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Identifying Drosophila Suzukii Attractants from Preferred Fruits and Yeast

1 Syed for Improved Monitoring and Management 57,172.00 $57,172.00
Management & Epidemiology of Pre- & Postharvest Foliar & Fruit
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OR Funding: $10,000 NW Total Requested:
7 Beers/Eastwell Developing a Management Strategy for Little Cherry Disease 10,000.00 | $ 10,000.00 | WA Funding: $43,479 $63,479
NW Total Requested:
8 Wang Extending Storage/Shipping Life and Assuring Good Arrival of Cherry 8,000.00 | $ 8,000.00 | OR Funding: $16,466 $24,466
Postharvest Systems-Based Treatment of California Sweet Cherries for
9 Walse Brown Marmorated Stink Bug 7,198.00 | $ 7,198.00
OR Funding: $50,368 NW Total Requested:
10 Einhorn Early Season Estimation of Fruit Set and Size Potential 5,000.00 | $ 5,000.00 WA Funding: $5,596 $60,964
Ovicidal/Larvcidal Efficacy of Danitol and Malathion for the Control of
11 Van Steenwyk Spotted Wing Drosophila 2,000.00 $2,000.00
12 Follett Phytosanitary Irradiation Using a Cabinet X-ray Tube Machine 11,100.00 $11,100.00
Engineered Transgenic Drosophila Suzukii for Wild Population
Suppression and Eradication: Production, Performance Assessment and
13 Akbari/Hay Effective Wild Releases 61,000.00 $70,150.00
Investigating Biological Controls to Suppress Spotted Wing Drosophila
14 Daane Populations 37,431.00 $37,431.00
324,781.05 $333,931.05
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Project Summary of Accomplishments
Objective 1. Identify fungi and bacteria associated with cherry cankers in CA.

Isolations from diseased wood in 2014 continued to yield Calosphaeria, Cytospora, and Eutypa
from all production areas. From two orchards in Stockton, we continue to recover Alternaria at a
high rate and isolates do cause cankers in cherry branches. However, we consider Alternaria to
be secondary and we are not doing anything with it currently. We recovered Botryrosphaeria sp
from one orchard and Phomopsis viticola from another. Both are demonstrated pathogens but
not prevalent.

Isolations for Pseudomonas syringae were negative nearly all cankers leading to the conclusion
that fungal cherry cankers are not associated with bacterial canker.

Objective 2. Implement cultural practices to reduce risk of infection with Calosphaeria
canker, Eutypa dieback, and Leucostoma (Cytospora) canker.

In order to have successful control of canker problem in sweet cherries, implementation of an
integrated approach using cultural practices and chemical control measures is advisable.
Knowing the biology of the pathogen is absolutely necessary for implementing effective and
integrated control measures. To this end, in our current studies we studied the effect of
temperature on lesion length development for three main canker causing fungi Eutypa lata,
Leucostoma persoonii (Cytospora) and Calosphaeria pulchella. Accordingly, our results, showed
fungal growth and canker formation occurs over a wide range of temperatures ranging from 60-
80 F; however, temperatures between 70-75 °F were ideal for Eutypa lata and Leucostoma
persoonii. Calosphaeria pulchella had a more irregular growth pattern and was more active at
higher temperatures (80°F). These results indicate that pruning wounds that are made when the



average daily temperatures are less than 50°F will have less of a chance of becoming infected
due to the negative action of cold temperatures on spore release and infection. Therefore, it
makes sense that with summer pruning when temperatures are moderate, followed by sprinkler
irrigation which releases spores of the fungal pathogens, there is going to be the potential of
higher disease levels.

Which is most important, temperature or water? Right now | would have to say water because
without it, the fungi can do nothing i.e. release spores or infect wood. Also temperatures are not
so cut and dried since infection can occur over a pretty wide temperature range.

