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ABSTRACT: We analyzed how three different  dairy management  systems –continuous grazing, 
confinement and management intensive grazing- compare across nine sustainability indicators set  by the 
Dairy Stewardship Alliance. A self-assessment survey comprising animal husbandry, biodiversity, energy, 
community health, farm financials, nutrient, pest, water and soil management was assessed twice across 
the same farmers. Preliminary results indicated that  pasture-based farms, particularly those implementing 
management intensive grazing, had significantly fewer cows, less acreage and produced less milk than 
confinement. However they scored higher sustainability especially on farm financials and soil 
management indicating higher chances of survival of medium and small pasture based farms. Also, most 
sustainability indicators improved on the second assessment where management intensive grazing and 
traditional grazing farms scored above confinement revealing that  education and access to information 
were essential to improve management practices and sustainability.
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Introduction

Livestock are major drivers of environmental change 
in particular, affecting the sustainability of farming 
livelihoods, communities, and ultimately water and soil 
resources (MEA 2005; Steinfeld et  al. 2006; Koneswaran 
& Nieremberg 2008; Pelletier & Tyedmers 2010). 
Globally, around 38% of earth’s land area is under some 
agricultural use (FAO 2004) and within this context, 
livestock represents the single largest anthropogenic land 
use in the world, occupying between 25 to 45% (Asner 
et  al. 2004; Herrero et al. 2009). According to Steinfeld 
et  al. (2006) livestock systems represent only 1.5% of 
the world’s economy and provide 8% of all calories. Yet, 
they contribute 18% of total anthropogenic greenhouse 
gas, take up 35% of all arable land for feed, contribute to 
58% of the anthropogenic biomass appropriation, 
consume 8% of the planet’s fresh water, and occupy 26% 
for pasture (Steinfeld et al. 2006). 

The dairy sector is a major provider of livelihoods 
supporting rural communities worldwide. Hence, 
achieving a sustainable balance between sound dairy 
practices, sustainable livelihoods and environmental 
protection has paramount  relevance. Conventional dairy 
(and beef) systems may degrade ecosystems 
compromising its structure and functions. For example, 
continuous grazing, widely practiced worldwide may 
produce overgrazing, a major cause of environmental 
impact  because it can lead to above and below ground 
biodiversity and fertility loss, erosion, lower infiltration 
rates, higher nutrient runoff (Suttie, et al. 2005) and 
meager revenues. Similarly, confinement operations are 
largely adopted in industrialized countries and require 
animals to be housed and fed subsidized high input  feed 
(Hinrichs & Welsh 2003). The result of these practices 
affect  soil, habitat, biodiversity and water quality, 
causing pollution and reducing environmental health. 
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The United States dairy industry has changed 
dramatically in the last  fifty years, shifting from an 
extensive system of small and medium-sized farms 
owned by family farmers, to a system of large, intensive 
operations where cattle are housed and fed in confined 
structures. There has been a consequent  sharp decline in 
the number of dairy farms. These changes have brought 
about significant  yield improvements, but  have also 
created new challenges in dairy management with 
environmental performance, public health, farm finance, 
rural community stability, and the health and well-being 
of livestock (PewCommision 2008). 

The latest U.S. dairy trend shows that  farms are 
getting larger, with more cows and each cow is 
producing more milk. The number of US dairy farms has 
decreased by 38.9% while the number of milking cows 
declined 12.8% from 1997 to 2007. The production per 
cow has increased steadily since 1970 to 2006. Also, 
between 2000 to 2006, farms with less than 100 cows 
decreased by 29%, while farms with more than 499 cows 
rose by 44 % (USDA-NASS 2007). Additionally, in 
Northeastern United States (including New York, 
Vermont, Pennsylvania, Maryland, New Hampshire, 
Massachusetts, Rhode Island, Connecticut, and Maine), 
between 1960 and 2006, the total number of dairy farms 
has decreased by 83%. The number of milking cows in 
the region has increased by 49%. Yet, the average milk 
production per cow has more than doubled over this 
period (USDA, NASS, 2007). The present  tendency is 
consolidating fewer but larger farms (Figure 1) (Mac 
Donald et al., 2007) which is also confirmed by Hinrichs 
& Welsh (2003). Moreover, although the average herd 
size in the U.S. dairy is only 80 cows, industrial dairy 
herd size ranges between 500 and over 1,000 cows 
(Hinrichs & Welsh 2003). 

