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Welcome Note from the Chair 
 
Dear Friends, 
 
It is my great pleasure to welcome you to MISA 2020 – the fifth annual symposium for Materials 
Innovation for Sustainable Agriculture!  
 
The demand for global food security and nutrition resulting from steady population growth 
continues to rise. It is critical for current agriculture practices to adapt and propose new solutions 
to meet this demand. In particular, food crop productivity and quality must be improved in the 
near, short, and long terms. For instance, there is a pressing need to identify new approaches to 
improve the resiliency of crops against new conditions imposed by global climate change. The 
emergence of new threats must be met with the development of innovative and “smart” 
technologies. In recent years, new initiatives involving systematic with cross-disciplinary 
approaches in close collaboration with stakeholders have introduced a shift to modern practices 
in agriculture research.  
 
The UCF MISA center was founded in 2016 through an effort to foster collaborations towards 
Materials Innovations for Sustainable Agriculture. The primary interest of our center was to tackle 
citrus greening and canker in Florida. Since then, our team has designed and developed several 
industrially-viable pesticide and fertilizer formulations that have shown good efficacy in the field. 
Our aim is to impact overall crop productivity and nutrition, while decreasing the environmental 
risk factors. These new products would alleviate the excessive use of conventional crop protection 
chemicals and subsequent risks of pathogen resistance development. Moreover, versatile 
designs suggest new avenues for multi-functional crop-protectant formulations, which are also 
expected to gain popularity in the coming years.   
 
Our center is committed to: 
• Promoting interdisciplinary research culture for stimulating innovations in materials research 
• Developing new technologies for protecting sustainability of the agriculture industry 

challenged by emerging threats of plant diseases and unpredictable weather patterns 
• Establishing industry-academia collaborations with a strong emphasis on educational and 

technological knowledge sharing 
• Establishing interdisciplinary education and extension programs to support growers in making 

informed decisions 
• Promoting sustainable outcomes by adopting innovative and synergistic approaches through 

engagement of stakeholders, scientists, engineers, industry partners, and regulatory agencies 
 
In the last few years, our activities at the MISA center have expanded in several countries. Our 
material designs now encompass pesticides and fertilizers. We continue to partner with industry, 
government, and non-profit organizations to explore new initiatives to create a positive impact on 
food production.   
 
MISA 2020 will capture some recent developments in the field. Despite having to hold a virtual 
conference, we hope to foster discussions in view of accelerating research and discoveries at the 
forefront of precision agriculture. Our presentations will cover the topics of Citrus Disease 
Management and Emerging Crop Protection Tools of interest to researchers and industrial 
partners. 
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The goal of this symposium is to provide a platform that will facilitate interactions between 
academics, industry partners, growers, and government agencies by engaging participants from 
diverse expertise. Our common goal is to solve pressing agricultural problems by taking 
advantage of new technologies.  
 
We truly appreciate your support for the MISA center and hope to continue this collaboration for 
years to come! We wish you a fruitful conference! 
 
 
 
Dr. Swadeshmukul Santra            
MISA Director and Program Chair      
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MISA 2020 Program 

November 12th (Thursday); 8:00 am – 6:00 pm 
 
 8:00 – 8:05 am Opening remarks  
 8:00 – 8:02 am Welcome address by Dr. S. Santra, Professor of Chemistry and NanoScience 

Technology Center, Director of Materials Innovation for Sustainable 
Agriculture, UCF 

 8:02 – 8:05 am Welcome address by Dr. L. Zhai, Professor of Chemistry and Director of 
NanoScience Technology Center, UCF 

 
 8:05 am – 11:00 am  Scientific program  

Session I: Citrus Disease Management 
Moderator: Prof. Jim Graham (UF), Dr. Evan Johnson (UF) 

 8:05 – 8:30 am  Mr. Rick Dantzler, CRDF  
Title: Citrus HLB research initiatives in Florida and other US citrus producing 
states 

 8:30 – 9:00 am  Dr. Nian Wang, CREC, University of Florida 
Title: Injection vs spray application of antibiotics as it affects their distribution 
and concentration in citrus trees 

 9:00 – 9:30 am  Dr. Ute Albrecht, SWFREC, University of Florida 
Title: Effect of rootstock on the health of HLB-infected citrus trees and the 
interaction with biotic and abiotic soil factors 

 9:30 – 10:00 am Dr. Fernando Alferez, SWFREC, University of Florida 
Title: Interplay between hormones and micronutrients in regulating fruit 
retention in citrus HLB-infected trees is seasonal and depends on the rootstock 

 10:00 – 10:30 am Dr. Franklin Behlau, Fundecitrus 
Title: Current citrus disease management tools and strategies in Brazil – an 
overview 

 10:30 – 11:00 am  Mr. Juan Delgado Fernandez, LIFE-RID/Agricenter/AMVAC, Costa Rica 
Title: Current citrus disease management tools and strategies in Costa Rica – 
an overview 

11:00 am – 1:45 pm  Scientific program  
Poster Session 
Moderator: Ted Molina (UCF), Prof. Swadeshmukul Santra (UCF) and Dr. Evan 
Johnson (UF), Prof. Laurene Tetard (UCF) 

Registration: https://ucfmed.zoom.us/j/98400415781?pwd=Q2I1dUJidzFZRThkTExCYmxhSzYzZz09 

11:00am – 12:30pm  Lunch and 3D poster viewing at SharePoint Space  
https://ucf.sharepoint.com/sites/UCFTeam-MISA-
2020MISASymposiumPosterSession/SitePages/Poster-Session.aspx?web=1 
 

12:30 – 12:45 pm  Break 

12:45  – 1:45 pm  Live Q&A  
Meet the presenter at poster number specific zoom breakout room 

1:45 – 2:00 pm  Break 

https://ucfmed.zoom.us/j/98400415781?pwd=Q2I1dUJidzFZRThkTExCYmxhSzYzZz09
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fucf.sharepoint.com%2Fsites%2FUCFTeam-MISA-2020MISASymposiumPosterSession%2FSitePages%2FPoster-Session.aspx%3Fweb%3D1&data=02%7C01%7CSwadeshmukul.Santra%40ucf.edu%7C6dee791f01d24d66226908d87086884c%7Cbb932f15ef3842ba91fcf3c59d5dd1f1%7C0%7C0%7C637383070402609093&sdata=oi8kqWAil6CE4OsS4ZcckyAp6swrvnp14XAF%2FG6eCzc%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fucf.sharepoint.com%2Fsites%2FUCFTeam-MISA-2020MISASymposiumPosterSession%2FSitePages%2FPoster-Session.aspx%3Fweb%3D1&data=02%7C01%7CSwadeshmukul.Santra%40ucf.edu%7C6dee791f01d24d66226908d87086884c%7Cbb932f15ef3842ba91fcf3c59d5dd1f1%7C0%7C0%7C637383070402609093&sdata=oi8kqWAil6CE4OsS4ZcckyAp6swrvnp14XAF%2FG6eCzc%3D&reserved=0
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2:00 pm – 4:00 pm  Scientific program  
Session II: Emerging Crop Protection Tools 
Moderator: Prof. Swaminathan Rajaraman (UCF) and Parag Banerjee (UCF) 

2:00 – 2:30 pm  Dr. Jason White, Connecticut Agricultural Experiment Station  
Title: Nano-enabled management of crop disease: Applications and 
implications 

