 6.4, where G is the
rate of gypsum to be applied (Mg ha'), eCEC is the effective cation exchange capacity
(cmol, dm?®), and Ca is the exchangeable soil calcium (cmol, dm?®). The gypsum rates
recommended by this method were closer to those associated with maximum economic
yield than those indicated by other methods based on subsoil clay content, which is currently
used in Brazil. Thus, the proposed method can be efficiently utilized when subsoil acidity is
an important growth-limiting factor.

Therefore, among many gypsum rate recommendations for most agricultural
situations, the selection of an appropriate rate usually depends on the contents of
exchangeable ions (e.g., calcium, aluminum, sulfur, phosphorus), soil type, clay content,
soil CEC and eCEC, base saturation, cropping system, rainfall regime, and the purpose
of gypsum application (Sousa et al., 2001; Chen and Dick, 2011; Kost et al., 2014). The
soil morphology is another variable that could be considered in the definition of adequate
gypsum management, especially the rate of gypsum application and the moment of its
reapplication. As reported by Cooper & Vidal-Torrado (2005), there are soil horizons, for
example, characterized by extended development of structural pores (macropores), which
favor water conduction processes (higher hydraulic conductivity), and less development of
textural pores (micropores), reducing water retention in the horizon. Such conditions would
affect the dynamic of gypsum results in soil and the time of its residual effect on plants.

In subtropical regions, gypsum application is still not a common practice. The
knowledge of its effect on the soil-plant-environment system is less detailed, with no well-
established parameter to decide for gypsum application. However, Tiecher et al. (2018)
found significant and positive results with gypsum application when aluminum saturation
was above 10% and calcium content was below 3 cmol  dm* in subtropical subsoil layer
(0.2-0.4 m) under no-tillage cropping system. Under these subsoil conditions (aluminum
saturation > 10%, calcium < 3 cmol,_ dm®), maize and winter cereals grain yield increased
by about 16 and 19%, whether the soil was water-deficient or not. Soybean grain yield only
increased (27%) when gypsum was applied to soils of high subsurface acidity and water
deficiency. The authors also highlighted that high gypsum rates (6-15 Mg ha™") are applied
to soils with low aluminum saturation and high calcium contents that may cause reductions
in grain yield due to induced potassium and magnesium deficiency.

Additionally, Ernani et al. (1992) studied the application of gypsum to clayey soils
with high CEC in temperate regions of regular rain distribution. The calcium contents in the

studied soils were high, well above the level where calcium deficiencies would be expected.
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Consequently, the authors observed low to no positive responses from the gypsum
application, indicating the importance of identifying the subsoil characteristics that would
positively respond to the gypsum application.

GYPSUM DOSAGE ERRORS

The under and overestimation of the gypsum rates can occur when soils present
specific conditions with thick A or A-E horizons (over 0.4 m thick) — arenic and thick arenic
soils —and soils with B horizons with high contents of available aluminum and clay. Therefore,
the traditional methodologies for gypsum recommendation presented here might not reflect
the adequate gypsum rate to deliver the expected soil-plant-environment benefits. In Oxisol
and Nitosol soils (weathered soils with different B horizon attributes) of similar texture, the
gypsum recommendation based on soil clay content might not meet the plant’s requirements
for its full development or the expected soil improvements.

In Nitosols, the water flow through soil layers is reduced by the occurrence of clay
films and soil structure of subangular to prismatic blocks (B nitic) (Cooper and Vidal Torrado,
2005; Grego et al., 2011). The lower drainage of these soils increases the gypsum residual
effects compared to the Oxisols (weak subangular blocky structure, with or without the
granular structure, and no or faint clay film), thus affecting gypsum effects due to similar
gypsum recommendations for soils of similar clay contents. Figure 7 exemplifies the
differences observed between distinct soils cropped with soybeans.

Nitosol

Figure 7. The residual effect of gypsum fertilization (4 Mg ha' applied 4 years before the picture register
in the summer of 2022) in a Nitosol and Oxisol.
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Source: Fachinetto, G. K.

The suggestion for situations where soil parameters affect the reaction of gypsum is
to evaluate soil in more profound depths. Predicting adequate gypsum rates thus requires
information about soil attributes that can reach 1 meter or deeper. Soil information from
deep soil layers helps to understand the limitations and improvements needed for high
gypsum efficiency and crop performance.

