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Abstract

Newfoundland and Labrador (NL) has a food security issue due to lack of suitable
agricultural land, short growing seasons, and unsustainable agricultural policies promoting
conventional industrial farming practices, with a limited range of agricultural produce (milk,
eggs and poultry) and no facilities for secondary processing of these. The food security issue
has been exacerbated in the last decades by climate change events (extreme temperatures,
heavy rains and more frequent droughts) which have negatively impacted the province’s
agricultural industry. The conventional industrial agricultural practices and the profit focus of
maximization agricultural policies have contributed to and have intensified several
environmental, social and economic problems. They have as well provided an inadequate
guarantee for food security, as the NL agriculture industry does not secure enough healthy,
fresh, nutritious, and affordable food alternatives for people to live and be healthy. This
research is based on quantitative and qualitative data, collected through surveying both crop
and dairy farmers located in western, central and eastern regions of the Newfoundland and
Labrador province, and through a literature review of peer-reviewed articles, published
government reports and documents and news articles. The research results show that any
attempt to solve the multi-faceted problems of the NL agriculture impacted by climate change
increases the significance of pursuing an agro-ecological approach to farming in the province.
Integrated and small, highly diversified farms are one sustainable alternative to modern
industrial farming, as they can make the current agricultural practices more resilient to global
climate change (GCC), can enhance food security in the province, as well as reduce the
impact of agricultural practices on GCC. This study has found that 100 percent of the crop
and dairy farms production has been affected by two or more natural hazards, such as long
winters/short growing seasons, late spring frost and heavy rains/rain storms, which are the

results of climate change. More interestingly, 56 percent of the farm owners in the study area

Xiv



believe that industrial or conventional farm practices have little or no impact on
environmental degradation or climate change, since they follow the agriculture rules and
guiding principles imposed by the provincial and the federal government of Canada and
apply efficient farm management strategies. In some cases, the soils, chemical fertilizers and
fossil fuels are poorly managed by the farmers surveyed in the study area, but a good
percentage of the farmers are trying to reduce dependency on chemical fertilizers and
pesticides and fossil fuels and at the same time, are trying to increase the use of organic
fertilizers, pesticides and renewable energy. Moreover, the current research has shown that
there are incipient agro-ecological practices in the province, and that farmers are aware about
climate change and the need to adopt more environment friendly farming practices. New
policy frameworks and work plans are needed to speed up the transition from the current
unsustainable farming practices to small-scale, organic, energy efficient and high yielding
agro-ecological practices. Provincial as well as federal government support, and collaboration
among educational and research institutions, agricultural farms, non-government
organizations and the general public will promote agricultural diversification and integration
and more environmentally-friendly farm practices within the province. These will ameliorate
province’s food security issue, by increasing the supply of local fresh and healthy food, will
provide additional financial benefits to the farm holders, as well as protect the local and the

global environment.
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Impact of Climate Change on Agricultural Production and Food Security of
Newfoundland and Labrador, Canada

Chapter I

Introduction

1.1 General overview

Modern, industrial-scale agriculture in the way it is practiced today (intensification,
concentration, and monoculture) impacts both the environment and the social welfare of
farmers. According to environmental economists, it is mostly interested in producing
“commodities” instead of producing nourishing food and exclusively aims to maximize yield
and profits; it so impacts food security through monoculture, producing junk foods, reducing
soil health or damaging farmlands and harming neighboring and downstream economies
(Gliessman, 2015; Hidden Costs, n.d.). During the latter half of the twentieth century,
scientific advances and technological innovations, including the development of new plant
varieties, the use of chemical fertilizers and pesticides, and the growth of extensive
infrastructures for irrigation, have contributed to boost food production in what is referred to

as industrial agriculture (Gliessman, 2015).

After industrial agriculture had been introduced in the 1960s in Europe and North America,
the immediate effect was a spectacular improvement in agricultural production, and the new
era was hailed as the "Green Revolution", a period when productivity of global agriculture
increased drastically as a result of new technologically-backed advances, like high-yield
crops and multiple cropping (Cunningham, 2017). During the “green revolution”, yields per
hectare of staple crops such as wheat and rice increased, food prices declined, the rate of
increase in food production generally exceeded the rate of population growth, and chronic

hunger diminished (Gliessman, 2015). Industrial agriculture was based on the assumption
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that the soil fertility could be maintained and increased through the use of chemical fertilizers
and very little attention was paid to the significance of organic matter in the soil. But a few
decades later, the dark side of chemical agriculture became painfully evident when the world
food system faces threats due to emergence of new agricultural diseases, rising costs for all
the physical factors of production (land, water, energy, inputs), biodiversity loss and climate
change. A large number of scientific reports point out that cultivated soils have lost from 30
to 75 percent of their organic matter during the 20" century, and these losses have provoked a
serious deterioration of soil fertility and productivity, as well as contributing to worsening
droughts and floods (GRAIN, 2011). Food production and consumption are not only key
drivers of climate change but also the food industry has a wider impact on the environment as
a whole by “destroying forests and savannahs to produce animal feed and generating climate-
damaging waste through excess packaging, processing, refrigeration and the transport of food
over long distance, despite leaving millions of people hungry” (Grain, 2011, p.1). In fact, it is
time to recognize that industrial agriculture’s productivity comes at a steep price and that the
bill is eventually going to come due. Due to the industrial system of food production,
agriculture is losing the basic biological foundations such as soil fertility, available moisture,
nutrient cycling, amenable climate, genetic diversity, and the ecosystem services of natural
systems (Gliessman, 2015). Recently, researchers have been raising red flags about the ability
of agriculture worldwide to adapt to an earth on which droughts, floods, heat waves, heavy
snow and extreme weather events become commonplace and the entire biosphere goes
through major shifts with potentially severe consequences for the growing of food
(Gliessman, 2015). A large number of experts — policy analysts, politicians, scientists,
economists, environmental specialists, researchers, and even some business leaders believe

that the industrial methods that dominate the world food system today will not be able to



sustain food abundance over the long-run and are also causing great harm to people and to the

earth’s life-support systems which cannot be sustained (IAASTD, 2009; IFAD, 2013).

Moreover, since the “Green Revolution”, human activities like energy intensive farming and
using chemical fertilizers have contributed to climate change by generating excessive
greenhouse gas (GHG) emissions and damaged soils (Mole, 2014). Nitrous oxide (N20),
methane (CHa4) and carbon dioxide (CO>) are the major greenhouse gasses (GHGSs) emitted
from agricultural activities. While N2O emissions originate from field-applied organic and
inorganic fertilizers, crop residual decomposition, and manure storage, methane is emitted
through enteric fermentation and anaerobic decomposition of stored manure, and CO; is
emitted during fossil fuel combustion by farm machinery and during the manufacture of
agricultural fertilizers and machinery (Agriculture and Agri-Food Canada, 2016). Agriculture
plays a dual role in climate change, because it is both a source of GHG emissions, like CO>
which contribute to climate warming, and a sink for GHG emissions, as healthy agricultural
soils and forested areas on the farms have the capacity to sequester, or store, carbon,
offsetting the sector’s overall contribution to climate change (Agriculture and Agri-Food
Canada, 2016). Lately, agriculture has become more a source than a sink for GHG emissions
(Agriculture and Agri-Food Canada, 2016; EPA, 2019, January 19). Thus, excessive amounts
of heat have been trapped by the greenhouse effect resulting in the global warming of the
earth’s atmosphere beyond safe levels (Gliessman, 2015; Capra, 2015). The global average
land-sea surface air temperature increased by 0.50°C in the 20™ century and is projected to
further increase by 1.5 to 4.5°C in this century (Intergovernmental Panel on Climate Change,
1995). The Ontario Ministry of the Environment (2011) mentioned that the mean annual
temperature in Ontario, has increased by 1.4°C over the last 60 years, and models suggest that
by 2050, the mean annual temperature could increase by an additional 2.5°C to 3.7°C (from a

baseline average during 1961-1990). Warmer air means that there is more energy and more



moisture in the atmosphere, which can lead to longer growing seasons in northern countries,
but can also produce a wide variety of consequences - floods, tornados, and hurricanes; but
also, droughts, heat waves, and wildfires (Capra, 2015). The researchers have found that the
rate of rising sea level has been larger than the average rate during the previous two
millennia, up to the mid-19™ century and it is expected that in the year 2050, the global sea
level will rise between 0.17 — 0.41 m (Brown, Lincke, Nicholls and Hinkel, 2015; Kemp,
Horton, Donnelly, Mann, Vermeer and Rahmstorf, 2011). Climate change factors such as
increase in temperature, change in rainfall patterns, increase of CO; concentration in the
atmosphere, frequency and intensity of extreme weather events may have significant negative
effects on agriculture in the world. It is expected that because of global warming, the
agricultural productivity in developing countries will decline by 9-21 percent (IPCC, 2001;
Cline, 2007). According to some researchers, the relations between industrial agriculture and
climate change are twofold. On one hand, industrially produced food systems are energy-
intensive and fossil-fuels based, and thus contribute significantly to climate change (Capra,
2015). On the other hand, the crops grown in the genetically homogeneous monocultures that
are representative of industrial farming are not resilient to the climate extremes that are
becoming more frequent and more violent (Capra, 2015). All of these consequences are
threats to agricultural activity and global food security. Moreover, food processing,
packaging, refrigeration and transportation over long distances are also key drivers of human-

generated greenhouse gas emissions and climate change (GRAIN, 2011).

The current global food system, propelled by a mostly meat-based diet in the Western
countries, an increasingly powerful transnational food industry, and is intensive international
food trade is unsustainable. It is responsible for around half of all human produced
greenhouse gas emissions: anywhere between a low of 44% to a high of 57% (GRAIN,

2011). It is also responsible for producing tons of food waste (1/3 of all food produced



globally is lost or goes to waste, FAO, 2019, June 29). Therefore, industrial agriculture is
involved in a vicious cycle: it produces greenhouse gas emissions, and, in the same way, the
climate and environmental changes also impact negatively on food production, changing the
cropping patterns and endangering the future food security (FCRN, n.d.). The future world
requires a transition from industrial agriculture to an agro-ecological farming system that
would focus on the use of alternative techniques such as diversified cropping systems, better
integration between crop and animal production, increased incorporation of trees and wild
vegetation, and so on (GRAIN, 2011). The increase in crop diversity would, in turn, increase
the production potential and food security, and the incorporation of organic matter would
progressively improve soil fertility, and preserve environmental quality by creating virtuous

cycles of higher productivity and higher availability of organic matter (Gliessman, 2015).

1.2 The Canadian context

Canada is a significant player in global agriculture. It is the 5" largest exporter of basic
agriculture and agri-food products (durum wheat, pulses and oats) after EU, USA, Brazil and
China, as well as the world’s sixth-largest importer of agriculture products and agri-foods
(Agriculture and Agri-Food Canada, 2016; Issac et al. 2018). As the national database show,
the agriculture and agri-food sector employs 2.3 million people (Issac et al. 2018)
representing 12.5 percent of Canadian employment in 2016 (Agriculture and Agri-Food
Canada, 2017). The contribution of agriculture and agri-food system to the gross domestic
product (GDP) was 6.7 percent of Canada’s total GDP in 2016 which accounted for $111.9
billion (Agriculture and Agri-Food Canada, 2017). Over the past 30 years (1981-2011),
Canadian agriculture has changed significantly, as the total number of farms has decreased
but the average farm size, crop area and number of head of livestock per farm have all

increased, indicating an intensification and concentration of production (Clearwater, Martin,



Mackay and Lefebvre, 2016). In 2001, the total farm area was 67.5 million ha and the
average farm size was 273 ha, whereas in 2011, the total farm area has reduced to 64.8
million ha but the average farm size has increased to 315 ha (Agriculture and Agri-Food
Canada, 2016). The changing pattern of Canadian agriculture showed that there were 205,730
farms in 2011, whereas the number of farms has reduced by 5.9 percent to 193,492 in 2016
(Statistics Canada, 2011; 2017). Based on Statistics Canada data, Canadian land use for
industrial agriculture has intensified, as the area (ha) under field crops, as well as the total
crop land under commercial fertilizer, insecticides and conventional tillage has increased 6

percent, 13 percent, 39 percent and 5 percent respectively from 2011 to 2016 (Ching, 2018).

Canada has a long history of governmental support for an export-oriented agriculture that is
based on economies of scale, mechanization and standardization, which run counter to
policies aimed at significantly expanding agro-ecological production (Bouchard, 2002;
Qualman, 2011). Canada is also one of the major emitters of GHGs in the world, with total
emissions of 716 Mt CO2 equiv. in 2017 (Environment and Climate Change Canada, 2019)
and the amount of GHG per capita of 20.1 tones CO; equiv. in 2015 (Sabau, 2017).
Emissions from agriculture represent 10% of Canada’s total emissions, through agricultural
activities like industrial agricultural production, transportation, food processing and even
food waste (Statistics Canada, 2017), while globally approximately 20 percent of the
anthropogenic greenhouse gas emissions occurred from agricultural facilities (IPCC, 1996).
However, high global temperatures, prolonged summers, unhealthy soil, and polluted air and
water actually make Canada’s food production system more insecure (Food Secure Canada,
2017) while also attempting to fight climate change. According to the Canadian Community
Health Survey (2011-2012), 8.4 percent of households were food insecure in Canada in 2012

(Statistics Canada, 2013). Therefore, this is not only a challenge for Canada to feed her



people but also a challenge for the world to feed 7.6 billion people (Population Reference

Bureau, 2017).

1.3 The Newfoundland and Labrador context

Due to its insular character, Newfoundland is specifically challenged in its efforts to properly
feed its population. In addition, the declining number and the ageing farmer population in
Newfoundland and Labrador are the more recent problems which affect the agriculture sector
of the province (Abdulai, 2018). The Canadian Community Health Survey (2011-2012) has
shown that 7.8 percent of the households were food insecure in Newfoundland and Labrador
(NL) province (Statistics Canada, 2013). The people of NL suffer from a deficit of both
agricultural food production and food provision locally (Evans, 2017), with some estimates of
upwards to 90% of all food and other consumable products being shipped into the province

from out of province sources (Food First NL, 2016).

The province of Newfoundland and Labrador continues to face major health, environmental,
economic, and social challenges including high rates of chronic disease, a changing climate
and an unstable economy, and continuing high rates of poverty and food insecurity (Food
First NL, 2016). The Indigenous people (especially the communities of Nunatsiavut in
Labrador) face unique challenges, including social, environmental, and economic factors
impacting access to traditional, wild foods, as well as high costs, limited availability, and

poor quality of store-bought food (Food First NL, 2016).

Newfoundland and Labrador has the smaller number of farms among all the Canadian
provinces in 2016, accounting for less than 1 percent of all farms in Canada (Statistics
Canada, 2017). According to the most recent report, there were 407 farms counted in 2016,
down 20.2 percent from the previous census in 2011.Similar to the number of farms, the
number of farm operators in NL declined by 25.2 percent from 668 in 2011 to 500 in 2016

7



and exceeding the decline in the number of farms (-20.2%). In NL, the total farm area was
recorded at 77,319 acres in 2011 with average farm size 152 acres but in 2016, the total farm
area was reduced (8,5%) to 70,747 acres, while the average farm size was increased to 174
acres. More importantly, the crop and vegetables land area were decreased by 4.8 percent and
8.2 percent respectively from 2011 to 2016. It is also reported that the number of dairy cows
in NL has decreased by 13.9 percent from 2011 to 5,299 head in 2016 (farms reporting dairy
cows declined 10.5%), while the number of beef cattle declined 28.5 percent from 2011 to
528 head in 2016 (farms reporting beef cattle declined 23.8%), (Statistics Canada, 2017). It is

alarming that the NL agriculture is declining under almost all aspects.

The NL province relies heavily on outside food sources and due to poor harvests in other
provinces, people of NL would pay higher food prices, and due to the natural disasters, like
winter storms which disrupt land and water transportation, people face shortages of fresh
foods at the grocery stores and buy highly processed items with a long shelf life (Everybody
Eats, 2015). According to a recent discussion paper of Food First NL, many households are
struggling to afford enough healthy food and are depending on food banks or family and
friends where emergency food programming is absent. The province has the lowest rate of
consumption of vegetables and fruits in Canada, as well as the highest rate of diabetes and
obesity (Everybody Eats, 2015). These factors highlight some of the current food security

challenges faced in Newfoundland and Labrador.

Climate change forecasts may bring good news for agriculture here in NL in the coming
decades, with an extended growing season and fewer frost days, but the ongoing climate
change also provides conditions ripe for new challenges such as shifts in disease, expanded
range of some pests, heavy rain storms and soil erosion (Fitzpatrick, 2017). For instance,

recent floods from rain storms and hurricanes have washed away the crop fields and the



access roads have remained impassable for a couple of days (Fitzpatrick, 2017)). If any factor
like temperature, rainfall fertility and frost is not right, “it can cut into the yield and to cover
and trying to cover the loss occurred due to disasters will increase food prices” (Fitzpatrick,
2017). In terms of contributions to greenhouse gas emissions from the agriculture sector,
carbon dioxide is released from cultivation of the soil and use of farming equipment powered
by fossil fuels, methane comes from cattle and livestock manure, and nitrous oxides come

from use of chemical fertilizers.

NL emissions from agriculture, show that even though they are lower than in other provinces
(Manitoba, for instance), they are outstripped by emissions from solid waste disposal. In
2015, Newfoundland emitted 91 kilotons of carbon dioxide equivalent from agriculture,
compared to 776 kilotons from waste (Fitzpatrick, 2017). Farmers have been exploring the
possibilities of an extended growing season by experimenting with new plants and crops and

irrigation patterns.

1.4 Objectives of the research

This research attempts to investigate the negative consequences of climate change on food
production and food security in NL. It also aims to identify the measures taken by the farmers
to reduce the GHG emissions and to justify whether agro-ecological approaches could be
feasible for a sustainable agricultural system in NL. This study will attempt to answer the
following research questions:

o How is agricultural food production in NL affected by global climate change

(GCC) and how is it impacting climate change?
o What are the measures taken by the farmers to reduce the GHG emissions and

keep the environment intact?



o Do agro-ecological approaches make current agricultural practices in the province
more resilient to global climate change (GCC) as well as reduce the impact of
agriculture on GCC?

The current provincial food system and farming face and are caught up in numerous
challenges and unsustainable conditions, including biophysical dimensions such as climate
change (Beddington et al. 2011), environmental pollution, escalating losses of biodiversity,
and deteriorating ecosystem services (Millennium Ecosystem Assessment, 2005; Nellemann
et al. 2009; Steffen et al. 2004;2015). The provincial agriculture and food insecurity are a
concern not only for the people of the province but also for decision makers. Recently, the
President of the Newfoundland and Labrador Federation of Agriculture, the provincial
Fisheries and Land Resources Minister and the Federal Agriculture Minister discussed the
politics of climate change and its many impacts on the provincial agriculture and decided to
undertake a new risk-assessment project for this province’s farmers (Fitzpatrick, 2017). As
for the provincial farmers, they decided to work against the backdrop of climate change and
are expected to reduce greenhouse gas emissions (Fitzpatrick, 2017). This would involve
significant changes in the current farming practices, aiming to introduce more agro-ecological

principles in the provincial agriculture and food system.

Large number of studies and reports indicate significant potential gains from transitioning
toward an agro-ecological approach in agriculture as a way of feeding current populations
sustainably while allowing future generations to support their livelihoods (AFSA, 2016;
Burley, Becheya, Hallows and Bebb 2016; Ching 2016; Cook, Hamerschlag and Klein 2016,
FAO 2015a; 2015b). One of the core characteristics of transitioning to agro-ecology farming
systems is the regenerative trend of increased “outputs” per unit of “inputs”, for a more
resourceful agriculture, and using and conserving biodiversity on a long-term basis. In agro-

ecology agriculture systems, the use and combination of different techniques and
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diversification strategies, as well as small-scale integration of various farming activities
(crops, animal husbandry, apiculture, etc.) make food producing systems more resilient and
restore and nourish the soil and enhance the local environment, instead of continuously
degrading it (Vaarst et al. 2011). Imbruce (2015) refers that these production systems allow

for lower costs and more diverse cereal crop, fruit and vegetables supply.

From a general point of view, it is evident that a system of industrial agriculture that is highly
centralized, energy-intensive, excessively dependents on chemical fertilizers, water and fossil
fuels overuse, can create serious harm for the environment, and produce health hazards for
farm workers and consumers. Moreover, it is unable to provide food security or to cope with
increasing climate disasters; it cannot be sustained in the long run (Capra, 2015). Therefore,
incorporating agro-ecological practices in the current agricultural system which is dominated
by industrial farming practices is one of the viable and sustainable alternative ways to fight
both climate change and ensure food security. This study’s working hypothesis is that the
industrial agricultural production systems have significant impacts on GHG emissions and on
global climate change, as well as on agricultural food production. This study aims to explore
the state of NL agriculture impacted by climate change to raise awareness on the contribution
of an agro-ecological approach to fighting climate change and solving the problem of food
security in the NL province, and to assess the possibility of transitioning from industrial

agriculture by incorporating agro-ecological practices in the agriculture of the province.

1.5 Significance of the study

Climate change, greenhouse gas emissions, global warming, industrial agricultural production
systems, food security and sustainable development are burning issues at the present time. In

Canada, the federal government, the provincial governments, as well as municipal
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governments, national and international food and environmental organizations are becoming
aware of the causes and consequence of climate change and its impact on food security. The
provincial government of NL, policy makers, research institutions and people of the province
are concerned about the food security and climate change impacts on the agriculture of this
province and are interested in research aiming to identify and mitigate the problems. The
research findings of this thesis will provide ideas for policy formulations. When published,
this research will fill up some literature gaps in the fields of agro-ecology, consequences of
industrial agriculture and global climate change contexts. Current and future researchers will
get an academic source of information for carrying further research. Finally, the completed
thesis will be stored in the MUN library system, where future students will get an opportunity

to review this research and build on it.

1.6 Organization of the thesis

The first chapter (introduction) contains the general overview of proposed topic, a
presentation of current agricultural practices in NL as well as in Canada, the research
objectives and questions, as well as statements on the significance and limitations of the
study. A literature review related to effects of industrial agriculture practices, climate change
impacts on agriculture, and the theoretical framework on feasibility and sustainability of
agro-ecological farm practices in small scale or large scale commercial farms all over the
world, including Canada are presented in the second chapter. The third chapter focuses on
research methods, theoretical concepts, sampling and data collection and data analysis.
Chapter four discusses the current agro-ecological practices in NL from different aspects, in
the two types of farms that have been researched, dairy farms and crop farms. In the results
sections, chapter five explains the general characteristics of crop farm, impacts of climate

change on crop production and respondents’ opinions about government supports. Chapter
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six includes results from the dairy farms analysis. It provides important information about the
features of dairy farms, and farmers’ opinions on different issues. Synthesizing the
information provided by crop and dairy farmers, chapter seven attempts to answer the
research objectives and research questions. Finally, chapter eight offers some policy

recommendations and concludes the discussion.

1.7 Limitations of the study

This study has some limitations due to the difficulties to collect data which have created
some challenges in preparing the report. The first barrier is the location of the farms where
one farm is far from another and the researcher’s impossibility to visit all the farms due to
long distances. The data collection started at the end of December 2019, which is the middle
of winter season, when most of the crop farms were closed and farmers were away from the
farm house. Therefore, visiting the farms and conducting face to face surveys was very
difficult for the researcher. The second difficulty is that there are very few farms addresses in
NL Farm Guide 2016, so that the researcher can approach through mail the farmers for
conducting the surveys. The researcher has had no direct communication with farmers except
for the farmers surveyed at the Gander meeting of the farmers arranged by NL Federation of
Agriculture and the farmers visited physically. Lack of financial support or research funding
is another challenge, since to complete the field surveys a big amount of money is needed,
which was not an option for the researcher. Due to all of these reasons, the research sample is

very small and it is rather difficult to represent a whole population with a small sample size.
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Chapter 11

Literature Review

2.1 Introduction

This chapter presents the results of the literature search carried out by the researcher during
fall 2018. The literatures reviewed by the researcher include peer-reviewed articles, relevant
book chapters, government and NGOs official reports and policy statements, official
publication of foreign government and international bodies (United Nations, World Bank,
etc.) and gray literature (newspaper and news articles, etc.). The literature is related to
assessing the impact of climate change on agricultural productivity, food security and
sustainable agricultural practices. Also, the literatures on the impact of modern industrial and
commercial farming on the environment producing environmental hazards like greenhouse
gas (GHG) emissions, global warming, floods, droughts, etc. have been covered in this
section. This study also has reviewed research articles on agro-ecology (the theoretical
framework of the thesis), examining the feasibility and sustainability of agro-ecological farm

practices in small scale or large scale commercial farms all over the world, including Canada.

2.2 Impact of industrial agriculture on the environment

Industrialized agricultural systems are taking a huge toll on surrounding environments by
polluting air and waterways, creating dead zones in the oceans, destroying biodiverse habitats
in forests, releasing toxins into food chains, endangering public health via disease outbreaks
and pesticide exposures, and contributing to GHG emissions (Horrigan, Lowrence and
Walker, 2002; Tilman, Cassman, Matson, Naylor, and Polasky, 2002; Diaz and Rosenberg
2008). To explain the impact of industrial agriculture on the environment, Aydinalp and

Cresser (2008) have reported:
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“Agricultural facilities contribute approximately 20 percent of the
annual increase in anthropogenic greenhouse gas emissions (IPCC,
1996) and they also contribute to global warming through carbon
dioxide (COp), methane (CHs) and nitrous oxide (N20) gas
emissions. CH4 has the highest global warming potential, which is
about 300 times the potential of CO and about 20 times that of N2O.
The main GHGs sources are nitrogen fertilizers, flooded rice fields,
soil management, land conservation, biomass burning and livestock

production and associated manure management”.

According to the GRAIN (2011) report, the modern agricultural production system
contributes 11-15 percent to global GHG emissions. Approximately, 15-18 percent of GHGs
originate from land-use change and deforestation, 15-20 percent from food processing,
transportation, packaging and retail, and 25-40 percent of the current excess of CO; in the
atmosphere comes from the destruction of soils. During the journey of food from farms to
traders, to food processing, to stores and supermarkets, up to 50 percent of all the food
produced by the industrial food system is no longer useful, which would be sufficient to feed
the world’s hungry six times over (Stuart, 2009; GRAIN, 2011). A significant amount of this
waste decomposes away on garbage dumps and landfills, producing substantial amounts of
greenhouse gases; and that accounts for between 3 to 4 percent of the global GHG emissions

(Bogner et al. 2008).

Gliessman (2015) explained that industrial agriculture is also causing human suffering and
irreparable damage to the ecological systems on which people rely. The study discussed that
industrial agriculture puts future agricultural productivity at risk by overdrawing and

degrading agricultural resources (soil, water, and genetic diversity), altering global ecological
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processes on which agriculture ultimately depends, and by weakening and dismantling social
conditions conducive to resource conservation and improving human health (Gliessman,
2015). In economic terms, these adverse impacts are called externalized costs which have
serious consequences both for the future and the present and these can potentially one day

cause the industrial agriculture system to collapse.

Surveys conducted by Ching (2018) and IPES-Food (2009) found that aspects of ‘industrial
agriculture’ such as - the input-intensive crop monocultures and industrial-scale animal
feedlots have successfully increased the volume of food production at the expense of the
environment, human health and animal welfare, where very less attention was given to
address the root causes of poverty and hunger. The scholars identified numerous negative
impacts that are produced by industrial agriculture, such as environmental degradation and
pollution that threaten the agriculture, high greenhouse gas emissions that contribute to
climate change, loss of agricultural biodiversity, inequalities in access to food which result
persistent undernourishment and malnutrition in some regions, and obesity and overweight in
others, and the marginalization of smallholder farmers, their practices, rights and knowledge

systems (IAASTD, 2009; FAO, 2010; Smith et al., 2014; IFAD, 2013).

Another study highlights some visible and invisible flows between ‘agriculture and food
systems’, ‘human (economic and social) systems’ and ‘biodiversity and ecosystems’ (TEEB,
2015). The visible positive flows show food and raw materials that are provided by
agriculture and the food systems, contributing to human well-being. There are invisible
positive flows (positive externalities) such as pollination, genetic diversity, soil formation and
nutrient cycling and invisible negative flows (negative externalities) which include soil
erosion, air, water and soil pollution, greenhouse gas emissions, loss of ecosystem complexity

and number of species reduction. Therefore, the report has suggested that it is necessary to
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assess the wide range of hidden costs and benefits of the industrial agricultural production
systems which will provide context-specific examples and recommendations for a sustainable

food system that can feed the world (TEEB, 2015).

