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Abstract

The economic viability of cropping systems is largely determined by the costs of production and
price premiums. Therefore, economics plays a dominant role in the adoption of cropping systems.
This study was conducted over a period of five years (2017-21) under boreal climatic conditions
in Newfoundland and Labrador (NL). The research utilized cost of production, gross return and
gross margin, crop yield, and cost-benefit ratio to investigate the economic feasibility of nine
crops, including potatoes, beets, cabbage, carrots, rutabagas and turnips, blueberries, cranberries,
raspberries, and strawberries. The objective of this research was to identify the most economically
feasible crop among the nine studied crops. The results of the study showed that potatoes had the
highest total cost of production among all crops grown in NL, followed by rutabagas, turnips,
carrots, cabbage, strawberries, beets, raspberries, and cranberries. In terms of gross revenue,
rutabagas and turnips had the highest average gross revenue compared to other crops. The gross
revenue was highest in 2021, reflecting higher crop yields in that year, and declined gradually
across the years after the initial year. The gross margins of the cropping systems showed a
declining trend over time due to increasing operating costs and decreasing crop yields. However,
rutabagas and turnips had the highest gross margin compared to all other crops. All crops had
similar cost/benefit ratios, with cranberries having the highest cost/benefit ratio and beets having
the lowest. The cost/benefit ratio showed a gradual increase across the years, except for 2019. The
economic feasibility of crops evaluates whether cultivating a particular crop will result in financial
profitability for farmers. Based on these findings, it can be concluded that rutabagas and turnips
are economically feasible crops for producers in NL. Adopting these crops can enhance production

levels and farm profitability under current economic conditions and production practices. These



results provide valuable insights for farmers and policymakers in the region to make informed

decisions about crop selection and management practices.
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Chapter 1

Introduction
1.1 Background
The province of Newfoundland and Labrador (NL), located on the eastern coast of Canada,
possesses a unique set of environmental and geographical characteristics that significantly
influence agricultural activities. The region experiences a cool climate with a short growing
season, which limits the range of crops that can be cultivated successfully. Additionally, NL's soil
types vary widely, encompassing a mix of acidic and organic-rich soils. These conditions
necessitate careful consideration of cropping systems that are suitable for the region's specific

requirements.

1.2 Problem Statement

The economic feasibility of different cropping systems in NL is not extensively documented or
analyzed, leaving farmers and agricultural stakeholders with limited knowledge to make informed
decisions about crop selection and resource allocation. This knowledge gap poses challenges for
enhancing agricultural productivity, profitability, and sustainability in the region. Therefore, there
is a need to conduct a comprehensive study to evaluate the economic feasibility of different
cropping systems in NL, considering various factors such as input costs, available technologies,

market demand, and the unique environmental conditions of the region.

Land use patterns are changing significantly in the North American Great Plains (Willer and
Lernoud, 2019). In recent years, these changes have been primarily driven by growing global
market demands, rising input costs, increasing concerns over environmental degradation and food
security (Willer and Lernoud, 2019). Farmers are diversifying and extending their crop rotations

by adding legumes and oilseeds while reducing summer fallows and using conventional tillage.



This helps reduce fossil fuel and synthetic nitrogen use and improves air, water, and soil quality.

(Zentner et al., 2002).

The number of organic farm producers are, interestingly, increasing by managing organic
production practices and employing their low input, to minimize dependence on acquired inputs
and enhance value to their produce (Willer and Lernoud, 2019). The adoption of alternative or new
production systems by the producers will ultimately rely on their ability of these systems to reduce
costs of production, maximize net revenue, or decrease gross economic risks in comparison with

existing cropping techniques (Zentner et al., 2002).

Few studies, however, have thoroughly explored the comparative economic advantages of various
land-use modification under NL’s conditions. The economic boom of the Canadian agricultural
industry is critical to its long-term sustainability while maintaining our natural resource assets and
increasing resilience to stresses and threats. The Canadian prairies, dominated by modern
agriculture systems, are often highly productive but still incur many environmental and social
problems that are alarming for the sustainability of the agricultural industry. These problems
include higher costs of input and energy, emissions of greenhouse gases (GHS), imbalances in the
ecosystems, the depletion of land water resources, trade concentration, worldwide competition in
production of bulk commodities, and a continuous reduction in agriculture land (Kremen and

Miles, 2012).

In the Canadian Prairies, the total number of registered farms has increased up to 34%, from 2014
to 2018 i.e., from 1465 to 1975 (Canada Organic Trade Association, 2019). There were 45%
increase observed in the land area occupied by organic farms in Canada from 2011 to 2017
(Canada Organic Trade Association, 2019). This figure was further expanded in 2018, to include

1.27 millions ha of land (Willer and Lernoud, 2019). A surge in demand for organic food
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commodities has been observed in Canada as well as globally, which is the major reason for the

increase in organic farm management.

The value of the organic market in Canada was about 5.4 billion Canadian dollars during 2017,
which was 54% increased than 2012 market value. In comparison to conventional tillage
techniques, the implementation of no-till and reduce-till managements for yearly crop production
allows the farmers to minimize soil erosion, enhance soil moisture conservation, increase soil

carbon sequestration, and decrease the emissions of GHG (Acton and Gregorich, 1995).

However, these approaches bring additional issues in terms of weed management and nutrient
availability (Derksen et al., 2002). In the case of monocultural cereal rotation, researchers have
observed an improvement in crop production comparing conventional tillage to conservational
tillage techniques (McConkey et al., 1996). When conservation tillage is linked with mixed crop
rotation (cereal-oilseed-pulse), consistent production improvements are more prevalent (Miller et

al., 2001).

Several factors have been attributed to the synergism that occurred between mixed cropping
systems and conservation tillage methods, including the increased the availability of soil moisture
through improved snow traps, decreased the rate of evaporation, and reduced moisture usage of
some crops such as pulses, enhanced crop establishment as a result of improved soil surface
moisture factors; increased the efficiency of nutrient utilization as a result of improved
synchronization through mineralization, previous crop residues release the nutrients and these

nutrients are intake by present crop and improved pest and weeds control (Derksen et al., 2002).

According to the findings of economic analyses of conservation tillage strategies in these areas,

monoculture cereal crops and fallow-based cropping system (agricultural practice where a portion



of land is intentionally left uncultivated (fallow) for a specific period to allow the soil to rest,
regenerate nutrients, and control pests and diseases before planting crops in rotation) offer little-
to-no economic benefit over conventional tillage operations (Zentner et al., 1996). Although
lowering tillage intensity reduces fuel, labour, machine repair, and administrative expenses, these

savings are often outweighed by higher nitrogen (N) fertilizers and herbicide costs.

However, considerable economic benefits are frequently observed with conservation tillage
practices in mixed crop rotations due to the combination of significant higher crop yields, higher
valuable commodities production, and in certain situations, lower costs of production (Zentner et

al., 2002).

Generally, agriculture production depends on availability of water and fertilizers, crop selection,
culture practices, soil quality, climate conditions, disease and pest management. These practices
are also necessary to preserve soil health and natural resources, to promote the recovery of deep

soil nutrients, and to reduce the impact of crop pest (Government of Canada, 2006).

Transitioning to organic farming also frequently entails significant transition expenses, such as the
cost of investing in soil-building crops and organic amendments to increase the level of organic
matter in soil and reload the soil nutrients. Additional costs are often associated with making the
necessary adjustments to a producer’s equipment inventory. Furthermore, producers must expend
a significant amount of effort and time to understand and learn production processes, record the

procedures employed, and identify and secure market prospects.

Though, once certified, most organic commodities may be sold at higher prices than

conventionally produced commodities, and this generation of higher revenues, along with savings



in inorganic fertilizer and chemical costs, may result in overall increases in net farm profitability

(Zentner et al., 2011).

According to studies on the economic benefits of farming, the primary factors affecting
profitability are the relative yield produced by crops, the amount of money saved by using less
non-renewable resources, and purchased inputs, the existence of commodity price premiums, and

the duration and magnitude of the revenue loss observed (Smith et al., 2004).

1.3  Agriculture in Canada

Canada plays a significant role in the global agriculture sector. After the European Union, USA,
Brazil, and China, it is the world's fifth-largest exporter of agri-food and basic agricultural products
(pulses, oats and durum wheat), and also the 6™ largest importer of the world in agri-food and

agriculture products (Agriculture and Agri-Food Canada, 2022; Issac et al., 2018).

According to Agri-Food Canada (2022), the agri-food and agriculture sector provided 1 in 9 jobs
in Canada; employed 2.3 million people, accounting for 11% of the Canadian employment. The
agri-food and agriculture system contributed $143.8 billion to Canada's overall GDP in 2022,

accounting for 7 percent of the total GDP (Agriculture and Agri-Food Canada, 2022).

Significant changes have been observed in the Canadian agriculture sector: the average farm area,
cultivated land, and the livestock number per farm grown over the last 30 years (1981-2011),
demonstrating growing intensification and concentration of output despite a decline in the overall

number of farms (Clearwater et al., 2016).

In 2022, there were 62.2 million ha of total farmland in Canada; however, in 2017, there were 64.8
million ha of total farmland, with an average farm size (315 ha) (Agriculture and Agri-Food

Canada, 2022). The way Canadian farming is set up has shifted, and in 2022, there were 189,874



farms. In 2016, the number of farms dropped by 1.9 percent, leaving 193,492 farms (Statistics

Canada, 2017; Agriculture and Agri-Food Canada, 2022).

According to data from Statistics Canada, industrial agriculture has become more prevalent in
Canada. From 2011 to 2016, the amount of land used for conventional tillage, commercial
fertiliser, pesticides, and field crops grew by 5 %, 13 %, 39 %, and 6 %, respectively (Ching,

2018).

The support of Canadian government for export oriented agriculture has a long history and is built
based on standardisation, mechanisation, and economies of scale, which is in opposition to
programmes intended to considerably increase the production of agro-ecological commodities
(Bouchard, 2002; Qualman, 2011). Canada is considered as one of the world's largest emitters of
GHGs (Sabau, 2017). In 2017, total GHG emissions (716 Mt CO>) equivalent (Environment and

Climate Change Canada, 2019) to per capita of 20.1 tonnes CO in 2015.

Agriculture accounts for 10% of total emissions in Canada, with agricultural activities such as food
processing, industrial agricultural production, food waste and transportation (Statistics Canada,
2017) contributing to emissions, whereas agricultural facilities account up to 20% worldwide
anthropogenic GHG emissions (IPCC, 1996). While contributing to climate change, rising planet
temperatures, extended summer, poor soil quality, contaminated water and air also degraded the

sustainability of Canada's food production (Food Secure Canada, 2017).

Based on the results of the Canadian Community Health Survey (2019-2020), 9.6 % of Canadian
families experienced food insecurity in 2020 (Polsky and Garriguet, 2022). As a result, feeding
7.96 billion people is not only a task for Canada, but also a challenge for the rest of the globe

(Population Reference Bureau, 2022).



1.4 Agriculture in Newfoundland and Labrador
Because of its isolated nature, NL faces unique challenges in feeding its inhabitants. Furthermore,
the province's agriculture industry is being harmed by a shrinking and ageing farmer population

(Abdulai, 2018).

According to the Canadian Community Health Survey (2011-2012), 7.8 % of families in NL
province were food insecure (food insecurity refers to the condition in which individuals or
households do not have consistent access to enough nutritious food to lead a healthy and active
life, often due to financial constraints or limited availability of food). According to some estimates,
up to 90% of all food and other consumables are imported into the province from outside sources,
meaning that the residents of NL are suffering with a shortage of both local food provision and

agri-food production (Evans, 2017; Food First NL, 2016).

Major health, economical, environmental, and social issues still exist in the province, particularly
a high prevalence of chronic diseases, a climatic change, an unstable energy dependent economy,
and persistently high rates of food insecurity and poverty. Indigenous people, particularly those
living in Nunatsiavut communities in Labrador, suffer difficulties, such as access to traditional
foods and wild foods being hampered by economical, environmental, and social factors, as well as
the high pricing, scarce supply, and lower quality of food purchased at store (Food First NL, 2016).
Among the Canadian provinces, NL had the lowest number of farms in 2016, contributing less
than 1% of the total number of farms in Canada (Statistics Canada, 2017). Conferring to the most
recent statistics, (collected in 2022) 344 farms exist in the province, representing a 15.5 % decrease

from the last census in 2016. In NL, farm operators numbers fell by 10 % from 500 in 2016 to 450
in 2021 (Statistics Canada, 2022).

In 2016, the total farm area in NL was 28,630 ha, with an average farm size of 57.3 ha. However,

by 2021, the total farm area had decreased (-30.2 %) to 20,002 ha, with the average farm size rising



to 58.2 ha (Statistics Canada, 2022). More importantly, from 2016 to 2021, the amount of land

used for growing crops decreased by 1.6 %, mainly because of urbanization.

Additionally, according to reports, In NL the number of cows fell by 10 % from 2011-2016 to
9995 heads (including cows, calves and heifer), dairy cows fell by 10.5%, whilst from 2011-2016
the number cattle (beef) fell by 28.5 % i.e., 528 heads (farms reporting beef cattle 23.8% decline)
(Statistics Canada, 2017).

It is critical that nearly every aspect of NL agriculture is in decline. Should this continue, the
residents of NL would become increasingly susceptible to higher food costs results in minimizing

crop production in other provinces?

Moreover, because natural hazards such as winter storms commonly interrupt both land and sea
transportation in NL, the province frequently experiences shortages in fresh foods commodities.
As a result, residents often opt to purchase highly processed goods that have a prolonged shelf life

(Everybody Eats, 2015).

Based on the recent Food First NL research report, many families struggle to purchase enough
nutritious food and rely on food banks or friends and family in the absence of emergency food
assistance. The province of NL has Canada's lowest rate of vegetable and fruit consumption also

the country's prominent rates of diabetes and obesity (Everybody Eats, 2015).

These challenging conditions illustrate many ongoing food security problems in NL. Global
warming projections could be positively impacted the agriculture of NL in the upcoming decades,
such as shortening in frost days and prolong growing season. But continued increase in temperature
also creates new problems such as shifting of diseases, expansion in range of contamination, soil

erosion and intense rainstorms (Fitzpatrick, 2017).



For example, hurricanes caused flooding and rainstorms wiped away agriculture fields and
rendered accessible routes unusable for several days. If any component, such as temperature, frost,
rainfall, or fertility, is not met, "it might reduce the yield and will increase food prices in an effort

to make up for the loss caused by disasters."(Fitzpatrick, 2017).

The agricultural sector has major contributions in GHG emissions such as carbon dioxide is
emitted by cultivation of soil and operating farming machinery driven by combustion of fuels, and
nitrous oxides are generated from the chemical use of fertilisers in the agriculture sector, and
methane gas is produced from the waste of livestock. Although NL has lower emissions from
agriculture than other provinces (such as Manitoba), emissions from solid waste disposal still
outpace those from agriculture. Agriculture in NL contributed 91 kt of CO2 equivalent emissions

in 2015 as compared to waste's 776 kt (Fitzpatrick, 2017).

Farmers have been experimenting with new varieties, irrigation and cropping systems in an effort

to better understand the potential benefits of a longer growing season.

Agriculture plays a vital role in sustaining rural economies and ensuring food security (Willer and
Lernoud, 2019). However, the economic feasibility of cropping systems can vary significantly
depending on the local environmental conditions and market dynamics (Willer and Lernoud,
2019). In the province of NL, with its unique climate and geographical characteristics,
understanding the economic viability of different cropping systems is of paramount importance

for farmers, policymakers, and agricultural stakeholders (Abdulai, 2018).

