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Overall Objective:
To investigate the potential of nanoparticles for use in inhibiting the pathogens responsible for blue
mold and frogeye leaf spot and target spot diseases in tobacco.
Background: Blue mold disease has potential to devastate tobacco crops in the field, even though this is
less a problem than it was in the past. Frogeye leaf spot (and target spot – causes damage similar to
frogeye) reduces quality of harvested leaf. Currently, Quadris is the only fungicide labeled for use on
tobacco to control frogeye leaf spot, a disease that impacts burley tobacco quality. This situation
endangers our ability to control this disease in the event that resistance develops against Quadris.
Forum and Quadris are labeled for use in tobacco to control blue mold, but these chemicals leave
residues that are increasingly the subject of concern to the commercial tobacco industry. Alternatives
for controlling fungal diseases in tobacco are therefore needed.
Original Specific Objectives:
1) Test Au citrate NPs against blue mold disease on plants grown in a contained/approved environment
using the leaf drop assay.
2) Determine the concentration of Au citrate NPs required to provide >60% resistance to blue mold
disease on tobacco plants using the leaf drop assay.
3) Test, on a small scale, the impact of Au citrate NPs on blue mold disease in the field after painting
leaves with Au citrate NPs.
4) Devise a laboratory‐based agar assay for monitoring C. nicotianae the causal agent of frogeye leaf
spot disease of tobacco based on the assay of Bradley and Pederson, 2011. Test the impacts of Au
citrate NPs, ZnO NPs, SiO2 NPs this above assay.
5) Develop a plant‐based assay for frogeye leaf spot disease on tobacco plants patterned after the leaf
drop assay for blue mold disease.
6) Determine the concentrations of ZnONP, SiO2NP and other NPs needed to achieve >60% resistance to
frogeye using the above on‐plant assay.
7) If we are successful in finding a ZnO or SiO2 NP type that can control frogeye leaf spot in on‐plant
assays we will test this agent in the field in preliminary experiments by spraying plants with solutions
containing NPs.
NOTE: Field experiments to test for blue mold resistance cannot include intentional inoculation with the
disease. Therefore we must wait for natural disease pressure, which can be unpredictable. However,
plants to be tested will be grown in an area of our research farm that is most conducive to this disease,
and plants can be misted to take advantage of low disease pressure. In contrast, frogeye is generally
present and we intend to inoculate plants (permitted) to be tested by placing frogeye infected plants
close to test plants.
Modifications to original approach:
In the original objectives (1 to 3, above) we proposed to use gold citrate nanoparticles (Au citrateNPs)
because we had shown in earlier work that these NPs were effective against blue mold disease in the
laboratory. But, as the project began we tested zinc nanoparticles (ZnNPs) and zinc oxide nanoparticles
(ZnONPs) in parallel with Au citrate NPs and found that the Zn types were also effective against blue
mold in the lab. Au citrateNPs, while useful for proof‐of‐concept tests in the lab, would be too
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expensive for use in preventing disease in the field. In contrast ZnNPs and ZnONPs are inexpensive
because they are used in the production of rubber, certain chemicals, oil, and other industrial products.
Therefore, if these proved to be effective as antimicrobial agents against blue mold, frogeye and target
spot they might be scalable and economical for field use. Moreover, since Zn is an abundant component
of the earth’s crust (0.004%), is an essential nutrient for animal and plant growth, is, along with ZnO the
breakdown product of ZnNPs and ZnONPs, and is considered safe (GRAS – FDA) for use cereal food
products, it is likely that these would be environmentally friendly when used in low amounts. So, since
we found that ZnNPs and ZnONPs were effective against the blue mold pathogen (and therefore likely
effective against the frogeye and target spot pathogens) we have focused our studies on these
nanoparticle types.
Progress with ZnNPs and ZnONPs (work on blue mold):
1) Preliminarily, we found in laboratory tests that low levels (5 to 65 ppm) of ZnNPs and ZnONPs
inhibited germination of blue mold spores and prevented blue mold infection on tobacco leaves in the
lab. As shown in Figure 1A, fresh blue mold spores when incubated in water overnight in the dark,
germinate and form long germ tubes, which are the means by which they infect leaves and begin the
disease process. When spores are treated with ZnONPs at 20 ppm, most spores appear dead,
germination is greatly reduced, and only a few spores develop shortened germ tubes (Figure 1B). At 65
ppm ZnONPs (Figure 1C) all spores appeared to be dead. Figure 1D shows these results graphically for 5
and 10ppm ZnONPs. Similar results were found for ZnNPs (not shown).
2) When spore germination potential of blue mold spores was tested in vitro, with and without ZnNPs,
ZnONPs, and various Zn salts (potential breakdown products of NPs) the results shown in Figure 2 were
obtained. As shown in Figures 2A and 2B, ≥5ppm ZnNP or ZnONP resulted in a great reduction in blue
mold spore germination. We concluded that low level ZnNP and ZnONP interfered in normal emergence
and growth of spore germination tubes, and thus disease potential.