Other research found that the development in science and technological activities at farm
level produced troublesome results in nature. The environment has started processes of
deterioration and pollution rapidly because of increasing damages to the environment by
human activity in every aspect that is exceeding the renewability capacity of the environment.
The study referred to the causes of environmental pollution which include unintended usage
of agricultural lands, wrong agricultural practices, erroneous use of pesticides and chemical
fertilizers, irrigation, tillage and plant hormone applications. Irregular and rapid
industrialization, urbanization, organic and inorganic wastes that were left in the
environment, burning stubble, absence of crop rotation and inappropriate management of
animal wastes also had negative effects on the environment (Onder, Ceyhan and Kahraman,

2011).

In their analysis, Seguin et al. (2010) mentioned that livestock benefit from nature but at the
same time, they affect the environment in many ways. Currently, high-intensity animal
production has become the biggest consumer of fossil energy in modern/industrial agriculture
which releases huge amounts of CO» to the atmosphere (IPCC, 1996). The production of
breathable/respiratory dust (feed components, hair and skin cells, insect parts, viruses,
bacteria, soil particles etc.), the quality of hay and the fungal diversity were the most sensitive
parameters to agricultural practices and climate change factors. The scholars documented that
the livestock produce 15 percent of the global methane emissions since animal digests

cellulose and releases methane gas into the air. Another study shows that the livestock
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industry is responsible for approximately 5 to 10 percent of the overall contribution to global

warming (Aydinalp and Cresser, 2008; IPCC, 1996).

Destruction of forests in order to obtain agricultural land produces greenhouse gases. This
represents the second major negative impact after the negative effects of greenhouse gases
created by the usage of fossil fuels in intensive agriculture. Forested land collects 20 or 40
times more carbon than agricultural lands and a maximum amount of carbon is released into
atmosphere when forest has been destroyed in order to create agricultural land. Agricultural
practices, like worldwide paddy cultivation in low-oxygen environment are responsible for
40% of global methane emissions (Onder and Kahranman, 2010). Aydinalp and Cresser
(2008) state that irrigated rice fields have been found to produce more CHa, than deepwater
rice. The same study shows that better management of rice paddies, appropriate water
management and direct seeding instead of transplanting can contribute to decreasing of CHa
emissions. To kill insects and other pests as well as disease-causing organisms and neutralize
soil acidity, farmers in many countries burn crop residues, such as cereal straw, sugarcane
stubble and rice straw which releases CO2. The major sources of agriculture-based N,O
emissions are using nitrogen fertilizer, legume cropping, animal waste, biomass burning and

during the breaking of new land (Aydinalp and Cresser, 2008).

Capper, Cady and Bauman (2007) compared the environmental impact of pasture-based, low-
input systems with correspondingly low milk production systems characteristic of the 1940s
with modern-day ratio high-input/high-output (2007) in US dairy production. This study
found that modern dairy intensive practices require considerably fewer resources, like
animals, land, feed stuffs, water etc., and produce less waste outputs, like manure, CH4 and
N20, than dairying in 1994 for producing one billion kilograms (kg) of milk. In the case of

the carbon footprint, the scholars identified an increased footprint per (2007) cow compared
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with its 1994 counterpart. This proves the point debate that modern-day intensive productive
practices are less environmentally sustainable than their 1994 equivalent but when expressed
on an outcome basis (per kg of milk) then the carbon footprint per kg of milk in 2007 is only
37% of that in 1994 (Capper, Cady and Bauman, 2007). The experts suggest that to achieve
an economically and environmentally sustainable milk supply, agriculturalists need to
identify efficient management systems and practices that make the best use of available
resources and minimize the potential environmental impact (Capper, Castaneda-Gutierrez,
Cady, and Bauman, 2008). According to a recent report of the Food and Agriculture
Organization (FAO, 2006), livestock are responsible for global anthropogenic greenhouse gas
emissions as well as for deforestation for pasture as a major contributor to global carbon
dioxide emissions. This has been exacerbated by the use of formerly food-producing
agricultural land to grow bio-fuel crops (Sawyer, 2008; Steinfeld, Gerber, Wassennaar,

Castel, Rosales and de Haan, 2006).

Sequi (1999) discussed that leaching of agrochemicals and erosion of contaminated soil
particles pollutes ground and surface waters, which are the major impacts of agricultural
practices on the environment. These happened either by “water infiltration in soil, with the
consequent possibility of nutrient and pesticides leaching, or, if water undergoes surface
runoff by erosion processes, that can lead sometimes to transport of relevant amounts of soil
particles to water streams” (Sequi, 1999). In recent years, the organic matter content in soils
has generally decreased, sometimes to worrying levels, but famers can handle the organic
matter balance of their soils by reducing the intensity of tillage, proper crop rotations and
selecting different organic fertilizers. The use of organic amendments is important in modern
sustainable agriculture but use of chemical fertilizers is more convenient for a farmer due to
the easier handling, storage, and other characteristics of feasibility. Dudal and Roy (1995)

recommended an integrated plant nutrition system (combination of mineral fertilizers with
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locally available organic sources of plant nutrients) which ensures that plant nutrition be

environmentally, socially and economically viable.

2.3 Effects of climate change on agriculture

The impact of climate change on agricultural productivity and crop yields will vary
considerably across many regions and is likely to be small to moderate, which will probably
result in a slight overall decrease of world cereal productivity (Aydinalp and Cresser, 2008).
As an example, the most negative effects of climate change are predicted in resource poor
countries, in dry land areas at lower latitudes and in arid and semi-arid areas, especially in
South, Southeast Asia and Africa, where low-income populations dependent on isolated
agricultural systems are particularly vulnerable to hunger and severe hardship and barely
food-sufficiency (Matthews, Kropff and Bachelet, 1994; Matthews, Kropff, Bachelet and van
Lar, 1994). It has been reported that new combinations of plant diseases, weeds, insects and
pests may emerge due to changes in temperature, rainfall patterns and the increase in CO>

levels which increase the risk of losses of crop output (Aydinalp and Cresser, 2008).

Since 2003 and up to 2013, natural hazards and disasters, namely drought, floods, storms,
earthquakes, tsunamis, affected 1.9 billion people and damaged US$ 494 billion crops in
developing countries (FAO, 2015). The natural hazards destroy critical agricultural assets and
infrastructures which can change agricultural trade flows and slow economic growth in
developing countries where the sector is important to the economy. The low levels of rainfall
and high temperatures could reduce the soil moisture in some tropical and mid-continental
regions, whereas in some climatic zones, loss of soil organic matter, leaching of soil
nutrients, salinization and erosion are a likely consequence of climate change (Aydinalp and
Cresser, 2008). Agriculture in low-lying coastal areas or adjacent to river deltas may be

affected by a rise in sea level, as well as agriculture in some flood-prone regions of Asia such
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as China and further to the south in Eastern Asia, may also be affected by strong monsoons

(World Resources Institute, 1998).

Another important agricultural sector, livestock production, may be affected by changes in
climate, cropping patterns as well as ranges of disease vectors. The higher temperatures
would likely result in a decline in dairy production, reducing animal weight gain and
reproduction and lower feed-conversion efficiency in warm regions but in cooler regions,
more feed may be required, survival of young animals may be reduced, while energy costs
for heating of animal quarters may increase. Cattle, like goats, horses and sheep, are also
vulnerable to an extensive range of nematode worm infections and other diseases, most of
which have their development stages influenced by climatic conditions (Aydinalp and

Cresser, 2008)

Tibesigwa and Visser (2016) have shown that ongoing changes in climate and household
food insecurity are likely to be more widespread in most small-holder and subsistence farm
households in sub-Saharan Africa. The research found that male-headed households are more
food secure compared to female-headed households, and the household food security gap
between male - and female-headed households is wider in rural areas than in urban areas,
where rural male and female-headed households are more likely to report chronic food

insecurity.

Amiraslany (2010) examined the economic impact of climate change on agriculture in
Canadian prairies and the viability of production systems, along with the impact of market
price effects by predicting the economic impact of climate change. The study found that
climate change is beneficial for most regions of the Canadian prairies except for some

southern regions of Alberta. The findings show that the direct impact of climate change and
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price change increased the land value on an average by 31%, whereas the indirect impacts
from different sectors increased the land value up to 51%. Canada’s crops and food supplies
are affected by climate change effects which range from increased intensity and frequency of
climate extreme events such as flooding and drought, to complex mixes of longer-term
warmer, wetter and drier conditions (O’Riordan, Karlsen, Sandford and Newman, 2013).
These climate change conditions facilitate the introduction of new varieties of crops and
increase production of some food crops and diminish losses in others. The initiatives,
policies, programs and practices of climate change adaptation make clear that Canada is well
prepared to anticipate and prepare for climate change and to reduce the risks of or to respond
to extreme climate events that exceed coping ranges (O’Riordan, Karlsen, Sandford and

Newman, 2013).

However, the Newfoundland and Labrador Climate Change Action Plan does not contain
specific adaptation measures for the agricultural sector and perceives adaptation as a
challenge compared to mitigation, whereas the western Canadian provinces have been
increasingly active in their efforts to help the agricultural sector adapt to climate change
(Government of Canada, 2010). In February 2010, the Government of British Columbia
adopted a three-part climate change adaptation strategy which includes: “research and
education; integration of adaptation into government activities; and risk assessment and
implementation of priority actions” (Government of Canada, 2010, p. 6). The stakeholders in
government and the agricultural industry in Ontario, Quebec and the Atlantic provinces
generally seem less concerned about the impacts of climate change and they have structured
their mitigation strategy and are generally shifting resources towards adaptation (Government

of Canada, 2010; 2016).
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A FAQO’s study sets targets that aim to better understanding of disaster impact on the
agriculture sector and help inform appropriate sector-specific disaster risk reduction policies
and financial investments that build resilience in agriculture and farmers’ livelihoods.
Considering the important role of resilience in agriculture for food security and nutrition,
some countries (such as Pakistan and United Republic of Tanzania) have started to adopt
clear policies that include protecting, restoring and improving food and agricultural systems

in a timely, efficient and sustainable manner (FAO, 2015).

A number of authors have analyzed the impacts of climate change on water availability, crop
yield, crop water productivity and food security based on a climate, water and crop yield
model (Kang, Khan and MA, 2009). Crop yields affected by climate change are projected to
be different in various areas, in some areas crop Yyields will increase, and for other areas they
will decrease, depending on the latitude of the area and system of irrigation application.
Climate change is one of the greatest pressures on the hydrological cycle along with
population growth, pollution, land use changes and other factors which reduce water
availability, increase precipitation fluctuations and decrease crop production. If the irrigated
areas are expanded and water resources are expected to be replenished by snow accumulation
and the snowmelt process, the water system, food and environmental quality will be more

vulnerable to climate changes (Aerts, Droogers, 2004; Dracup and Vicuna, 2005).

2.4 Food security and sustainable agriculture in NL and Canada

Lack of infrastructure to promote and support labour force and skills development,
insufficient supportive agricultural policies, decreasing farmer population, few job
opportunities in rural areas are the main barriers to maintaining a consistent and reliable food
supply in Newfoundland and Labrador. The Newfoundland and Labrador province depends

on imported foods due to lack of local production. The imports rely on ferry service, which is
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sensitive to disruption, and thereby contributes to the province’s overall low level of food
security (Quinlan, 2012). The Quinlan (2012) considers that by increasing agricultural
capacity though training, supportive government policies and infrastructure development, the
province will be able to create employment, sustain rural economies, and increase local food
production — all of which will help create a more food secure Newfoundland and Labrador.
Randell (2018) mentioned that the provincial farmers can’t utilize the market since there’s no
federal inspection plant for red meat livestock where the federal inspection is a requirement
of chain grocery stores like Sobeys or Dominion. The author also highlighted that in the case
of dairy produce, there are no secondary processing factories to produce ice cream, cheese or
yogurt in the NL province except some of the small artisanal or boutique cheese factories and
some creamers. Due to this reason, the industrial milk basically is shipped to the mainland to

sell it (Quinlan, 2012).

According to the report Environmental Sustainability of Canadian Agriculture (ESCA) in
2016, the crop and livestock sectors are closely connected because the feed and manure
management requirements of on-farm livestock determine the cropping systems of many
farms (Agriculture and Agri-Food Canada, 2016). In the same way, the development of
specific livestock production systems is encouraged by the efficient local production of some
crops. The relationship between land use and livestock production has significant
implications for assessing and mitigating greenhouse gas emissions, soil erosion, surface
water and ground water contamination, soil carbon depletion and air quality degradation

(Agriculture and Agri-Food Canada, 2016).

An increase in confined livestock numbers could result in an increase in methane emissions
and a higher risk of water contamination, but if the increase in animal numbers is

accompanied by improvements in air quality control and in manure storage and handling, the
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overall effect may be an improvement in environmental sustainability. Correspondingly, an
increase in potato production may leave larger areas of soil unprotected over the winter but if
winter cover crops are added to the potato rotation, the net effect may be an improvement in
soil protection (Agriculture and Agri-Food Canada, 2010; Agriculture and Agri-Food

Canada, 2016).

In Canada, the agriculture sector is one of the largest consumers of water accounting for
approximately 9 percent of water withdrawals. Additionally, 74 percent of withdrawal water
is consumed for irrigation (not returned for downstream use) (Agriculture and Agri-Food
Canada, 2010). Increasing demand for supplies of fresh water and the possible implications
of reduced supply due to climate change increases the need for efficient water use on
agricultural land and as a solution, it is suggested that producers move away from flood
irrigation methods to highly efficient drip nozzle center pivot systems (Agriculture and Agri-

Food Canada, 2010).

According to the 2018-19 guidelines of the provincial agrifoods assistance program, the
government of Newfoundland and Labrador released The Way Forward — Agriculture Sector
Work Plan on October 23, 2017 to pursue opportunities, create employment and remove
barriers to support agricultural growth. The research project completed by Quinlan (2012)
under The Strategic Partnership of the Harris Centre Student Research Fund has identified
that lack of labor and skills development opportunity is one of the barriers to achieving
community food security in the province. To overcome the labor shortage in agriculture and
increase the labor force skills, policy experts suggest that Newfoundland and Labrador has a
chance to attract a niche of immigrants and refugees who may not want to settle in larger
centers and then train them by opening an agricultural college at Memorial University or at

the College of the North Atlantic (Bird, 2018; Quinlan, 2012). To achieve the agricultural
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growth targets, The Agriculture Sector Work Plan has set specific action items such as:
increase Newfoundland and Labrador’s food self-sufficiency to at least 20 percent by 2022
(from approximately 10 percent at present); increase secondary processing of food products,
particularly industrial milk, industrial eggs, cranberries, fruit and vegetables and meat; and
generate an additional 500 person years of employment, upon attainment of the food self-

sufficiency target (Provincial Agrifoods Assistance Program, 2018; Agriview, 2018).

To increase food self-sufficiency and increasing employment opportunities,
The Agriculture Sector Work Plan identified key challenges and opportunities
related to agriculture development; agriculture production; agriculture
business development and risk management; human resources and labour;
research, innovation and diversification; market access and development; and
processing and value-added agriculture (The Way Forward, 2019; Fisheries

and Land Resources, 2018, May 10).

The Environmental Farm Planning (EFP) is a national program implemented provincially
which gives farming enterprise an opportunity to rate concerns in areas of use, pesticide and
fertilizer handling, energy efficiency, manure storage and distribution along with multiple
aspects of crop cultivation and production (Government of Newfoundland and Labrador,
2018). The EFP helps producers to identify environmental risks and develop plans to
minimize the negative impacts on the environment while promoting practices of sustainable

farming.

The Canadian Agricultural Partnership is a $3 billion, five year (April 01, 2018 to March 31,
2023) Federal-Provincial-Territorial (FPT) Framework Agreement that will provide $37
million to Newfoundland and Labrador for the agriculture, agri-foods, and agri-products

sector to support employment creation, new entrants, secondary processing, economic
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growth, and food self sufficiency (Government of Newfoundland and Labrador, 2018). It is
considered that climate change impacts on the Newfoundland and Labrador agriculture may
result in higher temperatures, increased precipitations and more variable and extreme weather
patterns. The Government of Newfoundland and Labrador will provide financial support to
promote environmentally sustainable practices and climate change mitigation and adaptation
strategies to enable the agriculture and agri-processing sector to enhance productivity,
manage risks, reduce greenhouse gas emissions, introduce beneficial management practices,

build public confidence and contribute to clean growth opportunities.

2.5 Agro-ecology and sustainability

A number of publications reviewed underline the need for agriculture to move away from
practices that destroy organic matter and the environment to practices that build-up the
organic matter in the soil and keep the environment sustainable. The new scenario would
require a fundamental change in approach from the current industrial system of agriculture to
diversified cropping system, better integration between crop and animal production, increased
incorporation of trees and wild vegetation, and so on (GRAIN, 2011). Some studies assess
the contributions of diversified farming systems (DFS) to food security, food sovereignty and
the global food supply and also investigate to what extent industrialized forms of agriculture
are being replaced by diversified farming systems in the world (Kremen, lles and Bacon,
2012). The authors define Diversified Farming Systems (DFS) as “farming practices and
landscapes that include functional biodiversity at multiple spatial and/or temporal scales in
order to maintain ecosystems services that provide critical inputs to agriculture, such as soil
fertility, pest and disease control, water efficiency, and pollination” (Kremen, Iles and Bacan,
2012, p.3). DFS are related to agro-ecology as it includes polyculture, noncrop plantings such

as insectary stripes on field borders, integration of livestock or aquaculture with crops (mixed
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cropping systems), and/or rotation of crops or livestock, including cover cropping and
rotational grazing. The experts also claimed that including natural or semi-natural
communities of plants and animals within the cropped landscape, such as fallow fields,
riparian buffers, pastures, woodlots, meadows, ponds, marshes, streams, rivers and lakes or
combinations thereof (Kremen and Miles, 2012), support both desired components of
biodiversity and ‘“associated biodiversity”; together these two elements make up agro-
biodiversity (Perfecto et al, 2005). Crop diversification, one of the practices of DFS and
incorporation of organic matter in the soil would progressively increase the capacity of soil to
hold water which would mean that excessive rainfall would lead to fewer, less intense floods

and droughts and reduce soil erosion, soil acidity and alkalinity (GRAIN, 2011).

A key principle of agro-ecology is the diversification of farming systems (DFS), as
diversified farming systems maintain genetic and species diversity in fields. Also agro-
ecology practices help spreading the risks and reducing the vulnerabilities in uncertain
climate conditions (Ching, 2018). Mixtures of crop varieties are grown through intercropping
(growing two or more crops in proximity), agro-forestry (combining trees and shrubs with
crops), and other techniques (Capra, 2015). Livestock is integrated into farms to support the
ecosystems above the ground and in the soil. Diversified farming systems are able to adapt to
and resist the effects of severe droughts, exhibiting greater yield stability and smaller decline

of productivity than monocultures.

According to FAO (2003), “agro-ecology is defined as the study of the interactions between
plants, animals, humans and the environment within agricultural systems”. Agro-ecology as a
discipline, therefore covers integrative studies of agronomy, ecology, sociology and

economics and also integrates these with traditional knowledge and local farmers’ knowledge
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for sustainable agro-ecosystems management (FAO, 2003; TWN and SOCLA, 2015). The
term agro-ecology has been used by scientists and researchers to refer the application of
ecological principles to agriculture. It is an old practice of building up soil which started as

bio-dynamics in the 1920s in Europe (FAO, 2019).

Contemporary interest in agro-ecology has emerged in response to evidence of wide-ranging
social and ecological problems related to the industrial model of agricultural production
which has long been promoted in most developed economies, including Canada, starting
under settler colonialism (Isaac et al. 2018; Tomich, 2011; Mendez, Bacon, and Cohen, 2013;
Martin and Isaac, 2015). Recent evidence suggests that agro-ecological practices help to
address a number of global social and environmental problems, including soil degradation,
the depletion and contamination of water, the detrimental effects of pesticides on human
health, emissions of greenhouse gases, and the loss of genetic resources (Tilman, Cassman,

Matson, Naylor and Polasky, 2002; Mostafalou and Abdollahi, 2017).

One of the most important aspects of agro-ecology is that its practices improve the adaptive
capacity of agro-ecosystems and reduce their vulnerability to natural disasters, climate
change impacts, and new and emerging environmental and economic system stresses and
shocks (IAASTD, 2009). As evidence, the small-scale farmers in Central America using
agro-ecological methods were significantly more able to withstand the adverse effects of
Hurricane Mitch than plots farmed conventionally. A similar result was found by
participatory action research for agro-ecologically managed plots in Guatemala, Honduras
and Nicaragua which retained more topsoil, field moisture and vegetation and experienced
less erosion and lower economic losses than plots on conventionally managed resource-

extractive farms (IAASTD, 2009).
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It is known that a diversified farming system is a component of agro-ecological systems that
depend on specific combinations of traditional and contemporary knowledge, local cultures,
practices and government policies (Kremen, lles and Bacon, 2012). Temporal and spatial
designs of diversified farming systems include crop rotations, polycultures, agroforestry
systems, cover crops and mulching, green manures and crop-livestock mixtures which have a
wide-range of agro-ecological effects (Ching, 2018). The previous study claimed that agro-
ecology is said to be a knowledge intensive approach as opposed to input-intensive
agricultural practices. At farm level, this means the re-skilling of farmers, who not only
combine modern science and local knowledge, but regenerate new situated knowledge like
participatory breeding, participatory varietal selection, peer-based quality checks, and

environment specific knowledge (Coolsaet, 2016).

The International Assessment of Agricultural Knowledge, Science and Technology for
Development (IAASTD) refers to agro-ecology as a scientific approach which ensures
agricultural sustainability since it combines scientific inquiry with indigenous and
community-based experimentation, emphasizing technology and innovations that are
knowledge-intensive, low cost and readily adaptable by small and medium-scale producers
(IAASTD, 2009). Agro-ecological farming also encourages the cultivation of resilience and
maintenance of healthy ecosystem functions instead of over reliance on external inputs such
as fossil fuels, fertilizers and synthetic chemical pesticides that can have high energy,
environmental and health costs. Conservation of natural resources, increasing ecological
resilience, improving health and nutrition, economic stability, climate change mitigation and
increasing social resilience and institutional capacity are the broad range of equitable and

sustainable development goals set by agro-ecological approaches (IAASTD, 2009).
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The general assumptions that agro-ecological methods are necessarily less productive than
the high-input conventional systems are incorrect. An Essex University study of 286
resource-conserving projects in 57 countries has found that agro-ecological farming achieved
on average a production increase of 79 percent per hectare, with all projects achieving
increased water efficiency, and 77 percent showing significant reductions in pesticides use
(IAASTD, 2009). Another comprehensive examination of nearly 300 studies worldwide by
University of Michigan has found that organic agriculture could produce enough food, on a
per capita basis, to provide 2,640 to 4,380 kilocalories per day per person (more than the

suggested intake for healthy adults) (IAASTD, 2009).

In the last two decades, peasant agriculture, food sovereignty and agro-ecologically based
production systems have gained much attention in the developing world due to climate
change and the economic and energy crises (Altieri, Funnes-Monzote and Petersen, 2012). La
Via Compesina is an international movement founded in 1993, which presently comprises
182 local and national organizations in 81 countries from Africa, Asia, Europe and the
Americas, bringing together millions of peasants, small and medium size farmer, landless
people, rural women and youth, indigenous people, migrants and agricultural workers from
around the world (La Via Compesina, 2019, June 30). It has been built to defend peasant
agriculture for food sovereignty as a way to promote social justice and dignity and strongly
opposes corporate drivers, profit taking and industrial agriculture that destroy sustainable
peasant and family farm, social relations and nature (La Via Compesina, 2019, June 30;
Rosset and Martina-Torres, 2012). In Cuba, Brazil, Philippines and Africa, it was found that
the agro-ecological development model is the only viable option to meet present and future
food needs depending on small farms which emphasize diversity, synergy, recycling and

integration as well as social processes that value community participation and empowerment
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(Altieri, Funnes-Monzote and Petersen, 2012). Given the present and predicted near future
climate change, energy and economic scenarios, agro-ecology has emerged as one of the
most robust pathways towards designing biodiverse, productive, and resilient agro-

ecosystems today (Altieri, Funnes-Monzote and Petersen, 2012).

Agro-ecology consists of principles, concepts, and strategies that must form the foundation of
any system of food production that can make a legitimate claim to being a more sustainable
successor to industrial agriculture (Gliessman, 2015). The scientific principles agro-ecology
applies to design and management of agro-ecosystems (Gliessman, 2015) include practices
which “increase biodiversity, nurture soil health and soil biodiversity, technologies,
innovations and practices which diversify farms and farming landscapes, close cycle and
enhance recycling, promote ecosystem services and stimulate interaction between different
species, such that the farm can provide its own organic matter, pest regulation and weed
control, without resort to external inputs” (TWN and SOCLA,2015, p. 8). The sustainable
food system of the future will be made up, in large part, of innumerable small to medium
scale agro-ecosystems, each relatively self-contained, adapted to local conditions, and
focused primarily on satisfying the food needs of a local population (Gliessman, 2015). Agro-
ecology consists of a variety of agricultural techniques, often based on traditional practices
and with these techniques, healthy organic food is grown in decentralized, community-

oriented, energy-efficient, and sustainable ways (Capra, 2015).

When farmers grow crops organically, they use technologies based on ecological knowledge
rather than chemistry or genetic engineering to increase yields, control pests, and build soil
fertility. Farmers plant a variety of crops, rotating them so that insects that are attracted to one
crop will disappear with the next. Instead of chemical fertilizers, the farmers enrich their
fields with manure and tilled-in crop residue, thus returning organic matter to the soil to

restart the biological cycle (Capra, 2015). Solar energy is the natural fuel that drives these
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ecological cycles, and living organisms of all sizes are necessary to sustain the whole system

and keep it in balance.

When soil is farmed organically, moreover, its carbon content increases, and thus organic
farming contributes to reducing the CO> content of the atmosphere (Capra, 2015; UNEP,
2011). It is estimated that “a widespread conversion to organic farming could mitigate 40
percent of the world’s agriculture greenhouse gas emissions in a minimum implementation
scenario, and up to 65 percent in a maximum carbon sequestration scenario” (Niggli,
FlieRbach, Hepperlyand Scialabba, 2009; Ching, 2018, p.7). In other words, agro-ecology not
only is more resilient to global warming than industrial agriculture; it also helps stabilize the

climate, whereas industrial agriculture aggravates climate change.

Sustainable agriculture is a new environmentally friendly agricultural technique which is
promoted by developed countries (Onder, Ceyhan and Kahraman, 2011). The authors
recommended that good agricultural practices (GAP), organic agriculture and precision
agriculture (efficient or good management) are the three general applications of
environmentally friendly agriculture. For instance, crop rotation and sowing of legumes are
good practices that enable nitrogen fixation and fallowing reduce the negative effect of
agriculture on climate change. More recently attention has focused on the technique of
adaptation, such as changes in crops and crop varieties, improved water management and
irrigation systems, changes in using fossil fuels and changes in planting schedules and tillage
practices. All these will be important in limiting the negative effects and taking advantage of

the beneficial effects of changes in climate (Aydinalp and Cresser, 2008).

During the last decade, attention on the impact of natural disasters and the effects of
agricultural protection has been growing. Different studies discussed five theories for

agricultural protection, namely rural bias, vulnerability, development paradox, theory of
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collective actions and shocks (Hoogezand, 2013). According to Olson (1965), the theory of
collective action is that small groups with specific interests could easier organize and are
therefore more effective in lobbying and secure their government support. Agricultural
producers are vulnerable to market fluctuations since agricultural producers have an inelastic
supply. Income from farming is volatile to random factors like natural disasters that affect
production and prices (Meuwissen, et al. 2003). Due to this vulnerability and despite the
small decrease in output due to natural disasters, the agricultural producers lobby effectively
influences politicians to secure protection. The rural bias theory suggests that when
agricultural protection is established, it is difficult to expel it, which is called “rural bias of
electoral institutions” (Rae, 1971). If the farmers’ group represents the majority of the
population, then the composition of government spending is larger towards farmers (Olper
and Raimondi, 2009). Anderson and Hayami (1986) show that certain types of shocks (like
financial shock in the 1980s that opened the Uruguay negotiations and therefore led to a
worldwide decrease in agricultural protection) could drive changes in producer support by
governments. In developed countries the relatively small group of agricultural producers
receives relatively high level of financial support and subsidies, while in developing countries
the relatively large group of farmers did not receive any support at all and could be taxed
which is called the development paradox (Beghin and Kherallah, 1994). Hoogezand (2013)
has given a sixth theory related to agricultural support which shows a link between natural
disasters and agricultural protection that is the lack of private agricultural insurance market.
Studies show that high-income countries (in the European Union) and countries in Africa
have been increasing government policy support after natural disasters and for agricultural
export products. The author has suggested that private agricultural insurance might be more

effective than government support and also that government intervention on the agricultural
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insurance markets crowds out private initiatives and produces market inefficiencies

(Hoogezand, 2013).