GYPSUM HANDLING AND APPLICATION

Gypsum (mined or FGDG) is not combustible or explosive and is not expected to
produce any hazards under regular everyday use. No specific individual protection equipment
is usually required for gypsum handling under ordinary conditions; still, always consult the
current regulatory guidelines and policies before taking and storing any substance. However,
a valid recommendation is to avoid, as much as possible, breathing gypsum dust, which
may irritate in contact with the eyes, respiratory tract, throat, and skin. Gypsum is usually
stored in the open at a strategic point that facilitates its future distribution in the cropping
areas; however, when gypsum is stored in a closed-covered structure, enough ventilation
must be provided to control airborne dust when generated.

Summarized gypsum rate recommendations, time of application, and method of
application are presented by Chen and Dick (2011). The authors also recommended (i)
annual gypsum application when gypsum is intended to be a nutritional source of calcium
and sulfur and (ii) split gypsum application if high rates are required. In this latter situation,
the initial gypsum rate should be higher to remediate the restrictive soil situation, and the
subsequent rates should be for maintenance and annually applied. The gypsum application
can be made any time of the year; however, its application during autumn and winter is
usually the most common practice. The gypsum application in those seasons permits (i) the
application after crops are harvested, (ii) soil drying, which implies lower damage caused
by the drive of heavy spreading equipment across the field, and (iii) allows enough time for
gypsum-soil reactions to provide the gypsum benefits to the next crop season.

As indicated here, there are many gypsum recommendation methods. At the same
time, there is a lack of a reliable way of defining gypsum rates and frequency of application
for many situations. This lack presents a potential difficulty for farmers, researchers, and
consultants when determining adequate gypsum management. For those without a gypsum
recommendation for a specific situation, we suggest consistent literature research (e.g.,
scientific papers, book chapters, bulletins, regional technical circulars, and advertisements)
for particular soil conditions, climate, and crops intended to be cultivated. Then, identify the
closest and most successful reports as references for a gypsum management strategy.

After the definition of gypsum management (rates and frequency of application), the
method to use gypsum will depend on its granulometry (finer granulometry means faster
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reaction in soil), gypsum source, and the urgency for its benefits. Crushed or powdered
gypsum provides the same benefits as pelletized gypsum (granular form). However,
pelletized gypsum offers important benefits such as (i) improved handling (pellets are easier
to handle, store, transport, and apply; also, powdered gypsum has a great potential to
clump together, clogging equipment and increasing maintenance requirements); (ii) better
distribution (powdered gypsum is dusty and often becomes windblown reducing the precision
of its application; also, pellets move quickly through standard spreading equipment), and,
(iii) reduced product loss (powdered gypsum result in a significant amount of product losses
due to its dusty origin which makes it easy to fly away from the targeted area). Conversely,
pelletized gypsum might need extended time for its complete solubilization reaction in soil
due to its low solubility. When deciding on powdered gypsum, avoiding its application during
intense windy days is recommended to reduce material losses.

Gypsum is usually spread over the soil’s surface in no-tillage cropping areas, or
gypsum is incorporated downward into the subsoil. Gypsum incorporation is less frequent
in tropical areas (hot, rainy areas). Gypsum incorporation is also an alternative to avoid and
decrease gypsum erosion by wind and water; however, soil turning to incorporate gypsum,
or any crop input is a pricy activity. Additionally, this soil management reduces the soil’s
water-holding capacity due to de-structuring during the soil incorporation process, which
lowers the plant’s resistance to occasional drought stress. Still, when soil turning is needed,
many doubts arise regarding the frequency and cost-benefits of such activity together (or
not) with gypsum management.

Nevertheless, dry-material spinners or drop spreaders regularly apply gypsum to the
soil surface. Gypsum can also be dissolved in irrigation water if it is a fine powder (0.074
mm in size or smaller) for fast gypsum results in soil and uniform gypsum application (Chen
and Dick, 2011). However, avoid foliar applications with gypsum and other agrochemicals,
as they tend to form precipitates when the foliar spray solution dries on the plant’s surfaces.
This dried spray solution covers the plants with a thin film of gypsum, potentially blocking a
fraction of sunlight and reducing the photosynthesis efficiency.

