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Abstract:  
Cellulose nanofibers (CNFs) are non-toxic nanomaterials derived from plant 
cellulose, which is the most abundant, renewable biomass found in nature. 
Recently, CNFs were shown to effectively reduce the severity of Asian soybean 
rust, generating much attention for agricultural use. To investigate the potential 
application of CNFs for field crops including potatoes, this project studies (1) the 
effect of CNFs as plant protectants on foliar and tuber diseases of potato, and (2) 
the influence of CNFs on plant defense responses in potato tissues. We 
hypothesize that CNFs alleviate potato diseases without inducing plant defense 
responses, which often results in fitness penalties such as growth retardation and 
yield loss. The goal of this project is to expand the utility of CNFs as protectants 
against plant diseases thereby providing a new avenue for eco-friendly and 
sustainable management of plant diseases. 
 
Project Description:  

Cellulose nanofibers (CNFs) are produced from plant cellulose, which is one 
of the most abundant and renewable biomass in nature. Due to their unique 
physical characteristics such as low weight, elastic strength, large surface area, and 
nontoxic properties, CNFs have been used in a variety of applications, including as 
filter materials, foods, medicines, cosmetics, and in health care. CNFs can be 
isolated from cellulose using several methods, of which the aqueous counter 
collision (ACC) method cleave cellulose molecules without any chemical 
modification. CNFs produced by the ACC method have higher thermal stability and 
crystallinity with amphiphilic properties i.e., coexistence of hydrophobic and 



hydrophilic sites in the same cellulose molecule. Thus, CNFs change the 
hydrophobic properties of surfaces into hydrophilic properties and vice versa. 

These CNF properties were recently leveraged to change plant leaf surface 
hydrophobicity, resulting in a significant reduction of Asian soybean rust, where the 
causal fungal pathogen Phakopsora pachyrhizi failed to form infection structures 
and lesions on soybean leaves. These results demonstrate that application of CNFs 
can provide protection from a fungal pathogen. Although the mechanisms by which 
fungal pathogens recognize plant surface properties remain to be fully understood, 
this finding provided a basis for potential application of CNFs in agriculture. 

In this project, we investigate the effect of CNF application on several potato 
diseases. We also test the effectiveness of CNFs derived from sources such as 
bamboo and softwood as well as different grades of fiber fineness and select the 
promising variant for further evaluations. As CNFs are biodegradable, duration of 
their potential efficacy is assessed. Furthermore, we evaluate the effect of CNFs on 
plant defense responses as we hypothesize CNFs to alleviate potato diseases 
without inducing plant defense and other stress responses that usually result in 
severe growth retardation and yield losses. Addition of CNFs, as potential nontoxic 
plant protectants to the existing arsenal of organic management strategies will 
benefit both the environment, and human health.  
 
Outputs 

• Overview of Work Completed and in Progress: 
o CNFs were tested on a potato tuber disease, silver scurf, caused by 

Helminthosporium solani.  
o We will test CNFs for other diseases. The data for above-ground 

diseases (early blight and late blight) will be forthcoming in the near 
future.  

o Lastly, we will test CNFs on below-ground diseases, e.g., dry rot and 
powdery scab.  

o We also scheduled to measure plant defense response upon CNF 
application. 

• Methods, Results, and Discussion (discussion for final reports only):  
o For silver scurf disease, microtubers were used in a Petri dish assay. 

The microtubers were immersed in a CNF solution for 30 min. After 
air drying, microtubers were immersed in a conidial suspension of H. 
solani, followed by incubation in a humid chamber. To determine 



CNF efficacy, conidial numbers from the tuber surface were counted, 
while fungal DNA was quantified by qPCR. Overall, a 50% reduction 
of the disease severity was observed in the CNF treated tubers. The 
experiment will be repeated at least two more times.  

• Publications, Handouts, Other Text & Web Products:  
o Nothing to report 

• Outreach & Educational Activities: 
o CNFs will be introduced at WA-OR Potato Conference. Kennewick, 

WA on January 25, 2023 
 
Impacts  

• Short-Term: Our preliminary results demonstrated that CNFs can be a 
protectant against potato pathogens. 

• Intermediate-Term: It is too early to estimate the intermediate-term impacts 
at this time. 

• Long-Term: It is too early to estimate the long-term impacts at this time. 
 
Additional funding applied for/secured:  

• CAHNRS Internship Program. How do plants defeat or succumb to disease? 
$3,000. 5/16/23-7/31/23 (PI: Tanaka) 

 
Graduate students funded:  

• This grant provides funds for one semester of graduate student research 
assistantship. 

 
Recommendations for future research:  

• Recommendations cannot be made at this point in the project. 
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