The Food and Agriculture Organization of the United Nations (FAO, 2011) has anticipated
that 20-30 percent of the farm’s yields would increase if women had the same access to
productive resources as men. The FAO report has also indicated that if there is no gender gap
or imbalance then 2.5 percent to 4 percent of the farm’s yields would increase in developing
countries, and with these foods it is possible to reduce the number of undernourished people
globally by 12-17 percent. Agro-ecology can help rural women to become more autonomous
and empowered through knowledge, resource independence, and access to innovations and

participation at various levels (Lopes and Jomalinis, 2011).

Rapid decline in traditional agro-ecological knowledge within peasant and indigenous
communities throughout the world, lack of adequate extension services and technical
assistance currently limits the spread of agro-ecology. In addition, other barriers like lack of
investment, resources and policy support directed to agro-ecology, prevalence of vicious
incentives and subsidies and concentration of power in a limited number of large
multinational corporations promote unsustainable and high-emissions agriculture (Ching,
2018; IPES-Food, 2016). The research has found that agro-ecology could therefore directly
and indirectly contribute to achieving the UN sustainable development goals (SDGS) in an
integrated, comprehensive and holistic manner, especially SDG 2 which aims to “end hunger,

achieve food security and improve nutrition and promote sustainable agriculture” (Ching,

2018).

The researcher used agro-ecology as a theoretical framework since agro-ecology is the
science behind sustainable agriculture. Depending on the natural and social sciences, agro-

ecology provides a framework for assessing four key systemic properties of agriculture,
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namely productivity, resilience, equity and sustainability. An agro-ecological approach
recognizes the multi-functional dimensions of agriculture and measures sustainability in
terms of social, environmental and economic impacts (IAASTD, 2009). The design of agro-
ecological practices is based on scientific ecological principles that include soil conservation,
water conservation and quality, wildlife and biodiversity conservation, forests and forest
management, and species and genetic diversification (Forests Ontario, 2019; Ching, 2018;
IAASTD, 2009). Recent studies have shown that applying agro-ecological principles in
small-scale settings can produce up to two times more food in the next 10 years (USC Canada
2017; Fraser, 2012). Agro-ecological principles present a sustainable approach which can
help to ensure farms continue to produce the high levels of diversity, integration, efficiency,
resilience and productivity needed to adapt and feed the world all while protecting and
preserving ecosystem stability (Forests Ontario, 2019). Therefore, introducing agro-ecology
principles in NL agriculture has the potential to double food production by 2022, and

promote adaptation to climate change, thus protecting the environment.
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Chapter 111

Research Methods

This research has used a mixed methods approach for collecting data during the Fall and
Winter semesters in 2018-2019. The beginnings of this research were directly related to the
course Sustainability Monitoring and Assessment (ENVP 6522) which was taught by Dr.
Gabriela Sabau in the Winter 2018 semester and her interest in sustainable agricultural
production and food security within NL. The duration of data collection and analysis was
from September 2018 to June 2019. Within this timeframe, the schedule consisted of design
of the research proposal, development of research tools (survey, cover letter, informed
consent, etc.) getting approval of the research tools from the Grenfell Ethics Board, literature
review, conducting of surveys/interviews and data analysis and writing of the thesis. Two
sampling methods, namely simple random and snow balling techniques, were used to collect
data and conduct the surveys/interviews utilized in this research. These are further described

in the latter part of this chapter.

3.1 Theoretical framework

As stated by Gliessman (2015), industrial agriculture should be replaced by more sustainable
food systems based on agro-ecology, which can distribute food more equitably, reduce food
overconsumption and waste, and insure that the land is used to feed people rather than
automobiles and livestock. Agro-ecology is the means of securing both sustainable food
systems and agricultural development. In this project, the theoretical framework that will be
used is the economics of strong sustainability (Pelenc, Ballet and Dedeurwaerdere, 2015).
The neo-classical conception of sustainability implies prudent conduct aiming to keep non-

diminishing the income (Hicks, 1946) that secures a non-diminishing level of consumption in
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the future. The main condition for sustainability then becomes keeping a nation’s productive
capacity intact by maintaining its capital portfolio, which includes various forms of capital
(man-made, human, natural, social and technological) non-diminishing (Ayres, van den

Bergh, and Gowdy, 2001).

The fundamental debate regarding sustainability is whether we choose to adopt a “strong” or
a “weak” conception of sustainability (Pelenc, Ballet and Dedeurwaerdere, 2015). Weak
sustainability assumes that natural capital and manufactured capital are essentially
substitutable (Solow, 1974) and considers that there are no essential differences between the
kinds of well-being they generate (Ekins, Simon, Deutsch, Folke and De Groot, 2003;
Neumayer, 2003). The only thing that matters is the total value of the aggregate stock of
capital, which should be at least maintained or ideally increased for the sake of future
generations (Solow, 1993). In addition, from a weak sustainability perspective, technological
progress is assumed to continually generate technical solutions to the environmental
problems caused by the increased production of goods and services (Ekins, Simon, Deutsch,

Folke and De Groot, 2003).

Authors writing on strong sustainability demonstrate that natural capital cannot be viewed as
a mere stock of resources. Rather, natural capital is a set of complex systems consisting of
evolving biotic and abiotic elements that interact in ways that determine the ecosystem’s
capacity to provide humans society directly and/or indirectly with a wide array of functions
and services (Noeland O’Connor, 1998; Ekins, Simon, Deutsch, Folke and De Groot, 2003,
2003; Brand, 2009). Daly and Farley (2014) demonstrate that natural capital is
complementary to man-made capital and constitutes the limiting condition in the total capital
frame. The concept of critical natural capital highlights the need to maintain the ecological
functioning of natural systems above certain thresholds of degradation in order to conserve
the capacity of natural capital to provide the services which are critical for human existence
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and well-being (Noél and O’Connor, 1998; Ekins, Simon, Deutsch, Folke and De Groot,

2003; Brand, 2009).

From an ecosystem’s perspective, a minimum necessary condition of “strong sustainability”
is that the total stock of natural capital remains constant over time but this does not state that
all ecosystem services everywhere have to be sustained exactly as they are provided that their
capacity to renew themselves is conserved (Pelenc, Ballet and Dedeurwaerdere, 2015). This
can also be referred to as a concept of “environmental quality” and is represented as a
function of the stocks of biological resources, ecosystem space, nutrients available, and other
environmental assets that are essential for the integrity of the ecosystem, and provide use and
non-use values to society (Hediger, 1998). As maintenance of natural capital is essential for
practicing sustainable agriculture, this project will be based on the strong sustainability
theoretical concept.

3.2 Sampling and data collection

This study used both primary and secondary data to answer the research questions and fulfill
the objectives of the research and to develop some policy recommendations which might
facilitate the introduction of agro-ecological approaches/practices within the current
industrial agriculture of the province. The Newfoundland and Labrador province was selected
as a study area to assess the contribution of the agricultural sector to greenhouse gas
emissions and how food production and food security systems were affected by

environmental degradation and climate change.

In order to identify the natural hazards that affect agricultural production in the NL province,
the farm practices that have contributed to climate change and the actual barriers to adopt
agro-ecology principles within the province, self-administered surveys were developed and

utilized to gauge the opinion of NL farm operators. Self-administered surveys were
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determined an appropriate data collection technique due to the ease of execution as well as
the ability to collect appropriate information from the respondents spread out over a large
geographic area (Bourque, 2003), such as the farmers in NL. For this research, the crop and
dairy producer’s surveys (see Appendices C and D) were sent by Canada Post letter service,
across the province. Farms were selected and the surveys were sent to the farm postage
addresses with the help of Young Farmers’ Forum, Saint John’s Office. The self-administered
survey contained 71 questions in the case of crop farms survey and 81 questions in the case
of dairy farms survey. The questions referred to the farm size, operations, land preparation,
impact of natural hazards, agricultural activities creating greenhouse gas emissions,
sustainable farm practices, farmers’ interest about organic, agro-ecology and integrated farm

practices and supports received from the government.

The surveys, the informed consent forms, the letter of invitations and a return envelope with
pre-paid postage were mailed to randomly selected farms (60 farms) through the Young
Farmers’ Forum on February 10" 2019. The response rate as of May 9", 2019 was 18.33
percent indicating that the researcher received 11 completed surveys out of 60. The
researcher physically attended the Annual General Meeting arranged by the Newfoundland
and Labrador Federation of Agriculture held on January 29-31, 2019 in Gander. On this
occasion, using the snow ball sampling method, the researcher interviewed 9 farmers with the
help of farm owners and an officer of the Young Farmers’ Forum. Moreover, the researcher
also visited physically 12 farms in Stephenville, Pasadena, Deer Lake, Humber Valley and
Cormack and interviewed 5 farmers, as some farms were closed and some farmers were not
available at the farms during the time of the visit to assist the researcher to increase response
rates as well as to gain practical knowledge about farm management. At the time of visiting
the farms, this study has given priority to those areas where intensive farm activities are

taking place. Due to logistic, time and cost constraints, as well as the lack of mailing
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addresses of farmers, it was not possible to survey all of the farms in the province and the
sample size 81 (60+9+12) of the 407 farms or 19.9% of all farms in NL was low. The
response rate within this group was also relatively low 30.86% (received 25 completed
surveys out of 81) presumably due to poor timing of the survey delivery (winter, January to
end of April) as most of the crop farms were closed in the winter season in NL. A suitable
pre-tested and ethically approved questionnaire has been used to collect necessary
information from respondents. The telephone directory of NL, the Newfoundland and
Labrador Farm Guide 2016, the online member directory of Newfoundland and Labrador
Federation of Agriculture and the GPRS (General Packet Radio Services) were used for

getting the addresses and contact information of the farmers.

The secondary data has been collected from relevant literature related to agriculture and the
environment, including published journal articles, reports of government departments and
international organizations, periodicals, newspapers and conference papers. The key variables
that have provided guidelines for collecting secondary data included: industrial food
production systems, food security level in NL, global temperature and greenhouse gas
emissions, impacts of agricultural activities on greenhouse gas emissions in NL, and the

effects of climate change on agricultural production and food security in this province.

3.3 Data analysis

Content analysis is a method that may be used with either qualitative or quantitative data and
in an inductive or deductive way (Elo and Kyngas, 2008). Both inductive and deductive
analysis processes are represented as three main phases: preparation, organizing and
reporting, where the preparation phase is similar in both approaches. Inductive analysis
extracts the concepts from data, where there are no previous studies dealing with the
phenomenon, whereas the aim of a deductive approach is to test a previous theory in a

different situation or to compare categories at different time periods (Elo and Kyngas, 2008).
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In this study, a deductive method has been used to analyze secondary data, but an inductive
approach has been used to analyze both qualitative and quantitative primary data in order to
identify responses to the research questions which could lead to new policies for food

security and environmental sustainability.

Statistical data which had been collected through surveys and interviews with farm owners
has been entered into an electronic data file for analysis, using the IBM Statistical Package
for the Social Sciences (SPSS) Edition 23 to calculate frequencies of responses,
demographics, as well as other inferential statistics analysis on categorized data (Evans,
2017). The Microsoft Office Excel spreadsheet has been used to calculate the average,

maximum and minimum value, and to draw figures, charts and tables, etc.

Chapter four discusses the present state of agro-ecological practices in NL based on agro-
ecological principles and goals. Based on secondary articles, government and non-
government officials’ reports, and book chapters, the researcher explains the soil health and
land preparation method, progress of organic farming, use of traditional knowledge in
farming, supply of renewable energy, water management, agroforestry and diversified

farming practices in NL.
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Chapter IV

Agro-ecological Practices in Newfoundland and Labrador, Canada

4.1 Agro-ecology as a means of sustainable development

The world is facing multiple inter-related crises, economic, social, financial, energy, food-
related and ecological. These crises do not evolve randomly but as a result of the current
dominant economic system that promotes unlimited economic growth at the expense of
people’s health, natural resources and the planet (TWN and SOCLA, 2015). In modern
industrial agriculture, this dominant economic system has produced increased yields by
applying fossil fuel energy, mechanization, and advanced crop breeding methods. There are
serious challenges to modern industrial agriculture, such as food insecurity and climate
change, and the very base of agriculture could be destroyed by the conventional agricultural
practices which are unsustainable. Agro-ecology is a scientific discipline that applies
ecological concepts, theories and principles to study, design, manage and evaluate sustainable
agricultural systems that are not only productive and resource conserving but also have the
greater potential for fighting hunger, particularly during economically and climatically
uncertain times (TWN and SOCLA, 2015; Agroecology in Action, 2019; Altiery, 2012;

Altiery and Nicholas, 2012).

Recent studies show that agro-ecology is a new technological and development approach
which can secure the agricultural needs of present and future generations without depleting
the natural resource base and disempowering communities (TWN and SOCLA, 2015;
Agroecology in Action, 2019). The agro-ecological approach has a deeper understanding of
the complex long-term interaction between natural resources, people and the environment and
also has broad performance criteria, which include properties of ecological sustainability,

food security, economic viability, resource conservation and social equity, as well as
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increased food production (Agroecology in Action, 2019). In investigating agro-ecology,
family farming is an important topic, since most of the cases of family farming involve the
use of local knowledge and biology based farming regulations and practices which can result
in diversified production and mixed cropping systems instead of monoculture and chemical
solutions (Lafontaine and Jannoyer, 2014). Agro-ecological research includes all the
important biophysical, technical, social and economic components of farming systems and
regards these systems as the fundamental units of study, where mineral cycles, energy
transformation, biological processes, human and socioeconomic relationships are analyzed as
a whole in an interdisciplinary fashion (Agroecology in Action, 2019). Agro-ecology is
gaining ground in countries as diverse as the United States, Brazil, Germany, France and
Malawi. In Cuba, about 46-72 percent of peasant farms are using agro-ecological practices

and generating over 70 percent of the domestic food production (Schutter, 2011).

4.2 Agro-ecological practices in Newfoundland and Labrador and the rest of Canada

There is an argument about the development and constraints of agro-ecology in
Newfoundland and Labrador (NL) and the entire Canada due to two different perspectives. In
Canada, the development of agro-ecology can be considered as a response to the
environmental degradation caused by the industrial productive form of agriculture, whereas
in many other countries agro-ecology has developed as the revitalization of place-based
farming knowledge (Altieri, 2004; Saylor and Alsharif and Torres, 2017; Desmarais and
Wittman, 2014). Although the prevalence and prominence of agro-ecology is growing in
Canada, but its presence is still small and the support for its development is limited. The
present rigorous assessment of the current state of agro-ecological practices, the related social
movements, and the achievements of agro-ecological science essentially elucidate that agro-

ecology in Canada is a ‘responsive’ agricultural approach (a response to the various social
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and ecological problems associated with the prevailing industrial model of agricultural
production that has been promoted in the country under settler colonialism), rather than a
consolidated history of yield maximization models (Isaac et al. 2018). Considering climate
change and its geographic location, and its food security condition, Newfoundland and
Labrador is more vulnerable compared to other provinces in Canada. Anagro-ecological
approach is an alternative way to reduce the food insecurity problem and to deal with the lack

of adequate soil in the province.

4.2.1 Traditional and Indigenous knowledge

To develop an alternative agriculture and food system in Canada, it is necessary to investigate
the linkage between Indigenous cultivation techniques and agro-ecology principles (ISOFAR,
2019). The scholars have focused on terrestrial agriculture because fisheries, foraging and
other forms of food provisioning practiced by Indigenous people are very much aligned with
agro-ecological principles and complementary notions of agricultural bioregionalism
(Knezevic, Blay-Palmer, Levkoe, Mount and Nelson, 2017). Morrison (2011) argued that
Indigenous food provisioning practices are tremendously important to food sovereignty
struggles in Canada and at the same time, advancement of agro-ecology in Canada is
necessary to address the realities of ongoing settler colonialism and Indigenous dispossession.
The historical trajectories of settlers’ agriculture compromising Indigenous sovereignty, as
well as the current and former development projects, such as increasing number of urban
centers, residential schools, industrial pollution, treaty violations and generations of
relocation through government policies are the threats to indigenous food ways and their
living territories (Coulthard, 2014; Pasternak, 2013; Sharifi, Petoukhow, McAuley and Hull,

2018).
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A recent report shows that around 4.9 percent of the total Canadian population are Indigenous
and more than 3.5 million hectares of reserve lands are managed by them (Sharifi,
Petoukhow, McAuley and Hull, 2018). Locally or regionally collected traditional foods are
central to the cultural, spiritual, and physical health of Indigenous peoples and communities.
It is identified that “changes in land use designations, habitat loss, limited access to suitable
land, local extirpations, the arrival of invasive pest and disease species, cross-pollination with
commercial crops, the loss of traditional knowledge, cultural displacements and the transition
to Western diet are the different aspects of colonization which hindered access to traditional
food” (Sharifi, Petoukhow, McAuley and Hull, 2018). Due to change in lifestyle and lack of
access to traditional food, the Indigenous people have suffered more from high levels of
chronic respiratory disease, diabetes, obesity and cardiovascular disease than among the

general Canadian population.

Many Indigenous peoples and communities are trying to find out ways to revitalize
traditional lifestyle practices. These efforts are also worthy for Canadian people since the
Indigenous peoples’ traditional knowledge of stewardship and cultivation of plants and
animals may help today’s society deal with some of the negative consequences of
contemporary industrial agriculture and climate change. It is suggested that supporting
Indigenous communities in managing their lands, applying traditional knowledge and
promoting traditional foods production on their lands can greatly improve the health,
biodiversity, food security and sovereignty, employment opportunities and the economy of
these communities and of Canada (Sharifi, Petoukhow, McAuley and Hull, 2018). The
authors show that around 550 different species of plants have been utilized in the traditional
diets of Indigenous peoples in Canada, which has generated a wealth of ecological traditional
knowledge among them. Indigenous cultivation practices are intimately tied to agro-ecology

and organic farming, as:
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“Indigenous Peoples in Canada have a long history of effectively managing
food plant production and plant habitats using practices such as succession,
regeneration, selective harvesting, pruning/coppicing berry bushes, controlled
burn, habitat creation, and distributed use and harvest across landscapes and
over time (seasonal rounds). Their social management strategies such as
proprietorship, socially determined conservation, distributed seasonal access
to resource areas, trade and exchange, feasting and sharing, and knowledge
transmission enabled them to create and manage an efficient ecological food

system” (Sharifi, Petoukhow, McAuley and Hull, 2018).

NL has a long history of family farming as well as community gardening, where people use
their traditional knowledge for cultivating crops and rearing livestock. Newfoundland and
Labrador has the largest Indigenous population (including First Nations, Metis or Inuit) of all
the Atlantic provinces, at 45,725 people in 2016, making up 8.9 percent of the provincial

population (Statistics Canada, 2016).

Many Indigenous communities (e.g. Inuit communities) collect or harvest wild food from
land and sea (caribou, seal, porpoise, fish, birds, berries and plants) which is an essential part
of their diet. Currently, the communities of Nunatsiavut face unique food security challenges
due to changing weather, losing sea ice, and wildlife migration patterns, as well as increasing
costs of getting out on the land to hunt, and high cost and poor quality of store-bought food
(Food First NL, 2015). In the coming year (2020), when the Muskrat Falls hydro dam on
Labrador’s lower Churchill River floods an area double the size of the Victoria city, it is
expected that microbes will convert inorganic mercury found in flooded soils and vegetation.
The researchers state that most human exposure to methyl mercury comes from eating fish,
although marine mammals like seals and other traditional foods can also carry high levels of

mercury which may cause serious damage of hearing, speech and vision and in many cases,
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permanent symptoms of kidney, lung and skin ailments (Cox, 2019). According to the study,
country foods are at the heart of the Inuit health, well-being and culture, but due to Muskrat
Falls, the wildlife locally caught and consumed by Inuit, living around Lake Melville,

constitute 70 percent of their future exposure to mercury (Cox, 2019).

Applying the traditional knowledge and farm practices of Indigenous peoples and local
communities in NL is one of the best ways for ecosystem management, adapting agriculture
and sustainable use of natural resources that are gaining credence as a key weapon in the fight
against climate change. The modern or industrial agriculture (using hybrid seeds) is more
vulnerable to climate change due to increase reliance on external resources whereas, applying
traditional and crop varieties can enable the industrial agriculture to cope with extreme
weather and environmental change over the long term and needs less external resources

(IIED, 2011).

4.2.2Practice of organic farming

Though it is thought that certified organic production is the closest proxy of agro-ecology,
but actually organic production fails to capture all the multiples dimensions of agro-
ecological practices and motivations (Isaac et al. 2018). According to Statistics Canada,
between 2001 and 2016, the number of organic farms increased 65 percent which shows a
trend toward increased ecological farming across the country and possibly a transition to the
adoption of more ambitious agro-ecological practices. Most of the organic farms in Canada
are concentrated in Saskatchewan (773 farms), Ontario (405 farms), Quebec (372 farms), and
British Columbia (319 farms) (Statistics Canada, 2001a). The figures might be outdated as
currently the agricultural census no longer asks farmers to specify which of their products are

certified organic (Statistics Canada, 2016a). Though the volume of organic farming increased
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in Canada, certified organic products account for no more than 1.9% of the total production

(Isaac et al, 2018).

The 2006 census of agriculture has shown that 11,937 farms produced uncertified organic
products, which indicates that numerous farms in Canada are following organic, ecological
and agro-ecological practices that remain otherwise unreported (Statistics Canada, 2006;
Isaac et al, 2018). It is a good sign that consumer demand and the supply of organic products
continue to increase both domestically and globally, and that Canada has achieved significant
gains in market share acreage under organic management (COG, 2017). In 2015, Canada had
the 5" largest organic market in the world valued at $4.7 billion, with the majority of
Canadians regularly purchasing organic products (International Federation of Organic
Agriculture Movements, 2017; Canada Organic Trade Association, 2016). Other studies
show that in spite of the 16 percent annual growth rate in demand for organic products in
Canada, the number of organic producers in Canada grew by a mere 2 percent between 2004
and 2014, compared to the US, where a 65 percent increase occurred in the same time (COG,

2017).

The organic and ecological agricultural sector in Newfoundland and Labrador represents a
cross-commodity industry with broad agricultural products ranging from vegetables, hay,
fruits and berries, poultry, wild crafting, greenhouse production, value added products and
non-timber forestry products (ACORN, 2013). The number of certified organic farms has
been decreasing in the province, but still both consumers and producers place a high
importance on the value of organic production due to health benefits, wellbeing, resource
conservation and food security (CBC, 2016; ACORN, 2013). According to Schwabe (2016),
many farmers in Newfoundland and Labrador had already used organic production methods

starting in 1996 with the support of the Organic Crop Improvement Association (OCIA) of
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PEI (Prince Edward Island) (Department of Natural Resources, 2013), but presently there are
only two farms certified as organic and more farmers are interested in starting the
certification process. Development of the certified organic production began in 1996 in NL
and since then producers have met unique challenges like high certification costs, perceived
difficulties with the certification process, and lack of consistent consumer demand (ACORN,
2013). Growth of the sector requires a robust strategic plan which focuses on government
support for certification, professional training, consumer understanding of the term “organic”,
new entrants, infrastructure, and marketing, which will greatly assist the sector to take
advantages of niche marketing opportunities, expansion efforts, and increased sales and

profitability (ACORN, 2013).
4.2.3 Renewable energy

Energy availability is the golden thread that connects health, food production, education,
economic growth and the environment and increases social equity. Development is not
possible without energy and sustainable development is not possible without sustainable
energy, where renewable energy (offshore and onshore wind, solar, geothermal power and
tidal power) is considered as a source of clean, secure and sustainable energy (Gaiaeducation,
2019). Though Newfoundland and Labrador is rich in non-renewable energy sources (crude
oil and natural gas), geographically it is also a suitable place for producing electricity from

renewable energy sources.

As seen in Figure-4.1, the end-use demand of energy in Newfoundland and Labrador was 166
petajoules (PJ) in 2016, which is the 8" largest demand in Canada, and the 4" largest on a per
capita basis. This 166 PJ end-use energy came from different sources, such as 102 PJ (62%)
came from refined petroleum products, 37 PJ (22%) from electricity, 20 PJ (12%) from

natural gas and 7 PJ (7%) from biofuels (National Energy Board, 2018). The industrial sector
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was the largest consumer of end-use energy and it demanded 40 percent of the total demand,
followed by transportation at 38 percent, residential at 15 percent and commercial at 7
percent. It is difficult to find out end-use energy demand for the agriculture sector in
Newfoundland and Labrador separately, but the agri-industry, agri-food and agri-product
transportation and farm activities need significant amounts of fuel and electricity (National

Energy Board, 2018).

Figure-4.1: End-Use Demand by Sector (2016)

Total Demand

166
Petajoules

B Imndustriaal
Transportation
| Residential

B Commenrcial

Source: NEB — Canada's Energy Future 2018

In 2016, Newfoundland and Labrador’s greenhouse gas emissions were 10.8 megatonnes
(MT) of carbon dioxide equivalent (CO2e) and 20.3 tonnes per capita which is 4.6 percent
above the Canadian average of 19.4 tonnes per capita. The major emitting sectors in
Newfoundland and Labrador are (Figure 4.2): transportation at 36 percent of emissions, oil

and gas production at 25 percent and electricity generation at 14 percent (National Energy
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Board, 2018). Crops, vegetables, livestock farms and even greenhouses need petroleum,
gasoline and electricity for running their farming activities which also produce greenhouse
gases. In 2017, the provincial government has set an emissions reduction target of 10 percent
below 1990 levels by 2020, but as of 2016, the province actually emitted 16 percent more

over 1990 levels (Mercer, 2019).

The provincial government is in the process of implementing the Muskrat Falls hydro energy
development project and aims to close the Holyrood generating station (running on diesel oil)
but still the government is not on track to meet its 2020 target. In 2019, the provincial
government adopted new emissions reduction targets, aiming to reduce greenhouse gas
emissions by 30 percent below its 2005 greenhouse gas emissions level by 2030. The new
target is criticised due to failure to achieve the previous target and the non-legislated
emissions-reduction targets. More trouble has occurred in 2018, a year prior to publishing a
new provincial climate action plan, when the NL provincial government released its
“Advance 2030: A plan for growth in the Newfoundland and Labrador oil and gas industry”,
aiming to double offshore oil production by the end of the next decade (Mercer, 2019). The
same report mentioned that the production of 77 million barrels of offshore crude oil was
responsible for 1.6 MT of GHS emissions in 2016. If the province would start increasing
offshore oil production to 237 million barrels annually, then greenhouse gas emissions from
the sector will account for a staggering 4.9 MT annually by 2030, which is 71 percent of the
province’s new annual emissions target of 6.9 MT in 2030 (Mercer, 2019). The isolated
communities in Newfoundland and Labrador which obtain electricity by burning diesel oil
use approximately 18 million litres of fuel per year which produces 50,000 tonnes of CO>
emissions, as well as health challenges, the risks of fuel spills and leaks, and other

detrimental impacts (Mercer, 2019).
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Figure-4.2: Greenhouse gas emissions by sector
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Newfoundland and Labrador is the 5" largest producer of electricity in Canada with 7,717
megawatts (MW) generating capacity. In 2017, 39.2 terawatt hours (TWh) of electricity has
been generated by this province, which is approximately 7 percent of total Canadian
generation (National Energy Board, 2018). The Figure-4.3 shows that in 2017,
Newfoundland and Labrador has generated 94 percent of its electricity from hydro sources, 5

percent from petroleum, 1 percent from geothermal and less than 1 percent from wind.
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Figure-4.3: Electricity Generation by Fuel Type (2017)
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The Upper Churchill Falls hydro generating station is one of the largest power plants in
Canada, located in Labrador with 5,428 MW generating capacity. The produced electricity
belongs to Hydro-Quebec under a long term contact that will expire in 2041 (National Energy
Board, 2018). The Lower Churchill Falls project consists of Muskrat Falls station (824 MW
generating capacity) which is projected to run with full capacity by autumn 2020, and Gull
Island station (2,250 MW generating capacity), which is expected to be completed three years
after the completion of Muskrat Falls (National Energy Board, 2018). Though there are some
debates about the massive cost and social and environmental impacts of Muskrat Falls, the
provincial government often states that when the Muskrat Falls mega-hydroelectric dam goes
online, 98 percent of the province’s electricity needs will be provided by renewable energy
(Seward, 2018). Newfoundland and Labrador is a significant interprovincial and international
net exporter of electricity, as it has exported 28.4 TWh (72%) of produced electricity in 2017.
The remaining 10.8 TWh (28%) was consumed by the provincial residential, industrial and
commercial sectors.
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To mitigate the GHG emissions, the 2018 provincial climate action plan includes eight focus
areas with a total of 33 action items. The major shortcoming of this action plan is considered
to be the lack of monitoring policy to measure the progress on those action items in order to
ensure the initiatives are meeting their goals (Mercer 2019). The provincial government
expected that the carbon pricing program introduced in January 2019 will reduce
cumulatively GHG emissions by over 0.65 MT between 2019 and 2030 and 1MT from
shutting the Holyrood generating station. But considering the current emissions of 10.8 MT,
an addition of 3.3 MT from the expanded offshore oil production is expected to raise
Newfoundland and Labrador’s emissions to 13 MT of GHG emissions, or nearly double the
target of 6.9 MT (Mercer, 2019). If the provincial government decides to produce 113
megawatts of wind energy, which would be theoretically capable of displacing the 0.63 MT
of GHG emissions produced annually at Holyrood and, at the same time if the Muskrat Falls
project will displace 1 MT of provincial emissions annually, the provincial climate action

plan has chances to succeed.