GYPSUM KNOWLEDGE GAPS AND FUTURES RESEARCH

Considering the points discussed here and the fact that the application of agricultural
gypsum is still not a regular practice in many regions worldwide, we understand that to
improve its usage, we must primarily stimulate and support public policies about the benefits
of adequate gypsum management. These policies must reach the crop production system
with technical criteria and initial professional support, especially to the smaller farmers who
generally are the least benefited from technologies that seek sustainability in agriculture.

Even with all the research on the effects and benefits of gypsum application to the

agricultural complex - including soil dynamics, plant physiology, environmental safety, and
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economic thresholds - many critical issues are still not fully understood (Watts and Dick,
2014; Dalla Nora et al., 2017; Pias et al., 2020). Some aspects of the gypsum’s long-term
effects on (i) soil organic matter; (ii) nitrogen, magnesium, and phosphorus dynamics in soil;
(iii) lime joint application and management; (iv) doses and frequency of regular fertilizer
application; (v) the time needed to achieve significant results from the gypsum application;
(vi) the economic value of gypsum crop management on yield (cost-benefits), and (vii) the
environmental services are not well comprehended and need to be elucidated.

Additionally, other agricultural technologies are being developed and implemented to
improve crop productivity (yield per area) and the sustainability of the agricultural activity, and
indeed, they will affect the soil and plant responses and the agronomic recommendations
for gypsum management. Such improved technologies include (i) smart fertilizers (e.g.,
slow and controlled release fertilizers, bioformulated fertilizers, nanofertilizers, beneficial
nutrients) developed to enhance nutrient use efficiency and crop yield with low impacts on
the natural environment (Raimondi et al., 2021; Karthik and Maheswari, 2021; Tayade et
al., 2022; Verma et al., 2022; Abiola et al., 2023; Areche et al., 2023; Chakraborty et al.,
2023); genetic engineering and genome editing techniques of crop plants to improve their
resistance to stresses and use-efficiency of agricultural amendments (Jan and Shrivastava,
2017; Mackelprang and Lemaux, 2020; Clouse and Wagner, 2021; Lebedev et al., 2021;
Raza et al., 2022); large-scale application of artificial lights (light supplementation) to field
crops (Lemes et al.,, 2021), and digitalization-integration-robotization plus Al (artificial
intelligence), DL (deep learning) and blockchain of agriculture (Krithika, 2022; Srivastava,
et al., 2022; Adamides and Edan, 2023; Ali et al., 2023; Mahibha and Balasubramanian,
2023; Cheng et al., 2023; Mesias-Ruiz et al., 2023; Okolie et al., 2023; Wakchaure et al.,
2023; Zeng et al., 2023) are emerging and represent some of the most recent advances for
modern sustainable and productive agriculture.

Overall, we can assure you that gypsum is very important to maintain and improve soil
health and its functionality for high crop nutrition and yield performance. Gypsum and other
technologies can also lower production costs, reduce the negative impacts of agriculture on
the natural and social environment, and increase world food safety.
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ABSTRACT: The selection of productive
traits have great importance for the good
performance of dairy farms. Strategies are
developed with the aim of promoting the
genetic improvement of the desired traits in
future generations. The general objective of
this study was to establish the growth curve
of the Holstein breed, considering factors
that contribute to precocity, especially
in relation to body weight and withers
height. Monthly measurements of body
weight and withers height, as well as rump
measurements, were carried out, enabling
the monitoring of the development of
Holstein calves in a dairy farm in Sdo José
dos Pinhais, Parana. The results showed
high and positive correlations (r) between
the different measurements, as follows: (a)
withers height x rump length: r = 0.91; (b)
rump ileus width x body weight: r = 0.86;
(c) rump ischium width x body weight: r =
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0.96; (d) rump ileus width x rump ischium
width: r = 0.84; (e) rump length x rump ileus
width: r = 0.84 and (f) rump length x rump
ischium width: r = 0.98. Average daily weight
gain was highest in the first six months of
age, followed by a slowdown due to pre-
puberty behavioral factors. The importance
of growth curves for breeding programs is
emphasized, demonstrating the need for
efficient management to optimize future
reproductive performance. The correlation
between body development and the
anticipation of heat externalization in calves
is relevant for reproductive management.
KEYWORDS: Growth  curve; Herd
monitoring; Heifers.

