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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO 
ACCOMPLISH OBJECTIVES: 
 
Our objectives for this second year of work supported by RRB were to continue 
germination studies, conduct greenhouse plus field trials, and manufacture a scaled-up 
prototype of our treatment vessel. In spite of restricted access and safety precautions 
due to Covid-19 guidelines, we managed to conduct a number of experiments and 
developed an scaled prototype treatment vessel. 
 
1. Treatment and Germination: On campus at Chico State, our team focused on 
the germination response of the weaker variety Akita. Starting with a diluted bleach 
treatment, cleaned seeds were then exposed to varying vibration frequencies and 
durations to determine an optimized treatment time. Seeds were treated and kept in a 
newly acquired growth chamber and monitored twice daily to observe when germination 
occurred.  
 
2. Greenhouse and Field Trials: At Lundberg Family Farms, our team worked 
closely with research staff to plant, grow, and monitor our treatment studies. For the 
greenhouse mesocosms, we focused on Akita. Seeds were soaked/treated in multiple 
sets within our campus lab and transported to Lundberg for planting in plastic tubs in the 
greenhouse with soil to water ratios consistent with Lundberg’s organic farming 
practices. The field trial consisted of six sets of three using the two rice varieties Akita 
and M-206 for a total of eighteen 4’x 6’ plots. Height measurements and observations 
were taken throughout the lifecycle. Finally, plants were harvested and processed to 
assess yield. 
  
3. Treatment Scaling: Working with undergraduate engineering students, we 
designed and manufactured a one cubic-foot steel vibration vessel. This five sided box 
was machined from steel sheeting and welded together to form water tight design. This 
vessel was tested to quantify vibrational characteristics across a range of conditions. 
These data informed software simulation studies to identify optimal wall thickness and 
efficient high quality treatment conditions.  
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SUMMARY OF 2019 RESEARCH, BY OBJECTIVE:  
 
Objective 1 Treatment and Gemination 
The current treatment conditions extend for 24 hours. The germination study explores 
reducing this time while still generating positive effects to germination and early plant 
growth in order to optimize vibration trials to reduce overall time and cost of treatment. 
Figure 1 below illustrates our first time reduction trial exploring a range from 24 hours 
down to 3 hours. The lowest treatment time demonstrates the effect we hope to produce 
in the vibration treatment vs the control. The variation in germination times for control 
conditions across this study are highly variable, which is interesting since we would 
expect them to be more consistent. This is likely partially attributed to seed quality. We 
are continually refining our approach and will ensure we have fresh seed from our 
partners for future trials. Future trials will explore reduced durations and different 
frequencies along with the cost of these treatments at increasing scales.  
 

  
Figure 1. Akita germination time versus treatment duration. 
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Objective 2 Greenhouse Trials  
An effective treatment will enhance multiple aspects of rice production from germination 
through management flexibility and yield. Our second objective was to observe the full 
lifecycle of plants in greenhouse mesocosms. Figure 2 below shows the range of 
conditions for germination (plant #) and height. The number of plants that germinated 
and grew in both treatments was substantially more (nearly 2X for 90Hz treatment 
compared to the control group with the 50Hz not far behind the 90 Hz group). Data was 
consistent within each treatment and the establishment of plants in the control groups 
appeared low/sparse.  
 

 
Figure 2. Number of plants reaching maturity and corresponding heights. 

 
Plants in each treatment tub were harvested and air dried to assess biomass 
accumulation (Figure 3) and yield (Figure 4). The yield and biomass data for these 
mesocosms were extrapolated to pounds/acre as shown in Figures 3 and 4 below. 
From the results, a substantial increase in yield and biomass was observed over the 
control. Although this percentage increase did not quite match the percentage increase 
in the number of plants, the reason may be due to overcrowding in the mesocosm.  
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Figure 3. Biomass accumulation scaled lb/acre. 

 
 
 
 

 
 

Figure 4. Crop Yield from greenhouse mesocosms. 
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Objective 2 - Field Trials  
In Table 1, the M-206 length measurements are given side-by-side for control (Ctrl) and 
treated plants, which were vibrated at 50 Hz and 90 Hz. For the field measurements, the 
average shoot lengths were mostly larger for the 50 Hz trials. These results for Akita 
were less consistent with the greater average length measurements for the 90 Hz 
treatment but the higher yield for the control treatment (Table 1). 
 

 
Table 1. The M-206 length measurements are given side-by-side for control (Ctrl) 

and treated plants (50 Hz and 90 Hz) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Variety  Treatment  Yield (lb/a) Height - in 

Akita Control 4,785 30.9 

Akita 50 Hz 4,543 31.3 

Akita 90 Hz 4,482 32.0 

M-206 Control 6,663 31.1 

M-206 50 Hz 6,754 32.4 

M-206 90 Hz 6,875 31.1 

N = 3 plots per treatment  
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Objective 3 - Treatment Scaling  
Crucial to the advancement of this work is developing an increased testing capacity. 
That being a larger biophysical treatment vessel which can treat seeds as measured in 
pounds instead of ounces. This year our team successfully designed and manufactured 
a one-cubic foot treatment vessel with a capacity to test several pounds of seeds at 
once. Such treatment sizes will support future field trials with much larger plot sizes and 
help control for the variability in both seeds and localized field conditions. Equally 
important, the measured vibration response within this prototype is significantly 
improved over prior iterations.  

 
 
 
New research Infrastructure - The following list provides equipment purchased to 
support this project with funding from multiple sources 
.  

● Thermo Scientific Plant Growth Chamber 
● Laptop 
● Photography Equipment: lenses, lighting, photography cube 
● 48- Well Culture Plates 
● Freezer (still need to purchase) 
● Fertilizer : Peters Excel 15-5-15 Cal-Mag Special 3 Lb. 
● Digi-Sense Humidity and Temperature Indicator 
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PUBLICATIONS OR REPORTS: None 
 
CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 
 
1. We documented consistent germination rate increases resulting from biophysical 
treatment with indications that similar results could be generated at more limited 
treatment times. This result has been observed across multiple trials with our most 
recent trials providing statistically significant results. Moreover, early plant growth and 
vigor also appear to be improved versus untreated controls.  
 
 
2. We conducted both a greenhouse and field trial at Lundberg Family Farms. For 
the greenhouse study, we observed a remarkable increase in the number of plants 
reaching maturity for the treated seeds. This also translated into a corresponding 
increase of seed yield over that of the control plants. Although this profound difference 
was not observed in the field trial, we are confident in future iterations with our improved 
treatment vessels and additional measures of control.  
 
 
3. We are impressed with the increased quality of the new treatment vessel with a 
much improved waveform purity and consistency. As we continue to document results 
from these biophysical treatments, we are confident they can be implemented at 
increasing scales to support farm scale applications.  

 


