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Objectives 

1. Develop new sanitation treatments with residual 
effects on fruit and equipment   

2. Identify and develop residual fungicides with new 
modes of action  

3. Identify and optimize new practices for application 
to improve performance of new and old products  

4. Compatibility of new products with existing 
products being used in the packinghouse such as 
fruit coatings and sanitizers and evaluation of 
delivery systems that optimize performance.  

Problem and Significance 

Postharvest decays remain one of the most 
economically important problems to the California 
citrus industry. Decayed fruit during postharvest 
handling and marketing can be considered a failure 
in the economic investment from crop production to 
marketing. With new fungicide box labeling 
guidelines available, the full investment of 
developing six new fungicides with different spectra 
of activity as compared to thiabendazole and 
imazalil in the last 13 years can be utilized.   

Benefit to Industry 

Effective fungicides when properly applied can 
improve fruit shelf-life and quality at the final market 
destination. Losses and claims can be reduced to a 
minimum, and the shipping season can possibly be 
extended. New ways to manage fungicide 
resistance can be pursued with new modes of action 
that are effective against resistant pathogen 
populations. More flexibility in postharvest 
treatments is possible due to new box labeling 
guidelines.   

 

Progress Summary 

Develop new sanitation treatments with residual 
effects on fruit and equipment. Preharvest 
treatments with sanitizer and sanitizer-fungicide 
mixtures to reduce inoculum on fruit and ultimately 
reduce postharvest decays were concluded. Five 
studies were conducted on oranges, mandarins, and 
lemons. Treatments were applied in the field to 
inoculated fruit just before harvest, and harvested 
fruit were wounded and incubated for decay 
development. The new sanitizing agent EXP FP 
used by itself was highly effective against sour rot. 
Decay was reduced from 62.8% in the untreated 
control to 10.9% and 1.8% using sanitizer 
concentrations of 1% and 3%, respectively. For 
green mold, higher concentrations were needed to 
reduce fruit decay to low levels. Decay incidence 
was 11.9% using 3% EXP FP and was 2.4% using 
4% EXP FP, as compared to the untreated control 
with 67.5%. When EXP-FP was applied together 
with 14 fl oz Quadris Top™/A, similar results were 
obtained for sour rot, however, the mixture was more 
effective against green mold (Figure 1).  

Figure 1. Efficacy of a 1-day PHI preharvest application 
with sanitizers and a fungicide for managing postharvest 
green mold and sour rot. Data are the average for 5 trials 
conducted on oranges, mandarins, and lemons. 

Concentrations of 3% and 4% EXP FP + Quadris 
Top™ resulted in 0% and 5% sour rot and 1.8% 
and 0% green mold, respectively. Using PAA (211 
parts per million [ppm])-Quadris Top™, 2.2% of fruit 
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developed sour rot, and green mold was completely 
inhibited. 

In summary, preharvest sanitizing treatments have 
potential to be part of integrated postharvest decay 
management. Additionally, because smaller 
populations of the pathogens will be exposed to 
postharvest fungicide treatments, they can also 
reduce the risk of resistance development. Although 
the addition of Quadris Top (a FRAC code 3/11 
fungicide) to the sanitizer increased the efficacy 
against green mold, this treatment is only 
recommended when there are delays in processing 
harvested fruit, and it should only be used once in 
the field per season (no repeated applications) 
because the same FRAC codes are also used in 
postharvest treatments (i.e., imazalil, propiconazole 
are FRAC 3, and azoxystrobin is FRAC 11). Field 
exposure to a FRAC code that is also used 
postharvest should be avoided to minimize selection 
pressure to the pathogen population.  

Identify and develop residual fungicides with 
new modes of action. Because we detected 
isolates of G. citri-aurantii with reduced sensitivity to 
propiconazole in packinghouse surveys in 2020, we 
investigated if these isolates can still be managed 
using propiconazole or the new EXP-2020. We 
demonstrated previously that the performance of 
propiconazole spray treatments was reduced 
against a resistant isolate of G. citri-aurantii (EC50= 
2.5 ppm in comparison to 0.2 ppm for a sensitive 
isolate). The new EXP-2020, however, was effective 
against sour rot caused by propiconazole-sensitive 
and -resistant isolates, and mixtures of EXP-2020 
and propiconazole were highly effective in managing 
sour rot. The results indicate that decay caused by 
the resistant isolate could not be controlled by 
propiconazole even when used at 1250 ppm (Figure 
2, orange line). The incidence of decay of lemon fruit 
decreased linearly, however, with increasing 
concentrations of EXP-2020 and the 1:1 mixture of 
propiconazole and EXP-2020 for both sensitive and 
resistant isolates. Treatments with EXP-2020 by 
itself (yellow line) or mixed at a half rate with 
propiconazole (green line), reduced decay caused 

by the resistant isolate to low levels when EXP-2020 
was used at >1000 ppm.  