INTRODUCTION

The body development of calves is
the initial challenge in dairy cattle farming
because it is the group of animals that will
have the responsibility of replacing the
cows in the herd. The goals established
by the technical areas for the Holstein
breed
10% and weaning at 60 days, when it is

include: mortality of less than

recommended that it presents 2.5 times
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the birth weight, with consumption of 2.0 kg of concentrate/day, making it possible to reach
sexual maturity early, at 13 months, with 60% of adult weight.

To achieve this goal, it is necessary to minimize the incidence of diseases in the
first four months of life, following prophylaxis recommendations (AZEVEDO et al., 2016).
Genetic characteristics related to the progenitors influence body development, and allied
to these, nutritional factors. Right at birth, calves are monogastric and unable to use solid
food in their diet, but with physiological and biochemical aptitude for milk use. However, with
correct feeding management, in 45 days they can be weaned and considered ruminants
(COELHO et al., 2009).

Attention to the category of calves begins during pregnancy. It is the period
characterized by dramatic metabolic changes in the pregnant cow, which should have their
effect minimized under the provision of an anionic diet. Cows have their lactation interrupted
at 60 days before the expected date of calving, and this period is called the transition period.
Meeting nutritional needs is directly related to the development of the fetus and the beginning
of the cow’s lactation curve in the postpartum period (WEICH et al., 2013).

With reference to the weaning phase, solid food should be provided to calves during
the lactation period, promoting the development of rumen papillae. This is achieved with hay,
and so weaning can take place at 60 days of age. At this stage, fermented foods, such as
silage, are not yet recommended. After three months of age, the combination of silage and
hay can be used, but only of optimal quality. It is important that water is constantly available
to make up for the lack of saliva in the young calf and thus ensure a good fermentation in the
rumen, thus stimulating the intake of concentrate (SANTOS et al., 2002). The concentrates
fed to the calves must have a high grain size or coarse texture to cause the movement of
the reticulum-rumen, rumination, salivation and the maintenance of adequate pH (COELHO
et al., 2009).

Itis of great importance to pay special attention to health care, with the administration
of antiparasitic drugs from 60 days onwards, and the vaccination calendar established,
taking into account: pneumoenteritis, brucellosis, clostridiosis (anthrax and botulism) and
rabies. In the region studied, there is also a need for vigilance with reference to babesiosis
and anaplasmosis. Vaccination against foot-and-mouth disease should be carried out in the
states where it occurs, and Parana is a free area without vaccination (OMSA, 2021).

The reproductive development of females depends on the age at which they give
birth for the first time. Among the advantages of impregnating younger heifers are: shorter
time to obtain return on investment, increased number of calves produced and lactations,
translating into increased reproductive and productive life, and faster selection in the herd
by reducing the interval between generations (COZLER et al., 2019). The high speed of
growth in calves is desirable in dairy farms to result in the production of high quality heifers,
which show early sexual maturity with minimal cost (BORO et al., 2016).
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GOAL

The objective of the present study was to delineate the growth curve of the Holstein
Breed in relation to body weight and withers height, considering the factors that impact
positively sexual precocity, allowing the first birth to occur at two years of age. In addition, to
estimate the phenotypic correlations between body weight, withers height, and rump length;
and to obtain the mathematical models that explain the curves of body weight, withers
height, and rump length in relation to age.

MATERIAL AND METHODS

In the period between March 2023 and March 2024, the development of forty-six
Holstein heifers was monitored, from the suckling stage to one year of age, in a dairy farm
located in S&o José dos Pinhais, Parana. At the time of birth, each calf received four liters of
colostrum and sanitary care was immediately performed, especially the treatment of the navel.
In the first 60 days of life, milk was fed in the morning and late afternoon, corresponding to
10% of the body weight per day. After consumption, at the time of washing the buckets, good
quality water was provided, remaining ad libitum. There was also the gradual introduction of
20% protein concentrate, in increasing amounts, from 0.5 to 2.0 kg per day.