Even if the climate action plan seeks opportunities to develop renewable and low-carbon
energy (e.g. hydro, wind, tidal, hydrogen and smart grid technology) for local and export
markets experts consider that renewable energy development by private sector proponents,
community groups, municipalities, education institutions, indigenous governments is
prohibitively and deliberately difficult in Newfoundland and Labrador (Mercer, 2019). It is
argued that “Newfoundland and Labrador Hydro is the only company permitted to own,
supply, distribute, transmit, think about, dream about, or do anything related to renewable
energy development in the province” (Mercer, 2019). This study considers that there are
untapped into opportunities into the agriculture sector for reducing the GHG emissions in the
province, both by keeping the trees standing (through carbon sequestration) and by

transitioning from industrial agriculture practices to agro-ecological practices in the farming
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sector. This study will try to assess the potential of NL farms to contribute to lowering the
province’s GHG emissions by introducing renewable energy in their operations (use
solar/wind energy to run electric tractors, water pumps and for heating cow sheds) and by

supplying their farm products locally.

4.2.4 Soil health

To build up a healthy farm ecosystem, soil health is the most significant consideration as
agricultural productivity is directly linked to the availability and health of productive soil.
Most of the common farming practices employed in industrial agriculture, such as application
of synthetic fertilizers and pesticides, monocropping, mechanical tillage, and application of
factory farm waste, can degrade soil health over time. Declining soil quality ultimately
increases the necessity of man-made inputs, which in turn contribute to climate change
(FoodPrint, 2019). The components of soil, like air, water, minerals and organic material, are
also vulnerable and damaged due to pollution and industrial farm practices. Monocropping is
the practice of growing the same crop on the same plot of land, year after year, which
depletes the soil nutrients, reduces organic matter in soil and can cause significant erosion
(Dominion Bureau of Statistics, 1945). Soil scientists have demonstrated that monocropping
alters the microbial landscape of soil, decreasing the amount of beneficial microbes and

causing poor plant growth over time (Forestry and Agri-foods, 2016).

All plants need micronutrients like nitrogen (N), phosphorous (P), and potassium (K) for
healthy growth and productivity. In order to fulfil the soil’s deficiency in these nutrients,
synthetic fertilizer must be applied to boost plant productivity in industrial crop production.
Excessive fertilizer use can cause soil acidification, build-up of salts in the soil, heavy metal

contamination and accumulation of nitrate, and also can contribute to climate change and to
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water pollution through the release of N2O (Adams, 2014; Department of Fisheries and

Aquaculture, 2001).

Some pesticides are toxic to human health and can escape into the environment after
application and some kill nearly all soil organisms — not just the harmful ones — including
beneficial bacteria, fungi and other organisms that help maintain healthy soils (Newfoundland
and Labrador Statistics Agency, 2017; MMSB, n.d.). Mechanical tillage and the use of heavy
farm equipment can cause both soil compaction and soil erosion where compaction leads to
poor water absorption and poor aeration which further leads to stunted root growth in plants
and smaller yields. Additionally, topsoil erosion leads to loss of natural nutrients and organic
materials which further leads to increased susceptibility to drought and flood (Steiner, 1924;

Demeter, 2016).

Local, small-scale farms owned and operated by rural families were perceived as backward
and superseded for the future of farming and food provision in the Newfoundland and
Labrador, and were actively discouraged (Cadigan, 1998). This type of decentralized and
family owned farming was actively discouraged by successive governments in the past, in an
attempt to centralize production and assist in government regulation of industrial agricultural
activities (Cadigan, 1998). Though the centralization of agriculture and the practice of
industrialized farming methods were considered more efficient for bringing economies of
scale, in fact industrial agriculture is not well suited to NL conditions due to soil acidity,
stony soil, rocky topography, lack of soil availability, lack of readily available inputs , as well
as climate variability (Forestry and Agri-foods, 2017). It is challenging to collect and use
natural and appropriate farming inputs in an unforgiving landscape, with short growing
seasons and a punishing climate (Evans, 2017). The issue is also complicated by the food
insecurity in the province. Studies show that if no food is being imported into the NL
province due to disruption of marine ferry service or in air transportation, the food security
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ranges only few days (Quinlan, 2012). Newfoundland and Labrador government is trying to
focus on finding additional productive soils, improving their productive capacity and
therefore increase crop yield. This can be done, according to experts by producing and
enhancing soil in the most effective and non-harmful way for the sake of both human health
and of the surrounding environment. A study done in NL has found that integrated and
traditional alternative approaches to soil development and food production may not achieve
the economies of scale or surplus crop productivity (Evans, 2017, p.9, pa. 2) but these means
have been linked to increased sustainability and overall resilience of food production systems

around the world (Gliessman, 2015).

Traditionally, fishery discards, seaweed, and peat were added to the soils in NL for
supplementary farming (garden plots and integrated animal husbandry operated by families)
that helped to increase the productivity of the soils found in many outport communities
(Hynes, 2009). Seaweed is readily found throughout coastal NL and is a cheap and effective
source of essential nutrients for use in compostable soil improvement and to neutralize soil
acidity (Adams, 2014; Food First NL, 2012). Though seaweed can be used as a natural
fertilizer, the dried seaweed placed directly on top of soils around the ornamental plants or
crops, would act as an effective natural deterrent for garden pests such as slugs, ants, or other
nuisance insects (Adams, 2014). Traditionally, shellfish, fishery discards, including
undesirable portions of fish, such as cod heads and other offal, as well as fish spines and
backbones provided an important set of nutrients, calcium, as well as biologic activity for the
organic breakdown within soils to make nutrients more available to plants (Evans, 2017).
This practice should be continued in NL farming activity, though the Environmental
Protection Act (2002) and most compost and garden management guidebooks suggest
avoiding composting of fish and fish bones due to concerns over odours, flies, and attracting

animals such as bears, vermin, and other nuisance animals. Recently, the waste management
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strategy has been reviewing after 16 years and now, it does not provide any regulations for
composting in the province (Government of Newfoundland and Labrador, 2019). This study
considers that NL is rich in peat moss and peat bog land that has the suitable properties for
decomposition of fish waste, in its natural ability to absorb odours associated with
decomposition, as well as the absorption of ammonia odours when mixed with manure
(Johnson, 2018). Traditional supplementary family farms, were producing chickens, cows,
cattle, horses, sheep, goats and pigs that were not only sources of protein but also important
sources of fertilizer, in the manure that they generated. Obviously, not everyone in NL has
convenient access to the ocean or peat land resources for gathering natural inputs and
conventional farming and soil properties in this province require using synthetic fertilizers.
However, still there are ample opportunities to use organic/natural fertilizers in small,

medium as well as large farms in this province.

4.2.5 Diversified farming systems

Developing a Diversified Farming System (DFS) is one of the agro-ecology principles which
can contribute to creating a more sustainable, socially just, and secure global food system
(Kremen and Miles, 2012; Claire, lles and Bacon, 2012). DFS are defined as farming
practices and landscapes that deliberately include certain combinations of traditional and
contemporary knowledge, functional biodiversity, cultures, practices, and governance
structures at multiple spatial and/or temporal scales. By maintaining ecosystem services, DFS
provide critical inputs to agriculture, such as soil fertility, nitrogen fixation, nutrient cycling,
pest and disease control, water use efficiency, and pollination, thereby achieving a more
sustainable form of agriculture that relies primarily upon inputs generated and regenerated
within the agro-ecosystem, rather than on external or often non-renewable inputs (Pearson,

2007; Shennan, 2008; Claire, lles and Bacon, 2012; Zhang et al. 2007).
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At the plot and field scales, the DFS may include polycultures, non-crop plantings on field
borders such as living fences and hedgerows, integration of livestock or fish with crops,
and/or rotation of crops or livestock over time, including cover cropping and rotational
grazing. At the landscape scale, DFS may incorporate natural or semi natural communities of
plants and animals within the cropped landscape/region, such as fallow fields, pastures,
riparian buffers, meadows, woodlots, peatbogs, ponds, streams, rivers, and lakes or
combinations thereof and these heterogeneous landscapes support beneficial components of

agrobiodiversity (Perfecto et al. 2005).

Figure 4.4 Conceptual model of a Diversified Farming System
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Source: Claire, lles and Bacon, 2012

Figure 4.4 shows DFS practices across different agro-ecological scales. The plot scale (red)

includes multiple genetic varieties within a single crop or livestock species, or multiple
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species intercropped, including agroforestry, and/or integration of livestock. The field scale
(yellow) incorporates crop rotations, cover cropping/green manuring, or fallowing. The field
perimeter scale (green) practices planting of hedgerows or grassy buffer strips around crops.
The landscape scale (light and dark blue) includes woodlots, meadows, pastures, riparian
corridors and other natural and semi-natural habitants in the cropped area. These
heterogeneous farming practices promote critical ecosystem services, such as nutrient and
water cycling, soil formation, pest and disease control and pollination (Claire, lles and Bacon,

2012).

Canadian farms provide a diverse range of crops and livestock for domestic and international
markets. There are literally hundreds of crops being grown in open fields and greenhouses
across the country — from more traditional crops like wheat, corn and soybean to pulses, fruits
and vegetables, flowers and specialty crops. Thousands of farmers in Canada produce a wide
variety of animals on their farms such as chickens, turkeys, laying hens, beef cattle, dairy
cows, sheep, goats, horses, pigs etc. (Schaer, 2014). The NL agricultural industry, which is
narrowly specialized in producing milk, eggs and poultry, faces challenges in striving to grow
and diversify due to climate change uncertainties, short growing seasons, soil quality, bio-
security risks, and consolidation of the food industry. But a diversified farming industry is of
vital importance to this province for its food security, income and employment generation
and environmental sustainability. Farmers in this province can adopt the model of DFS, as
they can have access to areas of farming land at affordable price for producing crops,
vegetables, livestock, fruits, milk and growing trees surrounding the field. Open water
sources like rivers, lakes or streams are also available, where farmers can farm fish to meet

the family food demand and can sell the surplus fish in local markets.

In conclusion, to solve the problems of food insecurity and climate change and to reduce the
environmental impacts of industrial agriculture, agro-ecological practices are one of the most
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effective ways. Applying Indigenous knowledge in farming practice, using renewable energy
in farm production, applying organic fertilizers to the soil instead of lime and chemical
fertilizers and adopting a diversified farming system can help to grow the NL food industry in

a sustainable manner.
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Chapter V

General Characteristics and Practices of Crop Farms Surveyed

The number of farms is decreasing in Newfoundland and Labrador province due to climate
change impacts, shortage of labor force and the ageing of the farmer population (Quinlan,
2012; Abdulai, 2018). The evidence of climate change can be seen all over the world but
because of its geographic location, the climate change impact is more acute in this province.
Due to poor soil quality, short growing seasons, and diminishing number of farms in
operation, only 10 percent of the provincial food is supplied by the local farmers (Fitzpatrick,
2017). The small amount of local food production and the uncertainty of imported food
supply due to inclement weather or unreliable ferry service have made this province suffer
from food insecurity and unsustainable development. This chapter discusses the impact of
climate change (natural hazards) on crop production, and the effects of agricultural activities

on climate, as revealed by the primary data collection during this study.
5.1 General features of the respondents and farms
5.1.1 Age distribution of the respondents

Figure 5.1 has shown that 12.5 percent of the respondents’ age is less than 40 years, whereas
the same percentage of respondents’ age is more than 71 years. At the same time, 37.5
percent of the respondents’ age is between 61 to 70 years. This indicates that most of the
respondents are going to retire very soon. Existing published data have shown that in 2016,
58.2 percent of farm operators’ age is 55 years or more and 36.9 percent of farm operators’

age is between 35 to 54 years in NL (Statistics Canada, 2017).
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Figure 5.1: Age distribution of the respondents as surveyed
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Age distribution of the respondents

The percentage of mid-age respondents is very small as 25 percent between 51 to 60 years
old and 12.5 percent are between 41-50 years old. A published report has shown that the
average age of the farmers in this province is 55, and it is a great challenge for this province
to increase food production from 10 percent to 20 percent working with so many senior

people who have plans to quit farming (Bird, 2018).
5.1.2 Location of the farms surveyed

According to the Newfoundland and Labrador Farm Guide 2016, the province is divided into
three regions, namely Eastern and Avalon region, Central region and Western region and
Labrador, depending on the intensity of farming. This study has followed the simple random
and snow balling sampling methods and it has found that 50 percent of the surveyed
respondents from the Western region and Labrador, an area which is renowned for agriculture
farming (Figure 5.2). The Eastern and Avalon region is also famous for farming, but only
18.8 percent of the respondents come from this region while 31.3 percent of the respondents

are from the Central region (Gander, Grand-Falls-Windsor, Campbelton etc.).
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Figure 5.2: Location of the crop farms surveyed
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Location of the crop farms as surveyed

5.1.3 Age of the farm as identified by respondents surveyed

In Newfoundland and Labrador most of the farms are family farms operated by family
members, generation after generation. The survey data has shown that 50 percent of the farm
age is less than 20 years. This means that the farms are very young and have a chance to
increase the size of operation. There are few farms (6.25%) which have been operating for
more than a half century, whereas 18.75 percent of the farm’s age is between 31 to 40 years

(Table 5.1)

Table 5.1 Year of farming as identified by respondents

Range of years of farming Percentage of respondents
1-10 25.00%

11-20 25.00%

21-30 12.50%

31-40 18.75%

41-50 12.50%

51-more 6.25%

Average years of farming 26.19
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5.1.4 Size of surveyed farm

Though the number of farms is decreasing, the average size of farms is increasing in the
province (Statistics Canada, 2017). The survey has shown that 56.3 percent of the farms have
more than 16 ha of crop land (they are relatively large) whereas 18.8 percent of the farms
have less than 5 ha (they are relatively small). There are only 12.5 percent of the farms with
an area between 6ha to 10 ha and the same percentage for the farms with an area between

11hato 15 ha (Figure 5.3).

Figure 5.3: Farm size as identified by respondents
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Farm size as identified by respondents

5.1.5 Greenhouse, livestock, size of production and small scale farming

Greenhouses are very important for germination before starting the planting season and for
producing vegetables all the year round, especially for Newfoundland and Labrador due to
long winters, heavy snow and high winds. Greenhouses also give producers the chance to
create their own growing environment to protect crops from a host of pests and diseases,
extreme weather conditions and outdoor pollution such as pesticides drift (Industries Harnois,
n.d.). According to Agriculture and Agri-Food Canada (2017), Newfoundland and Labrador
province had 5,900 square meters of greenhouse space in 2017, but the area is very small
compared to Ontario, Quebec and British Columbia provinces. The survey found that 50

percent of the respondents in the study area have greenhouses with an average size is 347.11
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square meters (Table 5.2). Greenhouses are the best solution for organic farming, as they are
giving the producers complete control over climate, organic fertilizers and equipment
management (Industries Harnois, n.d.). As a part of integrated farming (DFS), the crop farm
respondents have been asked about livestock farming and 43.75 percent of the crop farmers
have mentioned that they have also livestock for tourism as well as commercial purposes. To
understand the future food production and supply form of the local crop farms, the researcher
asked two questions about the action farmers had taken in the last five years and the action
they will take in the near future. To response on these questions, 62.5 percent of the crop
farmers increased the size of production in the last 5 years and 50 percent of the crop farmers
have plan to increase farm operation in near future. More importantly, 75% of respondents
think that there are advantages in small-scale farming since they can manage them more

efficiently and effectively.

Table 5.2: Greenhouse, livestock, size of production and small scale farming

Additional farm practices and plans Percentage
Do you have greenhouse on your farm? 50%
Average area of greenhouse (square meters) 347.11
Do you raise livestock on your farm? 43.75%
Did your farm increase the size of production in the last 5 years? 62.50%
Do you have plans to increase the size of production in near the 50%
géuﬁ think that there are advantages in small scale farming? 75%

5.2 Impacts of climate change on crop farming in Newfoundland and Labrador

Newfoundland is an island where snow fall exists around 5 to 6 months (from early
November to end of April) with frequent snow storms or heavy snow. Figure 5.4 has shown

that 75 percent of the farmers indicated that short growing seasons or long winters and late
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spring frost are the major natural calamities that affect the crop production and farm
activities. Because of increasing global temperatures, 37.5 percent of respondents have shown
that they are facing high temperatures (like +35 degree Celsius or more) and 56.3 percent of
respondents complained about more frequent drought. Some farmers have installed new
water pumps, whereas other farmers have used more water for irrigation which increased

their production cost.

Figure 5.4: Natural hazards affecting crop production as identified by farmers surveyed
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The field survey has shown that 43.8 percent of the farmers identified that low temperatures
(like below -25 degree Celsius) have had a bad impact on agricultural activities, especially in
greenhouse production in the winter season as they need more energy for heating. More
frequent rain or rain storms are related to the wet seasons and both of these natural hazards
destroy vegetables and crop fields as mentioned by 25 percent of the farmers. New types of
pests or diseases outbreaks have been indicated by 37.5 percent of the farmers and they have

explained that high temperatures are the cause of spreading new pests and diseases.
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5.3 Agricultural activities contributing to climate change in Newfoundland and
Labrador

Agricultural production systems or farm activities (both small scale and large scale) have a
contribution to greenhouse gas emissions and climate change. From the beginning of land
preparation to the food processing and transportation, greenhouse gases are emitted in the
environment in different ways. The survey results show that 43.8 percent of respondents
believe that large scale or industrial farming practices are contributing to environmental
degradation and climate change (Appendix A, Table A-2). Generally, using fossil fuels,
chemical fertilizers and land clearing and field burning activities are producing CO2 and N.O
emissions and for each case 37.5 percent of the farmers responded in the affirmation on these
issues. Figure 5.5 has shown that 31.3 percent farmers have indicated that using chemical
pesticides is harmful for water, air and soil, which are the major and basic elements of the
environment. It is a good sign that 50 percent of the respondents (Appendix A, Table A-4)
mentioned that they are trying to apply alternative methods (instead of using chemical
pesticides), such as intensive farming, organic pesticides, bio-control, sterile insect
techniques, spreading sawdust and “no insect no spray” strategy (Appendix A, Table A-5).
Land tilling and food transportation systems are the largest contributors to greenhouse gas
emissions, and 31.3 percent of the respondents indicated that using fossil fuels by farm
machineries and food transportation vehicles enhances carbon emissions and climate change.
Large farm size and mono cropping are related to industrial farming systems which are the
major contributors to climate change as mentioned by experts and previous reports
(Gliessman, 2015). Only 25 percent of the respondents (Figure 5.5) of the study area
identified these two practices as causes of climate change. The reason of this poor response is
that 56.3 percent of the respondents of the survey area thought that industrial agricultural
production systems do not produce too much greenhouse gases, if they also follow the best

management practices on their farms. Soil tilling and manure management were indicated by
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25 percent of the respondents as the sources of climate change. According to the survey
report, food processing, irrigation systems and food waste have been identified by few

respondents (12.5% for each) as a source of greenhouse gas emissions and climate change.

Figure 5.5: Agricultural activities contributing to climate change as identified by respondents
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5.4 Agro-ecological principles followed by the NL farmers surveyed
5.4.1 Land preparation

A soil survey report describes Newfoundland’s landscape as a mixture of bogs, hills, barrens,
outcrops, rock, water bodies and mineral soil. The Newfoundland soils are mostly acidic,
stony and have firm to compact sub-soils, except for the natural vegetation, elevated ridges,
river terraces and coastal lowlands where the soils are suitable for agricultural use (Forestry
and Agrifoods, 2017). Most of the interior barrens are surrounded by boreal forest which is
characterized by dominantly coniferous species and broad leave deciduous trees. To prepare
land for cultivation, 87.5 percent of the respondents clear trees, while 31.3 percent level hills
and 12.5 percent fill-in wetlands (Figure 5.6). Therefore, agriculture is responsible for losing

trees or even forest area in this province. Loss of forests and trees is a major contributor to
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greenhouse gas emissions and increases the speed of climate change. Forests are the best
carbon sequesters but when people cut trees, they release into the atmosphere all the carbon
they have been storing which is dangerous for the environment. Leveling hills has a bad
impact on the ecosystem since it increases the soil erosion, landslides and it decreases soil
fertility. Deficiency of nutrients and minerals and imbalance of pH are the general limitations
of the soils of NL and due to this reason farmers need to apply external inputs. The survey
found that 87.5 percent of the respondents apply agricultural lime to neutralize the soil’s pH
in order to enable the plant growth, whereas 56.3 percent and 50 percent use green manure
and compost respectively to improve soil health. Though 68.8 percent of the respondents
(Appendix A, Table A-1) have expressed their opinion that over application of lime is not
good for soil health or for the environment, not a single respondent uses the traditional
fertilization techniques like applying fisheries discards, seaweed and peat moss to improve

and maintain the soil health.

Figure 5.6: Land preparation techniques as indicated by respondents surveyed
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5.4.2 Use of chemical, organic and mixed fertilizers

In order to maintain the appropriate composition of Nitrogen (N), Phosphorous (P) and
Potassium (K) in the soils, 75 percent of the respondents use chemical or synthetic fertilizers
such as urea, phosphate and potash. Most of the respondents use prescribed N-P-K ratios, like
14-13-13, 20-20-20 or 30-10-10, depending on early plant nutritional needs, soil test results,
as well as natural nutrient sources of N-P-K, as it is a fundamental component to minimizing
harmful environmental effects and getting desirable growing results. Considering the harmful
effects of chemical/synthetic fertilizers, 43.8 percent of the respondents are trying to use less
chemical fertilizers and more granular and organic fertilizers (Appendix A, Table A-3). The
survey has found that 18.75 percent of the respondents use granular (chemical and natural
mixed fertilizers) for getting better growing results and reducing the environmental impacts.
It is a good sign that 93.7 percent of the respondents (Figure 5.7) are applying manure or
organic fertilizers to inject essential nutrients back into their depleted soils stock. The
respondents didn’t mention any proper method of applying manure in their fields, as it is
known that over application (more than 10,000 gallons/acre liquid swine effluent) or too
frequent applications have serious environmental effects and also reduce the crop yield
(Government of Saskatchewan, 2019). The surface run-off manures, and the impending
danger to pollute water bodies with poisonous pathogens such as E.coli, or nutrient
overfilling of the water column in general, can pose serious risks to the natural and the human

environment (Gliessman, 2015; Evans, 2017).
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Figure 5.7: Response of farmers surveyed concerning use of chemical, organic and mixed
fertilizers
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The application of chemical and organic fertilizers depends on anticipated crop nutrient
requirements, soil test results (nutrient already available in the soil) and variability of nutrient
content and form of the fertilizers. Over and improper application of chemical fertilizers and
manure may increase the risks of nutrient losses to the environment, lead to deterioration of
environmental quality and sometimes reduce the crop yield (Government of Saskatchewan,
2019). Therefore, it is difficult to compare the recommended doses with doses applied by
respondents because of difference in soil quality and nutrient requirements. Table 5.3 shows
that small size farms (<5ha) use less chemical as well as manure compared to the
recommended doses, but as the farm size increases (6ha-10ha) respondents use more
chemical fertilizers (on average 7,762kg/year) compared to the recommended range
(1,859.22kg/6ha/year to 3,098.70kg/10ha/year). The results were similar where farm size is
11ha -15ha and 16ha and more. All farmers use less manure compared to the recommended

doses, as the use of manure depends on availability of manure from their livestock farms.
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Table 5.3: Average amount of fertilizer as applied by respondents

Use of average Recommended Use of average | Recommended
Farm Size | chemical fertilizer | dose (kg/ha) manure dose (kg/ha)
(kg/year) (kgl/year)
<5ha 540.00 1,549.35kg/5ha | 16,666.67 189,500kg/5ha
1,859.22kg/6ha
6ha-10ha | 7,762.00 - 50,000.00 é%gggigﬁgﬁa
3,098.70kg/10ha OOPKY
3,408.57kg/11ha
11ha-15ha | 9,750.00 } 16,000.00 S
4,648.05kg/15ha OUUKY
rlnG:ri and | 16,722.22 4,957.92kg/a- | 140,000.00 | 606,400kg/16ha-
Correlation -
value 0.948 0.821

5.4.3 Use of different pesticides to control pests or diseases

Most of the respondents (75%) of the survey area use chemical or synthetic pesticides to
control pests or diseases. Normally, the NL farmers need to use fewer pesticides because of
the cooler climate of this province, and as evidence, a report showed that NL has one of the
disease free bees populations in the world (The Way Forward on Agriculture 2018). Very few
respondents (18.8% of each) use organic pesticides and bio-control methods to protect crops
and vegetables from pests attack. Figure 5.8 shows that 12.6 percent of the respondents use
safer soap or sawdust to control pests. It is good news that very few respondents noticed new
types of pests (12.5%) and diseases (6.25%) on their farms in the last couple of years
(Appendix A, Table A-6 and A-7). To minimize the harmful effects of pesticides use on the
environment, 50 percent of the respondents are trying to use alternative ways to control pest
attacks like the integrated pest management (IPM) system, intensive farming, the sterile
insect technique (SIT), best management practices and the “no insect no spray” technique

(Appendix A, Table A-4 and A-5).
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Figure 5.8: Response of the farmers surveyed concerning use of pesticides

80% - 75.0%
70% -
60% -

il

[=T1}

= 50% -

[

8 40% -

i

o 30% -

= 18.8% 18.8%

g 20% - 12.6%
: o H B =
w 0% -

= Chemical Organic Bio-control Other

pesticides Pesticides

Types of pesticides

5.4.4 Fuel and electricity consumption and use of alternative sources of energy

Fossil fuels and electricity are important inputs to run the agricultural production, processing
and transportation. Newfoundland and Labrador’ agriculture is heavily mechanized due to
shortage of skilled and experienced labor force and large farm operation (Canadian
Agricultural Human Resource Council, 2014). Table 5.4 shows that small size farms (area
<5ha) use 4,166.67 gallons of fossil fuels and pay CAD $3,633.33 as electricity bills per year
for farm operation. As the farm size increases (16ha and more), use of fossil fuels (18,655.55
gallons) and electricity cost (CAD $6,277.78) also increases. To find out the correlation
between farm size and fuel consumption and electricity cost, this study uses the upper limit of
farm size. The correlation coefficient of fuel consumption and farm size is 0.766, which
indicates a positive strong but insignificant relation between the two variables. There is a
positive strong and significant relation between the farm size and electric cost, as the
correlation coefficient value is 0.926 (Table 5.4). Therefore, the use of fuel as well as the

electricity cost will increase with increase of the farm size.
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Table 5.4: Yearly use of fuel and cost of electricity as identified by respondents

Yearly average use of fuel

Yearly average electricity

Farm Size (gallon) bill ($)
<5ha 4,166.67 3,633.33
6ha-10ha 1,550.00 4,200.00
11ha-15ha 4,000.00 4,500.00
16ha and more 18,655.55 6,277.78
Correlation value 0.766 0.926

It is expected that around 95 percent of electricity will be produced from hydro power in NL
province once the Muskrat Falls hydro project is operational, which is less harmful for the
environment. Though respondents know that burning fossil fuels produces greenhouse gas
emissions, but they have no alternatives to fossil fuels. Wood pellets are used by 12.6 percent
of the respondents, but their burning also produces black carbon which is a major contributor
to global warming (Drouin, 2015). Very few (6.3%) percent of the respondents use solar
panels for a renewable source of energy, but no one uses digesters and tidal or wind power.

