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Abstract. Dicamba is an herbicide used for postemegence control of several broadleaf weeds in 
corn, grain sorghum, small grains, and non-cropland. Currently, dicamba-tolerant (DT) soybean and 
cotton are under development, which provide new options to combat weeds resistant to glyphosate, 
the most widely used herbicide.  With the use of DT-trait cotton and soybean, off-target dicamba drift 
onto susceptible crops will become a concern. To relate soybean injury to different rates of dicamba 
applications, field experiments were conducted in 2012, 2013, and 2014 at the research farm of the 
USDA-ARS Crop Production Systems Research Unit in Stoneville, Mississippi, USA. For the 
experiments, thirty-two soybean plots were established on a 4.5 ha field of the research farm and, at 
the four-trifoliolate-leaf stage, treated with dicamba at six rates following a randomized complete 
block design with four replications. In 2014, five weeks after dicamba treatment, RGB color images 
were acquired with a GoPro camera on a small octocopter flying over the soybean field. Also, at one 
and half weeks and 10 weeks after dicamba treatment, RGB color images and near-infrared (NIR) 
images were acquired by a Canon digital camera and a customized Canon digital camera with NIR 
pass filter on a fixed-wing remotely controlled plane over the field. RGB color images and NIR 
images were stacked to generate color infrared (CIR) images of the entire soybean field.  Vegetation 
indices, such as normalized difference photosynthetic vigor ratio extracted from the RGB images and 
normalized difference vegetation index from CIR images over the dicamba-treated soybean field, 
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were highly correlated with soybean yield. A monotonic trend of the vegetation indices was also 
observed with increasing rates of dicamba. This study demonstrated that the RGB and CIR images 
acquired on small UAVs have a great potential in assessing crop injury from dicamba spray in the 
field. 
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Introduction 
Dicamba is an herbicide used for postemegence control of several broadleaf weeds in corn, grain 
sorghum, small grains, and non-cropland. Currently, dicamba-tolerant (DT) soybean and cotton are 
under development.  DT crops provide new options to combat weeds resistant to glyphosate, the 
most widely used herbicide. Although the launch of DT-trait cotton and soybean is still pending 
approval of new dicamba formulations by the USEPA (U.S. Environmental Protection Agency, 
Washington DC), off-target dicamba drift from routine use in dicamba-resistant crops onto 
susceptible crops has been a concern.  It can be predicted that, with the adoption of the DT crop 
system in the near future, the concern would be much greater with significantly increased numbers of 
dicamba drift complaints. 

Remote sensing provides a cost-effective approach to detect changes in canopy spectral properties 
in crop injury from off-target herbicide spray.  We have assessed crop injury from off-target drift of 
aerially applied glyphosate using aerial color-infrared (CIR) imagery for soybean, cotton, and corn 
(Huang et al., 2010, 2015). However, sub-meter spatial resolution of aerial CIR imagery limits the 
analysis and assessment of the crop herbicide injury (Huang and Reddy, 2015). Unmanned aerial 
vehicles (UAV) provide a platform that can carry imaging sensors to provide centimeter-level spatial 
resolution imagery with 3D stereo vision capability to better characterize the canopy over the crop 
field (Huang et al., 2009; Huang and Reddy, 2015). The purpose of the study was to characterize 
CIR properties of UAV imagery to relate image parameters to soybean injury with different doses of 
sprayed dicamba and investigate the potential of UAVs for precision weed management.  

Materials and Methods 
The field experiments were conducted in 2012, 2013, and 2014 at the research farm of the USDA-
ARS Crop Production Systems Research Unit in Stoneville, Mississippi, USA (latitude: 33.445081o 
and longitude: -90.869829o). In 2014, the field experiment was conducted with thirty-two soybean 
plots established on a 4.5 ha field in the research farm.  At the four-trifoliolate-leaf stage, soybean 
was treated with dicamba at rates of 0.0X, 0.05X, 0.1X, 0.2X, 0.3X, 0.5X, and 1.0X (X=0.56 kg ae ha-

1). The entire field was laid out in a randomized complete block design with four replications.  

Five weeks after dicamba treatment (WAT), a series of digital RGB color images were acquired with 
a GoPro camera on a small octocopter flying over the field at an altitude of 45 m to offer a 2.8 cm 
pixel-1 ground resolution with a 95o field of view low distortion lens. Selected images were geo-tagged 
and mosaicked to cover the entire field. At one and a half WAT and 10 WAT, digital RGB color 
images images were acquired by an unmodified Canon digital camera, and near-infrared (NIR) 
images were taken with a customized Canon digital camera with an NIR filter on a fixed-wing 
remotely controlled plane over the field at an altitude of 80 m, resulting in 4 cm pixel-1 ground spatial 
resolution. On both flights, selected RGB images and NIR images were geo-tagged, mosaicked, and 
stacked to generate CIR images of the entire field.  Vegetation indices were extracted from the RGB 
and CIR images, including normalized difference photosynthetic vigor ratio (NDPVR) (Warren and 
Metternicht, 2005), normalized difference vegetation index (NDVI) (Rouse et al., 1973), and soil 
adjusted vegetation index (SAVI) (Huete, 1988). NDPVR is less popular than NDVI and SAVI, which 
are calculated from the green (Green) band and red (Red) band of the RGB images, while NDVI and 
SAVI are calculated from the NIR and red band of the CIR images, respectively, with 0.5 for soil 
brightness correction factor for SAVI. 

Results and Discussion 
Table 1 shows that, regardless of WAT, UAV type, and sensor/image type, all different indices are 
highly correlated with the soybean yield. This indicates that the high-resolution UAV image data 
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performed consistently well in characterizing image features with the crop yield.  
Table 1. Correlation of vegetation indices with soybean yield with different sensors/UAVs at different WAT. 

 Imaging Time (WAT) UAV Sensor Index Correlation with Yield 

1.5 Fixed-Wing Unmodified and modified Canon digital cameras NDVI/SAVI 0.97/0.97 

5 Octocopter GoPro camera NDPVR 0.98 

10 Fixed-Wing Unmodified and modified Canon digital cameras NDVI/SAVI 0.97/0.97 

Fig. 1 shows the relations of the vegetation indices to the spray rates of dicamba, which present 
consistently a monotonic trend of the vegetation indices with increasing rates of dicamba. This further 
indicates that the high-resolution UAV image data could perform well in assessing image features 
with the crop injury. 

         
Fig 1. Vegetation indices vs dicamba spray rates (X=0.56 kg ae/ha). 

Conclusion 

This study demonstrated that the RGB and CIR centimeter-resolution images acquired on small 
UAVs have great potential in assessing crop injury from dicamba spray in the field. 
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