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ABSTRACT

SILVA, Maria Isabela Moreira, M.Sc., Universidade Federal de Vigosa, March, 2025.
Challenges in agricultural production: the quality of BRS capiacu silage and
the effects of the Fundao dam collapse in Mariana (MG) on dairy production.
Adviser: Alex Lopes da Silva. Co-adviser: Polyana Pizzi Rotta.

This dissertation consists of two studies, both focusing on aspects that can influence
agricultural production. In the first study, the quality of Cenchrus purpureus
(Schumach.) Morrone cv. BRS Capiacgu silage was evaluated with the addition of
cornmeal or after 3 or 5 days of wilting in terms of fermentation profile, chemical
composition and in situ degradation. A completely randomized design was used, with
4 treatments and 3 replicates. The treatments studied were Control (CON), ensiling
with the addition of 8% cornmeal (SGC), ensiling wilted grass for 3 days (WI3), and 5
days (WI5). The variables analyzed included pH values, volatile fatty acids, chemical
composition and, in situ degradability in the rumen. Data were subjected to ANOVA
with means compared using Tukey's test (P<0.05). Treatments SGC and WI3 were
different from each other, but with similar results, presenting showed the lowest pH
values (4.55, and 4.52%, respectively), the highest lactic acid production (2.32, and
1.57%, respectively) and the lowest butyric acid concentration (0.27, and 0.33%,
respectively) (P<0.001 for both variables). In terms of chemical composition, SGC
and WI3 had higher dry matter (257.2, and 318.3 g/kg, respectively) and higher crude
protein (63.8, and 58.5 g/kg, respectively) and lower concentrations of neutral
detergent fiber (700.2, and 765.8 g/kg, respectively), acid detergent fiber (453.3, and
504 g/kg, respectively) and lignin (82.1, and 88.4 g/kg, respectively) (P<0.001 for all
variables except for CP (P=0.001)). As far as degradation in the rumen is concerned,
the SGC treatment achieved the best results. The of cornmeal and WI3 improved the
chemical and fermentative quality of the elephant grass silage cv. BRS Capiagu.
However, degradation was only improved with the inclusion of cornmeal. The second
study investigated dairy farms affected by the Funddo dam breach in Mariana (MG)
in 2015 and compared the situation of dairy farms affected by a dam breach disaster
(AFD) with that of unaffected farms (UFD) in terms of management, management
practices and socio-economic conditions. Sixty dairy farms managed by the Familia
do Leite Program of the Federal University of Vicosa (UFV) were analyzed based on
agronomic, productive, and environmental indicators. The statistical analysis was
performed using the UNIVARIATE procedure of SAS for continuous variables and
logistic regression with GLIMMIX of SAS for binary variables (P<0.10). The results
showed that AFD



were more likely to receive technical support, purchase forage, analyze the soil, and
leave the activity (P<0.10). On the other hand, AFD were less likely to use
exogenous oxytocin, less likely to have parasitic sadness, use pit water, and have
fewer problems with roads (P<0.10). These results highlight the significant
differences in management practices and socio-economic conditions between AFD
and UFD farms. These findings emphasize the need for targeted support to mitigate
the long-term effects of environmental disasters on agriculture.

Keywords: environmental disaster; forage conservation; milk production; mining



RESUMO

SILVA, Maria Isabela Moreira, M.Sc., Universidade Federal de Vigosa, marco de
2025. Desafios na producao agricola: a qualidade da silagem de BRS capiacu e
os efeitos do rompimento da barragem de Fundao em Mariana (MG) na
producao leiteira. Orientador: Alex Lopes da Silva. Coorientadora: Polyana Pizzi
Rotta.

Esta dissertacdo € composta por dois estudos, ambos focados em aspectos que
podem impactar a produgao agropecuaria. O primeiro estudo avaliou a qualidade da
silagem de capim elefante cv. BRS Capiacu com adicao de fuba ou submetidas ao
emurchecimento por 3 ou 5 dias, quanto ao perfil fermentativo, composicdo quimica
e degradacao in situ. Utilizou-se um delineamento experimental inteiramente
casualizado, com 4 tratamentos e 3 repeticées. Os tratamentos investigados foram:
controle (CON), ensilagem com adicdo de 8% de fuba (SGC), ensilagem do capim
murcho por 3 dias (WI3) e por 5 dias (WI5). As variaveis analisadas incluiram os
valores de pH, acidos graxos volateis, composicdo quimica e degradabilidade
ruminal in situ. Os dados foram submetidos a ANOVA, com médias comparadas pelo
teste de Tukey (P<0,05). Os tratamentos SGC e WI3 foram diferentes entre si,
porém com resultados similares, apresentando os menores valores de pH (4,55 e
4,52%, respectivamente), maior producédo de acido latico (2,32 e 1,57%) e menor
concentracdo de acido butirico (0,27 e 0,33%) (P<0,001 para ambas as variaveis).
Na composi¢do quimica, os tratamentos SGC e WI3 apresentaram maior valor de
matéria seca (257,2 e 318,3 g/kg) e proteina bruta (63,8 e 58,5 g/kg) e menores
concentragbes de fibra em detergente neutro (700,2 e 765,8 g/kg), fibora em
detergente acido (453,3 e 504 g/kg) e lignina (82,1 e 88,4 g/kg) (P<0,001 para todas
as variaveis, exceto PB (P=0,001)). Em relacdo a degradacao ruminal, o tratamento
SGC obteve os melhores resultados. A inclusdo de fubd e o emurchecimento por 3
dias melhoraram a qualidade quimica e fermentativa da silagem de capim-elefante
cv. BRS Capiagu. No entanto, a degradacdo sé foi melhorada com a inclusao de
fubd. O segundo estudo investigou as propriedades leiteiras afetadas pelo
rompimento da barragem de Fundao, em Mariana (MG), em 2015, comparando a
situacao de propriedades leiteiras afetadas por desastre de barragem (AFD) com a
de propriedades nao afetadas (UFD) em termos de gestdo, praticas de manejo e
condi¢cbes socioeconbémicas. Foram analisadas 60 propriedades atendidas pelo
Programa Familia do Leite da Universidade Federal de Vigosa (UFV), utilizando os
indicadores agronémicos, produtivos e ambientais. A analise estatistica foi realizada
utiizando o procedimento UNIVARIATE do SAS para varidaveis continuas e
regressao logistica com GLIMMIX do SAS para variaveis binarias. (P<0,10).



Os resultados indicaram que as AFD apresentaram maior chance de receber
assisténcia técnica, comprar de forragem, analisar o solo e abandonar a atividade
(P<0,10). Por outro lado, as AFD demonstraram menores chances de utilizar
ocitocina exogena, ter tristeza parasitaria, utilizar 4gua de mina e ter problemas com
estradas (P<0,10). Esses resultados destacam as diferengas significativas nas
praticas de gestao e nas condi¢cdes socioecondmicas entre as fazendas AFD e UFD.
Essas descobertas reforcam a necessidade de apoio direcionado para mitigar os
efeitos de longo prazo dos desastres ambientais na agricultura.

Palavras-chave: conservacao de forragem; desastre ambiental; mineracao; producao
de leite
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GENERAL INTRODUCTION

Cattle production stands out as one of the most important agricultural activities
in Brazil and of crucial importance for the national economy (BIANCHINI; SECHI;
MARIN, 2025). Dairy production systems, in turn, have great social, cultural, and
economic importance and play an essential role in food security, in the supply of
nutrients and as a livelihood for many families (SILVEIRA et al., 2022).

In Brazil, livestock production on pastures is predominant and occupies a large
part of the territory (PARENTE et al., 2019). However, one of the biggest challenges
for farmers using this system is the seasonal variation in feed supply, a problem that
tends to worsen with the effects of climate change (JOSEPH et al., 2025). This
seasonality is characterized by a significant decrease in the quantity and quality of
forage during the dry season, which leads to a reduction in animal performance (SILVA
et al., 2022). To compensate for feed deficits, which are largely due to scarcity during
the dry season, it is crucial to apply appropriate forage conservation and preservation
practices to maintain quantities, reduce nutrient and energy losses and minimize
spoilage (BALEHEGN et al., 2022). Forage preservation by ensiling is a viable solution
to ensure a constant supply of forage throughout the year (DISANAYAKA et al., 2025).

The BRS Capiacu grass, launched by Embrapa Gado de Leite at the end of
2015, stands out as one of the most productive tropical forages in the world and is
widely used by livestock farmers in Brazil, especially for silage production (RIBAS et
al., 2021). However, tropical grasses usually have a high moisture content (> 700 g/kg
fresh mass), which can lead to undesirable fermentation in the ensiled mass and impair
the quality of the finished silage (AMARAL et al., 2020; CARVALHO et al., 2024).
Ensiling high-moisture forages increases the risk of butyric acid fermentation and
wastewater production, which leads to high fermentation losses and negatively affects
both the quality and nutritional value of the silage (GOMES et al., 2019).

To obtain good quality silage, it is important to reduce free water as this helps
to control the proliferation of undesirable bacteria and reduce wastewater production
(RAZAK et al., 2012; SINGH; SINGH; IMAM, 2014). The addition of by-products or dry
residues can reduce water activity in the silo, limiting excessive yeast growth and
favoring the preservation of nutrients in the silage (BONFA et al., 2020, 2022). Among
the most effective materials for moisture retention in the ensiling of elephant grass,
cornmeal stands out, as it has a high-water absorption capacity (PAULA, 2020).
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However, the growing demand for ethanol production has led to an increase in corn
prices (RANUM,; PENA-ROSAS; GARCIA-CASAL, 2014), which means that the
inclusion of this cereal in silage can lead to increased production costs.

An alternative approach is the wilting technique, which is an effective method
for reducing moisture content (GUO et al.,, 2021) and also helps to inhibit the
proliferation of undesirable microorganisms and improve silage quality (LIU et al.,
2011; NISHINO et al., 2012; WANG et al., 2018). GUO et al. (2021) observed that the
relative abundance of Lactobacillus increased while that of Enterobacter and
Pseudomonas decreased in paper mulberry silage after wilting treatment.

However, several studies cannot be used as a definitive reference for
understanding the effect of wilting on silage quality, as many of them provide
inconclusive results. For example, NISHINO et al. (2012) and ZHENG et al. (2018)
reported divergent results in terms of pH. In this context, there is a lack of studies on
the ensiling of BRS Capiagu grass, especially in relation to conservation techniques
such as the use of moisture sequestrants and wilting. It is important to develop efficient
methods to improve the fermentation quality and nutritional value of the silage.

However, the challenges facing the Brazilian livestock industry are not limited
to feeding and silage production. Mining, another important sector of the Brazilian
economy, has a significant impact on the environment and communities and directly
affects agricultural activities, especially in regions such as Minas Gerais, where a large
part of the country's mining activities is concentrated. In 2024, Minas Gerais was the
leader with a 40% share of the sector's total revenue (IBRAM, 2024).