2:30 – 3:00 pm  Dr. Benedetto Marelli, MIT  
Title: Growing structural proteins into advanced materials for food security 

3:00 – 3:30 pm  Dr. Upendra Singh, International Fertilizer Development Center 
Title: The Role of Nanotechnology in Enhancing Efficiency of Fertilizers 

3:30 – 4:00 pm Dr. David Arnold, University of Florida 
Title: Introduction to the IoT4Ag Engineering Research Center 

4:00 – 4:10 pm Break 

4:10 pm – 5:10 pm  Industry Session on Crop Protection  
Moderator: Mike Barry (TradeMark Nitrogen Inc.) and Dr. Mathews Paret 
(UF/IFAS) 

4:10 – 4:25 pm  Mr. Tim Eyrich, Former VP of Research and Commercialization, Southern 
Gardens Citrus 
Title: Fertilizer nutrition needs for the future 

4:25 – 4:40 pm  Mr. Rob Plaice, GOWAN 
Title: Challenges & Opportunities in crop protection product development 

4:40 – 4:55 pm  Mr. Chad Gillyard, Magna-Bon 
Title: Low A.I. Copper Has Low Environmental Impact with Big Results 
Combating Disease 

4:55 – 5:10 pm Dr. Kelly Pezolini, Agrowing, Brazil 
Title: From Satellite NDVI to UAV AI – an emerging IPM strategy for HLB 
management in Brazil 

5:10 – 5:15 pm Break 

5:15 pm –6:00 pm  Short talks 
Moderator: Dr. Dilip Ghosh (ICAR-CCRI, India) and Prof. Woo Hyoung Lee 
(UCF) 

 

5:15 – 5:30 pm  Dr. Ashwani Sharma, IIT Roorkee, India  
Title: Novel approaches of pest management in crop plants 

5:30 – 5:45 pm  Dr. Pranab Dutta, Central Agricultural University, India  
Title: Trichoderma:  a potential arsenal for management of soil borne plant 
pathogens 

5:45 – 6:00 pm  Dr. R. Viswanathan, ICAR, India  
Title: Current approaches to control viral disease pressure of sugarcane in 
India 

6:00 – 6:05 pm Concluding remarks  
Prof. Swadesh Santra (UCF) 
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Abstracts - Invited Talks 
 

 
The effect of injection vs spray application of antibiotics on delivery 

efficacy and control against citrus HLB 
 

Nian Wang 
Citrus Research and Education Center, Department of Microbiology and Cell Science, 

Institute of Food and Agricultural Sciences, University of Florida, 700 Experiment 
Station Road, Lake Alfred, FL 33850, USA 

E-mail: nianwang@ufl.edu. 
 

Huanglongbing (HLB) is the most devastating citrus disease worldwide. The 
fastidious phloem-colonizing bacterium 'Candidatus Liberibacter asiaticus' 
(CLas) is the causal agent of citrus HLB in Florida. Bactericides containing 
the active ingredient oxytetracycline (OTC) and streptomycin (STR) have 
been used in foliar spray to control citrus HLB in Florida. However, the 
epicuticular wax on citrus leaf surface and structural degradation under UV 
or visible light might affect OTC uptake. Here, the minimum concentration 

of OTC required to suppress CLas in planta will be presented. The efficacy of OTC delivery and 
control effect against CLas via trunk injection and foliar spray will be compared. The pros and 
cons of foliar spray and trunk injection will be discussed.  
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Rootstock influence on field performance of sweet orange trees 
grown under HLB-endemic conditions 

 
Ute Albrecht1*, Sudip Kunwar1, Jude Grosser2, Fred Gmitter2, Bill Castle2 

1Southwest Florida Research and Education Center, University of Florida/IFAS, 
Immokalee, FL 

2Citrus Research and Education Center, University of Florida/IFAS, Lake Alfred, FL 
*Corresponding author: ualbrecht@ufl.edu 

 
In an HLB-endemic environment use of superior rootstocks 
has emerged as an important management strategy to cope 
with the negative impacts of the disease. Here we present 
on the early field performance of more than 30 different 
rootstocks grafted with sweet orange scion in two different 
commercial Florida production environments. Field trials 
were established in 2015 and include diploid rootstocks from 
Florida, California, and Spain and new tetraploid selections 
from the UF breeding program. Horticultural traits such as 
tree size, fruit quality, and yield were assessed during the 
2018/19 and 2019/20 production seasons. For most of the 
measured traits significant differences were found among 
rootstocks, with the diploid rootstocks producing medium to 
large sized trees and the tetraploid rootstocks producing 
mostly smaller sized trees. The yield per tree was higher for 
most of the large size inducing rootstocks compared with the 
small size inducing rootstocks in the 2019/20 production 
season but not in the 2018/19 production season. Some 

differences in rootstock performance were also found between the two locations. Yield efficiency 
and fruit quality were generally higher on the small size inducing tetraploid rootstocks compared 
to the large size inducing rootstocks. These tetraploid rootstocks have therefore potential to be 
used in high-density plantings. However, some of these rootstocks appeared to be more 
vulnerable to tropical force winds as a higher percentage of trees were leaning after hurricane 
Irma in 2017. Longer-term evaluation is necessary to assess the true economic potential of small 
versus large tree size inducing rootstocks. 
 
  

mailto:ualbrecht@ufl.edu
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Interplay between hormones and micronutrients in regulating fruit 
retention in citrus HLB-infected trees is seasonal and depends on the 

rootstock 
 

Fernando Alferez* and Daniel Boakye 
*Corresponding author: alferez@ufl.edu 

Southwest Florida Research and Education Center, University of Florida/IFAS, Immokalee, FL 
 

Preharvest fruit drop in HLB-infected trees remains a main 
challenge for citrus growers in Florida. Fruit drop is normal in 
healthy citrus, accounting for 10-15% of the total crop; however, 
under endemic HLB conditions and depending on the variety, 
crop loss due to early fruit drop may be as severe as 40% of total 
fruit load. Despite many efforts made in the past decade to 
understand and minimize the problem, a solution remains 
elusive. The Citrus Horticulture Program at the Southwest Florida 
Research and Education Center is taking a multipronged 
approach to manage preharvest fruit drop in citrus. We are taking 
in consideration endogenous and external factors to understand 
how the process works and to envision manageable procedures 
to improve fruit retention. Focusing on the two main cultivars 
grown for processing in Florida, Hamlin and Valencia sweet 
oranges, in one approach we are studying endogenous factors 

such as hormonal balance and nutrient status during fruit maturation. For this, we are focusing on 
the auxin to abscisic acid ratio, and how nutrients related to auxin signaling and biosynthesis, 
such as zinc and potassium affect this ratio. We have seen that there is a strong seasonal 
component in the response of the fruit to nutrient application that reflects on fruit retention. At the 
same time, the rootstock on which the sweet orange variety is grafted has a determinant influence 
on the process. A second approach seeks to advance fruit maturation before endogenous 
signaling triggers abscission and fruit drop. To this aim we are using a relatively newly known 
plant hormone, brassinosteroid, that is promising in advancing internal fruit maturation. If we can 
advance maturation earlier in the season, we will be able to harvest fruit before early drop starts, 
providing a new management tool for the industry. 
 
