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Abstract 

Discussions about agricultural practices related to food production and efforts to address climate change 

are increasing. As these discussions intensify around balancing the need for increased food production 

with environmental conservation, understanding the dynamics of agricultural practices becomes 

increasingly important. The challenge becomes one of how to reduce greenhouse gas emissions that align 

with international commitments while not adversely impacting global food production. This study 

examines fertilizer application in Saskatchewan and implications for crop yields and efficiency. Utilizing 

a survey that spans two distinct periods, 1991-94 and 2016-19, we analyzed data from 69 Saskatchewan 

farms. Our findings underscore that while the total fertilizer applied increased by 145%, fertilizer 

applications per bushel of crop increased by 50%. Seeded acres increased from 33 million to 40 million 

acres (22%). This escalation in fertilizer usage was paralleled by a 28% increase in yield, emphasizing the 

role of optimized fertilizer application in enhancing agricultural productivity. When evaluating nitrogen 

applications, a 29% increase in nitrogen use efficiency was observed, which is measured in pounds 
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applied per bushel produced. This research emphasizes the importance of not merely assessing fertilizer 

use in isolation but correlating it with production metrics to obtain a holistic and accurate representation.  
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Introduction 

The escalating global urgency to mitigate climate change has directed international attention towards the 

agricultural sector [1,2], given its significant contribution to greenhouse gas (GHG) emissions. The Paris 

Agreement, adopted in December 2015, was a landmark international treaty aimed at limiting global 

warming to below 2 °C above pre-industrial levels, with an effort to limit the temperature increase to 1.5 

°C [3]. While each signatory, including Canada, pledged to adhere to core principles, they retained the 

autonomy to define their domestic emission reduction targets. Canada, for instance, has committed to a 

GHG emissions reduction target of 30% by 2030, based on 2005 emission levels [4].  

Agriculture, forestry and land use collectively account for 24% of global GHG emissions, with 

agriculture alone accounting for 18% [5]. Within this context, fertilizer application, especially nitrogen-

based ones, emerge as a critical contributor to nitrous oxide (N2O) emissions. Fertilizer application rates 

have increased globally, with nitrogen (N) fertilizer application soaring by over 85% between 1980 and 

2020. Correspondingly, from 1980-2020, global wheat, barley and pea yields increased by 87%, 52% and 

53%, respectively [6]. In the EU, N fertilizer use has decreased by roughly 20% between 1980 and 2020 

[7]; however, between 2010-2020, N fertilizer use increased from 9.4 million tonnes (Mt) to 10 Mt [8]. Of 

the 10 Mt of N applied in 2020, France, Germany, Spain and Poland accounted for a combined 5.5 Mt. 

Application of phosphorus (P) fertilizer in the EU increased from 1 to 1.2 Mt between 2010-2020 [8]. 

Agricultural area, including arable lands, pastures and mosaic farmlands, covers 39% of the EU’s total 

land area. 1.4% of agricultural areas were lost in the EU due to conversion into urban areas between 2000 

and 2018 [9]. Within the total agricultural area of the EU, the fertilized area comprised 133.9 million 

hectares. A further 46 million farmable hectares are not fertilized, of which 35.3 million are unfertilized 

grassland and 10.7 million idle or set-aside land [7]. In the United States (US), total N fertilizer 

application increased by 14% between 1980 and 2015 [10]. Comparatively, total cropland in the US fell 

by 11% between 1987-2017[11]. This intensification, reflected in increased yields of crops such as wheat, 

barley and peas, underscores the economic importance of fertilizers.  

In Canada, N fertilizer use approximately doubled between 1980 and 2011, while the use of 

phosphate and potash remained relatively stable [12]. Correspondingly, recommended N fertilizer rates in 

the prairies provinces increased by 32-110% for canola crops and 56-97% for wheat crops across the 

brown, dark brown and black soil zones between 1991 and 2016 [13, 14].  The increase in fertilizer use 
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can be partly attributed to an 88% increase in land treated with commercial fertilizers during this period. 