NL presents a challenging agricultural landscape, characterized by a cool climate, short growing
season, and diverse soil types. These factors pose significant constraints on the selection of crops

and farming practices. Additionally, market demand and accessibility to potential buyers further



influence the profitability and sustainability of agricultural ventures (Fitzpatrick, 2017). Therefore,
a comprehensive analysis of the economic feasibility of various cropping systems becomes

imperative to guide decision-making and optimize agricultural productivity in this region.

The ultimate goal of this thesis is to evaluate and compare the economic feasibility of different
cropping systems in NL. By examining the costs, returns, and market potential of selected crops,
we seek to provide valuable insights into the viability and profitability of alternative agricultural
practices. Through this analysis, we aim to assist farmers in making informed decisions regarding
crop selection and resource allocation, ultimately contributing to the sustainable growth of the

agricultural sector in the province.

To achieve this objective, mixed-methods approach were employed, combining quantitative
analysis and qualitative assessments. Initially, the relevant data were collected and analyzed on
crop yields, input costs, labor requirements, and market prices from statistics Canada across
different regions of NL. These insights will guide policy makers to develop effective strategies

and recommendations for improving agricultural practices in the future.

By conducting a comprehensive analysis of the economic feasibility of different cropping systems
in the province, this research will contribute to the existing body of knowledge on agricultural
economics in the region. The findings of this study will not only benefit farmers in making
informed decisions but also provide valuable information to policymakers and agricultural
organizations to support the development of sustainable and profitable agricultural practices in

NL.
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1.5 Research Question
How do interactive crop budgets, assessing overall crop profitability, cost-benefit analysis, and
economic feasibility help find the suitable crops for NL, offering advice to boost agricultural

productivity and profits?

1.6  Research Objectives

The feasibility of crops involves evaluating the practicality and suitability of cultivating crops,
profitability assesses the ability to generate more revenue than expenses, and productivity
measures the efficiency in achieving crop yields with available resources. This research aims to
enhance comprehension of the feasibility, profitability, productivity, and perception of cropping
systems in NL. To achieve this, it is crucial to conduct an economic evaluation of the cropping

systems, which involves making comparisons and assessing their feasibility.

Main objectives:

e Develop interactive crop budget for each crop.

e To evaluate the profitability of the entire cropping system and enable comparisons
between crops.

e Perform cost-benefit analysis to determine probability of net returns.

e To assess the economic feasibility of different cropping systems in NL, considering factors
such as input costs, market demand, available technologies and environmental conditions.

e To identify the most economically viable cropping systems for the province’s specific

climate, soil conditions, and market dynamics.
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e To provide recommendations and insights to farmers and policymakers for optimizing crop
selection and resource allocation in order to enhance agricultural productivity and

profitability in NL.

1.7 Significance of the Study

According to a wide range of studies, organic cropping systems may preserve ecological integrity,
promote environmental stewardship, and offer economic benefits. A wide range of tactics can be
used in organic production systems. By generating cost analyses that highlight the financial
consequences of adopting each of the systems investigated in the project to enable producers to

assess their viability in marketplaces.

Enterprise budgets will be prepared using the previous methodology suggested by Tourte et al.,
(2009). These methods are created to dynamically reflect differences in field operations, inputs,
and crop performance, which an improvement above static models that are currently accessible to
farmers. The goal of this thesis is to promote on-farm research while also contributing to the
growth of agricultural production for different crops and assessing the possible economic rewards

for farmers.

There is a knowledge gap in the role of different cropping system approaches in determining crop
yields. Numerous system experiments have been conducted in various climatic regimes to address
grain or, less frequently, cropping systems, but none have replicated the unique farm
improvements used in this study. Making decisions about farm output and pricing requires an
understanding of how cropping system affect crop yields as well as production costs. By examining
the interactions and trade-offs between soil fertility, weeds, pests, and economics, this long-term

holistic approach can provide some light on farmer difficulties.
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Alternate agriculture management systems prioritize eco-friendly practices like organic farming,
permaculture, and precision agriculture to boost productivity sustainably, preserve resources, and
reduce environmental harm. Farmers are always looking for innovative ways to improve their
cropping systems, such as alternate management systems and innovative crops. This study aimed
to evaluate the impact of cultivating different crops on long-term production levels, costs, net
return, and overall economic profitability. This will facilitate identification of the most profitable

cropping systems for the farmers of the NL.
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1.8 Organization of the Thesis
This study has been structured into five chapters, each dedicated to examining the economic
viability of different cropping systems within the province of NL. The content of each chapter is

outlined as follows:

Chapter 1% : The introductory chapter of the paper provides a comprehensive overview of the
topic, highlighting the background, problem statement and economic benefits of agriculture in

Canada and NL, and outlining the research objectives, questions, and significance of the study.

Chapter 2" : The subsequent chapter focuses on a literature review of current agricultural
practices in NL and Canada, with a specific emphasis on agricultural sustainability, crop

production, and their role to the Canadian economy and budget enterprises.

Chapter 3™ : This chapter details the research methods employed, including theoretical concepts,

sampling, data collection, and analysis.

Chapter 4™ : This chapter indicates the findings of the study along with figures and analysis of

data.

Chapter 5" : A discussion of the findings is also provided, with comparisons drawn to existing
literature, and consideration given to the impact of different inputs and procedures on crop
production and profitability. The chapter concludes with a summary of the objectives of research
and findings, suggesting future of research be conducted on economic assessments of cropping

systems using different procedures, while acknowledging certain limitations of the present study.
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Chapter 2
Literature Review
The Agricultural Sector in Atlantic Canada, encompassing the provinces of Nova Scotia (NS),
New Brunswick (NB), Prince Edward Island (PEI), and NL, plays a significant role in the region's
economy and food production (Wilson et al., 2020). However, NL stands out with a unique
agricultural landscape compared to its neighboring provinces (Schaller et al., 2018). While NS,
NB, and PEI have long-established agricultural sectors, characterized by diverse crop production,
livestock farming, and agri-food processing industries, NL faces distinct challenges due to its

geographical location and climatic conditions (Ochs et al., 2021).

In NL, the agricultural sector is relatively smaller in scale and primarily focuses on livestock
production, including beef, dairy, and poultry. (Caro et al., 2014). The province's rugged terrain,
shorter growing season, and limited arable land present limitations for large-scale crop production.
As a result, NL's agricultural industry is more specialized and oriented towards niche markets,
such as organic farming, specialty meats, and locally produced fruits and vegetables (Paracchini

et al., 2020).

In contrast, NS, NB, and PEI benefit from more favorable agricultural conditions, including fertile
soils, moderate climates, and larger agricultural land bases (Laamrani et al., 2021). These
provinces have a more diverse agricultural sector, encompassing a wide range of crops, such as
grains, fruits, vegetables, and specialty crops (Chapagain, 2017). They also have a higher
concentration of agri-food processing facilities, which contribute to value-added activities and the

export of agricultural products. (Van Huellen and Abubakar, 2021)

The differences in the place of the Agricultural Sector between NL and the other provinces in

Atlantic Canada can be attributed to various factors, including historical agricultural development,
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resource availability, and market opportunities. While NS, NB, and PEI have a longer history of
agricultural settlement and have been able to leverage their favorable conditions for agricultural
production, NL's agricultural sector has evolved in response to its unique challenges and

opportunities (Kraly et al., 2022).

It is important to note that NL's Agricultural Sector, despite its smaller scale, plays a crucial role
in the province's food security, rural development, and sustainable land use. Local food production
and agricultural activities contribute to the regional economy, support employment in rural areas,

and promote self-sufficiency in food production (Dubbeling et al., 2017).

In conclusion, while the Agricultural Sector in NL differs from that of the other provinces in
Atlantic Canada, it holds a distinct place within the region's agricultural landscape (Molin et al.,
2017). The agricultural industry in NL predominantly emphasizes livestock production and
specialized niche markets, while NS, NB, and PEI have more diversified crop production and agri-
food processing sectors (Parvez et al., 2021). Recognizing the unique challenges and opportunities
of NL's agricultural sector is essential for formulating policies and strategies that support its
growth, enhance sustainability, and contribute to the overall development of the regional

agricultural sector (Unc et al., 2021).

2.1 Management of Cropping Systems

A cropping system refers to the specific arrangement and management of crops within an
agricultural system. It involves the selection of crops, their spatial and temporal arrangement, as
well as the associated practices and techniques employed throughout their growth cycle (Gaba et

al., 2012).
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Cropping systems are a fundamental component of agricultural practices and encompass the
strategic arrangement and management of crops within a farming system. They involve the
selection, sequencing, and spatial distribution of crops, as well as the integration of various
agricultural practices to optimize productivity, sustainability, and resource management (Gaba et
al., 2012). The literature on cropping systems highlights the importance of factors such as crop
rotation, intercropping, monoculture, and agroforestry in shaping agricultural landscapes and
addressing key challenges such as disease and pest control, soil fertility management,
environmental sustainability and water usage efficiency (Dawson et al., 2019). Researchers have
explored diverse cropping system designs, ranging from traditional practices to innovative
approaches, emphasizing the need for site-specific and context-specific strategies to meet the

diverse goals of farmers, consumers, and environmental stewardship (Isgren et al., 2020).

2.2 Types of Cropping Systems

There are different types of cropping systems which are as following.

2.2.1 Monoculture:

Monoculture refers to the practice of growing a single crop species on a given piece of land for an
extended period. While monoculture simplifies management practices and may be economically
efficient for specific crops, it can lead to increased vulnerability to pests, diseases, and soil

degradation due to the lack of crop diversity.

2.2.2 Crop Rotation:
Crop rotation involves the planned sequence of different crops on the same field over time. It is
designed to break pest and disease cycles, improve soil fertility, and enhance overall sustainability.

By rotating crops with different nutrient requirements, disease susceptibilities, and growth
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characteristics, farmers can maintain soil health, optimize resource utilization, and reduce the

dependence on chemical inputs.

2.2.3 Intercropping:

Intercropping involves growing two or more different crops simultaneously on the same field. It
can take various forms, such as mixed intercropping (randomly mixed crops), row intercropping
(distinct rows of different crops), or relay intercropping (different crops planted at different times
within the same field). Intercropping can provide complementary resource use, enhance pest and

disease control, and increase overall yield stability.

2.2.4 Agroforestry:

Agroforestry integrates trees or shrubs with agricultural crops, creating a multi-layered system.
Agroforestry systems offer multiple benefits, including enhanced biodiversity, improved soil
fertility, increased carbon sequestration, and diversified income streams. Examples include alley
cropping (crops grown between rows of trees), silvopasture (combining trees, forage crops, and

livestock), and forest farming (intercropping with tree crops).

2.2.5 Polyculture:

Polyculture involves the simultaneous cultivation of multiple crops in the same field without a
specific spatial arrangement. It promotes biodiversity, reduces pest and disease risks, and provides
ecological resilience. Polyculture systems can be traditional, reflecting local practices and crop

combinations, or innovative, incorporating new combinations or companion planting strategies.

2.2.6 Specialized Cropping Systems:
Some cropping systems are designed for specific purposes or environments. For instance,

hydroponics and aeroponics are soil-less systems that grow crops in nutrient-rich water or mist.
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Protected cultivation, such as greenhouse or high tunnel farming, provides controlled
environments for year-round production. These specialized systems often require sophisticated

technology, but they offer advantages in terms of yield, quality, and resource efficiency.

23 Pros and Cons of Each Cropping Systems

Different cropping systems offer various benefits and drawbacks. Monoculture provides simplified
management practices and economies of scale, but it increases vulnerability to pests, diseases, and
soil degradation (Nicholls et al., 2017). Crop rotation breaks pest and disease cycles, improves soil
fertility, and enhances overall sustainability, yet it requires careful planning and can have
economic implications. Intercropping efficiently utilizes resources, enhances pest control, and
increases yield stability, but it presents management complexities and challenges in weed control
(Kumar et al., 2020). Agroforestry provides multiple products and benefits, such as timber and
improved soil fertility, but requires longer establishment periods and management knowledge.
Polyculture enhances biodiversity and reduces pest pressure but necessitates complex management
and may have economic considerations (Levin, 2022). Specialized cropping systems enable
controlled environments and potential higher yields but involve higher initial investments and
potential reliance on artificial inputs (Magrini et al., 2016). Understanding the pros and cons of
each cropping system is crucial for making informed decisions to optimize agricultural

productivity, sustainability, and resource management (McLennon et al., 2021).

2.3.1 Monoculture:

Pros:

o Simplified management practices and economies of scale.

o Efficient use of machinery, labor, and inputs specific to the chosen crop.
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Cons:

Streamlined harvesting and marketing processes.

Increased vulnerability to pests, diseases, and weeds due to the absence of crop

diversity.

Soil degradation and nutrient imbalances due to the continuous cultivation of the

Same Crop.

Reduced resilience to climate variability and environmental stresses.

2.3.2 Crop Rotation:

Pros:

Cons:

Breaks pest and disease cycles, reducing the need for chemical inputs.

Improves soil fertility by balancing nutrient demands and reducing nutrient

depletion.

Enhances soil structure, water-holding capacity, and overall soil health.

Requires careful planning and knowledge of crop compatibility and rotation

sequences.

Potential challenges in managing crop-specific pests and diseases.

Economic implications due to variations in market demand and crop profitability.
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2.3.3 Intercropping:

Pros:

Cons:

Efficient utilization of resources, such as light, water, and nutrients, through

complementary interactions between crops.

Enhanced pest and disease control through natural mechanisms, such as repelling

or attracting beneficial organisms.

Increased yield stability and reduced yield losses during environmental

fluctuations.

Management complexities, including crop-specific requirements, competition for

resources, and harvest logistics.

Possible yield reduction in certain combinations of crops due to competition for

resources.

Challenges in weed management, as different crops may have different weed

susceptibilities.

2.3.4 Agroforestry:

Pros:

Provides multiple products and benefits, such as timber, fruits, fodder, and

improved biodiversity.

Enhances soil fertility through nutrient cycling, nitrogen fixation, and organic
matter accumulation.
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Cons:

Offers climate change mitigation potential through carbon sequestration.

Longer establishment periods and potential competition for resources during early

stages.

Management challenges related to tree-crop interactions, such as shading and root

competition.

Requires knowledge of tree selection, spacing, and pruning techniques for optimal

outcomes.

2.3.5 Polyculture:

Pros:

Cons:

Enhanced biodiversity and ecological resilience.

Reduced pest and disease pressure due to the diversity of crops.

Potential for synergistic interactions, such as nutrient cycling and biological pest

control.

Complex management requirements, including varying crop-specific needs and

harvesting schedules.

Potential challenges in weed management due to diverse crop types and growth

habits.

Economic considerations due to variations in market demand and crop profitability.
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2.3.6 Specialized Cropping Systems:

Pros:
e Controlled environments allow year-round production, independent of seasonal
variations.
o Efficient use of resources, such as water, nutrients, and space.
o Potential for higher yields and superior crop quality.
Cons:

e Higher initial investment costs for infrastructure and technology.

o Increased energy requirements for climate control and lighting.

o Limited crop diversity and potential reliance on artificial inputs.

