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Canola often requires a large amount of N to 
produce desirable yields, with fertilizer 
recommendations ranging from 114–125 kg N ha-1  

across Saskatchewan (1). High N requirements 
translate into steep fertilizer costs for farmers, but 
also presents a risk to the environment in the form 
of nitrous oxide (N2O) emissions. N2O is a very 
potent greenhouse gas (GHG) contributing to 
climate change. 

As such, producers and industry are looking for 
strategies to protect fertilizer investments as well 
as improving the sustainability metrics of 
production systems (2 - 5). The 4R framework 
provides guidelines for moving towards better 
fertilizer management (Fig. 1). Fertilizer should be 
applied at the right source, right rate, right time, 
and right placement (2). 

INTRODUCTION

RESEARCH OBJECTIVES

A two-year field trial was initiated in Saskatoon
during the fall of 2019, on a Dark Brown 
Chernozem soil of the Asquith association (Table 1).

RESEARCH METHODOLOGY

Soil-derived GHG sampling and analyses:
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Fig. 1. Framework for 4R nutrient stewardship (adapted from 
Johnston, A.M., and T.W. Bruulsema, 2014).

The use of enhanced efficiency N fertilizer (EENF) 
is a promising approach that helps reduce N loss at 
the same time as providing sufficient N to crops. 
Among different types of EENFs, SuperU® and 
eNtrenchTM have shown reductions in N2O 
emissions without yield penalties (3). These 
products function to regulate the production of NO3

-

(Fig. 2). SuperU® contains ureases 
and nitrification inhibitors
eNtrenchTM contains 
nitrification inhibitors

Fig. 2. Mechanisms for how SuperU® and eNtrenchTM influence the 
production of NO3

- and indirectly influence production of N2O.

1) Quantify the effect of fertilizer timing (fall vs
spring applications), source (EENF vs urea), and 
rate (at soil-test recommendation vs 30% less) in the 
field on:

• Canola N uptake, N use efficiency, and yield
• Soil N2O emissions

2) Evaluate N2O production pathways with and 
without EEFN before and after soil freezing under 
controlled conditions in the lab.

Table 1. Soil physical and chemical characteristics
Previous cropping history Barley
Texture class Sandy loam
Organic matter (%) 4.0
Field capacity (θg) 0.40
pH 8.2
Soil mineral N (ug g-1) 16

• Broadcast and 
incorporated 

• Fall: before 
freeze-up 

• Spring: before 
planting

• Soil-test N rate 
at 50 kg N ha-1
• Reduced rate of 
35 kg N ha-1

• SuperU®

• eNtrenchTM
with urea

• Urea (46-0-0)
• Non-fertilized 

control

Sources Rates

PlacementTimings

RCBD*
4 Reps

Field Trial Treatments:

Photo 2. The field site on October 
03, 2019

Photo 3. Fall-applied fertilizer 
treatments applied on October 30, 
2019

Chambers

• Install soil chambers (one 22.4 cm x 27.9 cm x 3.8 
cm per plot) to capture GHG measurements during 
spring thaw, at fertilizer application, and in-season

Gas 
sampling

• Collect 30 mL gas samples after the chambers are 
sealed in place, using 12 mL pre-evacuated 
Exertainer® tubes 

Gas analysis 

• N2O, CO2, and O2 gas concentrations analyzed via 
gas chromatography

• 15N2O isotopomers analyzed via cavity ring down 
spectroscopy 
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Plant sampling and analyses:
Plant samples will be collected at harvest to measure:

Fresh and dry 
weights

Yield and 
Yield-scaled 

N2O emissions 
(GHG 

intensities)

Nutrient 
content

Nitrogen use 
efficiency

NEXT STEPS

• This research project is at a very early stage, 
but will explore the effects of fertilizer source, 
rate, and timing on N2O flux and crop yields.

• We will explore the relative contribution of N2O 
production pathways during spring thaw and at 
fertilizer application.

• The findings of our study will help inform 
decisions when opting to use EENF to balance 
agronomic metrics and N2O emissions. 

* 15N2O isotopomers are used to determine the pathway of 
N2O production via nitrification or denitrification

Photo 1. Canola production in Saskatchewan

Soil samples (0-10 cm depth) from the field site  
were collected in Sept 2019, air-dried and sieved (2 
mm) in preparation for an incubation study. Soils 
were pre-incubated at 23ºC for 2 wks at 40% water-
filled pore space (WFPS). 

Incubation Study Treatments:

*RCBD: randomized complete block design

Cold Soil
• 4°C for 2 wks

Frozen Soil
• -10 °C for 

1 wk

Thawing Soil

• 4°C for 5 d

Warmed Soil
• 23°C for 2 

wks

Fertilizer sources
• Non-fertilized control
• Urea
• eNtrenchTM mixed with 

urea
• eNtrenchTM with 15N-

labelled urea*

Soil moisture
• 55% WFPS
• 70% WFPS
• 80% WFPS

*15N-labelled urea is used to partition fertilizer-induced N2O from soil-derived N2O

• Frequent gas sampling during each phase
• Gas analysis procedures as previously described

• RCBD with 4 replicates 
• Treatments subjected a sequential change in 

temperature, as follows: 

Photo 4. Gas sampling procedure Photo 5. 15N2O isotopomer analysis
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