In addition, an 89% reduction in Canadian summerfallow acres between 1991 and 2016 contributed to a 

13% increase in seeded acres, leading to more land being available for fertilizer application [15]. Canada 

also saw a 5% decrease in the total acres of farmland during this period, while total farmland in 

Saskatchewan decreased by 7%. Specifically in Saskatchewan, summerfallow area decreased by 90% 

between 1991 and 2016, while seeded acres increased by 22%. Agricultural intensification has occurred 

over the past thirty years as land is no longer left fallow for a full growing season to be tilled as a form of 

weed control, with this fallow land now in continuous zero or minimum tillage crop production. 

 The empirical foundation for many fertilizer-related environmental policies worldwide is 

frequently lacking. For instance, the EU’s proposal to reduce fertilizer use by 20% [16], and Canada’s 

aim to curtail nitrous oxide emissions from fertilizers by 30% by 2030, lack solid scientific backing [17]. 

Such gaps in empirical data for crucial policy decisions raise concerns about the feasibility and 

implications of these mandates. The absence of such empirical data becomes even more concerning when 

juxtaposed against the critical need to set realistic targets for GHG emissions and the economic 

implications of these targets. Precaution is not a robust method for the establishment of emission 

reduction targets or mandates. 

 Saskatchewan’s agricultural landscape is shaped by its distinctive climate and fertile soils, 

making it a key region for this investigation. The province’s farming practices and trends in fertilizer 

application offer a microcosm that can yield insights with both local and global implications. As a 

significant contributor to Canada’s agricultural output, understanding Saskatchewan’s fertilizer 

application patterns becomes paramount in the broader discourse on GHG emissions and sustainable 

agriculture.  

 The application of N fertilizers plays a contributing factor in the GHG emissions of N2O. 

Following fertilizer applications, emissions of N2O mostly occur through the processes of nitrification, in 

which ammonia is converted to nitrates, and denitrification, through which nitrates are converted to N2O 

or nitrogen gas [18]. Variations in soil emission levels can be attributed to multiple factors. 

Environmental conditions, and specifically growing season precipitation, are the largest driver of 

variation in emission levels [19, 20]. A study highlighted by the Global Carbon Project [21, 22] indicates 

that the use of nitrogen fertilizers in agriculture has been a major factor in the 30% increase in human 

caused N2O emissions over the past four decades. Countries with rapidly increasing human caused N2O 

emissions include Brazil, China and India. Furthermore, since the 1980s, agricultural N2O emissions have 

been escalating the fastest in East and South Asia, South America and Africa. In contrast, North 

America’s agricultural N2O emissions have remained consistently high, while Europe has witnessed a 

slight decline in it agricultural N2O emissions [23].  
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Research from Manitoba, Canada, indicates that fertilizer application rates play a significant role 

in determining these emission levels. According to this study by Tenuta et al. [24], application rates 

explained about 70% of the variability in N2O emissions when evaluated alone. The authors found that at 

fertilizer application rates of 100 kg N/ha, the average N2O emission factor was 4.3% compared to 7.2% 

at an application rate of 175 kg N/ha. Moreover, the 2022 National Inventory Report points to Canada’s 

considerable N2O emissions in 2020 at 11.79 Mt carbon dioxide equivalents (CO2e) [25], with 

Saskatchewan as a prime contributor. Canada’s target of a 30% reduction by 2030 would require a 

decrease of 3.54 MtCO2e and a decrease in Saskatchewan of 0.87 MtCO2e. When Canada’s current N2O 

emissions are broken down by province, Saskatchewan produced 2.9 MtCO2e, Alberta produced 2.35 

MtCO2e, Manitoba produced 2.03 MtCO2e and Ontario and Quebec produced 2.16 and 1.7 MtCO2e, 

respectively. Comparatively, of 95 million Canadian crop or summerfallow acres in 2021, Saskatchewan, 

Alberta and Manitoba made up 43%, 27%, and 12%, respectively. Ontario and Quebec combined made 

up only 14%. Unlike absolute emission calculations, emission intensity calculations take into 

consideration emissions divided by unit production or area of production. Among global competitors, 

Canada is positioned as a leader in terms of lowering emission intensity. Per hectare of cropland, total 

direct and indirect fertilizer emissions in Canada are 0.4 tonnes of CO2e compared to 0.8 tonnes of CO2e 

in the US. Total emissions per tonne of N fertilizer in Canada are as high as 4.5 tonnes of CO2e compared 

to 7.1 tonnes of CO2e in the US [25].    