Although mining brings considerable economic benefits, it is also associated
with significant environmental impacts, such as pollution of water resources, air
pollution, land degradation and damage to biodiversity (CORDY et al.,, 2011;
WORLANYO; JIANGFENG, 2021). The collapse of the Samarco dam, which occurred
on November 5, 2015 in Mariana (Minas Gerais), released more than 62 million tons
of iron ore tailings into riverbeds and plains, affecting the Gualaxo do Norte, Carmo,
and Doce rivers. This disaster led to the death of 19 people and contaminated 668 km
of watercourses that reached the Atlantic Ocean (FERNANDES et al., 2016;
VERGILIO et al., 2020; BOTELHO et al., 2021). atualmente sob controle das empresas Vale
S.A e BHP Billiton Brasil

The social impacts of the dam burst include the destruction of infrastructure,
changes in the way of life of traditional communities, the loss of cultural heritage and
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a decline in the production capacity of small farmers. These events also affect the
health of riverside communities, causing psychological damage, disease, and the
spread of vectors. In addition, access to drinking water is restricted, which is
detrimental to people's well-being (POLIGNANO; LEMOS, 2020).

The intensive soil erosion in mining areas makes it difficult to maintain
agriculture in these regions (ASENSIO et al., 2013). In addition, the deposition of
overburden can lead to contamination of soil and water with toxic substances such as
arsenic (As), cadmium (Cd), and lead (Pb) (SILVA et al., 2022). After the disaster,
cadmium and arsenic levels in sediments exceeded the limits set by the National
Environmental Council (DUARTE et al., 2021). In contaminated agricultural soils, the
uptake of these metals by plants has been associated with adverse health effects, both
for the human population (LIU et al., 2019) and for the local fauna (PICAUD; PETIT,
2013; NACCARATO et al., 2020).

AGUIAR et al. (2020) investigated the bioavailability and ecological risks of trace
metals in the sediments of the continental shelf of the Doce River before and after the
collapse of the Fundao dam. The results showed significant differences in metal
concentrations between the period before and after the disaster, with a notable
increase in the values of the elements Cu > Pb > Ni > Zn > Cr. In this context, the
proximity of mining activities can pose a threat to livestock farmers, as contamination
of water resources and soil erosion jeopardize the sustainability of production and
affect the health of livestock and dairy farmers. Therefore, it is crucial to analyze the
consequences of mining disasters, such as dam failures, in order to understand the
vulnerabilities and adaptation strategies of producers.

Therefore, the main objective of this study was to investigate different aspects
affecting agricultural production, focusing on the problems faced by livestock farmers
in different contexts. The first study, presented in Chapter 1, aimed to evaluate the
effects of adding corn meal or wilting BRS Capiacu grass for 3 or 5 days and to analyze
the influences on the fermentation characteristics, chemical composition and in situ
degradation of silage from this forage. Chapter 2 focused on analyzing the impact of
the Funddo dam burst in 2015 on milk production. The current situation of milk
producers affected by this disaster was compared with that of unaffected producers in
order to understand the social and economic consequences of this event on

agricultural activity.
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ABSTRACT -

The aim of this study was to evaluate the quality of Cenchrus purpureus (Schumach.)
Morrone cv. BRS Capiacu silage with the addition of cornmeal or after 3 or 5 days of
wilting in terms of fermentative profile, chemical composition, and in situ degradation. A
completely randomized design with four treatments and three replicates was used:
Control (CON), ensiling with the addition of 8% ground cornmeal (SGC), wilting grass for
three days (WI3), and wilting grass for five days (WI5), totaling 12 experimental silos. The
experimental silos were opened after 120 days and analyzed for pH, volatile fatty acids,
chemical composition, and in situ rumen degradability. For the in situ incubation, three
rumen-cannulated lactating cows were used. Data were subjected to ANOVA, with means
compared using Tukey's test P<0.05. The SGC and WI3 treatments differed but showed
similar results, with lower pH values (4.55, and 4.52, respectively), higher lactic acid
production (2.32, and 1.57%), and lower butyric acid (0.27, and 0.33%) (P<0.001 for both
variables). The SGC and WI3 also showed higher of dry matter (257.2, and 318.3 g/kg),
crude protein (63.8, and 58.5 g/kg), and lower values of neutral detergent fiber (700.2,
and 765.8 g/kg), acid detergent fiber (453.3, and 504 g/kg), and lignin (82.1, and 88.4
g/kg) (P<0.001 for all variables). For rumen degradability, there were significant
differences in fraction "A" (P<0.001) and in effective degradability of DM at rate of passage
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of 5,and 8 %/hour (P=0.001), with SGC treatment having the greatest values. The addition
of cornmeal and wilting grass for 3 days improved the chemical composition, and
fermentative quality of the elephant grass silage cv. BRS Capiagu. However, degradation

was only improved with the inclusion of cornmeal.

Keywords: Cenchrus purpureus, conservation, forage

1. Introduction

The Brazilian livestock industry uses pastures as the main source of feed for
ruminants (Sampaio et al,, 2017). However, tropical regions present seasonal variations,
reducing the availability and quality of pastures, and impacting the profitability of
production systems (Millen et al., 2011). In this scenario, silage is a fundamental tool to
maintain good production rates, particularly during periods of feed scarcity (Kemboi et
al., 2020; Rodriguez-Blanco et al., 2021; Aranega and Oliveira, 2024).

Elephant grass cv. BRS Capiagu (Cenchrus purpureus (Schumach.) Morrone cv. BRS
Capiacu) is a forage with high potential for biomass production, capable of producing up
to 50 ton/ha/year of dry matter (DM) (Pereira et al.,, 2016). However, ensiling process of
tropical grasses is associated with challenges, such as low DM concentration (<300 g/kg
DM), low soluble carbohydrate content (<40 g/kg DM), and high buffering capacity (>40
g of lactic acid/kg DM), which affects the quality of the silage (Nussio, 2002; Gomes et al.,
2021; Moraes etal., 2023).

To improve the quality of silage, additives such as bacterial inoculants or moisture
sequestrant may be used (Borreani et al., 2018; Muck et al., 2018). Ground cornmeal, as a
moisture sequestrant, reduces gas and effluent losses and increases DM recovery
(Andrade et al,, 2012; Bezerra et al,, 2019; Paula et al., 2020). However, the addition of

ground cornmeal can increase the cost of silage production.
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Alternatively, wilting can achieve an adequate DM content (Barcelos et al., 2018;
Ribas et al., 2021), improving fermentation quality (Marsh, 1979), and reducing losses
due to gases and effluents (Ribas et al.,, 2021). Nevertheless, the quality of the silage can
be impaired if the harvested forage is exposed to the sun for a prolonged period (Pahlow,
2003; Wilkinson and Davies, 2013; Briining et al., 2018).

In this context, there is a lack of studies on the ensiling of elephant grass cv. BRS
Capiagu, particularly regarding ensiling methods. These include the use of moisture
sequestrant and wilting over different periods, including 3 and 5 days. Therefore, it is
necessary to develop efficient methods for the conservation of this forage to improve the
quality of fermentation and thus the nutritional value of the silage produced.

This study was prepared under the hypotheses that: 1) the addition of ground
cornmeal during the ensiling process promotes adequate fermentation of BRS Capiacu
elephant grass silage, resulting in a feed with better nutritional value, 2) the use of wilting
grass for 3 or 5 days improves silage quality. Thus, the objective was to evaluate the effects
of adding ground cornmeal as a moisture sequestrant or wilting grass for 3 or 5 days on
the fermentation characteristics, chemical composition, and in situ degradation of BRS

Capiacu elephant grass silage.

2. Materials and Methods
All procedures involving animals were previously reviewed and approved by the
Ethics Committee for the Use of Production Animals of the Federal University of Vigosa,

under protocol number 44 /2024.
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2.1. Study location, design, and treatments

The study was carried out at the Teaching, Research, and Extension Dairy Farm of
the Federal University of Vicosa (UFV). The region has a climate classified as Cwa
(mesothermal) according to the Képpen classification (1936), characterized by hot and
rainy seasons (spring-summer) from October to March and cold and dry seasons
(autumn-winter) from April to September, with an average temperature of 20.4°C and an
average annual rainfall of 1,251 mm (Climate-Data.Org, 2022). During the days in which
the ensiling processes were carried out, the following data on total precipitation, average
temperature, and average relative humidity were recorded (Table 1). These data were
obtained by the automatic meteorological station in Vicosa, located 2.8 km away from the
experiment (INMET, 2022).

The study was conducted in a completely randomized design evaluating four
treatments with three replicates each: i) control (CON; grass ensiled immediately after
harvesting); ii) grass ensiled after cutting with the addition of ground cornmeal (SGC; 8%
in relation to the mass of natural matter); iii) grass ensiled after wilting for three days

(WI3); iv) grass ensiled after wilting for five days (WI5).

2.2. Sample collection, processing, and ensiling

The elephant grass cv. BRS Capiagu was harvested in winter at about 150 days of
age and an average height of 4 meters, which is within the recommended range to ensure
good nutritional quality and productivity (Pere

ira etal., 2016), and it presented approximately 22% DM. The grass was planted in
an area of 0.7 ha, with a between rows of 1.30 m, and the number of seedlings used for the
study was 6 tons/ha. The ensiling of treatments WI3 and WI5 was carried out at

predetermined times to ensure that both treatments reached the established wilting time.
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All treatments were harvested manually with a sickle, with the cut being made at
a height of about 15 cm above ground. The grass was chopped to 20 mm in a silage
chopper (Guarnieri MG - 350), and then the Magniva Basic inoculant (Lallemand) was
added according to the manufacturer's recommendations, at a rate of 100 g per 50 tons
of forage. This inoculant consists of a combination of the Pediococcus acidilactici CNCM I-
4622, with minimum guarantee levels of 2.5x1019 UFC/g and Lactobacillus plantarum
CNCM [-3736, with minimum guarantee levels of 2.5x1010 UFC*/g strains. To evaluate the
quality of the machine cut and mixtures with cornmeal, the Penn State method was used
to check the size of the particles produced (Table 2) (Heinrichs, 2013).

In the SGC treatment, cornmeal was added at 8% by mass of the fresh matter and
manually mixed, aiming to increase the DM content of the material to 25%, bringing it
within the recommended range of 25 to 35% for ensiling (Kung et al,, 2018). The wilting
of elephant grass cv. BRS Capiacu was done by spreading the plant in thin layers, allowing
air to circulate and promoting moisture loss. The exposure time of the grass under these
conditions varied according to treatments WI3 (3 days) and WI5 (5 days), as described in
Table 1.