24 Benefits of Cropping Systems Management

Effective management of cropping systems offers numerous benefits for agricultural productivity,
environmental sustainability, and socio-economic well-being (Giar¢ et al., 2018). Firstly, by
implementing diverse cropping systems such as crop rotation, intercropping, and agroforestry,
farmers can enhance soil health and fertility (Mugwe et al., 2019). These practices promote nutrient
cycling, reduce soil erosion, improve water retention, and minimize the need for synthetic inputs,
resulting in improved long-term soil productivity (Tully and Rayls, 2017). Secondly, cropping
systems management plays a vital role in pest and disease control. Through strategies like crop
rotation and intercropping, the risk of pest and disease outbreaks can be mitigated as diverse crops
disrupt the life cycles of pests and help maintain a healthy balance of beneficial organisms (Richard

et al., 2022). Additionally, efficient resource utilization is achieved through the complementary
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use of light, water, and nutrients in well-designed cropping systems, maximizing overall
productivity while minimizing waste (Kozai and Niu, 2020). Furthermore, cropping systems
management contributes to biodiversity conservation by providing habitat and food sources for a
wide range of organisms (Grass et al., 2019). It also helps preserve genetic diversity by promoting
the cultivation of diverse crop varieties. Lastly, sustainable cropping systems can provide
economic benefits by reducing input costs, improving resilience to market fluctuations, and
diversifying income streams through the production of multiple crops or value-added products
(Valencia et al., 2019). Overall, effective management of cropping systems plays a crucial role in
ensuring sustainable and resilient agriculture, benefiting farmers, ecosystems, and society as a

whole (Kremen and Miles, 2012).

2.5 Sustainability of Cropping System

Sustainable cropping systems are essential for meeting the needs of the present generation without
compromising the ability of future generations to meet their own needs (Borowski and Patuk,
2018). By carefully managing cropping systems, we can optimize resource utilization, minimize
negative environmental impacts, and ensure long-term agricultural productivity (Lemaire et al.,
2015). Taking into account the issue of managing cropping systems allows us to address key
sustainability challenges. This includes promoting soil health and fertility through practices like
crop rotation and intercropping, which enhance nutrient cycling, reduce soil erosion, and minimize
the need for synthetic inputs. Effective management also contributes to biodiversity conservation
by providing habitat and food sources for diverse organisms, preserving genetic diversity, and
supporting ecosystem services (Tamburini et al., 2020). Moreover, sustainable cropping systems
help mitigate climate change by sequestering carbon in soils and reducing greenhouse gas

emissions through improved resource efficiency (Ntinyari and Gweyi-Onyango 2021). By
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considering the issue of managing cropping systems within the framework of sustainability, we
can foster resilient and productive agricultural systems that balance ecological, economic, and
social dimensions, ensuring food security, environmental stewardship, and the well-being of

farming communities (Petersen-Rockney et al., 2021).

Locally, studies in specific regions of the United States have examined the impacts of different
cropping systems on soil health, water quality, and yield performance. For instance, research
conducted in the Midwest has explored the benefits of crop rotation in reducing soil erosion,
improving nutrient cycling, and mitigating pests and diseases (Yu et al., 2022). These studies have
highlighted the importance of integrating diverse crops, such as corn, soybeans, wheat, and cover

crops such as mustard, alfalfa, rye, clovers, to enhance overall sustainability and resilience.

At the provincial level, individual states in the US have conducted research to assess the economic
viability and environmental benefits of cropping systems. For example, studies in California have
examined the advantages of integrated farming systems that combine field crops with livestock,
emphasizing the potential for enhanced nutrient cycling, reduced fertilizer inputs, and improved

soil health (Sekaran et al., 2021).

In the Canadian Prairies, wheat growers have long depended on continuous cropping systems
comprising cereal-summer-fallow cropping or cereal-cereal cropping with mechanical tillage
(Zentner et al., 2002). A continuous cropping system is the practise of continually sowing the same

crop species in the same site (Cook and Weller, 2004).

The majority of farmers that grow industrial crops follow a continuous cropping system due to its

additional profitability compared to changing crops every year. A continuous cropping system
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fosters increasing mechanisation for spreading fertilisers and pesticides across a vast area of land

utilising specialised agricultural equipment for planting, harvesting, and distribution.

These approaches reduce the labour requirements for production while increasing efficiency. As a
result, continuous cropping systems reduce production costs by minimizing labour expenditures.
Regardless of the benefits, this method has a negative impact. A continuous cropping system offers

a suitable environment for crop-specific diseases, weeds, and pests.

It is necessary to apply herbicides and pesticides because some diseases, insect pests and weeds
have the ability to disperse quickly across a crop if each plant in a field has a same level of

susceptibility (Thomas and Kevan, 1993).

Nationally, organizations like the USDA (United States Department of Agriculture) have funded
and supported research on various cropping systems and their impacts. The USDA's Sustainable
Agriculture Research and Education (SARE) program has funded projects on crop rotation, cover
cropping, and agroforestry, among other topics. These studies have aimed to evaluate the
ecological and economic benefits of different cropping systems and provide recommendations for

farmers to adopt sustainable practices.

Internationally, research on cropping systems has been conducted across different countries such
as US, China and Netherland. For example, studies from the International Center for Tropical
Agriculture (CIAT) have focused on agroforestry systems in tropical regions, demonstrating their

potential for improving soil fertility, increasing carbon sequestration, and enhancing biodiversity.

To conduct a thorough literature review, it is recommended to search scholarly databases, such as

PubMed, Google Scholar, or agricultural journals, using relevant keywords like "cropping

nmn

systems," "sustainable agriculture," and "case studies." This will help us identify specific studies
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conducted locally, provincially, nationally, and worldwide, providing a more comprehensive

understanding of the research landscape in the context of managing cropping systems.

2.6  Agricultural Sustainability and Soil Quality

Sustainability in agriculture is a concept that encompasses the integration of environmental
stewardship, economic viability, and social equity in agricultural management systems (Kremen
et al., 2012). This recognizes the interdependence between the natural environment, human well-
being, and long-term food production. Sustainable agriculture aims to meet present needs while
ensuring the ability of future generations to meet their own needs (Duran et al., 2015). It involves
the responsible use of natural resources, the preservation and enhancement of ecosystem services,
and the promotion of resilient and equitable agricultural practices (Rao et al., 2015). Key principles
of sustainability in agriculture include minimizing environmental impacts, conserving
biodiversity, optimizing resource efficiency, promoting soil health and fertility, ensuring food
security, and supporting the livelihoods of farming communities (McLennon, et al., 2021). By
adopting sustainable agricultural practices, we can strive for a balance between productivity,
environmental protection, and social well-being, fostering a more resilient and regenerative

agricultural system for the present and future generations (Friedrichsen et al., 2021).

One of the primary reasons why practicing sustainable farming is crucial for the sustainability of
the agricultural system is its positive impact on environmental conservation (Pretty et al., 2018).
Sustainable farming methods prioritize the protection of natural resources and the environment.
Through techniques such as crop rotation, agroforestry, and water management systems, farmers
can minimize soil erosion, enhance soil fertility, and reduce the reliance on chemical inputs
(Srinivasarao et al., 2021). These practices help preserve biodiversity, safeguard water sources,

mitigate the adverse effects of climate change, and prevent land and ecosystem degradation. By
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conserving and protecting the environment, sustainable farming contributes to the overall

sustainability of the agricultural system (Postel., et al., 2005).

Another vital aspect of sustainable farming is its emphasis on soil health and fertility. Healthy soil
is the foundation of a successful agricultural system. Sustainable farming practices, such as the use
of organic fertilizers, cover cropping, and integrated pest management, prioritize the nurturing of
soil health (Mugwe et al., 2019). By maintaining soil fertility and structure, these practices enable
farmers to cultivate crops that are resilient to pests, diseases, and adverse weather conditions
(Altieri et al., 2015). Moreover, healthy soil promotes efficient nutrient absorption and water
retention, reducing the need for excessive irrigation and fertilizers. By focusing on soil health,
sustainable farming ensures the long-term viability and productivity of agricultural lands (Panhwar

etal., 2019).

In addition to environmental and soil benefits, sustainable farming practices also contribute to
economic and social sustainability. By reducing the dependence on expensive chemical inputs,
sustainable farming can lower production costs and increase profitability for farmers. Moreover,
it promotes diversified and resilient farming systems, which can enhance food security and provide
economic opportunities for rural communities (Adenle et al., 2017). Additionally, sustainable
farming practices often prioritize the well-being of farmworkers and local communities, promoting

fair labor practices and community engagement (Arabska, 2021)

The concept of soil quality encompasses the inherent properties, processes, and functions of soil
that determine its capacity to support healthy plant growth, sustain ecosystem services, and
maintain long-term productivity (Biinemann et al., 2018). Soil quality extends beyond mere
chemical fertility and incorporates physical, biological, and ecological attributes (Ling et al.,

2016). It encompasses characteristics such as soil structure, nutrient content, organic matter
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content, water-holding capacity, microbial activity, and the presence of beneficial organisms
(Jangir et al., 2019). A high-quality soil provides a favorable environment for root development,
nutrient availability, and water infiltration, ultimately supporting optimal crop growth (Hartmann
and Six, 2023) Furthermore, soil quality influences numerous ecosystem functions, including
nutrient cycling, carbon sequestration, water filtration, and resilience to environmental stresses.
Sustainable practices of soil management, such as crop rotation, cover cropping and organic matter
additions, play a vital role in maintaining and enhancing soil quality (Norris and Congreves, 2018).
By prioritizing soil quality in agricultural systems, we can ensure long-term productivity,
environmental sustainability, and the resilience of our food production systems in the face of

climate change and other challenges (Esham et al., 2018).

It is crucial to employ diverse farming practices while continuously considering soil quality for
sustainable agriculture (Teklewold et al., 2013). The adoption of different farming practices, such
as crop rotation, cover cropping, conservation tillage, and integrated pest management, can help
maintain and improve soil quality over time (Crystal-Ornelas et al., 2021). These practices
contribute to the preservation of soil structure, organic matter content, nutrient cycling, and
microbial activity, ultimately enhancing overall soil health. By implementing a variety of practices,
farmers can mitigate the negative impacts of monoculture, reduce pest and disease pressure,
minimize soil erosion, and improve water infiltration and retention (Haney et al., 2018). Moreover,
integrating sustainable farming practices into agricultural systems promotes the long-term

sustainability and resilience of food production (Shah et al., 2021).

Locally, studies in the United States have investigated the relationship between sustainable

agricultural practices and soil quality. For instance, research conducted in the Midwest region has
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explored the impact of conservation practices, such as no-till farming and cover cropping, on soil

erosion reduction, carbon sequestration, and water quality improvement (Chen et al., 2023).

The ecosystems functional and structural integrity of Canadian prairie has been severely
compromised by the conversion of natural areas into agricultural areas and the use of extremely
unsustainable farming techniques (Martens et al., 2013). Agriculture sustainability is characterized
as an enduring methodical arrangement that combines social responsibility, environmental

preservation, and economic viability.

Agricultural system sustainability is dependent on plant nutrient management, soil quality, weeds
and disease incidence, economics and interaction of climate (Hulugalle and Scott, 2008). For
agricultural production, effective soil management is essential, such as environmental
sustainability at regional and global level and human health as well. Projected increase in global
population results in higher demand for food, clean water and energy are linked with soil
management efficiency (Valin et al., 2014). The soil stands as a crucial natural resource, exerting
influence on economic and socioeconomic capacities. It helps to produce basic food and raw
materials, trash recycling, and water filtration and storage and also preserves the plants and

animals’ diversity (Weil and Brady, 2017a).

Studies at the state of California have focused on the role of sustainable farming practices in
mitigating soil degradation and preserving soil health in diverse cropping systems (Dring et al.,
2023). Nationally, organizations like the USDA have funded research initiatives to evaluate the
impacts of sustainable practices on soil quality, aiming to provide farmers with science-based
recommendations for enhancing soil health and sustainability (Toor et al., 2021). At the

international level research conducted by organizations such as the Food and Agriculture
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Organization (FAO) and international research institutions have examined the relationship
between sustainable agriculture and soil quality in various regions worldwide (Kassam et al.,
2015). These studies have explored the benefits of sustainable practices, such as agroforestry, soil
conservation techniques, and precision farming, in promoting soil quality and sustainable

agricultural systems (Pretty and Bharucha, 2014).

2.7 Crop Diversification

Crop diversification refers to the practice of cultivating a variety of crops within a specific
agricultural system or region, instead of relying heavily on a single crop. It involves the intentional
introduction of different crop species, varieties, or cultivars, as well as the rotation of crops over
time (Currie et al., 2015). Crop diversification aims to increase the range and diversity of crops
grown in an area, promoting resilience, sustainability, and productivity in agricultural systems. It
offers an alternative to monoculture, where a single crop dominates the landscape (Frison, 2016).
By diversifying crops, farmers can mitigate the risks associated with pests, diseases, and extreme
weather events. It can also contribute to improved soil health, nutrient cycling, and reduced
reliance on synthetic inputs (Garibaldi et al., 2019). Furthermore, crop diversification can enhance
biodiversity, provide greater market opportunities, and support local food systems. Through the
intentional integration of diverse crops, farmers can foster more resilient and sustainable
agricultural practices that contribute to long-term food security and environmental stewardship

(Marchetti et al., 2020).

2.8 Technical and Economical Aspects of Crop Diversification
Diversifying cropping systems is crucial from both technical and economic perspectives. From a
technical standpoint, crop diversification helps mitigate risks associated with pests, diseases, and

environmental stresses (Altieri et al., 2017). By cultivating a variety of crops, farmers can reduce
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the vulnerability of their agricultural systems to specific pests and diseases that target certain crop
species (McCord et al., 2015). Additionally, diversification can provide natural pest control as
some crops act as repellents or trap crops, disrupting pest life cycles. Moreover, different crops
have varying root structures and nutrient requirements, which can enhance soil health and nutrient
cycling (Wezel et al., 2014). Crop rotation, a form of diversification, helps break pest and disease
cycles, replenish soil nutrients, and reduce soil erosion. From an economic perspective,
diversifying cropping systems can offer several advantages (Shah et al., 2021). It provides farmers
with a wider range of income streams, reducing their dependence on a single crop and mitigating
the risks of market price fluctuations. If one crop fails or experiences low prices, revenue from
other crops can compensate for the loss (Tadesse et al., 2015). Furthermore, crop diversification
can create opportunities for value-added products and niche markets, allowing farmers to capture
higher prices and increase their profitability. Additionally, diversification can reduce input costs
by minimizing the need for chemical inputs and improving resource use efficiency (Giller et al.,
2021). By considering both technical and economic aspects, crop diversification emerges as a
crucial strategy to enhance the resilience, sustainability, and profitability of agricultural systems

(Makate et al., 2016).

Crop diversification brings about important economic advantages, especially when considering the
concept of relative prices of inputs and outputs (Ahmadzai, 2017). Relative prices refer to the
relationship between the prices of different inputs (e.g., fertilizers, pesticides, labor) and the prices
of outputs (crop yields). When input prices are high or output prices are low for a particular crop,
diversification allows farmers to allocate their resources towards alternative crops that may have
more favorable price ratios (Feuerbacher et al., 2018). For example, if the price of a specific input,

such as chemical fertilizers, increases substantially, farmers can opt to shift their production
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towards crops that require lower input investments, such as legumes or cover crops that fix nitrogen
naturally (Parr et al., 2020). Similarly, if the market prices for a particular crop decline, farmers
can explore diversifying into higher-value crops or specialty crops to capture better prices and
diversify their revenue streams (Mithiya et al., 2018). However, it is important to note that changes
in relative prices can influence crop diversification decisions. For instance, if the prices of inputs
needed for a particular crop decrease while the prices of its outputs rise, farmers may choose to
allocate more resources to that crop, leading to reduced diversification (Manjunatha et al., 2013).
Therefore, understanding and responding to changes in relative prices is crucial in determining the

optimal mix of crops within a diversified farming system.