 Understanding these fertilizer application nuances in Saskatchewan’s context is essential. While 

the direct measurements of GHG emissions vis-à-vis fertilizer applications remain beyond this study’s 

scope, in addition to addressing the empirical gap for policy makers, the study uses primary farm fertilizer 

data to set the stage for more extensive, targeted research on GHG emissions resulting from fertilizer 

applications.  

  To gather this data, an extensive crop rotation survey was developed at the University of 

Saskatchewan, which collected data pertaining to on farm fertilizer use over the periods of 1991-1994 and 

2016-2019. Data collected included nutrient mixture, application rates, total acres of application, seeded 

acres and crop type. The results allow for a robust comparison of fertilizer use, applications and yields 

between the two periods, as well as the ability to quantify changes between the two periods. 

 

2. Materials and Methods  

To comprehensively assess the changes and implications of fertilizer application rates in Saskatchewan 

over the specified periods, we employed a structured, data-driven approach. Our primary research tool 

was an extensive crop rotation survey distributed online to Saskatchewan farmers from November 2020 to 

April 2021. The survey was distributed and administered by the Canadian Hub for Applied and Social 
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Research at the University of Saskatchewan. Utilizing an online survey as the data-collection method 

facilitated the participation of demographically different participants across Saskatchewan, ensuring a 

representative sample. This method allowed for the collection of data despite the restrictions that had been 

put in place during the COVID-19 pandemic, as well as allowing participants to work on the survey while 

having access to their farm records. The survey was granted exemption from ethics approval by the 

University of Saskatchewan’s Research Ethics Board. By completing the panel of surveys, which 

typically took between 3-5 hours, participants were entitled to receive up to $200 in compensation.   

Participants were asked to complete the survey for a single field, as long as it was used for the 

production of conventional, genetically modified or organic crops. When possible, participants were 

asked to report on the same field for both the 1991-1994 and 2016-2019 time periods. The data used for 

this analysis focuses on the amounts and concentrations of fertilizer used by producers throughout their 

rotations, which included the production of cereals, pulses, oilseeds or the field being left to 

summerfallow.  

This analysis examines changes in fertilizer applications during seeding preparation, seeding, in-

crop and post-harvest. Participants were asked to report the type of crop they planted, yield for each crop 

year and the number of fertilizer applications made, if any. For each year of their crop rotation and each 

fertilizer application pass, participants were asked about N (nitrogen), P (phosphorus), K (potassium) and 

S (sulphur) percentages by weight applied, followed by the rate in pounds per acre (lbs/acre) at which 

they applied total fertilizer and cost of fertilizer application. Responses to these questions were used to 

derive the average amounts of NPKS per acre each year for both periods. Respondents were asked these 

questions for all application passes for pre-seed, seeding, in-crop and post-harvest. However, only 

responses on the first application pass are counted toward the derived values because responses on the 

second and third pass were very limited (e.g., one response on N percentage for pre-seed in 1991) or not 

provided at all.  

While the dataset used for this study does not encompass direct measures of GHG emissions, we 

discussed the well-established relationship between nitrogen fertilizer application rates on GHG emission 

levels in the introduction of this article, using peer-reviewed literature. This provided context and 

highlighted the potential environmental implications of the observed trends in fertilizer use without 

making it the focus of our study.  

