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Milk production is important in South American countries being based mainly on grazing
systems. Dairy slurry management has become an important issue in these production
systems because of the large volumes produced and the environmental effects. Thus,
manure management regulations are emerging in the region. This research aims to
identify priorities for management strategies and technology transfer by assessing
perceptions, needs and barriers toward dairy manure management by stakeholders in
South American countries. A questionnaire was prepared and distributed in Spanish and
Portuguese in different formats: on paper and online (PDF format and SurveyMonkey™
platform) between March 2015- November 2017. It was divided into two sections, the
first addressed issues related to water quality and pollution, odor generation, fertilizer
value, pathogens impact and biogas production. Responses were measured across
a standard 5-point Likert type scales. Section two addressed needs and hindrances
concerning about manure application. A total of 593 surveys were completed: Argentina
(n = 308, 52%), Brazil (n = 217, 37%) and Chile (n = 68, 11%). The majority of
respondents were dairy farmers (31%), professional advisors and consultants (29%)
and representatives of public institutions and researchers (31%). Some differences
appear according the country. Overall, a large majority perceive that manure is a good
fertilizer (91%), also they believe that it contributes to pathogen’s transmission and
groundwater and shallow aquifers 'contamination. Stakeholders (60%) perceived biogas
production as a good option for manure treatment. Most of respondents (79%) would use
manure to replace mineral fertilizers, with little differences between countries (Argentina
79%, Brazil 80% and Chile 68%). The most selected needs were: a management
handbook, increased investment in equipment and technologies and better access to
laboratory analysis. The most chosen barriers were: cumbersome management, lack of
knowledge and of specific laws, with differences between countries and respondents.
The survey showed interest in dairy manure management as a source of nutrients
for grassland and crops, especially among farmers and advisors whom requested

Frontiers in Sustainable Food Systems | www.frontiersin.org 1

June 2018 | Volume 2 | Article 22


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2018.00022
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2018.00022&domain=pdf&date_stamp=2018-06-19
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles
https://creativecommons.org/licenses/by/4.0/
mailto:malejandra.herrero@gmail.com
https://doi.org/10.3389/fsufs.2018.00022
https://www.frontiersin.org/articles/10.3389/fsufs.2018.00022/full
http://loop.frontiersin.org/people/441305/overview
http://loop.frontiersin.org/people/441295/overview
http://loop.frontiersin.org/people/429687/overview
http://loop.frontiersin.org/people/440786/overview
http://loop.frontiersin.org/people/520216/overview

Herrero et al.

South American Dairy Manure Management Perceptions

guidelines for responsible management. Policymakers and stakeholders should focus
on promoting manure reuse on dairy farms through incentives, technologies and/or
appropriate strategies, in order to improve nutrient use and reduce pollution to the wider

environment.

Keywords: environmental regulations, organic fertilizer, dairy slurry, dairy stakeholders, technology adoption,
waste technologies, dairy grazing systems

INTRODUCTION

The dairy industry is an important sector in South American
countries, where Argentina, Brazil, and Chile possess 70% of
the South American dairy herds and produce 73% (43 million
liters) of the milk of this region (FAOSTATS, 2016). Dairy
farming is mainly pasture-based, in non-irrigated areas with
a low proportion of herds in confinement, but with part-time
confinement for feeding with silage and concentrates. Cows
are milked one to three times per day; after each milking,
the parlor is cleaned. Cleaning is generally performed with
or without scraping and washing with or without pressure.
The average effluent volumes used are 27.7 and 36.6L day~!
cow™!, respectively, for Argentina and Chile (Salazar et al,
2010). Previous studies indicate that the slurry produced
has high contents of rain and cleaning water. As a result,
dry matter and nutrient contents are low, and the costs of
transporting the slurry to arable farms are relatively high (Salazar
et al., 2007; Charlon et al.,, 2013). The rapid development of
the dairy industry has resulted in the increase of the total
wastewater discharge. As a result, developing a reasonable
and effective water resource management to deal with water
pollution challenges associated with the dairy industry has
become an urgent issue in different countries such as China
(Bai et al., 2017).

The use of livestock manure for fertilization is a valid
practice and should be part of the waste management of
animal production systems, mainly because of the high nutrient
and water contents of manure (Watson and Atkinson, 1999),
reducing the need to purchase chemical fertilizers and to
irrigate the crops. However, in case of inadequate manure
management, there is the risk of point source or diffuse pollution,
compromising soil, air, and water quality (e.g., Isermann, 1990;
Erisman et al., 2008). In South American countries, dairy slurry
is used mainly without treatment, although in some cases,
mechanical separation is carried out. The effluent is stored in
earth banks and lined lagoons or concrete tanks and applied
to the field by surface application (e.g., via slurry tanks or
irrigation pumps) throughout the year (Salazar et al., 2010).
Higher concentrations of nutrients in the environment are often
associated with an over-use of fertilizers and manures, intensive
livestock breeding, climatological and edaphic conditions, and
inadequate agricultural practices and management (Herrero and
Gil, 2008; Oenema, 2015). The generation of high amounts
of manure in concentrated areas from livestock production
systems requires adequate on-farm and oft-farm management. In
several countries, an equilibrium between the amount of manure
produced and the availability of an agricultural area to recycle

this manure is difficult to achieve (Bernal, 2017). However,
in most South American countries, dairy intensification is a
rather recent process, and the relationship between the amount
of manure and crop area is more suitable. In addition, dairy
production systems in South America are mainly based on
grazing, where most of the feces and urine enter the soil directly,
reducing the amount of manure production (Salazar et al,
2010).

In Argentina, Brazil, and Chile, the lack of knowledge and
the low adoption rate of waste management technologies are the
most conflicting issues concerning environmental conservation
(Palhares, 2009; Salazar et al.,, 2010; Charlén et al., 2017a).
In these countries, new regulations for manure management
are emerging, and farmers and other professionals show an
increasing interest in the agronomic use of animal manure;
however, special guidelines for the implementation of good
management practices are crucial.

To analyze the possibilities of adopting certain technological
innovations in terms of manure management in the South
American agricultural sector, it is important to know the needs
and constraints of producers, consultants, researchers, students,
and governmental agents regarding such implementations.
Stakeholder perceptions are important aspects to be evaluated,
as stakeholders are mainly responsible for the implementation,
evaluation, and adaptation of manure management practices.
Agri-environmental programs are basically designed to promote
changes in the behavior of farmers, either via amplifying behavior
which leads to positive externalities or by restricting behavior
which leads to negative externalities (Ahnstrom, 2009; Blackstock
et al., 2010; Wissman et al., 2013).

The adoption of adequate manure management practices also
depends on the regulatory context and the local market, for
example environmental policies and the agricultural industry
structure of the country under consideration, or on other, more
complex issues, especially when they relate to environmental
aspects (Sunding and Zilberman, 2001; Prokopy et al., 2008).
The production system, farm size, and management practices
are also aspects to be considered to evaluate. Thoma et al.
(2013), investigating management practices at US dairy farms,
showed how a large diversity of management practices and
technologies used in production units translates into significant
differences in environmental impacts. There is thus a high
potential to improve the environmental performance of the dairy
sector.

In Denmark, incentives and legislative requirements for
the processing of organic waste were introduced recently to
meet environmental objectives. This situation was an incentive
for the evaluation of the perception of producers toward
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the use of organic waste (Case et al., 2017). It is important
to carry out studies to understand the decisions of farmers,
professional consultants, and policy makers regarding the
adoption of alternative organic crop fertilizers, especially against
the background of no regulatory incentives or no history of
using these techniques. Generally, surveys to assess perceptions,
attitudes, and needs focus on different aspects (Petit and van der
Werf, 2003; Herrero et al., 2010; Barnes and Toma, 2012; Wolf
et al,, 2016; Hou et al., 2018). Also, they are generally used at
the regional scale to compare stakeholder perceptions between
regions and countries (Hou et al., 2018).

On a global level, only few studies have specifically considered
manure and the use of organic fertilizers by farmers and
professional consultants (Gebrezgabher et al.,, 2015). Although
South America accounts for 54% of the livestock and 5% of
the dairy cows in the world (FAOSTATS, 2016), there are no
published studies on these issues.

In this context, we identified, for the first time, the
requirements for management strategies and technology transfer
by assessing the perceptions, needs, and barriers in terms of
dairy manure management by stakeholders in South American
countries. The results of our study will contribute to the
discussion of upcoming policies and regulations on dairy manure
use.

