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ABSTRACT The spatial distribution of weeds in crop fields is heterogeneous. Therefore, 
limiting herbicides application to weed infested areas would lead to economical and 
environmental benefits. For real-time spot treatments, sensors detecting weed patches are 
needed. Vegetation sensors could be used in the inter-rows to trigger herbicide spraying 
on both rows and inter-rows if weed cover on and between the crop rows is uniform. To 
verify this hypothesis, weed cover on and between corn rows was evaluated using 
photographs acquired in corn fields at the 3 to 5 leaf stage. A one hectare plot was 
sampled in 2004, 2005 and 2007 at one location and nine one hectare plots were sampled 
in corn fields dispersed across the province of Quebec (Canada) in 2008. All fields were 
planted in corn under conventional tillage (75 cm row spacing). A segmentation 
algorithm was used to isolate vegetation pixels. Samples for the analysis consisted of 
23 x 750 mm strips free of corn plants and covering three regions: undisturbed inter-row 
(UIR), corn row and inter-row compacted by tractor and/or seeders wheel during the 
seeding process (WIR). Repeated Anova measures indicated that weed cover on the 
undisturbed inter-row was generally lower than on the CR or WIR (p<0.001). No 
significant difference in weed cover was observed between CR and WIR. A 
presence/absence contingency table showed that 13-15% of samples had no weed pixels 
on the WIR while pixels were present on the row, indicating that 13-15% of weeds 
located on the CR would be missed if detection was based on the WIR. 
 
Keywords: weed, spot spraying, weed detection, soil disturbance, seeder, corn.  
 
INTRODUCTION In many cases, spraying whole fields uniformly leads to overuse of 
herbicides (Dent et al. 1989) and performing weed control only where necessary (spot 
treatment) would be more appropriate. To achieve spot spraying in real time, many 
studies are underway to develop sensors capable of discriminating weeds from crop, 
using different strategies, notably: machine vision (Wang et al. 2007), visible spectrum 
analysis (Mao et al. 2008), reflectance (Paap et al. 2008) or fluorescence (Longchamps et 

mailto:bernard.panneton@agr.gc.ca�


CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 2 

al. 2009). The diversity of weed phenotypes, shapes, colors and textures and their 
taxonomic proximity with crops (i.e. Poaceae weeds species and corn) makes weed/crop 
discrimination difficult. However, weed/crop discrimination can be avoided by scouting 
only the inter-row (where there is no crop) and extrapolating the level of weed infestation 
to surrounding areas, including the crop rows. Vegetation sensors such as the 
WeedSeeker® (NTech Industries, Ukiah, California) can be used to achieve inter-row 
weed detection. For this approach to work, the weed infestation level on the row has to be 
similar to that of the neighbouring inter-rows. However, in conventional-till corn (Zea 
mays L.), corn rows are disturbed during the seeding process. Soil disturbance is induced 
by the coulter and the covering disks/plates, there is compaction by the gauge and/or 
press wheels and starter fertilizers (notably nitrogen and phosphorus) is often added. 
Inter-rows remain undisturbed during the seeding process unless they are located where 
tractor or seeder wheels compacted the soil. Soil disturbance is known to promote the 
germination and emergence of weeds (Roberts and Potter 1980). Soil disturbance can 
promote germination by exposing seeds to light (Sauer and Struik, 1964) and oxygen 
(Roberts and Smith 1977), as well as lowering or eliminating volatile anaerobic 
metabolites (acetaldehyde, acetone and ethanol) (Holm 1972). Soil disturbance can also 
remove mechanical obstructions to emerging seedlings (Marshall et al. 1996). The other 
major difference between the row and the inter-row is the compaction from the seeder 
gauge and/or press wheel on the row. This compaction lowers the soil water evaporation 
by reducing porosity and increases seed-soil contact (Brown et al. 1996). However, if the 
soil is over compacted, germination can be reduced due to lack of oxygen and mechanical 
constraints (Dexter 1988). Increased weed germination and emergence from wheel traffic 
has been observed in fields (Jurik and Zhang, 1999). However, no study has investigated 
the difference in weed infestation between rows and inter-rows. Therefore, our objective 
was to assess the weed infestation variability that exists among the different row areas 
generated by the seeding process in corn fields under conventional tillage. Our approach 
was based on image analysis. 

MATERIALS AND METHODS One hectare field sections were photographed entirely 
either 1) in a single field during three years (2004, 2005 and 2007) or 2) in nine fields 
located across the province of Quebec (Canada) in 2008. All fields were planted in corn 
with 75 cm spacing between rows. The corn growth stage at the time of data collection 
was 3 to 5 leaves (fully unfolded). 