 
 

mailto:alferez@ufl.edu
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Current citrus disease management tools and strategies in Brazil  
– an overview 

 
Franklin Behlau, Geraldo J. Silva Junior, Renato B. Bassanezi, Marcelo P. Miranda, 

Antonio Juliano Ayres.  
Fundecitrus, Araraquara, São Paulo state, 14807-040, Brazil 

 
Brazil is the largest world producer of oranges and orange juice. Most 
of the citrus industry is based in São Paulo state and west-
southwestern Minas Gerais state. Since the 1930´s, a number of 
diseases has challenged the citrus growing areas of the country. After 
overcoming significant losses and concerns in the past decades due to 
tristeza, citrus variegated chlorosis, and sudden death, currently, the 
major diseases affecting citrus in Brazil are huanglongbing/greening, 
citrus black spot, citrus canker, postbloom fruit drop and leprosis. Over 
the years, the measures of control have evolved to conciliate the joint 
management of all diseases and insect vectors while keeping a 
sustainable citrus industry. The most relevant strategies and tools are 
the production of young citrus trees in enclosed nurseries and planting 

of disease-free orchards, frequent disease scouting, optimization of spray volume and pesticide 
rates based on the tree canopy volume, establishment of the critical spray period, use of 
biological, genetic and cultural measures of control, use of decision support systems and motoring 
insect vectors to alert growers and coordinate the sprays. The recommendations are provided for 
free to growers by Fundecitrus through training, courses, meetings, field days, technical and 
scientific publications, as well as on our website and social media. 
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Current citrus disease management tools and strategies in Costa Rica 

– an overview 
 

Juan Delgado Fernandez, 
LIFE-RID/Agricenter/AMVAC 

 
Citrus management in Costa Rica evolved a lot in the last decade. Before 
the first detection of Huanglonbing in Costa Rica in 2011, Citrus was 
understood as a rustic crop with low investment. The most technified 
growers back then did almost no disease control, besides one or two foliar 
sprays with oil and cupper-based products to mitigate Mycosphaerella citri 
(Citrus greasy spot disease) and one fungicide spray for Colletotrichum 
spp. (Postbloom fruit drop - PFD). Only the largest Citrus company had 
included HLB scouting, PCR testing and psyllid management before 2011 
and after the first finding, those efforts were strengthened. As in many other 
countries, the changes were not accepted immediately by the whole citrus 
industry and that situation ended up in an important decrease of citrus 

acreage of independent growers and in the eventual widespread of the disease in all the citrus 
production regions. By 2015, HLB management had become the center of the entire crop plan 
but PFD control was also recognized as a major limiting factor. Costa Rica has high relative 
humidity and temperatures year-round and rainfall patterns that tend to contribute to high 
incidence of fungal diseases and psyllid populations build up. That scenario made growers 
understand the need of taking into account the physiology and phenology of the crop as a key 
factor in the proper timing of the phytosanitary programs and the urge to have different tools to 
rotate between them along the year to reduce pesticide resistance occurrence. In terms of 
application technologies, the use of fan sprayers is well established and there has been an 
important improvement in the calibration of the equipment to achieve better quality of the sprays. 
Also, new biorational pesticides are little by little acquiring more relevance due to third party 
certifications and market pressure to reduce conventional chemical load, but there is still room to 
improve results in terms of efficacy and overall performance and standardization of the products 
is in most cases a constant challenge. Nowadays, Costa Rica faces three main scenarios: 
growers with low HLB incidence, growers with medium-high HLB incidence and growers with 
totally infected groves. The three scenarios have players with low, medium and intense 
phytosanitary programs but it is that last group of players that is thriving the best way, while the 
others keep waiting for the famous silver bullet to appear or shifting progressively to other crops 
or economic activities.  
 
  



14 
 

 
Challenges & Opportunities in Crop Protection Product Development 

 
Rob Plaice 

GOWAN Company 
 

The development of crop protection products must consider 
criteria that affects several stakeholders, balancing these creates 
some challenges but also some opportunities. One of the largest 
challenges faced are regulatory hurdles which can differ widely 
across regions making product registration both time consuming 
and extremely expensive. However, with emphasis on global food 
security and sustainability opportunities do exist within product 
development to integrate chemistries, technology and innovation. 
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Nano-enabled management of crop disease:  
Applications and implications 

 
Dr. Jason C. White 

Director, Connecticut Agricultural Experiment Station, New Haven, CT, USA 
 

Low use and delivery efficiency of conventional agrichemicals is a 
significant impediment to maintaining global food security, 
particularly given that a 60-70% increase in global food production 
is needed by 2050. Thus, novel and sustainable strategies for 
enhancing food production are needed all along the “farm-to-fork” 
continuum. Given the known role of micronutrients in plant growth 
and defense against both abiotic and biotic stresses, we began 
mechanistic investigations into the potential of nanoscale 
micronutrient platforms for disease management.  In a number of 
studies, foliar amendment of nanoscale materials such as CuO, 
CuS, and SiO2 have been shown to significantly alleviate damage 
caused by the fungal pathogens, resulting in enhanced growth and 
yield. Importantly, disease suppression is largely a function of 

modulated plant nutrition and disease resistance and not direct toxicity against the pathogen. 
However, it is clear that the ability to effectively tune nanoscale material function and composition 
will enable optimization of positive impacts, including tolerance to pathogen activity, as well as 
allow for potentially significantly reduced amounts of agrichemical use. Results will be presented 
from several studies where manipulation of nanoparticle synthesis resulted in tunable materials 
that yielded greater disease management potential and plant health by a range of agronomic 
endpoints.  
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Trichoderma:  a potential arsenal for management of  
soil borne plant pathogens 

 
Dr. Pranab Dutta 

Central Agricultural university (Imphal), Umiam, Meghalay, India 
 
 

During last decade, species of Trichoderma have emerged as 
most powerful bioprotectants for management of wide variety of 
plant diseases. This is more true in the context of the fact that 
there is considerable public pressure and pressure from 
environmental scientists to reduce emphasis on chemical based 
protectants and use protectants of biological origin 
(bioprotectatnt). Trichoderma has long been considered as one 
of the most promising agents for the management due to its 
broad spectrum action against a number of plant diseases 
caused by fungi, bacteria and even nematode and occupied the 
top position among the bioprotectants developed for plant 
disease and pests management. Trichoderma strains exert 
strong aggressiveness against phytopathogens either indirectly 