3) Blue mold spore infectivity on tobacco leaves was found to be reduced by ZnNP and ZnONPs. As
shown in Figure 3A, ≥10ppm ZnNP resulted in a great reduction (>42%) in infection (blue bar), as
compared to spores in water controls (black bar). Similarly with ZnONPs (Figure 3B), ≥10ppm ZnONPs
resulted in a great reduction (>62%) in infection (blue bar), as compared to spores in water controls
(black bar). The other treatments (red, green, purple bars) represent controls for possible breakdown
products of NPs. In all cases these afforded less reduction in infection than did NPs. Therefore, we
conclude that both types of Zn containing NPs used are effective, at low concentrations, in reducing blue
mold infection on tobacco leaves in the laboratory. We are preparing these results for publication.
3) We tested the effectiveness of spraying blue mold susceptible tobacco (KY14) in the field in 2014.
We maintained high humidity using a misting system (misting for 10 minutes every hour) to hopefully
encourage natural blue mold infection. But, there was no blue mold disease detected in our plot in
2014. This circumstance was not amenable to success of our experiments, but of course was a positive
for farmers in the region. Again, as it is not permited to inoculate with this disease, so we could not
force test blue mold resistance by nanoparticles in the field.
Progress with ZnNPs and ZnONPs (work on Frogeye and Target Spot):
4) To encourage frogeye spot and target spot diseases we scattered fresh leaf showing these diseases
(provided by Dr. R. Pearce, obtained from Anderson County) on KY 14 plants in a field plot. Plants were
sprayed once a week for 7 weeks with a solution containing 200 ppm ZnONP in water or 200 ppm ZnNP
in water. A total of 5 plants were used for each treatment, water, ZnONP, ZnNP. We found towards the
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end of the season that unsprayed plants and those sprayed with NP had a similar level of disease that
was identified as primarily target spot. This experiment will be repeated next season, but using a
greater number of plants and a complete block design.
5) Thus far we have not been successful in establishing an in vitro, petri plate assay for monitoring the
growth of the frogeye pathogen Cercospora nicotianae. This work continues.
6) In contrast to problems establishing a laboratory assay for frogeye disease, we were successful in
establishing an assay for the target spot pathogen Rhizoctonia solani. As shown in Figure 4, an in vitro
petri plate assay similar to that we have used for monitoring brown patch disease of turf grass works for
target spot. We will continue to use this assay to study impacts of NPs on this disease. However, this
petri plate assay is a curative assay and not a preventative one, because it depends on the presence of
growing hyphae.
Other diseases:
We note that in preliminary experiments in the field in 2013 (outside this grant project) we tested the
usefulness of spraying a certain tomato variety with ZnNPs. We found significant resistance against
tomato leaf spot and early blight. These experiments were repeated in 2014 as part of a separately
funded project. In 2014, disease appeared to be present on part of the farm, but very unusually not
where the tomato experiments were conducted. Thus the effort in 2014 was unsuccessful. We plan to
repeat again next year.
Progress with SiO2 NPs (work on blue mold):
We tested the efficacy of SiO2NPs (also inexpensive and environmentally friendly) against blue mold in
spore germination and leaf infection assays in parallel to the work described above (Progress with ZnNPs
and ZnONPs, work on blue mold). We found no difference between the presence of these NPs and
water controls in either assay (data not shown) and we conclude that SiO2NPs do not have potential for
controlling blue mold disease.
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Figure 1 – Effects on germination tube length in the presence of ZnONPs. The micrographs show spores
germinated in water (Figure 1A), in 20 ppm ZnONPs (1B), and 65 ppm ZnONPs (1C). Note the haloed
appearance of spores germinated in water versus the dark nature of most those germinated in 20 ppm
ZnONPs, and all those germinated in 65 ppm ZnONPs. Note that in Figure 1B, some spores with a
haloed appearance produced short germ tubes, but most appeared dead. Figure 1D shows measured
germination tube length versus ZnONP concentration at 5 and 10 ppm ZnONPs. Similar results were
found for ZnNPs (not shown).
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Figure 2 ‐ Impacts of various concentrations of ZnNP, ZnONP, dissolved Zn in NP solutions, ZnO, and
Zn salts on % germination of P. tabacina spores. Figure 2A is for ZnNP, and 2B for ZnONP. The
control bars (left, diagonal hatch) represent % germination in water. The solid white bars represent
un‐centrifuged (dissolved) Zn in ZnNP and ZnONP preparations. Results are the mean of 3 or 4
independent experiments, with standard deviations. Data followed by different letters are
significantly different from each other (p<0.05) according to Duncan’s test.
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Figure 3 – Impacts of various concentrations of ZnNPs, ZnONPs, dissolved Zn in
respective NP solutions, and Zn salts on % inhibition of P. tabacina caused blue
mold disease on tobacco plants. The control bar (solid, black) represents %
infection in water. Figure 5A shows data for ZnNPs and 5B for ZnONPs. Bars ‐ from
left to right – represent treatments with; water (black), NPs in water (blue),
dissolved Zn in NP solutions; ZnCl2 and ZnSO4.7 H2O (the latter two as Zn
equivalents to NP concentrations. 5B is as in 5A, but for ZnONPs. Results are the
mean of 3 or 4 independent experiments, with standard deviations.
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Figure 4 – Hyphal inhibition assay of Rhizoctonia solani (target spot). Controls are water
and ZnNP samples are 65ppm ZnNPs in water. Arrows show the zone of inhibition
caused by ZnNPs diffusing away from the filter paper disk, showing inhibition of hyphae
by ZnNPs.
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