
2024 CA Leafy Greens Research Board Annual Meeting

Testing Plant-Based Carbon Nanoparticles as a Fertilizer 
Additive to Improve Lettuce Yields and Nitrogen Uptake 

Arun Jani (CSUMB), Kyle Brasier (Vilmorin-Mikado), Richard Smith 
(UCCE), Richard Shang (Vulpes Corp.)  



What Are Plant-Based Carbon Nanoparticles? 

• Between 1 and 100 nm in one or more directions (1 nm = 0.0000000394 in)

• Developed in 2019 using crop byproducts (e.g, corn cobs, sawdust, 
sugarcane bagasse, etc.) 

• Surface has large no. of channels/pores, negative charge, weakly acidic

• Typical composition: 62% C, 35% O, 1.5% H, 1.5% N, (C/N = 41)
o Relatively high C/N prevents immediate microbial consumption in soil

• Plant-based carbon nanoparticles (PCNPs) can enter plants through the 
roots. Plants break them down and nutrients (e.g., NO3

-) are liberated. 
• Product used in this study developed by Vulpes Corp. and is slated for 

release within a few years as a fertilizer component. Costs ~ $5-10/ac 



PCNP concentrate 
diluted to desired 

final concentration 
to mix with liquid 

fertilizers 



Project Objective: 
• Evaluate the impact of PCNP application on lettuce yields and nitrogen 

recovery using typical leafy greens soils

Long-Term Goal: 
• Initiate field testing on soils most responsive to PCNPs in terms of yields 

and N recovery.



Treatments Tested in the Study

1. 0 mg/L PCNP + 0 lbs. N/ac (CONTROL)

2. 400 mg/L PCNP + 0 lbs. N/ac (400 PCNP only)

3. 0 mg/L PCNP + 100 lbs. N/ac (100 N only)

4. 50 mg/L PCNP + 100 lbs. N/ac (N + 50 PCNP)

5. 100 mg/L PCNP + 100 lbs. N/ac (N + 100 PCNP)

6. 200 mg/L PCNP + 100 lbs. N/ac (N + 200 PCNP)

7. 300 mg/L PCNP + 100 lbs. N/ac (N + 300 PCNP) 

8. 400 mg/L PCNP + 100 lbs. N/ac (N + 400 PCNP)

All treatments received N-free nutrient solution to supply all other essential 
nutrients. Fertilizers and PCNPs were mixed and applied as a solution. 



Experiment Details
• Vilmorin-Mikado greenhouse 

facility in Salinas, CA

• 7-week experiments on five 
different soils, ‘Bluerock’ 
Romaine lettuce 

• Data collected – yields, N 
uptake, SPAD, leachate NO3-N, 
and end-of-study soil NO3-N  

SPAD 
readings

Collecting 
leachate

Applying 
PCNPs



Initial Properties of Soils Used in the Experiment

Soil Type Source Sand, Silt, Clay (%) SOM (%) pH CEC (meq/100 g) NO3-N
Sandy loam Salinas 81, 7.5, 11.5 1.0 6.9 6.8 12
Sandy clay loam Salinas 57, 19, 24 2.1 7.4 13 41
Clay loam Winterhaven 36, 27, 37 1.4 7.7 35.4 426
Clay loam Gilroy 29.4, 36.9, 33.8 4.1 7.1 27.1 21
Loamy sand Salinas 87, 8, 5 0.7 7 5 7



Results



Yield 
data

100 lb N/ac + 100 ppm PCNP 
produced highest yields

Neither of these 
treatments received N 

fertilizer. Simply applying 
400 ppm PCNPs 
improved yields.

There don’t appear to be 
additional yield benefits 

with applying higher rates 
(e.g., 400 ppm) of PCNPs.   

Pots receiving only 100 lb 
N/ac produced similar yields 

as pots receiving only 400 
ppm PCNPs.

Sandy 
Loam



Neither of these 
treatments received N 

fertilizer. Simply applying 
400 ppm PCNPs increased 

N recovery. 

Pots receiving only 100 
lb N/ac accumulated 

similar amounts of N as 
pots receiving only 400 

ppm PCNPs.

Nitrogen uptake did not 
increase at higher rates 

(e.g., 400 ppm) of PCNPs.   

N uptake N uptake was highest 
with 100 lb N/ac + 100 

ppm PCNP.

Sandy 
Loam



400 ppm PCNP only Control

Reminder: Neither group of these plants received N fertilizer.

Sandy Loam Soil (Salinas, CA)



Yields and Nitrogen Recovery on Sandy Clay Loam Soil (Salinas, CA)

PCNPs did not have a significant 
impact on lettuce yields

PCNPs did not have a significant 
impact on lettuce N recovery. 



400 ppm PCNP only

Reminder: Neither group of these plants received N fertilizer.

Sandy Clay Loam Soil (Salinas, CA)



Yields and Nitrogen Recovery on Clay Loam Soil (Winterhaven, CA)

PCNPs did not have a significant 
impact on lettuce N recovery. 

PCNPs did not have a significant 
impact on lettuce yields. 



Clay Loam Soil (Winterhaven, CA)

Control

Nitrogen was likely not a limiting factor in this soil. 



Yields and Nitrogen Recovery on Clay Loam Soil (Gilroy, CA)
PCNPs did not have a significant 

impact on lettuce N recovery. 
PCNPs did not have a significant 

impact on lettuce yields. 



Clay Loam Soil (Gilroy, CA)



Summary and Looking Ahead

• Application of PCNPs improved lettuce yields and N recovery on a sandy loam soil but not 
on sandy clay loam or clay loam soils.    

• Plant available nitrogen (PAN) was likely not limiting in sandy clay loam and clay loam 
soils, contributing to lack of PCNP effects

• Loamy sand with low PAN is currently under study. Results will inform decisions regarding 
field testing.



Thanks for your attention! Questions?
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