Crop diversification is advantageous for soil conservation, nutrient cycling, disease management,
and ecological diversification (Smith et al., 2015). In a crop rotation system, various crops can
require particular skills about their development and management, and certain pests and diseases

(Saskatchewan Pulse Growers, 2017).

The advantages of incorporating pulse crops into cereal-based farming systems in a rotational
manner have been recognized for an extended period. Policies and programmes that support the
use of pulse crops are promoted because they have positive economic and environmental effects

on Canadian agriculture (Gan et al., 2002; Johnston et al., 2007).

Studies in Canadian prairies shown that oilseed crops are most feasible to cold climate and their
addition might increase net returns while lowering profitability risk due to increased production

stability (Zentner et al., 2002).

Studies in the US have investigated the benefits of crop diversification in different regions

(Lancaster and Torres, 2019). For example, research in the Midwest has focused on the advantages
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of incorporating cover crops into cropping systems to enhance soil health, reduce erosion, and
improve water quality (Plastina et al., 2020). In addition, studies in California have examined the
potential of diversifying crop rotations to manage pests and diseases, reduce chemical inputs, and
improve overall sustainability (Krobel et al., 2021). Nationally, organizations like the USDA have
supported research initiatives on crop diversification, exploring its economic and environmental
benefits and providing recommendations for farmers. At the international level research conducted
by the International Food Policy Research Institute (IFPRI) has highlighted the importance of crop
diversification in improving food security, enhancing farm incomes, and promoting sustainable

agriculture in various regions around the world (Blesh et al., 2023).

2.9 Economics of Agriculture Production

The economics of agricultural production refers to the application of economic principles and
analysis to the agricultural sector (Velasco-Munoz et al., 2021). It involves studying the
production, distribution, and consumption of agricultural goods and services, as well as the factors
that influence agricultural decision-making. The economics of agricultural production seeks to
understand the allocation of scarce resources, such as land, labor, and capital, to maximize
agricultural output and profitability (Fernandez et al., 2020). It examines the relationships between
input costs, output prices, production technologies, and farm management strategies. This field of
study encompasses various aspects, including production economics, farm management,
agricultural markets, agricultural policy, and the impact of external factors such as government
regulations and environmental constraints (Chavas et al., 2010). By analyzing the economics of
agricultural production, researchers and policymakers can gain insights into the efficiency,
competitiveness, and sustainability of agricultural systems, and develop strategies to optimize

resource use, enhance farm incomes, and ensure food security (Garibaldi et al., 2017).
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When examining the economics of agricultural production, several factors should be considered
to gain a comprehensive understanding of the complex dynamics involved. First, input costs play
a crucial role, encompassing factors such as the prices of seeds, fertilizers, pesticides, machinery,
and labor. These costs directly influence the profitability and competitiveness of agricultural
operations (Asai et al., 2018). Second, output prices are vital as they determine the revenue farmers
receive for their agricultural products. Fluctuations in market prices can significantly impact farm
incomes and the viability of agricultural enterprises (Acs et al., 2010). Third, technological
advancements and innovations in farming practices have a substantial influence on agricultural
economics. Adoption of improved production techniques, mechanization, precision agriculture,
and genetic enhancements can enhance productivity, reduce costs, and improve overall
profitability (Walter et al., 2022). Additionally, the availability and accessibility of financial
resources, such as loans, subsidies, and insurance, have a significant impact on agricultural
production economics. Government policies and regulations related to trade, subsidies, taxation,
and environmental stewardship also shape the economic landscape of agriculture (Vogt-Schilb and
Hallegatte, 2017). Crop productivity is vital for Canada's economy, contributing through direct
revenue, rural employment, and supporting related industries (Saayman et al., 2018). Exporting
agricultural goods is crucial for the country's trade balance, while a stable food supply is essential
for food security and public health (Barrios et al., 2020). Efficient crop production also aligns with
Canada's environmental goals. Recognizing these factors can help policymakers and stakeholders
promote growth, food security, and sustainability in the Canadian agricultural sector (Shah et al.,

2021).
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Finally, external factors like weather patterns, climate change, and market volatility need to be
considered as they introduce uncertainties and risks that affect agricultural economics; risk refers
to things we can measure and plan for, like weather and market changes, while uncertainty is about
unpredictable events, like unexpected situations or policy shifts, that can also affect farming
results. (Eakin et al., 2016). By examining and analyzing these factors, researchers, policymakers,
and farmers can make informed decisions, develop strategies, and implement policies to optimize
agricultural production, improve economic outcomes, and foster sustainable and resilient

agricultural systems (Das and Ansari, 2021).

The concept of economics of agricultural production has been extensively explored in the literature
across various scales, including local, provincial, national, and global contexts. Locally, studies in
the US have examined the economics of agricultural production within specific regions (Hoang
Thanh et al., 2018). For instance, research conducted in the Midwest has analyzed the cost-
effectiveness of adopting precision agriculture technologies, such as GPS-guided machinery and
variable rate application of inputs, to optimize resource use and increase farm profitability (Hundal
et al., 2023). Studies at the state level e.g., California have investigated the economic implications
of water scarcity and irrigation management in the state's agricultural sector, highlighting the need
for efficient water allocation and sustainable practices. Nationally, research conducted by
organizations like the USDA has focused on the economic analysis of different crop production
systems, assessing factors such as input costs, output prices, farm structure, and government
policies (Rouillard, 2022). For example, studies have explored the profitability of organic farming,
the impact of trade policies on agricultural markets, and the economic implications of climate
change for the US agriculture. Internationally, literature on the economics of agricultural

production has encompassed diverse regions and countries. For instance, research from the
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International Food Policy Research Institute (IFPRI) has examined the economic factors
influencing agricultural productivity and food security in developing countries. Additionally, at
the international level research conducted by the World Bank and the Food and Agriculture
Organization (FAQO) have provided insights into the economic challenges and opportunities in

global agricultural systems.

2.10 Crop Productivity Impact and Contribution to the Canadian Economy

The productivity of crops has a significant impact on the Canadian economy, making substantial
contributions through direct revenue from crop sales, employment generation in rural areas, and
stimulation of related industries (Saayman et al., 2018). The export of agricultural commodities
plays a crucial role in Canada's trade balance, while a stable food supply ensures food security and
promotes public health (Khan et al., 2020). Additionally, efficient crop production practices
contribute to environmental sustainability, aligning with Canada's environmental goals (Barrios et
al., 2020). Recognizing the interplay of factors influencing crop productivity and understanding
its economic significance can inform policymakers and stakeholders in fostering growth, ensuring
food security, and promoting sustainable practices in the Canadian agricultural sector (Shah et al.,

2021).

Productivity, in the context of agriculture, refers to the measure of output or yield obtained from a
given set of inputs or resources. It represents the efficiency and effectiveness with which resources
are utilized to generate agricultural products (Gadanakis et al., 2015). Crop productivity
specifically refers to the measure of the output or yield of crops in relation to the resources
invested, including land, labor, capital, water, fertilizers, and other inputs (Mozumdar, 2012). It
provides insights into the efficiency and effectiveness of agricultural practices, technologies, and

management strategies in achieving optimal crop yields (Sagar et al., 2018). High crop
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productivity is crucial for meeting the increasing global demand for food, feed, fiber, and
bioenergy. It contributes to food security, farm profitability, and rural development. Improving
crop productivity requires a multifaceted approach that includes the adoption of improved crop
varieties, sound agronomic practices, efficient irrigation techniques, effective pest and disease
management, and soil fertility management (Acevedo et al., 2018). Additionally, advancements in
agricultural technologies, such as precision agriculture, remote sensing, and genetic engineering,
offer opportunities for enhancing crop productivity. By focusing on crop productivity, researchers,
farmers, and policymakers can develop strategies and interventions to optimize resource use,
increase agricultural output, and ensure sustainable and resilient food production systems (Xi et

al., 2022).

2.11 Difference Between Crop Productivity and Crop Efficiency

Crop productivity and crop efficiency are two distinct but interrelated concepts in agriculture. Crop
productivity refers to the quantity of crops, typically measured in terms of yield or output, that can
be obtained from a specific piece of land or area during a given growing season or time period (Ali
et al., 2008). It focuses on the quantity of crop produced and is often measured in terms of weight
or volume. Crop productivity is influenced by wvarious factors, including genetics, crop
management practices, input use, and environmental conditions (Araus et al., 2018). It is a key
indicator of the effectiveness of agricultural systems in generating sufficient crop yields to meet

the demands of food, feed, and fiber (Singh and Ryan, 2012).

On the other hand, crop efficiency refers to the ability to maximize the output of crops while
minimizing the use of resources, such as water, fertilizers, pesticides, and energy. It assesses how
effectively resources such as land, water, fertilizers, labor, and capital are converted into crop yield

(Toma et al., 2017). Crop efficiency takes into account the productivity achieved relative to the
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inputs used and is often measured as the input-output ratio or the amount of yield produced per
unit of input. Higher crop efficiency indicates that the same level of output or yield is achieved

with fewer resources, indicating more optimal resource utilization (Linn and Maenhout, 2019).

In essence, crop productivity focuses on the overall output or yield of a crop, whereas crop
efficiency evaluates how effectively resources are used to achieve that output. While crop
productivity is important for meeting production goals and addressing food security concerns, crop
efficiency emphasizes resource conservation, cost-effectiveness, and sustainable production
practices (Busetto et al., 2017). Both concepts are critical in agricultural systems as they provide
insights into the effectiveness of crop management strategies and help guide decision-making to
enhance productivity, reduce waste, and promote sustainable agricultural practices (Pogutz and

Winn, 2016).

Numerous studies have shown the possibility of higher yields when cropping systems are
diversified with pulse crops (Miller et al., 2006). As per Zentner et al. (2004), the total energy
input for pulse crops was reportedly 53% less than that for continuous wheat. Burgess et al. (2012)
conducted a study between the two cropping systems, shown that even while there were no
significant difference in the chemical consumptions and energy inputs, pulse crops generated

favourable rotational advantages on subsequent wheat output compared to wheat after wheat.

Research in the US has investigated the effects of crop productivity on farm profitability and
sustainability. For instance, studies have shown that improved crop productivity through the
adoption of advanced technologies and management practices can lead to higher yields, increased

income, and improved livelihoods for farmers (Mwangi and Kariuki, 2015). Moreover, enhanced
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crop productivity can contribute to local economic development by generating job opportunities

and supporting rural communities (Rotz et al., 2019).

At the state level studies in California, known for its diverse agricultural production, have
examined the impact of crop productivity on water usage and resource management. Research has
shown that increasing crop productivity while minimizing water consumption is crucial for
addressing water scarcity challenges and achieving long-term sustainability in the region
(Bommarco et al., 2013). Additionally, improved crop productivity has been linked to reduced
dependence on synthetic inputs, like pesticides and fertilizers, resulting in environmental benefits

and improved ecosystem health (Clark and Tilman, 2017).

The United States agriculture has highlighted the importance of crop productivity for food security
and economic growth. For example, studies have demonstrated that sustained increases in crop
productivity have played a significant role in meeting the growing demand for food and feed,
reducing dependency on imports, and supporting domestic agricultural industries (Keesstra et al.,
2016). However, concerns have also been raised about the negative environmental consequences
associated with intensive crop production, such as soil degradation, water pollution, and
biodiversity loss (Tittonell and Giller, 2013). Therefore, efforts to balance increased crop

productivity with environmental sustainability have gained attention in the literature.

Globally, research by the Food and Agriculture Organization (FAO) and the International Food
Policy Research Institute (IFPRI) has explored the impact of crop productivity on global food
security and poverty reduction (John and Fielding, 2014). These studies have emphasized the need
for sustainable intensification of agriculture, where improved crop productivity is achieved

through environmentally friendly practices and technologies. Furthermore, research has shown
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that increasing crop productivity in developing countries can have significant positive effects on

rural livelihoods, poverty alleviation, and overall economic development (Merga and Haji, 2019).

By reviewing the literature on the concept of crop productivity impact at different scales, we gain
insights into the multifaceted effects it has on local, provincial, national, and global levels.
Understanding these impacts helps inform policies, management strategies, and technological
innovations that promote sustainable and resilient agricultural systems, both in the neighboring

location of the United States and worldwide.

2.12 Budget Enterprises

The process of decision-making at the farm level involves a complex set of considerations and
choices that farmers must make to effectively manage their agricultural operations (Mankad,
2016). It encompasses a series of steps that farmers undertake to analyze and evaluate various
options, assess risks, and determine the most suitable course of action. The decision-making
process begins with identifying the goals and objectives of the farm, which may include
maximizing profits, optimizing resource use, ensuring sustainability, or achieving specific
production targets (Waas et al., 2014). Once the goals are established, farmers gather information
on factors such as market conditions, input costs, weather patterns, and technological
advancements. They, then analyze and evaluate different alternatives, weighing the potential
benefits, risks, and trade-offs associated with each option (Mutenje et al., 2019). This evaluation
takes into account factors such as crop selection, input use, timing of operations, pricing decisions,
and resource allocation. Farmers may use tools and techniques such as cost-benefit analysis,
financial modeling, and risk assessment to aid in their decision-making process (DeVincentis et

al., 2020).
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The decision-making process at the farm level is influenced by a range of factors, including farm
size, available resources, farmer's experience and knowledge, financial constraints, market
conditions, government policies, and environmental considerations (Bryan et al., 2009).
Additionally, farmers often make decisions in the context of uncertainty and changing conditions,
which require flexibility and adaptability. Effective decision-making at the farm level is crucial
for achieving farm sustainability, profitability, and resilience (Robert et al., 2016). It plays a vital
role in optimizing resource use, managing risks, adopting appropriate technologies, and
responding to market dynamics. By understanding the decision-making process at the farm level,
policymakers, researchers, and agricultural professionals can provide support, information, and
tools that help farmers make informed decisions and enhance the overall performance of

agricultural systems (Liu et al., 2018).

2.13 Factors Affecting Farmers’ Decisions

Farmers' decisions are influenced by a wide range of factors that shape their decision-making
process. These factors can vary based on the specific context, farm characteristics, and individual
farmer preferences and their attitude towards risks (Hoek et al., 2021). First, economic factors such
as market prices for crops, input costs and government policies and subsidies play a crucial role in
farmers' decisions. Input and output prices, market conditions, and the potential for profitability
greatly impact the choices farmers make regarding crop selection, production techniques, and
resource allocation. Access to credit, government subsidies, and insurance schemes also affect
decision-making by influencing the availability of financial resources and risk management

options (Ullah et al., 2016).

Second, environmental factors like weather conditions, soil quality, water availability and quality,

and the potential impact of farming practices on biodiversity and ecosystems are important
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considerations for farmers. Soil fertility, water availability, climate conditions, and pest and
disease pressures all influence farmers' decisions regarding crop selection, irrigation practices, and
pest management strategies. Environmental regulations and sustainability concerns also play a role
in shaping decision-making by encouraging the adoption of practices that minimize negative

environmental impacts and promote conservation (Dorgbetor et al., 2022).