After obtaining the material from each treatment, the material was ensiled in 10-
litre experimental silos made of sealed plastic buckets. These experimental silos had a
height of 29.5 cm, a top diameter of 24 cm and a bottom diameter of 22 cm. To ensure
drainage of effluents produced during ensiling, 3.5 kg of fine sand was placed at the
bottom of each mini silo. A layer of cotton was placed on top of the sand layer to prevent
direct contact between the forage and the sand. The ensiled mass amounted to 4.5 kg and
was compacted to achieve a density of almost 600 kg/m? (Liu et al., 2024), filling the
remaining volume in the bucket.

The experimental silos were then closed with a lid and the seal was reinforced with
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transparent adhesive tape stored in a closed room at room temperature for 120 days.
After 120 days of fermentation, the experimental silos were opened and about 5 cm of the
top layer of each silo was discarded to avoid possible contamination (Bezerra et al., 2019).
The other part of the silage was homogenized and sampled for later analysis. This
procedure ensured that representative samples were obtained from each treatment to

assess silage quality.

2.3. Dry matter losses
The determination of total DM losses was calculated by determining the difference
between the initial and final gross DM weight in the silos in relation to the amount of

ensiled feed mass (Schmidt, 2006):

[(DMi — DMf)]

DMl =
osses DM

X 100

where: DMlosses = total DM loss (%); DMi = initial DM amount (weight of silo after filling
(kg) - weight of empty set, without forage, before filling (dry tare) (kg) x DM content of
the forage in silage (% DM); DMf = final DM quantity (weight of the full silo before opening
(kg) - weight of the empty set, without forage, after opening the silos (wet tare) (kg) x DM

content of the forage at opening (% DM).

2.4. pH, organic acids, and chemical composition
To evaluate the pH and concentration of organic acids in the ensiled materials, an
aqueous extract was prepared from 25 grams of ground silage in an industrial blender

with 225 mL of distilled water for one minute. This extract was then subjected to pH
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evaluation using a digital potentiometer (Tecnal, model Tec-3MP). The extract was then
acidified 1:1 with H,S0O,, diluted with distilled water and frozen for later analysis of the
organic acids (lactic, acetic, and butyric acids).

To quantify the organic acids, the samples were treated with calcium hydroxide
and copper sulfate and analyzed by HPLC (SPD-10 AVP, Shimadzu, OR, USA) according to
the method described by Siegfried et al. (1984). The HPLC instrument was equipped with
a refractive index detector and an Aminex HPX-87H column (BIO-RAD, CA, USA), where
the mobile phase contained 0.005 H,SO, and had a flow rate of 0.7 mL/min at 45 °C.

Sampling of the fresh material was carried out before ensiling to determine the DM
content. After ensiling, the samples were partially dried at 55°C for 72 hours (method
INCT-CA G-001/2) and then ground in a Willey-type knife mill with 2- and 1-mm sieves,
respectively.

Samples ground to 1-mm were analyzed for DM (INCT-CA method G-003/1), crude
protein (CP; INCT-CA method N-001/2), ether extract (EE; INCT-CA method G-005/2),
and ash (INCT-CA method M-001/2) content (Detmann et al., 2021). In addition, the
samples were analyzed for the content of neutral detergent fiber (NDF; INCT-CA method
F-013/1), acid detergent fiber (ADF; INCT-CA method F-015/1), and lignin (INCT-CA
method F-005/2) (Detmann et al,, 2021). The samples ground to 2 mm were used to
determine the indigestible neutral detergent fiber (NDFi) content (INCT-CA method F-
009/2) as described by Detmann et al. (2021). The samples were incubated in the rumen
of two lactating Holstein cows through a rumen cannula for a period of 288 hours, and the
residual NDF was determined. Non-fibrous carbohydrate (NFC) was calculated using the

equation proposed by Hall et al. (1999):

NFC = 100 — (NDF + CP + EE + Ash)
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where: NFC = Non-fibrous carbohydrate (g/kg); NDF = Neutral detergent fiber (g/kg); CP

= Crude protein (g/kg); EE = Ether extract (g/kg).

2.5. Insitu rumen degradability

Three rumen-fistulated lactating Holstein cows with an average body weight of
685 + 119.1 kg and an average milk production of 37 + 5.3 kg were used for the in situ
incubation, which were kept in a compost barn system with ad libitum access to feed and
water. The same ratio of corn silage to concentrate (45:55) was maintained throughout
the assessment period of in situ rumen degradability and the animals were adapted for 14
days (Machado et al., 2016).

For incubation, samples were ground through a 2-mm sieve and approximately 4.5
g of each dried sample was individually weighed into nylon bags (16 x 10 cm, 50 pm pore
size, Ankon Technology, Macedon, NY, USA). The samples were placed in the bags at a rate
of 10 to 20 mg DM/cm? of the usable area of the bags (Nocek, 1988). The bags were placed
in the rumen in the reverse order of the incubation times and removed at the same time.
The incubation times used were 0, 3, 6, 12, 24, 30, 48, 72, 120, and 240 hours (Detmann
et al., 2021). The number of nylon bags used varied depending on the incubation time to
ensure a sufficient number of residual samples after the process, which is influenced by
the specific degradation rate of each feed. Therefore, a larger number of bags were used
for samples with longer incubation times.

The samples were incubated in the rumen by attaching the nylon bags to a steel
chain (90 x 2 cm?2) (Menezes et al., 2019) with a weight (300 g) at the end to ensure their
immersion in the rumen contents. After removal, all bags were washed under running

water to remove excess external residues and then washed in a washing machine (5
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consecutive 1-minute washes) (Vanzant et al., 1998). The bags were then partially dried
for 72 hours at 55°C in an oven with forced ventilation (INCT-CA method G-001/2) and
then placed in an oven at 105°C for 2 hours to estimate the disappearance of DM in the
rumen (Menezes et al., 2019; Silva et al.,, 2020).

After drying and weighing the bags, the residue of each sample per treatment was
removed from the nylon bags, ground in a Wiley mill (Fortinox, model STAR FT 50/6)
with a 1-mm sieve and placed in a plastic bag labeled to obtain a sample from each animal
and its respective incubation/treatment time. Subsequently, the residual samples were
analyzed for DM and NDF content according to the methodology described by Detmann
et al. (2021) and used to estimate the parameters of rumen-induced degradation of DM
and NDF.

To estimate the in situ degradability of DM and NDF, the first-order asymptotic
model proposed by Orskov and Mcdonald (1979) was used, which utilizes the following

equation:

Deg(t) = a + b(1— e~

where: Deg(t) = represents the degradability or disappearance of the nutrient (DM or
NDF) from the feed, expressed as percentage; a = fraction of the feed that is soluble in
water at time zero; b = fraction that is insoluble in water but potentially degradable in the
rumen at a given time; c = rate of degradation of the potentially degradable fraction in the
rumen (b); t = incubation time (hours).

The parameters a, b, and ¢ of DM and NDF determined for each incubation period
and each animal were organized for subsequent statistical analysis. In addition, the

potentially degradable fraction and estimated degradation for passage rates of 2, 5, and
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8% /hour were calculated as described below:

PD=a+b

Deg =a+ (bXxc/(c+kp)

where: PD = represents the potentially degradable fraction; a = fraction of the feed that is
soluble in water at time zero; b = fraction that is insoluble in water but potentially
degradable in the rumen at a given time; Deg = represents the estimated degradable
fraction according to the estimated parameters; c = degradation rate of the potentially
degradable fraction in the rumen (b); kp = passage rate, which in this case can take a value

of 2, 5, or 8% /hour.

3. Statistical Analysis

Data related to the fermentation profile and chemical composition were subjected
to analysis of variance using the GLIMMIX procedure of SAS (SAS on demand for
academics, 2025), using the normal distribution for all variables analyzed. The data on
the in situ degradation parameters were subjected to an analysis of variance using the Im
package of R (R Core Team, 2025). In all analysis, the F-test was used at a significant level

of 5% according to the model below.

Yl-j=,u+ai+eij

in which yj is the measured response variable that received the ith treatment, p is the

general constant, a; is the fixed effect of the ith treatment, and ejj is the random error term.

To compare the means between treatments, the Tukey test was used and effects
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were considered significant at P < 0.05 and trend at 0.05 < P < 0.10.

4. Results

The mean values of pH, DM loss, and concentration of lactic, acetic, and butyric
acids differed significantly among treatments (P < 0.01 for all variables; Table 3). The SGC
and WI3 treatments had the lowest pH values, with 4.55 and 4.52, respectively.
Additionally, SGC and WI3 treatments also had the lowest DM loss, with values of 1.69 and
1.64%, respectively. Lactic acid was higher in the SGC treatment, while the acetic acid had
the lowest value in the CON treatment (Table 3). The butyric acid concentration was lower
in the SGC and WI3 treatments, with 0.27 and 0.33%, respectively.

The contents of DM, ash, CP, EE, NDF, ADF, lignin, NFC, and NDFi were different
among treatments (P < 0.01; Table 4). Treatments WI3 and WI5 presented the greatest
DM values with 318.3 and 305.4 g/kg, respectively. Treatment WI5 presented the lowest
CP value among treatments, with 51.4 g/kg, while the other treatments average 60.2 g/kg.
Treatments CON and SGC had the greatest values of EE. When evaluating the NDF, ADF,
and NDFi contents, the SGC treatment had the lowest values (700.2 g/kg, 453.3 g/kg, and
355.0 g/kg, respectively). The SGC and WI3 treatments had the lowest values of lignin,
with 82.1 and 88.4 g/kg, respectively. The greatest value of NFC was observed in SGC
treatment (138.6 g/kg), while the other treatments averaged 61.3 g/kg (Table 4).

For the in situ rumen degradability evaluation, only the fraction “a” of DM (P < 0.01)
and the effective degradability of DM at passage rates of 5 and 8 %/hour (P = 0.01)
showed significant differences between treatments and a tendency towards the rate of
2%/hour (Tables 5 and 6). The fraction “a” of DM of the SGC treatment was 289 g/kg,
while the other treatments averaged 227 g/kg, which was about 21.2% lower (Table 5).

Treatments WI3 and WI5 showed greater values for the fraction “a” of DM when
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compared to the CON treatment (Table 5). No differences (P>0.05) were observed among
treatments in terms of the potentially degradable fraction in the rumen (fraction b) and
the rate of degradation of the potentially degradable fraction in the rumen (c) of the DM.
Similarly, there were no significant differences (P>0.05) among treatments for the
degradation of fractions “a”, “b” and the degradation rate of NDF (Table 5).

No significant differences (P>0.05; Table 5) were found between the treatments
regarding the potential degradation of DM and NDF. The effective degradability of DM at
rates of 5% and 8%/hour in the SGC treatment was greater than in the other treatments

(Table 6).

5. Discussion

The material was harvested with 22% DM, which is below the range recommended
by Kung et al. (2018) (25-35%) for the anaerobic fermentation of grasses at the time of
ensiling. Tropical forages with a DM content lower than 25% have a higher potential for
nutrient losses through gases and effluents, which affects the nutritional quality of the
silage, as some of the carbohydrates and proteins are contained in the effluents (Kung et
al., 2018; Batista et al., 2022).