MATERIALS AND METHODS

We used a descriptive methodology to obtain information about
the perceptions, needs, and barriers in terms of dairy manure
management, explaining the stakeholders’ understanding.
Descriptive survey types were used to obtain information
concerning the current status of the subject and to demonstrate
relationships between different issues (Jackson, 2009; Saunders
et al, 2012), obtaining qualitative data. The issues in dairy
manure management were defined by expert judgment,
facilitating the delimitation of the research theme and the
discussion about policies and regulations.

Country Selection and Context

Argentina, Brazil, and Chile have similar livestock production
systems, which are based on pasture grazing with daily
confinement for feeding with silage and concentrates. These
countries have an increased consumption of animal products,
and the milk supply chain has important social relevance in
terms of employment and income; currently, the milk sector
is undergoing verticalization. There are no or few specific
environmental regulations for manure management, and the
social pressure to adequately manage dairy manure is increasing,
with regional regulations being implemented (e.g., in Cérdoba
Province, Argentina).

Survey Questionnaire and Data Collection

Data were collected between March 2015 and November 2017.
A questionnaire survey was constructed to determine the
perceptions, needs, and barriers in terms of dairy manure
management by the participants. We surveyed dairy farmers
(DF), professional advisors and consultants (PAC), dairy

farm employees (DFE), service and inputs providers in
dairy technologies, students and representatives of public
institutions working in agro-environmental policies and from
dairy companies, and researchers from academic institutions; the
latter category was classified as “OTHERS” (Herrero et al., 2010;
Gonzalez-Pereyra et al., 2015; Hou et al., 2018). Prior to the
survey, the researcher explained to each respondent that it was
a survey to assess their perception of manure management and
that the results would be used exclusively for research purposes.
No respondents were identified by name in the questionnaires,
so the authors cannot relate the participant to the answers; in this
way, the ethical and more principles of each respondent were not
violated.

The survey was prepared in Spanish and Portuguese in three
different formats: on paper, which was handed at conferences,
workshops, symposiums, and field days (Argentina); online in
a PDF format and sent by e-mail (Argentina and Brazil); and
via an online survey using the SurveyMonkeyTM platform
(Chile). All formats used the same questions and structure.
Survey dissemination strategies differed between countries
according to working styles, connectivity, and the possibility of
contacting the stakeholders, always meeting the usual ways of
collecting information. Such an approach generally facilitates
high cooperation rates at a low economic cost (Rojas Tejada et al.,
1998).

The survey was divided into two sections. The first section
addressed seven issues related to:

e Groundwater contamination: (1) Do you agree that
groundwater can be contaminated by effluent lagoons?

e Odor as a pollutant: (2) Do you agree that effluent lagoon
odors are environmental pollutants?

e Manure as a fertilizer: (3) Do you agree that manure is a good
fertilizer?

e Transmission of pathogens: (4) Do you agree that effluents can
be vehicles for the transmission of pathogens?

e Biogas manure treatment: (5) Do you agree that manure
treatment through biogas is the best option?

e Contamination of shallow aquifers: (6) Do you agree that
shallow aquifers can be contaminated by disposing effluents
and slurry in the lower areas of the farm?

e Water quality impact: (7) Do you agree that the quality of the
water used in the dairy parlor influences manure management
and its use as a fertilizer?

Responses were measured across a standard 5-point Likert type
scale, ranging from strongly agree (5 points), agree (4 points),
neutral (3 points), disagree (2 points) to strongly disagree (1
point) (Likert, 1932; Barnes and Toma, 2012; Sullivan and Artino,
2013).

The second section addressed an option that allowed the
respondents to choose whether manure or slurry should be
reused as fertilizer. There were also five options in terms of
“needs” and five in terms of “barriers,” and the respondents could
choose one or multiple answers (Bernal, 2017; Case et al., 2017;
Hou et al., 2018). The response options were selected based upon
previous studies and tested by experts in the field of manure
management (Salazar et al., 2007, 2010; Asai et al., 2014; Palhares,
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2014; Vankeirsbilck et al., 2016; Charlén et al., 2017b; Palhares
et al., 2017).

The preliminary version of the questionnaire was based on
the definition of a basic structure that was built by the personal
experience of the authors in the different local contexts. The
questions in the first section were selected from previous studies
(Herrero et al., 2010, 2011). The lists of needs and barriers
were based on interviews with key actors and experts in the
dairy sector and on previous surveys (Herrero et al., 2011). We
then performed a pilot test with a small sample of postgraduate
students, rural area consultants, and researchers. Once the
answers were evaluated, the final version was designed.

Statistical Analyses

All data from the different versions were downloaded and
compiled in one Microsoft Excel 2010 file. The responses were
cleaned and checked for inconsistencies. A descriptive analysis
of the results of both sections of the survey was carried out
(median, ranges, and frequencies and percentages) for individual
countries, type of respondents, and for all results.

For analysis of the first section of the questionnaire (seven
Likert questions), both univariate and bivariate analyses were
conducted to obtain the frequency of response. These data were
then used to construct the typology based on the responses to the
statements. Multiple correspondence factorial analysis (MCA),
hierarchical classification of Ward based on seven factorial
axes, and cluster analysis were performed to obtain significant
modalities at p < 0.05. All seven Likert questions related to
the environmental issues described below were defined as active
variables, while country and the profession were considered
as supplementary variables (Lebart et al.,, 1995, 1998). On the
other hand, mean comparisons between the three countries
were performed for these seven variables via the Kruskal-Wallis
rank sum test (p < 0.05), and Dunn’s multiple comparison
procedure was applied to detect differences between countries
(p < 0.05).

Since in the second section, there were several multiple-
response questions for the selection of needs and barriers, the
absolute number of respondents referring to each option was
converted to the percentage of the total number of respondents
who answered the question in order to allow a comparison
between countries (Barnes and Toma, 2012; Hou et al., 2018).
To compare countries in terms of different needs and barriers,
a Chi? homogeneity test was used at p < 0.05. To evaluate the
association of needs and barriers with the respondent’s profiles,
a Chi? independence test was used at p < 0.05 (SAS Institute,
2011).

RESULTS

Respondent Profiles

A total of 593 surveys were completed, with 308 (52%) from
Argentina, 217 (37%) from Brazil, and 68 (11%) from Chile.
Figure 1 shows an overview of all respondents in terms of
profile and country. Of all respondents, 77% were dairy farmers
(n = 182), professional advisors, and consultants (n = 170),
as well as representatives of public institutions involved in
agro-environmental policies, dairy companies, and researchers of
academic institutions (n = 106).

In Argentina, the highest percentage of respondents (77%)
corresponded to dairy farmers (n = 108, 36%), professional
advisors and consultants (n = 79, 26%), service and inputs
providers, representatives of public authorities, and researchers
at academic institutions (n = 73, 24%). In Brazil, the
highest percentage of respondents (90%) corresponded to
professional advisors and consultants (n = 76, 35%), students
(n = 63, 29%), and dairy farmers (n = 56, 26%). In
Chile, 81% of the respondents were representatives of public
authorities, people working in dairy companies, researchers
at academic institutions (n = 22, 32%), dairy farmers
(n = 18, 26%), and professional advisors and consultants
(n=15,22%).

100%

80%

60%

40%

20%

0%
Total
Respondents

Argentina

Brazil

FIGURE 1 | Overview of survey respondents’ profiles of the three South American countries.
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Manure Management and Environmental

Perceptions

The general perceptions of the 593 respondents, expressed as
percentage according the 5-point Likert scale, are shown in
Figure 2. Overall, the large majority of respondents in all regions
believed (strongly agree and agree) that manure is a good
fertilizer; however, at the same time, there was an agreement that
manure can cause problems to the wider environment. More than
40% strongly considered odor as a pollutant, and more than 50%
related manure to the transmission of pathogens. It is interesting
that most of the respondents believed that manure can cause
groundwater contamination, but at the same time, there was a
low agreement in that it can affect water quality (Figure 2).

Five clusters were defined by a dendrogram. Correspondence
analysis for perceptions on manure management and
environmental impacts, including countries and respondent’s
profiles, showed that five groups were statistically significantly
different (p < 0.05). Group 1 contained 240 respondents, mostly
from Argentina, who strongly agreed or agreed (5 and 4) on six of
the seven questions (except biogas as an alternative to treatment).
Group 2 contained 41 respondents who were indifferent to all
the questions, except for the importance of biogas treatment.
This group was not made up of respondents from one particular
country. Group 3 contained 239 respondents, mostly from
Brazil, who the issues in an intermediate way (opinions 4-3 and
2), except for the function of the effluent as a fertilizer, to which
they fully agreed. In group 4, there were 46 people who disagreed
with all questions. Group 5 contained 57 individuals who did not
respond to five of the seven questions, with the exception of the
effluent as a producer of odors that are contaminants and the
effluent as a water pollutant.