But the geographic features of this province indicate that there is a great opportunity to use

tidal and wind power for producing renewable energy (Mercer, 2019).

Figure 5.9: Alternative sources of energy as identified by respondents
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5.4.5 Water use for irrigation and alternative sources of water

To incrase agricultural productivity levels and achieve food security, efficient and efeective
water management is essential (IFPRI, n.d.), as it can reduce the negative effects of irrigation
on the hydrologic cycle,goundwater level and the environment. Due to high temparature and
frequent drought, the farmers of NL use more water than before. Some respondents have
installed new water pumps, whereas others have a plan to develop irrigation infrastructure.
The survey indicates that the medium size farms (6ha-10ha) use much more water
(20,473,200 liter/per year) than larger size farms(11lha to 15ha) (525,000 liter/per year). The
explanation for the high amount of water used might be that there is a cranberry farm in the
study area which needs huge amounts of water (Table 5.5). There is a positive but
insignificant relation between farm size and water use as the correlation coefficient value is

very low at 0.162.

Table 5.5: Yearly use of water as identified by respondents

Farm Size Yearly average use of water (liter)
<5ha 291,666.67

6ha-10ha 20,473,200.00
11ha-15ha 525,000.00

16ha and more 4,972,222.22
Correlation coefficient value 0.162

Considering the negative effects of using ground water for irrigation, experts suggest to use
surface water which is more environmentally friendly (Lamm, 2002). The respondents
indicated that 56.3 percent have access to natural surface water sources like streams, rivers,
and lakes (Figure 5.10). The survey also indicated that 37.5 percent of the respondents collect
rain water to use for irrigation purposes. Very few respondents (6.3%) recycle their

household water for reusingit on thefarm.
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Figure 5.10: Collection of rain water, use of natural surface water sources and recycling

household and farm water, as identified by respondents
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Figure 5.11 shows that 31.3 percent of the respondents have access to streams as a natural
surface water source, whereas 12.5 percent use a lake for water supply. Though there are

some natural surface water sources, very few respondents use the water for irrigation.

Figure 5.11: Category of natural surface water used by farmers surveyed
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The respondents in the study area do not face serious problems with water for irrigation
because of sufficient rainfall in the summer season. Moreover, sometimes heavy rains or rain

storms destroy the crop fields. The survey indicates that more recently 12.5 percent of the
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respondents face low water pressure in the pump, whereas another 12.5 percent face other
problems, like money shortage for developing/digging wells and no access to open water
bodies near the farm (Figure 5.12). Because of the droughts or high temperatures 6.3 percent

of the respondents face water shortage during the crop production season.

Figure 5.12: Irrigation problems as identified by farmers
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5.4.6 Diversified farming practices in the NL province

Diversified farming systems are one of the important principles of agro-ecology farm
practices that help to maintain ecosystem services and ensure farmers’ income and food
security. If the farm has a diversified cropping system, a forest area, livestock and a water
body for fish farming then the farm is an integrated farming system which can create a more
sustainable, socially just and secure food system. The survey indicates that 81.3 percent of
the respondents practice crop rotation and 62.5 percent cultivate multiple crops together (such
as berries, vegetables, corn etc.) to maintain soil health and control pests and diseases and
reduce risk of crop loss (Kremen, lles and Bacon, 2012). Inter-crops have the potential to
increase the crop yield and farm profits as well as act as an insurance against failure of one
crop in abnormal years and also help to uptake nutrients from both layers (organic upper
layers and underlying rocky layers) of soil (Kumar, 2018). Though the respondents have no

commercial forest area on their farms, but 68.8 percent of the respondents (Figure 5.13) have
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trees on their farmland and 87.5 percent of the farmers believe that trees contribute to
improving environmental conditions (Appendix A, Table A-8). Some crop farm respondents
(43.8 percent) have livestock on the farm, like cows, sheep, pigs, horses, hens and so they get
milk, egg, meat, and manure. Some farmers also raise animals as a tourist attraction, for

tourists who visit their farm in the summer season.

Figure 5.13: Diversified farming practices as indicated by respondents
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5.4.7 Location of selling farm products

Selling farm products in the local market or at short distance reduces the transport costs as
well as reduces greenhouse gas emissions from the transportation sector. Much pollution
occurs from food transportation in NL province since 90 percent of the foods are imported
from other provinces. The remaining 10 percent foods are produced locally and nothing
(0.0%) goes to export. The positive and strong point is that 81.3 percent of the locally
produced food are sold in local markets (within 50 km) as identified by respondents, and 43.8
percent are sold in grocery stores/chain shops and the same percentage are sold in farmers
markets/roadside stands (Figure 5.14). The survey results show that 31.3 percent of the
respondents sell their produce in other cities/towns or provinces which are at a distance of

more than 50 km from the farm location. The literature on sustainable food systems suggests
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that food should be produced and consumed locally, as it is healthier and more
environmentally friendly (APHA, 2007) and the respondents of the survey area follow this

practice.

Figure 5.14: Types of market for selling products as identified by respondents
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5.4.8 Causes and management of food waste

Farmers of Newfoundland and Labrador consider that climate change is an everyday topic at
home and in their business. Because of the rain storms or hurricanes, farmers are forced to
leave their crops in the field and sometimes storms have washed away access roads which
remained impassable for a couple of days (Fitzpatrick, 2017). Figure 5.15 shows that 50
percent of the respondents identified bad weather as a cause of food waste, whereas 37.5
percent mentioned that most of the food is wasted during storage time. During harvest time,
farmers also lost crops/foods, which were indicated by 18.8 percent of the respondents. Only
6.3 percent of the respondents indicated that foods were wasted because of not being sold

either due to low quality or no customers in farmers markets or roadside markets.
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Figure 5.15: Reasons of crop/food waste as identified by respondents
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Proper management of food or crop waste can reduce the air, water and soil pollution and can
reduce greenhouse gas emissions. Burning crop residues produces black carbon, and manure
waste produces methane gas and both greenhouse gases have harmful effects on the
environment. If the food waste is not managed properly, then rotted food produces bad odor
and pollutes the environment. The respondents indicated that very small amounts of crops or
foods are wasted on their farms, as they manage food waste properly. The survey indicates
that 62.5 percent of the respondents manage their waste by making compost and use the
compost on their land, 25.0 percent feed wastage food to their animals as food supplement
and for getting more manure and milk. A small number of respondents (6.3 percent) manage
the food waste either by throwing it away or selling it to the dairy farms, respectively (Figure

5.16).
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Figure 5.16: Food waste management as indicated by respondents
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5.5 Organic farming and barriers to success

The major contribution of organic farming is to a low carbon economy through enhancing
soil health and increasing soil carbon sequestration capacity, by ensuring that these lands
retain the capacity to produce food for future generations of Canadians (Lynch, 2014; Rodale
Institute, 2011). According to the report of the Atlantic Canadian Organic Regional Network
(ACORN), as of 2016, the number of organic farms was decreasing within the total number
of farms in NL province. In 2006, there were 52 farms that have indicated themselves as
‘organic’ or being ‘environmentally-friendly farms’ within NL, but in 2016 only 2 farms in
NL have been found that still held the Canadian ‘Certified Organic’ designation (Stats
Canada, 2007). This survey indicated that 37.5 percent of the respondents have planned to
introduce organic farming, whereas 62.5 percent of the respondents have no plans about
organic farming (Appendix A, Table A-9). The respondents identified some barriers which
actually discourage farmers from introducing organic farming. As the total number of farms

in NL is decreasing but the average farm size is getting bigger, and the farmers are running

83



their farms for commercial purposes, introducing organic farming is not feasible, as indicated
by 6.25 percent of the respondents. Another difficulty is that 6.25 percent of the farmers need
to apply lime and chemical fertilizers to prepare the soil and obtain higher yields, which is
not acceptable in organic farming. Due to lack of experience in organic farming and
unavailability of organic inputs, 6.25 percent of the respondents who are interested to
introduce organic farming are not able to do that. Table 5.6 shows that 12.5 percent of the
respondents identified that getting organic certification is a big barrier, whereas 6.25 percent
of the respondents mentioned that there were no large numbers of consumers of organic foods

in the province due to the higher price compared to price of non-organic foods.

Table 5.6: Barriers to organic farming as identified by respondents

Barriers to organic Respondents Percentage
Not feasible for large scale commercial farming 6.25%
Some crops in NL need chemical fertilizer, lime, chemical 5.05%
pesticides and GMOs to be successful/profitable

Respondents are planning to retire (old age) 12.50%
No experience about organic farming 6.25%
Lack of available organic inputs 6.25%
Difficult with certification 12.50%
Manpower shortage 6.25%
No big market 6.25%
Not interested or ignorant 37.50%

5.6 Most specific environmental problems respondents wanted to address

Farmers in Newfoundland and Labrador always have the challenge of climate change
variability (as identified by 6.25 percent of the respondents), such as late spring frost,
frequent drought, rain storms, excessive heat etc. Some mentioned that they need to install

water pumps for irrigation in the drought period. Over using fossil fuels, chemical fertilizers
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and non-organic pesticides in the farm causes environmental degradation, which is rigorously
addressed by 6.25 percent of the respondents for each of these conditions. Erosion of top soil,
due to high winds and rains (identified by 6.25 percent of the respondents), decreases the
soil’s health and nutrients and is harmful for crop production. Food storage as well as hay
producing all over the year are other big challenges for the farmers, as an indicated by 6.25

percent of the respondents for each (Table 5.7).

Table 5.7: Most specific problems respondents wanted to address

Specific environmental problems identified by respondents | % of respondents

Climate change variability problem 6.25%
Frequent drought (need to setup irrigation infrastructure) 6.25%
Soil erosion and high winds 6.25%
Weeds 6.25%
Food storage problem 6.25%
Hay producing full time 6.25%
Plastic waste 6.25%
Overuse of chemical fertilizers 6.25%

Overuse of fossil fuels (need to produce electricity from solar

_ 6.25%
or wind power)
Over use of non-organic pesticides 6.25%
Not answered 31.3%

5.7 Willingness to introduce environmentally-friendly farm practices

Environmentally-friendly farm practices reduce the greenhouse gas emissions, increase food
security and food production for the present and future generations and promote the health of
the ecosystem. Figure 5.12 indicates that 93.8 percent of the respondents have a positive
opinion about integrated farming and they believe that integrated farming can reduce the
climate change impact and reduce the risks of crop failure. The survey results indicate that
68.8 percent of the respondents have agro-ecology knowledge/training, and 93.8 percent of

the respondents showed an interest as well as wanted to implement agro-ecology farm
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practices after finding out the definition of agro-ecology and its advantages. Moreover, 87.5
percent of the respondents believed that agro-forestry can contribute to improving
environmental conditions, and protect the soil from erosion and the crops from high winds.
Figure 5.17 shows that 50.0 percent and 43.8 percent of the respondents, respectively, are
trying to use less chemical pesticides and fertilizers to make their farms more
environmentally friendly, whereas the remaining respondents mentioned that they have no
plan to reduce the use of chemical pesticides and fertilizers as they used minimum

recommended doses.

Figure 5.17: Respondents’ desire to follow more environmentally-friendly farm practices
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5.8 Support received and expected from the federal/provincial government

The survey results indicate that farmers in NL have received financial support from the
federal as well as the provincial government under the Canadian Agricultural Partnership

(CAP), and the Provincial Agrifoods Assistance Program (PAAP). The Way Forward
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program was also mentioned by 18.7 percent of the respondents (Fisheries and Land
Resources, 2018). A government report shows that the provincial and federal governments
under CAP have committed over $5.8 million for 87 projects in NL and the provincial
government has also committed $2.75 million in 2018 under the PAAP for land development
and agricultural infrastructure (Fisheries and Land Resources, 2018). Both governmental
projects focus on environmental sustainability, climate change issues, encouraging young
people to enter this sector, introduce in the province a secondary food processing facility,
food self-sufficiency and risk mitigation for the NL agriculture industry. Table 5.8 shows that
37.5 percent of the respondents didn’t respond to this question and we can infer that they did
not take advantage of these government support programs, but other respondents received
financial and other type of support from government programs, such as support for
purchasing equipment (18.7 percent), clearing and development of land (12.50 percent),
producing green manure (6.25 percent), and setup environmental farm planning (6.25

percent).

According to the response of farmers, this study identified some sectors where farmers expect
more support from the provincial and federal governments. The survey respondents expect
some facilities from both the provincial and federal governments to make their farm practices
more sustainable. This study identified that there is a lack of a dedicated education program
and training for the farmers in NL. Some respondents (6.25 percent) stated that it will be very
helpful for them if government introduced institutionalized agricultural courses and diploma
programs either at Memorial University of Newfoundland or at the College of North Atlantic
in the province. Few farmers (6.25%) claimed that their farm is environmentally friendly and
their carbon emissions are very low. Therefore, they expect that a carbon credit will
encourage them to manage their farms in a more sustainable way. The fact that the NL

climate change action plan exempts farmers from the carbon tax introduced in January 2019,
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as a form of support. Technical support is expected by 6.25 percent of the respondents as well

as lower prices for farm equipment is also important for 6.25 percent of the respondents in

the study area (Table 5.8).

Table 5.8: Federal and provincial government support received or expected by respondents

Did you benefit % of What kind of % of Do you have any | % of
from any Respon | support do you Respon | other ideas about | Respon
programs/projects -dents | expect from -dents | how to control the | -dents
of the provincial or provincial or consequences of
federal federal climate change?
government? government?
Supports received 18.7% | Expect more 6.25% | Reduce 6.25%
from CAP and training and transportation
PAAP and The agriculture related costs and sell
Way Forward information product locally
Received supports | 18.7% | Expect technical | 6.25% | Grow more heat | 6.25%
from government support tolerant plant and
for purchasing farm increase their use
equipment
Received help for 6.25% | Secondary food 6.25% | Long-run planis | 6.25%
producing green processing facility needed to fight
manure crops with climate
change
Grants for land 12.50% | Agricultural 6.25% | Reduce fossil fuel | 12.5%
clearing and education program use and find new
development at college and renewable energy
university level sources (wind,
geothermal)
Government 6.25% | Government 6.25% | Reduce use of 12.5%
support to should provide chemical
implement carbon credit fertilizers
environmental farm
planning
Financial and 6.25% | Reducing price of | 6.25% | More emphasis 6.26%
technical support farm equipment on biological
from government innovation rather
than mechanical
Did not respond 37.5% | More financial 6.25% | Due to short 6.25%
support and best growing season it
management would make sense
practices to grow short-
season crops or
use greenhouses
more than we do
now
Did not respond 56.25% | Did not respond 50%
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Industrial or large scale farming basically depends on using chemical fertilizers, synthetic
pesticides and monocropping that does not ensure sustainable food provision and ecosystem
protection for farms impacted by climate change. Answering a question about their own ideas
about ways to control the consequences of climate change, 50 percent of the respondents
presented interesting ideas. The respondents emphasized the importance of using less
chemical fertilizers (12.50 percent of the respondents) and fossil fuels (12.50 percent) for
farming activities. A percentage of 6.25 percent also suggested that in order to reduce fuel
consumption, farmers should be selling more of their products in local markets. To deal with
the short-growing seasons, 6.25 percent of the respondents suggested producing short season
crops as well as building more greenhouses so that farmers can produce more vegetables in
the winter season. To mitigate climate change impacts, long-term government plans and

development projects are also needed, as indicated by 6.25 percent of the respondents.

In conclusion, it can be said that industrial farming practices are contributing to
environmental degradation and climate change and that a good number of farmers are trying
to apply alternative methods, such as intensive and diversified farming, using organic
fertilizers and pesticides, bio-control, sterile insect techniques, and using renewable energy.
Though organic farming is not popular among the farmers surveyed in the study area, but a
large number of famers are interested in integrated and agro-ecological practices. The
transition from industrial agriculture to agro-ecological practices needs federal and provincial
governments attention and support, like financial and technical support, training and

education programs and proper management of the transition.
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Chapter VI

General Features and Practices of Surveyed Dairy Farms

Newfoundland and Labrador has a well-established dairy industry with 39 registered
producers (Fisheries and Land Resources, 2018). The average farm size was 144 cows and
the total number of cows was 5,600 in the province; these cows produced over 48.5 million
liters of milk in 2006 valued at $ 37.8 million (Fisheries and Land Resources, 2018).
According to the report of Agriculture and Agri-Food Canada (2016), Newfoundland and
Labrador province had 6,153 cows in 2011, which indicates that the number of cows
increased compared to 2006. Another report shows that the number of dairy cows in
Newfoundland and Labrador decreased by 13.9 percent from 6,153 in 2011 to 5,299 head in
2016 and, at the same time, the number of dairy farms declined by 10.5% (Statistics Canada,
2017). But due to better management, improved nutrition and genetics, the amount of milk
produced has increased by 1.8 percent. This chapter presents the results of the primary data

collection using a survey of the dairy farms in the study area.

6.1 General features of dairy farms in Newfoundland and Labrador
6.1.1 Age distribution of the dairy farmers in Newfoundland and Labrador

The field survey shows that all of the dairy farm owners are middle aged, with an age range
from 31 to 60 years. There are no young dairy farmers below 31 years, or old age farmers 61
years or more. However, the survey has shown that some farms are family owned farms
where young family members are also involved in the farm activities and there is a chance
that they will handle the business in the future. Table 6.1 indicates that 44.4 percent of the
farm owners’ age is between 41-50 years, and 33.3 percent of the responders’ age is between

51-60 years.
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Table 6.1: Age of farmers as indicated by respondents

Range of age Percentage(%)
21-30 0.0
31-40 22.2
41-50 44.4
51-60 33.3
61-70 0.0
71 or more 0.0

Figure 6.1: Age distribution for dairy farmers

B Age (31-40) years
H Age (41-50) years
H Age (51-60) years

6.1.2 Years of farming and farm size

The average year of the dairy farm operation is 26, where the maximum year of farm
operation is 40, and minimum is 16 years (Table 6.2). Therefore, some farms started their
operation before establishment of the Dairy Farmers of Newfoundland and Labrador
organization in 1983. The organization is responsible for the effective promotion, control and
regulation of the production and marketing of milk within the province (Fisheries and Land

Resources, 2018).
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Table 6.2: Years of farm operation and number of cows as identified by farmers surveyed

Year of farming and number of cattle Maximum Minimum | Average
Year of farming/age of farm (years) 40 16 26
Number of dairy cows 400 100 213
Number of total cattle (cows and 850 150 352
calves)

The average number of dairy cows is 213 in the surveyed farms, while the maximum farm
size is 400 and the minimum is 100. The survey results show that the average farm size has
increased compared to the average farm size (144) in 2006. While considering the number of
dairy cows and calves together, the average farm size increases to 352 and the largest farm
contains 850 cattle and the smallest one contains 150. This estimate is more accurate, as
when studying about dairy farms it is wise to consider calves also because calves also have an

impact on farm’s income and costs.

6.1.3 Animal feed and crop production of dairy farms

The most important discussion about dairy farms is their feed supply, the quality of feed and
feed management. Due to the short growing seasons and poor soil quality, farmers can’t
produce 100 percent of the necessary feed on their own farm. Sometimes farmers find it
difficult to preserve forage or corn silage and keep the nutrition intake for their animals for
the whole year because of the long winter with heavy snow and shortage of storage. All the
farmers in the survey area produce forage or corn silage for their livestock and 66.7 percent
also produce grains. Though more than half of the farmers produce grains for their dairy
farms, the amount produced is not sufficient to meet up the demand. That is why 100 percent
of the farmers import feed grains from other provinces, which is expensive and challenging
for the farmers. Figure 6.2 shows that 66.7 percent of the farms have pasture or grassland
which is the best natural supplier of nutrients like carotene, vitamin E, conjugated linoleic

acids (CLA) and omega-3 fatty acids (Schivera, 2003). Previous studies have shown that
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eating livestock products like meat and milk can benefit human health and the environment,
particularly when the animals are raised on a pasture-based fresh green diet rather than eating
only grains (Schivera, 2003). More importantly, 77.8 percent of the farmers grow crops and
vegetables on their dairy farms, which basically represents the integrated farming practice
and also helps the dairy farms directly or indirectly as the farmers use the wastage crops and

vegetables as feed for the cows.

Figure 6.2: Production and import of crop, forage and grain as identified by respondents
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6.1.4 Percentage of animal feed production and import

It is known from previous reports that the dairy industry in Newfoundland and Labrador is
approximately 85 percent self-sufficient in forage production relative to fluid milk production
(Fisheries and Land Resources, 2018). The survey report has shown that on average 90
percent of the forage or corn silage has been produced by the respondents in the study area
irrespective of the farm size, whereas 75.56 percent of the animal feed has been produced by
their own. On average, 24.44 percent of the animal feed has been imported from other

provinces and most of these are grains, with very little forage or corn silage (Table 6.3).
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Table 6.3: Percentage of animal feed produced on the farm, as identified by respondents

Number of Number of Percentage of Percentage of | Percentage of animal
total cattle milking forage produced animal feed feed imported from
COWS on the farm produced on the other provinces
farm

850 400 95 80 20

200 180 100 90 10

250 150 100 85 15

220 100 80 45 55

350 200 90 80 20

150 150 75 70 30

200 115 90 85 15

550 375 80 75 25

400 250 100 70 30

Average 352 | Average 213 | Average 90% Average 75.56% | Average 24.44%

6.2 Natural hazards affecting dairy production

Natural hazards not only affect crop and vegetable production but also affect dairy production
in the NL province. The survey results indicate that 88.9 percent of the respondents identified
short growing seasons as one of the major problems for dairy farms followed by late spring
frost (77.8%) and long winters (77.8%), which are also reducing the farm production.
Drought is becoming a big problem day by day in this province, as mentioned by 55.6 percent
of the respondents. Cyclones (44.4%) and high winds (33.3%) are other environmental
hazards that have been identified by respondents as affecting the farm activities. Low
temperatures (below minus 25 degrees C) or high temperatures (35 degree C or more) have
been identified by 11.1 percent of the respondents as a natural problem since respondents
mentioned that dairy cows are kept in cow sheds which protect animals from extreme cold
weather or heat. All of the natural hazards mentioned in Figure 6.3, basically directly or
indirectly affect the animal feed production, feed transportation and import, feed processing

and storage and milk transportation, which have an impact on farm’s production.
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Figure 6.3: Natural hazards affecting dairy production as identified by farmers surveyed
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6.3 Farm activities contributing to climate change

The feed production for dairy cows, the enteric fermentation and their manure produce
greenhouse gas emissions, such as methane, nitrous oxide and carbon oxide as well as
contribute to environmental degradation and climate change (WWF, 2019). Milk production
and farm operation impact the environment in different ways, and the scale of these impacts
depends on the practices and managements of the dairy farmers and feed growers. Poor
handling of manure and fertilizers can degrade local water resources from down streams. At
the same time, unsustainable dairy farming and feed production can lead to loss or
degradation of ecologically important areas, such as prairies, wetlands, pastures, and forests
(WWEF, 2019). But farmers can significantly reduce their farms’ environmental impacts
through better management practices and using improved technologies (WWF, 2019). The
survey data has shown that 44.4 percent of the dairy farmers believed that dairy industry or
large scale dairy or crop farming are contributing to climate change globally, whereas two-
third of the respondents didn’t believe that (Appendix B, Table B-1 and B-2). For some

reason, respondents have indicated that large production systems have smaller carbon
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footprint per unit produce and they also have better financial ability to invest in improved
technologies and efficient and sustainable management systems (Appendix B, Table B-3).
Canadian dairy farms follow a national strategy for sustainable development with a vision to
produce safe, nutritious food in an economically, socially and environmentally sustainable
way to the benefit of Canadian society (Dairy Farmers of Canada, n.d). The study shows that
Canadian dairy farmers manage the carbon cycle on their farms through the responsible use
of soil, fuels, fertilizers, water and electricity to clean their buildings, produce and harvest

their crops and milk their cows.

According to the study by the Dairy Farmers of Canada (n.d.), the
“carbon equivalent emissions from dairy farms have been reduced by
over 25 % from 1981 to 2006, as a result of efficiency gains made on
farms. The trend shows a steady decline in GHG emissions from dairy

farms of approximately 1% per year.”

Federal and provincial governments have strict regulations to address the impacts of
agriculture on the environment, and the Dairy Farmers of Canada organization has
commissioned a research to carry out a full environmental and socio-economic Life Cycle
Assessment (LCA) of milk production. LCA is an internationally recognized approach used
to evaluate the environmental and social impacts of a product or service through its entire

life.

The survey results have shown that 44.4 percent of the respondents have identified fossil
fuels as contributing to climate change, followed by 33.3 percent of the farmers who believe
that manure management, using chemical fertilizers and lime, and food and milk
transportation have impacts on environmental degradation and climate change. The most

important elements of the environment, namely water, soil and air are polluted by dairy farm
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operations as mentioned by 22.2 percent of the farmers. The same percentage of farmers
indicated that land clearing and field burning as well as big farm operations contributes to
pollution. A very small number of respondents (11.1 percent) have identified soil tillage and
soil erosion from pasture grazing as reducing the soil nutrition and health. This study has
found that none of the respondents believed that enteric fermentation or gas coming directly
from the cattle has an impact on climate change. Some respondents have mentioned as a
positive aspect, that they do not need heaters for heating the cowshed since the heat coming

from cows’ bodies was enough to keep warm the shed in winter seasons.

Figure 6.4: Farm activities contributing to climate change in Newfoundland and Labrador
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6.4 Agro-ecological practices
6.4.1 Land preparation techniques

To prepare the land for grass, crops and grains production, 88.9 percent of the respondents
add lime, and 33.3 percent use compost, which are the basic requirements for soil in this

province to maintain pH and nutrition level (Figure 6.5). The land area of this province is
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40.1 million hectares, of which 23.2 million hectares (57.85%) are covered by forest
(Government of Newfoundland and Labrador, 2014; Statistics Canada, 2017). Therefore, to
prepare land for crops and dairy firms, farmers need to clear trees as indicated by 88.9
percent of the respondents. Producing cover crops, like legumes, grasses, brassicas or
buckwheat, improves soil quality, reduces compaction and improves soil structure, reduces
nutrient losses, reduce pest populations, adds organic matter and reduces soil erosion
(Verhallen, 2013; Magdoff, 2012). Figure 6.5 has shown that 22.2 percent of the farmers
level hills and fill in wet lands in order to prepare the farm land, which decreases the

biodiversity and degrades the ecosystem.

Figure 6.5: Land preparation techniques as indicated by respondents surveyed
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6.4.2 Amount of chemical fertilizer and manure applied in the field

Chemical fertilizers, like urea, potash and phosphate, are important inputs of conventional
farm operation and the survey results have shown that 100 percent of the farmers use
chemical fertilizers in different ratios. More importantly, 100 percent of the respondents use
organic fertilizers or manure produced by the dairy cows in the crop and grain fields, together
with chemical fertilizers, which is a way of reducing dependency on chemical fertilizers.

Some farmers (33.3%) use granular or mixed fertilizers which supply nutrient to the plants
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very slowly, but have advantages of longevity and the fact that plants can absorb them easily

(Gorry, 2019).