The lower pH values found in the SGC and WI3 treatments are consistent with
those of Kung et al. (2018), who prepared a review on the interpretation of the chemical,
microbial, and organoleptic components of different silage types. For grass silage, the
authors suggest that within a DM content range between 25 and 35%, the ideal pH range
is between 4.3 and 4.7. According to these criteria, the SGC and WI3 treatments achieved
values that were within the recommended range for better fermentation quality.

The pH values observed in the SGC and WI3 treatments could be due to the

reduction in the moisture content of the grass, resulting in a concentration of soluble
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carbohydrates that increased osmolarity of the silage. These factors probably promoted a
reduction in buffering capacity and exacerbated the drop in pH (Tavares et al., 2009).
Lowering the pH helps to prevent the growth of spoilage microorganisms such as yeasts,
molds, and undesirable aerobic bacteria, thus helping to preserve the nutritional value of
the ensiled material (Gonzalez-Jartin et al., 2022).

The lower DM loss in the SGC and WI3 treatments could be related to the DM
content of these treatments at the ensiling time. Tropical forages with a dry matter
content lower than 25% may experience significant nutrient losses due to the release of
gases and/or effluents, which negatively affect the nutritional value of the silages, as some
of the carbohydrates and proteins present in the forages are released in the effluents
during the fermentation process (Kung et al., 2018).

Amaral et al. (2020) characterized the population of lactic acid bacteria in the
fermentation of elephant grass and selected promising lines for inoculants to evaluate
their effect on silages of the BRS Capiac¢u variety harvested at 22% DM. These authors
found DM losses between 3.8 and 12.3% in the different treatments. In the present study,
lower DM losses were observed in the SGC and WI3 treatments, possibly due to the
greater DM concentration at harvest, the addition of cornmeal, and the wilting process.
Our results are consistent with those of Bezerra et al. (2019), who showed that the
addition of ground cornmeal minimizes losses and suggest that adjustments to the
ensiling material and substrate conditions can optimize lactic acid production, regardless
of the initial lactic acid bacteria population.

According to Bates et al. (1989), DM loss in wilted silages may be increased due to
less intensive fermentation characterized by lower acid production compared to non-
wilted silages or silages that have been wilted for a shorter time. Our results confirm this

observation and show that when comparing treatments WI3 and WI5, longer wilting



35

resulted in greater DM loss.

The greatest lactic acid concentrations were observed in treatments with greater
DM content, which underlines the expected relationship between greater lactic acid
production and greater DM content. In addition, the increase in lactic acid production
could be due to the fact that the ensiled material had a greater amount of non-fibrous
carbohydrates due to the addition of cornmeal, providing more substrate for lactic
bacteria (Widyastuti, 2008; Silva et al., 2011; Borreani et al., 2018).

Kung et al. (2018) considered the ideal lactic acid concentration ranging from 6 to
10% for grass silage with a DM content of 25 to 35%. Therefore, none of our treatments
had concentrations within this ideal range. This low lactic acid concentration may be
directly related to the lower concentration of water-soluble carbohydrates (WSC) found
in tropical forages. As WSC are the main substrate utilized by the lactic acid bacteria
during the silage fermentation process (Piltz et al., 2022). During wilting, enzymatic
respiration occurs, which leads to the loss of WSC (Muck et al., 2003), which also explains
the lower concentration of lactic acid in treatments WI3 and WI5 compared to SGC. When
comparing the CON treatment with WI3 and WI5, we found that the treatments that
underwent the wilting process had greater lactic acid levels. Bates et al. (1989) and
Umafia et al. (1991) indicate that wilting reduces water activity in the silage, making it
difficult for Clostridium bacteria to multiply during fermentation. This environment
favors lactic acid bacteria and gives them more time to produce sufficient amounts of
organic acids, which are essential for effective preservation of silage.

According to Santos et al. (2008) and Ferreira et al. (2013), greater lactic acid
production can lead to lower DM losses in grass silages. This is due to the fact that lactic
acid fermentation only leads to minimal losses, while acetic and butyric acid fermentation

is associated with secondary fermentations and DM losses in the form of gases. Regarding
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acetic acid concentration, the values in all treatments were below the reference value
proposed by Kung et al. (2018) for grass silages with a DM content between 25 and 35%,
with the ideal range being 1 to 3% of DM. In contrast, the values found are greater than
those observed by Ferrari Junior and Lavezzo (2001) in wilted elephant grass silages or
with the addition of cassava bran, which had an average of 0.47% acetic acid. Acetic acid
plays an important role in the preservation of silage, especially after opening the silo, as
it inhibits filamentous fungi, moulds, and yeasts in the silage and thus contributes to
greater aerobic stability (Alencar et al.,, 2023).

It is worth mentioning that acetic acid also contributes to the preservation of
ensiled material. However, greater concentrations indicate that undesirable changes may
occur in the ensiling process. The ideal fermentation should take place with a greater
amount of lactic acid to ensure a better quality of the fermented material (Mota et al,,
2011). The lower concentration of butyric acid in the silage could be related to the
decrease in pH, which may have inhibited the growth and proteolytic activity of
microorganisms such as Clostridia (Arriola et al.,, 2011; Heinritz et al, 2012). When
considering the butyric acid concentrations proposed by Kung et al. (2018), only the CON
treatment showed production above the maximum limit of 1% recommended as a quality
parameter for this type of silage.

According to Jobim et al. (2010), the ash content in silages can indicate losses of
organic compounds due to contamination of the forage with sand during cutting, which
normally occurs in the ensiling process. These losses lead to an increase in ash content
and can have a negative effect on the pH buffering capacity of the silage. In addition, this
increase in ash content may also be related to a dilution effect due to the lower water
concentration of these treatments compared to the control, resulting in less dilution of

this component.
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Regarding CP, a similar result was observed by Zanine et al. (2006) and Paula et al.
(2020). Paula et al. (2020) investigated the bromatological composition of BRS Capiagu
elephant grass silage with cornmeal added in proportions of 0, 5, 10, 15, and 20%. The
authors found that the addition of ground corn to the silages had a linear effect, resulting
in higher CP levels, as the cornmeal contained a greater proportion of this component
compared to the elephant grass cv. BRS Capiacu. In this study, the addition of 10% of
cornmeal led to an increase of 0.93 percentage points in the CP content of the DM, while
in our study the addition of 8% cornmeal led to an increase of 0.54 percentage points in
the CP content of the DM. However, the SGC treatment CP was like similar with CON and
WI3 treatments. The lower CP content in the WI5 treatment can be attributed to the
prolonged wilting time. According to Henderson (1993), a wilting period of several days
can result in a loss of water-soluble carbohydrates and a reduction in proteins due to the
deamination of amino acids, which can lead to increased ammonia-nitrogen production
during silage fermentation.

A similar result was observed by Paula et al. (2020) regarding the EE content, who
found that despite the numerical increases in EE levels in the silage with the inclusion of
ground cornmeal, there was no significant difference compared to the control treatment.
The lowest EE content was observed in treatments WI3 and WI5, which can be attributed
to wilting time. Studies suggest that wilting the material before ensiling reduces the EE
content, resulting in significant losses of specific fatty acids, such as a-linolenic acid and
linoleic acid (Boufaied et al., 2003; Dewhurst et al., 2006; Van Ranst et al., 2009). These
losses are associated with the lipoxygenase system, a plant defense mechanism that is
activated in damaged tissues (Dewhurst et al., 2006).

The addition of 8% cornmeal in the SGC treatment decreased the fibrous fractions,

with a reduction of 1.16%, 0.87%, and 0.82% for NDF, ADF, and NDFij, respectively, for
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each 1% of cornmeal added. These results can be explained by a dilution effect, as
cornmeal contains lower levels of these fractions compared to BRS Capiac¢u grass (Paula
et al,, 2020). In contrast, the greater levels of these components observed in treatments
CON, WI3, and WI5 may be related to the loss of WSC during silage fermentation (Mills
and Kung, 2002). The NDF and ADF content is an indicator of the quantity and quality of
fiber contained in the material, as a high NDF content may limit intake, while a low ADF
content indicates fiber of good quality (Van Soest, 1994).

When evaluating the use of citrus pulp and wilting on the quality of elephant grass
silage, Gomes et al. (2017) found that citrus pulp reduced the lignin content due to the
dilution effect. On the other hand, wilting increased the lignin content, a change that was
not observed in the WI3 treatment of the present study. In contrast, Carvalho et al. (2007)
and Ribas et al. (2021) found no significant differences between wilted and non-wilted
grasses. As plant tissue matures, secondary cell wall thickness increases, leading to an
increase in NDF and lignin concentration at the expense of cell content (Van Soest, 1994;
Wilson, 1994; Zailan et al., 2016).

When evaluating the rumen degradability, the fraction "a" of DM corresponds to
the proportion of the feed that is readily available for the action of the microorganisms in
the rumen. This increase in fraction "a" can be attributed to the inclusion of ground
cornmeal, an ingredient with high values of the water-soluble fraction in its composition
(Bezerra et al,, 2015). The fraction “a” of DM for SGC treatment was 289 g/kg, a result
similar to the found by Bezerra et al. (2015), who evaluated the in situ rumen
degradability of elephant grass silages supplemented with corn bran and autochthonous
microbiota inoculant using 60-day-old grass. These authors observed higher values of

fraction “a” in the grass silage with the addition of ground cornmeal, with average values

of 273 and 257 g/kg for the treatments without and with inoculant, respectively.
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The values of the fraction “a” of DM for WI3 and WIS treatments did not agree with
the results of Ribas et al. (2021), who found no significant effects of wilting times on the
rumen Kinetics parameters of DM. The authors attributed this pattern to the decrease in
CP and EE content with increasing wilting time. However, this pattern was not observed
in the present study, because despite the reduction in CP and EE contents, the WI3 and
WIS treatments still showed greater values for the fraction “a” of DM compared to the
CON treatment. This pattern could be due to the greater DM content in both treatments.
According to Ridla et al. (2024), in their meta-analysis on the effects of wilting on silage
quality, the authors concluded that during wilting, the concentration of carbohydrates,
including WSC, increases as the forage loses moisture. In addition, wilting slows down the
respiration of plant cells, which leads to a reduction in carbohydrate consumption. This
reduction in respiration favors the conservation of carbohydrates, including WSC, which
contributes to a greater content of soluble fractions in the forage (Borreani et al., 2018).

Regarding the NDF degradation rate, it is important to emphasize that according
to Mertens (1993), the NDF degradation rate must be between 0.02 and 0.06%/h for
bulky feeds to be considered of high quality, and only the SGC treatment was within this
recommended range.