Figure 2. Linear regressions of incidence of sour rot of 
lemon caused by PPZ-sensitive (S) and -resistant (R) 
isolates of Geotrichum citri-aurantii on the concentration 
of EXP-2020, propiconazole, or EXP-2020/ propiconazole 
mixtures used in spray-treating fruit. In the mixture 
treatments, each fungicide was used at half rate. 

Figure. 3. Efficacy of dip treatments with EXP-2020 
against sour rot of lemon caused by PPZ-sensitive (EC50 
= 0.2 ppm) and -resistant (EC50 = 2.5 ppm) isolates of 
Geotrichum citri-aurantii.  

In dip studies, EXP-2020 at 150 to 500 ppm 
effectively reduced decay caused by isolates of G. 
citri-aurantii sensitive or resistant to propiconazole 
(Figure 3). This demonstrates that moderate 
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resistance to propiconazole can still be effectively 
managed with EXP-2020.  

IR-4 studies with the new EXP-2020 are midway of 
being completed nationwide. Lemon and grapefruit 
studies were done in late winter and spring of 2021, 
and the orange studies are planned for the fall of 
2021 and winter of 2022. Sixteen GLP-residue 
studies will need to be done in total and include 
several “decline studies” to demonstrate residues of 
the fungicide over time. The analytical-phase 
laboratory studies for all samples are planned for 
2022 with a completed report to the Environmental 
Protection Agency (EPA) in 2023. 

In anticipation of managing resistant populations of 
the sour rot pathogen, a Section 24(c) or Special 
Local Need was prepared and submitted to CA 
Department of Pesticide Regulation and the US EPA 
through California Citrus Quality Council and 
approved by the registrant. Because the current 
label allows for two applications at 64 fl oz/250,000 
lb of fruit with one application before storage and a 
second one after storage, we requested a single 
application of propiconazole going into storage at 
128 fl oz/250,000 lb. Four experimental packingline 
and residue studies were performed that 
demonstrated that the requested rate did not exceed 
the existing tolerance on lemon of 7 mg/Kg of fruit 
(ppm) on non-washed and washed fruit. Once fruit 
were washed, which is the standard practice of fruit 
coming out of storage, residues were ≤ 1 mg/Kg. We 
expect approval of this request later this year.  

Identify and optimize new practices for 
application to improve performance of new and 
old products. Incidence of blue mold and whisker 
mold caused by Penicillium italicum and P. ulaiense, 
respectively, has been recently observed more 
frequently on stored lemons with sour rot rather than 
P. digitatum. Therefore, we evaluated commercial 
packinghouse treatment sequences of soda ash 
followed by Graduate A+ with one of two rates of 
fludioxonil for managing these two decays using 
inoculated fruit. In the untreated control, blue mold 
incidence was 90.5%, whereas whisker mold 

incidence was 72.6%. Both rates of fludioxonil 
significantly reduced the two decays from that of 
control fruit (Table 1) and thus, this fungicide can 
manage these decays when applied to inoculated 
fruit. The increased occurrence of these Penicillium 
decays may be due to the increased incidence of 
sour rot and the detection of propiconazole 
resistance in G. citri-aurantii in long-term lemon 
storage rooms last summer when marketing slowed 
during the pandemic. These Penicillium spp. can 
also grow as secondary organisms on the juices of 
sour rot-decayed fruit and may not always be the 
primary pathogens. Therefore, the increased 
occurrence observed may not be because they are 
causing primary decay, but because they are 
developing as saprophytes.  

Table 1. Efficacy of commercial packinghouse treatment 
sequences of soda ash followed by one of two rates of 
fludioxonil for managing blue mold and whisker mold.  

 

Compatibility of new products with existing 
products being used in the packinghouse such 
as fruit coatings and sanitizers and evaluation of 
delivery systems that optimize performance.  