Figure 6.6 Use of fertilizers as identified by respondents
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The respondents use chemical fertilizers as well as manure in their fields to get better
production of crops, grain and forage. The average amount of chemical fertilizer used by the
respondents is 69.2 thousand kg per year, irrespective of the farm size, where the maximum
amount is 160 thousand kg and minimum is 11 thousand kg per year. Normally, dairy farmers
spread almost all the manure produced by their cows on the crops, vegetables, grass and grain
fields and they don’t sell their manure to other farms. The average amount of manure used is
3,255.5 thousand kg per year, while the large farm produces around 9,000 thousand kg per
year manure and small farms produce 1,000 thousand kg per year (Table 6.4). The results of
this survey have shown that dairy farmers have a greater chance to use more organic fertilizer
and less chemical fertilizer compared to the crop farms that have no livestock. Therefore,

integrated farming, one of the principles of agro-ecology, has double benefit by reducing the
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cost of using chemical fertilizers and by using more organic fertilizers to reduce

environmental pollution.

Table 6.4: Use of chemical and organic fertilizer in the crop and vegetables fields (‘000 kg)

Category of fertilizers Minimum Maximum Average
Amount of chemical fertilizer used (kg/per 11 160 69.2
year)

Amount of manure/organic fertilizer used 1,000 9,000 3,255.5
(kg/per year)

6.4.3 Use of pesticides in the crop/corn/grass field

The average use of chemical pesticides by the respondents is 218.8 liters per year. The
maximum amount of pesticides used by a dairy farm per year is 720 liters, while minimum
amount is zero, indicating that some respondents did not use any pesticides in their fields

(Table 6.5).

Table 6.5: Amount of chemical pesticides farmers use in their farm per year

Pesticides Minimum Maximum | Average
Amount of pesticides used on the farm 0 720 218.8
(liters/per year)

As seen in Figure 6.7, 88.90 percent of the respondents use chemical or synthetic pesticides
while 11.10 percent of the respondents use organic pesticides. Though the bio-control system
has some side-effects (it also attacks non-targeted species), but if the farmers use this method
properly, then it is better than the use of chemical pesticides. It is also interesting to note that
11.10 percent of the respondents didn’t use any pesticides, due to fewer pest attacks and

considering the possible environmental consequences.
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Figure 6.7: Types of pesticides as indicated by respondents
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6.4.5 Application of antiseptics, medicine and hormones

To clean the farms and the farm equipment and to reduce the spread and attack of diseases,
farmers normally use antiseptics. The average yearly use of antiseptics by the sample is 164.4
liters, with maximum amount of 1,005 liters per year. The minimum use of antiseptics is zero
indicating that some farmers don’t use any antiseptics. If the farmers don’t use antiseptics for
cleaning the milking equipment, then there is a chance to spread disease on the farms. Also,

overuse and improper use of antiseptics pollutes the water, wetlands and soils near the farms.

Table 6.6: Amount of antiseptics used in dairy farms to clean the farm and farming
equipment

Minimum Maximum Average

Amount of antiseptics used on the farm 0 1,005 164.4
(liters/per year)

The survey results have shown that 100 percent of the respondents needed to use medicine
for treatment of their animals (Figure 6.8). Most of the respondents stated that they use
medicine when their animals are attacked by diseases or getting sick, but they always try to

use medicine according to the prescription of the veterinary physician. It is a good sign that
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no respondents use growth hormone on their animals for increasing milk production in the
surveyed area. Farmers are very conscious and aware about the bad effects of the growth
hormone. Some respondents warned that all farmers should handle medicine residues in
proper way otherwise they may mix with water which may pollute the environment and harm

biodiversity.

Figure 6.8: Use of antiseptics and medicine as indicated by respondents
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6.4.6 Manure management

Production, use and management of manure are important tasks of dairy farmers. Proper
management and use of manure helps to produce more crops and forage and produce less
GHG emissions. On average, each dairy farm produces 3.72 million kg manure per year with
large size farms producing maximum 9 million kg and small size farms producing 1 million
kg manure per year (Table 6.7). The respondents of the surveyed area are spreading all of the

manure in their crop/vegetables/grass lands directly.

Table 6.7: Production and use of manure as indicated by respondents

Production and use of manure Minimum | Maximum | Average
Amount of manure produced on the farm 1,000,000 9,000,000 3,722,222
(kg/per year)

Percentage of manure used on own farm 100% 100% 100%
Percentage of manure sold to other farms 0% 0% 0%
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Manure is the main source of methane which is considered a greenhouse gas contributing to
climate change. But proper management of manure can convert it in an important source of
clean energy. An anaerobic digester will partially convert manure to energy in the form of
biogas which contains methane that can be used by livestock farmers for heating cowsheds
and water (PennState Extension, 2012). Meyer (2011, page 3) has found that an “anaerobic
digester with the capture and use of methane is effective in reducing pathogens, reducing
emissions (methane, hydrogen sulfide, ammonia, and volatile organic compounds),
stabilizing manure and reducing solids”. The survey results have shown that respondents of
the study area have no anaerobic digesters to produce energy and fertilizer from manure. But
the good news is that Canadian dairy farmers have started turning waste into energy through
anaerobic digesters. Research has shown that the energy produced by using certain bio-
digesters can provide enough electricity to heat as many as 300 households (Dairy Farmers of

Canada, n.d.).

The most worrisome issue is that experts have found that global livestock emissions account
for more than a seventh of all man-made GHG emissions, and methane is considered to be up
to 30 percent more harmful than carbon dioxide, as scientists have discovered (McKenna,
2017; Mernit, 2018). Temple (2018) has mentioned that the global impact of greenhouse gas
emissions from livestock is equivalent to the impact of transportation industry. He has also
claimed that the greenhouse gases pumped out from livestock production each year have the
effect of more than 7 gigatones of carbon dioxide. MIT (Massachusetts Institute of
Technology) researchers have identified that by adding a small amount of seaweed to the

animal feed can cut the cows’ methane production by nearly 60 percent (Temple, 2018).

Similarly, the researchers of James Cook University in Australia have found that adding 2

percent seaweed to dried animal food can reduce methane emissions by 99 percent, but this
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research used an artificial cow’s stomach in a laboratory. The Canadian researchers have used
real-life livestock and the result has shown that feeding seaweed can cut cows’ methane
emissions by 20 percent, and sheep’s methane emissions by 70 percent when 2 percent
seaweed was added to their died (McKenna, 2017). The current study has found that 33.3
percent of the respondents know about the benefit of seaweed in feed but no respondents
(0%) use seaweed with the cows’ feed. Moreover, some respondents were concerned that
feeding seaweed reduces the milk production of their cows but there is no such evidence in
the existing research. As a side effect, Dr. Andy Reisinger said, when cows are eating
seaweed, bromoform is produced in cows’ stomachs, a gas that has previously been shown to
deplete the ozone layer. The question is that if cows start emitting bromoform instead of
methane, it is just a transfer from one environmental problem to another (McKenna, 2017).
Figure 6.9 has indicated that 22.2 percent of the respondents make compost with manure
before spreading it in the field but this type of simple composting cannot reduce methane

emissions as an anaerobic digester can.

Figure 6.9: Manure management systems on the farm
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Some respondents (11.1%) in the study area reported that they use the nutrient management
technique for processing manure, a technique depending on soil category, type of crops,
nutrient requirements, manure storage facility, animals and manure application equipment
which reduces the risk of nutrient loss to air and water and provides a good interaction among

soil, plants, nutrients and the environment (Alberta Agriculture and Food, 2010).

6.4.7 Fuel and electricity consumption by the dairy farms

Dairy farms need fossil fuels for running farm equipment, vehicles and burning these fossil
fuels produces huge amounts of greenhouse gas like carbon dioxide. The average fuel
consumption of the surveyed farms is 42,181.15 liters per year where the maximum amount
is 150,000 liters and minimum is 13,000 liters per year. Most of the electricity (95%) in this
province is produced from clean sources such as hydro and the remaining 5 percent is
produced from gas or oil. The average electricity bill the respondent farmers have to pay is $

19,024.04 per year and the range is between $8,300 and $ 60,000 per year (Table 6.8).

Table 6.8: Yearly use of fuel and cost of electricity

Type of energy Minimum Maximum Average
Use of fuel (liters/year) 13,000 150,000 42,181.15
Cost of electricity ($/year) 8,300 60,000 19,024.04

The correlation analysis has shown that there is a strong (positive) linear relationship between
number of livestock (cows and calves) and fuel use, as the value of the correlation coefficient
r is +0.785 indicating that if the number of livestock increases then the fuel consumption also

increases (Rumsey, 2019). There is a weak positive linear relationship between farm size and
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electricity cost, as the coefficient value is +0.341, indicating that farm size and electricity cost

move in the same direction but their correlation is not very strong.

Table 6.9: Correlation between farm size and use of fuel and electricity

Number of livestock (cows and Fuel consumption Electricity cost ($/year)
calves) (liters/year)

150 30,000 36,000
200 16,000 13600
200 25,000 45,000
220 26,000 18,000
250 35,000 25,000
350 60,000 60,000
400 38,000 30,000
550 13,000 8,300
850 150,000 60,000
Correlation coefficient value 0.785 0.341

The NL province is rich in geothermal, tidal and wind energy (E4tech, 2010) but the survey
result has shown that no dairy farmers produce electricity from these two renewable sources.
Lack of research and government support and the absence of permission to produce
electricity at private level, are the reasons why farmers cannot produce electricity for their
own use or sell it to the national grid (Mercer, 2019). A small percentage (11.10% for each)
of the respondents produces electricity by using solar panels, geothermal energy and wood
pellets. According to the research report and the Canadian national strategy for sustainable
development, anaerobic digesters would be a safe and novel fresh source of energy and good
quality fertilizer, but the respondents of the surveyed area did not use digesters for

management of the manure (Dairy Farmers of Canada, n.d.).
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Figure 6.10: Alternative sources of energy as identified by respondents surveyed
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6.4.8 Water use for farm management

Water is one of the most important elements of the environment as well as for farm operation.
Excessive use of ground water and releasing used farm water without proper treatment are
both harmful for the environment. The surveyed respondents use on average 6.81 million

liters of water per year with a maximum amount of 10.95 million liters and a minimum use of

0.2 million liters per year (Table 6.10).

Table 6.10: Use of water for farm activities as identified by respondents

Use of Water Minimum Maximum Average
Amount of water

used for irrigation 200,000 10,950,000 6,816,111
and farm cleaning

(liters/per year)

Table 6.11 is showing the correlation between the number of livestock and water use. The
value of the correlation coefficient is -0.360 indicating a weak negative linear relationship.
This negative relationship may be explained by the fact that some large farms use less water

as the respondents recycle their used water and reuse it or they have fewer crops or forage

land.
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Table 6.11: Correlation between farm size and water use

Number of livestock (cows and calves) Water use (million liters/year)
150 10
200 S
200 9.1
220 10
250 10.95
350 7
400 1.09
550 0.2
850 8
Correlation Coefficient value -0.360

As an alternative to the groundwater, farmers can collect and use rain water, recycle the used
water or can use surface water. Figure 6.8 is showing that 44.4 percent of the respondents
recycle their used farm water and reuse it for farm operation. Only 11.10 percent of the
respondents collect and use rain water for their farm operation. As indicated by respondents,
55.6 percent of the farmers have access to surface water sources, like lakes, rivers or streams,

but they don’t use these surface water sources for farm operation.

Figure 6.11: Alternative sources of water as identified by respondents surveyed
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Using surface water will reduce the pressure on ground water and also affect less climate
change (Stauffer and Spuhler 2019). Due to high temperature and drought, as well as to soil
compaction by use of agriculture machinery (Wohlleben, 2017), the ground water level goes
down in the summer in the study area and irrigation cost increases. The report has shown that
using surface water reduces the irrigation cost and reduces the environmental impact. It has
been found that 44.4 percent of the respondents have streams near the farms, 22.2 percent

have wells and 11.1 percent have lakes that can be used as surface water sources.

Figure 6.12: Natural sources of surface water
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6.4.9 Fish farming and forest in the farm area

Fish farming or aquaculture and agroforestry are important components of agro-ecological
and integrated farm practices. Both practices in dairy farms can help to maintain ecosystem
health and biodiversity and also can be additional earning sources for the farm owner.
According to Statistics Canada (2017) data, only 4 percent (929,088 ha) of the forested area
is owned privately, whereas 96 percent (22,298,112 ha) of the forested area is owned
publicly. Due to this reason, no respondents in the study area produce trees for commercial
purposes. The results of this study have shown that 100 percent of the respondents know the
environmental benefits of trees on the farm (they reduce soil erosion and act as wind

breakers) and they also have some trees on the farm, but not for commercial use. Aquaculture
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or fish farming on farms is almost absent in this province, but very few respondents (11.1%)

are producing Tilapia as an integrated farming with the dairy farm (Figure 6.13).

Figure 6.13: Fish farming and forest area as indicated by respondents
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6.4.10 Marketing/selling milk, crop and vegetable products

The respondents identified that selling farm products locally is good for the environment, as
well as for the food security, as it reduced greenhouse gas emissions and the production cost
from food transportation. Another benefit is that local people get fresh foods at lower price as
well as the market price will be stable (Appendix B, Table B-4). There are two milk
processing plants in Newfoundland and Labrador, namely Scotsburn and Central Dairy,
which are the main players in the fluid milk market in the province. Central Dairy is a
division of Farmers Cooperative Dairy Limited based in Halifax, Nova Scotia and operates
one processing plant in NL since 1980, whereas Scotsburn is also a Nova Scotian company
which has started their business in 1984. Both companies process their milk in Mount Pearl
(sister city to the provincial capital St. John’s) and collect raw milk directly from farmers
(Connelly, 2010). Therefore, dairy farmers have no permission to process their milk or sell it

in local stores or to the people. According to Figure 6.14, 44.4 percent of the respondents sell
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their crops and vegetables to other cities or provinces that are more than 50 km away from
the farm, and only 22.2 percent sell their product to local markets (within 50 km from the
farm), and the same percentage (22.2 percent) to grocery stores/chain shops and farmers

markets. No products from the dairy farms are being exported.

Figure 6.14 Marketing of farm products as identified by respondents surveyed
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6.4.11 Waste management on dairy farms

Proper management of waste on dairy farms is an urgent issue for reducing environmental
pollution and greenhouse gas emissions. There is no possibility to waste milk on the dairy
farms since everything is handled by automatic systems and every farm has storage facilities.
According to the respondents, on average less than 1 percent food is wasted (which is a very
small amount) and waste is managed properly (Appendix B, Table B-5). The respondents of
the study area manage their waste crops and vegetables in a proper way, as 44.4 percent
compost them, and 33.3 percent feed them to their animals for diversifying their diet and for

getting more milk.
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Figure 6.15 Waste management as identified by respondents surveyed
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6.5 Environmental-friendly practices as mentioned by respondents

Studies show that some good and environmentally-friendly practices followed by dairy farm
owners can make their farm more sustainable (Sorensen, 2018). As a good practice, 88.9
percent of the respondents (Figure 6.16) follow selective breeding in their dairy farms in the
study area, which not only increases the meat and milk production and profit but also makes
the farm more sustainably effective. Experts show that selective breeding also helps to
produce fitter, stronger, disease free animals and enhances the sustainable food chain (Ayres,
2015). The survey result has shown that 88.9 percent of the dairy farmers of the study area
provide healthy diets to their animals like forage, corn silage, grain and waste
crops/vegetables but no growth hormone. Most of the respondents (88.9%) manage their
manure properly through making compost or spreading it on the crop field. There is a chance
of soil erosion and loss of soil fertility of the pasture and crop land due to over grazing by
cattle, more tilling, mono cropping, as well as high winds and runoff surface water (Forge,

1998).
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This research project has indicated that 66.7 percent of the respondents follow methods of
soil conservation, as soil conservation is an important part of the overall challenge of
sustainable agriculture, along with manure management, and wise use of pesticides and
chemical fertilizers (Forge, 1998). Though the dairy farmers in the study area clear trees in
the process of preparing land for farming but they also use organic fertilizers (manure), add
limestone, use conservation tillage, rotate crops, grow legumes as well as restrict the number
of animal stocking, using rotational grazing, protecting vegetations and controlling weeds
(Acton, Cooteand Eilers, 2015). Using surface water (11.1%) and recycling used farm water
(44.4%) are considered good practices which reduce the pressure on ground water. Some
dairy farmers stated that they wanted to produce electricity from wind power but, they cannot
as NL Hydro has the monopoly power to produce, supply and distribute electricity in the
province. However, 11.1 percent of the respondents use solar panels as a renewable source of

energy on their farm.

Figure 6.16 Environmental-friendly practices followed by respondents surveyed
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6.6 Benefit of establishing a primary and secondary milk processing plant in NL

Central Dairy and Scotsburn are the two milk processing companies running their business in
NL but both industries are owned by Nova Scotia entrepreneurs. More importantly, surplus
milk is produced in this province but the people of the province spend more money to buy
milk compared to other provinces. The study found that the price of milk in Atlantic Canada
is 15 to 48 percent higher than the average national price at $1.22 per-liter of 2 percent milk
in a 4 liter container and it is most expensive in St. John’s NL, at $1.85 a liter in a two-liter
container (Kelly, 2018). All of the respondents of the study area believe that there are
numerous benefits in opening a locally owned primary and secondary milk processing plant
which will increase production and supply (33.3%), ensure food security (11.1%), reduce the
price of milk and milk products (11.1%), reduce transport cost and pollution (44.4%), and

increase profit (11.1%), which will remain in this province and be reinvested (Figure 6.17).

Figure 6.17 Benefits of establishing a milk processing plant in NL as identified by
respondents surveyed

Not answered

Profit will not leave the province

Easy to produce and supply secondary products
locally

Increase storage capacity and food security in NL
Ensure stable milk market andprice

Reduce transportation cost 44.4%

0% 20% 40% 60%

Benefits of establishing milk processing

plantin NL

Respondents percentage

6.7 More specific environmental problems respondents want to see addressed

This survey asked respondents to identify one specific environmental problem they wanted to

see addressed and Figure 6.18 is showing the responses. Most of the respondents have

114



emphasized the issue of energy consumption (22.2%) and possibility to produce renewable
energy at farm level (11.1 percent). Some respondents have referred to productive efficiency
(producing more milk with fewer cows) so that less pollution will occur from dairy farms.
The study has identified that improvements in efficiency for milk production in Canada can
be achieved through research and innovation: Canada needs 50 percent fewer cows to
produce enough milk for Canadian population, compared to 40 years ago (Dairy Farmer of

Canada, n.d).

Figure 6.18More specific environmental problems respondents want to see addressed
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6.8 Respondents’ opinion about integrated, organic and agro-ecological farm practices

Integrated farming is an effective method of increasing food production and food security in
this province, as indicated by 100 percent of the respondents surveyed (Table 6.12). Most of
the dairy farmers of the study area have no interest in organic farming, as it is not feasible for
large farms, and not cost effective. However, 88.9 percent of the respondents want to
implement agro-ecological practices on their farms, to keep the balance between present and

future generations’ needs and sustainable development.
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Table 6.12 Respondents’ opinion about integrated, organic and agro-ecological farm practices

Questions related to integrated, organic and agro-ecological Percentage
practices
Are you interested in agro-ecological farm practices? 88.9%
Do you have knowledge/training about agro-ecological farm 77 8%
practices? '
Do you have plans on introducing organic farming on your farm? 11.1%
Do you think integrated farming can produce sustainable

: 100.0%
agricultural development?

6.9: Government support for dairy farmers

Most of the respondents of the study area have received federal or provincial government
support for running their businesses. According to Table 6.13, 33.3 percent of the
respondents have received government support for land clearing and development, 22.2
percent of the respondents have benefitted from government knowledge transfer programs.
The federal or provincial government provides support to the farms using more energy
efficient (LED) lighting and new technology (22.2%). Some respondents (11.1%) have also
received support under the CAP (Canadian Agricultural Partnership) and PAAP (Provincial

Agrifoods Assistance Program) projects.

According to the results of the survey, the dairy farmers of NL expect more technical and
financial support from both the federal and provincial government. A significant number of
farm owners (22.2%) want to produce renewable energy from solar or wind power and they
expect government regulations and support to produce and supply electricity. Some dairy
farmers (11.1%) are seeking cost sharing facilities to upgrade their farm equipment, to
increase their farm size, to improve productivity of milk production, or for hiring external
expertise or consultants for improving farm efficiency or productivity. Under the Dairy Farm
Investment Program (DFIP), the Canadian government has offered a five-year support plan

(2017-2018 to 2021-2022) to provide $250 million to help Canadian licensed cow’s milk
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producers to improve productivity through upgrades to their equipment (Agriculture and

Agri-Food Canada, 2019).

Table 6.13 Federal and provincial government support received, expected and advice
provided by respondents

Did you benefit % of What kind of % of Do you have any | % of
from any Respon | support do you Respon | other ideas about | Respon
programs/projects -dents | expect from -dents | how to control the | -dents
of the provincial or provincial or federal consequences of
federal government? climate change?
government?
Support received 11.1% | Expect more training | 11.1% | Local slaughtering | 11.1%
from CAP and and technical facilities to reduce
PAAP support transportation
impacts on
pollution and beef
production
Received fund from | 22.2% | Expect cost sharing | 22.2% | Hoping to install 11.1%
government for program solar panel in the
purchasing farm future
equipment
Benefit received 111 Need monetary 11.1% | Make 11.1%
from government’s support environmental
knowledge transfer projects as priority
program
Grants for land 33.3% | Expect permission to | 22.2% | Have extra funding | 11.1%
clearing and set up solar available
development panel/wind turbine
to produce
renewable energy
and sell surplus
electricity to the grid
Energy efficient 22.2% | Continued 11.1% | Need initiativesto | 11.1%
LED lighting and partnership of supply grain with
introducing new research and cheap cost and
technology development more easily
projects between
federal and
provincial
government
Received support 11.1% | Support to purchase | 11.1% | Need more 11.1%
from nutrient new electric farm expertise and
specialist equipment regulation/policy
Did not respond 11.1% | Need more expertise | 11.1% | Did not respond 11.1%
and
regulation/policy
Did not respond 11.1%
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The respondents have shared their ideas and suggestions to improve the farm productivity
and food security of this province. Opening local slaughter houses can reduce transportation
impacts on pollution and beef production, as indicated by 11.1 percent of the respondents. All
the dairy farmers surveyed import grain for feed from other provinces which is expensive and
creates greenhouse gas emissions through transportation. Some respondents (11.1%)
suggested that the government should subsidies the cost of importing grains. Priority
government support should be given to every environmental project at farm level as
suggested by 11.1 percent of the respondents. Financial support as well as research and

innovation are necessary for the sustainable development of the dairy sector of this province.

Therefore, the number of dairy farms as well as cows is declining which ultimately affects
food security and food nutrition condition in this province. Supplying quality feed and feed
management is a great challenge for the dairy farmers due to the short growing season, poor
soil quality and lack of storage facility. Dairy farmers were trying to handle manure properly
but still they did not use anaerobic digesters to produce electricity and fertilizer from manure.
Due to lack of permission to produce electricity from solar energy or wind power, farms are
heavily depended on fossil fuels. Absence of primary and secondary milk processing units is
the cause of exporting milk to other province which creates loss for the dairy farmers and
consumers. Government supports are expected by dairy farmers to set up anaerobic digesters,
secondary milk processing units and easier access to credit for investing in more capital

equipment.
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Chapter VII

Results and Discussion

This chapter is an attempt to answer the thesis research objectives and questions as developed
in the introductory chapter. Based on a literature review and primary data collection (surveys
of crop farmers and dairy farmers), this study has investigated the climate change impacts on
agricultural production and practices and overall food security of the NL province. It has also
discussed the agricultural activities responsible for environmental degradation and climate
change and the measures taken by farmers in the study area to deal with climate change.
Moreover, it has assessed whether these measures and practices are helpful for agro-
ecological farm practices. Assuming that agro-ecological practices are the possible solution to
both environmental degradation and food insecurity, this chapter will analyze the ecological

sustainability condition of the agriculture sector in NL using agro-ecological principles.

7.1 Natural hazards affecting the crop and dairy production in Newfoundland and
Labrador

To fulfill the first objective and answer the first question of this study, the researcher asked
the respondents several questions about natural hazards which are more acute at present and
got the following responses described in Table 6.1. It has found that 37.5 percent of the crop
farmers face the challenge of extreme temperatures, as they need more water for irrigation
and the quality of the vegetables and crop is also deteriorated. Ruth Mottram, an
environmental expert of the Danish Meteorological Institute warned that, 2019 is going to be
a temperature record-breaking year for the North Pole as the icebergs or large chilly ice in the
North Atlantic Ocean started melting at the beginning of June 2019 (The Daily Prothom Alo,
June 19, 2019). The weather station Kana in Greenland recorded 17.3 Degrees Celsius on

June 12, 2019 which was zero point three (0.3) Degrees Celsius far from the temperature
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recorded on June 03, 2012. Newfoundland and Labrador is near Greenland and this high
temperature has a chance of affecting its agriculture. At the same time, very few dairy
farmers (11.1 percent) faced problems due to high temperature, since the dairy cows are kept
in sheds most of the time and farmers are growing corn and forage which are heat tolerable.
As Table 6.1 has shown, 43.8 percent of the crop farmers indicated that low temperatures
reduced the growth of plants and delayed maturing of crops with poor yields and quality, but
temperatures below -25 degrees C may damage or kill the vegetables, forages, winter annuals
or the tender fruit trees. Manitoba, Alberta, Saskatchewan, British Colombia and Ontario also
face freezing temperatures every 3-4 years or more often, but the farmers use passive
methods (site selection, land clearing, crop management and plant and harvest) and active
methods (covering, heating, wind machines, and sprinkling) to protect the crops and
vegetables. These methods are costlier sometimes (Brown and Blackburn, 1987; OMAFRA,
2019, May 14). NL dairy farmers were not very much affected by high and low temperatures,
as they run their operations under sheds. However, long winters mean short growing seasons,
which are a major challenge for the farm operations in NL, as identified by 75 percent of the
crop farmers and 77.8 percent of the dairy farmers. Sometimes, farmers have to wait until
mid-June to start their farm operations, which increases the harvesting risk since early winter
may damage the crops, forages and corn. Similarly, short growing seasons limit the
opportunity of growing more than one crop in the same field in a year. The dairy farmers
need to preserve more forage and grain for long winters, needing more storage space, and are
not able to use their pasture for grazing cattle. Similarly, to long winters, the same percentage
of respondents (75% for crop farmers and 77.8% for dairy farmers) face challenges due to
late spring frost or early fall frost that affects both the yield and quality of cereal crops, silage

and grain corn. Additionally, late spring frosts during blooming period, reduces production

120



more frequently and makes harder to store the crops (Brown and Blackburn, 1987

OMAFRA, 2019, May 14).

Table 7.1 Natural hazards affecting the crop and dairy production as identified by
respondents

Natural disaster affecting the farmers Crop farm (% of Dairy farm(% of
“yes” respondents) | “yes” respondents)

Extreme temperatures: high +35 degrees C 37.5 111

or more

Low temperatures: below -25 degrees C 43.8 11.1

Long winter/late spring 75.0 77.8

Heavy snow/snow storm 25.0 22.2

Late spring frost 75.0 77.8

Rain storm/heavy rain 25.0 22.2

More frequent drought 56.3 55.6

Short growing season 75.0 88.9

High winds/wildfires 37.5 33.3

Pest/disease outbreak 37.5 33.3

Flood 18.8 11.1

Land slide/soil erosion 12,5 22.2

Wet season 25.0 -

Cyclone/tornadoes - 44.4

The survey report indicated that 25 percent of the crop farmers and 22.2 percent of the dairy
farmers were affected by heavy rains and rain storms and they raised the question whether the
sudden rain storms are a normal occurrence or is the result of climate change. The report
refers to Sean Dyke, a cranberry farmer in Wooddale South, who faced floods on two
occasions from rain storms in his seven years of farm operation, which washed away newly
constructed berms and filled parts of his fields with debris (Fitzpatrick, 2017). Sometimes,
the rain storms or floods have washed out the crop fields and access roads which remained

impassable for seven days.