At 50 days of age, they had access to hay. After this period, the weaning process
was implemented, with the gradual remove of milk until 60 days, when the calves began
to be fed exclusively with concentrate and hay. Silage was introduced after 100 days. The
handling system adopted on this farm is semi-intensive, with the calves remaining for the
first four months in a collective calf, where they share the space with animals of the same
age group, and later transferred to a paddock formed by Tifton pasture (Cynodon spp), with
a covered trough for concentrate and silage. In this phase, they consumed 0.9 to 1.8 kg/
head/day of concentrate.

To evaluate development, monthly measurements were performed of the following
dimensions: (1) withers height, (2) rump width at the ileum (RWI), (3) rump width at the
ischium (RWIsc), (4) rump length (RL—measured from the sacral tuberosity of the ileum to the
ischial tuberosity, following the line of the spine), (5) body weight (by chest circumference),
and (6) withers height (from the withers to the ground). These measurements allowed us
to estimate (7) croup surface area (ASR) and (8) average daily weight gain (ADWG). The
database consisted of 4.416 pieces of information (n = 4.416).

Pearson’s linear correlation coefficient (r) was calculated in order to investigate the
relationships between data variability. For the study of multiple regressions, their accuracy
and correlation studies, the statistical program Assistat® version 7.7 pt was used. The
study of correlations is an important tool in genetic improvement and herd management,
because it allows the use of positive bulls for one characteristic to obtain the concomitant
improvement of others.
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RESULTS

Rump development

The measurement of the rump is an important part of information in progeny tests,
and should be a criterion for the selection of dairy heifers, because the greater the width,
the easier it will be for the animal to give birth, in addition to providing better dorsal support
of the udder (ARMELIN and HARTMANN, 2021). The study addressed the behavior of the
rump surface in relation to calf development and its trend line. To calculate the rump surface
area, the following equation was used: RSA = ((RWI + RWIsc) / 2) x RL (rump lenght).

There was a decrease in growth rate between 7 and 12 months of age, considered
the prepuberty period. The trend line was obtained with the coefficient of determination: R2 =
0.9115. The development of the rump surface in proportion to age can be seen in Figure 1.
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Figure 1 - Rump surface and age of Holstein calves in S&o José dos Pinhais, PR, from March 2023 to
March 2024. N = 46.

Source: Cardoso e Hartmann (2024)

With reference to rump development, growth acceleration was observed after 12
months of age. There was uniform development between rump length and rump ileus width
up to 9 months, as shown in Figure 2.
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Figure 2 - Development of rump measurements in Holstein calves in Sdo José dos Pinhais, PR, from
March 2023 to March 2024. N = 46.

Source: Cardoso e Hartmann (2024)

The correlations calculated were: (a) withers height x rump length: r = 0.91; (b) rump
width at ileus x body weight: r = 0.86; (c) rump width at ischium x body weight: r = 0.96; (d)
rump widht at ileus x rump widht at ischium: r = 0.84; (e) rump length x rump widht at ileus:
r = 0.84 and (f) rump length x rump widht at ischium: r = 0.98.

The correlation between body weight and withers height was: r = 0.95.

These correlations showed high values, indicating that, when selection occurs for
one characteristic, there is simultaneously improvement of another among those studied.

Withers height and body weight

The results of the height and weight measurements can be seen in Figure 3, as
well as the regression curves that allowed the development of the respective trend line
equations, with a high degree of accuracy. A high correlation between height and birth
weight until the age of 12 months was observed: r = 0.96.
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Development of Holstein calves in S&o José dos Pinhais - PR.
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Figure 3: Body weight and withers height of Holstein calves in Sdo José dos Pinhais, PR, Brazil. N = 46.
Fonte: Cardoso e Hartmann (2024)

The trend lines showed high data reliability, being respectively: R? = 0.9646 for body
weight and R? = 0.9652 for withers height.

Average Daily Weight Gain (ADWG)

The average daily weight gain (ADWG) was calculated monthly, with the average
weights, using the equation:

| ADWG = weight 2 - weight 1 / days of interval |

Thus, calves in the age group between birth and weaning (60 days) had a ADWG of
0.883 kg on average (n = 46). After weaning, a decrease in feed conversion and weight gain
was observed, resulting in a ADWG of 0.806 kg, in the categories of calves and heifers from
61 days to 365 days of age. These values are adequate, because in this category special
attention should be paid to avoid overweight, which would result in the accumulation of
adipose tissue in the mammary gland.