Originally, the Saskatchewan farmer dataset included 160 participants, but for the purposes of 

this analysis, a subset consisting of 69 respondents is used. This includes farmers that have continuously 

farmed the land, whether it is one family or a family farm, resulting in the subset consisting of only 

respondents that have farmed in both crop rotation periods. Additionally, direct comparison of the 

estimates can be done. Data cleaning and analysis were performed using Excel and R software. Data 
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cleaning process for both periods involved removing duplicate data, outliers, respondents that did not 

farm either in the 1991-94 or 2016-19, those with incomplete responses in terms of crop yield, crop types 

planted during each full crop rotation, as well as duplicate data. Outliers were identified as observations 

with extremely high values of seedable acres and fertilizer rates. Additionally, a respondent would be 

excluded from the subset if associated with an amount of either N, P, K, S higher than the total fertilizer 

amount applied. It should be noted that the number of respondents that farmed in the 2016-19 period is 

greater than those who farmed in the 1991-94 period. However, to ensure a valid comparison of the 

estimates across the two periods, this analysis uses only the subsample that farmed in both periods.  

The raw data was transformed and structured into a usable format for the analysis. Some 

responses required manual adjustments, such as nitrogen rates reported as a liquid fertilizer which 

required conversion into dry fertilizer rates. Some fertilizer rates were reported in kg/ha and were 

converted into lbs/acre, and crop yields reported in lbs/acre or tonnes/acre were converted into bu/acre.  

Most participants fall in the age category of over 55 (53%) compared to younger farmers (42%). 

It must be noted that the age represents the age of respondent, however there might be the case that they 

are reporting data from a family farm that has data extending back to the early 1990s. This explains why 

the sample contains a small percentage of respondents under the age of 35 during the 1990s crop rotation 

period. In terms of education, 71% of farmers reported receiving post-secondary education compared to 

19% who reported a high school diploma as the highest level of education achieved. When asked if 

farmers collected off-farm income, 23% of participants responded ‘yes’. Approximately 5% of 

respondents did not submit an answer regarding age, education and off-farm income. In addition, a small 

percentage of respondents were farming a total land base under 760 acres (10%). The majority of 

participants reported a farm size between 1,120 acres and 1,599 acres. Table 1 provides the survey sample 

demographics.  

 

Table 1: Participant demographics compared to 2016 Saskatchewan Census of Agriculture data 

Fertilizer Survey Saskatchewan 2016 Census of Agriculture Data 
Age Age 

Under 35 10% Under 35 10% 
35 to 54 32% 35 to 54 34% 
55 and over 53% 55 and over 56% 

Education Education 
Post secondary education 71% Post secondary education 48% 
High school diploma 19% High school diploma 35% 
No high school diploma 4% No high school diploma 17% 
Prefer not to say 1% Prefer not to say - 

Collect off-farm income Collect off-farm income 
Yes 23% Yes 42% 
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No 72% No 58% 
Farm Size Farm Size 

Under 399 acres 4% Under 399 acres 30% 
400-760 acres 6% 400-760 acres 15% 
760-1,119 acres 16% 760-1,119 acres 10% 
1,120-1,599 acres 38% 1,120-1,599 acres 10% 
1,600-2,239 acres 14% 1,600-2,239 acres 10% 
2,240-2,879 acres 7% 2,240-2,879 acres 7% 
2,880-3,519 acres 3% 2,880-3,519 acres 5% 
3,520 acres or more 12% 3,520 acres or more 13% 

Note: 2016 census data is used for comparison rather than 2021 data, as it aligns with the 2016-19 survey period. 

 

3. Results and Discussion 

Our research primarily examines changes in fertilizer application practices in Saskatchewan between two 

distinct periods: 1991-94 and 2016-19. The results, both in terms of raw data and interpretations, provide 

insights into broader agricultural practices, revealing the province’s evolving agronomic strategies over 

the decades.  

 Between the periods of 1991-94 and 2016-19, we observed a 102% increase in the average annual 

total fertilizer application. Concurrently, average crop yields amplified by 28%. A regression analysis 

revealed a significant positive relationship between the increase in fertilizer application and the rise in 

crop yields with a regression of β = 0.87, p <0.05. This suggests that for every 1% increase in fertilizer 

application, there is a corresponding 0.87% increase in crop yields. To further validate this relationship, 

Pearson’s correlation was calculated and yielded a coefficient of (r) = 0.92, p < 0.05, signifying a strong 

positive association between increased fertilizer applications and crop yields. The correlation between 

increased fertilizer applications and yields resulted in a 50% surge, measured in terms of pounds of 

fertilizer applied per bushel of crop produced. Pearson’s correlation coefficient solidified further the 

strong association between these variables, as detailed in Table 2.  