by competing for nutrients and space, modifying the environmental conditions, or promoting plant 
growth and plant defensive mechanisms and antibiosis or directly by mechanisms such as 
mycoparasitism. Trichoderma added directly to rhizosphere or as seed treatment protects plant 
against numerous classes of pathogens, e.g. those that produce aerial infections, including 
fungal, bacterial, nematodes and viral pathogens. This reveals induction of resistance 
mechanisms similar to the hypersensitive response (HR), systemic acquired resistance (SAR) 
and induced systemic resistance (ISR) in plants. Native strains of Trichoderma species were 
isolated from vegetable and tea growing areas of Assam, Meghalaya and West Bengal, India. In 
vitro and in vivo assay showed effective result against six (6) soil borne fungal plant pathogens 
viz., Rhizoctonia solani, Sclerotinia sclerotiorum, Sclerotium rolfsii, Fusarium oxysporum, 
Colletotrichum capsici as well as root knot nematode viz., Meloidogyne incognita causing 
diseases in vegetables, paddy, tea and turmeric. Mode of action of Trichoderma spp was studied 
against all the pathogen and found that Trichoderma suppress the growth of the pathogens by 
competition, coiling, lysis, antibiosis etc. Trichoderma species showed compatible reaction with 
other biocontrol agents like Beauveria bassiana, Metarhizium anisopliae, Verticillium leccanni, 
Bacillus subtilis, Pseudomonas fluorescens, Purpurocilliium lilacinus, and this study helps to 
develop a consortial bioformulation with multiple functions. Inter and intra generic protoplast 
fusion was tried for Trichoderma  spp and Metarhizium anisopliae and successful to produce 
cybrid and hybrid cell with the ability to suppress the growth of pathogen and activate the defence 
mechanism against insect pest. Trichoderma was also found to be compatible with some 
commonly used organic and inorganic plant health materials. Our Trichoderma based liquid 
biopesticides (Org-Trichojal and Um-Tricho) supplemental with osmoticants, adjuvants, sticker, 
spreader, UV protectants, with a shelf life of 480 days have been proved successful in a large 
number of field, vegetable, fruit and flowering crops for the management of diseases with plant 
growth promoter. Farmers, extension personnel’s and tea garden managers etc were trained on 
technical aspects of the bioformulations and its field use. Our liquid biopesticide is Org-Trichojal 
commercialized and widely adapted the market of North Eastern states of India. The low cost 
technology has opened up a new vista for plant disease management and is likely to be a boon 
for seed industries who would like to provide protection to seeds as well as plants against a large 
number of seed, soil- borne and foliar diseases.  
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Novel approaches of pest management in crop plants 
 

Sharma A Ka*, Ghosh D Kb, Chauhan Ha, Das Ja, Kumar Ra, Savita B Ka, Singh Sa, Gupta D 
Na, Lonare Sa, Rode Sa, Kaur Ha and Alam M Sa 

aDepartment of Biotechnology, Indian Institute of Technology Roorkee, Roorkee, Uttarakhand, 
India 

bPlant Virology Laboratory, ICAR-Central Citrus Research Institute, Nagpur, Maharashtra, India 
*Corresponding author E-mail: ashwani.sharma@bt.iitr.ac.in 

 
Plant health is progressively challenged by factors like climate 
change, human interventions, altered ecosystems, diminishing 
biodiversity etc. Contemporary integrated crop protection 
regime encompasses multi-facet tools like cultural control, 
biological control, behavioural control, mechanical control, 
microbial control and chemical control. Advanced molecular 
tools like RNA interference (RNAi) technology and genetically 
modified (GM) crops tools have shown fairly promising 
outcomes during last two decades. Lately, biorational target 
site/s identification and designing specific inhibitory drugs 
against pests and pathogens are trending. In our laboratory, we 
have been working in the same direction while integrating 
computational biology and in silico inhibitor screening for 

identifying specific inhibitory targets underlying crucial metabolic and physiological pathways of 
insect-pests and diseases. For instance, vital proteins from chitin and juvenile hormone 
biosynthesis pathways of Helicoverpa armigera, a polyphagous pest, are being targeted to identify 
and develop effective inhibitory molecules. Several proteins pertaining to insecticide resistance 
mechanisms in Helicoverpa are also under study. Crystal structure of plant defence protein 
namely miraculin-like protein from Murraya koenigii, had been well characterized in our 
laboratory. Through computational studies, we had reported several small molecules identified as 
potential inhibitor against extracellular solute-binding protein and amino acid periplasmic amino 
acid binding protein from Candidatus, the causal organism of Huanglongbing (HLB) disease in 
citrus. Anti-microbial seed storage proteins like 2s albumin from pumpkin have shown potential 
anti-microbial activity in our laboratory. We have also demonstrated that application of a 
customized formulation harboring pumpkin 2s albumin combined with zinc nanoparticles could be 
effective against HLB disease. We have also been developing transgenic citrus plants by 
introducing the plant defence gene(s) showing disease resistance.  
 
Keywords: Integrated crop protection, inhibitor screening, miraculin-like protein, Huanglongbing 
disease, pumpkin 2s albumin, zinc nanoparticles 
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Current approaches to control viral disease pressure  
of sugarcane in India 

 
R. Viswanathan 

Plant Pathology Section, ICAR-Sugarcane Breeding Institute, Coimbatore 641007, India 
*rasaviswanathan@yahoo.co.in, r.viswanathan@icar.gov.in 

 
Sugarcane (Saccharum spp hybrid) is an important field crop grown 
in India and many other countries under varied agroclimatic conditions 
and the crop meets nearly 70% of global white sugar requirement. 
The crop is propagated through vegetative stem cuttings (setts) and 
this favours carryover of different pathogens through seed canes and 
spread of the diseases in the field. Further, practice of raising many 
ratoons (re-growth from the stubbles) from the plant crop increases 
the chances of disease build up in the succeeding ratoon crops. 
Different viruses systemically infect sugarcane viz. Sugarcane mosaic 
virus (SCMV) and Sugarcane streak mosaic virus (SCSMV) causing 
mosaic, yellow leaf by Sugarcane yellow leaf virus (SCYLV) and leaf 
fleck by Sugarcane bacilliform virus (SCBV) and severely affects cane 
growth leading to varietal degeneration in elite varieties. Due to this, 
the crop loses vigour with reduced growth and sucrose accumulation. 

Such degeneration causes up to 50% yield losses in cane yield and 30-40% losses in sugar yield, 
thus severely affecting sugarcane cultivation in India. Many popular varieties in the past and 
present like Co 419, Co 740, CoC 671, Co 86032, CoJ 64, CoV 09356, Co 0238 etc witnessed 
varietal degeneration and due to that some of them were removed from cultivation. Multi-ratooning 
of sugarcane crop has failed under farmers’ holdings due to severe outbreak of viral diseases. To 
address the issue, we have characterized the viruses based on complete genomes and 
categorized the viruses into new genus, species, strains and genotypes and this aided in 
developing molecular tools especially PCR and q-RT-PCR assays, RT-LAMP, recombinant 
antisera for the viruses and duplex/multiplex RT-PCR assays for the viruses. Application of 
molecular diagnostics has established the negative impact of the virus diseases in sugarcane and 
these assays have supported production of healthy planting materials through tissue culture 
techniques. Currently it is established that tissue culture combined with molecular diagnostics will 
cure sugarcane from degeneration. Virus-free nurseries were established from the healthy mother 
plants, new crops from the nurseries exhibited varietal vigour and by this approach the viral 
diseases are efficiently managed in sugarcane. Historic cane yields of 250 tonnes per hectare 
were achieved under field conditions by adopting healthy nurseries and expansion of healthy 
nurseries to more areas will improve sugarcane productivity and profitability in India. 
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From Satellite NDVI to UAV AI – an emerging IPM strategy for HLB 
management in Brazil  

 
Pazolini, Kelly1; Belasque, José 2. 