DISCUSSION

The data showed a higher rate of weight gain in the period between birth and the
age of six months. However, a subsequent deceleration in the growth rate is observed,
probably due to behavioral factors intrinsic to the pre-puberty phase, negatively influencing
dry matter intake. Management elements, such as feeding, disease and parasite control,
and environmental conditions, have a direct influence.
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The knowledge of growth curves helps genetic improvement programs for the
selection of animals with precocity and higher expected yields (BERGAMASCO et al., 2001).

Management should be directed towards obtaining reproductive precocity to reduce
costs on the farm. In addition, it is essential to consider the morphology of the female
calves, especially the rump, which plays an important role in the ease of calving, postpartum
recovery, and mobility of the animal. The ideal rump should be wide, long in the lateral
and posterior vision, gently joined to the loin, and the hip joint should be well separated,
without fat accumulation (VALLOTO e PEDROSA, 2018). These morphological aspects are
decisive to ensure not only the current performance of the cows, but also the longevity and
future productivity in the dairy context.

Growth refers to an increase in linear size, weight, fat accumulation in tissues, and
nitrogen and water retention. Growth is a highly complex and integrated process that involves
increasing of the number and size of cells and the deposition of substances within them. It
involves interaction between nutrients, environment, genotype, hormones and receptors for
these hormones from different tissues (BORO et al., 2016).

Evaluating the peak of Luteinizing Hormone (LH), Getzewich (2005) concluded that
puberty in Holstein heifers occurs around 11 months of age. It has been observed the anticipation
of the exteriorization of heat in calves in recent years. This fact is relevant, and should be
observed concomitantly with body development, especially in relation to weight, height, body
length, and rump length and width, enabling heifers to enter at reproductive management
without, however, hindering their growth (HARTMANN et al., 2023). Sexual maturity is highly
dependent on growth rate, as it is a function of body weight rather than age (BORO et al., 2016).

Puberty in females is defined as the age at which there is ovarian cyclicity. The
onset of puberty is characterized by an increase in the concentration of progesterone in
the plasma, reaching levels above 1 ng/mL, which can occur from 6 to 10 months of age,
depending on genetic and environmental factors (MADGWICK et al., 2005). Puberty occurs
when the heifer’s weight is between 40 and 50% of the adult body weight, regardless of
age, but the onset of reproductive life should occur when the heifers reach 55-60% of the
adult body weight. The growth rate should be maintained during gestation in such a way
that heifers weigh 80 to 85% of mature body weight at first calving. Lower growth rate is
associated with a late onset of puberty (BORO et al., 2016).

The mean values of weight gain in the prepubertal period found in the present
study were 0.790 g/day (= 0.040), between 150 and 320 kg, in agreement with reports
by Zanton and Heinrichs (2005). According to these authors, the average daily weight
gain in prepubertal age is related to allometric growth of the mammary gland and, as a
consequence, there is a maximization of milk production in the first lactation. On the other
hand, high ADWG values, above those obtained, are harmful because they promote the
reduction of somatropin circulation, and result in a reduction in the development of the
mammary gland.

Agricultural sciences unveiled: Exploring the dynamics of farming and sustainability Chapter 19

282



FINAL THOUGHTS

The correct management of calves is an important element to ensure the best
development of the animals and, consequently, the maximum productivity of the farm,
considering that it is the category that will replace adult cows in the future. Dairy farms
want to obtain animals with high milk productivity, so the main challenge lies in meeting
several factors, including genetics, environment, nutrition and management, to achieve the
expected goals.

In this context, monitoring and evaluating the morphological conditions of female
calves becomes essential to achieve the desired results. In addition to contributing to the
improvement of farm management, this practice provides valuable data that guides possible

improvements or adjustments, providing a clear direction to improve herd performance.

CONCLUSION

Monitoring height and weight is recommended, as these are highly correlated
phenotypic characteristics, with the aim of showing early sexual maturity at the appropriate
weight. The high correlation observed between withers height and rump length (r = 0.91)
and between rump length and rump width at ischium allows us to infer that the selection of
female calves by height results in animals with longer and wider rumps. In adult cows, it is
observed that this factor brings benefits to the greater length of the mammary gland and
factors related to the ease of calving and development of the udder.
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