“Newfoundland and Labrador is in the throes of the ‘most intense storm’ on the planet,
according to a meteorologist in Gander” (CBC News, 2015, November 15) and sometimes

the wind and waves were so strong that the island was shaking (CBC News, 2015, November
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16). The high winds or storms are very dangerous for young plants and they destroyed
vegetables, crops, fruits and hey harvest as identified by 37.5 percent of the crop farmers and
33.3 percent of the dairy farmers. The effects of high temperatures and global warming due to
climate change have started being observed by the farmers of NL, since more than 50 percent
of the farmers mentioned that they used more water for irrigation due to more frequent
droughts and some farmers are planning to install new water pumps on their farm. Several
independent studies have claimed that drought and heat are major abiotic stresses that reduce
crop yields by as much as 50 percent and weaken regional as well as global food security
(Lamaoui et al. 2018, Feb 19). Nonetheless, even the mildest heat and drought stress
negatively affects crop and vegetable yields as stated by the experts (Lamaoui et al. 2018,
Feb 19). In 2018, not only Newfoundland and Labrador, but also most of Manitoba, Ontario,
New Brunswick, Alberta and Saskatchewan, have been ranked as abnormally dry (Tait, 2017,
Sep 8). A stressful environment due to a changing climate is predicted to impact negatively
the diversity and abundance of insect-pests, and ultimately to extend the damage to
economically important agricultural crops (Fand, Kamble and Kumar, 2012). Outbreaks of
insect-pests and diseases have significant consequences on crop production, and existing
research has shown that more than 40 percent of crop losses are due to pests worldwide
(Oerke, 2006). The farm operators in NL face insect-pests problems as indicated by 37.5
percent of the crop farmers and 33.3 percent of the dairy farmers, and they use synthetic as
well as organic pesticides to control pests and diseases. The insect-pests not only affect
perilously the agricultural production but also the livelihood of farmers who are directly
depending on climate sensitive sectors such as agriculture (Fand, Kamble and Kumar, 2012).
An environmental expert claimed that the climate change forecasts would seem to suggest
good news for agriculture in NL in the coming decades, but there is a forewarning, as

ongoing changes also provide conditions ripe for shifts in disease, and expanded range of
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some pests (Fitzpatrick, 2017). Though few respondents (12.5 percent of the crop farmers and
22.2 percent of the dairy farmers) have indicate that landslide and soil erosion hampered the
crop production after clearing trees and leveling hills for land development, mono cropping
and tilling, as well as rain storms/floods may increase the landslide or soil erosion problem in
this province. The respondents (25 percent of the crop farmers, dairy farmers were not asked
this question) worry that the crop production will be affected by the wet season, as experts
mentioned that more rain and more storms are expected, with warm temperatures in this
province. Frequent rain and dull weather may create difficulty to access the farm and may

decrease the crop yield (Fitzpatrick, 2017).

The result of this research confirm that climate change is impacting the NL province, and its
sensitive agriculture industry, affecting crop and dairy production in Newfoundland and
Labrador and increasing the food insecurity problem. The most important finding of this
research is that provincial farmers need to change the way of doing farming by taking into
account the changing climate, and by applying new techniques and methods to protect their
crops and livestock as well as by implementing sustainable farm practices.

7.2 Agricultural activities contributing to climate change

Greenhouse gas emissions from industrial, energy, transportation and agriculture sectors are
contributing to global warming and climate change. Agriculture, especially industrial or
conventional agriculture, has an impact on climate change, as it is causing approximately 30
percent of total greenhouse gas emissions, mainly due to use of chemical fertilizers, fossil
fuels, pesticides and animal wastes (IAEA, 2019). However, elements of healthy ecosystems
(soils, standing trees etc.) remove carbon dioxide from the atmosphere, by sequestering
carbon in biomass, trees, dead organic matter and soil, which offsets approximately 20

percent of the emissions from the agriculture sector (FAO, 2014).
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To answer the second part of the first research question, the researcher has explored some
farm practices and the farmers’ perception about contribution of agriculture to climate
change. The survey results have shown that 43.8 percent of the crop farmers (Appendix A,
Table 2) and 44.4 percent of the dairy farmers (Appendix B, Table B-1) believed that
industrial or conventional farming contributes to climate change. The remaining respondents
both crop and dairy farmers believed that their farm practices were not contributing to climate
change, as they make efforts to apply best management methods. Table 7.2 revealed that 25
percent of the crop farmers agreed that mono cropping had negative effects on soil depletion
and contributes to reduction in diversity of soil nutrients. This single cropping system is
commercially efficient and profitable, but provides an unbuffered niche for parasitic species,
increasing crop vulnerability to opportunistic insects, plants, and microorganisms, and also
increasing dependency on pesticides and artificial fertilizers. Using more chemical fertilizers
and synthetic pesticides ultimately increases the greenhouse gas (N20) emissions. The field
survey indicated that 87.5 percent of the crop farmers and 88.9 percent of the dairy farmers
clear trees to prepare the farm land, but 37.5 percent of the crop farmers and 22.2 percent of
the dairy farmers indicated that land clearing and field burning contribute to greenhouse gas
emissions and climate change. Indeed land clearing and field burning enhance greenhouse
gas emissions in two ways, when farmers cut trees (deforestation) for preparing the land for
agriculture, and when they burn crop residues in the field releasing carbon dioxide into the
atmosphere. At the same time, both activities destroy the green plants which take in carbon
and release oxygen during photosynthesis and reduce the carbon sequestration capacity of the
ecosystems (Gorte and Sheikh, 2010). The soil quality and structure is not optimal, being
rocky, less fertile and more acidic, in the NL province and an increased number of tillage is
necessary for preparing the soil. As Table 7.2 indicated, 25 percent of the crop farmers and

11.1 percent of the dairy farmers agreed that tillage is related to greenhouse gas emissions,
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and they were trying to reduce the number of tillage or applying minimum/zero tillage
techniques. Mangalassery et al. (2014) have shown that soil tillage techniques have a deep
influence on the physical properties of soil and on the greenhouse gas balance (store minus
release). They also recorded a significantly (26-31 percent), higher net global warming
potential under conventional farming, than with zero tillage farming. At present, conservation
tillage practices, such as reduced/minimum/zero tillage, and direct drilling are widely getting
popularity to protect soil against erosion and degradation of structures, to increase carbon
sequestration, to enhance soil organic matter content and to mitigate greenhouse gas

emissions (Petersen et al. 2011; West and Post, 2002; Kong et al. 2009).

Table 7.2 : Agricultural activities contributing to climate change as identified by respondents

Agricultural activities contributing to climate Crop Farms (% of | Dairy Farms (% of
change “yes” respondents) | “yes” respondents)
Mono cropping 25.0 -

Land clearing and field burning 37.5 22.2

Soil tillage 25.0 111
Manure management 25.0 33.3
Irrigation 12.5 0.0

Using pesticides 31.3 11.1

Use of chemical fertilizers 37.5 33.3

Use of fossil energy or fuels 37.5 44.4

Size of farm operation 25.0 22.2

Food waste 12.5 111

Food production/processing 12.5 -

Food transportation 31.3 33.3
Enteric fermentation (gas directly from cattle) - 0.0

Water and air pollution from livestock - 22.2

Soil erosion from pastures - 111

Use of a heating system - 111

Manure management has a profound contribution to greenhouse gas emissions, especially
methane emissions, if it is not handled properly. A number of farmers surveyed (22.2 percent
of the crop farmers and 33.3 percent of the dairy farmers) were aware about the negative

consequence of improper manure management and with the help of environmental farm plans
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(supported by a national program) they compost manure or spread/incorporated it in the crop
land during the spring and fall, according to the recommended way. Most dairy farmers
surveyed did not use feed additives (like seaweeds) or feeding strategies to reduce methane or
bad odor of the manure. They also have no aerobic digesters to produce renewable energy
and fertilizer without any air, water or soil pollution. Farm Environmental Management in
Canada (FEMC) indicates that there are differences between the provinces with respect to
manure management practices. For NL farmers, more information and support is needed
about the farming practices related to agri-environmental topics such as manure handling,

water management, chemical inputs and sustainable land management (Beaulieu, 2004).

The farmers surveyed use chemical or synthetic pesticides as one of the several tools to
control, prevent, destroy or mitigate pest-insects and diseases in the crop and vegetables field.
Due to introduction of organic pesticides and bio-control methods and increased awareness of
the farmers about the negative health and environmental effects of chemical pesticides, the
use of chemical pesticides is gradually decreasing in the study area. Canadian farmers strictly
follow the regulations of pesticides use, enforced by the federal, provincial and municipal
governments, and because of this reason, very few respondents (31.3% of the crop farmers
and 11.1% of the dairy farmers) believed that their use of chemical pesticides has an impact

on environmental pollution and climate change.

Using chemical fertilizers for crops, vegetables and grain production has direct effects on
producing greenhouse gas emissions, and water and soil pollution. These effects are more
serious in NL, as farmers need using more chemical fertilizers to reduce soil acidity and
maintain pH and nutrients levels of soil and cost-effective production (Buckler, 2018).
Though most of the farmers in the surveyed area are trying to use organic fertilizers alongside

chemical fertilizers and limestone, only 37.5 percent of the crop farmers and 33.3 percent of
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the dairy farmers believed that the chemical fertilizers and the limestone they used in the
fields have negative impacts on the environment. Studies show that chemical fertilizers have
an impact, as they do contaminate everything in the environment and their residues are found
everywhere in soil, water, land and air (Sharma and Singhvi, 2017). From the respondents’
comments, it was found that dairy farmers have the opportunity to use more organic

fertilizers from their own farms compared to the crop farmers.

Due to shortage of labor and manpower, Canadian agriculture requires numerous tractors,
harvesters, and farm equipment which are running on fossil fuels. Farmers also use fossil
fuels for personal vehicles and for food/grain transportation which produce greenhouse gases
and increase global warming. Survey results indicate that 37.5 percent of the crop farmers
and 44.4 percent of the dairy farmers mentioned that fossil fuel was one of the major sources
of air pollution and climate change. Ontario has recently imported one tractor from US which
is running on renewable solar energy, but the researcher did not find any electric vehicles or
farm equipment running on renewable energy in the NL province. With its new action plan
on climate change, the Way Forward on Climate Change, the provincial government imposed
a carbon tax on fossil fuels in NL, but this program will not reduce pollution created by
agricultural farms as this sector is exempted from the carbon tax (Government of

Newfoundland and Labrador 2018; The Way Forward, 2018).

Large size farms operation which is specific to industrial or commercial farm practices
basically depends on mono cropping, and massive application of chemical fertilizers and
pesticides. The average farm size in NL increased from 153 acres in 2011 to 173 acres in
2016, which means that industrial as well as mono cropping farm practices are increasing and
will enhance greenhouse gas emissions. As Table 7.2 indicated, 25 percent of the crop

farmers and 22.2 percent of the dairy farmers believe that large scale farm operation
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contributes to environmental pollution and climate change. According to the findings of this
study, more than 75 percent of the crop farmers and 77.8 percent of the dairy farmers have
also stated there are advantages in small-scale farming. Though the discussion about
existence of economies of scale in farming is controversial, but the fact is that the industrial
agriculture’s drive to achieve economies of scale is the reason for increasing the size of the

farms (Kislev and Peterson, 1986; Taylor, 2014).

Food transportation is one of the big sources of environmental pollution, as mentioned by
31.3 percent of the crop farmers and 33.3 percent of the dairy farmers surveyed. Though
Newfoundland and Labrador is a less populated province, but the communities are scattered
and a large number of people live in rural areas. Most of the farmers sell their products in the
nearest city, grocery stores or farmers markets and sometimes they offer home delivery and
they need to travel more frequently and farther distances which increase greenhouse gas
emissions. There is no alternative option to supply food products like public transportation,

carpooling or shuttle services in the surveyed area.

Enteric fermentation occurs when methane (CH4) is produced in the rumen as microbial
fermentation takes place in the ruminant animal’s (cattle, sheep, buffalo, and hog) multi-
chambered stomach (FAO, 2016). A recent study has shown that in Australia, ruminant
animals account for over half of the greenhouse gas contribution from methane emissions and
the enteric methane emissions vary due to feed quality, animal size and environmental
temperature (FAO, 2016; Australian Greenhouse Offices, 2007). None of the surveyed dairy
farmers indicated that enteric methane emissions from cattle contribute to climate change.
However, decreasing the production of enteric CH4 from ruminants, by changing the animal’s
diet, without reducing animal production is desirable, in order to reduce global greenhouse

gas emissions (Martin, Morgavi and Doreau, 2010).
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Dairy farms are responsible for water and air pollution near the farm area as identified by
22.2 percent of the dairy farmers surveyed. The liquid manure stored in a pond, lagoon or
water body may pollute the water and create bad odor. The pollution may also occur from
manure when the liquid or dry manure is spread in the field, but it can take a longer time if

injected or incorporated with soil.

Only 11.1 percent of the dairy farmers believed that soil erosion occurred in pastures because
of grazing cows, but 88.9 percent did not believe that, since due to the long winters in the NL
province, there is little chance that pastures are overused for grazing. In the same way, the
dairy farmers claimed that they do no need to install heating machines in the winter season,

since the cows’ body temperature is enough to keep the shed warm.

Finally, more than 50 percent of the respondents believed that large scale farm operation has
no or, has minimum impact on climate change, but according to the remaining respondents all
kind of farm practices are contributing more or less to greenhouse gas emissions. Among
these, land clearing and field burning, using chemical fertilizers and pesticides, as well as
fossil fuels, and manure management have significant impact on climate change. In addition,
the dairy farmers need to import most of the grain for feeding their animals from another
province, which is a huge source of GHG emissions and a high cost for dairy farmers. At the
same time, it is difficult to ignore that climate change effects are more severe in the
agriculture sector, which ultimately is increasing the pressure on food production and food

security in NL as well as worldwide.

7.3 Measures taken by the NL farmers to reduce the GHG emissions and keep the

environment intact

According to Agriculture and Agri-Food Canada (2017), the agriculture and agri-food sector

generated $111.9 billion of gross domestic product (GDP) in 2017, which accounted for 6.7
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percent of Canada’s total GDP. Canadian agriculture also dominated the international
agricultural market, as it was the 5" largest exporter of agricultural commodity in 2016
(Agriculture and Agri-Food Canada, 2017). The average farm size in Canada was 820 acres
in 2016 (Statistics Canada, 2017). This means that Canadian farmers’ practices belong to
industrial or commercial farming, but the farmers, including the NL farmers, have to follow
strict rules and regulations when using fertilizers and pesticides, as well as for land

development, waste management and the safety of human health and the environment.

To cover the first part of the second objective and to answer the second question, the
researcher focused on the measures taken by the respondents. The respondents of the
surveyed area used large amounts of fossil fuels but, at the same time, some of the
respondents (18.8 percent of the crop farmers and 22.2 percent of the dairy farmers) are
interested to try produce energy from alternative sources, like solar power, wind and tidal
energy or even geothermal. But due to lack of provincial government permission and
monopoly power of Newfoundland and Labrador Hydro (Nalcor Energy) farmers have no

right to produce renewable energy and sell the surplus to the national grid (Mercer, 2019).

The respondents know about the effects of chemical fertilizers on the environment and many
of them (43.8 percent of the crop farmers and 77.8 percent of the dairy farmers) are trying to
use less chemical fertilizers. In order to do so, they are trying to: follow the minimum
recommended doses, discuss with the specialists about soil health and nutrition, use granular
fertilizer (a mix of chemical and natural fertilizer), plant green manure crops, use all natural
amendment and use more organic/manure (93.7 percent of the crop farmers and 100 percent
of the dairy farmers use manure). A positive initiative is that 25 percent of the crop farmers
did not use any chemical fertilizers, considering the negative environmental and human
health effects. After the introduction of organic pesticides and of integrated pest management
techniques, most of the farmers in the study (50 percent of the crop farmers and 55.6 percent
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of the dairy farmers) have tried using less synthetic pesticides. Moreover, as alternative
techniques, they are trying to apply bio-control, crop rotation, cover crops, spreading sawdust

at the edge of farm and sterile insect techniques to control pests attack.

Table 7.3: Measures taken by the farmers to reduce GHG emissions and keep the

environment intact

Various measures Crop farms (% of Dairy farms (% of
“yes” respondents) | “yes” respondents)

Trying to use alternative energy sources 18.8 22.2

Trying to use less chemical fertilizers 43.8 77.8

Use no chemical fertilizers 25.0 00.0

Use organic fertilizers/manure 93.7 100.0

Trying to use alternative pesticides 50.0 55.6

Collect rain water for farm usage 37.5 111

Recycling used water 6.3 44.4

Using surface water 43.8 111

Crop diversification 62.5 -

Crop rotation 68.8 -

Practice intercropping 31.3 -

Soil conservation 62.5 66.7

Sustainable use of manure - 88.9

Having trees in the farm area 87.5 100

Plan to supply more product to local markets 68.8 100

To reduce the pressure on ground water and benefit the environment, 37.5 percent of the crop
farmers and 11.1 percent of the dairy farmers collect rain water, 44.4 percent of the dairy
farmers use recycled water, and 43.8 percent of the crop farmers and 11.1 percent of the dairy
farmers use surface water. As Table 7.3 highlighted, 62.5 percent of the crop farmers grow
diversified crops, 68.8 percent apply crop rotation and 31.3 percent practice intercropping to
increase soil health, reduce the need of chemical fertilizers and pesticides, increase the farm
income and reduce the risk of crop loss. All these practices, directly and indirectly, benefit

the environmental. Crop rotation, crop diversification, intercropping, using organic fertilizers,
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and producing green manure plants are beneficial to soil conservation and 62.5 percent of the
crop farmers and 66.7 percent of the dairy farmers follow these practices. The survey results
have shown that 87.5 percent of the crop farmers and 100 percent of the dairy farmers have
trees in the farm area. This is one of the environmentally-friendly practices, as tree or forests
are the best carbon sequesters and keep the weather cool. To reduce the effects of carbon
emissions from transportation and reduce their costs, most of the respondents (68.8 percent of
the crop farmers and 100 of the dairy farmers) are trying to supply agricultural produce in the

local markets.

Overall, it can be said that respondents are more or less conscious about the environmental
effects of their agricultural activities and about the challenges they face in food production
and food security due to climate change. Most of them have taken several mitigation

measures and also have plans to transition to more environment friendly farm practices.

7.4 Transition to agro-ecology to make current agricultural practices more resilient to

global climate change

The present trend in Canadian agriculture is that the number of farms is decreasing but the
average size of farms is increasing (from 779 acres in 2011 and 820 acres in 2016) (Statistics
Canada, 2017), indicating that industrial agriculture may be hurting the traditional small-scale
family farm in Canada. The industrial agriculture model may increase short-term yields of
targeted crops in certain geographies and climatic zones; however, it is also linked to a
number of environmental problems, and contributes to a new array of social problems,
including widespread income inequality, financial indebtedness of farmers, loss of farmer
knowledge, increasing the number of agrifood corporations and forcing small farm owners
out of business (Isaac et al. 2018). To develop diverse pathways of resistance to these

challenges, a growing number of farmers, social movement organizations, and institutions are
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recognizing the importance of agro-ecology as a prominent component of agricultural
production and of the food sovereignty movement (Wittman, Desmarais and Wiebe, 2010;
Pimbert, 2017). An agro-ecological approach recognizes the multifunctional dimensions of
agriculture and helps to extend toward achieving a broad range of socially equitable and
sustainable goals, such as increasing ecological resilience, improving health and nutrition,
conservation of natural resources, economic stability, climate change mitigation and
increased social resilience and institutional capacity (IAASTD, 2009). On the basis of the
field survey information, the researcher has tried to assess the feasibility of extending agro-

ecological practices in NL.

To increase ecological resilience and reduce the risk of changing environmental conditions,
more than 50 percent of the respondents of the study area are using crop rotation, soil
conservation, crop diversification, and make efforts to use less chemical fertilizers and
pesticides, and also have plans to produce renewable energy from solar, or wind power.
Almost 100 percent of the respondents apply animal manure, have trees in the farm area and
have access to surface water sources like lakes, streams and rivers that are significant for
preservation of the ecosystem (Martens, Entz and Wonneck, 2013). All these practices help to
reduce greenhouse gas emissions and climate change vulnerability, as well as enhance
ecological resilience in NL. The survey results mentioned that 68.8 percent of the crop
farmers and 88.9 percent of the dairy farmers have plans to make their farm more
environmentally-friendly, which increases the expectation of implementation of agro-ecology

principles.
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Table 7.4 Farm practices that help agro-ecology as identified by respondents

Farm practices that help agro-ecology

Crop farms (%

Dairy farms (%

from the provincial or federal government for
promoting sustainable agricultural development in
NL?

of “yes” of “yes”

respondents) respondents)
Did your farm increase the size of production or 62.5 55.6
livestock in the last 5 years?
Do you have plans to increase the size of production 50.0 22.2
or livestock in the near future?
Do you also practice integrated farming (livestock and 43.8 77.8
crops) on your farm?
Do you think that there are advantages in small scale 75.0 77.8
farming?
Do you have a plan for making your farm more 68.8 88.9
environmentally-friendly?
Do you have knowledge about agro-ecological farm 68.8 77.8
practices?
Are you interested in agro-ecological farm-practices? 93.8 88.9
Do you have plans to introduce organic farming on 37.5 11.1
your farm?
Do you think that integrated farming can promote 93.8 100
sustainable farming on your farm?
Did you benefit from any program/financial support 62.5 88.9

Improving human health and nutrition requires more diverse, nutritious and fresh food. This

can be achieved by reducing the incidence of chemical fertilizers and pesticides which are

poisoning the farmers, consumers and the environment. Though the respondents use a high

amount of chemical fertilizers, at the same time, a large percentage of farmers use organic

fertilizers and are trying to use less chemical fertilizers and pesticides. More importantly,

most of the agricultural commodities produced in this province were sold locally, but the

amount is only 10 percent of the total demand. Therefore, it is a big challenge for the farmers

of NL to supply fresh and nutritious food, as 90 percent of the food is imported. As Table 7.4

indicated, 62.5 percent of the crop farmers and 55.6 percent of the dairy farmers increased the
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farm size in the last 5 years and, at the same time, 50.0 percent of the crop farmers and 22.2
percent of the dairy farmers have plans to increase their farm size in the near future. This may
enhance the supply of fresh food and help to achieve the provincial government’s goal of
increasing provincial food production from 10 to 20 percent (The Way Forward, 2018).
Though organic production or certified organic production fails to capture the multiple
dimensions of agro-ecological practices and motivations, the number of Canadian farms
cultivating organic products has increased 65 percent between 2011 and 2016, indicating a
trend towards increased ecological farming across the country and possibly a transition to the
adoption of more ambitious agro-ecological practices. In the entire Newfoundland and
Labrador, only 1.2 percent of the farms in 2016 have produced organic products (Statistics
Canada, 2017), and the survey results show that 37.5 percent of the crop farmers and 11.1

percent of the dairy farmers have plans to introduce organic products.

Conservation of natural resources, like organic matter in the soil, biodiversity, water quality,
and ecosystem services, like pollination, are significant to increase ecosystem productivity.
The plants and microbes help to degrade chemical pollutants and organic wastes and cycle
nutrients through the ecosystem. Pollinators, such as bees and butterflies, provide important
environmental and economic benefits to agricultural and natural ecosystems with more crop
diversity and food productivity (PLTA, 2011). Everybody knows that NL bees and honey are
of exceptional quality and nobody is allowed to import bees from outside NL, in order to
protect the health of local bees. The farmers surveyed in this study were adding lime and
chemical fertilizers and pesticides to the soil. That is not good for soil health and the
surrounding environment, as the chemical pesticides they used have a chance to kill useful
microbes and insects. According to the survey results, almost all the crop farms and dairy
farms have trees around the farm land and more than fifty percent of the farms have surface

water bodies that are significant for maintaining ecosystem services.
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Economic stability in agriculture refers to a more diversified cropping system, to integrated
farm practices, and to the spread of labor requirements and production benefits over time as
well as to reduced vulnerability to single commodity price swings (IAASTD, 2009). The field
survey information indicated that 62.5 percent of the crop farmers practice diversified
cropping and 31.3 percent practice intercropping in the study area (Table 7.3). This is
economically more profitable and reduces the risk of single crop failure and increases soil
fertility and moisture availability (Issac et al. 2018). The study found that 43.8 percent of the
crop farmers and 77.8 percent of the dairy farmers (Table 7.4) practice integrated farming
(crop and dairy) which spreads the income sources but increases the labor requirements. Of
the farmers surveyed, 93.8 percent of the crop farmers and 100 percent of the dairy farmers
(Table 7.4) indicated that they believed that integrated farming enhances the sustainable
income sources and the food security of the province. Moreover, 87.5.8 percent of the crop
farmers and 100 percent of the dairy farmers (Table 7.3) have forest area on the farm, but
they do not use it for commercial purposes and very few dairy farmers (around 10%,
according to the survey) have ponds for aquaculture. If the respondents have access to forest
and surface water sources for aquaculture, then the farms could be more integrated and could
offer more employment and could earn more money (Issac et al. 2018). Most of the
respondents in the NL province are running rather large scale farm operations, but
interestingly, 75.0 percent of the crop farmers and 77.8 percent of the dairy farmers believed
that small scale farming is more efficient and sustainable, since smaller farm can be managed
more easily. This belief is confirmed by a FAO report that stated that small scale farmers
produce over 70 percent of the world’s food needs and provide employment for millions

(FAO, 2013).
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Climate change mitigation through increased energy efficiency, reduced dependency on fossil
fuels and fossil fuel-based agricultural inputs (fertilizers), increased carbon sequestration and
water capture in the soil are some of the goals of agro-ecological practices (IAASTD, 2009).
According to the survey report, 22.2 percent of the dairy farmers received financial support
from the government to use energy efficient LED lighting, but the researcher could not find
any energy efficient vehicles used by respondents. The survey report also mentioned that 18.8
percent of the crop farmers and 22.2 percent of the dairy farmers are trying to use renewable
energy from either geothermal or solar power (Table 7.3). Due to lack of government
permission to produce renewable energy at individual level, and due to recent government
regulations that exempt the agriculture sector from carbon pricing, there is a little chance to
reduce dependency on fossil fuels and fossil fuel-based inputs in the NL agriculture. The
surveyed respondents produced cover crops and green manure plants and used organic
fertilizers and also had trees on the farms that have the potential to enhance the carbon
sequestration and water holding capacity of the soil. Extending these practices to all the NL
farmers would be a necessary step towards the transition to an agro-ecological agricultural

industry in the NL province.

Agro-ecological knowledge, training, scientific research (Altieri et al. 2015), as well as
government and non-government support networks play positive roles in increasing social
resilience and institutional capacity which are main goals of agro-ecological practices. As
Table 7.4 pointed out, 68.8 percent of the crop farmers and 77.8 percent of the dairy farmers
in the study area haves knowledge about or training in agro-ecological farm practices, and
93.8 percent of the crop farmers and 88.9 percent of the dairy farmers are interested in agro-
ecological farm practices. The provincial as well as the federal government provide several
support programs through Agriculture and Agri-Food Canada, NL Federation of Agriculture,

Environmental Farm Plan, the CAP, PAAP, The Way Forward programs, Young Farmers’
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Forum, and Food First NL to make NL’s agriculture and the food supply system more secure,

resilient to climate change and sustainable.

The overall discussion in this chapter shows that the NL agriculture industry is at the more or
less middle stage of adopting agro-ecological farm practices. Farmers are highly interested
about more environmentally-friendly agro-ecological farm practices and to achieve these

goals more initiatives, research, training and supports are needed.
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Chapter VIII

Policy Recommendations and Conclusion

8.1 Policy recommendations

Based on the respondents’ opinions, on current trends of agricultural practices in NL, in
Canada and worldwide, and on the existing plans and programs of the provincial government,
the researcher developed the following list of policy recommendations which could assist in
the transition to a more sustainable agriculture and food production system in the province,
by extending agro-ecological practices in NL agriculture industry. These policy suggestions
are not fully comprehensive in order to mitigate climate change impacts and promote agro-
ecological practices within the province, but it is the hope of the researcher that they would
help to increase food security in the province, reduce the negative impact of natural hazards
and enhance sustainable ways of practicing agriculture, by using agro-ecological practices in

NL. The 14 policy recommendations suggested by the researcher are as follows:

1. To stop decreasing the total farm area and the number of farms in NL, the government
should make available sufficient, affordable and suitable land and allocate it
specifically to small-scale and young farmers that are interested in applying agro-
ecological and environmentally sustainable principles of farming. A study of the way
the 64 hectares of new and devoted to agriculture have been allocated by the
provincial government starting in February 2017 (Fisheries and Land Resources,

2017) would be a good first step in increasing the trend in this area.

2. To maintain the soil pH level and soil nutrients intact, farmers should be encouraged
to apply less lime and chemical fertilizers and to apply traditional knowledge like
using organic fertilizer (manure), compost, green manure plants, fishery discards and
cover crops. To apply organic fertilizers (manure), crop farmers who have no
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livestock can introduce dairy and beef farming or make a collaboration to buy surplus

manure from dairy or beef farms.