Third, social and cultural factors impact farmers' decisions. Family traditions, community norms,
and cultural values can influence the choice of crops, farming methods, and the adoption of new
technologies. Additionally, labor availability and the social networks within the farming
community may influence decisions related to hiring, cooperation, and knowledge-sharing (De

Giusti et al., 2019).

Furthermore, technological factors play a significant role in farmers' decision-making. The
availability and accessibility of agricultural technologies, such as improved seed varieties,
precision farming tools, and mechanization options, can impact decisions regarding input use,
productivity enhancement, and cost reduction (Tantalaki et al., 2019). Farmers' knowledge and

understanding of these technologies also affect their willingness to adopt and implement them.

Finally, policy and institutional factors that shape farmers' decisions include government
regulations, subsidies, trade agreements, agricultural extension services, access to credit and
insurance, and the presence of farmer cooperatives or associations. Government policies,
regulations, and support programs can influence choices related to crop diversification, land use,
conservation practices, and market participation (Kassie et al., 2015). The availability and
effectiveness of extension services, farmer organizations, and agricultural research also play a role
in farmers' decision-making by providing information, training, and access to resources (Norton

and ALwang, 2020).
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The experience of farmers significantly influences the decision-making process. Years of working
on the land and observing the outcomes of different practices provide farmers with valuable
knowledge and insights that influence their decision-making process (Bwambale, 2015). Through
firsthand experience, farmers develop an understanding of the local conditions, climate patterns,
soil characteristics, and pest and disease pressures specific to their farming operation (Siimane et
al., 2018). This accumulated experience helps farmers anticipate and respond to challenges and

opportunities, making more informed decisions (Farooq et al., 2019).

The experience of farmers also enables them to assess the feasibility and practicality of different
options. They learn which crops are best suited to their local conditions, which varieties perform
well, and which management practices yield favorable outcomes (Giller et al., 2011). This
experience-based knowledge empowers farmers to make efficient use of resources and optimize
their production systems. They can draw on their past successes and failures to fine-tune their

decision-making, improving the profitability and sustainability of their farms (Munir et al., 2018).

Moreover, farmers' experience provides them with a deep understanding of the economic and
social dynamics of their farming operation. They become familiar with market fluctuations, buyer
preferences, and marketing channels through their interactions with buyers and consumers over
time (Krishnan, 2018). This knowledge allows them to make decisions regarding crop selection,

timing of planting and harvesting, and market participation.

However, it is important to recognize that farmers' experience is not static. It evolves over time as
farmers adapt to changing circumstances, adopt new technologies, and learn from emerging
practices (S@imane et al., 2018). Continuous learning and the willingness to experiment are crucial
for farmers to enhance their experience and make better decisions. Additionally, while experience

is valuable, it is essential for farmers to complement it with up-to-date information, scientific
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research, and extension services to ensure their decision-making remains current and relevant (Van

Etten et al., 2019).

2.14 Essential Reasons of Farmer’s Budgeting

Budgeting is an essential practice for farmers as it serves multiple purposes and provides numerous
benefits (Levidow et al., 2014). First, budgeting helps farmers plan and allocate their financial
resources effectively. By creating a budget, farmers can estimate their income and expenses,
allowing them to make informed decisions about the allocation of funds for inputs, equipment,
labor, and other operational costs (Ferris et al., 2014). It enables farmers to set financial goals,

track their cash flow, and make adjustments as needed to optimize their financial position.

Second, budgeting provides farmers with a tool for risk management and decision-making.
Through budgeting, farmers can assess the financial viability and profitability of different
enterprises or production practices (Sarri et al., 2020). They can evaluate the costs and potential
returns associated with various crops, livestock, or value-added activities, aiding in the selection
of the most profitable and sustainable options (De Corato et al., 2018). Budgeting also helps
farmers identify potential financial risks and develop contingency plans to mitigate them,

contributing to improved farm resilience (Levidow et al., 2014).

Third, budgeting facilitates long-term planning and investment decisions. By forecasting future
income and expenses, farmers can make informed choices regarding farm expansion, machinery
purchases, infrastructure development, and technology adoption (Si et al., 2022). Budgeting allows
farmers to evaluate the financial feasibility of these investments, assess their impact on
profitability, and determine the most appropriate timing for implementation. It provides a basis for
capital planning and financing arrangements, ensuring that resources are allocated efficiently and
effectively (Peterson, 2009).
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Moreover, budgeting supports communication and collaboration with lenders, suppliers, and other
stakeholders (Peterson, 2009). A well-prepared budget demonstrates the farmer's understanding of
the financial aspects of their operation and enhances their credibility when seeking financing or
negotiating contracts. It facilitates dialogue with suppliers, enabling farmers to negotiate favorable
terms and pricing for inputs (Markets, 2008). Budgeting also helps farmers communicate their
financial needs and requirements to advisors, accountants, and consultants, enabling them to

provide tailored guidance and support (Hikens et al., 2018).

Previous studies conducted in the US have examined the use of budget enterprise analysis to assess
the financial performance and profitability of individual farming operations (Folajinmi and Peter,
2020). For example, research has focused on developing comprehensive budgeting tools and
methodologies that enable farmers to estimate production costs, analyze revenues, and evaluate
the economic viability of different enterprises within their farm. These studies have highlighted
the importance of budget enterprise analysis in guiding farmers' decision-making, resource

allocation, and risk management strategies (Valenti et al., 2018).

The state-level literature, (e.g., CA) has explored the application of budget enterprise analysis to
assess the economic impacts of specific crops and commodities (Cuppari et al., 2021). These
studies have examined factors such as input costs, yield potentials, market prices, and production
technologies to develop comprehensive budgets for various agricultural enterprises (Chianu et al.,
2012). By analyzing the financial performance and returns of different crops or commodities,
researchers have provided valuable insights into the relative profitability and risks associated with

specific enterprises in different regions (Kouvelis et al., 2011).

Literature on the US agriculture has focused on budget enterprise analysis as a tool for policy

analysis and farm management decision-making. Studies have examined the financial implications
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of policy changes, such as modifications in government subsidies, price supports, or trade
regulations, on different agricultural enterprises (Stuart and Gillon, 2011). These analyses have
helped policymakers and stakeholders understand the potential impacts of policy decisions on farm

profitability, competitiveness, and sustainability (Prager and Freese, 2009).

At the international level research by the Food and Agriculture Organization (FAO) and other
international research institutes has emphasized the importance of budget enterprise analysis in
supporting sustainable agricultural development and poverty alleviation (Fouilleux et al., 2017).
These studies have explored the application of budgeting tools and methodologies in different
regions and countries to estimate production costs, analyze income generation, and evaluate the
financial viability of agricultural enterprises (Kanter et al., 2018). Examples include budget
enterprise analysis for staple crops in Africa or cash crops in Southeast Asia, providing insights
into the economic potentials and constraints of specific agricultural activities in different global

contexts (Kruseman et al., 2020).

2.15 Cost-Benefit Analysis

Farming assessment involves the evaluation and analysis of various aspects of agricultural
operations to assess their performance, sustainability, and potential for improvement (Kamble et
al., 2020). There are different types of farming assessments that serve different purposes and

provide valuable insights for farmers, researchers, and policymakers (Clark et al., 2016).

I. Productivity Assessment

Productivity assessment focuses on measuring the output and efficiency of farming systems, such

as crop yield per unit of land or livestock productivity per head. It helps identify areas where

47



productivity gains can be achieved through improved practices, technology adoption, or resource

optimization (Molden et al., 2007).

II. Economic Assessment

Economic assessment evaluates the financial aspects of farming, including income, expenses,
profitability, and return on investment. This assessment involves analyzing the costs of production,
revenue streams, market trends, and pricing mechanisms (Aleskerova et al., 2018). It helps farmers
determine the financial viability of their operations, make informed decisions regarding resource
allocation, and identify opportunities for cost reduction or revenue enhancement (Awulachew,

2019).

III. Environmental Assessment

Environmental assessment examines the environmental impacts of farming practices, such as soil
erosion, water use, greenhouse gas emissions, and biodiversity conservation (Stubenrauch et al.,
2022). It helps identify potential risks and vulnerabilities associated with farming activities and
supports the adoption of sustainable practices that minimize negative environmental impacts and

promote conservation (Prokopy et al., 2019).

IV. Social Assessment

Social assessment considers the social dimensions of farming, including labor conditions,
community engagement, and the well-being of farm workers and rural communities (Wei and Gao,
2017). This assessment evaluates the social impacts of agricultural practices and policies, aiming

to promote social equity, inclusivity, and the enhancement of livelihoods (Bennett, 2018).
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V. Resilience Assessment

Resilience assessment focuses on evaluating the ability of farming systems to withstand and
recover from shocks and stresses, such as climate variability, market fluctuations, or pest outbreaks
(Meuwissen et al., 2019). It examines the adaptive capacity, risk management strategies, and
diversification options that farmers employ to build resilience in their operations (Williams et al.,

2019).

These different types of farming assessments are interrelated and provide a holistic understanding
of farming systems. Integrating multiple assessment approaches allows for a comprehensive
evaluation of agricultural performance, sustainability, and resilience (Koohafkan et al., 2012). It
helps identify areas for improvement, guides decision-making, and supports the development of
targeted interventions and policies that enhance the overall performance of farming systems (Pretty
et al., 2018). By conducting these assessments, farmers, researchers, and policymakers can work
together to ensure that farming practices are economically viable, environmentally sustainable,
socially responsible, and resilient in the face of changing challenges and opportunities (Williams

etal., 2019).

2.16 Farm Assessment Methods

Farm assessment methods encompass a range of approaches and tools that are utilized to evaluate
and analyze various aspects of agricultural operations (Kamilaris et al., 2017). These methods
enable researchers, farmers, and policymakers to gain insights into the performance, sustainability,
and potential for improvement of farming systems. One commonly used method is farm surveys,
which involve collecting data directly from farmers through interviews, questionnaires, or on-farm

observations (Ssebunya et al. 2019).
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I.  Surveys

Surveys provide valuable information on production practices, input use, yields, and economic

aspects of farming (Mcfadden et al., 2022).

II.  Financial Analysis

This method involves assessing the financial performance of farming operations through the
examination of income statements, balance sheets, and cash flow statements (Magli et al., 2018).
Financial ratios, such as return on investment or gross margin, are calculated to evaluate
profitability and financial efficiency (Bordeianu and Radu, 2020). This method helps identify areas
of financial strength and weakness, enabling farmers to make informed decisions regarding

resource allocation and investment (Zorn et al., 2018).

I11. Field Observations

Field observations and measurements play a crucial role in farm assessment. By conducting field
visits and collecting data on soil quality, water availability, nutrient levels, and pest presence,
researchers can assess the environmental and agronomic aspects of farming systems (Vazquez et
al., 2021). This method provides insights into the health of the soil, the efficiency of resource use,

and the potential environmental impacts of farming practices (Wnag et al., 2022).

IV. Remote Sensing and Geospatial Analysis

Remote sensing and geospatial analysis have become increasingly popular in farm assessment (Liu
et al., 2011). Satellite imagery, aerial photographs, and geographic information systems (GIS) are

used to gather data on land use, vegetation growth, and other landscape features (Karakus et al.,

50



2015). These tools enable researchers to assess changes in land cover, monitor crop health, and

identify areas where resource management practices can be optimized (Wulder et al., 2008).

Overall, farm assessment methods encompass a diverse range of approaches, including surveys,
financial analysis, field observations, remote sensing, geospatial analysis, and modeling (Sarkar et
al., 2016). Combining these methods allows for a comprehensive evaluation of farming systems,
enabling stakeholders to identify strengths, weaknesses, and opportunities for improvement
(Kanter et al., 2018). By applying these assessment methods, farmers, researchers, and
policymakers can make informed decisions, implement targeted interventions, and promote

sustainable and resilient farming practices (Glover et al., 2019).

2.17 Cost-Benefit Analysis Method

In the context of my thesis, I chose the cost-benefit analysis (CBA) method for several reasons.

I. CBA is a widely recognized and established approach for evaluating the economic
feasibility and efficiency of projects or interventions (Mechler, 2016). It provides a
systematic framework to compare the costs and benefits associated with a particular
decision or action, allowing for a comprehensive assessment of the potential outcomes
(Carter et al., 2016).

II. CBA enables a quantitative analysis of costs and benefits, which facilitates a more
objective evaluation of different alternatives (Browne and Ryan, 2011). By assigning
monetary values to costs and benefits, CBA allows for a direct comparison and
measurement of the net impact (Culyer and Chalkidou, 2019). This quantitative nature of
CBA helps in making informed and evidence-based decisions, especially when dealing

with limited resources and competing priorities (Brownson et al., 2017).
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III.  Additionally, CBA takes into account both direct and indirect costs and benefits,
considering the broader impacts beyond the immediate financial implications (Kull et al.,
2013). It allows for the consideration of externalities, such as environmental or social
impacts, which may not be captured by traditional financial analysis methods (O'Mahony,
2021). This aspect of CBA is particularly relevant in the agricultural sector, where the
sustainability and broader societal implications of farming practices are crucial
considerations (Jeswani et al., 2010).

IV.  Furthermore, CBA provides a framework for discounting future costs and benefits,
recognizing the time value of money (Cordes, 2017). By discounting future values, CBA
accounts for the opportunity cost of investing resources in a particular project or decision
(Campos et al., 2015). This helps in assessing the long-term economic viability and

sustainability of the chosen course of action (Williams, 2012).

Overall, the choice of the cost-benefit analysis method for my thesis is based on its recognized
effectiveness in evaluating the economic feasibility and efficiency of agricultural projects or
interventions (Mutenje et al., 2019). It provides a quantitative and systematic approach, considers
broader impacts, incorporates the time value of money, and promotes transparent decision-making
(Kadigi et al., 2021). By employing CBA, I aim to assess the costs and benefits of different
agricultural practices or policies, supporting evidence-based decision-making for sustainable and

economically viable farming systems (Andrieu et al., 2017).

Risk and uncertainty play a crucial role in the process of cost-benefit analysis (CBA) as they
introduce variability and potential deviations from expected outcomes (Burhenne et al., 2013). In
CBA, risk refers to the possibility of different outcomes occurring, each associated with a certain

probability. Uncertainty, on the other hand, refers to situations where the probabilities of different
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outcomes are unknown or difficult to estimate (Mousavi, and Gigerenzer, 2014). Incorporating
risk and uncertainty into CBA is essential to provide a more realistic assessment of the costs and

benefits associated with a decision or project (Watkiss et al., 2015).

Cost-benefit analysis recognizes the importance of addressing risk and uncertainty. Methods such
as sensitivity analysis, scenario analysis, and Monte Carlo simulation are commonly employed to
explore the impact of different risk factors and uncertainties on the results of a cost-benefit analysis
(Abba et al., 2022). These techniques allow for the examination of a range of possible outcomes
under varying conditions, enhancing the robustness and reliability of the analysis (Afzal et al.,

2020).

The state level studies in the US, agriculture have utilized cost-benefit analysis to assess the
economic feasibility and viability of specific agricultural projects or practices. For instance,
research has examined the cost-effectiveness of implementing precision agriculture technologies,
taking into account the uncertainties associated with yield variability, input costs, and market
prices (Mitbaa et al., 2018). These studies have highlighted the importance of considering risk and

uncertainty in decision-making and resource allocation (Sefeedpari et al., 2019).

