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Abstract

This study aimed to characterize and carry out an awareness program in terms of implementation of
environmental management good practices in three municipalities with livestock activity of Atlantico
department located in Colombia. By means of a closed question survey addressing/including water,
soil, energy and waste management, an overview of the current situation was obtained. The survey
was applied to managers of roughly 44% of the total farms registered population. It was also used a
SWOT analysis to identify aspects related to internal and external factors at livestock sector. Results
indicate that there is an inappropriate management of waste as well as water and energy resources,
which may lead to misuse of existing available resources, pollution, and losses of money to
stakeholders. After the characterization process, workshops with farms managers were carried out
with the aim of sharing environmental management concepts, give suggestions and discuss day — to —
day situations from the productive field, in order to create strategies for the stakeholders to apply in
their daily livestock activities. Despite the present research will certainly shorten the gap between
local farmers and big companies from livestock sector by providing the formers with concepts of
environmental management which could help them to enhance their production process, there is still a
large gap considering the differences to access to high technology control systems and more
technified processes. The results of this investigation may offer valuable information to local
decision-makers in terms of creating plans for small livestock farmers in rural areas to implement
more elaborated sustainable strategies and therewith increase competitiveness of small farmers.

Keywords: Environmental management, cattle ranches, farms, rural cooperatives.

INTRODUCTION current food system, its related consumption,
and production processes generate an
increasing  pressure  over  environment,
threatening with resource’s depletion and
breaking the balance (Rohmer et al 2018).
Dairy and beef products generate some of the
highest environmental burdens (Steinfeld et al
2006 and Notarnicola et al 2012). As a matter
of fact, livestock activities cause an enormous
impact over environment: livestock production
and its derivates account for up to 18% of total
greenhouse gas emissions (Appuhamy et al
2016); it is responsible for roughly 35% of

World population has already reached 8 billion
people, and continues growing at an accelerated
rate, exerting pressure on natural resources,
specifically on the land use changes, mainly by
agricultural and livestock sectors which
resulted in ecological degradation (Gerber et al
2010 and Nahed-Toral et al 2013) and the need
for resources is increasing every day.
Population growth consequent demand for food
points to an increase in such demand of up to
70% in the next three decades (Fiala 2008 and
Opio C et al 2013). Unobjectionably, the
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anthropogenic methane and CO2 worldwide
(Steinfeld et al 2006 and Tauseef et al 2013), as
well as 2/3 of global N20O anthropogenic
emissions (Tauseef et al 2013); it represents a
major source of land-based pollution, releasing
enormous quantities of nutrients, pathogens,
and waste into soils and bodies of water
(Aarnink et al 1995, Losey and Vaughan 2006
and Fiala 2008), being one of the main drivers
of eutrophication in them (Pan et al 2016); it
alters vast extensions of landscapes and affects
biodiversity(Abbasi and Abbasi 2010, 2016);
and generates deforestation by providing the
space needed for housing and grazing areas
(Gallegos Rivero and Daim 2017).

Environmental threats and climate change have
led to an urgency to establish practices to
minimize influence of food production on
global warming (Beauchemin et al 2011 and
Bonesmo et al 2013).

Latin-American countries that produce animal
protein are in aware of livestock farming
impact over environment (Alfaro-Arguello et al
2010) and are also interested in becoming more
efficient in terms of production (Palhares et al
2019). In many countries, production is based
on small producers. Unlike great livestock
producers, small and even medium — sized ones
rarely apply environmental management good
practices, account on enough resources to
purchase technology, nor formation to technify
their  production  process and  reduce
environmental burden. Financial issues, as well
as cultural, educational and even social ones
influence this situation.