Ribas et al. (2021) reported an average potential DM degradability of 515.9 g/kg
for BRS Capiacu grass silage, a value that the authors classified as low and possibly related
to the high iNDF content. This result is close to the average value of 571 g/kg found in our
study. The greater effective degradability of the DM in the SGC treatment can be attributed
to the better degradability of corn compared to elephant grass, as it has easily soluble
components compared to the BRS Capiagu variety (Passini et al., 2004).

It is worth noting that although the wilting of the forage was performed for 3 days

and 5 days during the winter, the time required to reach the desired dry matter content
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may vary depending on local climatic conditions. In warmer regions, with higher average
temperatures, fewer days may be necessary to achieve the same dry matter. Therefore, it
is important to consider other factors such as the dry matter content of the plant, local
climate, and environmental conditions when adapting the wilting time for different

regions, thus ensuring silage quality without compromising the efficiency of the process.

6. Conclusion

The wilting of BRS Capiacu elephant grass for 3 days before ensiling or the addition
of cornmeal with the aim to increasing the DM content are strategies that improve the
fermentation quality of the ensiled material and enable better forage conservation.
However, only the SGC treatment showed better degradation of dry matter. It is important
to highlight that wilting is an advantageous technique, especially in situations where
family labor is used, since the cost is lower, and the results of silage quality are similar
those obtained with the addition of cornmeal. On the other hand, the addition of moisture
sequestrants can improve silage quality without major issues caused by rainfall in the

harvest. However, this can also significantly increase the cost of silage production.
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Tables

Table 1 - Data on maximum and minimum temperatures, average relative humidity, and daily rainfall from the weather station

in Vigosa during the harvest and wilting periods.

Min. temperature Air humidity
Days Activity performed Max. temperature (°C) Precipitation (mm)
(°0) (%)
Harvesting of all treatments;
Beginning of wilting of WI3 and
1 WI5; Grinding and ensiling of 22.9 8.8 81.0 0
grass from CON and SGC
treatments
Wilting of grass in treatments
23.6 8.7 80.6 0.2
WI3 and WI5

Wilting of grass in treatments

24.4 11.9 81.1 0

WI3 and WI5

Grinding and ensiling of grass

4 from WI3 treatment and wilting 24.2 12.9 79.0 0

from WI5

Wilting of grass in treatments

23.6 12.4 77.8 0

WIS
Grinding and ensiling of grass
22.7 10 84.9 0.2

from the WI5 treatment
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Table 2 - Particle distribution in Penn State evaluation methodology of Cenchrus

purpureus (Schumach.) Morrone cv. BRS Capiagu grass with the addition of cornmeal and

different wilting periods.

Treatments
Sieves
CON SGC WI3 WI5
19 mm (%) 9.45 5.04 11.81 8.27
8 mm (%) 56.24 57.92 54.20 48.10
4 mm (%) 29.50 28.78 27.43 32.97
Pan (%) 4.81 8.26 6.56 10.66
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Table 3 - pH, DM loss, and concentration of lactic, acetic, and butyric acid in Cenchrus

purpureus (Schumach.) Morrone cv. BRS Capiagu silage with addition of cornmeal and

different wilting periods.

Treatments?
Parameters SEM2 P-value
CON SGC WI3 WI5
pH 5.07 a 4.55c 452 c 495b 0.073 <0.01
DM Loss (%) 3.16a 1.69b 1.64b 290 a 0.217 <0.01
Lactic Acid (% DM) 0.83 ¢ 2.32a 1.57b 1.65b 0.161 <0.01
Acetic Acid (% DM) 0.44b 0.75a 0.88 a 0.82a 0.056 <0.01
Butyric Acid (% DM) 1.20a 0.27c 0.33c 054b 0.113 <0.01

1CON = control; SGC = additional 8% of cornmeal; WI3 = wilting for 3 days; WI5 = wilting

for 5 days.

2 SEM = standard error of the mean.

Means followed by the same letter in the row do not differ from each other by Tukey's test

at 5% probability.
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Table 4 - Chemical composition of Cenchrus purpureus (Schumach.) Morrone cv. BRS

Capiacu silage with the addition of cornmeal and different wilting periods.

Treatments?
Items (g/kg) ! SEM3 P- Value
CON SGC WI3 WI5
Dry Matter 2231c 2572b 3183a 3054a 4.50 <0.01
Ash 80.2b 80.5b 90.6a 85.5ab 1.59 <0.01
Crude Protein 58.4a 63.8a 58.5a 514b 1.35 <0.01
Ether Extract 16.7 a 16.7 a 99b 75b 1.05 <0.01
NDF 792.7ab 700.2c 7658b 798.2a 6.45 <0.01
ADF 523.2ab 453.3c 504.0b 540.5a 7.26 <0.01
Lignin 97.4 ab 82.1c 88.4bc 101.1a 2.08 <0.01
NFC 51.7b 138.6a 74.9b 57.2b 6.36 <0.01
NDFi 4204a 355.0b 3945a 4149a 7.49 <0.01

1 NDF = neutral detergent fiber; ADF

carbohydrates; NDFi = indigestible neutral detergent fiber.

acid detergent fiber; NFC = non-fibrous

2 CON = control; SGC = additional 8% of cornmeal; WI3 = wilting for 3 days; WI5 = wilting

for 5 days.

3 SEM = standard error of the mean.

Means followed by the same letter in the row do not differ from each other by Tukey's test

at 5% probability.
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Table 5 - In situ degradation parameters of DM and NDF of Cenchrus purpureus

(Schumach.) Morrone cv. BRS Capiacu silage with the addition of cornmeal and different

wilting periods.

Treatments!
[tems CON SGC WI3  WI5 SEM? P-Value

DM parameters

a, g/kg 209c 289a 240b 234b 495 <0.01

b, g/kg 336 330 332 314  26.7 0.93

¢, %/h 2.03 2.27 1.85 176 0.21 0.39
NDF parameters

a, g/kg 149 162 160 173  7.63 0.27

b, g/kg 370 382 368 347  30.6 0.88

¢, %/h 1.87 2.11 1.80 1.77 0.19 0.63
Potential degradation of DM, g/kg 545 619 572 548  25.6 0.22
Potential degradation of NDF, g/kg 519 544 528 520 316 0.93

1CON = control; SGC = additional 8% of cornmeal; WI3 = wilting for 3 days; WI5 = wilting

for 5 days.

2 SEM = standard error of the mean.

Means followed by the same letter in the row do not differ from each other by Tukey's test

at 5% probability.
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Table 6 - Effective degradability of DM and NDF at three passage rates of Cenchrus

purpureus (Schumach.) Morrone cv. BRS Capiacu silage with the addition of cornmeal and

different wilting periods

Treatments!
Items SEM2  P-Value
CON SGC WI3 WIS
Effective degradability of DM (g/kg)
Kp=2%/h 379B 465A 400AB 381B 20.7 0.06
Kp=5%/h 307b 393a 330b 316b 13.6 0.01
Kp=8%/h 278b 362a 303b 291b 10.2 0.01
Effective degradability of NDF (g/kg)
Kp=2%/h 329 359 335 336 25.1 0.85
Kp=5%/h 251 276 258 264 173 0.77
Kp=8%/h 221 243 228 236 13.8 0.70

1CON = control; SGC = additional 8% of cornmeal; WI3 = wilting for 3 days; WI5 = wilting

for 5 days.

2 SEM = standard error of the mean.

Means followed by the same lowercase in the row do not differ from each other by Tukey's

test at 5% probability, while means followed by the same uppercase in the row do not

differ from each other by Tukey's test at 10% probability.
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ABSTRACT

Environmental disasters, such as dam failures, have caused great hardship,
particularly for rural population in the affected regions. This study aimed to compare
dairy farms affected by a dam disaster (AFD) with unaffected farms (UFD) in terms of
management, management practices and socio-economic conditions. Sixty dairy

farms in the municipalities of Mariana, Minas Gerais, served by the Familia do Leite
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Program of the Federal University of Vicosa (UFV), were analyzed. Affected farmers
received assistance from Vale, the mining company responsible for the disaster. Data
collection included agronomic, productive, environmental and socio-economic
indicators. Statistical analysis was performed using SAS UNIVARIATE for continuous
variables and logistic regression with GLIMMIX for binary variables. Results showed
that AFD were more likely to receive technical assistance, purchase forage, analyze
the soil; however, they also had a higher likelihood of leaving the activity. At the same
time, they were less likely to use exogenous oxytocin, have parasitic sadness, use pit
water, and face road issues. These results highlight the significant differences in
management practices and socio-economic conditions between AFD and UFD farms.
These findings emphasize the need for targeted support to mitigate the long-term

effects of environmental disasters on agriculture.

Keyword: Environmental disaster, milk production, mining, technical assistance,
agriculture, contamination.

Introduction

Mining in Brazil has its origins in colonial times and was particularly intensive
from the 17th century, the height of the “gold rush”. Due to its great geological diversity,
the country is one of the largest mineral producers in the world'. In 2023, mining
accounted for 4% of national GDP?, generated US$ 51.3 billion and employed around
2.2 million people directly and indirectly®4. In this scenario, the state of Minas Gerais
is not only the largest producer of metallic minerals in Brazil but also concentrates a
large part of the country's mining activities. With 525 mining municipalities, mining is
present in 62% of the state's territory 4.

However, the Brazilian economy, particularly that of Minas Gerais state, goes
beyond mining and also includes agricultural production, with a focus on milk
production. According to the Milk Yearbook of the Brazilian Agricultural Research
Corporation — EMBRAPAS3, 34.6 billion liters of milk were produced in Brazil in 2022,
with Minas Gerais responsible for about 27% of this production®. In addition to its
economic importance, the dairy industry also has a social and cultural importance, as
it contributes to food security, nutrition, and income generation for many families’. More
than 60% of the Brazilian dairy industry is made up of family farms®, and according to
IBGE®, family farming is the leader in national milk production. Minas Gerais has
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approximately 607.5 thousand agricultural establishments, of which 441.8 thousand
family farms, behind only Bahia®.

In the Mariana region of Minas Gerais, agriculture, especially in the form of
family farms, is part of the cultural framework of local communities. These activities
are of great economic and social importance, as they offer the possibility of generating
income in the region'. However, environmental disasters, such as dam failures, have
caused great difficulties for these producers, as their land has been partially or
completely damaged, affecting their ability to maintain production.

Despite its economic importance, mining has a significant environmental
impact''. Spoil dams, pose a high risk in the event of a breach, as demonstrated by
the 2015 disaster with the breach of the Fundao dam in Mariana (MG), under the
responsibility of the mining company Samarco Mineragdo S.A, currently under the
control of the companies Vale S.A and BHP Billiton Brasil. As a result of the disaster,
55 million cubic meters of tailings were released into the environment'?, rendering
around 1,430 hectares of land unproductive for agricultural activities such as dairy
farming, being the biggest tragedy of its nature in the world'3,

Following a similar disaster, the rupture of the Cérrego do Feijao mine dam in
the Brumadinho region in 2019, studies in the affected regions such as the Paraopeba
River have shown an increase in the concentrations of several metals above the levels
permitted by Brazilian legislation 415, Moreover, Miranda et al.'® assessed the physical
and psychological impact on the population of Brumadinho after the tailings dam burst.
According to the authors, the main health risks are the increased resistance of
pathogens to antimicrobial agents, the possible toxicological effects and the risks to
the general health of the population.