All plots were exhaustively photographed with a camera mounted on a capturing/carrying 
custom mobile platform (Fig. 1). About 1100 pictures were taken in each 1-ha plot. The 
self-propelled platform consisted of a pyramid-shape aluminium chassis covered with 
opaque shading material and equipped with two high power flashes combined to a custom 
reflector to ensure uniform illumination and minimum shadow effect for all pictures. One 
photograph was acquired every three meters using an automatic trigger linked to a 
distance sensor. The device was built to hold the camera at its apex at 2.5 m above the 
ground covering an area of 3 m by 2 m with each picture. A Nikon D100 camera was 
used. At 6 million pixels (3034 x 2024) the resolution was 1 pixel/mm2 (Fig. 2). Files 
were stored in the JPEG format.  
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Figure 1: Photographic mobile platform. 

 

Ten percent of the images were selected for each plot giving 100 to 105 images (10 % of 
plot area) and processed using a color image segmentation algorithm to discriminate 
vegetation from soil. Physics-based reflection model was used to segment pixel clusters 
in the three-dimensional red, green and blue color space as in Onyango and Marchant 
(2001). This segmentation transformed color images into black (soil and crop residue) 
and white (vegetation pixels) pictures (Fig. 2). More information about the imaging 
hardware and segmentation software was reported in Panneton and Brouillard (2009). 
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Figure 2: A typical photograph (a.), binary matrix of the segmented vegetation (b.) and 
sampling strips (c.). 

The data were extracted from the black and white images. The samples consisted in one 
horizontal strip 23 pixels high by 750 pixels wide centered exactly on a crop row for each 
image (Fig. 2). For each image, a program repeatedly placed a strip at random locations 
along the crop rows until the first corn-free location (as judged by the operator) was 
obtained. This sampling scheme was implemented to avoid bias. Excluding corn pixels 
allowed considering only weed infestation. From this strip, 5750 pixels (250 x 23) were 
covering the undisturbed inter-row (UIR), 5750 were covering the corn row (CR) and 
5750 were covering the inter-row in which the tractor wheel had circulated during the 
seeding process (WIR). From each of the 5750 pixel sub-rectangles, the vegetation pixels 
were counted, giving one datum for each of the three zones for each picture. In a strip, 
weed cover was the ratio of the number of vegetation pixels to the strip area (5750). 

RESULTS AND DISCUSSION A repeated measure ANOVA was performed. The 
repeated measure design accounted for the fact that there was considerable variation 
across the corn fields. There was no significant effect associated with years. Tests on the 
within-subject effects for the strip location effect (CR, UIR or WIR within a field) 
showed that weed cover differed across the strip locations (F=22.03, d.f.=2;  p<0.001) 
and that the effect of site (i.e. fields) was also significant (F= 2.88, d.f.= 18; p<0.001). 
Pairwise comparisons using Bonferroni adjustment  of weed cover across the strip 
location showed that weed cover in UIR was significantly lower than in CR and in WIR  
but there was no significant difference in weed cover between CR and WIR (Table 1). 
These results clearly indicated that weed sensing between rows of the UIR type cannot be 
used as a reliable indicator of weed infestation on the row since weed cover in CR is 
generally higher. For spot application of herbicides, using weed cover in UIR as an 
indicator of weed cover in CR would imply that in many occasions, weed presence will 
not be detected and treated, resulting in yield loss and high weed seed bank 
replenishment. 
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Table 1: Pairwise comparisons of weed cover between strip locations. 

Difference Mean difference in 
weed cover 

Std Error Significance 
(Bonferroni adjustment) 

UIR - CR -0.129 0.023 <0.001 
UIR - WIR -0.137 0.024 <0.001 
CR - WIR -0.008 0.023 1.00 
 

The fact that on average, weed cover on CR was not significantly different than weed 
cover on WIR does not imply that weeds appeared simultaneously in adjacent strips. In 
other words, the relative frequency where weeds are present in a WIR strip and in the 
adjacent CR strip must be established. Contingency tables were constructed to evaluate 
the frequency of different presence/absence scenarios. Weed presence had to be defined 
by setting a threshold on the weed cover data. For example, for a threshold of 5 pixels, 
there is weed presence in the strip in all cases where more than 4 pixels in the strip were 
vegetation pixels. If the vegetation segmentation process is perfect, a threshold of 1 
should be used. However, the segmentation process generated some errors when green 
like of bright non-vegetation pixels were in the strip. To avoid choosing a single 
threshold, contingency tables were constructed for three thresholds: 1, 5 and 34 green 
pixels. A threshold of 34 pixels corresponded to the median size of the smallest group of 
pixels that was identified as a weed in 50 color images. A threshold of 5 pixels 
corresponded to the smallest group of pixels identified as a weed.  From the contingency 
tables, the relative frequencies where weed presence on CR was under or over-estimated 
from weed presence on WIR were computed (Table 2). For all thresholds, there was no 
significant bias towards over or under-estimation (sign test, p>0.05). Furthermore, the 
relative frequencies were not sensitive to the threshold. In practice, the implication is that 
using weed detection in WIR strips as a trigger for spot spraying will result in: 

• applying a treatment on the CR strip when there are no weeds on the corn row 12% to 
13% of the time (some weed-free areas are treated); 

• not applying a treatment on the CR strip when it would be required 13% to 15% of 
the time (some weeds on the crop row are not treated). 

