Gross Ecosystem Productivity and NDVI Relationships of
Canola (Brassica napus L.) in Manitoba
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Introduction a) b) Results and Discussion
* Canola (Brassica napus L.) is one of the economic 25 — . | . 0.1 — | | | |  Daily GEP increased with LAl and PPFD
staples of Canadian agriculture and occupies a ‘:; absorption. Maximum GEP exceeded 20 g C m~
large fraction of the available cropland in Western —~ 20 S 0.08 L . d' and was observed when canola was at the
Canada on an annual basis. Despite its © E bolting stage around DOY 180, with LAl values
Importance, little is known about the efficiency ‘\-‘E 15 - 0.06 - | around 4-5 m? m™ and over 90% PPFD
with which it uses natural resources to grow and O % absorption. GEP declined with the onset of
develop, especially in the black soil zone of the > 10 & 0.04 1 | senescence around DOY 200 and that was
prairies. - O followed by slight decreases in LAl and absorbed
| 0 o PPFD (Fig. 2 a, ¢, and e).
* The goal of our study is to better understand the O 5 N 0.02 -
efficiency with which canola uses photosynthetic - * NDVIfollowed patterns in LAl (Fig. 2c). After
photons to assimilate carbon and to evaluate 0 o 0 emergence, NDVI| was around 0.3-0.4 and
whether simple vegetation indexes can be used to 160 180 200 220 240 260 160 180 200 220 240 260 increased to values greater than 0.8 before
estimate radiation use efficiency (RUE). To Day of Year (DOY) Day of Year (DOY) declining with the onset of ripening on DOY 220.
address this, we conducted a field experiment C) d) GEP was a nonlinear function of NDVI and an
where we measured carbon fluxes, leaf area 8 — , , . 1 25 . . | . . empirical second order polynomial showed a
iIndex, and absorbed radiation in a commercial —~ good fit to the data (Fig. 2d). This response is
canola field near Woodlands, Manitoba, during 108 © 20 L y = 47.49x2 + -32.64x + 7.42 1 consistent with results obtained by researchers
the 2025 growing season. 6 C}IE R2 = 0.654 working with other ecosystems (e.g.,
. Knowledge of RUE is critical to determine B O 15| - grasslands).
limitations to plant growth and development in the 3 4 - ® 2 * RUE, with units of g C mol! Photons™, was
Canadian prairies as well as to enable regional o & 10 - calculated as
estimates of crop productivity by means of remote o S LA: ° O o
sensing techniques. e LP.80 LAl % 5 . RUE = GEP
NDV/ s ° f, - PPFD
0= ! | | 0
160 180 200 220 240 260 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 where f, is the fraction of incoming daily total
Day of Year (DOY) NDVI PPFD absorbed by the canopy.
 RUE values were between 0.02-0.04 g C mol™
e) 1 | | | f) —~ 0.1 T e | | y = 0.0406x + -0.0016 Photons™ from post-emergence to ripening (DOY
2 R2 = 0.253 162 to 220), after which it began to decline.
_ 0.8 1 il % 0.08 - } Spikes in RUE exceeding 0.04 g C mol™ Photons™
xS T were observed on cloudy days. Under these
g 0.6 Absorbed . < 0.06 |- * N conditions the diffuse component of solar
L Transmitted o irradiance increases relative to the beam
Q 04t Reflected - LE) 0.04 - - component, thus distributing photosynthetic
& o photons more uniformly throughout the canopy
0.2} : ; 0.02 - . and consequently increasing its carbon
@:x) assimilation efficiency (Fig. 2b).
? 160 180 200 220 240 260 0.2 013 04 05 06 07 08 09 4 * Apositive linearrelationship between RUE and
Day of Year (DOY) NDV| NDVI was observed (Fig. 2f). Large scatter was

observed on cloudy days when RUE was

Figure 2. Carbon fluxes, crop growth, and radiation dynamics during the 2025 growing season. (a) Gross Ecosystem Production (GEP). (b) Radiation Use Efficiency (RUE). (c) Leaf Area Index (LAl) and , ,
disproportionally large.

Normalized Difference Vegetation Index (NDVI). (d) GEP as a function of NDVI. (e) Absorbed, transmitted, and reflected fractions of incoming Photosynthetic Photon Flux Density (PPFD). (f) RUE as a
function of NDVI. .
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Figure 1. Trail camera photos of the study site throughoutthe  +  Edidy fluxes were measured with a LICOR LI-7500DS open-path CO,/H,0
égi?nzr?g (';(g 18765)3?:) lgfgvs(;fitneg?ggg\? ?;g)(D(;))YPlizr)ip(:r: ng analyzer and a Gill WindMaster Pro 3-D sonic anemometer. Raw 10 Hz data was
(DOY 220). (e) Maturation (DOY 240). (f) Post harvest (DOY !orocessed using EddyPro v.7.0..9. Carbon fluxes were gap tlllgd and partitioned
256). into Gross Ecosystem Production (GEP), Ecosystem Respiration (ER), and Net

Ecosystem Production (NEP) using the FluxNet Canada Research Network

Future studies should investigate the effect of
water deficits on canola GEP and RUE and
evaluate if the simple relationships obtained in
this study can be used to estimate canola
growth and yield at regional scales with
reasonable accuracy.
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. . . (FCRN) scripts with MATLAB. Daily values were obtained by integrating half- NSERB Mr("l/i*l’Obﬂ h
Agronomlc and Site Informatlon hourly fluxes. BRSNE
* Conventionally managed annual field located near
Woodlands, Manitoba. * |ncoming, reflected, and transmitted Photosynthetic Photon Flux Densities Gr"’zggg‘s“;;‘)ber
« Soil Texture: Clay Loam. (PPFD) were measured using quantum sensors (LICOR LI-190 and Apogee MQ-
e Fall 2024 Fertilization: N 130 lbs/ac. 310X). Absorbed PPFD was calculated as the remainder. Normalized Vegetation Nature /%) ’g\::_./_/
* Spring 2025 Fertilization: N 130 lbs/ac, P 40 lbs/ac, Difference Vegetation Index (NDVI) was measured using the Apogee S2-111 and United \ P o AR
S 15 |bs/ac. S2-112 NDVI sensors. Half-hourly values were averaged during daytime to BEEF PRODUCERS
 Seeding Date: May 21st, 2025 (DOY 141). represent daily values. Man toba 3
| N\
Harvest Date: Septemlt)er Ith, 2025 (DOY 252).  Leaf Area Index (LAI) was measured every other week by means of ceptometry Ora ‘. @‘
Flux Tower Setup Date: May 23, 2025 (DOY 143). (METER ACCUPAR LP-80) and modelled using measured fractional transmission b e it ot S it e e ST Bgras DUCKS
* Biomet Tower Setup Date: June 6, 2025 (DOY 157). values following the equations given by Campbell & Norman (1998). Flgure 3. Towers at the Study Slte in 2025 Flux Tower (Left) and B|omet Tower (Right). Assoaatlon UNLIMITED
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