We initiated this objective in our evaluations of EXP-
2020 in different fruit coatings this past spring. We 
used the new fungicide in aqueous applications as 
well as in storage and packing fruit coatings to 
determine residues but also to evaluate its efficacy 
and sporulation control. Treatments compared 
included imazalil, propiconazole, EXP-2019, and 
EXP-2020 against green mold. Additionally, imazalil 
and EXP-2020 were evaluated for sporulation 
control of an imazalil-sensitive isolate of P. digitatum 
using standard procedures and were shown to be 
very similar. Currently, additional storage and pack 
waxes from different service companies are being 
evaluated, and these studies are ongoing. 

Graduat A+ in storage 
wax Rate (ppm)

Blue 
mold LSD

Whisker 
rot LSD

Control ---- 90.5 a 72.6 a
Fludioxonil/Azoxystrobin 1000/1000 7.1 b 4.8 b
Fludioxonil/Azoxystrobin 2000/1000 10.7 b 2.4 b

Incidence (%)Treatment
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Similarly, mixtures of EXP-2020 with sanitation 
products such as sodium hypochlorite, peroxyacetic 
acid (PAA), and EXP-FP, a new experimental 
sanitizer, are being evaluated. Evaluations of 
applications systems of EXP-2020 such as 
controlled droplet application, drench, and T-Jet 
comparisons are ongoing tasks that need to be 
conducted. 

Testing new innovations in fruit coating 
technology that may be inhibitory to decay 
pathogens or stimulate the systemic acquired 
resistance (SAR) of the fruit. We have contacted 
several companies to evaluate their natural products 
and fruit coatings that may be inhibitory or stimulate 
SAR responses. To date, no one has been willing to 
provide a fruit coating for our evaluation in managing 
postharvest decays of citrus. There are several SAR 
(conventional and organic) and biological products 
that we have or that we are planning to evaluate. 
Some of these alternatives to traditional fungicides 
are natural products and may help the organic 
packing of citrus fruit. 

Unfortunately, the biological products that we did 
evaluate (i.e., Bacillus subtilis -Theia and 
Pseudomonas chlororaphis strain AFS009 – Howler, 
both supplied by AgBiome Inc.) did not reduce green 
mold decay as compared to the non-treated control. 
Sour rot was significantly reduced from 95% in the 
control to 78% and 71% incidence by the two 
treatments, respectively. These levels of decay 
management, however, are not acceptable or 
economically feasible for commercial use. 
Evaluation of SAR products is currently ongoing. 

Conclusions 

This project will continue next year as part of the Pre- 
and Postharvest Citrus Disease Management Core 
Program. Over the course of this project, several 
new postharvest fungicides were developed 
including azoxystrobin, fludioxonil, natamycin, 
pyrimethanil, potassium phosphite, propiconazole, 
and we are continuing to develop new fungicides 

such EXP-2020. Development included efficacy 
studies, identifying the spectrum of activity, 
determining the resistance potential, evaluation of 
fungicide compatibility with fruit coatings and 
sanitation treatments, and nomination and 
registration through IR-4 and private companies, 
providing information to establish MRLs, and 
providing the necessary stewardship practices for 
sustainability of decay management. As a service, 
we continued to assist the service companies and 
packinghouses on the levels of resistance detected 
to any of the registered fungicides used and provide 
guidance for proper rotations and application 
strategies.  

New sanitation treatments were evaluated and 
proposed for pre- and postharvest uses. Bacterial 
contamination of packinghouses was assessed for 
ozonation and UV treatments along with traditional 
oxidizing agents such as sodium hypochlorite and 
peroxyacetic acid. New sanitizers were also 
introduced including the combination of organic 
acids and adjuvants (e.g., SDBS).  

CRB Project # 5400-162 

Publications and Presentations 

Chen, D., Förster, H., and Adaskaveg, J. E. 2021. 
Baseline sensitivities of major postharvest 
pathogens of citrus, pome, and stone fruits to 
natamycin and estimation of the resistance potential 
in Penicillium digitatum. Plant Disease, 105: 2114-
2121. 

Chen, D., Förster, H., and Adaskaveg, J. E. 2021. 
Natamycin, a biofungicide for managing major 
postharvest fruit decays of citrus. Plant Disease, 
105:1408-1414. 

Chen, D., Förster, H., Nguyen, K., and Adaskaveg, 
J. E. 2021.Organic acid sanitizers for natamycin and 
other fungicides in recirculating application systems 
for citrus postharvest decay management. Plant 
Disease, 105: In Press.

 