To evaluate the different perceptions for each environmental
aspect considered in the questionnaire by countries and by
type of respondents, we calculated mean values and standard
deviations (Tables 1, 2). To assess these values, we considered
for all the Likert scale responses that: strongly agree = 5

points, agree = 4 points, unsure = 3 points, disagree = 3
points, strongly disagree = 1 point, and no response = 0 point.
Significant differences between Argentina and Brazil and between
Chile and Brazil were observed for the aspects in questions 1-
5 (p < 0.05), according to the Kruskal Wallis test and Dunn’s
multiple comparison procedure (Table 1).

In Argentina (Figure 3A) the largest group of respondents
(63, 44, and 63%, respectively) considered the consequences
of the effluent lagoons for groundwater contamination and for
shallow groundwater in lowland areas and agreed that pathogen
transmission could be a consequence of manure management. At
the same time, an impressive group of respondents perceived the
importance of the use of manure as a fertilizer (50%).

Almost all Brazilian respondents agreed with the use of
manure as fertilizer, and about 80% believed that biodigestion

TABLE 1 | Perceptions of manure management and its environmental impact in
Argentina, Brazil, and Chile expressed as means values + standard deviation
according the survey response.

Issues surveyed Argentina Brazil Chile

(1) Groundwater 4342 41,12 3.62° +1.43 4,072 +1.27
contamination

(2) Odor as a pollutant 4,032 +£1.34 3.42° + 1.46 4.26% +£1.15
(3) Manure is a good 4218 +£1.10 3.73P £ 0.64 4192 +£1.11
fertilizer

(4) Transmission of 4.28% +1.22 3610 £ 1.42 4,232 +1.02
pathogens

(5) Biogas manure 3.23% +£1.28 4.73° +1.20 3.26% £1.29
treatment

(6) Contamination of 3.78% +£1.48 3.83% £+ 1.40 4,078 £1.27

shallows aquifers
(7) Water quality impact 2.75% £1.57 2.942 +1.53 2.992 + 1.61

aDifferent letters in rows shows significant differences between countries, Dunn test
(o < 0.05). Perception Likert 5-point scale from strongly agree = 5 points to strongly
disagree = 0 point.

7) Water quality impact
Contamination
5) Biogas Manure treatment

4) Pathogens Transmission

2) Odour as a pollutant

1) Groundwater Contamination

B Strongly agreed BAgree OUnsure

O Sualow it N | [ |

3) Manure as a fertlizer | RN Y T 1 |

FIGURE 2 | Regional perceptions distribution of 593 respondents (%) according a 5-point Likert scale about seven issues related to manure management.

-
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TABLE 2 | Perceptions of manure management according different respondents expressed as median =+ standard deviation according the survey response.

Issues surveyed DF PAC DFE SIP ST OTHERS

(1) Groundwater contamination 4.07% +1.36 4.042 £ 128 4.33% + 0.92 4072 £ 1.27 3.922 £ 1.24 4.032 +1.39
(2) Odor as a pollutant 3712 +1.45 3.892 + 1.39 3.472 +1.55 4118 £1.45 3.76% £ 1.33 4.032 +1.33
(3) Manure is a good fertilizer 4.412 +1.05 4532 +0.84 4.70% + 0.53 3.70% £ 1.66 4.452 £ 0.77 4.222 +1.06
(4) Transmission of pathogens 3,762 +1.45 4.20°C £ 117 4.13%¢ £ 1,07 3.96% +1.74 3.97% £ 1,15 4.24¢ 1 128
(5) Biogas manure treatment 3.36%¢ + 1.32 3.369¢ + 1.31 3.93° + 1.01 3.48%C 4 1,55 4.18° + 0.90 3.118 +1.20
(6) Contamination of shallows aquifers 3.63% +1.54 4,042 +£1.28 4,102 +1.06 3.96°% + 1.34 3.69°% + 1.41 3.76% + 1.54
(7) Water quality impact 2913 + 1,62 2963 + 1,54 3.60° + 1.54 2.78% £ 1,60 2,628 +£1.37 2552 £ 1.57

aDifferent letters in rows shows significant differences between respondents, Dunn test (p < 0.05). Perception Likert 5-point scale from strongly agree = 5 points to strongly disagree = 0
point. Different Groups of respondents. DF; Dairy Farmers; PAC, Professionals advisors and consultants; DFE, Dairy Farm Employees; SIP, Service and Inputs Providers; ST, Students;
OTHERS, representatives of public institutions working in agro-environmental policies and from dairy companies and researchers from academic institutions.

is a good option for manure management (Figure 3B). The use
of manure as fertilizer and biodigesting are coincident, since
the effluent from the biodigester can be used as a fertilizer. The
statements 4 and 6 obtained similar percentages of agreement
and were directly related, since groundwater contamination with
manure can represent a pathway of pathogen transmission.
The statement that odors are pollutants obtained the second
lowest level of agreement, with slightly more than 60% of the
respondents, although a high percentage of the respondents
believed that there is no adequate regulation in Brazil.

In Chile, most of the stakeholders strongly agreed or agreed
with the use of manure as a source of fertilizer; however, at
the same time, the respondents were aware of the fact that
inappropriate manure management can cause environmental
problems (Figure 3C). On the other hand, the same respondents
placed less importance on water quality related to manure reuse;
for them, manure treatment via anaerobic digestion was not a
technology prioritized by farmers.

For the three countries, the impact of the water quality used
in the milking parlor on the quality and management of manure
as fertilizer had the lowest importance (Figure 2). This could
be explained by the low salt concentrations in the groundwater
of Brazil and Chile (Figures 3B,C), esp. in the vicinity of dairy
farms. However, this was not the case for Argentina (Figure 3A),
where groundwater quality is an important aspect, with relatively
high salt concentrations in the groundwater under dairy farms.

We found significant differences between Argentina and
Brazil and between Chile and Brazil in terms of the aspects in
questions 1-5 (p < 0.05), according to the Kruskal Wallis test
and Dunn’s multiple comparison procedure (Table 1).

The mean values for the different groups of respondents did
not differ significantly for statements 1, 2, 3, and 6 (Table 2), but
were significantly different in terms of pathogen transmission (4),
biogas treatment (5), and water quality impact (7) (p < 0.05).
Statements 1 and 6 are related because they consider groundwater
and contamination due to incorrect effluent disposal; regardless
of the degree of education of the respondent, this relationship
was identified by all profiles. All respondent profiles, esp. the
dairy farm employees, also understood that the use of manure as
fertilizer is a good practice. In terms of effluent as a transmission
vehicle for pathogens, there was a significant difference between

DF and PAC and between DF and OTHERS. In the case of
statement 5, the most significant difference was observed between
ST and OTHERS, being the highest average verified for ST. This
group, which attended university, was more exposed to such
specific knowledge and therefore more open to new practices and
technologies.

Needs and Barriers

Most of the respondents said that they would use manure to
replace mineral fertilizers (79%), with slight differences between
countries (Argentina 79%, Brazil 80%, and Chile 68%). One
group (15%) would not consider the use of dairy manure on
farms, also with differences between countries (Argentina 16%,
Brazil 9%, and Chile 32%). The higher value for Chile was
probably related to the increasing use of dairy manure on
farms. In Argentina and Brazil, 5 and 11% of the respondents,
respectively, did not answer these questions.

Regardless of the group of respondents, between 68 and 84%
would use manure as fertilizer (Figure 4). However, the largest
group that would not use manure was composed of dairy farmers
(22%), with considerable differences between countries (68%
Argentina, 15% Brazil, and 18% Chile). In this group, the lack
of knowledge (29% Argentina and 47% Brazil) and the specific
costs and regulations for Chile (33%) were identified as barriers.
Within the group of hesitant respondents regarding the use of
manure, most were also dairy farmers (68%), following the same
trend between countries (60% Argentina, 15% Brazil, and 18%
Chile) and the same barriers.

The participants were asked to select one or more different
options from a list of five needs and barriers in terms of the use of
dairy manure and slurry to replace mineral fertilizers (Table 3).
Across all respondents (n = 593), 571 participants selected one
or more needs (Argentina, n = 310; Brazil, n = 214, and Chile,
n = 47), and 458 participants selected one or more barriers
(Argentina, n = 224; Brazil, n = 188, and Chile, n = 49).