Dairy industry largely dominates commodity 
production in Vermont. There are over 64 thousand 
milking cows in 864 dairy farms with up to 99 cows, 
while there are over 171 thousand milking cows in 370 
dairy farms with a herd size ranging from 100-2,500 
(USDA-NASS 2007). The census data also indicates that 
the median farm size in Vermont  has systematically 
decreased 10% from the last census in 2002 from 100 to 
90 acres, being Essex, Orleans and Addison the counties 
that had the biggest acreage decrease (-41.9%, 24.3% 
and 20% respectively). Only Grand Island and Rutland 
counties increased farm acreage (12.4% and 9.9% 
respectively) (USDA-NASS 2007). 

To restore the benefits of ecosystems, produce food 
and improve rural livelihoods in the same land, farmers’ 
need a more benign and agroecological system. 
Agroecology is an interdisciplinary approach to 
agriculture which performs under ecological principles 
in managed agroecosystems (Méndez 2010). 

Agroecology contemplates the multifunctionality of 
agroecosystems (Gliessman 2010) and has often been 
implemented to address the needs of poor farmers in 
degraded lands. Voisin management intensive grazing is 
an agroecological system that relies on well-managed 
pastures and can potentially restore the benefits provided 
by ecosystems, increasing food production and quality 
and enhancing rural livelihoods. It  consists of a form of 
management that rationally rotates animals though a 
subdivided pasture where animals, forage and soil 
mutually benefit.

The goal of this study was to evaluate the 
sustainability of dairy production systems in promoting 
and enhancing environmental, economic and social 
conditions. The overall objective was to assess which 
dairy management system achieved higher production 
and sustainability scores and to compare a subset of 
farms that  completed two assessments to determine 
whether education and access to information can 
improve farmers practices;

Methodology

Studied farms comprised over 12,000 acres and 
13,000 cows. They were located in the counties of 
Franklin, Lamoille, Orleans, Essex, Addison, Rutland, 
Chittenden, Windsor, and Bennington Vermont. Farms 
were randomly selected and mailed a self-assessment 
questionnaire which included nine sustainability 
indicators: 1) animal husbandry; 2) biodiversity; 3) 
community health; 4) energy; 5) farm financials; 6) 
nutrient management; 7) pest  management; 8) soil 
health; and 9) water management. Some modules were 
related to other modules directly or indirectly. The goal 
was to provide farmers with information about current 
practices and compare them economically, socially and 
environmentally to best management practices. Farmers 
could then identify areas to improve and transition to 
desirable farming practices. Following an educational 
information, the same questionnaire was mailed again 
two years later to assess whether farms had improved 
their practices. Thirty nine farmers returned complete 
questionnaires in the first  assessment and only 29 in the 
second. Upon receiving the surveys, we assessed 
differences between first  and second assessment  and 
dairy management  methods using parametric and non-
parametric statistical methods.

Results and Discussion (Preliminary)

The comparison between the first  and second 
assessment  revealed an improvement in all sustainability 
indicators with six out  of nine indicators, animal 
husbandry, biodiversity, community health, nutrient, soil 
and water management, being significantly different, 
p≤0.05. This suggests that access to information and 
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education were an essential component of the project. 
The self-explanatory questionnaire had practical tips and 
access to external educational resources at the end of 
each module. Farmers also had access to educational 
t ra in ing sess ions which made poss ib le the 
improvements. 

Dairy size has been found to be directly related to 
the dairy system management and quality of life of 
surrounding communities (Hinrichs & Welsh 2003). 
Many researchers found an inverse relation between 
dairy size operation, the quality of life of the community 
and the profitability of dairy farms after comparing small 
and medium size farms who practice intensive grazing 
management with conventional dairy (Murphy 1998; 
Hinrichs & Welsh 2003).