Livestock producers at Atlantico department
(here in also referred to as Atlantico),
Colombia, are mainly small and medium —
sized producers (Lerner et al 2017) carrying out
their activity because of tradition and/or
business, but without a truly corporative
projection or vision, and applying classical
techniques (which have already proved
inefficiency in land use (Roebeling and
Hendrix 2010). Further, specific characteristics
of the department influence cattle rancher’s
perspective and context. For instance, Atlantico
has a great inequality in terms of satisfying
citizen’s basic needs (Promigas 2016),

including  cattle ranchers, affecting their
economy. There has been reported that small
farms have low levels of technology as well as
the capacity and knowledge of producers to
modify their practices constitutes one of the
barriers to implement better livestock practices
(Lerner et al 2017). Calder6n Garcia et al
(2014) also stated in a Colombian case study
that transition from a traditional livestock to a
more ecological one is hindered due to lack of
willingness to change, motivated by reticence
to change and lack of information.
Additionally, 2010 flood which sunk 10% of
Atlantico’s total area (Sanchez Jabba 2011),
impacted significantly in  socioeconomic
dimensions of more than 175.000 people,
caused a loss of more than 60.000 tons of
agriculture production and affected more than
61.000 bovines, distributed among 15.000
hectares (Promigas 2016).The abovementioned
situations  (still) hinder cattle rancher’s
capability to incorporate proper environmental
management to their production.

Despite these issues, there are ways to improve
cattle production in terms of environmental
management. It is necessary to count on
traditional practices due to the knowledge the
offer, and finally, strategies proposed should be
checked due to regional singularities (Dick et al
2015) and these practices must be adapted in
terms of improving efficiency and reduce
environmental impacts (Gallegos Rivero and
Daim 2017).

The aim of this study is it then to characterize
environmental management from small and
medium  cattle  ranchers of  Atlantico
department, Colombia; and to carry out an
awareness program within, related to the
implementation of good practices in the
production process.

Methodology
Study Area

Atléntico is located in northern Colombia with
an approximate population of 2,489,709
inhabitants (IDEAM et al 2011), being the most
populous department of the Colombian
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Caribbean Coast. The main economic activities
of the department include agricultural, fisheries
and aquaculture, forestry, and livestock sectors.
Atlantico has an area of 3,388 km2 and is made
up of 23 municipalities, some with a
recognized livestock vocation (Gobernacion del
Atlantico 2012).
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Figure 1. Municipalities with livestock vocation
analyzed in Atlantico Department, located in
the north part of Colombia.

Excluding the metropolitan area of Barranquilla
(capital city), the department of Atlantico has
livestock as its main economic base,
highlighting in this area the municipalities of
Sabanalarga, Manati, Luruaco, Ponedera,
Repelén, Campo de la Cruz and Candelaria
(UNINORTE 2011)

Of the total area of the department of the
Atlantico, 255,225 hectares are occupied by
livestock activities (UNINORTE 2011) and the
livestock inventory is close to 230,000 heads
and with an average production of
approximately 185,000 liters per day of milk
(Gobernacion del Atlantico 2012).

Data gathering

The research was divided into three phases:
planning, data gathering and situational

diagnosis, and socialization of strategies. The
planning phase comprised an identification of
the current livestock active farms in Atlantico
department. The Corporacion Autonoma
Regional del Atlantico (CRA) (institution in
charge of the execution of policies, plans, and
projects related to environment and natural
renewable resources in Atlantico) provided a
database of farms with current operation under
its jurisdiction. Three (Sabanalarga, Manati,
and Candelaria) of the seven towns with
livestock activity in Atlantico department were
chosen (Figure 1). Through the municipal units
for technical and agricultural assistance
(UMATA), five cooperatives where every
small and medium cattle rancher are registered
were contacted. By means of a preliminary
meeting with cooperatives, a socialization of
the aims of this study was made and a database
with information related to cattle ranchers (1D,
ranch name and location, and cell phone
number) was obtained.