In addition to temperature, abundance of free water was shown to be the important means of
fungal spore dispersal, as well as a favorable condition for fungal infection. Based on our studies,
solid sprinkler irrigated orchards, on average, had almost twice as many cankered branches
compared to those with drip and microsprinkler irrigation. Even though the average number of
cankers in microsprinkler orchards were lower than solid set sprinklers, the difference between
the two types was not significant. The variability we observed could be due to the variability in
the angle of the water that was discharged from the nozzles and the proximity of the sprinklers
from the tree trunks. Further investigation on this matter is necessary. In addition, since the
pruning wounds are susceptible for such a long duration it might be more prudent to make sure
water in absolutely not getting above the lower trunk or use of splitters might be used to keep
water off the main tree.

Pruning diseased wood out of cherry trees is key to getting overall long term control. Due to
lack of systemic fungicides that can cure the cankered branches, elimination of the lesions is the
only way to stop the spread of the fungus inside the tree. Our study showed that most of the
pruning that is done in commercial orchards is apparently not aimed at complete elimination of
the canker problem. In one site we found that the same number of cankers in trees two weeks
after pruning as it was before pruning. In another site pruning reduced the number of cankers
from an average of 22/tree before pruning to 7/tree after pruning. Though this latter pruning was
better, there are still too many cankers left in the trees after pruning. This latter branch disease
will move into scaffold branches. In the case of Calosphaeria this movement happens quite
rapidly.

This lack of disease elimination also effects fungicide trials. We know we cannot kill the
pathogens once they get in the wood, thus if treatments are applied to branches with disease it is
going to make the fungicides appear useless. This might explain the variation we have seen in
our fungicide work.

Equally as important as pathogen biology is the importance of the host biology and the
interaction between host and pathogen. Knowing the duration of wound susceptibility to Eutypa
lata, Leucostoma persoonii (Cytospora) and Calosphaeria pulchella is instrumental in terms of
knowing the biology of the host wound healing process and the interaction of the wounded
branches of the host with any of the three pathogens. Our results indicate that pruning wounds of
sweet cherry trees remain susceptible to Eutypa lata, Leucostoma persoonii (Cytospora) and
Calosphaeria pulchella over the course of twelve weeks and longer. It is worthy to note that
disease incidence for all three fungi is reduced significantly as wounds age.



Implementing measures such as using drip irrigation, scheduling the pruning based on the time
of year, weather forecast to assure the absence of precipitation, using pre-pruning sprinkler
irrigation during the summer, and favorable temperatures immediately before and after pruning,
as well as preventing the exposure of the recent pruning wounds with the aforementioned
disease-conducive weather conditions are integrative management measures.

Objective 3. Implement chemical control methods against Calosphaeria canker, Eutypa
dieback, and Leucostoma (Cytospora) canker.

Based on our results, treating pruning wounds with fungicides will further protect the wounds
and will lower disease incidence.

Our fungicide trials showed that almost all tested fungicides reduce disease incidence caused by
Eutypa lata, Leucostoma persoonii (Cytospora) and Calosphaeria pulchella. Some of the
fungicides had 100% control (0% disease incidence) when applied to pruning wounds that were
inoculated by natural inoculum. Rally at 6.0 oz + Topsin at 1.5# per acre (one and two
applications), Rally at 0.45g/500mL (only when applied twice in 14 days intervals) and Topsin at
1.999/500mL were fungicidal treatments that had 0% disease incidence. Using paints and
sealants, such as Farwell's Grafting Seal, was shown to be ineffective if used without amending
with fungicides. Mixing Farwell's Grafting Sealant with Rally at 0.45g/500 ml + Topsin at
1.999/500 ml and Topsin at 1.99g/500 ml gave 100% disease control in Vitro trials. More field
trials are needed to fine tune the fungicide rates to increase their efficacy.



2014 Report

Objective 1. Identify fungi and bacteria associated with cherry cankers in CA.

Objective 2. Implement cultural practices to reduce risk of infection with Calosphaeria
canker, Eutypa dieback, and Leucostoma (Cytospora) canker.

Objective 3. Implement chemical control methods against Calosphaeria canker, Eutypa
dieback, and Leucostoma (Cytospora) canker.