In the first assessment, the comparison between the 
three management systems showed that confinement 
farms had more cows and milk production p< 0.019 and 
p<0.003 respectively. MIG had the least amount of 
animals and the lowest production. Confinement  also 
used more owned and cropped land yet, MIG scored 
higher than confinement and continuous grazing in soil 
management p<0.031. While confinement  operations 
confirm its yield supremacy, it  also exposes weakness in 
the modules: energy, community health, biodiversity and 
financial. 

In particular, when we assessed the financial 
module, across the three management methods between 
the two assessments confinement and continuous grazing 
scores were in deficit  while MIG’s scores were positive. 
Moreover, despite MIG was significantly different  for 
some of the modules of sustainability, its scores were 
systematically higher than continuous grazing and 
confinement. In particular, MIG financial scores differed 
from confinement, thus confirming that  MIG had 
economic advantages over confinement. Other studies 
have shown higher profit  margins per cow and per unit 
of milk sold for pasture-based farms under MIG, 
compared to confinement (Winsten 1999; Benson 2008; 
Winsten et  al. 2010). This can represent a great 
disadvantage to confinement because, if a management 
method is not  profitable, it  cannot be sustainable and 
will not be used by farmers.

Moreover, MIG costs are lower, resulting in higher 
profitability compared to confinement and continuous 
grazing due to: (a) lower inputs (fertilizer, pesticides, 
energy, machinery) because animals harvest most of 
their own high-quality forage and spread their own 
manure (Pinheiro Machado 2004); (b) positive energy 
balance because its main input  comes from the sun and 
forage plants are managed for maximum photosynthesis 
(Pinheiro Machado, 2004) and, (c) protection and 
enhancement of the environment  (Melado 2007). 

Smaller pasture-based farms under MIG have shown 
greater quality of life, larger net  farm income, closer 
relationship with the cows, the land and the community 
and higher chances of survival of medium and small 
farms (Ostrom & Jackson-Smith 2000; Gerrish 2004; 
Cooner et al. 2009).

On the other hand, confinement and continuous 
grazing farms have much higher costs mainly because of 
the greater need for supplemental feed purchased off 
farm. Continuous grazing farms incur in much of these 
same costs because they operate almost  like confinement 
farms, in that  they don’t  rely on pasture as an important 
source of forage, but  really only use it as exercise areas 
(Murphy 1998). Most  continuous grazing farms feed the 
same total mixed ration (TMR) year-round, regardless of 
pasture availability (Soder & Rotz 2003). Cows under 
continuous grazing are probably healthier than their 
confinement counterparts because they do get  out on 
pasture. High confinement culling rates (50%) due to 
unhealthy conditions and hormone use exceeds eight 
times the rate of culling for mastitis in comparison to 
pasture based methods (Washburn et  al. 2002) This, 
ultimately forces confinement farms to replace all cows 
every 2 years at a cost of $2000 per heifer.

Conclusion

This research aimed to study and promote 
sustainable dairy practices that consider environment 
and equity of rural people in the United States. 

By confirming most of the research assumptions and 
describing an alternative dairy system that  scored 
significantly higher sustainably in five out of nine 
indicators, our findings intend to establish a future path 
for reconciliation between conservation, dairy 
production and rural livelihoods. Pastures managed 
under MIG yielded greater animal production per acre, 
imposed heavy grazing without permanently damaging 
plants, provided food more sustainably, improved 
nutrient cycling, enhanced soil formation, controlled 
erosion, and reduced greenhouse gas emissions through 
carbon sequestration and storage, in comparison to 
continuous grazing. Confinement  had more animals and 
produced more milk, however it scored lower in most 
indicators, particularly in the financial indicator. 

These preliminary findings could help policymakers 
to incentivize agroecological practices that enhance the 
environment, promote conservation and better dairy 
farming practices.

Furthermore, by understanding the farmers’ and 
environmental constrains, it  seems economically wise to 
reduce or shift  farm subsidies that  support conventional 
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agriculture towards farmers who adopt  agroecological 
practices.

In this sense, education and access to information 
played a very important role by informing farmers about 
agroecological practices. However, perhaps they are not 
enough to achieve conservation of ecosystems, higher 
production and enhanced rural livelihoods. Sound 
financing mechanisms and extension services seem to be 
essential to achieve this especially with smaller farms.
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