The hypothesis of this study is that dairy producers affected by the collapse of
the Fundao dam in 2015 face a significantly more compromised production situation
compared to producers who were not affected. The aim of this paper is therefore to
describe the current situation of milk producers who were affected by the collapse of
the Fundao dam in 2015 and to compare it with the situation of producers who were
not affected.

Material And Methods
The data used in this study were provided by the Familia do Leite Program of
the Federal University of Vigosa. The producers involved in the study were supervised
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by this program, which allowed a structured and systematic data collection that
corresponded to the reality of each dairy farm in the region. In addition, the producers
agreed to make the data available for research purposes.

Data collection

The data used for this study were collected by the Familia do Leite program
from 60 dairy farms managed by the program and located in the municipalities affected
by the Fundao dam collapse in Mariana (MG) (Figure 1). These data refer to properties
in Barra Longa, Conselheiro Pena, Governador Valadares, Mariana, Naque, Ponte
Nova and Tumiritinga, as recommended by the Renova Foundation, as these
municipalities were the most affected, according to the institution. These properties
were divided into two groups: affected farms (AFD), i.e. those whose dairy farming was
totally or partially affected by the dam collapse, and unaffected farms (UFD), i.e. those
that did not suffer any damage from the environmental disaster. Table 1 shows the
relationship between the affected and unaffected farms and the municipalities to which
they relate.

The affected producers received technical assistance from the Renova
Foundation, created in 2016 in response to the collapse of the Funddao dam, owned by
Vale, the mining company responsible for the disaster. The Foundation's goal is to
support the recovery of the affected areas by bringing together technicians, specialists,
and socio-environmental entities, with a focus on assisting producers and restoring
normalcy to their operations.

The data collection was structured to collect information in several areas,
including personal data, labor indicators and social aspects, agronomic, productive,
milk quality, health, reproductive. and economic indicators. There are also indicators
for environmental impact and land use. It is important to emphasize that the
questionnaire was administered by the Familia do Leite program before the start of
any assistance activities, ensuring that the farms were evaluated prior to receiving any
support. Although these properties were already receiving support from the RENOVA
Foundation, the evaluation aimed to establish a baseline prior to the implementation
of the specific interventions of this program.

The interviews with the producers took place during the months of April, May,
June, and July of 2021. Since at that time the COVID-19 pandemic was on the rise,
the team that conducted the interviews followed all the protocols recommended by
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health authorities, such as the use of masks and hand sanitizer, social distancing from
the producers, and laboratory tests, to ensure the safety of both the producers and the

team members.

Data analytics

First, the descriptive statistics for the continuous variables were analyzed using
the UNIVARIATE procedure from SAS'’. The binary variables were analyzed by
logistic regression using SAS GLIMMIX procedure, depending on whether or not each
farm was affected or not by the disaster, using a binary distribution and logit link. These
variables were further analyzed to determine the odds ratio (OR) for the occurrence of
an event or situation in different situations. For the OR interpretation, the UFD were
used as the reference group. In all analysis, differences were considered significant if
the P-value was < 0.10.

Results

The average age of the farmers in the AFD was 51 years and ranged from 24
to 69 years. In the UFD, the average age was 53.2 years and ranged from 26 to 81
years. In terms of length of service, farmers in the AFD had worked for an average of
24.9 years, ranging from 8 to 60 years. Farmers in the UFD had an average of 20.4
years' experience, ranging from 2 to 40 years (Table 2).

In terms of ownership areas, the AFD had an average area of 84.8 ha, with a
minimum of 11 ha and a maximum of 500 ha. Within these areas, the average of
pasture area was 40.2 ha, with a range of 0 to 250 ha; the cropland area was 3 ha,
with a range of 0 to 15 ha; and the area of legal reserve had an average of 5 ha, with
a range of 0 to 40 ha. The UFD had an average area of 79 ha, with a range of 3.6 ha
to 360 ha. Pasture area averaged 37.6 ha, with values ranging from 0.3 ha to 192 ha;
cropland area averaged 4.6 ha, with values ranging from 0 to 20 ha; and legal reserve
area averaged 10.9 ha, with values ranging from 0 to 186 ha (Table 2). The average
number of assistants in the AFD was 3, ranging from 1 to 9. On average, 1.2 of these
assistants were family members, ranging from 0 to 9 people. In the UFD, the average
number of assistants was 2.1 persons, ranging from 1 to 8 persons, and on average

1.2 were family members, ranging from 1 to 3 persons (Table 2).
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The AFD had an average of 67.1 animals, with a variation between 13 and 208
animals. This included an average of 19.1 lactating cows, ranging from 3 to 78 animals.
The ratio of lactating cows to dry cows on these farms averaged 59.7%, with a variation
between 27.2% and 100%. The ratio of lactating cows to the entire herd averaged
30.2%, with a range of 11.5% to 50% (Table 3). The UFD had an average of 74.3
animals, with a variation between 6 and 200 animals. The average number of lactating
cows was 21.8 animals, ranging from 3 to 80 animals. The average number of dry cows
was 14.3, with a variation between 0 and 55 animals. The ratio of lactating cows to dry
cows averaged 61.4%, with a range of 17.9% to 100%. The ratio of lactating cows to
the entire herd averaged 30.7%, with a range of 12.6% to 74.4% (Table 3).

The AFD had an average milk production of 132 kg/day, with a variation
between 20 and 600 kg/day. The average milk production per animal was 6.5 kg, with
values ranging from 2 to 16 kg/day. The average number of milkings on these
properties was 1.3, with a variation of 1 to 2 milkings per day. The average price per
liter of milk was US$ 0.3 with a minimum value of US$ 0,2 and a maximum value of
US$ 0.4 (Table 3). The UFD produced an average of 227.8 kg milk/day, with a variation
between 15 and 1300 kg/day. The average milk production per animal was 9.3 kg/day,
with a range of 3 to 22.6 kg/day. The average number of milkings was 1.4, with a
variation between 1 and 2 milkings. The average price of a liter of milk was US$ 0.3,
ranging from US$ 0.3 to US$ 0.4 (Table 3).

The AFD were 2.94 times more likely (P = 0.08; Table 4) to receive technical
assistance than the UFD. In addition, there was a statistical difference (P < 0.07; Table
4), with the AFD being 4.80 times more likely to purchase forage than the UFD. The
other resource management variables analyzed did not show a significant difference
(P > 0.10) between the AFD and the UFD (Table 4). The AFD were 2.85 times more
likely to use pre-dippping management compared to UFD (P = 0.06; Table 5). On the
other hand, AFD had an OR of 0.406 (P = 0.09) for the use of oxytocin during milking.
No significant differences (P > 0.10) were found between AFD and UFD for the other
variables analyzed (Table 5).

The AFD showed an OR of 0.30 (P = 0.04; Table 6) for the occurrence of
parasitic sadness compared to the UFD. No significant differences (P > 0.10) were
found for the other variables analyzed (Table 6). None of the variables analyzed
showed a statistically significant difference (P > 0.10; Table 7) between AFD and UFD
in the assessment of reproductive management. When examining the availability of
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water for human consumption, it was found that AFD had an OR of 0.387 (P = 0.08;
Table 8) for the consumption of water from mines relative to UFD. No statistically
significant differences (P > 0.10) were found between AFD and UFD for the other
variables regarding water use, such as livestock consumption, use for agriculture, use
for irrigation and protected areas (Table 8).

The AFD had an OR of 2.933 (P = 0.05; Table 9) for performing soil analysis
than the UFD. There was no statistically significant difference (P > 0.10) between the
AFD and the UFD for the other variables related to pasture, soil management, and
planting (Table 9). None of the variables regarding the disposal of empty fertilizer,
pesticide, and medicine packaging showed a statistically significant difference (P >
0.10; Table 10) between the AFD and the UFD. The AFD were found to have an OR
of 3.051 (0.04; Table 11) for leaving the dairy activity. The AFD showed an OR of 0.333
(P = 0.09; Table 12) for problems related to roads in the logistics process. No
statistically significant differences (P > 0.10) were found between AFD and UFD for the
other variables (Table 12).

Discussion

Based on the data on the characteristics of the employees and the areas of the
properties, it was possible to outline the profile of AFD and UFD as a result of the
Fundao dam burst. In both AFD and UFD, around 60% of employees belonged to the
family group, while on average only 40% were hired. In Brazil, the dairy industry
consists mainly of small family-owned dairy farms'8. These farms account for 81.2%
of all dairy farms in Brazil and are responsible for 64.2% of the country's total milk
production®.

The total area of the AFD and UFD averaged 82 ha. However, the total area is
generally variable, especially in extensive and/or semi-intensive production systems,
where not always the entire property area is used for livestock or food production”.
Regarding the distribution of land areas, it was found that both AFD and UFD devoted,
on average, about 48% of their total area to pasture. However, the UFD allocated a
larger proportion of their land to crop cultivation, about 6%, while the AFD used only
4% for this purpose. Although the difference is not very significant, land size is an
important variable as it affects both the amount of production and income™.

The analysis of zootechnical indices is a fundamental factor in the evaluation of
farms, as this information can be used to understand the productivity and efficiency of
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a given production system. The AFD and UFD had a similar number of animals, 71 on
average, with an average of 21 lactating cows. The average daily production of AFD
was 6.5 kg, while at UFD it was 9.3 kg. Both farms had milk production above the
national average of 6.18 L/cow/day?°. However, most dairy farms in Brazil still operate
at a low or medium level of technology and have a productivity below the potential that
could be achieved in several regions of the country®?2!,

As far as the analysis of binary variables is concerned, the results show that
AFD were more likely to receive technical assistance compared to UFD. This finding
underscores the fundamental role that organizations, such as the Renova Foundation
created by Vale, played in assisting farmers during the disaster. The Foundation was
obligated to make regular visits and provide necessary supplies, such as feed, to help
support the affected producers.

Despite its importance, the dairy industry faces persistent challenges that are
exacerbated by the lack of adequate government support for disaster preparedness
and response. This deficit leaves farmers vulnerable to extreme weather events,
leading to food shortages, poor animal health, and fragile infrastructure®?. Technical
assistance programs are essential in these situations as they aim to train producers to
improve farm productivity. In dairy farming, these trainings include both operational
practices directly related to milk production and aspects of farm management, such as
herd selection, feed management, health management, soil and pasture control, labor
management, training and cost control®324. In addition, these programs help to
strengthen the resilience of farms to environmental disasters.