Problem and Significance:

California is the second largest sweet cherry producer in the US with approximately 10,800
ha and an average annual crop value of about $200 million. Perennial canker diseases constitute
major threats to the cherry industry productivity by reducing tree health, orchard longevity and
yields. Recently, we described Calosphaeria canker caused by Calosphaeria pulchella as a new
and widespread canker disease of sweet cherry (Prunus avium L.) in California (Trouillas et al.,
2010). Additional pathogens reported to occur in cankers in sweet cherry in California have
included Eutypa lata and Leucostoma persoonii (Cytospora). The epidemiology of these
pathogens has been studied and there is evidence that spores are released in response to wetting
caused by rain or irrigation, thus dispersing by wind or rain splashing. Infection normally occurs
during the pruning season when fresh pruning wounds become exposed to spores. In California,
release and dispersal of spores of L. persoonii occur during rain in all seasons (Bertrand and
English, 1976). Eutypa lata spreads to new pruning wounds by wind-driven ascospores released
during fall and winter rains (Ramos et al., 1975). Similarly, high spore concentrations of C.
pulchella are found in California cherry orchards throughout the rainy season and during
sprinkler irrigation events in the spring and summer months (Trouillas et al., 2012).

Systematic pruning in summer and winter is widely implemented in sweet cherry orchards in
California to keep trees to a suitable size, promote branching and early maturing of sweet
cherries. Sprinkler irrigation also is broadly utilized. Based on previous studies we postulated
that the implementation of tree pruning and generalized use of sprinkler irrigation in sweet
cherry orchards in California have favored an outbreak of canker diseases.

Protection of pruning wounds with fungicides may reduce infection by fungal pathogens.
However, this can be problematic because of the limited number of effective registered products
and the limited duration of protection.

The objectives of this study are to (i) Identify fungi associated with cherry cankers in CA.
(i) Determine the role of other fungi in cherry cankers. (iii) Implement chemical control
methods against Calosphaeria canker, Eutypa dieback, and Leucostoma (Cytospora) canker.

Growth Chamber Experiment

Procedure

In order to evaluate the effect of temperature on disease severity and lesion expansion growth
chamber trials were established. Three main causal agents, namely Eutypa lata, Leucostoma
persoonii (Cytospora) and Calosphaeria pulchella were used in this experiment. Two-three year



old sweet cherry branches were cut into 12-inch segments and all leaves were removed. The
branches were soaked in a 10% bleach solution for 15 minutes and then rinsed with sterile
distilled water. After air-drying, both ends of the woods were dipped in paraffin wax to prevent
desiccation. The wood was inoculated by mycelial agar plugs that were placed in 4mm wounds
made near the middle of each branch. The inoculated wounds were wrapped with parafilm and
wood was placed in 12 X 9 inch plastic boxes with lids in place (crispers). Four wood segments
were inoculated by each fungal isolate per given temperature. The crispers were incubated in
growth chambers at 5, 10, 15, 20, 25 and 30°C.

Results

Temperatures of 20-25 °C were ideal for fungal growth (Figure 1). Using ANOVA, these
differences were significantly different at p<.0001. Overall fungal development was highest at
25°C and the lesion length difference at this temperature was significantly different than those of
15, 20 and 30°C.

Eutypa and Cytospora had the most growth at 25°C and their lesion lengths were significantly
different (p<.0001) than Calosphaeria. Similarly at 20°C Eutypa and Cytospora had significantly
more growth than Calosphaeria (p<.0001). At 30°C, Cytospora and Eutypa had slower growth
than Calosphaeria. At 30°C, the lesion length differences between Eutypa and Calosphaeria was
statistically significant (p<0.0004). The trend line on the graph (Fig.1) indicates the development
of lesion length pattern as the temperature increases in 5°C increments.