 

Table 2: Change in average annual Saskatchewan fertilizer use: 1991-94 to 2016-19 

Period Crop yield 
(bu/ac) 

Fertilizer applied 
(lbs/ac) 

Fertilizer rate 
(lbs/bu) 

Crop acres 
(millions) 

1991-94 40 231 6 33.3 
2016-19 51 467 9 40.5 
Percent 
increase 

28% 102% 50% 22% 

   

Scaling the survey fertilizer usage data to match the provincial crop production acres of 33.3 

million acres in 1991-94 and 40.5 million acres in 2016-19 [15], we estimated that the total fertilizer 
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usage escalated from 7.7 billion lbs in the period of 1991-94 to 18.9 billion lbs in 2016-19. This translated 

to a net use surge of 145%. This significant increase might be influenced by several factors. Further 

multivariate analysis could help pinpoint the primary drivers of this increase, considering variables such 

as changes in crop types, market demand and technological advancements. Speaking of which, the 

adoption of modern equipment and technological advancements have facilitated better assessment of 

nutrient needs, leading to a shift in both average annual application rates and their timing over these 30 

years.  

From 1991-94 to 2016-19, Saskatchewan farmers converted 7.2 million acres of summerfallow to 

continuous crop production, thereby increasing the overall fertilizer use, as summerfallow production 

does not require the use of fertilizers. Survey data from 1991-94 confirms that no fertilizer applications 

were made on surveyed summerfallow fields. The conversion alone accounts for 44% of the increase in 

fertilizer usage. Similarly, between these two time periods, total crop production rose from 1.3 billion bu 

to 2.1 billion bu, an increase of 62%. To understand the implications of this shift, we applied a regression 

model using a dummy variable approach more deeply. By designating the 1991-94 period as ‘0’ and the 

2016-19 period as ‘1’, the model captures the average fertilizer usage for each period, and the coefficient 

of the dummy variable indicates the change between them. The model suggests a substantial shift in 

fertilizer usage between two periods. However, caution is warranted. While the change in fertilizer use is 

apparent, the regression does not confirm that this shift is solely due to the elimination of summerfallow 

fields; other confounding factors could influence this change.  

Total fertilizer applications can be broken down by the rate applied per bushel of crop yield. This 

analysis found that fertilizer per bushel in Saskatchewan increased by almost 31% between the studied 

periods. The changes in specific elemental components of fertilizer blends can be further analyzed in 

terms of pounds applied per bushel of grain. Results found an increase in all four fertilizer components on 

a per bushel basis, as presented in Table 3. The results show that the nutrient uptake per bushel has not 

changed drastically between the two periods.  

The values of N, P and S uptake reported by Saskatchewan farmers as part of this study are 

comparable in magnitude to what the Government of Saskatchewan has published [26]. Fact sheets on N 

fertilization in crop production for Saskatchewan published by the provincial government indicate that the 

nitrogen uptake by crops varies, on a pound per bushel basis, ranging from 1.2 – 1.5 lbs/bu for winter 

wheat and 2.9 – 3.5 lbs/bu for canola. Regarding P uptake, the magnitude varies from 0.67 – 0.82 lbs/bu 

for barley to 1.31-1.63 lbs/bu for canola. In terms of S uptake, values from 0.16 lbs/bu for barley to 0.54 

lbs/bu for canola are reported [27]. 
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Table 3: Changes in elemental fertilizer components (lbs/bu) 

 Period N P K S Total fertilizer  

1991-94 4.1 1.4 0.7 0.8 7 

2016-19 5.3 1.8 0.8 1.3 9.2 

Percent change 29% 29% 14% 63% 31% 
 

 Our analysis also highlighted a paradigm shift in the timing of fertilizer applications. Data from 

1991-94 showcased no in-crop applications, presumably due to equipment constraints. By 2016-19, we 

found that 13% of the total N fertilizer was applied in-crop, with the remaining N applied pre-seed (29%), 

with the seed (27%) and post-harvest (31%). This shift is detailed in Table 4.  