In this study, we demonstrated the effects of technical assistance using
variables such as forage purchase, use of pre-dipping, administration of oxytocin, and
the occurrence of parasitic sadness. These variables showed statistically significant
differences between AFD and UFD, emphasizing the direct impact of technical
assistance on improving management practices. AFD were more likely to purchase
forage, a practice supported by the Renova Foundation. This behavior may be partially
explained by the effects of the dam breach, which affected approximately 1,587 ha of
vegetation cover and potentially reduced forage availability for livestock 25. However,
it may also reflect the influence of technical assistance, which guided producers in
adopting improved animal nutrition practices®*.

In general, the areas affected by the spoil heaps were intensively used as
cropland and pasture land before the disaster due to their topographical and chemical
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characteristics. After the event, many of these areas were degraded and it was
recommended to suspend the use of the affected soils for agricultural purposes due to
the risks to vegetation and therefore to animal health?8. The need to buy feed may be
due to resource constraints or insufficient stocking densities?’.

As far as milking practices are concerned, the greater likelihood of pre-dipping
being performed by AFD, compared to UFD emphasizes the crucial role of technical
support. Its application helps to reduce the prevalence of mastitis and the bacterial
load of the milking environment?8, Therefore, the dissemination of knowledge through
technical assistance is essential to improve management practices, which has a direct
impact on milk quality?®.

On the other hand, AFD were less likely than UFD to use exogenous oxytocin
during milking. This behavior may be attributed in part to the more frequent technical
assistance provided by AFD, but also to the adoption of the practice of pre-dipping.
Pre-dipping has a positive impact on milking performance by promoting milk let-
down®®. To ensure its effectiveness, according to Bruckmaier®!, high blood
concentrations of oxytocin can be measured in dairy cows within 30 seconds of the
start of stimulation. The reduced use of exogenous oxytocin in AFD could therefore be
related to the fact that more time is spent on pre-milking practices, resulting in more
effective stimulation closer to the time required for milk ejection.

Another possible explanation for the reduced use of exogenous oxytocin in AFD
is related to the technical recommendation, as the continuous use of this drug can have
negative consequences, such as increased stress in cows and the risk of disease
transmission through the use of shared needles®. In addition, according to Faraz et
al®3, the administration of exogenous oxytocin can affect milk quality and the
reproductive health of dairy cows, which is why continuous use should be discouraged.

In calf rearing, AFD showed a lower probability of occurrence of bovine parasitic
sadness (BPS) in calves compared to UFD. The BPS is an endemic disease of major
importance in Latin America, caused by the parasites Babesia spp. and Anaplasma
marginale. These parasites cause erythrocyte destruction through intracellular
parasitemia, resulting in severe anemia, reduced performance and increased
production costs3+3%. An effective strategy for the management and prevention of
infections in dairy calves requires a multifactorial approach. This includes practices
such as appropriate colostrum management, a balanced diet and the application of
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strict hygiene measures, which have been shown to be essential in significantly
reducing the risk of infection?®.

In terms of water consumption, this study has shown that AFD are less likely to
use mine water for human consumption compared to UFD. This fact is directly related
to the rupture of the tailings dam, since the rupture of a dam represents an interruption
of the mass transport mediated by nature between the Earth's geological reservoirs,
causing environmental damage that is detrimental to microbiota, flora, fauna, soil, and
waterd’.

The event increased environmental pollution in the region and the bioavailability
of heavy metals and impaired water quality3®. An analysis of the water from the Rio
Doce carried out two years after the event found levels of aluminum, nickel, arsenic,
copper, manganese and lead above the limits established by Brazilian legislation3.
The presence of heavy metals poses a risk to public health, as these toxic elements
can contaminate crops*?, milk*', and meat*?.

Several studies indicate that prolonged intake of heavy metals can be
associated with the development of gastrointestinal cancer*® and neurological
diseases***5, highlighting the serious consequences of this contamination for
humans?6. Weber et al.#” investigated the effects of tailings on liver histopathology and
biomarkers of metal contamination in two native freshwater fish species (Hoplias
intermedius and Hypostomus affinis) and found significant damage associated with
exposure to heavy metals. Similarly, Gaeta et al.3’ evaluated the genomic
characteristics of a multidrug-resistant and mercury-tolerant Escherichia coli from the
environment recovered after a mining dam disaster in South America. They found that
the presence of genes conferring resistance to heavy metals could be directly related
to environmental pollution from mining activities.

However, some ruminant-specific bacteria have shown sensitivity to heavy
metals in vitro studies. Species such as Bacteroides succinogenes, Ruminococcus
albus, Bacteroides amylophilus and Eubacterium ruminantium have been shown to be
sensitive to metals such as cadmium, mercury, copper, arsenic and chromium. It is
widely recognized that the microorganisms present in the rumen play a crucial role in
feed fermentation and in the production of metabolites that are important for the
maintenance of homeostasis in ruminants?*.

Gaeta et al.*6 conducted a study to compare the prevalence of antimicrobial
resistance (AMR) genes on a contaminated and an uncontaminated farm and to
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evaluate the effects of prolonged exposure on the nasopharyngeal, ruminal and fecal
microbiome. The main results showed that the differences in microbiota indicate that
exposure to water contaminated with heavy metals can affect the microbiota of dairy
cattle, which in turn affects animal productivity.

The quality of water on dairy farms is a crucial factor that affects both the health
of the animals and the quality of the milk produced*. To ensure animal health and
productivity, it is important to identify and solve potential water-related problems and it
is mandatory for dairy farmers to apply good agricultural practices, such as the use of
clean and pure water°.

In terms of soil management, AFD were more likely to carry out soil analysis
compared to UF, a result directly related to the dam breach. The spoil wave covered
the natural alluvial soils with a layer of spoil about one meter thick. After the disaster,
the natural drainage recovered and the agricultural land began to restore its natural
vegetation and pastures. During this process, the spoil heaps were mixed or covered
with soil, increasing the differences in the composition of soil and spoil heaps®'. As
previously mentioned, these anthropogenic activities are responsible for the deposition
of heavy metals in the environment.

Davila et al.5? assessed the heavy metals in the iron ore tailings and alluvial
soils affected by the Samarco Dam collapse and concluded that the tailings do not
represent a “ticking time bomb” for heavy metal contamination in the region, as they
pose a low risk of release into nature. Similarly, Melo et al.%', when conducting an
integrated environmental impact assessment of iron ore waste in the soils and plants
of the floodplains after the Funddo Dam disaster, concluded that this waste has no
potential for future contamination by heavy metals such as silver (Ag), barium (Ba),
cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb),
antimony (Sb), selenium (Se), tin (Sn), zinc (Zn), arsenic (As) and mercury (Hg).

However, it is controversial whether this material should be considered an
‘environmental time bomb” due to the risk of metal release in unfavorable
environmental conditions such as waterlogging or pH fluctuations®354. In this context,
soil analysis is crucial as it provides farmers with important information for planning
and implementing appropriate nutrient management strategies on their land®> and
assists them in decision-making in the face of environmental and economic challenges.

Regarding the assessment of future intentions in relation to dairy farming, AFD
were more willing to give up the activity than UFD. This behavior can be explained by
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several factors, the most important of which is the challenges posed by environmental
disasters. Environmental disasters disrupt feed supplies, increase costs and expose
vulnerabilities in the supply chain®. The ongoing changes associated with climate
change, rising labor, feed and fertilizer costs, limited access to food during these
events, and changing consumer preferences and attitudes may thus affect farmers'
future prospects®. In addition, as Ferjani et al.® have highlighted, several factors
determine the exit of producers from agricultural activities, e.g. human capital, farm
structure, structural environment, and socio-economic conditions.

As far as the impact of environmental disasters are concerned, it is important to
consider not only the economic aspects, but also the impact on the mental health of
the producers. Natural disasters often have a significant impact on the mental health
of livestock producers, who face emotional and financial stress, reduced agricultural
productivity and increased herd mortality®®. These impacts can be exacerbated when
the lack of solutions to producers' problems and needs is compounded by uncertainties
and insecurities about the future, both from government agencies and from the
companies responsible for the disasters, adding to the emotional and psychological
suffering®. Hansen®' investigated the relationship between well-being and the
intention to stay in or leave dairy farming and concluded that producers who intend to
continue the activity have higher well-being than those who are considering or planning
to leave dairy farming.

In addition, the age of farmers is an important factor to consider, as the older
farmers get, the more likely they are to give up farming®'. Reasons cited for quitting
include loss of physical ability to work, farmers’ awareness that their ability to manage
the farm is limited, and unexpected incidents®®2, On the other hand, younger
successors migrate or show intentions to leave rural areas in the future®. The
combination of young people moving out of rural areas and aging farmers is seen as
an obstacle to more sustainable agriculture and appropriate land use®.

When evaluating the obstacles reported by the producers, the AFD had fewer
problems with the roads compared to the UFD. This result can be explained by the
efforts directed towards post-disaster infrastructure recovery, as the quick and efficient
restoration of transportation systems is crucial®® to minimize the negative impact on
the affected socio-economic activities®®. This restoration includes the reconstruction of
various transportation components, such as roads, bridges, sidewalks, tunnels and
others®8,
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Conclusion

In summary, environmental disasters such as the dam burst had a direct impact
on the farming practices and living conditions of dairy farmers, as the use of water, soil
and animal feed was restricted due to the high levels of heavy metal contamination.
Technical assistance proved to be a crucial factor in mitigating these impacts,
underlining its importance in the post-disaster recovery process. The study also
highlights the need for effective public policies to minimize the impact of environmental
disasters on the agricultural sector, which is often marginalized compared to the mining
sector. Despite the contributions of this study, there are few works in the literature that
address the relationship between the mining and agricultural sectors. Therefore, future
research is needed to deepen the understanding of the impacts of these disasters, e.g.
on plants and animals, and their effects on the food production chain in Brazil.
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Tables

Table 1 — Municipalities visited and the relationship between the farms affected and unaffected
by dam failure in Mariana.

Number of properties

Municipality
AFD UFD Total

Barra Longa 4 4 8
Conselheiro Pena 6 6 12
Governador Valadares 2 10 12
Mariana 4 4 8
Naque 2 2 4
Ponte nova 3 5 8
Tumiritinga 5 3 8
Total 26 34 60

AFD = affected farms; UFD = unaffected farms



Table 2 — Descriptive analysis of the collaborators and the area of the farms affected and unaffected by dam failure in Mariana.