At the national level, cost-benefit analysis has been used to assess the economic implications of
agricultural regulations and environmental policies (Cai et al., 2015). For instance, studies have
examined the costs and benefits of implementing water quality regulations to reduce agricultural
runoff in Lahore, Pakistan (Olmstead, 2010). By accounting for uncertainties in pollutant loadings,
treatment costs, and the value of ecosystem services, these analyses contribute to informed

decision-making and policy design (Keeler et al., 2012).
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Cost-benefit analysis has explored its application in assessing the economic impacts of agricultural
practices in different countries and regions (Soderqvist et al., 2021). Examples include studies on
the benefits and costs of adopting sustainable farming techniques in developing countries such as
India, Brazil and Vietnam or the economic evaluation of large-scale agricultural investments in
food security programs (Adenlen et al., 2019). These global examples demonstrate the importance
of incorporating risk and uncertainty considerations in assessing the economic feasibility and

sustainability of agricultural projects on a broader scale (Schuhbauer and Sumaila, 2016).

Incorporating methods to address risk and uncertainty enhances the reliability and the robustness
of cost-benefit analysis results (Shreve and Kelman, 2014). Local, regional, national, and global
studies in the field of US agriculture and beyond demonstrate the application of cost-benefit
analysis to evaluate the economic viability and impacts of various agricultural decisions, policies,
and programs (Watkiss et al., 2015). By accounting for risk and uncertainty, cost-benefit analysis
provides a comprehensive framework for informed decision-making, supporting sustainable and

economically sound agricultural practices (Mechler, 2016).
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Chapter 3

Materials and Methods

The present study was conducted using a range of research methods that are appropriate for

investigating economic efficiency of different cropping systems under boreal climatic conditions

for five years (2017-21).

The use of dialectical principles and system analysis methods suggests that the study was focused

on understanding the complex relationships and interactions between different economic

phenomena i.e.:

II.

II1.

IV.

VL

VIL

Inflation: where prices of goods and services rise over time,

Reducing the purchasing power of money.

Unemployment: which occurs when individuals actively seeking work are unable to find
jobs, leading to economic and social implications.

Income inequality: which refers to the unequal distribution of income among individuals
and can impact social mobility and overall economic stability.

Economic growth: the increase in production of goods and services within an economy
over time, serving as a measure of development.

Fiscal and monetary policy: where governments and central banks use taxation,
government spending, and interest rates to influence economic activity.

Market forces of supply and demand: determining prices and quantities in markets; trade
imbalances, such as trade deficits or surpluses, affecting international trade relationships

and economies.
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VIII.  Technological advancements: which drive innovation, productivity growth, and economic

transformation.

These are just a few examples of the vast and interconnected economic phenomena studied within
the field of economics in NL. The use of analysis and synthesis, scientific abstraction, and expert
evaluation indicates that the study sought to integrate diverse perspectives and sources of

information to gain a comprehensive understanding of the topic.

The use of economic analysis and statistical analysis methods suggests that the study was focused
on generating quantitative data and insights to inform its conclusions. These methods are
commonly used in economic research and are appropriate for investigating the economic
feasibility of different cropping systems. The study is based on data collected (2017-21) from the

published literature, the government of NL, and Statistics Canada.

3.1 Area of the Study

Agriculture in NL showcased a diverse range of activities. Notably, greenhouse and nursery
operations played a significant role, accounting for 6.4 % of total farm revenue. During 2020,
vegetable production saw a positive trend with a 6.5 % increase, reaching $7.0 million, led by
turnips and potatoes as the top vegetable crops. In berries production, cranberries blueberries and
strawberries were the highest-valued fruit crop produced in Newfoundland. The primary
agricultural commodities in NL consist of Dairy, Poultry (Chicken and Eggs), Greenhouse and

Nursery products, and Vegetables.

NL entails examining factors such as the challenging northern climate, which limits the range of
viable crops, favoring those adapted to colder conditions like root vegetables and berries.
Assessing the economic feasibility of crop cultivation in NL compared to other Canadian
provinces, is a multifaceted endeavor. Understanding local market preferences and the potential

limitations posed by NL's remote location, which affects input costs and market access, is crucial.
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Additionally, considering environmental concerns, and exploring diversification strategies all play
pivotal roles in determining the economic viability of crops in this region as shown in figure 1.
These factors, which differ across provinces, ultimately shape the study of the economic feasibility

of various crops in NL.

Corner Brook Windsor
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Figure 1. Examination of the economic feasibility of various crops within a specific region,

considering NL as the context.

3.2  Crop Selection
Selecting a crop for economic feasibility involves considering various factors to ensure
profitability and sustainability (Tanaka et al., 2002). Different regions and situations may require

different considerations, but some key factors to assess when choosing a crop are:
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II.

II1.

IV.

VL

VIL

VIIL

Climate and Growing Season: NL's northern location and short growing season limit the
range of viable crops compared to provinces with longer, more temperate growing periods
like British Columbia and Ontario.

Crop Suitability: NL's crops are typically those well-suited to colder climates, such as root
vegetables, berries, and some grains. Prairies provinces have more flexibility to grow a
broader variety of crops, including fruits and vegetables.

Market Demand: Local and regional market preferences influence crop choices. While NL
may have unique preferences, provinces with larger populations offer broader markets and
demand for a wider range of crops.

Input Costs: Input costs, such as land, labor, and fertilizers, can vary due to NL's remote
location. Limited access to certain inputs may affect production costs compared to
provinces with better infrastructure.

Yield Expectations: NL's colder climate and shorter growing season can impact crop
yields, potentially affecting economic viability compared to provinces with more favorable
conditions.

Government Support: Policies, subsidies, and programs differ between provinces,
influencing economic feasibility. Understanding specific support and incentives is crucial
for informed decision-making.

Risk Management: Unique risks in NL, including weather and market fluctuations, require
careful consideration when choosing crops.

Environmental Impact: NL's ecosystems and regulations may influence crop selection and
profitability, particularly in comparison to provinces with different environmental

concerns.
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IX.  Market Access: NL's relative isolation may pose challenges in accessing markets compared
to provinces with better transportation links.
X.  Crop Diversification: Crop rotation and diversification strategies can impact long-term

sustainability, with some provinces offering more opportunities for diversification.

Based on the above factors nine different crops were selected for this study.

These crops included:

1. Potatoes
2. Beets

3. Cabbage
4. Carrots

5. Rutabagas and turnips
6. Blueberries
7. Cranberries
8. Raspberries

9. Strawberries

For the above-mentioned crops, the total arable land in NL is 730.8 ha in 2021. Codroy Valley,
Robinsons, Humber Valley, Musgrave town, and St. John's are recognized agricultural regions
within the province of NL. The following is the contribution of crops to the total area of cultivation;

Potatoes 26% (192.2 ha), Beets 2.5% (19 ha), Cabbage 7.2% (53 ha), Carrot 9.1% (66.7 ha),
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Rutabagas and turnip 9.5 % (70 ha), Blueberries 33.2% (242.8 ha), Cranberries 6.1 % (44.9 ha),

Raspberries 1 % (8 ha), and Strawberries 4.6 % (33.9 ha).

For NL, data from 2017 to 2021 were used for the analysis, and all management operations,
pesticides, fertilizer, and seed used for all crop recorded annually. Additionally, this study will
provide the Crop Sequence Calculator, a computer information product that provides producers

with information about short-term rotational effects.

3.3  Cost of Production

The detailed analysis was performed to estimate the annual costs of production for each crop in
each year (Appendix I). The analysis included input costs for seed, fertilizers & pesticides,
machinery and fuel, as well as labor hours compensated for pre-seeding operations operation,

seeding, harvesting and post-harvest practices.

The labor costs were estimated based on the hours spent on each machinery operation per hectare,
while fuel costs were estimated based on the amount of fuel used on each machinery operation.
For each crop, crop enterprise budgets were designed based on production and management
practices, using specific 2017-2021 seed, fertilizer & pesticides labour and machinery & fuel costs

(Zollinger et al., 2016; Lazarus, 2015; Swenson and Haugen, 2015).

Additionally, machinery costs were also considered, which included oil and fuel, repairs and
maintenance, depreciation, labor, and overhead costs, such as interest, insurance, and housing
costs. The data used the average annual input and out nominal prices received from Statistics

Canada for the years 2017 to 2021 to determine the prices in NL.
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34 Gross Revenue and Gross Margin

Gross revenue refers to the total sales or revenue generated by a company from its primary business
activities before deducting any expenses. It represents the total amount of money earned from the
sale of goods or services. Gross revenue includes both cash and credit sales and is calculated by
multiplying the number of units sold by the price per unit. Gross margin, on the other hand, is a
measure of profitability that indicates the percentage of revenue remaining after deducting the cost
of goods sold (COGS). It represents the amount of money a company has left to cover other
operating expenses and generate a profit. Gross margin is calculated by subtracting COGS from
gross revenue and dividing the result by gross revenue, then multiplying by 100 to express it as a

percentage.

For NL, the crop yield data was measured annually, while the commodity prices were obtained
from Statistics Canada (2017-21). The commodity prices used in the analysis were sourced from
Statistics Canada for the year 2017-21 (Appendix III, Appendix IV). While Statistics Canada data
is valuable for understanding national price trends, it may not fully capture the specific price

dynamics in the research area, particularly in NL, Atlantic Canada, and the Northeast (NE) region.

To ensure the accuracy and relevance of the analysis, it is crucial to collect price information that
is specific to NL, Atlantic Canada, and the NE region. This can be achieved through various means,
such as conducting local market surveys, accessing data from government agricultural
departments, reaching out to agricultural associations and organizations, and using data from local

price reporting agencies.

By gathering price information that is tailored to the study area, the research study can provide a
more comprehensive understanding of the economic realities faced by farmers and producers in

NL, Atlantic Canada, and the NE region. This localized context is vital for drawing meaningful
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conclusions, making relevant policy recommendations, and offering insights that are directly
applicable to the agricultural community in the specific research region. Ensuring the use of
regionally relevant price data enhances the overall quality and applicability of the thesis findings,
leading to more informed decision-making and fostering agricultural development in the studied

arca.

To calculate the gross revenue, we multiplied the crop yield for each year within each crop by its

corresponding commodity price.

This would give the total revenue generated from the sale of the crops for each year. To estimate
the gross margin, subtracted the operating costs from the gross revenue. Operating costs refer to
the expenses incurred in producing the crops, such as seeds, fertilizer & pesticides, labour,
machinery & fuel and other expenses. The gross margin represents the profit earned from the sale

of the crops, after deducting the operating costs. (Fernandez et al., 2019b).

3.5 Cost-Benefit Ratio
The cost-benefit ratio (CBR) is a measure commonly used in the cost-benefit analysis to determine
the economic feasibility of a project or investment. The CBR is calculated by dividing the total

benefits of a project by the total costs (Daneshvar and Kaleibar, 2010).

If the CBR is greater than one, it indicates that the project's benefits outweigh its costs, and the
project is considered economically feasible. In other words, for every dollar invested in the project,

more than one dollar of benefits is expected to be generated.

Comparing CBRs between multiple projects can help to identify the most financially viable
project. The project with the highest CBR is typically considered the most preferable, as it is

expected to generate the greatest amount of benefits relative to its costs. In agricultural research
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and decision-making, the evaluation of farming practices is crucial to identify financially viable
projects. Numerous methods exist to assess the economic feasibility of these projects, including
Net Present Value (NPV), Internal Rate of Return (IRR), Payback Period, Cost-Benefit Ratio
(CBR), and Sensitivity Analysis. Among these, the CBR method stands out for its simplicity and
effectiveness in comparing the benefits and costs of different projects. The Cost-Benefit Ratio
(CBR) method calculates the ratio of the present value of expected benefits to the present value of
costs over the project's lifespan. This approach allows decision-makers to determine which project
offers the most favorable outcome by achieving the highest CBR. Projects with higher CBRs are

expected to yield greater benefits in relation to their costs, making them a more preferable choice.

The CBR method is selected due to its practicality and ease of use in comparing farming projects.
It helps in making informed decisions by offering a clear numerical representation of the potential
economic gains. Additionally, the CBR method is well-suited for evaluating farming practices, as
it aligns with the industry's focus on achieving profitable outcomes. However, the implementation
of the CBR method is not without challenges. One significant problem lies in accurately estimating
cash flows for the projects, especially when dealing with long-term ventures. The authenticity of
the results heavily based on the precision of projected benefits and costs over time. Intangible
benefits, such as environmental or social impacts, can be challenging to quantify in monetary

terms, potentially leading to an incomplete assessment of project benefits.

To account for the impact of different discount rates on project evaluations, sensitivity analysis is
essential. By applying various discount rates to the cash flows of each project, we can observe how
the results change accordingly. Higher discount rates tend to favor projects with quicker returns
on investment and shorter payback periods, as future cash flows are significantly discounted.

Conversely, lower discount rates give preference to projects with longer-term benefits and longer
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payback periods, as future cash flows are less heavily discounted. Through sensitivity analysis, we
can identify the discount rate range where the project's financial viability shifts, allowing decision-
makers to make more informed choices based on their risk tolerance and time horizon. This
analysis adds depth to the evaluation process and offers valuable insights into the robustness of

the selected farming projects.

In conclusion, the CBR method proves to be a valuable tool for comparing farming projects and
identifying the most financially viable options (Appendix V). Its simplicity and clarity make it an
appealing choice in agricultural decision-making. However, careful attention should be given to
cash flow estimations and the consideration of intangible benefits to ensure a comprehensive
evaluation. Sensitivity analysis with different discount rates adds a layer of understanding and
helps decision-makers account for varying financial scenarios, leading to more robust and well-

informed choices regarding farming practices.

3.6  Statistical Analysis

For statistical analysis, data were analyzed using analysis of variance (ANOVA). An analysis of
variance was conducted annually for all the data. The analysis was conducted utilizing (XLSTAT
Premium, Perpetual version 2018.1.1, NY, USA) software. To identify significant differences (P
< 0.05) among treatment means, least significant difference tests were employed.

The ANOVA is a statistical method used to compare means across multiple groups to determine
if there are any significant differences between them. In the context of agricultural research,
ANOVA is particularly valuable for evaluating the effects of different factors or treatments on
crop yields, agricultural practices, or other relevant variables. The randomized complete block
design, a common experimental design in agriculture, helps control for variability and ensures a

more robust analysis.
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Pros

II.

II1.

IV.

Cons

II.

III.

Identification of Differences: ANOVA can effectively determine if there are significant
differences between the means of multiple groups, allowing researchers to pinpoint which

treatments or factors lead to distinct outcomes.

Efficient Analysis: ANOVA efficiently analyzes data from multiple groups
simultaneously, reducing the need for multiple pairwise comparisons and minimizing the

risk of type I error (false positives).

Control of Confounding Variables: Randomized complete block designs in ANOVA help
control the influence of confounding variables, enhancing the accuracy and reliability of

the results.

Applicability to Various Designs: ANOVA can be applied to different experimental

designs, making it a versatile tool for agricultural researchers working with various setups.

Assumptions: ANOVA relies on certain assumptions, such as the normality of data and
homogeneity of variances. Violation of these assumptions can impact the validity of the

results.

Interpretation Complexity: While ANOVA determines if there are significant differences,
further analysis, such as post-hoc tests, may be required to identify specific group

differences.

Sample Size: For ANOVA to yield meaningful results, an adequate sample size is crucial.

Insufficient data can limit the power of the analysis.
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IV.  Limited to Means Comparison: ANOVA assesses means differences but may not capture

the entire distribution of data or identify patterns beyond average values.