 To validate these observed differences, we employed an ANOVA test using the application 

timings as variables. The ANOVA results indicated a significant F-value (42.7) (with a p-value of 0.03), 

underscoring that the differences in application timings between the two periods were statistically 

significant at the 95% significance level. This result statistically underscores the evolving fertilizer 

application strategies over the studied decades in Saskatchewan.   

 

Table 4: Changes in fertilizer application timing (lbs/acre/year) 

    1991-94 2016-19 Percent 
Change 

Average pre-seed  N 56 82* 46% 

P 28 35* 25% 

K 12 0*  

S 16 26* 63% 

Average with seed N 30 77 157% 

P 24 39 63% 

K 22 29 32% 

S 14 21 50% 

Average in-crop N 0.0* 36 
 

P 0.0* 17 
 

K 0.0* 9 
 

S 0.0* 17 
 

Average post-harvest N 70 90 11% 

P 0 17 
 

K 0 9 
 

S 0      15     
 

Total average of fertilizer application in a year from pre-
seed to post-harvest 

N 156 285 83% 

P 52 108 108% 

K 34 47 38% 
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S 30 79 163% 

* No pre-seed fertilizer applications were reported in 2019. 

** 1991-94 indicated no in-crop fertilizer applications; therefore, percent change is indicated by the direction of 

growth and not a value. 

 

During the crop rotation of 1991-94, only 12% of farmers conducted soil testing, half of whom 

saw an increase in soil fertility. Soil testing is considered critical to determining the appropriate rate of 

nitrogen fertilizer to apply to match crop yield potential [27].  

Survey data shows that the total volume of fertilizer used in Saskatchewan has increased by 145% 

and the amount of fertilizer used for each bushel of yield has increased by 50% between 1991-94 and 

2016-19, while crop acres increased by 22% (Table 2). An independent t-test revealed significant 

differences in fertilizer application rates between these two periods (t=8.4, p<0.005). This contrast in the 

growth rates suggests that while there was a substantial rise in overall fertilizer use, its application relative 

to crop yield became more efficient, potentially due to changes in soil quality, shifts in crop varieties or 

advancements in farming techniques over the years. Furthermore, when fertilizer use is allocated into the 

specific elemental components, N use per bushel (lbs/bu) has increased by 29%, similar to the level of 

increase seen in average crop yields (28%) (Table 3).   

Fact sheets on nitrogen fertilization in crop production for Saskatchewan indicate that the 

nitrogen uptake by crops varies from 61 – 74 lbs/acre to 138 – 168 lbs/acre. On a pound per bushel basis, 

the estimates fall within the ranges of 1.2 – 1.5 lbs/bu for winter wheat and 2.9 – 3.5 lbs/bu for canola 

[27]. Although the magnitudes of the estimates are comparable in some of the cases, it must be noted that 

there is a fundamental difference in the source of the data. The source of the data used in the provincial 

fact sheet is from the Canadian Fertilizer Institute and Nutrient Uptake and Removal by Field Crops 

Guideline for Western Canada. However, the information provided by this tool on crop nutrient uptake 

and removal may not reflect current crop yields and requires revision [28].  

In a comparative analysis with global standards, Saskatchewan’s trend of augmented fertilizer use 

is evident. Notable the province increased a 62% surge in crop production. If we maintain the assumption 

that the province’s crop acreage remained unchanged between the two periods, there would still be a 

notable 28% increment in total production. This trajectory of nitrogen fertilizer application and crop 

production over long periods of time is consistent with the estimates provided in literature [29].  