To increase the total area and operations of greenhouses for supplying fresh
vegetables in winter, the government should develop separate plans to provide

financial and technical support to interested people.

Take an initiative to build a separate campus of Memorial University of
Newfoundland in central Newfoundland which will offer specialized programs related
to sustainable agriculture, agro-ecology farming practices, agri-business, agricultural

sciences, agro-technology, veterinary science and apiculture.

The provincial and federal government should provide dedicated funds to the students
and faculty members of Saint John’s, and Grenfell Campuses of MUN and CONA for
sustainable agricultural research and innovation and for building collaboration
between universities, agricultural farms, the general public and the government and
non-government organizations, for raising general awareness about environmental

and human health benefits of agro-ecology.

To create new entrepreneurs and encourage more family members to enter family
farming and young people to enter farm business, more agricultural related courses
and diploma programs should start at college and university levels throughout the
province. In this case, the Young Farmers Forum, the CAP and PAAP programs can
provide initial financial support with easy conditions and necessary training to start
the business, since it is difficult to manage big funds for young people and it may

discourage them to enter the business.
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7.

10.

Government can provide support to farm owners who offer summer jobs for the
students of MUN and CONA, an initiative which has two sided benefits: it will satisfy
the excess demand of labor force in the provincial agriculture sector, while the

students will get practical experience on farming.

To speed up the increase of the organic farming sector, the government should
arrange training and education programs on how interested farmers can obtain organic
certification, information and necessary inputs. Organic assistance and subsidies
should be available for the farmers to buy costly organic fertilizers and pesticides and

introduce integrated pest management systems.

Improvements are required in green transportation and green energy sector through
reducing consumption of fossil fuels and producing more energy from renewable
sources. Renewable energy pilot programs should be initiated, such as for wind
turbine energy, solar panel or tidal power energy for producing electricity at farm
level. Remodeling the greenhouses and dairy farms to heat and light them by
geothermal/wind/solar energy. Support investment in anaerobic digesters at every

dairy farm to produce renewable energy and green manure.

Government should reward and assist the farmers who currently practice or wish to
incorporate integrated farming (crop, livestock, forest and aquaculture) or at least are
producing multiple crops (polyculture) or mixed crops (crops and fruits
trees/livestock), or intercropping instead of mono-cropping. Government should
develop and enact regulations to encourage integrated farming approaches and
sustainable practices. For instance, farmers should be allowed to produce trees in the

farm area, renewable energy from wind or solar power and supply the surplus energy
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11.

12.

13.

14.

to the national/provincial grid or to produce electricity from cows manure by using

anaerobic digesters and/or produce fish in the ponds or lakes around the farm.

To support farms in buying electric tractors (running by solar energy), cars, and
trucks, the government can develop partnerships with Solectrac, owned by inventor
Steve Heckeroth, who has been doing electric conversions on cars, trucks, race cars
and tractors for 25 years (Lyseng, 2019). Applying minimum or zero tillage methods,
carpooling, shuttle services, public transport and energy saving LED lighting can
reduce energy consumption. The Newfoundland and Labrador government can get
technical support from Quebec government for introducing electric vehicles,

hydrogen fuel-cell vehicles and plug-in hybrids in NL.

Government should encourage and support secondary processing of milk and dairy
produce, industrial eggs and poultry, cranberries, fruit and vegetables and meat in the

province.

Preparation and execution of crop and livestock insurance is required to reduce mental
stress and financial risks of the farmers. Mentoring and mental health services should
be provided by the NL Federation of Agriculture. Agro-forestry as well as diversified
and integrated farming approaches can reduce financial risks and mental pressure of
farmers. Facilitate establishment of commercial links between agricultural farms and
tourism industry to increase the demand for local and sustainable food, attract more

tourists to visit the province and enhance agri-business sector.

Financial support needs to be available for farmers who wish to adopt new advanced

technology in agro-ecology practices. Low interest loans or subsidies should be made
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available for farmers to buy equipment for constructing greenhouses, to buy tractors,
harvesters or threshers, to install renewable energy systems, setup recycling water
plants, anaerobic digesters, build water reservoirs and digging ponds or dugouts at

farm level.

8.2 Conclusion

Newfoundland and Labrador has a food security issue due to lack of suitable agricultural
land, short growing seasons and unsustainable agricultural policies promoting conventional
industrial farming practices with a limited supply of agricultural produce (milk, eggs and
poultry) and no facilities for secondary processing of these. The food security issue has been
exacerbated in the last decades by climate change events (extreme temperatures, heavy rains
and more frequent droughts) which have negatively impacted the province’s agricultural
industry. It is also challenging to achieve the target of doubling food production by 2022 with
inadequate agricultural land, declining farming population and existing government policies.
Both crop and dairy farmers are more or less aware about climate change impacts on
agricultural activities and have taken some measures to reduce GHGs emissions, but these are
not sufficient to fight serious climate change impacts. In the case of using chemical
fertilizers, fossil fuels, and manure management, farmers should give more attention to
reducing the negative environmental effects. In the attempt to solve these multi-faceted
problems, one important solution is pursuing an agro-ecological approach to farming in the
province. Integrated and small, diversified farming is one sustainable alternative to industrial
farming which can make the current agricultural practices more resilient to global climate
change (GCC), can enhance food security as well as reduce the impact of industrial

agricultural practices on GCC. The current research has shown that there are incipient agro-
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ecological practices in the province, and that farmers are aware about climate change and the
need to adopt more environmentally friendly farming practices. New policy frameworks and
work plans are needed to speed up the transition from the current unsustainable farming
practices to small-scale, organic, energy efficient and high yielding agriculture. Provincial as
well as federal government support, and collaboration among educational and research
institutions, agricultural farms, non-government organizations and the general public will
contribute to agricultural diversification and integration and more environmentally-friendly
farm practices within the province. These will ameliorate to food security issue, by increasing
the supply of local fresh and healthy food, will provide additional financial benefits to farm

holders and will protect the local as well as the global environment.
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Appendix A
Table A-1: Do you know that lime over-application can cause decrease in soil fertility and

health?
Cumulative
Frequency Percent Valid Percent Percent
Valid Yes 11 68.8 68.8 68.8
No 5 31.3 31.3 100.0
Total 16 100.0 100.0

Table A-2:Do you believe that industrial agricultural/commercial production systems are

contributing to climate change globally?

Cumulative
Frequency Percent Valid Percent Percent
Valid yes 7 43.8 43.8 43.8
no 9 56.3 56.3 100.0
Total 16 100.0 100.0
Table A-3: Have you tried using less chemical/synthetic fertilizer on the farm?
Cumulative
Frequency Percent Valid Percent Percent
Valid yes 7 43.8 43.8 43.8
no 9 56.3 56.3 100.0
Total 16 100.0 100.0
Table A-4: Have you tried any alternatives to reduce the use of pesticides on your farm?
Cumulative
Frequency Percent Valid Percent Percent
Valid yes 8 50.0 50.0 50.0
no 8 50.0 50.0 100.0
Total 16 100.0 100.0
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Table A-5: Alternative ways to pest management as identified by respondents

Valid Cumulative
Frequency | Percent Percent Percent
Valid | Bio-control and

sterilized of _ 1 6.3 6.3 6.3
greenhouse (sterile
insect technique, SIT)
Integrated Pest
Management, safer 1 6.3 6.3 12,5
soap/insecticidal soap
Intensive farming 1 6.3 6.3 18.8
No insect no spray 1 6.3 6.3 25.0
Not answered 8 50.0 50.0 75.0
Organic pesticides 1 6.3 6.3 81.3
Spreading sawdust
around the edges of 1 6.3 6.3 87.5
fields
Try to bio-control 1 6.3 6.3 93.8
Using best pest 1 6.3 6.3 100.0
management practices
Total 16 100.0 100.0

Table A-6: Have you experienced any new type of pest outbreaks on your farm?

Cumulative
Frequency Percent Valid Percent Percent
Valid  yes 2 12.5 12.5 12.5
no 14 87.5 87.5 100.0
Total 16 100.0 100.0
Table A-7: Were there any new types of disease recorded on your farm?
Cumulative
Frequency Percent Valid Percent Percent
Valid yes 1 6.3 6.3 6.3
no 15 93.8 93.8 100.0
Total 16 100.0 100.0
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Table A-8:Do you believe that trees on your farm contribute to improving environmental

conditions, such as soil quality and assists in wind/soil erosion prevention?

Cumulative
Frequency Percent Valid Percent Percent
Valid yes 14 87.5 87.5 87.5
no 2 12.5 12.5 100.0
Total 16 100.0 100.0
Table A-9:Do you plan on introducing organic farming on your farm?
Cumulative
Frequency Percent Valid Percent Percent
Valid yes 6 37.5 37.5 37.5
no 10 62.5 62.5 100.0
Total 16 100.0 100.0
Appendix B

Table B-1:Do you believe the industrial/commerciallivestockproduction systems are

contributing to climate change globally?

Cumulative
Frequency Percent Valid Percent Percent
Valid yes 4 44.4 44.4 44.4
no 5 55.6 55.6 100.0
Total 9 100.0 100.0

Table B-2:Do you believe the industrial/commercial crop production systems are

contributing to climate change globally?

Cumulative
Frequency Percent Valid Percent Percent
yes 4 44.4 44 .4 44.4
no 5 55.6 55.6 100.0
Total 9 100.0 100.0
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Table B-3: Causes identified by respondents that industrial livestock and crop production

systems are not contributing to climate change

Frequenc
y

Percent

Valid Percent

Cumulative
Percent

Valid

Due to result of high
human demand of dairy
and livestock products, we
have to accept some
environmental effect

111

111

111

Large production system
has a smaller carbon
footprint per unit
produced. They also have
financial ability to invest
in new technologies and
efficient management

111

111

22.2

Not emitted as much as
the coal and oil industry
did

111

111

33.3

Not answered

66.7

66.7

100.0

Total

100.0

100.0

Table B-4: Benefits identified by respondents to set up milk processing industries in NL

province
Valid Cumulative
Frequency | Percent Percent Percent
Valid | It is easy to provide

cheese, yogurt and ice- 1 111 111 11.1
cream
Less transport cost 1 11.1 11.1 22.2
Not answer 2 22.2 22.2 44.4
Possibly provide
opportunity to sold dairy 1 111 111 55.6
products in local market
Reduce freight cost 1 11.1 11.1 66.7
Reduce transportation
cost, improving reserve, 1 111 111 778
improve NL food
security
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provinces

There are two plants in
this province but they
also export to other

111

111

88.9

market

Transportation cost
reduce/ensure stable

111

111

100.0

Total

100.0

100.0

Table B-5: What is the amount of food waste from farm operation, if any?

Number of
respondent | Minimum | Maximum Mean Std. Deviation
What is the amount of
food waste from farm 9 .00 1.00 .2889 .35512
operation?
Number of respondent 5
response
Percentage 55.5%
Appendix C (Survey)
CROP/VEGETABLE FARM
1.  What is your age? []121-30 [ ]3140 [ ]41-50 [ 151-60
[]61-70 [ ]71-80 [ ] 8lorold

2. In which city/town/village do you live?
3. How long have you owned the farm?

4. Size of your open area farm actually in production (ha):i) <5 haii) 6 ha- 10 ha

11 ha—15haiv) 16 ha or more

5. Size of your farm under greenhouse/plastic (in square feet)

(in acre)

i)

or

6. Do you also raise animals/livestock on your farm?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

If you answered “yes” to the previous question: How many animals do you raise on your
farm?

Did your farm increase in size in the last 5 years? Yes / No
Do you have plans to increase the size of your farm in the near future? Yes / No
Do you think that there are advantages in small scale farming? Yes /No

If you answered “yes” to the previous question, please explain

Did you have to clear trees to prepare land for your farm? Yes /No
Did you have to level hills to prepare land for your farm? Yes /No
Did you have to fill-in wetland(s)to prepare land for your farm? Yes / No
How do you prepare your soil for cultivation? (select all that apply)
i)add lime ii)cover crops/green manure iii) add compost

iv)others (please specify)

Do you know that lime over-application can cause decrease in soil fertility and health?
Yes / No

What are the natural hazards affecting your crop farm? Select all that apply.

Extreme temperatures—high (35 degrees C or

more); Short growing season
-low (below minus 25 degrees C)

Long winter/late spring High winds/wildfires

Heavy snow/snow storm Less snow

Late spring frost Flood

Rain storm/heavy rain Landslides/soil erosion

More frequent drought Wet season

Do you believe that industrial agricultural/commercial production systems are

contributing to climate change globally? Yes/No
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

If yes, what of the following do you believe may be contributing climate change?

Mono cropping Use of chemical fertilizers and lime
Land clearing and field burning Use of fossil energy or fuel

Soil tillage Size of farm operation

Manure management Food waste

Irrigation Food production/processing/and selling
Using pesticides Food/grain transportation

Do you know that crop rotation helps to build soil fertility?  Yes /No

Do you practice crop rotation on your farm?  Yes /No

Do you practice inter-cropping (growing one crop alongside another) on your farm? Yes
/' No

Approximately how much fuel (heating oil, diesel or gasoline) do you use on your farm

yearly (in liters)?

How much you spend yearly for electricity bills for running your farm?

$

Does your farm use an alternative energy source? Yes / No
If you answered “yes” to the previous question, what type of alternative energy does
your farm use?

i)  Wind energy ii) Solar energy iii) Digester iv)Other

What type of chemical/synthetic fertilizer do you normally use on your farm?

How much chemical/synthetic fertilizer you use on your farm yearly (kg)?

Have you tried using less chemical/synthetic fertilizer on the farm?  Yes / No
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

If you answered “yes” to the previous question, please explain:

How much manure do you use per year on your farm (kg)?

How much organic fertilizer do you use per year on your farm (kg)?

Do you have a digester plant? Yes / No

What type of pesticides do you normally use on your farm? i) chemical/synthetic

pesticides ii) organic pesticides iii)bio-controls iv)other (please specify)

Have you tried any alternatives to reduce the use of pesticides on your farm? Yes /

No

If you answered “yes” to the previous question, please explain

Have you experienced any new type of pest outbreaks on your farm? Yes / No

If you answered “yes” to the previous question, please explain

Were there any new types of disease recorded on your farm? Yes / No

If you answered “yes” to the previous question, please explain

How much water is used yearly on the farm for irrigation (in liters)?

Do you collect rainwater? Yes /No

Do you have a natural source of water for irrigation on your farm?

If you answered “yes” to the previous question, please specify:

iii)stream iv)well
Do you practice fish farming/aquaculture on your farm?
Do you recycle your used household water?  Yes /

Do you reuse this recycled water on your farm? Yes / No
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48.

49,

50.

51,

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

If irrigation is problematic on your farm, what is the specific issue?

i) shortage of water ii) low pressure iii) low water levels iv) other

Do you have any forested areas on your farm? Yes / No
If yes, do you grow trees on the farm for commercial purposes?  Yes / No

If “yes”, what type of trees?

Do you believe that trees on your farm contribute to improving environmental
conditions, such as soil quality and assists in wind/soil erosion prevention? Yes / No
Where do you sell your product?

i) local market ii)farmers market iii)other city/town or province  iv)export V)

other

What percentage of your crop output is used in your household or locally?
Do you plan to supply more of your product directly to the local markets?
Yes [/ No
What is cause of food waste on your farm?
i)food spoilage during harvest ii)during storage?
How do you manage your waste product?

i) throw it away ii) make compost iii) other

Do you consider your farm to be environmentally-friendly?  Yes /No
If yes, what are the practices that make your farm environmentally-friendly?
i) crop diversification ii) crop rotation iii)intercropping iv)use of organic fertilizer v)

water recycling vi) digester vii)soil conservation viii)other

Do you have a plan for sustainable farming?  Yes /No
Do you have knowledge/training about agro-ecological (an agro-ecological farming
system that would focus on the use of techniques such as diversified cropping systems,

better integration between crop and animal production, increased incorporation of trees
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62.

63.

64.

65.

66.

67.

68.

69.

and wild vegetation, preserve environmental quality and so on, Grain, 2011)farm
practices? Yes / No

Are you interested in agro-ecological farm practices? Yes /No

Do you plan on introducing organic farming on your farm? ~ Yes /No

If “no”, what do you believe are some of the barriers to organic farming that prevent

more crop farmers from adopting this system?

Do you think an integrated farming systems (includes crop, livestock, forestry and fish
together) are helpful for sustainable agricultural development? Yes / No

Did you benefit from any programs/financial support from the provincial or federal
government for sustainable agriculture in Newfoundland? Yes /No

If “yes”, please explain

What kind of support do you expect from provincial or federal government for making

your farm more environmentally-friendly?

Do you have any other ideas about how to prevent the consequences of climate change

on your farm and make it more sustainable? Please share these ideas in the space below:
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Thank you very much

Appendix D (Survey)
DAIRY FARM

1. What is your age? [ ]21-30 [ ] 31-40 [ ]41-50 [ ]51-60
[]61-70 []71-80 [] 8lorold

2. What is the name of your farm?

3. How long have you owned the farm?

4. How many dairy cows are on your farm?

5. Did your farm increase in livestock in the last 5 years? Yes / No
6. Do you have plans to increase the number of livestock in the near future? Yes / No
7. Do you believe that there are advantages in small scale farming? Yes/No

8. If you answered “yes” to the previous question, please explain

9. Do you also grow crops or vegetables on your farm? Yes / No
10. Do you grow grain or any other animal feed on your farm? Yes / No

11. If you answered “yes” to the previous question, please explain

12. Do you have pasture/grassland on your farm? Yes / No
13. Does your farm produce grass/hay for your livestock? Yes / No
14. Approximately what percentage of your animal feed is produced on

farm?

15. Do you need to import grain from outside of the province? Yes/No
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Did you have to clean trees to prepare land for your dairy farm? Yes /No
Did you have to level hills to prepare land for your dairy farm? Yes /No

Did you have to fill in wetland(s) to prepare land for your dairy farm? Yes / No

Please answer questions 19 to 29 only if you grow crops/vegetables on your farm
How did you prepare your soil for crop cultivation?
i)add lime ii)cover crops/green manure iii)add compost iv)others

(please specify)

Do you know that lime over-application can cause a decrease in soil fertility and health?
Yes/ No

What type of chemical/synthetic fertilizer do you normally use on your farm?

How much chemical/synthetic fertilizer do you use yearly on your farm (kg)?_
Have you tried using less chemical/synthetic fertilizer on the farm?  Yes / No

If you answered “yes” to the previous question, please explain:

How much manure or organic fertilizer do you use yearly on your farm (kg)?_
What type of pesticides do you normally use on your farm? i) chemical pesticides ii)

organic pesticides iii) bio-control iv) other (please specify)

Have you tried alternative ways to reduce the use of pesticides on your farm? Yes/No

If you answered “yes” to the previous question, please explain

What are the natural hazards affecting your livestock/dairy production?

Extreme temperatures—high (35 degrees C or

more) -low (below minus 25 Short growing season
degrees C)

Long winter/late spring High winds/wildfires
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30.

31.

32.

33.

34.

35.

36.

37.

38.

Heavy snow/ snow storm Less snow

Late spring frost Flood

Rain storm/heavy rain Landslides/soil erosion
More frequent drought Wet season

Do you believe the industrial/commercial livestock production systems are contributing
to climate change globally? Yes / No
Do you believe the industrial/commercial crop production systems are contributing to

climate change globally? Yes / No

If yes, which of the following do you believe may be contributing to climate change in

livestock farming? (please choose from the table below)

Land clearing and field burning | Use of chemical fertilizers and lime

Soil tillage Using fossil energy or fuel

Soil erosion from pastures Size of farm operation

Manure management Enteric fermentation (gas directly from cattle)
Irrigation Food production/processing/and selling
Using pesticides Food/grain/livestock and milk transportation
Use of a heating system Water and air pollution from livestock

Approximately how much fuel (heating oil, diesel or gasoline) do you use on your farm

yearly (in liters)?

What is your average yearly spending on electricity for running your farm? $
Does your farm use an alternative energy source? Yes / No
If you answered “yes” to the previous question, what type of alternative energy does
your farm use?
i) Windenergy i) Solar energy iii) Digester iv) Other

How much manure is produced yearly on your farm (in kg)?

How do you manage the manure produced on the farm?
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39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

What percentage of your farm manure is used as fertilizer on your crop land?

What percentage of your farm manure is sold?

Do you know that feeding seaweeds to your livestock can reduce methane in manure?
Yes / No

If you answered “yes” to the previous question, then do you feed seaweeds to your
livestock? Yes /No

Do you have a digester plant? Yes / No

Do you use any antiseptic to clean your livestock farm? Yes / No

If you answered “yes”, please explain

Do you use any medicine/hormones to treat your livestock? Yes/ No

If you answered “yes” to the previous question, please explain

Were there any new types of diseases recorded on your livestock farm recently?

Yes/ No

If you answered “yes” to the previous question, please explain:

How much water do you use yearly for livestock operations (in liters)?

Do you collect rainwater? Yes /No
Do you have a natural source of water on your farm? Yes / No
If you answered “yes” to the previous question, please specify:
i) lake ii) river iii)stream iv)well
What are the limitations you face with the water supply on your farm?

1) shortage of water ii) low pressure iii) low water level iv) other
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55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Do you practice fish farming/aquaculture on your farm? Yes / No

Do you recycle your used household water?  Yes / No

Do you reuse this recycled water on your farm? Yes / No

Do you have any forested area on your farm? Yes / No

If yes, do you grow trees on the farm for commercial purposes?  Yes / No

If “yes”, what type of trees?

Do you believe that trees on your farm contribute to improving environmental
conditions, such as soil quality and/or wind and soil erosion prevention?

Yes / No
Where do you sell your product?

i) local market ii) farmers market iii) other city/town or province iv) export v) other

Do you believe that a milk processing plant in the province, would benefit your farm?

Yes/ No

If you answered “yes” to the previous question, please explain

What is the amount of food waste from farm operation, if any? (in kg)

How do you manage your waste product? i) throw it away ii) make compost iii) other

Do you consider your farm to be environmentally-friendly?  Yes /No
If yes, what are the practices that make your farm environmentally-friendly?
i)selective breeding ii) feed healthy diets to your livestock iii) sustainable use of

manure iv) water recycling v) digester vi) soil conservation vii solar panels viii) other
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69.

70.

71.

72.

73.

74.

75.

76.

Do you have a plan for sustainable farming?  Yes /No

Do you have knowledge/training about agro-ecological(an agro-ecological farming
system that would focus on the use of techniques such as diversified cropping systems,
better integration between crop and animal production, increased incorporation of trees
and wild vegetation, preserve environmental quality and so on, Grain, 2011)farm
practices? Yes /No

Are you interested in agro-ecological farm practices? Yes /No

Do you think integrated farming systems (includes crop, livestock, forestry and fish
sectors together) are helpful for sustainable agricultural development?Yes / No

Did you benefit from any programs/financial support from the provincial or federal
government for making your farm more sustainable? Yes /No

If “yes”, please explain

What kind of support do you expect from provincial or federal government for making

your farm more environmentally-friendly?

Do you have any other ideas about how to prevent the consequences of climate change

on your farm and make it more sustainable? Please share your ideas in the space below:

Thank you so much!
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Appendix E (Invitation Letter)

Dear Sir/Madam, February 7, 2019

My name is Mohammad Selim Reza, I am a Master’s program candidate at the Grenfell
Campus of Memorial University of Newfoundland, Canada. As part of my thesis, | am doing
a research entitled “Impact of Climate Change on Agricultural Production and Food Security
in Newfoundland and Labrador, Canada”. The research seeks to investigate the negative
consequences of climate change on food production and food security in Newfoundland and
Labrador (NL) and to assess whether agro-ecological approaches could be successfully
applied in the agricultural system in NL. An agro-ecological farming system focuses on the
use of techniques such as diversified cropping systems, better integration between crop and
animal production, increased incorporation of trees and wild vegetation, and preservation of
environmental quality(Grain, 2011).This research is being supervised by Dr. Gabriela Sabau,
Professor, School of Science and the Environment, Grenfell Campus, Memorial University of

Newfoundland,Canada.

I would like to invite you (as a farmer who produces either crops or dairy) to participate in a
survey included with this letter, and share with the researcher information related to global
climate change that damages your crops/livestock and generally the current situation of
sustainable agricultural practices on your farm. Your participation and responses will help to
enrich the research results with the aim of optimizing agricultural activities for sustainable
development of Newfoundland and Labrador’s agriculture. If you are interested in the results

of this research, I can share them with you, upon request.

| want to assure you that the information or data given will not be attributed to you personally
anywhere and | will make every effort to ensure that you remain anonymous in the whole
span of the research, except if you decide otherwise (please see the Informed Consent form).
Please let me know if you have any questions or need any information related to this survey
via email, phone or fax at: msr780 , 709 639 2552 (P) and 709 639 8125
(F). A response within 10 days after receiving this letter will be highly appreciated. Please fill
out the survey, sign the Informed Consent form included and mail both back to me in the
addressed envelope. The return envelope has a stamp on it, you do not need to pay postage.

Thank you.
| greatly appreciate your time and input to this research.
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Sincerely,

Mohammad Selim Reza,

Candidate of MA in Environmental Policy
Memorial University, Grenfell Campus

20 University Drive, Corner Brook
Newfoundland and Labrador, A2H5G4, Canada
E-mail: msr780@grenfell.mun.ca

Appendix F (Informed Consent Form)

Informed Consent form

Title of research: Impact of Climate Change on Agricultural Production and Food Security
in Newfoundland and Labrador, Canada

Researcher: Mohammad Selim Reza, Master’s Thesis Candidate;
msr780@grenfell.mun.ca;Dr. Gabriela Sabau, Academic Advisor,
gsabau@aqrenfell. mun.ca, Memorial University of Newfoundland,
Grenfell Campus, Newfoundland and Labrador, Canada

This form is part of the process of informed consent. Please take time to read this carefully
and to understand the information given to you. Please contact to researchers if you have any
questions about the study or would like more information before you consent. If you choose
not to take part in this research or if you decide to withdraw from the research once it has

started, there will be no negative consequences for you, now or in the future.

You have been invited to participate in this research because you are a resident of
Newfoundland and Labrador (NL) and are involved in farm activities. This research covers
the farms related to crop and dairy production in the province. The purpose of this research is
to investigate the negative consequences of climate change on food production and food
security in NL. It also aims to identify the measures taken by farmers like you to reduce the
greenhouse gas (GHG) emissions and to assess whether agro-ecological approaches or

198


mailto:msr780@grenfell.mun.ca
mailto:gsabau@grenfell.mun.ca

environmentally-friendly farm practices could be feasible for a sustainable agricultural

system in the province.

Your participation involves answering about 70 questions about your farm. Answering the
questions will take approximately 25-35 minutes. The questions you will be answering are
related to natural hazards affecting your crop or dairy farm and the agricultural activities
which produce climate change. Some questions are related to your present farm practices and
measures you have taken for sustainable practices on your farm and for food security in NL.

The data | collect will be analyzed and used entirely for academic purposes.

The research findings of this thesis will provide ideas to the provincial government of NL,
policy makers, research institutions and the public for policy formulations. They can also
help farmers like you introduce new environmentally-friendly practices on the farms. lintend
to share my results with Food First NL, Our Food Our Future, Young Farmers’ Forum,
Agriview NL Agriculture, which are the platforms of farmers and policy makers in NL. My
research paper will be stored in the MUN library, where future students will get an

opportunity to review the results.

All answers to this survey will be codified and aggregated to make it impossible to connect
any information you provide with your individual identity. By aggregating the data, both your
privacy and confidentially will be maintained. The completed surveys will be stored in a
locked filing cabinet and any information coded electrically will be stored in a password-
protected computer. The data will be kept for a minimum five years, as required by Memorial
University’s Policy on Integrity in Scholarly Research. There are no obvious risks associated
with your participation in this research. Moreover, you can choose not answering any

questions which you consider they may potentially harm your farming activities.

The proposal for this research has been reviewed by Grenfell Campus Research Ethics Board
(GCREB) and found to be in compliance with Memorial University’s ethics policy. If you
have ethical concerns about the research, such as the way you have been treated or your
rights as a participant, you may contact the GCREB by email at: gcethics@grenfell.mun.ca or
by telephone at (709) 639-2736.

Please sign to indicate your understanding and receipt of this form and send me the signed

copy in the envelope provided. Thank you.
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Signature of Participant

Signature of Researcher

Date: March 18, 2019
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