Shapiro-Wilk residuals test were conducted for normality. Crops were modeled as fixed effects,
and significant differences among treatment means were determined using least significant
difference tests (Rodriguez et al., 2020) with a significance level of P < 0.05. The significance
level, often denoted as alpha (), is the probability threshold used to determine whether the results
of a statistical test are statistically significant. It represents the level of risk a researcher is willing

to take when making a decision based on the test results.

Least Significant Difference (LSD): LSD is a method used in statistical hypothesis testing,
particularly in the context of ANOVA. It is employed for post hoc pairwise comparisons when
there are more than two groups or treatments. The purpose of LSD is to identify which specific
group means are significantly different from each other after finding a significant overall

difference among groups through ANOVA.

Calculation: LSD is calculated by estimating the standard error of the differences between group
means and multiplying it by a critical value from the Studentized range distribution (also known
as the Studentized range statistic). This critical value is chosen based on the desired level of

significance (e.g., 0.05 or 0.01).

Pairwise Comparisons: After calculating LSD, researchers use it to perform pairwise comparisons
between group means. If the difference between the means of two groups exceeds the LSD value,

those two groups are considered significantly different from each other.
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Lettering: Groups that have a mean difference larger than the LSD value are typically labeled with
different letters. Groups with the same letter are not significantly different from each other, while

groups with different letters are significantly different.

For example, if you have three groups labeled “a”, “b”, and “c”, and your LSD analysis shows that
“c” and “b” have the same letter (e.g., 'a"), it means that the difference between the groups means
“a” and “b” is not significant. However, if group “c” has a different letter (e.g., 'b"), it indicates

that group “c” is significantly different from groups “a” and “b”.

This lettering system simplifies the presentation and interpretation of the results, making it easier
to identify and communicate which groups are statistically distinct from each other after

conducting multiple pairwise comparisons.

The two most common significance levels are 0.05 (5%) and 0.01 (1%). These levels are chosen

for specific reasons:

1. 0.05 (5%) Significance Level: This is the most commonly used significance level in many
fields, including agricultural research. Choosing a 5% significance level means that the
researcher is willing to accept a 5% chance of making a Type I error (false positive). In
other words, if the p-value of the test is less than or equal to 0.05, the result is considered

statistically significant, and the researcher can reject the null hypothesis.

2. 0.01 (1%) Significance Level: This level is more conservative and used when there is a
need for a higher degree of certainty in the results. A 1% significance level implies that the
researcher is only willing to accept a 1% chance of making a Type I error. Consequently,
the bar for rejecting the null hypothesis is set higher, requiring even stronger evidence for

statistical significance (i.e., a smaller p-value).
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The choice of significance level depends on the specific research question and the consequences
of making a Type I error. A more stringent significance level (e.g., 0.01) is typically chosen when
the cost of a false positive is high or when strong evidence is needed to support a claim. On the
other hand, a less stringent level (e.g., 0.05) may be sufficient for exploratory analyses or when

the consequences of a false positive are relatively low.

All costs and returns for this study were expressed in CAD. When presenting economic data, there
are two primary ways to account for the effects of inflation and changes in purchasing power:

nominal prices and real prices.

I.  Nominal Prices: Nominal prices represent the actual prices or values of goods, services,
or financial variables at the current point in time. In this context, expressing costs and
returns in nominal CAD means that the data reflects the prices prevailing in the specific
fiscal year under consideration without adjusting for inflation or changes in the value of

money over time.

II.  Real Prices: Real prices, on the other hand, take into account the impact of inflation and
changes in purchasing power. To convert nominal prices into real prices, an adjustment is
made using a price index or inflation rate to reflect the value of money in a particular base

year.

In the absence of additional information in the provided context, it is unclear whether the costs and
revenue were expressed in nominal or real prices. If real prices were used, the fiscal year chosen
as the base year would be critical. The base year serves as a reference point to which prices in

other years are compared to measure changes in the value of money.
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For instance, if the data were presented in real prices with the base year 2021, all costs and revenue
would be adjusted to reflect the value of the Canadian dollar in 2021, allowing for a meaningful

comparison of values across different years.

As for the statistical analysis section, it requires more explanations to provide clarity on the specific
statistical methods used, the hypotheses tested, the level of significance chosen, and the
interpretation of the results. Additional information on the variables studied, the research
objectives, and the rationale for selecting certain statistical tests would enhance the readers'
understanding of the findings and their implications. Moreover, the explanation should include
details on how the data was collected, the assumptions made in the analyses, and any limitations
that may affect the generalizability of the results. Providing clear and comprehensive explanations
in the statistical analysis section ensures that readers can accurately interpret and assess the validity

of the study's conclusions.
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Chapter 4
Results
In this chapter, a detailed explanation was presented based on the findings. Figures are included

for better understanding and carefully examining the collected data.

The provided data (Statistics Canada) represents the agricultural expenses for various crops over
a span of five years (2017-2021). The expenses are categorized into different cost components,
including seed, fertilizer and pesticides, labor, machinery and fuel, and other operating expenses.

Let's explain these data for each crop according to the year (Figure 2).

Figure 2 outlines the cultivation expenses for various crops from 2017 to 2021. Across multiple
crops, including beet, cabbage, carrot, rutabaga & turnip, strawberries, and potatoes, expenses
exhibited a consistent upward trend over the years. Notably, 2021 saw substantial increases in
labor and other operating expenses across most crops. Blueberries and raspberries experienced
relatively stable expenditure patterns, while cranberries witnessed a decrease in costs over the
years. Overall, these summaries emphasize the general increase in cultivation expenses,
particularly in 2021, highlighting the financial challenges faced by farmers in managing their crop

production.

These data provide a detailed breakdown of the expenses associated with each crop's cultivation
over five years. They reflect variations in costs, with some crops experiencing significant increases
in certain expense categories, especially in the year 2021. These trends can be valuable for

budgeting and decision-making in agricultural practices.
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Figure 2. Operating Costs ($CAD) by item for each crop from 2017-2021 (Statistics Canada).
Breakup of operating cost of production by cropping system (2017-2021). All phases of the
operating cost present each year.

Other operating expenses includes building cost, repair, insurance, land taxes, farm utility costs,
plus certification and inspection fees.

4.1 Operating Costs of Production

The crops grown in NL had a significant impact on the total cost of production (Figure 3); however,
the year and their interaction across all crops were not significant. As mentioned in Appendix I,
potatoes had the highest average total cost of production ($1,226,591). Rutabagas, turnips, and
carrots had similar production costs (averaged $650,745), followed by cabbage ($440,235),
strawberries ($308,930), and beets ($160,915). Furthermore, total production costs were lowest

for raspberries ($49,154).
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Production costs showed minimal variation across years for all crops but tended to increase in
years with more favorable growing conditions. This was primarily attributed to elevated costs
related to harvesting, transportation, and storage of higher crop yields. Additionally, the need for
extra weed control measures in these years contributed to the overall higher production costs. The
highest cost of production was observed in 2021 ($489,406), whereas the year 2017 ($366,240)
had the lowest production cost. Operating costs were heavily dependent on other operating
expenses (45% of the total) and fuel (17% of the total) costs (Figure 2). According to Figure 2,
potatoes had the highest additional operating cost ($622,872) in 2018, while costs for fuel
($258,083), fertilizer and pesticides ($228,364), labor ($172,705), and seed ($142,378) were

highest in 2021.
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Figure 3. The average production costs (CADS) for total area for each crop in Newfoundland and
Labrador from 2017 to 2021 (Statistics Canada). Groups that have a mean difference larger than
the LSD value are typically labeled with different letters. Groups with the same letter are not
significantly different from each other, while groups with different letters are significantly
different. Values with different alphabetical superscripts indicate significant differences (p < 0.05).

4.2 Crop Yield

Significant variation in crop yields was observed across the crops grown in NL, as shown in Figure
4. Potato was found to be a good crop for producing benchmark yield (3169 Mg) among all crops,
with 62% higher crop yield than the next followed crop i.e., rutabagas & turnips (1208 Mg).
Similar crop yield was observed for rutabagas & turnips and carrot (averaged 1183 Mg), followed
by cabbage (916 Mg) and cranberries (328 Mg) (Appendix II). Blueberries, strawberries, and
raspberries all had similar and lowest crop yields (averaged 67 Mg) (Figure 4). However, crop
yield did not have a significant effect on yearly variation and their interaction with crops. The
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highest crop yield was produced in 2017 (902 Mg), whereas the lowest crop yield was observed in
2020 (722 Mg). Despite 2021 having the highest gross revenue, there was a decline in crop yield
in yearly variation.
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Figure 4. The average crop yield (Mg) for total area for each crop in NL from 2017 to
202 1(Statistics Canada). Groups that have a mean difference larger than the LSD value are
typically labeled with different letters. Groups with the same letter are not significantly different
from each other, while groups with different letters are significantly different. Values with
different alphabetical superscripts indicate significant differences (p < 0.05).
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4.3 Gross Revenue

Overall, in cropping systems, gross revenue were significantly affected by crops while the gross
revenue had not been significantly influenced by years and their interaction with crops. The
significantly highest gross revenue was earned by rutabagas and turnips (averaged $1,896,800),
given that product prices were generally increased (Figure 5). Potatoes generated the 2nd most
gross revenue across all crops (averaged $1,477,010). Furthermore, carrots and cabbage produced
similar gross revenue (averaged $1,055,900), followed by strawberries ($188,800). Cranberries,
blueberries, beets, and raspberries produced the lowest similar gross revenue (averaged $163,150)
(Figure 5). In 2021, gross revenue for all crops (averaged $827,800) was the highest, represents
the maximum crop yields in that year (Appendix III). After the first year (2017), gross revenue
declined; however, a gradual increase had been observed across the years. In 2018 there were
stable prices of the products due to decline in grass revenue means that this period had a minimum
gross revenue (averaged $679,431). Results showed that 2021 had 18% higher gross revenue

compared to the year 2018.
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Figure 5. The average gross revenue (CADS) for total area for each crop in Newfoundland and
Labrador from 2017 to 2021(Statistics Canada). Groups that have a mean difference larger than
the LSD value are typically labeled with different letters. Groups with the same letter are not
significantly different from each other, while groups with different letters are significantly
different. Values with different alphabetical superscripts indicate significant differences (p <
0.05).

4.4 Gross Margin

Over time, there was a declining trend in gross margins attributed to rising operating costs and
decreasing crop yields in the later years.. The highest gross margin was observed in the year 2017
(averaged $408,404), whereas 2018 had the least gross margin (averaged $292,999) across all
periods. Although the gross margin showed nonsignificant effects over the years and their
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interactions with crops, crops had a significant impact on the gross margin (Figure 6). Among
crops, the highest rutabagas and turnip yields were the main cause for the increased gross margins
(averaged $1,230,971). The gross margin for rutabagas and turnip had a 54% higher margin than
the next followed crop, i.e., cabbage (averaged $568,364). The minimum gross margin was
expressed in raspberries and beet, having a similar gross margin (averaged $26,465) (Figure 6).
These findings indicate a significant potential to enhance the profitability of crop production
systems, particularly under higher price premiums, provided that the productivity of the system

can be sustained.
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Figure 6. The average gross margin (CADS$) for total area for each crop in Newfoundland and
Labrador from 2017 to 2021(Statistics Canada). Groups that have a mean difference larger than
the LSD value are typically labeled with different letters. Groups with the same letter are not
significantly different from each other, while groups with different letters are significantly
different. Values with different alphabetical superscripts indicate significant differences (p <
0.05).
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4.5 Cost-Benefit Ratio

The cropping systems had a significant effect on the cost/benefit ratio (Figure 7), whereas the years
and their interaction with crops did not exhibit a significant influence on the cost/benefit ratio. All
the crops had statistically similar cost/benefit ratios. Cranberries had the highest benefit/cost ratio
of 3.44 and the lowest cost/benefit ratio was estimated for beets (Figure 7). The ranking of these
farming systems, based on their cost-to-benefit ratio, demonstrates the relative profitability and
efficiency of each crop. Cranberries emerged as the most financially rewarding, with a cost-to-
benefit ratio of 3.4, signifying that for every unit of cost invested, it yielded a substantial return.
Following closely were rutabagas and turnips at 2.8, cabbage at 2.3, and strawberries at 1.9. These
crops were also considered economically viable with favorable returns. On the other hand, beets
and potatoes had the lowest ratios of 1.1 and 1.2, respectively, indicating that they were less
economically efficient compared to the other crops. Thus, every crop showed a better cost/benefit
ratio than beets (Figure 7). Due to the surge in commodity prices, a gradual increase had been
observed across the years, except 2019, which had the lowest cost/benefit ratio (1.8). The

maximum cost benefit ratio was observed in 2021 (2.8).
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Figure 7. The cost/benefit ratio for each crop in NL from 2017 to 2021 Groups that have a mean
difference larger than the LSD value are typically labeled with different letters. Groups with the
same letter are not significantly different from each other, while groups with different letters are
significantly different. Values with different alphabetical superscripts indicate significant

differences (p < 0.05).
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Chapter 5
Discussion and Conclusion
5.1 Operating Cost of Production
The cost of production for crops has been a topic of interest for researchers, and studies have shown
that the cost of production can exceed that of conventional crops (Klonsky, 2012; Ostapenko et
al., 2020). The increased costs are linked to elevated energy consumption resulting from increased
mechanical tillage operations, along with the higher expenses related to fertilizers and amendments

associated with organic management.

A study (2011 to 2015) found that the operating costs for high tillage treatments were higher (12
CADS$ ha'') than that for low tillage treatments, with organic seed and fuel costs heavily
influencing the operating costs (Dayananda et al., 2021). Seed costs increased over the study period
(2010-15), with the highest cost observed in 2014. The elevated production cost was mainly
attributed to the increased seed costs for field pea and forage pea. The increased fuel costs for the

high tillage treatment were a result of the additional tillage operations (Dayananda et al., 2021).

In another study, the estimated variable cost for an organic cropping system in the Brown soil zone
was 155 CADS per hectare (Hamm and Hugh 2015). There were variations in production costs
among crops, with corn exhibiting the highest costs and soybean having the lowest. Barley, wheat,
and alfalfa incurred slightly higher production costs than soybean. The increased costs associated
with corn production were primarily attributed to higher expenditures on seed, fertilizer, and

drying charges, significantly surpassing those of the other crops (Meyer et al., 2006).

According to a study on various crop rotations, costs of production were higher than those reported
in an earlier study for the period of 1988 to 2002 (Zentner et al., 2006). The increase in costs was

mainly due to higher pesticide expenses and machinery costs.
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Among the crop rotations studied, fallow wheat had the lowest average total cost per hectare, while
continuous wheat and wheat-canola-wheat-dry pea had the highest costs. The increased cost of
producing legume wheat was mainly due to additional seed and field operations such as planting
and tillage, but this was partly offset by lower pesticide costs and lower nitrogen fertilizer rates

and costs for wheat following legume wheat due to nitrogen credit (smith et al., 2017).

In terms of individual crops, N costs were highest for Canola and lowest for dry pea, while
pesticide costs were lowest for legume wheat and wheat-Canola-wheat-dry pea and highest for the
wheat rotations. Repairs, labor, and machinery overhead accounted for a similar percentage of
average total production costs across the rotations. The proportion of costs allocated to crop
insurance increased with reduced fallow, from 2.5% to 5%, with crop insurance costs highest for

Canola and dry pea and lowest for wheat (smith et al., 2017).