1VetorGEO, Sao Paulo, Brazil. 2University of Sao Paulo, Piracicaba, Sao Paulo, Brazil 
 

Huanglongbing (HLB) is the most devastating disease of citrus 
and has spread to the main growing areas worldwide, 
including Brazil and USA. The disease severely reduces 
orange production and increase production cost, often leading 
to economic unfeasibility of citrus activity. In Brazil, it was 
estimated that more than 40 million HLB symptomatic trees 
had been removed by 2016 and 21% are currently infected. In 
Florida, 80% of orange trees were estimated to be HLB-
infected and citrus area and yields were reduced by 26% and 
42%, respectively. Since there are no viable curative 
strategies or resistant citrus variety to control HLB yet, disease 
management is based on preventing new infections. Based on 
other countries experience, three basic HLB management 

strategies have been adopted for HLB in Brazil: the use of healthy nursery trees, inspections and 
eradication of symptomatic trees and frequent chemical control of the vector, D. citri. Despite the 
indicated management, when well performed, was able to keep the incidence of HLB down, in 
the last few years, it became apparent that those strategies were not enough. There was a trend 
towards greater incidence of the disease on the edges of the well managed groves. Thus, new 
strategies were implemented to reduce the influx of disease in the properties with area-wide (2.5 
miles around a grove) management for both, commercial or backyard trees. Although all these 
strategies are essential to prevent new HLB infections, the management practices end up being 
very laborious and expensive, especially the frequent inspection of symptomatic trees. Rapid 
detection and eradication is essential to ensure efficient management as well as to prevent the 
spread of HLB. Visual inspections, however, are not very efficient and represent a high cost and 
more efficient and economical methods are urgently needed. The validation of remote sensors 
for the detection of symptomatic plants would represent a great saving of time and resources in 
orange production, as well as becoming an important tool in combating the HLB epidemic. 
Spectral sensors in UAVs for the detection of HLB has been widely studied, however, the method 
still used to detect plants are the visual inspections. One of the main difficulties in validating a 
remote sensing methodology for HLB detection is the limitation of conventional sensors in terms 
of spatial resolution. Conventional sensors can have a spatial resolution of >5 cm per pixel (at 
altitude of 100 to 120 m). Although this resolution is enough to verify stresses in agricultural crops, 
mainly through vegetation indices (eg NDVI, SAVI and IAF), higher resolutions are necessary for 
HLB accurate detection. A new type of sensor, accounting with spatial resolution <2 cm per pixel 
(at altitude of 120 m), is being studied for HLB detection. The implementation of this technology 
would allow the fast and economical monitoring of large areas, agility in management, reduction 
of dissemination and losses caused by HLB. In addition, the validation for the detection of HLB 
would set precedents for its use for other diseases of citrus as well as other cultures, becoming 
an important tool within the concepts of digital agriculture to combat plant diseases. 
 
 
 
 
 



20 
 

Growing structural proteins into advanced materials for food security 
 

Dr. Benedetto Marelli 
Department of Civil and Environmental Engineering 

Massachusetts Institute of Technology 
 

Applications of robotics and sensing technologies, big data 
analysis and biotechnology in farming, plant and food 
science are highly sought to guarantee global food security 
while mitigating the environmental impact of agriculture. In 
this scenario, the potential benefit of applying materials 
science principles to enhance food security remains 
underexplored when compared to material- based research 
efforts in biomedicine, energy and optoelectronics. In this 
talk, we highlight recent development in the 
nanomanufacturing of structural proteins to engineer a new 

generation of advanced materials that can be interfaced with food and plants. We will present 
newly developed techniques to direct the assembly of structural proteins into nanostructured 
materials that can serve as: edible coatings to prolong the shelf-life of perishable food, 
microenvironments to boost seed germination in saline soil, and injectors to deliver payloads in 
plant vasculature and sense food spoilage. These examples will provide an opportunity to discuss 
how the establishment of a successful interface between biomaterials and plants tissues requires 
the development of a basic scientific knowledge on: mechanics of disorder to order transitions in 
proteinaceous materials during condensation phenomena, fluid mechanics and transport 
phenomena in plants vasculature, and swelling of porous materials exposed to plant and food 
fluids. 
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The Role of Nanotechnology in Enhancing Efficiency of Fertilizers 
 

Dr. Upendra Singh,  
International Fertilizer Development Center, Muscle Shoals, AL 

 
The adoption of the green revolution technologies embodied in 
improved seeds and fertilizers (with irrigation and better agronomic 
practices) accelerated growth in global food grain production—from 
0.9 billion tons in 1961 to 3.1 billion tons in 2017. Increased fertilizer 
use—from 31.2 M tons to 192.3 M tons- played a key role in this 
growth. To meet the food demands of projected population of 9.6 
billion in 2050, agricultural production must increase by 40%, even 
more if shifts towards meat-rich diet is considered. However, fertilizer 
use is already controversial because of its unintended consequences 
on soil health and the environment – a result of overuse, misuse, or 
imbalanced use. Targeted delivery of nutrients and/or increased 

fertilizer efficacy are among the strategies that are designed to help maintain or even increase 
yields while significantly reducing application rates, and simultaneously minimizing negative 
impacts of agriculture on ecosystems and human health. The use of nanomaterials in agriculture 
as nanofertilizers to increase crop yield is gaining increasing interest. Nanofertilizers are expected 
to increase nutrient uptake, decrease immobilization of select nutrients in the soil, and reduce 
agricultural wastes and nutrients losses through leaching, runoff, and gaseous emissions. This 
presentation highlights the role of nanotechnology in enhancing fertilizer use efficiency and its 
impact on food security, environmental sustainability, and the fertilizer industry.  
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Introduction to the IoT4Ag Engineering Research Center 
 

David P. Arnold,  
Department of Electrical and Computer Engineering, University of Florida 

 
This talk will present the vision, activities, and goals of the recently 
launched NSF Engineering Research Center for Internet of Things for 
Precision Agriculture (IoT4Ag). The vision of IoT4Ag is to ensure food, 
energy, and water security by advancing precision agriculture 
technologies to increase crop production and farm sustainability, while 
minimizing the use of energy and water resources and the impact of 
agricultural practices on the environment. While this concept of precision 
agriculture has been around for over three decades, there is an urgent 
opportunity to develop new physical and cyber-physical systems that can 
sense and respond to multiple variables in the field with higher resolution, 
increased specificity, greater speed, and enhanced 
autonomy. IoT4Ag unites an interdisciplinary cadre of faculty and 
students from the University of Pennsylvania, Purdue University, the 

University of California-Merced, and the University of Florida, with partners in government, 
industry, and agriculture.   
The IoT4Ag mission is to create and translate to practice Internet of Things (IoT) technologies for 
precision agriculture and to train an educated and diverse workforce that will address the societal 
grand challenge of food, energy, and water security for decades to come. Using row crops and 
tree crops as system testbeds, IoT4Ag aims to fuse together three research thrusts: Thrust 1–
Agricultural Sensor Systems will create remotely interrogated low-cost zero/near-zero power 
sensors that can be densely distributed throughout the field to provide measurements of site-
specific parameters, and autonomous drones and ground vehicles with on-board sensor suites 
that provide crop observation. Thrust 2–Communication and Energy Systems will 
develop edge and backhaul communication devices to transfer data from sensor and 
drone platforms to data processing/repository networks and advanced energy solutions to power 
sensors and drones in the field. Thrust 3–Agricultural Response Systems will develop model-
based and data-driven approaches to integrate and learn from distributed, heterogeneous sensor 
and robot platforms to create resilient, intelligent sensor systems that deliver reliable, rich, and 
actionable information for swift response interventions. 
As an NSF ERC, IoT4Ag also has a broader mission to infuse innovation, workforce development, 
and diversity and inclusion into all center activities. As examples, IoT4Ag will inspire and engage 
K-12 students, teachers, and the general public by connecting science and technology to societal 
grand challenges through activities across our campuses and cities. A signature effort is a 
Pathway to PhD program, with an emphasis on building a pipeline of students and bridging 
between urban and rural communities. The IoT4Ag innovation ecosystem will bring together 
academic, government, and industry partners, and by engaging our tech-transfer offices, 
extension programs, and the end-user farming community to ensure IoT4Ag practices and 
technologies are rapidly translated into commercial products and result in economic benefits. 
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Tracking Small Molecule Translocation in Citrus Seedlings via 
Fluorescence Lifetime Imaging Microscopy 