Afterward, a yes/no — question survey
addressing the use and management of soil,
water, energy and ranch waste was formulated.
Topics such as the control of resources used,
gathering of information related to the amount
of resource used, calculation of invested money
in equipment maintenance, current
infrastructure, and machinery in the ranch,
characterization of waste, among others, were
considered. Besides personal information of
polled people, a total of 58 questions were
included in the survey. The cooperatives
contacted reported that there are 438 ranches
registered; despite there are numerous methods
to estimate the sample size, , in this study an
arbitrary non probabilistic sample (Severo et al
2015) of 193 surveys (which accounts for
approximately 44% of total population) were
applied. It is worth to mention that in almost
every case, the manager — person in charge of
the cattle ranch was surveyed. Based on survey
results, a diagnosis of the management of
resources in ranches was made, for every town
and in general.

Finally, an educative strategy for cleaner
production was implemented through a total of
12 workshops distributed as follows: a total of
4 workshops were carried out in every town, of
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which 3 were theoretical and 1 was
participative. In these interaction spaces,
participants exchanged experiences, opinions
and by way of guided discussions, strengths,
weaknesses, opportunities, and threats were
identified. This information was used to
construct a SWOT matrix. “SWOT analysis
method is an analysis method concerning
competitive situation, largely used for strategic
analysis process” (Xingang et al 2013 p. 605).
It allows to identify strengths, weaknesses,
opportunities and threats, through analysing the
incidence of external and internal factors. Such
analysis is the basis for proposing strategies of
management (Pazouki et al 2017). Considering
this, a set of strategies were suggested for
future implementation in the cattle ranchers
analysed.

Results and Discussion
Water quality and consumption

Production intensification increases the demand
and competition for limiting natural resources,
especially water and land resources (Herrero et
al 2010 and Bosire et al 2015). To assess the
implications for the environment, water and
land footprints can be used as indicators
(Bosire et al 2019). The key will be to develop
intensification methods that improve efficiency
gains to produce more without using more land,
water and other resources (Herrero et al 2010).

Considering above, 193 owners were asked
several questions related to Water broaching its
use, care and quality. 95% do not have water
concession, stating the lack of control by local
authorities regarding protection of water
sources in the municipalities analyzed.

According to respondents, they do not apply
techniques to save or reduce water
consumption, neither to analyze its physical
and/or chemical parameters (98%). Cattle
ranchs owners also do not estimate the water
volume required for each process. In addition,
most of the owners (62%) do not check water
leaks and/or waste. Water requirements for
livestock drinking and serving is very small and

represent only 0.6% of global freshwater use
(Weindl et al 2017).

Nonetheless, as stated by Palhares et al (2019)
“accurate measurement is necessary to water
management”. Simple measurements such as re
— use of non - potable water in allowed
sections would improve the management of this
resource. Grimble (1999) suggests that a real
pricing of water for consumers would incentive
the development and use of more efficient
technologies.

Likewise, interactions between livestock and
water are crucial in the challenges as livestock
production uses a large amounts of water for
feed production and is partly responsible for
environmental degradation due to overgrazing
(Descheemaeker et al 2010). It is important to
highlight that 64% of cattle ranch owners have
infrastructure for water storage, as well as great
care for preventing water pollution. More than
80% take precautions to use chemicals and
organic compounds and also avoid wastewater
discharge in water sources. However, 52% of
the respondents do not prevent water sources
evaporation, especially in a land with high
temperatures, implying a significant amount of
water lost due to this process.

Energy Saving

In this item were analyzed time saved at work,
fuel savings and animal energy saving. More
than 90% of owners care a lot about their
animals by having live barriers that prevent
losses or temperature rise in them, exercising or
making them move and, they are also well
treated and make their routines safe and easy.
The distribution of livestock drinking points
determines animals’ access to feed resources,
livestock densities in rangelands, and the
energy spent by animals to access the water
(Descheemaeker et al 2010).

Nevertheless, the opposite happens with energy
saving, less than 10% of the owners have
guantified energy for each process besides
money losses on the waste of energy.
Additionally, no more than 16% have
registered monthly fuels inputs and outputs.
Use of renewable energies also have been
considered by merely 36%, perhaps they should
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use passive cooling systems like green roofs or
artificial shading in order to maintain animals’
temperature and in the same time reduce energy
consumption (Vitt et al 2017 and Firfiris et al
2019)

Concerning fuel and energy saving, less than
29% make maintenance of their machinery or
avoid using them for long hours and they do
not check if lights are on or off.