. 1 Mean Median Mode Standard Deviation Minimum Maximum
Variables
Affected farms
Employee information
AP (years) 51.0 52.0 60.0 10.8 24 69
TA (years) 24.9 25.0 30.0 12.4 8.0 60.0
NA (N° of people) 3.0 2.0 2.0 1.8 1 9
FA (N° of people) 1.9 2.0 1.0 1.8 0 9
Farm area information
Farm area (ha) 84.8 53.3 19.0 104.4 11.0 500.0
Pasture area (ha) 40.2 18.5 3.0 53.7 0.0 250.0
Crop area (ha) 3.0 1.0 0.0 3.8 0 15
LRA (ha) 5.0 0.1 0.0 10.9 0.0 40.0
Unaffected farms
Employee information
AP (years) 53.2 56.0 62.0 13.8 26 81.0
TA (years) 20.4 24.5 30.0 11.5 2.0 40.0
NA (N° of people) 2.1 2.0 2.0 1.3 1 8
FA (N° of people) 1.2 1.0 1.0 0.7 0 3
Farm area information
Farm area (ha) 79.0 44.0 24.0 92.2 3.6 360.0
Pasture area (ha) 37.6 16.0 0.7 47.5 0.3 192.0
Crop area (ha) 4.6 3.0 3.0 5.3 0 20
LRA (ha) 10.9 0.3 0.0 34.0 0.0 186.0

' AP = Age of producer; TA=Time in activity; NA=Number of assistants; FA=Family assistants; LRA=Legal reserve area.
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Table 3 — Descriptive statistics of the productive indexes of the dairy activity of the the farms affected and unaffected by dam failure in

Mariana.
. Mean Median Mode Standard Deviation Minimum Maximum
Variables'
Affected farms
Number of animals (units) 67.1 42.5 26.0 55.7 13.0 208.0
Cows in milk (units) 19.1 19.0 20.0 16.1 3.0 78.0
Dry cows (units) 16.3 8.0 0.0 20.7 0.0 80.0
Ratio of CM/DC (%) 59.7 61.5 100.0 23.2 27.2 100
Ratio of CM/TH (%) 30.2 28.6 - 11.7 11.5 50.0
Milk production (kg/day) 132.0 80.0 20.0 147.7 20.0 650.0
AMPC (kg/day) 6.5 7.5 5.0 3.2 2.0 16.0
Number of milkings (units) 1.3 1.0 1.0 0.4 1.0 2.0
PLM (US$/L) 0.3 0.3 0.4 0.1 0.2 0.4
Unaffected farms

Number of animals (units) 74.3 57.5 95.0 47.5 6.0 200.0
Cows in milk (units) 21.8 17.5 15.0 16.5 3.0 80.0
Dry cows (units) 14.3 12.0 10.0 11.5 0.0 55.0
Ratio of CM/DC (%) 61.4 62.0 100 20.3 17.9 100.0
Ratio of CM/TH (%) 30.7 30.6 32.0 12.9 12.6 74.4
Milk production (kg/day) 227.8 130.0 80.0 257.3 15 1300
AMPC (kg/day) 9.3 6.8 5.3 54 3.0 22.6
Number of milkings (units) 1.4 1.0 1.0 0.5 1.0 2.0
PLM (US$/L) 0.3 0.3 0.4 0.1 0.3 0.4

! Ratio of CM/DC = Ratio of cows in milk/dry cows; Ratio of CM/ TH = Ratio of cows in milk/total herd; AMPC= Average milk production per cow;
PLM= Price of a liter of milk.
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Table 4 - Assessment of the management of the farms affected and unaffected by dam failure
in Mariana.

Variables' OR Lower limit  Upper limit P - Value
Management
Zootechnical bookkeeping 0.545 0.188 1.581 0.25
Use of MS 0.861 0.128 5.796 0.87
Receiving TA 2.940 0.871 9.919 0.08
Access to loans 0.380 0.119 1.212 0.10

Production and Sales

Production of DP 0.627 0.192 2.054 0.43
Trades through cooperatives 2.042 0.625 6.672 0.23
Sells milk to dairies 0.581 0.183 1.846 0.35
Has contracts with dairies 0.623 0.156 2.499 0.49
Receipt for milk quality 0.857 0.289 2.539 0.77

Purchases of animals and inputs

Purchases of animals 0.720 0.222 2.336 0.57
Purchases of fodder 4.800 0.850 27.106 0.07

! MS= management software; TA= technical assistance; DP= dairy products.
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Table 5 - Assessment of technical assistance, breeding system and milking management
practices on the farms affected and unaffected by dam failure in Mariana.

Variables' OR Lower limit Upper limit P - Value
Animal breeding system 0.677 0.237 1.930 0.45
Performing milk control 0.848 0.207 3.484 0.81
Performing analysis of MC 0.635 0.179 2.254 0.47
Has a tank 0.568 0.190 1.698 0.30
Mechanical milking machine 0.652 0.221 1.924 0.43
Use of pre-dipping 2.850 0.952 8.529 0.06
Use of post-dipping 0.713 0.227 2.241 0.55
Administration of oxytocin 0.406 0.138 1.193 0.09
Presence of Mastitis 0.821 0.285 2.360 0.70
Use of Antibiotics (Dry Cow) 0.540 0.187 1.564 0.25
Destination of MWA 2.074 0.601 7.158 0.24

! MC= milk composition; MWA= Milk with Antibiotics.
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Table 6 - Assessment of management practices in raising calves on the farms affected and

unaffected by dam failure in Mariana.

Variables' OR Lower limit  Upper limit P - Value
Calf feeding system 1.322 0.276 6.322 0.72
Colostrum supply 0.758 0.043 13.498 0.84
Navel healing 1.562 0.127 19.210 0.72
Average daily gain 0.978 0.192 4.975 0.97
Occurrence of diarrhea 1.182 0.405 3.447 0.75
Occurrence of pneumonia 1.055 0.246 4.528 0.94
Occurrence of BPS 0.300 0.094 0.954 0.04
Fate of males 1.005 0.347 2.908 0.99

' BPS = bovine parasitic sadness



85

Table 7 - Assessment of reproductive management practices on the farms affected and

unaffected by dam failure in Mariana.

Variables ' OR Lower limit Upper limit P - Value
Implementation of a protocol 0.364 0.098 1.356 0.12
Use of bull or Al 1.048 0.364 3.016 0.93
Performance of PD 1.469 0.493 4.376 0.48
Occurrence of abortion 1.146 0.389 3.375 0.80
Performance of RV 0.321 0.059 1.760 0.18

! Al= artificial insemination; PD= pregnancy diagnosis; RV= reproductive vaccine
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Table 8 - Assessment of water availability for human and animal consumption and agricultural

use on the farms affected and unaffected by dam failure in Mariana.

Variables' OR Lower limit Upper limit P - Value

Human Consumption

Mine water 0.387 0.132 1.131 0.08

Well water 0.756 0.257 2.228 0.60
Animal Consumption

Mine water 0.652 0.228 1.864 0.41

Well water 0.429 0.134 1.372 0.15

River water 1.107 0.367 3.340 0.85

Reservoir water 1.348 0.240 7.563 0.73
Use for Agriculture

Mine water 0.503 0.113 2.240 0.36

Well water 0.413 0.039 4.436 0.45

River water 2.042 0.625 6.672 0.23

Reservoir water 0.640 0.052 7.868 0.72
Use for Irrigation 1.357 0.461 3.999 0.57
Preservation Areas

PPAs fenced and 1,571 0.484 5.106 0.44

preserved

PRF near the river 1.664 0.509 5.440 0.39

! PPAs= permanent preservation areas; PRF= preserved riparian forest.
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Table 9 - Assessment of pasture areas, soil management and planting on the farms affected
and unaffected by dam failure in Mariana.

Variables OR Lower limit Upper limit P - Value

Pasture

Pasture condition 0.432 0.143 1.303 0.13

Leasing 0.600 0.183 1.972 0.39

Use of Brachiaria in pasture 0.722 0.201 2.598 0.61

Use of Panicum in pasture 1.667 0.452 6.144 0.43
Soil management and planting

Soil analysis 2.933 0.996 8.641 0.05

Soil preparation 1.913 0.553 6.621 0.30

Soil correction 0.825 0.288 2.360 0.71

Direct planting 0.381 0.102 1.426 0.14
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Table 10 - Assessment of the disposal of empty fertilizer, pesticide and medicine packaging
on the farms affected and unaffected by dam failure in Mariana.

Variables OR Lower limit Upper limit P - Value

Fertilizers

Fertilization of pastures 1.240 0.433 3.550 0.68

Use of chemical fertilizers 0.518 0.175 1.536 0.23

Use of organic fertilizers 0.532 0.105 2.710 0.44
Agricultural pesticides

Use of Agricultural pesticides 0.650 0.219 1.925 0.43

Use of herbicides 0.630 0.211 1.879 0.40

Use of insecticides 1.381 0.244 7.827 0.71

Disposal of fertilizer packaging

Burning 1.067 0.342 3.323 0.90

Collection 0.884 0.277 2.827 0.83
Disposal of agricultural pesticide packaging

Burning 1.067 0.342 3.323 0.91

Collection 0.591 0.152 2.293 0.44

Disposal of Medication

Burial 0.640 0.052 7.868 0.72
Burning 1.107 0.367 3.340 0.85
Collection 0.792 0.274 2.291 0.66
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Table 11 - Assessment of intentions regarding dairy farming activities on the farms affected
and unaffected by dam failure in Mariana.

Variables' OR Lower limit Upper limit P - Value
Exclusive dependence on DF 0.596 0.203 1.744 0.33
Intention to leave DF 3.051 1.030 9.041 0.04

'DF= dairy farming;
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Table 12 - Obstacles reported by the farms affected and unaffected by dam failure in Mariana.

Variables' OR Lower limit Upper limit P - Value
Problems with WS 3.100 0.673 14.280 0.14
Difficulties with TA 2.460 0.513 11.796 0.25
Challenges in MP 2.750 0.224 33.829 0.42
Difficulties in ARC 0.861 0.128 5.796 0.87
Difficulties with labor 1.107 0.367 3.340 0.85
Problems with RC 0.333 0.090 1.228 0.09
Impact of PPOB 1.679 0.573 4.916 0.33
Difficulty in Al 4.310 0.450 41.298 0.20

' WS= water supply; TA= technical assistance; MP= marketing products; ARC= accessing
rural credit; RC= road conditions; PPOB= product prices on business; Al= acquiring inputs
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Figura 1- Location of the municipalities affected by the rupture of the Funddo dam in Mariana

(MG).
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GENERAL CONCLUSION

The two chapters of this dissertation highlight important strategies for improving
silage quality and the significant impact of environmental disasters on agricultural
practices. Techniques such as the wilting of BRS Capiagu elephant grass or the
addition of cornmeal help to improve the fermentation of the ensiled material, allowing
better preservation of the forage and, consequently, better food quality. The addition
of water-binding agents does not pose any risks when it rains, even though the costs
may be higher. Environmental disasters, such as dam failures, have a direct impact on
agricultural practices, especially in the dairy sector, and affect the use of resources
such as water, soil, and pasture due to contamination with heavy metals. Technical
assistance proved to be essential in mitigating these impacts and supporting post-
disaster recovery, underlining the need for and importance of public action in such
situations. The study also highlights the lack of studies addressing the impact of these
disasters on the affected sectors, particularly agriculture, and points to the need for

further research to deepen the understanding of the consequences of these events.



