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ANNUAL REPORT 
COMPREHENSIVE RESEARCH ON RICE 

Jan. 1, 2015 to Dec. 31, 2015 
 

PROJECT TITLE: Continued Production of the UC Leaf Color Chart 
 
PROJECT LEADERS:   

Randall Mutters, UCCE Butte Co. 
 
COOPERATORS: 

Bruce Linquist, UCD 
Luis Espino, UCCE Colusa Co. 
 

LEVEL OF 2015 FUNDING: $73,350 
  
OBJECTIVES 
 

1. Fabrication and assembly of 2000 copies of the UC Leaf Color Chart (LCC).  
2. Unrestricted distribution of the LCC to the rice growers and allied agriculture professionals in 

California to aid in on-farm nitrogen management decisions to meet identified requirements of 
the Rice Waste Discharge Requirement (WDR) under Irrigated Lands Regulatory Program 
(ILRP). 

 
MATERIALS AND METHODS 
 
Acrylic Plastic Formulation. This is the most critical step in the process. Careful attention to quality 
assurance was essential to ensure all fabricated LCC’s are identical in color characteristics and durability 
of the original LCC. The colors of the individual color plates on the original LCC were derived from the 
spectral reflectance signature of rice leaves with a range a leaf nitrogen contents. The actual leaf color 
was captured using a spectrophotometer and the resulting color descriptors were used to formulate the 
colors used in the construction of the existing LCC. By example, Figure 1 illustrates that the spectral 
reflectance of an actual rice leaf (A) is accurately described by the original LCC (B). 
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Figure 1. Comparison of the reflectance of a rice leaves (n=50, Figure A) to the original LCC (Figure B).  
 

Working with TechmerPM in Rancho Dominguez, CA (http://www.techmerpm.com/home.asp), the 
current color cells were spectroanalyzed to digitally render their individually unique color to ensure that 
the next generation LCC reliably describes the actual color of a rice leaf. The resulting data (Table 1) 
where original color cells were rendered into three dimension color space was used to formulate high 
temperature resistant, UV stabilized colored acrylic plastic. A series of test color platelets were produced 
and re-spectroanalyzed for comparison with the original LCC color cells. This reiterative process was 
repeated until the required and reproducible formulation of colored plastic were identified that produced 
color cells with reflectance characteristics across the visible light range comparable to the original LCC 
(Figure 2).  The most critical portion of the spectrum being at 560 nm (i.e. green) where the intensity of 
the peak reflectance is essentially identical in both the original and new LCC.  
 
Table 1.  The L, a, and b+ values of the original LCC’s individual color cells used to formulate the new 
color cells.   
 

 
 
 

 
Figure 2. Spectral reflectance of each color cell (individual lines) of the original and new LCC.  
 

http://www.techmerpm.com/home.asp
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Once the formulation was complete, colorized, non-reflective acrylic plastic pellets were manufactured 
for use in the injection molding process. Seventy-five pound quantities for each of nine colors are 
required for manufacturing (8 color cells and the gray holder). The acrylic plastic for the holder is a 
standard, visually neutral light gray.  
 
 

 
 
Figure 3. Test samples of the newly formulated acrylic plastic color cells and holder.  
 
 
Injection Molding Process. This part of the process includes die tooling and casting, the injection process, 
and assembly. WREX in Chico, CA (http://www.wrexproducts.com/) is the lead manufacturer of the 
project. A copy of the original LCC was provided to the WREX designers for use in the development of 
the injection mold design. 
 
Schematics of the LCC components needed for the die tooling were prepared in AutoCAD by a graduate 
student (Mark Mione) in the School of Engineering, Chico State.  All details and dimensions of the LCC 
were specified (Figures 4 & 5) in accordance to the die fabricator requirements. The die tooling and 
casting were done by an off-shore affiliate and required 5 months for completion with a projected delivery 
date of January 26, 2016. Colored acrylic pellets were purchased from TechmerPC. Once the color pellets 
and the mold are available, it is anticipated that a production run for 2000 units will require one or two 
days of injection mold production time.  
 
All copies of an individual color will be run without interruption. Upon completion of each color ‘run’, 
the mold and injection machinery will be de-assembled and cleaned. This is a quality assurance step is to 
ensure that there is no cross contamination of colors between ‘runs’. The provided budget includes 
assembly of the LCC’s.  
 
As directed by the RRB Executive Committee, the lightest colored cell (number 1) from the original LCC 
will be omitted. An additional darker green cell be added to the new LCC to accommodate varieties with 
darker leaf color (Figure 6). The total number of color cells (8) will remain unchanged.  
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Figure 4. Schematic of the individual color cells. Dimensions presented were used in the fabrication of the 
injection mold. 

 

 
Figure 5. Schematic of the color cell ‘holder’. Dimensions presented were used in the fabrication of the 
injection mold. 
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Figure 6. An additional ‘new’ darker green color cell will be added to the new LCC; the lightest color cell 
from the original will be omitted.  
 
REMAINING TASKS 
 
LCC Fabrication.   

1. Projected delivery date of injection mold from China: January 26, 2016 
2. Projected date for completion of manufacturing and assembly of LCC: February19, 2016 

 
Calibration of the New LCC. It will be essential to verify the calibration table as presented in the sticker 
on the back of the current LCC. A nitrogen by variety experiment will be conducted at the UC research 
site located at the Rice Experiment Station during the 2016 growing season. Leaves from selected 
California rice varieties grown with different levels of fertilizer nitrogen will be sampled. Leaves will be 
laboratory analyzed for total nitrogen. The results will be correlated with the various color cells of the 
LCC to produce a calibration curve and table that will be included with all new LCC’s. Because of the 
quality assurance measures taken in the plastic colorization process, it is not anticipated that the 
calibration table will differ substantially from the one currently in use. A no-cost extension of the grant 
will be requested to cover the time needed for the 2016 field study.  
 
SUMMARY OF 2015 RESEARCH 
 
The color cells from the original LC were spectroanalyzed and the resulting three dimensional color 
variables were used to formulate colored acrylic plastic that matches that of the original LCC. 
Engineering schematics describing the individual components of the LCC were produced and supplied to 
an off-shore mold tooling company. The injection mold is scheduled for delivery in late January with the 
manufacturing assemble process expected to be completed by late February 2016. The new LCC will be 
calibrated using a nitrogen by variety trial during the 2016 growing season.  
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