Waste Management

The population sample surveyed affirms that
53% are aware of the types and quantities of
waste generated in livestock activities.
Likewise, a high percentage, 78%, of
respondents who use herbicides and fertilizers
was obtained. However, a large part of the
respondents ensures that products (milk and
meat) and pastures are free of agrochemicals.

Fires  have traditionally = accompanied
agricultural practices on livestock farms;
however, 90% of the population surveyed has
reduced these activities of burning grass and
crop residues, as well as 86% also claim to
have reduced the burning of solid waste, the
latter being one of the critical practices in the
rural sector, due to solid waste collection
problems (as service operator and collection
frequency).

On the other hand, Reuse is considered as one
of the strategies that most reduces
environmental impacts compared to recycling
(Kunamaneni et al 2019). In the case of the
livestock population surveyed, it was found that
50% reuses the water from the manure as
fertilizer for the meadows, while in the case of
composting techniques, which has positive
effects on the physicochemical biological
properties of the soil (Liu et al. 2019), it is an
area of opportunity to be strengthened, since
only 22% claims to reuse waste of their farms
with this kind of techniques.

Waste is considered an environmental problem
due to the impacts involved in its disposal and
treatment, in addition to the fact that poor waste
management is widely recognized as a source
of economic costs, risks to health and the
environment (Zorpas 2020). A large part of the

difficulties encountered in the correct
management of the waste generated from
livestock activities is that the population in
general does not know other alternative
methods for their management, for example, in
the case of manure reuse, 79% states in
unknowing other techniques that promote the
management of this type of waste.

Regarding the processes of waste separation
and storage that can be recycled and those that
cannot, a large part of the respondents, 91%, do
not perform the segregation and collection of
this waste, being another area of opportunity
identified in the sector. Similarly, waste
management that has been in contact with or
containers where agrochemicals have been
stored, 92% of the surveyed population affirms
that they do not do the washing of these
containers and do not deliver them to
companies for an adequate final disposal, being
the same situation for veterinary drug residues.

Finally, for the waste management of sharps
and/or pointed objects, 72% of the respondents
use a guard container for their storage, thus
avoiding their disposal as an ordinary waste
and potential risk for the operators that carry
out the waste collection work.

Land use and soil quality

In its entirety, the sample population claims to
work in areas derived from the livestock sector
in accordance with Land Use Plan, which is
positive since this environmental management
instrument seeks to promote sustainable
development by ensuring the preservation and
proper use of lands (Carrion Barrero 2008).
However, a high percentage of the population
does not carry out soil analysis which is
essential since this type of activity generates
soil compaction, reduces soil cover, decreases
productivity and promotes the accumulation of
waste (Jeddi and Chaieb 2010). Therefore, it
leads to a reduction in soil quality parameters
as a direct effect of grazing (Tessema et al
2011).

A high percentage of the surveyed population
that manages the optimal load capacity on the
farms was obtained, allowing sustainable
livestock production without generating serious
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effects on soil fodder. However, 27% does not
handle the optimal load capacity affecting the
efficient use of resources and probably
generating an excessive manure in a small area
leading to a risk of environmental pollution
(Deng et al. 2020). Despite this, almost all the
farmers and ranchers handles the frequency and
intensity of grazing in winter where the growth
of the meadow is slow and its availability is
always limited, thus allowing the maintenance
of healthy soil, flora, fauna and water resources
(Bailey et al 2019).