Of all respondents, 21% selected all needs (five options), with
similar percentages for the three countries (Argentina 22%, Brazil
20%, and Chile 19%). Only 4% of the respondents did not select
any option, corresponding to the 80% to the group that would not
reuse manure. The mean total value representing the number of
choices selected was 2.83 options for each respondent. For four
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FIGURE 3 | Perceptions distribution of respondents from (A) Argentina (308), (B) Brazil (217), and (C) Chile (68) expressed in (%) according 5-point Likert scale
respondents about seven issues related to manure management.

options, similarities were observed between the needs selected ~ management. Significant differences (p < 0.05; test Chi?) were
among the three countries. The most important needs were more  observed only for the option “Requirement of trained personnel,”
equipment for the application and manuals or guides for manure  with higher values for Brazil.
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TABLE 3 | Needs and barriers selected for dairy manure management in the three South American Countries.

Argentina (%) Brazil (%) Chile (%) Total respondents (%)
Needs Manual or guide for manure application 58 61 60 60
Laboratory analysis 53 57 57 55
Trained Personnel 45 59 32 49
Manure application equipment 68 70 68 69
Legislation regarding manure management 55 46 52 51
Barriers Lack of interest 6 4 12 6
Lack of knowledge 33 60 2 40
Very expensive 26 19 29 24
Cumbersome management 28 35 24 30
Lack of legislation 24 12 37 21

On average, the respondents selected one or two barriers;
none selected all five options and only five individuals from
different countries selected four options. Of all respondents, 23%
did not select any barrier, with differences between countries
(Argentina 28%, Brazil 13%, and Chile 28%). The options
“non-existence of laws that impose them” and “the reuse of
these wastes ends up being a complicated management” were
most frequently selected, with differences between countries.
Significant differences were observed for the barriers “lack of
interest,” “lack of knowledge,” and “lack of legislation” (p < 0.05;
test Chi?). For all three countries, “high costs” and “cumbersome
management” were barriers selected, with similar values between
countries. Brazilians presented the lowest percentage of “lack
of interest in using manure as fertilizer” and the highest
percentage of “lack of knowledge.” Although for Argentina, “lack
of knowledge” was the first barrier identified, dairy producers

mentioned the cost (27%), while professionals, advisors, and
consultants mentioned cumbersome management (27%). Also,
the lack of rules was recognized as an issue. It should be
highlighted that all respondents showed an interest in slurry
management (greater than 90%). For Chile, most of the needs
were ranked similarly, apart from “trained personnel,” which was
ranked lower. In relation to barriers, “lack of knowledge” and
“interest” were ranked lowest.

Needs and barriers, according to the categories of
respondents, are shown in Figures5, 6. When considering
respondents in the three countries in terms of advocating the
use of manure as fertilizer (78%), the needs were identified as
follows: 79% agreed that is important to have more equipment
for the application on land, 60% required a manual or guide for
application, 55% requested laboratories for analysis of manure
and slurry, 52% believed it to be important to have legislations
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and rules to regulate applications, and 49% considered it to be
important to have trained personnel on the farms. In the other
side the 15% that answered did no show that there is a lack
of interest (94%), that they will not use because there are not
any rule or law that oblige them to reuse waste (79%), a very
expensive technical option (76%), a cumbersome and difficult
management (70%), and a lack of knowledge for the application
(60%).

Significant differences (p < 0.05; test Chi?) in terms of
three (more laboratories, more trained personnel, and specific
legislation) of the five needs were observed between the types
of respondents for all countries (Figure 5). The need for more
laboratories was selected by professional advisors and consultants
and by service and inputs suppliers. The need for more trained
personnel was mainly selected by advisors and consultants.
The importance of specific legislations for manure management
was recognized by representatives of public institutions, dairy
companies, and researchers.

On the other hand, significant differences (p < 0.05; test Chi?)
in terms of two (“lack of knowledge” and “lack of legislation”)
of the five barriers were observed between the different
types of respondents for all countries (Figure5). Notable,
“lack of knowledge” was selected more frequently by dairy
farm employees, while “lack of legislation” was selected more
frequently by professionals, advisors, consultants, representatives
of public institutions, dairy companies, and researchers.

DISCUSSION

This is the first study analyzing stakeholders’ perceptions on
dairy manure management in Latin America, considering three
different countries in which the dairy sector is an important
industry. Our results contribute to the establishment of adequate

programs to improve manure management, to the development
of appropriate policies, and to the research and education
programs. Similar studies have been carried out by Blok et al.
(2015), who stated that this methodology allows a better
understanding of the needs and perceptions of stakeholders,
facilitating successful innovations for sustainable production and
consumption. In a study in Denmark, Case et al. (2017) assessed
the impacts of new legislative requirements for the processing
of organic waste through the evaluation of the perception of
producers toward the use of organic waste, while Hou et al. (2018)
focused on how manure management is likely to be affected by a
wide range of diverse socio-political and environmental factors.

The types of stakeholders participating in the present
study were similar to those interviewed by Hou et al. (2018)
across different European countries. All respondents had some
experience regarding manure management, in contrast to the
stakeholders interviewed in our study. The different percentages
of respondents in our study between the three countries are
due to the type of audience in the conferences, workshops,
symposiums, and field days where the questionnaires were
applied. These events had a technical and/or scientific profile, and
more than 50% of the total of the respondents represented dairy
farmers, professionals, and consultants involved in decisions
related to manure management on dairy farms.

Despite the productive similarities between the three
countries, we observed some differences in the perception of
some issues. In particular, there were differences in terms of the
levels of adoption and application of regulations and policies.
This indicates that the same program, technology, or policy could
achieve similar results in Chile and Argentina, but different ones
in Brazil.

In the case of Chile (Salazar et al, 2007) and Argentina
(Charlén et al,, 2017a), the discussion about manure dairy
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management and, consequently, the internalization of the theme
by stakeholders is more advanced than in Brazil (Palhares, 2014),
probably because in Chile and Argentina, the dairy industry has
been more intense over a longer period of time, and the pressure
from society is higher. In addition, previous studies (e.g., Hou
et al., 2018) have mentioned that the use of manure is related to
the availability of land, with higher pressure on countries with
small farming areas. As mentioned before, the dairy production
in Brazil has only been intensified recently (Palhares, 2014), and
the pressure from environmental agencies and the society is
therefore lower, facilitating the use of manure as fertilizer.

In Argentina, the strong perception of the importance of
using manure as fertilizer could be explained because of the
implementation of recent environmental initiatives, focusing
on the agronomic use of the slurry. Currently, guidelines for
adequate management practices are being developed by the
sector industries.

In some countries, there are specific regional regulations
related to manure and dairy effluent management (Argentina
and Brazil), promoted mostly due to the pressure of society
and as a result of pollution incidents. On the other hand,
there are also agreements between the government and farmer
federations, such as “Cleaner Production Agreements” (Chile),
which promote a better use and management of dairy effluent.
In addition, dairy companies implemented a bonus for their own
producers that meet environmental standards, where effluent
management is considered (Argentina and Chile; Charlon et al.,
2017a).

In Argentinian dairy areas, water contamination with high
concentrations of nitrate is an important environmental issue,
and the high salinity in these areas could further affect dairy
production and impede the reuse of manure (Carbo et al,
2009; Charlon and Herrero, 2012; Charldn et al., 2017b). In this

sense, stakeholders might be more conscious in relation to water
contamination, water quality issues, and pathogen transmission
compared to stakeholders in Brazil and Chile. Besides, this
situation could be related to the diffusion of these issues in the
mass media and in local workshops and seminars. Most of the
stakeholders know that excess salinity of groundwater may be
an important restriction for using cattle manure because of the
potential soil salinization in soils in dairy land area in Argentina
(Charlon and Herrero, 2012). In Argentina, the local community
perceptions about the pollution of surface and groundwater were
studied by Peluso and Usunoff (1997). These authors found
that in general, the community considers those environmental
problems as important, such as the pollution of surface water
caused by sewage. Similar results regarding such awareness were
reported by Sudarmadi et al. (2001) in terms of the perception of
environmental and health problems, both in an educated group
and a community group in Indonesia. The authors observed a
better understanding of such problems when broad information
was supplied by newspapers, television, movies, and the radio.
When comparing the three countries, all Brazilian averages
to statements 1 to 4 were lower than those for Argentina and
Chile; therefore, the experience of these countries could help to
enhance the knowledge and propose policies to dairy manure
management in Brazil, thereby improving the stakeholder’s
perceptions of the environmental impacts. The highest Brazilian
valuation in relation to biogas use, which was also the highest
average among all means, may be the result of the influence
of two current governmental programs. One of them is the
National Plan on Climate Change and the National Program for
a Low Carbon Agriculture. This plan encourages the adoption
of sustainable production systems to ensure GHG emission
reductions while raising the incomes of framers, particularly
with the adoption of technologies such as the biodigestion

Frontiers in Sustainable Food Systems | www.frontiersin.org

10

June 2018 | Volume 2 | Article 22


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Herrero et al.

