I* ﬁg::?#gg&eg;:ada ﬁg:ic?:lli#;ente;ire Canada | | | | | | | | | | | | Canadm
Digital Imaging Technology to Classify Herbicide-Resistant
and Susceptlble Kochia (Bassia scoparia)

Keshav D. Singh’?, Charles M. Geddr’esl, Prabahar Pavi"chandr‘anl, Manojf Natarajan!, Austin Jaster?, and Kamal Gillt

tAgriculture and Agri-Food Canada (AAFC), Lethbridge Research and Development Centre, Lethbridge, AB, Canada

INTRODUCTION MATERIALS AND METHODS RPI Results:
= Kochia (Bassia scoparia) IS an Invasive Imagery Data Collection and Processing: e
weed species that can cause high yield » Kochia plants were treated with glyphosate (Roundup WeatherMAX®, Bayer CropScience, 900 g ae
losses in some major field crops [1]. hat) or fluroxypyr (Prestige™ XCA, Corteva Agriscience, 140 g ae ha™*) using a moving-nozzle . |
| - cabinet sprayer when they reached 5-8 cm in height. 'Fig. 9 RPj |mage processmg and analy5|s

= Herbicides are the primary method bemg

used to control kochia [1]. = Hyperspectral images of the kochia plants were obtained immediately prior to the herbicide treatment -workflow, (a) RPI raw image, (b) Background
_ _ s (baseline) along with 1, 3 and 7 days after treatment (DAT). removal, (c) Automatic plants identification, (d)
= Ne\_/v techniques to LaGiidl iy her_b|CIde- = Individual kochia plants were annotated using Label Studio to extract reflectance. The temporal ‘Plant clustering, (e) Individual plant extraction,
resistant from susceptible kochia biotypes - spectra were randomly split into training and test datasets at 80:20 ratio for ML model development. (f) Extracted single plant
could be highly useful for site-specific = The RPi computers were integrated with imaging sensors (Sony 8MP). The units were programmed to e W
weed management strategies [2]. _ - capture multiple images at a fixed time interval (~4hrs) throughout the experimental cycle. | o = s
* Digital 1maging and Al technology can = The RGB bands proved sufficient information to extract three prominent attributes as, Green leaf (:op;i:::fffjj”” /{//,;;#” B
perform various functions via utilizing Index (GU) plant density (D) and foliar area (Fa). £
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advanced sensing systems and data
analytics [2, 3].
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is possible to characterize weed growth R R | e
parameters at high spatial, spectral, and WA — — S = il I =
temporal resolution [2, 3]. | |
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Susceptlble weed bIOtypeS (eg kOChIa) Fig. 4 HSI camera system to measure kochia ~ Fig. 5 RPi computers setup in the greenhouse over kochia ool : : 4 5 : ?
prior to in-crop herbicide application. plants reflectance data planted tray Peys sfter Treatment (DAT
= Potential of digital imaaina tools (RGB | | | | | 'Fig. 10 RPi sensor based GLI difference among
: b ( - PRELIMINARY RESU'—TS AND ANA'—YSIS kochia population, (a) GLI difference from the
and hyperspectral sensors) and machine - s | | | | e % P st e oy
: : : ; yperspectral Results:  syeconon untreate contro glyphosate
learn_mg (MI_‘) algorlthms 9 idlfferentlate | | | _ — | _difference from untreated control (fluroxypyr)
herbicide-resistant and susceptible weeds. —— gl B d Bl Rard
oxima rue dlse
_ Sl e _ _ SRR e DISCUSSION AND CONCLUSIONS
MATERIALS AND METHODS 1] Image Acquisition Extraction SIS »| Spectra Extraction o 3 TR (%) | FR (%) S
e P S o = The model results indicated that the
Samples and System Setup: Accuracy Traning Datase i T O | hyperspectral imaging is a promising
* * 2l - ~ e 1 SoilRenoua § g|  Fabe Lo approach to distinguish resistant from
= The experimental trials were performed in | e L Test Dataset | - < & | Susceptible | Susceptible e sl | |