Organic matter in soils has an important role in
the physical, chemical and biological health of
soils. A high percentage (73%) incorporates
organic matter into the soil, which improves the
cation exchange capacity by increasing the
retention capacity of nutrients in the soil and
can even help reduce the leaching of nitrogen
from the urine of cattle (Malcolm et al 2019).
The use of fertilizers was also considered; more
than 50% of the population uses organic and
green fertilizers produced from waste,
maintaining soil fertility. Likewise, the use of
organic fertilizers improves the absorption and
drainage of water in the soil, facilitating thus
the fixation of carbon on the ground and the
formation of nutrients (Vayssiéres and Rufino
2012). These fertilizers are excellent
alternatives to replace the prolonged use of
chemical fertilizers that accelerate the
degradation of soil quality and decrease the
sustainability of crops (Choudhary et al. 2018).

Finally, the aspect of grassland renewal was
evaluated, where 72% of the surveyed
population affirmed that it was carried out on
farms. This practice allows improving soil
conditions by promoting its conservation, water
infiltration and its aeration (Necpalova et al
2013).

The overgrazing is another problem that should
be considered and resolved in livestock
activities, due to the soil degradation caused by
the excessive number of animals in the same
place. In this case, more than 65% does not
perform compaction tests on the pastures
leaving only 35% that if handled, therefore,
there is no concern about the degradation

induced by soil compaction in a large part of
the population interviewed.

Cattle grazing accelerates soil erosion, but it
was obtained that 68% protects river rounds
from landslides, 75% that protects areas
susceptible to erosion and 58% uses livestock
farming techniques conservation to prevent
erosion. This demonstrates that farmers and
ranchers seek soil preservation handling the
erosion problem induced by the continuous
grazing of livestock activity. Thus, almost all
the sample population has live barriers in their
pastures to maintain soil degradation due to
erosion at admissible levels, as well as other
soil management and conservation practices
such as coverings, fertilizers green and
incorporation of organic matter among others.

Regarding chemical degradation of the soil, a
percentage of 83% carries out pH amendments
in their farm, this is important to control the
acidity in the soil since it represents a problem
for the growth of grasslands with their
respective nutrients (Liebig et al 2017).
Likewise, 68% performs inter-planting of
species in their pastures, which allows
fertilization and planting in a single operation,
preserving agricultural sustainability. Finally,
85% applies chemical and organic inputs
according to the recommendations trying not to
contaminate the soil and 66% of the population
monitors that the soils are not salinizing.

SWOT analysis

For SWOT analysis participants identified
aspects related to internal and external factors
considering the following elements: key
internal strengths, decisive internal weaknesses,
relevant external opportunities and key external
threats (Table 1).

Table 1: SWOT matrix with internal and
external factors

Internal Factors

Strengths Weaknesses
S1: Quality of final W1: Lack of policies to
product (meat and exploit resources
milk)
W2:  Inadequate  cost
S2: Organization of benefit ratio of products
regional cooperatives
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- W3 Lack of culture Considering this, strategies were formulated in
_33h: _ dREQ'O”I_ W“E towards change. order to promote sustainable management in
Innerite Ivestoc _ the farms and cattle ranches analyzed (Table 2).
vocation W4; Inadequate

management of waste and
agrochemicals.

WS5: Lack of commitment
to the empowerment of
implemented projects

External Factors

Opportunities

01: Soil

diversity,
water richness,
variety that facilitate

Threats
T1: Lack of financial
support

pasture T2: Lack of support from

the handling of government and
. environmental authorities
livestock

02: Road T3: Lack of articulation of

infrastructure in good

condition

03:

instructions between
stockbreeders and farmers
T4: Contamination of
water and soil bodies

Climatic

conditions suitable for

livestock

T5:
types

Ignorance of soil

However, they cannot reach adequate
environmental goals only by themselves, they
need control from environmental authorities, as
well as support from government.

As stated in the table 1, they already have the
experience, vocation and specially the
organization, so they can cooperate with better
techniques for preserving resources without
losing product quality or economic benefits. It
is also important not to lose their vocation to
learn or be instructed in policies, other
techniques and environmental issues so they
can improve their activity.

Table 2: SWOT strategies proposed to promote sustainable management

Strengths

Weaknesses

Opportunities

S301: Implementation of sustainable
livestock farming, taking care of natural
resources.