South American Dairy Manure Management Perceptions

of animal wastes. Another program is the Brazilian Electrical
Energy Agency regulation, which permits farmers to generate
electricity credits through biogas production (ANEEL, 2012).
Wissman et al. (2013) mentioned that programs that work
with economic incentives can modify decision prioritization
by farmers. Anaerobic digestion is widely used where financial
incentives are linked to renewable energy policies, making it a
profitable activity even at a modest scale (Loyon et al., 2016).
Also, the growth of anaerobic digestion in Denmark is largely
due to an incentive policy such as investment support for
construction of biogas plants and government support strategies
to increase interactions between various social groups (Raven
and Gregersen, 2007). Another important aspect is the history
of biodigesters in Brazil. The first system has been installed
in a dairy farm in 1979 and has been part of the sector ever
since. In the case of Argentina, the temperate climate, the
farm scale, and the lack of appropriate financial support to
implement this technology have been factors that make difficult
the adoption of this technology (Charléon et al, 2017a). In
Chile, anaerobic digesters on dairy farms are extremely rare
(c. < 1%) (INIA, 2016). However, recently, a program has
been developed to incentive the use of biodigesters on dairy
farms. Important restrictions will mainly be the low potential for
methane production of dairy slurry, the high cost of anaerobic
digestion plants, and the low dry matter content (and organic
matter content) of dairy slurries based on grassland systems
(Salazar et al., 2007).

We observed a contradiction in terms of the perceptions
in Brazil about issues 1 and 6. On the one hand, the three
countries strongly agree that “groundwater may be contaminated
by effluent lagoons,” similar to respondents of Argentina and
Chile. However, issue 6, which is linked to the same problem
and says “the shallow aquifer may become contaminated by
disposing effluents in the lowlands,” has not received the same
perception in Brazil. Although both issues are linked, they are
two forms of water contamination associated with the disposal
of manure. This situation could be explained because there is an
obligation by Brazilian state environmental legislations that all
effluent storage ponds should be waterproofed (Palhares, 2008).
This is probably the reason why Brazilians do not consider
storage lagoons as a source of groundwater contamination.
The impact of unsealed effluent storage lagoons was verified
by Drommerhausen et al. (1995), who developed an extensive
study. They evaluated the impact of effluent lagoons on different
soil types in eight dairy farms in the United States and
demonstrated that effluent lagoons receive a continuous load
of water with excreta daily; when they are not well constructed
and sealed, they may become permanent source of groundwater
contamination.

The statement “manure is a good fertilizer” obtained the
highest agreement. Hou et al. (2018) showed that the use of
treatment manure technologies is low in regions that have
sufficient land for manure applications, as is the case in
Argentina, Brazil, and Chile, where dairy slurries are mainly
applied directly to the soil without treatment (Salazar et al., 2010).

Foged et al. (2011) found that less than 10% of the total animal
manure were treated in the EU-27 in 2010. We do not have this

type of statistical information for any of the countries in our
study, but according to the authors’ expertise and observation,
the use of treatment technologies is low and will remain low
due to technical and/or economic limitations. Regardless of the
productive and environmental realities of each country, it can be
said that the respondents understand this practice as a way to
dispose of manure, reuse water, and recycle nutrients. It is also
possible to achieve a livestock sector with low carbon emissions
by better nutrient recycling.

The question remains whether manure as fertilizer is being
used correctly, as there are several studies that show that
misuse results in environmental impacts on water, soil, and
air. Knowlton and Ray (2013) mentioned that animal manure
can be a valuable resource for farmers, providing nutrients,
improving the soil structure, and increasing the vegetative cover
to reduce the erosion potential. At the same time, the application
of manure nutrients in excess of crop requirements can result in
environmental contamination. To mitigate environmental risks,
governments in Western Europe (Sutton et al,, 2010), North
America (Compton et al., 2011; US Environmental Protection
Agency Science Advisory Board-USEPA, 2011), and Oceania
(Ministry of the Environment, 2012) have enacted legislations to
control livestock expansion, manure land-spreading, and other
farm practices.

Excessive nutrient accumulation and plant uptake may impact
animal health and production (Djekic et al, 2014). The use
of manures, wastes, composts, and sludges as fertilizers and
soil physical and chemical conditioners is advisable, but only
when performed considering the concept of nutrient balance
and the four Rs (right product, right rate, right time, right
location) (Oenema et al., 2003). Waldrip et al. (2015) showed
how imbalances between nutrient imports and managed exports
can result in nutrient losses to the environment and additions
to soil storage, limiting the sustainability of livestock production
systems.

Another aspect is the low pressure from governmental
legislations. In this context, only recently, a specific legislation for
manure management has been launched in Cordoba, Argentina
(Charlon et al., 2017a), and most of the manure management is
regulated in these countries according to general environmental
legislations and regulations in order to avoid water, soil, and air
pollution.

The need considered most important by respondents across
all countries was “greater variety of equipment.” This situation
is understandable, because in these three countries, technologies
for manure application are relatively new, and new technologies
and equipment are only developed relatively slowly. According
to Salazar et al. (2010), dairy slurry is applied using mainly
surface equipment (e.g., irrigation pumps and tank spreaders).
In the study carried out by Hou et al. (2018), it was observed
that in European countries, where manure has been applied to
the soil over a large number of continuous years, the dominant
needs were “reduction of excessive costs,” “pathogen control prior
to application,” and “adaptation of treatment and management
systems to changes in legislation.”

The second most important need, “manual or guide for
manure application,” is directly related to the first barrier
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“lack of knowledge.” This indicates that countries should edit
technical materials such as manuals, factsheets, etc., taking into
account local conditions to help producers, dairy employees,
and consultants to adequately use manure as fertilizer. It is
important that these materials are recognized as referential by all
stakeholders, otherwise they will not be effective in improving
the practice. Due to the particularities of each country, these
materials should be produced in particular, but it is interesting
that there are minimum contents and performance indicators
agreed upon between countries, such as the use of the concept of
nutrient balance, the best forms of manure disposal, the potential
environmental risks, etc. In this way, countries will be able to
generate common indicators that will assist in the evaluation
of their own policies and programs as well as in the design of
common actions. This common information is also important for
proposing research projects and strengthening research networks
among countries.

In European countries, a key step in improving the efficiency
of agriculture and reducing negative impacts on the environment
has been the publication of Codes of Good Agricultural Practice
(GAP), which provides guidelines for farmers, taking into
account manure management on farms. In addition, a set of
more “friendly-reading” publications have been published by
the MAFF in the United Kingdom, covering aspects of manure
characterization and management for use on crops and grassland
(Dampney et al.,, 2000). Complementary strategies have been
implemented for different countries. Another approach has been
the development of decision support systems, using electronic
calculation worksheets and models to predict the value of manure
and potential N losses (e.g., Nicholson et al.,, 2013). A similar
approach could be implemented in South American countries,
using current research information and generating guidelines,
recommendations, and electronic tools to improve manure
management on dairy farms. As a stage prior to specific manure
management regulations, the dissemination of GAP could be
beneficial for the sector.

In Denmark, the barriers selected by farmers in terms of
manure use as organic fertilizer were evaluated by Case et al.
(2017). The most important problems were odor nuisance,
unreliable nutrient content, difficult planning, expensive
machinery, and the absence of a quality certification. In
our study, we also encountered some of these barriers (e.g.,
cumbersome management), although some were rather
identified as needs (manure equipment, lab analysis).

In other countries, such as in the EU, where regulations have
been in place for years, different stakeholders feel pushed by the
new legislation to treat dairy wastes. The use of high amounts
of mineral fertilizers per unit area, with increased costs of these
alternatives, makes manure a more attractive alternative. On the
other hand, in these countries, farmers are generally pressed to
export manure from farms with higher animal density to areas
of agricultural production (Hou et al., 2018). This situation is
different in South American countries, were dairy production
systems generally have low stocking rates that do not exceed
one cow per hectare and where lands are available for manure
spreading. Also, in these countries, crop production for feed is
important, and such production is generally located near the

dairy production area, enabling the combination of dairy and
crop production.

