
Fig 3. Eddy covariance towers at the annual 
(above) and perennial (below) sites in 2025.
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➢ Quantifying the carbon (C) balance of an agricultural system 
can help us understand the impacts of farmers’ 
management decisions on soil health and atmospheric C 
emissions. 

➢ While annual crop rotations dominate in Western Canada, 
perennial systems are gaining interest for their many 
benefits to soil and ecosystem health, including the potential 
for C sequestration. 

➢ Here we report on the first six months of a study designed to 
evaluate the C balance of a long-term perennial field in 
comparison to an annual field using micrometeorological 
techniques. 

➢ The data is preliminary but investigates the initial differences 
between the C balances of these fields. 

➢ Our hypothesis is that the perennial field will have greater 
cumulative net ecosystem carbon balance (NECB) than the 
annual field, therefore acting as a C sink. 

Background1

➢ Two identical eddy covariance towers were deployed in 
neighbouring commercial fields near Woodlands, Manitoba 
(Fig. 3 & 6). See section 4 for site details.

➢ Measurements reported on are from May to December of 
2025, with the perennial field tower deployed on May 13th 
and the annual field tower on May 23rd. 

➢ Measured NEP was partitioned into gross ecosystem 
productivity (GEP) and ecosystem respiration (ER).

➢ Daily and cumulative C fluxes were calculated to assess 
the C balance after the data was screened and gap filled 
following quality control criteria and algorithms adopted by 
the Fluxnet-Canada Research Network (FCRN).

➢ Harvest removals (H) were calculated from dry biomass (g  
m-2) samples. Annual H is based on canola samples taken 
before harvest that were threshed to remove straw and 
determine grain yield. Perennial H is based on total biomass 
samples (alfalfa + grass + weeds) taken prior to the hay cut 
date.

Methods2

➢ The perennial field experienced large decreases in daily 
GEP immediately following hay cuts (DOY 151 and 188) (Fig. 
1A). Consequently, daily NEP became negative (Fig. 1C), 
causing the field to become a temporary C source. It took 
~10 days for the field to return to a C sink after the first cut, 
and ~30 days following the second cut. This difference in 
regrowth rate may be due to a long period of dry conditions in 
July, restricting alfalfa growth after the second cut.

➢ Due to its longer period of crop growth, daily NEP for the 
perennial field was positive for more days than the annual 
field (Fig. 1C). Cumulative NEP (Fig. 2C) shows the perennial 
field acting as a C sink from the outset, whereas the annual 
field is briefly a C source before NEP becomes positive 
around DOY 170. 

➢ The annual field was more productive at its peak than the 
perennial, achieving maximum daily GEPs of 22 g C m-2 and 
16 g C m-2, respectively (Fig. 1A). However, the perennial 
field achieved a higher cumulative GEP by DOY 250 that 
was sustained for the rest of 2025 (Fig. 2A).

➢ While harvest of the annual field occurred on DOY 250 and 
251, the canola began to senesce weeks before this, marking 
a reduction in photosynthesis and consequently GEP (Fig. 
1A). 

➢ The perennial field had a slightly higher cumulative NEP 
than the annual field by the end of 2025 (Fig. 2C & 5), but 
substantially more C removed with harvest, resulting in a 
much smaller NECB (Fig. 5). 

➢ While the results of this report indicate that both fields are 
C sinks (positive NECB, Fig. 5), it is important to note that 
this is not a full year of data. It is likely that spring C losses 
via respiration will cause NECB to decrease for both fields 
over a 365-day cycle. 

➢ Future reports will include additional years of data in order to 
investigate interannual variability. An analysis of water 
dynamics will also be conducted in order to investigate how 
this plays a role in the productivity of the perennial crop and 
thus its ability to act as a C sink. 

Results and Discussion5

➢ Net ecosystem carbon balance (NECB) is represented by 
the equation below, where H is the C removed with harvest.

      NECB = NEP – H = GEP – ER – H

➢ When GEP is greater than ER + H, NECB is positive and the 
field is a C sink.

➢ When ER + H is greater than GEP, NECB is negative and the 
field is a C source.

Carbon Balance3
Site Details4

Crop Fertilizer (lbs/ac) Seeding DOY Harvest/cut DOY(s)

Perennial: Alfalfa (Medicago sativa) None N/A 151 & 188

Annual: Canola (Brassica napus L.) N: 140, P: 40, S: 15 141 250

➢ Soil type: Clay Loam ➢ Soil bulk density (pb) = 1200 kg m-3

Fig 1. Daily gross ecosystem productivity (GEP, A), ecosystem respiration (ER, B), and net 
ecosystem production (NEP, C) measured in g C m-2 from May to December 2025 for a 
perennial field and an annual field. 

Fig 4. Total gross ecosystem productivity (GEP) and ecosystem 
respiration (ER) of a perennial and annual field from May to 
December of 2025. 

Fig 5. Total net ecosystem productivity (NEP), harvest removals (H), 
and net ecosystem carbon balance (NECB) of a perennial and annual 
field from May to December of 2025. 

Fig 2. Cumulative gross ecosystem productivity (GEP, A), ecosystem respiration (ER, B), 
and net ecosystem productivity (NEP, C) from May to December 2025 for a perennial field 
and an annual field. 

Fig 6. Location of the perennial site (teal) and annual site (pink) near 
Woodlands, Manitoba, in relation to the University of Manitoba.
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