 

 

Table 2: Frequencies of underestimation or overestimation of weed presence on CR based 
on weed presence on WIR. 

 Estimation of weed presence from WIR  
Threshold for weed 

presence (number of pixels) 
Relative frequency of 

underestimation 
Relative frequency of 

overestimation 
1 13.0% 13.3% 
5 12.5% 14.4% 
34 12.1% 14.6% 
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CONCLUSION In general, weed detection between corn rows cannot be used as a 
trigger for site-specific herbicide application in corn fields under conventional tillage 
practices. However, in cases where there was some compaction by the tractor wheel 
between rows (WIR), average weed cover was not different from average weed cover on 
the corn row. Therefore, weed presence in the WIR was a better indicator of weed 
presence on the adjacent corn rows leaving only 13% of the weeds located on the corn 
row untreated.   

Acknowledgements This research project was possible because of the help of Michel 
Brouillard, Genevieve Begin, Aline Philibert and the team of summer students. Financial 
support was provided by The Pesticide Risk Reduction Program, a joint initiative of 
Agriculture and Agri-Food Canada and Health Canada's Pest Management Regulatory 
Agency. 

REFERENCES 
Brown, A. D., A. R., Dexter, W. C. T., Chamen, and G., Spoor. 1996. Effect of soil 

macroporosity and aggregate size on seed-soil contact. Soil and Tillage Research 
38:203-216. 

Dent, J. B., R. H. Fawcett, and P. K. Thornton. 1989. Economics of crop protection in 
Europe with reference to weed control. Proc. Br. Crop Prot. Conf.—Weeds 1989:917–
926. 

Dexter, A. 1988. Advances in characterization of soil structure. Soil and Tillage Research. 
11:199-238. 

Holm, R. E. 1972. Volatile metabolites controlling germination in buried weed seeds. 
Plant Physiol. 50: 293-297. 

Jurik, T. W. and S. Zhang. 1999. Tractor Wheel Traffic Effects on Weed Emergence in 
Central Iowa. Weed Technology 13:741-746. 

Longchamps, L., B., Panneton, G., Samson, G. D. Leroux, and R., Thériault. 2009. 
Discrimination of corn, grasses and dicot weeds by their UV-induced fluorescence 
spectral signature. Precision Agriculture Online June 30th 2009.  

Mao, W., X. Hu, and X. Zhang. 2008. Weed detection based on the optimized 
segmentation line of crop and weed. Pages 959-968 in Daoliang, L. ed. Computer And 
Computing Technologies In Agriculture, Volume II, IFIP-International Federation for 
Information Processing. Boston: Springer. 

Marshall, T. J., J. W. Holmes, and C. W. Rose. 1996. Soil Physics. Third Edition. 
Cambridge University Press, Cambridge, UK.  

Onyango, C. M. and J. A., Marchant. 2001. Physics-based color image segmentation for 
scenes containing vegetation and soil. Image and Vision Computing 19 (8): 523-538 

Paap, A., S., Askraba, K., Alameh, and J., Rowe. 2008. Photonic-based spectral 
reflectance sensor for ground-based plant detection and weed discrimination. Optics 
Express 16:1051-1055. 

Panneton, B. and M. Brouillard. 2009. Colour representation methods for segmentation of 
vegetation in photographs. Biosystems Engineering 102:365-378. 

Roberts, E. H. and R. D. Smith. 1977. Dormancy and the pentose phosphate pathway. 
Pages 385–411 in A. A. Khan, ed. The Physiology and Biochemistry of Seed 
Dormancy and Germination. Amsterdam: Elsevier/North-Holland.  

Roberts, H. A. and M. E., Potter. 1980. Emergence patterns of weed seedlings in relation 
to cultivation and rainfall. Weed Research 20:377-386. 

Sauer, J. and G., Struik. 1964. A possible ecological relation between soil disturbance, 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 7 

light-flash, and seed germination. Ecology 45:884-886. 
Thompson, D., S. Thompson, and R. Thompson. 1995. Alternatives in Agriculture. 

Boone, IA: Thompson On-Farm Research.  
Wang, N., N., Zhang, J., Wei, Q., Stoll, and D. Peterson. 2007. A real-time, embedded, 

weed-detection system for use in wheat fields. Biosystems Engineering 98: 276-285. 
 