According to these results, transferring knowledge by different
technology activities will be important in these three countries.
It is necessary to develop educational/training strategies (written
and oral) so that farmers, employers, and consultants have
technical guidelines on how to manage and transfer knowledge
related to dairy manure. It is also important to internalize this
issue in the University curricula and in technical discussions
of stakeholders. In addition, an important technology transfer
target will be farmer federations, milk companies, and the public
sector, where scientific base information should be transferred to
complete such knowledge. The agricultural economic literature
shows that innovations do not occur randomly, but rather
that incentives and government policies affect the nature and
the rate of innovation and adoption. Both the generation of
new technologies and their adoption are affected by intentional
public policies (e.g., funding of research and extension activities),
unintended policies (e.g., manipulation of commodity prices),
and activities of the private sector (Sunding and Zilberman,
2001).

Policy makers and stakeholders should focus on appropriate
technologies and “win-win” strategies to effectively generate
enthusiasm to reuse manure and slurry on the farms. It is
necessary to continue the research and transfer in subjects such
as the efficient use of nutrients from manure and effluents,
mitigating the possible negative impacts. In this context,
information and advice based on research have been important
aspects of dealing with the environmental problems associated
with agriculture in most of the countries in Europe (Thevenet
et al., 1993). As farmers are being subject to increasing pressure
from the public to reduce environmental impacts, there is a
considerable need to provide extended information. There is also
an overriding need for farmers and their advisers to understand
and accept the impacts of agriculture on the environment and
to have the confidence to use technical solutions developed
to reduce nutrient losses. Evidently, research institutes and
extension services have to provide farmers with appropriate
information and tools (Magette, 2000). Such measures should
be implemented through a combination of the different actors
to eliminate technological barriers for the convenience of the
product (Case et al., 2017).

In Argentina, Brazil, and Chile, farmers already have some
experience in the regulation of dairy wastes, but because of
the current trend toward intensified production, increasing
farm scales, and social issues, these regulations need to be
improved considering the productive, social, economic, and
environmental characteristics of each country. The results from
this survey can support actions and programs to disseminate
manure management practices in the dairy sector. In this
sense, research plays a fundamental role, since environmental
and productive standards should be proposed to guarantee
environmental conservation and economic viability.

Finally, there are many opportunities and options for
improving the manure management of a dairy farm; however,
there is no single model applicable for all farms. In addition,
the stakeholder’s perceptions could change according to different
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drivers such as public perception, environmental legislations, or
own interests. Efforts should therefore focus on the different
dairy production systems and the particular soil and climatic
conditions where the farms are located. It is also important
that the technology and management practices proposed to the
farmers include an economic assessment, especially against the
background of the current economic pressures (Magette, 2000).

AUTHOR’S NOTE

This paper is an international research that was carried out in
three countries. The researchers MH and VC (Argentina), JP
(Brazil), FS (Chile) are part of the Manure research network in
South America and have a broad expertise in the different manure
management systems. They are all involved in a collaborative
research in manure management. MT is a Ph.D. candidate in
nutrient and manure management and its environmental impact.

AUTHOR CONTRIBUTIONS

In this paper, MH, VC, JP and FS have been involved in the survey
development and data collection in each country, in its analysis
and in the discussion of the results comparing the different
countries and stakeholders. In particular FS was involved in
Chilean results, VC in Argentinean results and JP in Brazilian
results. MT worked in the acquisition of data in Argentina
and in drafting the manuscript. AP was responsible for all the

REFERENCES

ANEEL (2012). Brazilian Electrical Energy Agency. Resolution 482, 04/17/2012.
Available online at: http://www2.aneel.gov.br/cedoc/ren2012482.pdf (Accessed
December, 2017).

Ahnstrém, J. (2009). Farmland Biodiversity - in the Hands and Minds of Farmers.
Effects of Landscape Structure, Management and the Farmer’s Interest in
Nature. Thesis, Department of Ecology, Swedish University of Agricultural
Sciences.

Asai, M., Langer, V., Frederiksen, P., and Jacobsen, B. H. (2014). Livestock farmer
perceptions of successful collaborative arrangements for manure exchange: a
study in Denmark. Agric. Syst. 128:55. doi: 10.1016/j.agsy.2014.03.007

Bai, Z., Li, X., Lu, J., Wang, X, Velthof, G. L., Chadwick, D., et al. (2017). Livestock
housing and manure storage need to be improved in china. Environ. Sci.
Technol. 51, 8212-8214. doi: 10.1021/acs.est.7b02672

Barnes, A., and Toma, L. (2012). A typology of dairy farmer perceptions towards
climate change. Clim. Change 112:507. doi: 10.1007/s10584-011-0226-2

Bernal, M. P. (2017). Grand challenges in waste management in agroecosystems.
Front. Sustain. Food Syst. 1:1. doi: 10.3389/fsufs.2017.00001

Blackstock, K. L., Ingram, J., Burton, R., Brown, K. M., and Slee, B. (2010).
Understanding and influencing behaviour change by farmers to improve
water quality. Sci. Total Environ. 408, 5631-5638. doi: 10.1016/j.scitotenv.2009.
04.029

Blok, V., Long, T. B., Gaziulusoy, A. I, Ciliz, N., Lozano, R, Huisingh, D.,
et al. (2015). From best practices to bridges for a more sustainable future:
advances and challenges in the transition to global sustainable production
and consumption: introduction to the ERSCP stream of the Special volume.
J. Clean. Prod. 108, 19-30. doi: 10.1016/j.jclepro.2015.04.119

Carbé, L. I, Flores, M. C., and Herrero, M. A. (2009). Well site conditions
associated with nitrate contamination in a multilayer semiconfined
aquifer of Buenos Aires, Argentina. Environ. Geol. 57, 1489-1500.
doi: 10.1007/s00254-008-1426-6

statistics analysis and also she interacted with the all the group
of authors in drafting the manuscript. MH was the responsible
of the conception and design of the study and worked in the
Argentinean interpretation of data and in drafting the whole
manuscript.

FUNDING

CONICyT - CHILE Programa de Cooperacién internacional
Proyectos de apoyo a la formacion de Redes Internacionales entre
Centros e Investigaciéon (2016-2017) Red Manure South: research
network on effluents and water of dairy grazing systems in
South America countries. UBACyT Program 2014-2017 project
20020130100498BA CyT-UBA and INTA, Argentina project
PNPA 1126043.

ACKNOWLEDGMENTS

Chilean Research Council, CONICYT-REDES project 150086
ManureSouth Network. We also want to acknowledge to all the
farmers and professionals involved in the three countries. For
the professionals who helped with the survey data collection:
Marcos Bontd, Ana Valeria Gonzalez and Nicolds Sassano
(University of Buenos Aires) and Ezequiel Kern, Gustavo
Almada, Monica Moretto, Daniela Faure, Maria Rosa Scala
(INTA) from Argentina, and Marion Rodriguez and Alejandra
Jiménez in Chile.

Case, S. D., Oelofe, M., Hou, Y., Oenema, O., and Jensen, L. S. (2017).
Farmer perception and use of organic waste products as fertilisers: a
survey study of potential benefits and barriers. Agric. Syst. 151, 84-95.
doi: 10.1016/j.agsy.2016.11.012

Charlén, V., and Herrero, M. A. (2012). “Water quality aptitude for different uses
in dairy farms in Argentina dairy areas,” in Proceedings of the Il Interdisciplinary
Conference Water Cycle in Agroecosystems (Buenos Aires: UBA), 20.

Charlén, V., Salazar Sperberg, F., Manazza, F., and Herrero, M. A. (2013).
“Comparative analysis of cost on slurry application in Chile and Argentina
dairy farms,” in Proceedings of the 15th RAMIRAN International Conference:
Recycling of Organic Residues in Agriculture: from Waste Management to
Ecosystem Services, eds G. Vallez, P. Cambier, H. Bacheley, N. Cheviron, S.
Formisano, A. S. Lepeuple, A. Revallier, and S. Houot INRA/Veolia Recherche
and Innovation (Versailles), 920. Available online at: http://ramiran.uvlf.sk/
docl3/Proceeding 2013/documents/S11.03.pdf

Charlén, V., Salazar, F., Herrero, M. A., Palhares, J. C. P., and La Manna,
A. (2017a). “Environmental regulations of dairy effluent management in
South American countries,” in Proceeding of the 17th Workshop of Recycling
of Agricultural, Municipal and Industrial Residues in Agriculture Network
(RAMIRAN) (Wexford), 97.