S201: Conducting soil studies to identify
their natural resource’s characteristics and
type of pasture that can be sown

W101: Establish clear and appropriate
policies for natural resources management

W402: Design and implement with inter-
institutional support the post-consumption
programs of agrochemicals in the region.

Threats

S2W2: Establish inter-institutional
working groups that allow the design of
programs to be carried out in an effective
manner that the needs of the sector.

S2W4: Training by co-operatives for the
care and proper use of natural resources.

S3W5:  Monitoring
quality of the area.

the environmental

W3T4: To design  accompaniment
programs in the implementation of cleaner
production programs.

W1T1: Study the financial viability of the
sector and look for strategies that allow its
improvement.

Despite the existence of support tools and
potential institutional organization to apply
adequate environmental management,
willingness to implement appropriate strategies

is crucial. Environmental culture and awareness
are important to implement environmental
friendly strategies in Colombia (Vanegas
Hurtado 2014)
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The environmental impact of food products is
highly influenced by the production system
behind them (Rohmer et al 2018). Therefore,
environmental management also aids at
creating a cleaner consumption of food
products. Adequate sustainable practices do not
act immediately nor eliminate environmental
pollution completely. There is still impact
upstream and downstream the
production/consumption chain. Rather, it
contributes by raising awareness of the power
of each actor to contribute to a more
sustainable world (Ashton et al. 2017).

Conclusion

As stated by Wells (2013), sustainability
requires the creation of a system through which
social, natural and economic capital are
preserved or increased. World population
dietary habits and food demand make
mandatory that farms, whether small or big,
compel to evolve regarding technology and
techniques used in production (Gallegos Rivero
and Daim 2017). In this sense, Latin America
contributes to global economy moderately
through resources extraction and unsustainable
practices. Thus, there is a need to raise
awareness in consumers and producers such
that patterns and habits of consumption and
production shift towards a sustainable
perspective (Ashton et al 2017).

Considering all of this, environmental
management was characterized in small and
medium  cattle  ranchers in  Atlantico
municipalities in Colombia, by studying its
soil, water, energy and waste practices. Current
situation in these ranchers was established by a
SWOT analysis which allowed to propose
strategies socialized through workshops to be
implemented, in order to improve sustainability
in their production process. Carrying out the
strategies and practices discussed in this paper
requires complementary actions aimed to
encourage their adoption. Further
accompaniment by local authorities in the
process of practice and financial support such
that cattle ranchers have the necessary

resources to fulfill environmental management
is needed.

Methodology and results of this work will help
small and medium cattle ranchers by allowing
them to understand their current situation
regarding resources management. In addition, it
could also contribute to local authorities and
government by providing them a detailed
characterization of existing conditions and even
more importantly, a set of strategies addressing
educational, financial, technical and monitoring
topics associated with livestock production
process and interaction with the environment.
This research constitutes valuable information
for government leaders since it would aid at
economic planning and management, by
addressing ongoing problems and impacts of
livestock sector activities.

Future studies might address related issues,
such as determining the accessibility of cattle
ranchers to required technology to implement
proposed strategies, describe current links
between institutions and producers and identify
gaps, recognize drivers to the adoption (or not)
of proposed strategies, among others.

Though government and authorities play a key
role to truly put into effect environmental
management intended for a more efficient and
environmentally responsible production
process, cattle rancher’s willingness to adopt
proposed strategies and other related measures
is critical too. The change of paradigm towards
a more sustainable one involving different
practices requires first the comprehension of
the transcendence of such actions regarding self
— economy, local economy, environment and
society. Such a shift is a process that starts with
awareness, as we intended to reach through our
workshops and dialogues. However,
‘environmentally friendly’ practices sometimes
require incentives for producers, as a strategy
to encourage them. Incentives may represent
direct subsidies or advantages when aspiring to
other related subsidies (Luo et al 2014).

Technical and economic characteristics of the
cattle raising units show limits and potentials
which should be addressed to improve
sustainability.
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