
4. Materials and Methods—describe your approach and the overall design of the project. Describe what 

activities, materials, and strategies you used to engage your target audience, including what worked and 

what didn’t.  

 

I. Sampling and Development of Alfalfa-Grass Recognition System 

 

A) Sampling and Image Acquisition 

Certified Crop Advisors assisted in identification of farmers’ fields containing mixed stands with different 

proportions of alfalfa and grass in Tompkins, Cayuga, Cortland, and Wyoming Counties of New York 

State. A small experimental plot was also established at Cornell University for 2013 sampling. Sampling 

locations represented six grass species in the mix (Table 1), which were selected based on frequent 

establishment in mixed stands with alfalfa in Northeast fields. Grass species sampled in mixed stands 

with alfalfa (Medicago sativa L.) included: timothy (Phleum pratense L.), orchardgrass (Dactylis 

glomerata L.), reed canarygrass (Phalaris arundinacea L.), quackgrass (Elytrigia repens (L.) Desv. Ex 

Nevski), smooth bromegrass (Bromus inermis L.), and tall fescue (Festuca arundinacea Schreb.). In each 

field, representative samples were selected and delineated using a white round hoop (66 cm diameter). It 

was then placed on the alfalfa and grass canopy. A digital image was acquired at five megapixel 

resolution using digital cameras and an iPhone 4 (Table 1). A single camera was used in 2011 and 

multiple cameras were used in 2012 and 2013. Camera LCD screens were mounted with a small level to 

ensure consistent image orientation in relation to the grass canopy. In each sample, alfalfa maximum 

height, grass maximum height, and grass canopy height were measured using a meter stick.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Following image acquisition, a 10 cm high quadrat was inserted under the hoop to define the cutting 

height and the hoop was lowered to ground level. The forage within each hoop (sample) was harvested at 

10 cm above ground level by cutting at the height of the quadrat using battery-operated grass clippers. 

Harvested forage from each sample was labeled, transported back to the laboratory, and manually 

separated into alfalfa and grass fractions. Any plant species other than alfalfa and grass were removed 

from the sample. Samples were dried to stable weight at 60 °C in a forced air oven. Samples were 

Table 1 Sampling summary by grass species from three spring harvests. 

Species in Mix 

2011a 2012b 2013c 

n 
% Grass 

(Mean ± SD) 
n 

% Grass 

(Mean ± SD) 
n 

% Grass 

(Mean ± SD) 

Timothy 163 42.3 ± 16.7 59 47.8 ± 12.8 52 57.7 ± 8.8 

Reed canarygrass 166 39.6 ± 16.0 60 53.6 ± 18.0 35 54.2 ± 9.1 

Orchardgrass 191 58.1 ± 14.4 60 74.5 ± 16.9 12 64.7 ± 8.3 

Quackgrass 55 62.2 ± 12.6     

Tall Fescue     50 41.4 ± 23.3 

Smooth bromegrass     38 60.5 ± 8.5 

Pure Alfalfa 5 0     

a 2011 images were acquired with a single  digital camera: Canon PowerShot A3100 IS. 
b 2012 images were acquired with four digital cameras including: Canon PowerShot A3100 IS, 

iPhone 4, Olympus FE230/X790, and Nikon Coolpix S6200. 
c 2012 images were acquired with three digital cameras including: iPhone 4, Nikon Coolpix S6200, 

and Nikon Coolpix E7600. Two samples were missing from the Nikon Coolpix S6200. 