Charlén, V., Tieri, M. P., Cuatrin, A. L. (2017b). “Water use and effluent
management in Argentina,” in Technical Information on Animal Production
2017, Ed. INTA Miscellaneous Publication, V. -N°2. Available online at:
https://inta.gob.,ar/documentos/informacion- tecnica- de- produccion-animal
(Acessed September, 2017).

Compton, J. E., Harrison, J. A., Dennis, R. L., Greaver, T. L., Hill, B. H., Jordan, S.
J., et al. (2011). Ecosystem services altered by human changes in the nitrogen
cycle: a new perspective for US decision making. Ecol. Lett. 14, 804-815.
doi: 10.1111/j.1461-0248.2011.01631.x

Dampney, P. M. R, Lord, E. I, and Chambers, B. J. (2000). Development of
improved advice for farmers and advisers. Soil Use Manage. 16, 162-166.
doi: 10.1111/j.1475-2743.2000.tb00221.x

Frontiers in Sustainable Food Systems | www.frontiersin.org

13

June 2018 | Volume 2 | Article 22


http://www2.aneel.gov.br/cedoc/ren2012482.pdf
https://doi.org/10.1016/j.agsy.2014.03.007
https://doi.org/10.1021/acs.est.7b02672
https://doi.org/10.1007/s10584-011-0226-2
https://doi.org/10.3389/fsufs.2017.00001
https://doi.org/10.1016/j.scitotenv.2009.04.029
https://doi.org/10.1016/j.jclepro.2015.04.119
https://doi.org/10.1007/s00254-008-1426-6
https://doi.org/10.1016/j.agsy.2016.11.012
http://ramiran.uvlf.sk/doc13/Proceeding_2013/documents/S11.03.pdf
http://ramiran.uvlf.sk/doc13/Proceeding_2013/documents/S11.03.pdf
https://inta.gob.,ar/documentos/informacion-tecnica-de-produccion-animal
https://doi.org/10.1111/j.1461-0248.2011.01631.x
https://doi.org/10.1111/j.1475-2743.2000.tb00221.x
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Herrero et al.

South American Dairy Manure Management Perceptions

Djekic, I, Miocinovic, J., Yomasevic, I, Smigic, N., and Tomic, N. (2014).
Environmental life-cycle assessment of various dairy products. J. Clean. Prod.
68, 64-72. doi: 10.1016/j.jclepro.2013.12.054

D., Radcliffe, D., Brune, D., and Gunter, H. (1995).
Electromagnetic conductivity surveys of dairies for groundwater nitrate.
J. Environ. Qual. 24, 1083-1091. doi: 10.2134/jeq1995.0047242500240006
0006x

Erisman, J., Bleeker, A., Hensen, A., and Vermeulen, A. (2008). Agricultural
air quality in and the future perspectives. Atmos. Environ. 42, 3209-3217.
doi: 10.1016/j.atmosenv.2007.04.004

FAOSTATS (2016). Food and Agriculture Organisation of the United Nations.
Available online at: http://faostat.fao.org/ (Accessed February 2018).

Foged, H. L., Flotats, X., Blasi, A. B., Palatsi, J., Magri, A., and Schelde, K. M.
(2011). Inventory of Manure Processing Activities in Europe. Technical Report
No. I, Concerning "Manure Processing Activities in Europe’ to the European
Commission, Directorate General Environment, 138.

Gebrezgabher, S. A., Meuwissen, M. P. M., Kruseman, G., Lakner, D,
and Oude Lansink, A. G. ]J. M. (2015). Factors influencing adoption of
manure separation technology in the Netherlands. J. Env. Manag. 150, 1-8.
doi: 10.1016/j.jenvman.2014.10.029

Gonzalez-Pereyra, V., Pol, M., Pastorino, F., and Herrero, M. A. (2015).
Quantification of antimicrobial usage in dairy herds in Argentina. Prev. Vet.
Med. 122, 273-279. doi: 10.1016/j.prevetmed.2015.10.019

Herrero, M. A., Sardi, G. M. L, Flores, M. C. (2011). Environmental perception of
dairy farmers to develop training programs 34° Argentine Congress of Animal
Production, Mar del Plata, Argentina. Rev. Arg. Prod. An. 31(Suppl. 1):190.

Herrero, M. A., and Gil, S. B. (2008). Environmental considerations of intensified
animal production (review). Aust. Ecol. 18, 273-289.

Herrero, M. A., Sardi, G. M., Rebuelto, M., Gil, S. B., and Flores, M.
C. (2010). “Changes in environmental perception and knowledge in
stakeholders after waste management courses,” in 14th RAMIRAN International
Conference (Lisboa). Available online at: http://ramiran.uvlf.sk/ramiran2010/
docs/Ramiran2010_0178_final.pdf

Hou, Y., Velthof, G. L., Case, S. D. C., Oelofse, M., Grignani, C., Balsari, P.,
et al. (2018). Stakeholder perceptions of manure treatment technologies in
Denmark, Italy, the Netherlands and Spain. J. Clean. Prod. 172, 1620-1630.
doi: 10.1016/j.jclepro.2016.10.162

INTA (2016). Estudio Actualizado de Linea Base del Proyecto Promoviendo el
Desarrollo de la Energia a Biogds en Pequefias y Medianas Agroindustrias
Seleccionadas (Updated Project Baseline Promoting the Development of Biogas
Energy in Small and Medium Agribusinesses Selected Study). Technical Report,
Instituto de Investigaciones, Agropecuarias (INIA), 86.

Isermann, K. (1990). Share of agriculture in nitrogen and phosphorus emissions
into the surface waters of against the background of their eutrophication.
Fertiliz. Res. 26, 253-269. doi: 10.1007/BF01048764

Jackson, S. L. (2009). Research Methods and Statistics: A Critical Thinking Approach,
3rd Edn. Wadsworth, OH: Belmont.

Knowlton, K., and Ray, P. (2013). Water-related Issues in Sustainability: Nitrogen
and Phosphorus Management. Kebreab E. Davis, CA: Sustainable Animal
Agriculture. CPI Group Ltd. doi: 10.1079/9781780640426.0000

Lebart, I., Morineau, A., Lambert, T., and Pleuvret, P. (1998). Logiciel d Analyses
des Données. SPAD Version 3.5 CISIA-CERESTA. Saint-Mandé. Available online
at: http//www.cisia.com (Accessed November, 2017).

Lebart, I, Morineau, A. and Piron, M. (1995). Statistique Exploratoire
Multidimensionnelle. Paris: Dunod.

Likert, R. (1932). A technique for the measurement of attitudes. Arch. Psychol.
22:55.

Loyon, L., Burton, C. H., Misselbrook, T., Webb, J., Phillippe, F. X,
Aguilar, M., et al. (2016). Best available technology for European livestock
farms: availability, effectiveness and uptake. J. Environ. Manag. 1:11.
doi: 10.1016/j.jenvman.2015.09.046

Magette, W. L. (2000). “Controlling agricultural losses of pollutants to water and
air, are we helping the farmer enough?)” in Proceeding 9th Workshop of the
Network on Recycling of Agricultural, Municipal and Industrial Residues in
Agriculture (RAMIRAN) (Gargnano), 97-114.

Ministry of the Environment (2012). Environmental Steward ship for a Prosperous
New Zealand: Law sand Treaties. Available online at: http://www.mfe.govt.nz/
laws/S

Drommerhausen,

Nicholson, F., Bhogal, A., Chadwick, D., Gill, E., Gooday, R. D., Lord, E., et al.
(2013). An enhanced software tool to support better use of manure nutrients:
MANNER-NPK. Soil Use Manage. 29, 473-484. doi: 10.1111/sum.12078

Oenema, O. (2015). Nitrogen Use Efficiency (NUE): An Indicator for the Utilisation
of Nitrogen in Agricultural and Food Systems. Scientific Report International
Fertiliser Society (Proceedings/International Fertiliser Society 773).

Oenema, O., Kros, H., and Devries, W. (2003). Approaches and uncertainties in
nutrient budgets: implications for nutrient management and environmental
policies. Eur. J. Agric. 20, 3-16. doi: 10.1016/S1161-0301(03)00067-4

Palhares, J. C. P. (2008). Licenciamento Ambiental na Suinocultura: O Caso
Brasileiro Emundial. Concordia: Embrapa.

Palhares, J. C. P. (2009). Tendéncias para o licenciamento ambiental na
suinocultura brasileira. Rev. Polit. Agricola 18:28.