Overall, the cost of production for organic crops can exceed that of conventional crops due to
increased energy consumption and higher costs of organic fertilizers and amendments. The cost of
production varies across crops and crop rotations, with corn having the highest costs and fallow
wheat having the lowest costs. The costs of individual inputs such as seed, fertilizer, and pesticides
also vary across crops and rotations, with Canola having the highest costs for many inputs and dry

pea having the lowest costs.

5.2 Crop Yield

Crop sequencing and management play crucial roles in developing sustainable and profitable crop
production systems. Diverse crop rotations have been shown to increase crop productivity
significantly (Anderson, 2005). For example, it has been reported that crop rotation can enhance

spring wheat yield by 12 to 35%, corn yield by 5 to 30%, and soybean yield by 8 to 16% (Crookston
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et al., 1991; Copeland et al., 1993; Lund et al., 1993; West et al., 1996; Singer and Cox, 1998;

Miller et al., 2002).

Crop diversity has declined in the US over the past 30 years, which is a cause for concern (Aguilar
et al,. 2015). When considering the impact of crop rotation for overall management strategy, it is
important to include the relevant tillage system. In US for major crops such as wheat, corn,
soybeans and cotton, strip-till and no-till systems have been implemented in 39% of the total area

(Wade et al., 2015).

In the Northern Great Plains, the adoption of these systems has been notably prevalent, with 49%
of the area for these crops cultivated using no-till or strip-till. This proportion is even higher in the
wheat-growing sections of this region, where 63% of the wheat area employs these systems (Wade

etal., 2015).

The disease and weed presence competition did not significantly affect corn, soybean, wheat, and
alfalfa yields. Nevertheless, barley yields exhibited a declining trend over time, influenced in part
by the growing population and severity of net blotch in the later years of the study. Crop yield
variability varied among different crops, with alfalfa displaying the highest variability and wheat

the lowest (Wade et al., 2015).

Meyer et al. (2006) found that in both tillage systems, the lowest yields were observed in
continuously planted corn, while the highest yields were observed following the planting of alfalfa
or red clover. In the chisel plow system, corn yields following soybeans were 0.55 Mg ha™! (7.4%)
higher than those in continuous corn but 0.40 Mg ha™! (5.1%) lower than the average yield for the
three rotations that included a forage legume. The notable differences in yield between continuous

and first-year corn in the chisel plow system could be attributed, in part, to the relatively greater

82



yield reduction associated with chisel plowing when corn followed corn. In comparison to the
moldboard system, continuous corn yields were 0.65 Mg ha™! (8.2%) lower in the chisel system.
However, for other rotations, the initial-year yield reductions due to chisel tillage were much
smaller, with the most significant reductions observed after soybean and wheat under seeded with
red clover. The soybean-soybean-corn-corn rotation experienced the largest yield reduction, with
yields averaging 0.36 Mg ha! (4.1%) less than continuous corn. A study in Wisconsin also reported
similar yield differences between second-year corn following soybean and continuous corn (Porter

etal., 1997).

5.3 Gross Return
The studies by Brandt et al. (2003), Dayananda et al. (2021), Fernandez et al. (2019b), Hamm and
Hugh (2015), and Smith et al. (2017) all provide valuable insights into the factors that affect the

gross returns of cropping systems in Canada.

Brandt et al. (2003) found that the gross returns of cropping systems were influenced by the
prevailing growing conditions, with peak returns in 1999 and lowest returns in 2002. This suggests
that weather patterns and other environmental factors play a significant role in determining the

profitability of cropping systems.

In 2011 Dayananda et al. (2021) reported the highest gross returns due to good crop yields but
declined significantly in the following years. They found that the tillage treatment and crop rotation
also influenced gross returns, with high tillage resulting in higher returns in some years and

diversified rotations leading to higher returns than simplified rotations.

Fernandez et al. (2019b) identified spring soil and low growing season precipitation NO3-N levels

as the main reasons for the decline in wheat and mustard yields, whereas flax yields were primarily
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affected by increased weed competition and available soil NO3-N levels. This highlights the

importance of soil management practices in maintaining crop yields and profitability.

Hamm and Hugh (2015) found that the legume- hard red spring wheat (HRSW) -oat system had
an average gross return of CAD$637 ha™!, with the high tillage treatment resulting in slightly higher
returns than low tillage. This suggests that crop diversity and organic price premiums can

contribute to higher gross returns.

Smith et al. (2017) found that the wheat-canola-wheat-dry pea rotation generated the highest
average revenue, due to higher wheat yields and prices, as well as higher revenue from dry pea.
Legume wheat, Canada Prairie spring wheat, and fallow wheat rotations also had higher average
revenue than fallow wheat, highlighting the importance of crop diversity and soil management

practices in increasing profitability.

Overall, these studies suggest that weather patterns, soil management practices, crop diversity, and
organic price premiums are all important factors that can influence the gross returns of cropping

systems in Canada.

54 Gross Margin
The study conducted by Dayananda et al. (2021) found that gross margins for organic crop
production systems exhibited a falling trend over time, due to rising in costs of operation and

declining crop yields in subsequent years.

However, high tillage treatments consistently yielded higher gross margins than low tillage
treatments, primarily attributable to superior wheat yields. The simplified crop rotation
outperformed the diversified rotation in terms of gross margin in 2011 and 2012, but this pattern

reversed in 2013 and 2015. During these years, the diversified rotation recorded a significantly
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higher gross margin, primarily driven by increased prices of mustard and lentil. However, in the
absence of organic price premiums, the average gross margins experienced a notable decrease for
both high and low tillage treatments, underscoring the potential to enhance profitability through

augmented price premiums.

Kirchmann et al. (2008) noted that limited means of improving soil productivity and greater weed
competition and lower nutrient availability could impede the productivity of organic crop

production.

Meyer et al. (2006) found that continuous corn planting resulted in lower yields and higher
expenses for insecticide application, leading to a lower gross margin than first-year corn planted
in rotation. The selection of rotation crops did not affect the gross margin of first-year corn in the
moldboard system. However, in the chisel system, incorporating crops other than corn led to an
increase in the gross margin. Rotations involving barley and alfalfa yielded the highest gross
margin for first-year corn in the chisel system. The inclusion of red clover did not augment the
gross margin compared to rotations without a cover crop, as it incurred additional expenses related

to chemical control measures.

For second-year corn following soybeans, the gross margin was lower than continuous corn. Yet,
using a chisel plow instead of a moldboard plow resulted in a higher gross margin for soybeans,
as reported by Yin and Al-Kaisi (2004). Tillage did not impact the gross margin of wheat or first-
year barley. However, in the second year of barley, the yield penalties attributed to chisel plowing
led to a reduction in gross revenue. The influence of tillage on gross revenue, whether in the first

or second year of alfalfa, was negligible.
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5.5 Cost-Benefit Ratio

According to Mandal et al. (2014), the tomato, maize, and sunflower systems had a greater
benefit/cost ratio than other crops, while the rice-fallow-rice system had the lowest returns. Bastia
et al. (2008) also found that the rice-maize-cowpea and rice-maize-green gram systems had better

net economic returns.

In contrast, sweet potato production is considered a valuable cash crop for poverty relief strategies
in China, as it yields higher benefits than other reference crops, such as cotton, potato, maize, and
Jerusalem artichoke, as reported in studies such as Yilmaz et al. (2005), Mohammadi et al. (2008),

Liu et al. (2015), and Fang et al. (2018).

The size of the farm did not have a significant impact on economic benefits, according to the study.
However, small-size farms (<2.0 ha) had slightly better economic benefits due to lower chemical
inputs and free land rent. This finding is consistent with a study on crop production in Northern
China, which showed an inverse relationship between plantation area and productivity in most

small-sized farms (Zhang et al., 2021).

Wang et al. (2017) also reported that smaller farms (<6.7 ha) had better revenue based on yield-
based profit in grain production. The inclusion of oilseeds, pulses, and vegetables in rice systems
can potentially enhance the economic situation of small and marginal farmers by increasing
productivity and improving market prices. The surge in market prices of vegetable crops due to a

significant increase in demand has become a significant factor for incorporating these crops.
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5.6 Conclusion
NL agricultural sector is experiencing a significant transformation in response to various
economic, environmental, and political factors. A growing number of producers are adopting

extended cropping systems that are considered more economically sustainable.

Various aspects related to crop production in NL were studied such as total cost of production,
gross revenue, gross margin, crop yield and cost/benefit ratio. It also provides insights into the

yield of different crops and their variation across years.

According to the current study (2017-2021), potatoes had the highest total cost of production
among all crops grown in NL, followed by rutabagas, turnips, carrots, cabbage, strawberries, beets,
raspberries, and cranberries. Production costs remained relatively consistent over the years but
inclined to be higher in favorable growing conditions due to increased expenditures associated
with harvesting, transporting, storing higher crop yields, and the necessity for additional weed

control measures.

In terms of gross revenue, rutabagas and turnips had the highest average gross revenue, followed
by potatoes, carrots, cabbage, strawberries, cranberries, blueberries, beets, and raspberries.
Reflecting higher crop yields in 2021, the highest gross revenue were recorded and declined

gradually across the years after the initial year.

The gross margins of the cropping systems showed a declining trend over time due to increasing
operating costs and decreasing crop yields. Rutabagas and turnips had the highest gross margin,
followed by cabbage, carrots, cranberries, blueberries, strawberries, potatoes, beets, and

raspberries. All crops had similar cost/benefit ratios, with cranberries having the highest
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cost/benefit ratio and beets having the lowest. The cost/benefit ratio showed a gradual increase

across the years, except for 2019, which had the lowest cost/benefit ratio.

Finally, the study also provides information on the crop yields of different crops grown in NL.
Potatoes had the highest crop yield, followed by rutabagas and turnips, carrots, cabbage,
cranberries, blueberries, strawberries, and raspberries. The highest crop yield was produced in
2017, and the lowest was observed in 2020. However, crop yield did not have a significant effect

on yearly variation and their interaction with crops.

5.7  Future Research
Although this study sheds light on the economical feasibility of various cropping systems, but still
require further exploration. The precision of the results could be improved with the addition of

more data, which can be collected through ongoing trials of the cropping system.

To enhance the parametric approach of modeling yields, historical yield distributions can be
compared to different simulations (i.e., normal, gamma, and beta) using goodness-of-fit tests such

as Kolmogorov-Smirnov, Shapiro-Wilkes, Chi-squared and Anderson-Darling.

By extending sensitivity analysis, this approach could also provide insights into crop insurance
and risk management. This study can be used to enhance effectiveness for risk-neutral farm
operations, a risk-averse farmer may consider implementing system (High Intensity) to mitigate

risk through crop diversification.

Future research can use computer programming to investigate risk and develop professional

optimization models to understand the decision-making processes of risk-averse farmers.

The research community strongly advocates for systems experiments, and this study is one of the

few long term cropping system studies in NL.
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However, given the vast variations in climates, regions, markets, and cultural preferences, there
are countless other potential cash crop combinations that may be more suitable. Although this
study utilized a carefully constructed cropping system, and there is still much to learn from

exploring alternative crop rotations.

Ultimately, this project's relevance to practical farm operations is substantial. However, extending
the findings to larger commercial farms could provide additional insights into economic scale.
Additionally, exploring different markets such as retail partnerships with national supermarket
chains, international retailers, and food service industries could offer valuable perspectives on

economic dynamics.
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Appendices

Appendix 1.
Cost of Production (CAD) for Total Area (Acre) for Each Crop
S;r(ial Crops Years
) 2017 2018 2019 2020 2021
1 Beets 185338 | 105915 | 134059 | 160154 | 219110
2 Cabbage 344663 | 391887 | 417498 | 436419 | 610712
3 Carrots 620035 | 600187 | 624332 | 564542 | 769217
4 Rutabagas and turnips | 601535 | 568413 | 631992 | 720692 | 806513
5 Blueberries 152121 | 119546 | 183442 | 81397 90772
6 Cranberries 116114 | 91721 63895 50158 51146
7 Raspberries 44207 | 51447 52599 48283 49235
8 Strawberries 234111 | 296563 | 314081 | 308296 | 391602
9 Potato 998038 | 1252205 | 1228522 | 1237840 | 1416353

Source: Statistics Canada (2017-2021)
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Appendix II.

Crop Yield (Mg) for Total Area (Acre) for Each Crop

Years
Serial No. Crops

2017 | 2018 | 2019 | 2020 | 2021
1 Beets 234 | 169 | 132 | 140 | 175
2 Cabbage 910 | 940 | 837 | 836 | 1061
3 Carrots 1438 | 1177 | 1070 | 951 | 1159
4 Rutabagas and turnips 1521 | 1091 | 1138 | 1150 | 1143
5 Blueberries 115 | 125 90 110 43
6 Cranberries 272 | 203 | 145 | 127 | 894
7 Raspberries 8 12 11 10 11
8 Strawberries 93 88 94 99 104
9 Potato 3528 | 3136 | 3024 | 3080 | 3080

Source: Statistics Canada (2017-2021)
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Appendix III.

Gross Revenue (CAD) for Total Area (Acre) for Each Crop
Serial Years
No. Crops
2017 2018 2019 2020 2021
1 Beets 195000 | 172000 | 136000 | 170000 | 245000
2 Cabbage 903000 | 1006000 | 941000 | 976000 | 1217000
3 Carrots 1214000 | 987000 | 1122000 | 1141000 | 1052000
4 Rutabagas and turnips | 2159000 | 1516000 | 1902000 | 1967000 | 1940000
5 Blueberries 164000 | 259000 | 184000 | 228000 | 109000
6 Cranberries 125000 | 93000 67000 58000 | 661000
7 Raspberries 61000 88000 85000 77000 86000
8 Strawberries 538000 | 511000 | 563000 | 617000 | 708000
9 Potato 1612800 | 1482880 | 1429920 | 1427250 | 1432200

Source: Statistics Canada (2017-2021)
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Appendix IV.

Gross Margin (CAD) for Total Area (Acre) for Each Crop

Years
Serial
No. Crops
2017 | 2018 | 2019 | 2020 | 2021
1 Beets 9662 | 66085 | 1941 | 9846 | 25890
2 Cabbage 558337 | 614113 | 523502 | 539581 | 606288
3 Carrots 593965 | 386813 | 497668 | 576458 | 282783
4 Rutabagas and | | 557105 | 947587 | 1270008 | 1246308 | 1133487
turnips
5 Blueberries 11879 | 139454 | 558 | 146603 | 18228
6 Cranberries 8886 | 1279 | 3105 | 7842 | 609854
7 Raspberries 16793 | 36553 | 32401 | 28717 | 36765
8 Strawberries 303889 | 214437 | 248919 | 308704 | 316398
9 Potato 614762 | 230675 | 201398 | 189410 | 15847

Source: Statistics Canada (2017-2021)
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Appendix V.

Cost-Benefit Ratio for Each Crop

Years
Serial No. Crops

2017 | 2018 | 2019 | 2020 | 2021
1 Beets 1.1 1.6 1.0 1.1 1.1
2 Cabbage 2.6 2.6 23 2.2 2.0
3 Carrots 2.0 1.6 1.8 2.0 1.4
4 Rutabagas and turnips 3.6 2.7 3.0 2.7 2.4
5 Blueberries 1.1 2.2 1.0 2.8 1.2
6 Cranberries 1.1 1.0 1.0 1.2 12.9
7 Raspberries 1.4 1.7 1.6 1.6 1.7
8 Strawberries 2.3 1.7 1.8 2.0 1.8
9 Potato 1.6 1.2 1.2 1.2 1.0

Source: Calculation based on data obtained from Statistics Canada (2017-2021)
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