. | (20%) @ RS (%) TS (%) susceptible kochia biotypes.
an Indoor greenhouse. \We assessed spectral | — 2 B o = | | 7 R | | | | | |
Imaging technologies for discrimination of T Resistant  Susceptible = The RPi-based greenness leaf index (GLI)
. < E " rouna 1ru g 3
kochia with and without resistance  to | | | | (Resistant / | | | BieHicte A aliss: ~ difference of stressed plants (susceptible)
glyphosate or fluroxypyr i i from their untreated control are higher than
Fig. 6 Schematic representation of the hyperspectral data analysis workflow (left) and Confusion matrix (right) ~that of healthy plants (resistant).
= Two different sensors were evaluated
simultaneously, including high spectral - i FUTURE RESEARCH
g - - -0.40
_resolutlon-_bas_ed hypferspectral HTedIng 5 s et i 5 e | » It is essential to identify new resistant biotypes
2 g .0/ .:0l%0 %’ L& 70 =035 > A
(HSI) and high spatial resolution-based g e g that could be managed by alternative herbicides.
low-cost Raspberry Pi (RPi) cameras. ' _ 0.30 | | e _ _
- 5 o = We are running glyphosate and fluroxypyr
= 12 & . . 2 o 5 .
Experimental Equipment: < o :> < | experimental trials with more population. This
= The proximal hyperspectral images (2()4 . oo . i will help to make the model robust and versatile
channels) of experimental kochia plants o & i - In predicting across wider complex populations.
. : z 0.15 7 0.10
Were_colle_cted on multiple days using the | REFERENCES CITED
Specim-1Q® camera system (397nm- . . 0.10 _ - N
1003nm wavebands) under standardized | e e _ | el Sl | [L] Geddes, C.M., and Sharpe, S.M., “Crop yield losses
|Ight conditions (Fig. 1). Fig. 7Confu3|on matrices by active ingredients (glyphosate), before (left) and after (rlght) treatment due to kochia (Bassia scoparia) interference,” Crop
| | | . . . . Protection, vol. 157, pp. 105981, 2022.
-0.45 i
" An array Of Raspberry i (RPI) CompUterS ool [2.] Ravichandran, P., Singh, K.D., Geddes, C.M.,
(Fig. 2) was deployec! on the She_lvmg units : Rkl : S ‘Natarajan, M., Jaster, A., and Wang, H., "Proximal
to regularly monitor kOChIa plantS s 035 v 035 ‘Hyperspectral Imaging to Classify Herbicide-Resistant and
characteristics throughout the experimental i e i S -Susceptible Kochia (Bassia scoparia)", 11th International
cycle (Fig. 3). s - Conference of Agro-Geoinformatics, Wuhan, China, 2023.
| | : - T S | _ | | |
) :> b =9 [3.] Singh, K.D., Natarajan, M., Gill, K., Ravichandran, P,
o Ak | o " ‘Wang, H. and Geddes, C.M, "Digital Imaging System for
5 45.32% 0.15 g S High-Throughput Plant Phenotyping using Raspberry Pi
7 - 3 0.10 “Computers", 13th IEEE Workshop on Hyperspectral Image
: ey D | & Signal Processing (WHISPERS), Athens, Greece, 2023.
Fig. 1 Specim-1Q® HSI F1g; 2 I_?aspberry il , , g | | | | |
(RPl) camera Resistant Susceptible Resistant Susceptible
Sensor Predicted Predicted ACKNOWLEDGEMENTS
Fig. 8 Confusion matrices by active ingredients (fluroxypyr), before (left) and after (right) treatment _
The authors thank Mattea Pittman and Dr. Hongquan
e Experimental Trial 1 & 3 (Glyphosate) | Experimental Trial 2 (Fluroxypyr) ' ‘Wang from Lethbridge Research and Development Centre
Msthogs Accuracy Before treatment | After treatment | Before treatment | After treatment (AB) for providing consistent Support during thiS StUdy-
' ' (%) %) ' (%) ' (%) ' “This research was funded by Western Grains Research
Training 78.61 73.86 83.14 84.55
_ koA _ Test 79.39 - 73.94 . 83.06 . 84.48 . .FOUHd’atIOH (WGIRF) Saskatoon SK
Training 76.04 77.70 90.33 86.05
QDA
Test 77.54 78.03 89.79 86.18 %WG R F
Table 1 Training and test classification accuracies for LDA and QDA models developed | |
Advancing Agriculture through Research
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