 
Gregory Millera,b, Ryan Parenteb, Tyler Maxwella,b, Swadeshmukul Santraa,b,c,e, 
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aDepartment of Chemistry, bNanoScience Technology Center, cDepartment of Materials 
Science and Engineering, dThe College of Optics and Photonics (CREOL), eBurnett 
School of Biomedical Sciences, University of Central Florida, Orlando, FL 32826, USA 

 
The citrus industry in Florida has been decimated by systemic bacterial diseases, such 

as Huanglongbing (HLB) disease. There has been a 75% decrease in the Florida citrus industry 
since 2005, when the bacteria causing HLB, Candidatus Liberibacter asiaticus (CLas), was first 
detected in Florida orchards. Similar effects have been seen globally also. Current treatment 
methods of systemic bacterial diseases are primarily foliar spray of antibiotics, though research 
into other application methods, such as injection and soil drench, and other treatment 
compounds, such as nanoparticle drugs, are being pursued. In order for these methods to be 
effective, the delivered compound must be systemic and mitigate symptoms throughout the 
whole host plant. Direct tracking methods have proven inconclusive due to the convolution of 
natural plant fluorescence with delivered cargo signal or the lack of spatial resolution. We have 
shown that not only can Fluorescence Lifetime Imaging (FLIM) provide systemic tracking in 
planta through the use of a highly fluorescent, long excited state lifetime dye, which serves as 
a small molecule surrogate, but also that in planta tracking of antibiotics can be achieved 
through conjugation to this dye. 

FLIM is able to provide the spatial resolution of traditional microscopy methods, but also 
overcomes spectral overlap between cargo and plant background through temporal separation, 
by measuring the excited state lifetime of the cargo and plant. This method does require that 
the cargo and plant have significantly different excited state lifetimes. Plant background was 
found to have excited state lifetimes around 7 ns. The surrogate dye and dye-antibiotic 
conjugate had excited state lifetimes that were significantly longer, around 350 ns in solution 
and over 1000 ns in plant. With this large separation in excited state lifetimes, FLIM is able to 
simultaneously and distinguishably detect delivered cargo and plant background. 

We found that the surrogate dye translocated upwards throughout the plant within 24 
hrs, though it never moved downwards into the roots even after 1 week. Similarly, the dye-
antibiotic conjugate also moved upwards throughout the entirety of the stem, though the 
conjugate took 48 hrs to translocate to the farthest distances. Due to the localization of the 
surrogate dye and dye-antibiotic conjugate, and because the surrogate dye and dye-antibiotic 
conjugate only translocate upwards, we suggest that these compounds primarily translocate via 
xylem tissues, and transition into phloem tissues occurs through any of a variety of transfer 
mechanisms, including plasmodesmata, intercellular transport, and passive diffusion. 



24 
 

RNA-binding protein based polyclonal antibodies production for 
detection of citrus tristeza virus 

 
Sunil Kokane*, Amol Kokane, Datta Surwase, Mrugendra Gubyad, Dhanshree Deshmukh 

and Dilip Kumar Ghosh 
ICAR- Central Citrus Research Institute, Nagpur- 440 033, India 

* E-mail: sunilbk770@gmail.com 
 
Citrus tristeza virus (CTV) is the etiologic agent of the destructive Tristeza disease, a 

massive impediment for the healthy citrus industry worldwide. Routine indexing of CTV is an 
essential component for disease surveys and citrus budwood certification for production of 
disease-free planting material. Therefore, the present study was carried out to develop an efficient 
serological assay for CTV detection based on the RNA binding protein (CTV-p23), which is 
translated from a subgenomic RNA (sgRNA) that accumulates at higher levels in CTV-infected 
plants. CTV-p23 gene was amplified, cloned and polyclonal antibodies were raised against 
recombinant CTV-p23 protein. The efficacy of the produced polyclonal antibodies was tested by 
Western blots and ELISA and was used for indexing of large number of plant samples. The 
evaluation results indicated that the developed CTV-p23 antibodies had an excellent diagnostic 
agreement with RT-PCR and would be effective for the detection of CTV. Furthermore, CTV-p23 
gene specific primers designed in the present study were found 1000 times more sensitive than 
the reported coat protein gene specific primers.  
 
Keywords: Citrus tristeza virus; RNA binding protein (CTV-p23); Western blot; ELISA. 
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A Rapid and Sensitive Reverse Transcription-Loop-Mediated 
Isothermal Amplification (RT-LAMP) Assay for the Detection of Indian 

Citrus Ringspot Virus 
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and Dilip Kumar Ghosh* 
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Indian citrus ringspot virus (ICRSV) is a devastating pathogen that has a particularly 

deleterious effect on the ‘Kinnow mandarin’, a commercial citrus crop cultivated in the north-west 
of India.  ICRSV belongs to the Mandarivirus genus within the family of Alphaflexiviridae and has 
a positive sense single-stranded RNA (ssRNA) genome consisting of six open reading frames 
(ORFs). Severe cases of ICRSV result in a significant reduction in both the yield and quality of 
crops. Consequently, there is an urgent need to develop methods to detect ICRSV in an accurate 
and timely manner. Current methods involve a two-step reverse transcriptase-polymerase chain 
reaction (RT-PCR) that is time-consuming. Here, we describe a novel, one-step, reverse 
transcription-loop-mediated isothermal amplification (RT-LAMP) method for the sensitive and 
rapid detection of ICRSV. The RT-LAMP assay was standardized by designing and testing four 
different primers that targeted the coat protein gene of ICRSV. Amplification results were 
visualized by a color change after addition of SYBR Green I. The standardized RT-LAMP assay 
was highly specific and successfully detected all 35 ICRSV isolates tested from the Punjab and 
Haryana states of India. Furthermore, there was no cross-reaction with 17 isolates of five other 
citrus pathogens that are common in India. ICRSV-RT-LAMP assay developed in the present 
study is a simple, rapid, sensitive, and specific, technique. Moreover, the assay consists of only 
a single step and is more cost-effective than existing methods. This represents the first application 
of RT-LAMP for the detection of ICRSV. Our RT-LAMP assay is a powerful tool for the detection 
of ICRSV and will be particularly useful for large scale indexing of field samples in diagnostic 
laboratories, nurseries, and for quarantine applications. 
 