Palhares, J. C. P. (2014). Manejo Ambiental de Unidades de Produgio Animal.
Cadernos Técnicos de Veterindria e Zootecnia 74, 78-94.

Palhares, J. C. P., Charlén, V., Herrero, M. A, and Salazar, F. (2017). “Impact
of dairy effluent management in the grey water footprint,” in Proceedings
of the V International Symposium on Agricultural and Agroindustrial Waste
Management (V SIGERA) (Foz do Iguazu), 479-483.

Peluso, P., and Usunoff, E. (1997). Perception analysis of the water resources
quality in Azul, Buenos Aires province, Argentina. J. Environ. Hydro. 5, 1-9.
Petit, J., and van der Werf, H. M. (2003). Perception of the environmental
impacts of current and alternative modes of pig production by stakeholder
groups. J. Environ. Manage. 68, 377-386. doi: 10.1016/S0301-4797(03)

00105-1

Prokopy, L. S., Floress, K. Klotthor-Weinkauf, D., and Baumgart-Getz,
A. (2008). Determinants of agricultural best management practice
adoption: evidence from the literature. J. Soil Water Conserv. 63, 300-311.
doi: 10.2489/jswc.63.5.300

Raven, R. P. J. M, and Gregersen, K. H. (2007). Biogas plants in
Denmark: successes and setbacks. Renew. Sustain. Energy Rev. 11:116.
doi: 10.1016/j.rser.2004.12.002

Rojas Tejada, A. J., Fernandez Prados, J. S., and Prez Meléndez, C. (1998).
Investigar Mediante Encuestas. Fundamentos Tedricos Y Aspectos Prdcticos, ed
S. A. Sintesis (Madrid: Rojas Tejada, AJ).

Salazar, F., Dumont, J., Chadwick, D., Saldana, R., and Santana, M. (2007).
Characterization of dairy slurry in southern Chile farms. Agricultura Técnica,
67, 155-162. doi: 10.4067/S0365-28072007000200005

Salazar, F., Herrero, M. A., Charlén, V., and La Manna, A. (2010). “Slurry
management in dairy grazing farms in South American countries,” in
Proceedings Fourteenth Ramiran Conference Lisboa, eds C. S. C. Marques dos
Santos and C. L. Ferreira (Lisboa: Ramiran), 13-15.

SAS Institute (2011). The SAS system for Windows. Release 9.2. Cary, NC: SAS Inst.

Saunders, M., Lewis, P., and Thornhill, A. (2012). Research Methods for Business
Students, 6th Edn. Essex: Pearson Education Limited.

Sudarmadi, C., Suzuki, S., Kawada, T., Netti, H., Soemantri, S., and Tugaswati, T.
(2001). A survey of perception, knowledge, awareness, and attitude in regard
to environmental problems in a sample of two different social groups in
Jakarta, Indonesia. Environ. Dev. Sustain. 3, 169-183. doi: 10.1023/A:10116337
29185

Sullivan, G. M., and Artino, A. R. Jr. (2013) Analyzing and Interpreting Data From
Likert-Type Scales. J. Grad. Med. Educ. 5, 541-542. doi: 10.4300/JGME-5-4-18

Sunding, D., and Zilberman, D. (2001). Cap 4 The agricultural innovation process:
research and technology adoption in a changing agricultural sector. Handb.
Agric. Econ. 1,207-261. doi: 10.1016/S1574-0072(01)10007-1

Sutton MA., Bleeker, A., Howard CM, Bekunda, M., Grizzetti, B., de Vries, W.,
et al. (2010). “Our nutrient world: the challenge to produce more food and
energy with less pollution,” in Global Overview of Nutrient Management Centre

for Ecology and Hydrology Edinburgh on Behalf of the Global Partnership on
Nutrient Management and the International Nitrogen Initiative. Available online
at: www.gpauneporg/gpnmhtml

Thevenet, G., Lescar, L., and Archer, J. R. (1993). Communicating the principles of
sustainable agriculture to the farmer. Proc. Fertiliser Soc. 347:24.

Thoma, G., Popp, J., Shonnard, D., Nutter, D., Matlock, M., and Ulrich,
R. (2013). Regional analysis of greenhouse gas emissions from USA
dairy farms: a cradle to farm-gate assessment of the American dairy
industry circa 2008. Int. Dairy J. 31, S29-S40. doi: 10.1016/j.idairyj.2012.
09.010

Frontiers in Sustainable Food Systems | www.frontiersin.org

14

June 2018 | Volume 2 | Article 22


https://doi.org/10.1016/j.jclepro.2013.12.054
https://doi.org/10.2134/jeq1995.00472425002400060006x
https://doi.org/10.1016/j.atmosenv.2007.04.004
http://faostat.fao.org/
https://doi.org/10.1016/j.jenvman.2014.10.029
https://doi.org/10.1016/j.prevetmed.2015.10.019
http://ramiran.uvlf.sk/ramiran2010/docs/Ramiran2010_0178_final.pdf
http://ramiran.uvlf.sk/ramiran2010/docs/Ramiran2010_0178_final.pdf
https://doi.org/10.1016/j.jclepro.2016.10.162
https://doi.org/10.1007/BF01048764
https://doi.org/10.1079/9781780640426.0000
http//www.cisia.com
https://doi.org/10.1016/j.jenvman.2015.09.046
http://www.mfe.govt.nz/laws/S
http://www.mfe.govt.nz/laws/S
https://doi.org/10.1111/sum.12078
https://doi.org/10.1016/S1161-0301(03)00067-4
https://doi.org/10.1016/S0301-4797(03)00105-1
https://doi.org/10.2489/jswc.63.5.300
https://doi.org/10.1016/j.rser.2004.12.002
https://doi.org/10.4067/S0365-28072007000200005
https://doi.org/10.1023/A:1011633729185
https://doi.org/10.4300/JGME-5-4-18
https://doi.org/10.1016/S1574-0072(01)10007-1
www.gpauneporg/gpnmhtml
https://doi.org/10.1016/j.idairyj.2012.09.010
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Herrero et al.

South American Dairy Manure Management Perceptions

US Environmental Protection Agency Science Advisory Board-USEPA (2011).
Reactive Nitrogen in the United States: An Analysis of Inputs, Flows,
Consequences, and Management Options: A Report of the EPA Science Advisory
Board. Washington, DC: EPA.

Vankeirsbilck, I., Herrero, M. A., Carbo, L. L, Volpe, S., Demateis, F., and La
Manna, A. (2016). Manure and effluents management in dairy farms of the
western Buenos Aires, Argentina. Rev. Arg. An. Prod. 36:91.

Waldrip, H. M., Cole, N. A, and Todd, R. W. (2015). Nitrogen sustainability
and beef-cattle feedyards: I. Introduction and influence of pen surface
conditions and diet. Profess. Animal Sci. 31, 89-100. doi: 10.15232/pas.2014-
01361

Watson, C. A., and Atkinson, D. (1999). Using nitrogen budgets to indicate
nitrogen use efficiency and losses from whole farm systems: a comparison
of three methodological approaches. Nutr. Cycl. Agroecosyst. 53, 259-267.
doi: 10.1023/A:1009793120577

Wissman, J., Ahnstrém, J., Wikstrom, J., and Hasund, K. P. (2013). “How can the
rural development Programme’s agri-environmental payments be improved?”

in Experiences From Other Countries. Swedish Board of Agriculture, ed S. B. O.
Agriculture (Jonképing), 1-50.

Wolf, C. A, Tonsor, G. T., McKendree, M. G., Thomson, D. U., Swanson,
J. C. (2016). Public and farmer perceptions of dairy cattle welfare in the
United States. J. Dairy Sci. 99, 5892-5903. doi: 10.3168/jds.2015-10619

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Herrero, Palhares, Salazar, Charlon, Tieri and Pereyra. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Sustainable Food Systems | www.frontiersin.org

15

June 2018 | Volume 2 | Article 22


https://doi.org/10.15232/pas.2014-01361
https://doi.org/10.1023/A:1009793120577
https://doi.org/10.3168/jds.2015-10619
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

	Dairy Manure Management Perceptions and Needs in South American Countries
	Introduction
	Materials and Methods
	Country Selection and Context
	Survey Questionnaire and Data Collection
	Statistical Analyses

	Results
	Respondent Profiles
	Manure Management and Environmental Perceptions
	Needs and Barriers

	Discussion
	Author's Note
	Author Contributions
	Funding
	Acknowledgments
	References