Our data highlights a significant increase in fertilizer usage in Saskatchewan, which is mirrored 

by an enhanced crop yield. Specifically, although our dataset does not provide direct evidence of reduced 

N2O emissions per bushel of grain, it does indicate that Saskatchewan farmers have managed to 

considerably increase crop yields. This is a critical point, given the rising global food and commodity 

demands. 
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A notable highlight of our study is the contribution of 22% growth in cultivated land in 

Saskatchewan, largely due to the reduction in summerfallow areas, to a 44% rise in fertilizer 

consumption. As summerfallow areas were reduced, there was a consequential increase in both fertilizers 

use and potential N2O emissions. However, it is important to note that the decrease in summerfallow areas 

has been associated with heightened carbon sequestration, leading to reduced CO2 emissions from the soil 

and improved soil quality, as supported by Sutherland et al. [30]. Additionally, as fertilizer use goes up 

and contributes to better yields, more plant biomass becomes available, which can further sequester 

carbon [31, 32]. However, it is also essential to consider that as the soil’s organic matter breaks down 

over time, emissions of both CO2 and N2O can increase. 

Saskatchewan’s contribution to Canada’s total cropland stands at around 43%, but interestingly, it 

accounts for only 25% of the nation’s agricultural N2O emissions. In contrast, Ontario and Quebec, which 

contribute significantly less to national cropland (10% and 5% respectively), emit a combined 33% of 

national N2O emissions [25,15]. The data indicates that crops on the prairies are being produced more 

efficiently, in terms of pounds of fertilizer applied, than in eastern Canada. One possible contributing 

factor to this variation in fertilizer efficiency could be the difference in crops produced. For example, corn 

is more commonly grown in eastern Canada than on the prairies and requires higher levels of N fertilizer 

than other crops [33]. The relatively drier climate on the prairies can also contribute to lower soil 

emission levels [34]. 

 This discrepancy in the relationship between the proportion of cropland and the corresponding 

N2O emissions across different regions in Canada implies that a one-size-fits-all approach to emission 

reduction might not be the most effective. Implementing a flat 30% reduction across all provinces could 

disproportionately impact regions like Saskatchewan that already have a lower emission intensity. 

Additionally, achieving the Canadian federal government’s goal of reducing fertilizer emissions 

by 30% below 2020 levels will require changes in fertilizer management practices. If the focus of 

fertilizer reductions is indicated as a 30% overall reduction, meeting a mandate of this nature would be 

impossible under current circumstances and agronomic tools, as increases in cultivated land would 

constantly result in greater fertilizer applications. However, if fertilizer use or N2O emissions are analyzed 

by the intensity of their use, achieving a 30% reduction may become economically feasible. It is noted 

that farmers have also split fertilizer applications throughout the year, including in-crop applications, 

which was not practiced in the early 1990s. The practice of splitting fertilizer applications throughout the 

year is a recommended practice by the Government of Canada to increase fertilizer use efficiency [17].  

The recent surge in fertilizer prices since 2020, influenced by factors like the Covid-19 pandemic 

and geopolitical tensions [35], means farmers are less inclined to use more fertilizer than absolutely 

necessary. With 67% of Canadian farmers in 2019 being aware of 4R fertilizer management principles, it 
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is likely that more farmers are adopting these strategies to ensure efficient use [36]. Pushing for drastic 

reductions in fertilizer use might have unintended consequences on production, especially if these 

reductions exceed what is minimally needed to achieve target yields.  

 

4. Conclusions 

In the evolving landscape of agricultural policymaking, the necessity for accurate, empirical data cannot 

be overstated. Decisions made without a solid foundation in current, on-the-ground realities risk not only 

inefficiency but also unintended economic consequences.  

 Our study offers and indispensable lens into the changing agricultural practices in Saskatchewan. 

We highlighted a 29% increase in the use of N fertilizer per bushel of crop produced. This increment, set 

against the backdrop of broader crop production trends like the decline of summerfallow, paints a vivid 

picture of a province dynamically adapting its farming techniques. Notably, these shifts have been 

powered by advancements in equipment and technology, occurring organically without external policy 

interventions.  

 While numerous studies provide insights into agricultural trends, our research stands out for its 

granularity and specificity to Saskatchewan’s unique context. It underscores the importance of region-

specific data, which is paramount for crafting informed, effective, and tailored policies.    
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