Keywords: Citrus, ICRSV, RT-LAMP, RT-PCR 
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RESPONSE OF FRENCH BEAN TO DIFFERENT MULCHES AND 
NUTRIENT APPLICATIONS AS A PART OF SUSTAINABLE 

AGRICULTURE SYSTEM 
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Bengal, India 
E-mail: dasguptaamrita4@gmail.com 

 
The major threat to food security and natural resource management in West Bengal, as well as 
in India is the problem of land degradation. Soil degradation has led to depriving the country of 
1.4% of it’s GDP and according to a report of 2019 almost 30% of this country’s land is already 
degraded. Hence, to combat this national threat to the country, scientists have started adopting 
the sustainable agriculture practices. The major objective of this study was to evaluate the effects 
of mulch management and fertilizer application on yield and disease dynamics of French bean in 
Nadia district of West Bengal, India. The experimental design was split plot with four replications. 
The variety used for this study is ‘Phalguni’, which was planted under sixteen different treatments. 
These sixteen different treatments are the permutation, combination of different mulching, and 
nutrient combinations.  The different mulch treatments are no mulch (M0), straw mulch (MS), 
berseem mulch (MB) and lathyrus mulch (ML) and the different fertilizer combinations are no 
fertilizer application (N0), N30P30K20 (N1), N60P49K40 (N2) and N90P60K60(N3) combinations. 
Three major diseases like rust, white mould disease and bacterial blight disease were found in 
the French bean research plot. Fertilizer and mulch have been shown to have significant effect 
on each of these three diseases and yield potential of the crop. While quantifying the disease 
progression with time, rust disease and bacterial blight was found to give the least AUDPC value 
under straw mulch condition, whereas white mould disease was maximum at the straw mulch 
condition and no white mould disease was found in case of berseem mulch. Fertilizer application 
has also played a notable difference in the disease incidence and the disease progression with 
time, with the least AUDPC value of rust disease (1583.81) and bacterial blight (1936.58) disease 
in case of N60P49K40 fertilizer application. Similarly, in respect of yield, the highest yield (13.28 
tonnes/hectare) was obtained in berseem mulch with the combination of N60P49K40 and the 
lowest yield (8.366 tonnes/hectare) was obtained in case of no mulch and no fertilizer application. 
Hence, from the above study we can conclude that berseem mulch along with the N60P49K40 
fertilizer combination is the best and has a notable role to play in the disease dynamics and yield 
potential of the French bean crop.  
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Sorption Kinetics of Zinc in Florida Sandy Soil under “Valencia” 
Sweet Orange Grove 
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Sweet orange groves in Florida sandy soils are affected with the devastating disease called citrus 
greening. Zinc (Zn) fertilizers are applied to Florida sandy soil to compensate for the unavailability 
of Zn to the citrus trees due to leaching or adsorption to mineral surfaces of the soil. The objective 
of this study is to determine the equilibrium time of Zn and how the method of shaking affects 
sorption kinetics of Zn in Florida sandy soils. Our sorption kinetics study never reach equilibrium 
after continuous shaking time for two days. Based on previous study on Zn sorption kinetics in 
the literature, Zn did not reach equilibrium after 15 days. We used a similar shaking approach and 
its modification (intermittent and no shaking) in our study for 15 days. The sorption kinetics data 
were simulated with the Two Site Nonequilibrium (TSNE) batch mass transfer model. Our data 
revealed that mass transfer coefficient, α for modified shaking method was 6 times more than 
continuous shaking method. The fraction of the total sorption sites that are instantaneous, F for 
modified shaking method was 2.5 times more than the continuous shaking method. However, the 
sorption coefficient, Kp for continuous shaking method was 4 times more than the modified 
shaking method. 
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A Multi-functional Surface, Sub-surface and Systemic Therapeutic 
(MS3T) formulation for the control of citrus canker 
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5Indian River Research and Education Center, University of Florida,  
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A Multi-functional Surface, Sub-surface and Systemic Therapeutic (MS3T) formulation using a 
combination of two bactericides, Zinc (Zn) and quaternary ammonium (Quat), and urea 
intercalated in a kaolin clay matrix, was developed as an alternative to copper pesticides to citrus 
plants. In addition to disease control (canker, scab and melanose), both yield response and juice 
quality improvement were observed due to the nutritional activity of MS3T via the sustained 
release of plant nutrients (Zn and Nitrogen) through the clay system. Kaolin clay also increased 
the retention (rainfastness) of treatments in the leaf tissues, in addition to protecting them from 
sunburn and insect attack. Agricultural grade chemicals were used to prepare the MS3T 
formulations. Minimal inhibitory concentration (MIC) was tested in vitro against Xanthomonas 
alfalfae subsp. citrumelonis (herein called X. alfalfae), Escherichia coli (E. coli) and Pseudomonas 
syringae (P. syringae). Assessment of the phytotoxic potential was carried out under greenhouse 
condtions. Moreover, field trials were conducted during 3 consecutive years in grapefruit groves 
(Fort Pierce and Vero Beach, FL) to evaluate efficacy against citrus canker (new and old lesions), 
scab, and melanose. Zn residues of leaf tissues were analyzed by atomic absorption 
spectroscopy (AAS) at various time points before and after MS3T applications. Effects on the 
overall fruit quality were evaluated by assessing fruit size, weight, and juice brix/acid ratios. 
Overall yield responses were also examined. In addition, the release of Zn and Quat from MS3T 
was analyzed by AAS and disulfine blue dye ionic extraction assay, respectively. Field trial results 
demonstrate MS3T as an effective copper alternative for the control of citrus canker. Coupled with 
reduced canker disease severity, nutritional contributions from MS3T promoted a positive yield 
response in field trials and thus demonstrates the advantage of including MS3T in an integrated 
pest management (IPM) strategy for citrus production.  
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Current citrus disease management tools and strategies in Nepal – an 
overview 
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Citrus fruit is priority fruit crop in Nepal with area of 46411 ha and production of 271908 mt in year 
2018/19 involving mostly homestead growers. Despite area increase by 37% in last 10 years the 
productivity (9.57 t/h) has declined by 15.7% and mostly contributed by a number of diseases 
infection. The major diseases hindering good crop are: citrus greening disease, root rot, powdery 
mildew, sooty mold, citrus canker, citrus scab, tristeza virus and pink disease. A number of 
preventive and curative measures to control these diseases are in practice but mostly adopted by 
big commercial growers. Research and development institutions are pushing old as well as new 
technologies such as disease free sapling production using tissue culture techniques as well as 
use of containerized nursery, cultural and physical practices, use of biological pesticide as well 
as Nano-particle based chemical like Zinkicide along with conventional breeding techniques for 
resistant rootstock and scion varieties production. The modern biotechnological tools are in early 
stage of adoption for disease detection and resistant breeding only in research centers.  
 
Keywords: biological control, citrus greening disease, cultural practice, resistant breeding  
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Formulated antimicrobial ZnO: Mode of Action Study Against 
Pathogenic Plant Bacteria 
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In agriculture, biotic and abiotic stresses contribute to crop loss. Biotic stress due to bacterial and 
fungal disease pressure is significant in Florida due to favorable climate conditions. Copper (Cu) 
based bactericide/fungicide are commonly used as broad spectrum tool to combat against 
disease pressure.  Tomato and citrus growers are aggressively using Cu products for many years. 
Such practices have detrimental effect on the environment due to Cu build up in soil that increases 
the risk of ecotoxicity. Cu accumulation in soil slows down Zn uptake by the root system that also 
detrimental to plant health due to Zn deficiency. Development of Cu tolerance is a pressing issue. 
Therefore, an alternative to Cu is demanded for sustainable crop protection. Cu is known to 
rupture the cell membrane on contact (aka contact killing) with plant pathogens. In this work, we 
have proposed a Zn based alternative that appears to possess some similar mode of action 
(MOA) as found in Cu products. To understand MOA, we have done a comparative study of 
several Zn based materials, (i) N-Acetyl Cysteine (NAC) coated ZnS, (ii) NAC coated ZnO, (iii) 
Agri-grade ZnO (CR-41) and Zn Nitrate Hexahydrate. ZnS was doped with 2 mol% Mn so that 
they can be traced under fluorescence microscope. NAC was used as control. We evaluated the 
minimum inhibitory concentration (MIC) by using a standard broth dilution method. To measure 
the minimum bactericidal concentration (MBC), we performed CFU plating and a cytotoxicity 
assay using a resazurin assay on 2 pathogenic strains of bacteria: X. alfalfae and C. 
michiganensis. We have developed a membrane leakage assay to check for cell membrane 
ruptures. Ion release studies were also done to determine zinc release from the material. We will 
present some preliminary MOA data that suggest that Zn MOA against X. alfalfae and C. 
michiganensis is related to cell membrane integrity loss due to ROS (Reactive Oxygen Species) 
and possible uptake of Zn treatments (ionic and/or particulate) to the intra-cellular environment 
that may have contributed to additional cytotoxic effect. 
  



31 
 

Zinc nanoparticles coated on urea granules as an innovative 
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Zinc (Zn), an essential micronutrient for plants and animals, is usually mixed with urea and applied 
to Zn-deficient soils for food crops’ production. However, the effectiveness of zinc uptake by plants 
is limited by water-solubility and bioavailability of zinc products, which can be improved with 
nanotechnology. Aim of the work: In order to facilitate Zn-uptake by the plants and improve the 
efficiency of zinc application in the soil, dual capped Zn nanoparticles were synthesized, and 
coated on urea granules in a fluidized bed. The final material combined micro and macronutrients 
(zinc and nitrogen, respectively) in an unique product. Methods used: Nanoparticles were 
produced by a water-based sol-gel process at room temperature, using a combination of two 
capping agents (selected among sodium salicylate - SAL, urea- UREA, and n-acetylcysteine – 
NAC). Dynamic Light Scattering (DLS), Zeta potential measurements, Infrared Spectroscopy 
(FTIR), X-ray Diffractometry (XRD), High resolution transmission microscopy (HR-TEM) and Fast 
Fourier Transform (FFT) analysis were used to characterize the dual capped Zn nanoparticles. 
Coated urea granules were characterized by Scanning Electron Microscopy (SEM) and Energy 
Dispersive X-ray Spectroscopy (EDS) techniques. Major results: All nanoparticles showed 
average hydrodynamic diameter in the range of 100nm by DLS. NAC-Urea and NAC-SAL capped 
Zn nanoparticles were negatively charged at pH 9.0, while Urea-SAL one was positively charged 
at the same pH. Urea-SAL capped Zn nanoparticles showed more defined and intense XRD 
peaks compared to NAC-SAL and NAC-Urea samples. Nanoparticles’ diameters were found to 
be around 5nm by HR-TEM, suggesting that particles may be aggregated in the aqueous 
suspension due to the low colloidal stability (zeta potential < |30|). According to the crystal lattices 
distances (d-spacing) obtained by HR-TEM FFT, the crystalline structure of the three samples 
matched with Wulfingite zinc hydroxide. By SEM, Urea-SAL Zn nanoparticles showed rod-shaped 
crystals along the urea coating, while NAC-SAL and NAC-Urea Zn nanoparticles showed an 
amorphous coating. By EDS, the zinc peak was found for all coatings, and the sulfur peak was 
found only on NAC-SAL and NAC-Urea coatings. The average weight percentage of zinc for all 
coatings was around 20%, and no zinc was found in the core (urea granules). Conclusions: Ultra-
small dual capped zinc nanoparticles were successfully obtained and coated on urea granules. 
The final product contains nitrogen and zinc sources for plants. Greenhouse studies using 
sorghum plants are ongoing to evaluate the effectiveness of zinc release from the urea granules 
coated with the dual capped Zn nanoparticles.  
 
Keywords: micronutrient, zinc, nanoparticles, urea, coating 
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Capping agents are usually used for controlling the size, aggregation, and properties of 
nanoparticles. To guide the design of improved nanomaterials for targeted performance, one can 
use mechanistic insights into the interactions between capping agents and nanoparticles. Here, 
we employ density functional theory (DFT), reactive force-field molecular dynamics (ReaxFF MD) 
simulations, and optical spectroscopy to study the interactions between salicylate, as a model 
capping agent, and zinc oxide (ZnO) nanoparticles. We describe the mechanisms of capping of 
ZnO nanoparticles by salicylate via three different binding modes. Simulations indicate that 
salicylate undergoes dissociative adsorption at the highly active surface Zn sites via a hydrogen-
transfer process, thereby forming a tridentate configuration. The water-mediated interaction also 
facilitates the dissociative adsorption, leading to two salicylate O atoms coordinating with a 
surface Zn atom, while the other salicylate O atom bonds with another surface Zn atom. Binding 
free energies indicate that salicylate binds more strongly to ZnO in a bidentate molecular 
configuration than water does. The formation of the salicylate–ZnO complex is substantiated by 
UV–visible and Fourier transform infrared spectra. The C═O stretching mode of salicylate 
becomes softened when it interacts with the nanoparticle, suggesting chemisorption of salicylate 
on ZnO. Although DFT predicts strong interaction between salicylate and ZnO, ReaxFF MD 
simulation indicates the moderate interaction between these two components in aqueous solution. 
Salicylate can facilitate the process of controlling the nanoparticle’s growth and agglomeration in 
aqueous solution. Water molecules in close contact with the nanoparticle surface undergo 
dissociation, thus resulting in a surface hydroxyl, a reactive oxygen species that may influence 
the nanoparticle’s catalytic properties. The atomic-level information provided here can guide the 
selection of salicylate as a suitable agent for ZnO nanoparticle synthesis. Our findings thus 
provide a mechanistic understanding of the interaction of salicylate with ZnO nanoparticles and 
therefore can be useful for the rational design of improved ZnO-based nanomaterials for 
agricultural applications.   
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‘Candidatus Liberibacter asiaticus’ (CLas), a Gram-negative alpha-proteobacteria associated with 
huanglongbing (HLB) and transmitted by the vector Diaphorina citri is the most devastating 
pathogen of citrus worldwide. After initial infection, CLas quickly colonizes the root system before 
visible canopy symptoms develop. Understanding how CLas moves within the plant and local and 
systemic effects of CLas on the different tissues is fundamental to improve HLB management. 
Using split root rhizotrons and one-side graft inoculation below the trunk split in late summer was 
used to study the role of root infection on disease development. Root dieback increased on both 
halves of the root system in as little as 6 weeks, even though CLas infection remained isolated in 
the inoculated half of the root system until the spring flush (8 months after inoculation). More root 
growth occurred in the non-infected half of the root system of HLB-affected trees during late 
summer and fall root flush increasing live root length compared to healthy trees after each 
seasonal flush. Increased root dieback removed this gain by the next root flush. This suggests 
the previously reported root growth stimulation in HLB-affected trees results from non-infected 
roots within the infected root system. The first detection of CLas in canopies occurred in the spring 
flush (9 months after inoculation), with 6 canopies CLas-infected at the end of the experiment (11 
months). The results showed that movement of CLas from infected root systems is linked to 
season, where it can move up and around the trunk after the spring flush. This split root inoculation 
provides the ability to study local and systemic effects of CLas infection on roots as observed with 
root growth stimulation that occurred in the healthy half of the root system and systemic root 
dieback as the first roots are infected, however, systemic effects on the root system are not 
dependent on CLas movement. 
 
 


	Swadeshmukul Santra, Ph.D. (Chair)