Figure 1. Lesion length development of Eutypa lata, Calosphaeria puchella and Leucostoma
personii (Cytospora) at different temperatures. The best fit line (perforated line) indicates the
trend of lesion length development by Cytospora (green), Eutypa (blue) and Calosphaeria (red).
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Drip vs Sprinkler Trial- Statewide Survey

Procedure

In July and August 2014; Drip, micro-sprinkler and solid sprinkler irrigated orchards were
surveyed in Contra Costa, San Joaquin, Sacramento and Fresno counties to assess disease
incidence in orchards. In each orchard with their corresponding irrigation type, forty trees were
surveyed for number of visible cankers. The trees were chosen at random. Approximately
twenty five samples of cankered branches were collected and returned to the laboratory for
assessment of the type of fungus that caused the canker. Wood samples were surface sterilized
using ethanol and flaming. Wood chips from necrotic lesions were plated onto PDA-tetracycline
plates. The recovered fungi were identified using physical properties and/or by molecular
techniques. Some of the isolates were used in fungicide efficacy experiment (Automated Spiral
Plater).

Results

Drip orchards had significantly fewer cankers than sprinkler orchards, (P<0.0500) (Figure 2).
Even though microsprinkler irrigated orchards on average had fewer cankers than solid sprinkler
irrigated orchards, the differences were not statistically significant. Similarly the differences
between Drip and micro-sprinkler irrigated orchards were not significant.



Figure 2. Average number of cankers per tree in drip, microsprinkler and sprinkler irrigated
orchards.
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Overall there was some difference in average number of cankers in orchards located in different
counties (Fig. 3); however these differences were not statistically significant. The only
significant difference was between Contra Costa and San Joaquin counties. Eight out of ten
orchards that were surveyed in Contra Costa County were microsprinkler and one was drip
irrigated. In San Joaquin County, almost fifty percent of orchards that were visited were sprinkler
irrigated. The difference in irrigation type can be a major factor in disease incidence.



Figure 3. Average number of cankers per tree in Contra Costa, San Joaquin, Sacramento and
Fresno Counies.
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After Pruning Canker Assessment

Two orchards located in Linden that were previously surveyed were randomly chosen and
revisited after the winter pruning was completed in these orchards. The procedure for surveying
these two orchards after pruning was similar to our summer surveying procedure.

Results

One of the two orchards (Linden 1 in Figure 4) had an average of the same number of cankers
after pruning as it had before pruning. The second orchard (Linden 2 in Figure 3) had
approximately 60% less cankers after pruning. This difference was statistically significant
(p<.0001. However, what this says about the pruning is that not all infections are being pruned
out of the trees and this probably accounts for what we are seeing in terms of the amount of
disease and how fast it seems to be moving in a branch. In other words what we have been
seeing is not new infections as we had previously thought but one year old or older wounds that
simply are continuing to progress.



Figure 4. Average number of cankers per tree in two orchards in Linden before and after pruning.
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Pruning Wound Protection Trials

Several field trials have been conducted evaluating fungicide efficacy against canker pathogens.
Field trials were established in Davis, Brentwood and Linden, CA in sweet cherry orchards
(Prunus avium cv. Bing). For all fungicide trials, fresh stub cuts were made on two to three
year-old wood in cherry orchards. Liquid formulations of fungicides were sprayed in a single or
with repeating (shown as 2x in following sections) applications with 14-day intervals with 500
ml spray bottles immediately after pruning. After several months, treated branches were
collected and returned to the laboratory for assessment of fungal colonization and wound
protection. Wood samples were surface sterilized using ethanol and flaming. Wood chips from
necrotic lesions were plated onto PDA-tetracycline plates. Fungicide efficacy was estimated by
the number of fungal colonies of the various pathogens developing from plated tissues.



Natural Inoculum Fungicide Trial; Davis — March 2014

Procedure

Fresh pruning wounds (stub cuts) were made on two to three year old wood in Davis in March
2014. For each treatment, 20 stub cuts were treated. Liquid formulations of Rally at 0.45g/500m
+ Topsin at 1.999/500mL, Rally at 0.45g/500mL, Topsin at 1.999/500mL, Orbit at
0.63g/500mL, Luna Sensation at 0.63g/500mL and Cannonball at 0.53g/500mL were sprayed
with 500 ml spray bottles immediately after pruning. Two weeks later, half of the branches were
treated with second application of the same fungicides with the same rates. After six months
treated branches were collected and returned to the laboratory for assessment of fungal
colonization and wound protection. Wood samples were surface sterilized using ethanol and
flaming. Wood chips from necrotic lesions or vascular discoloration just below the pruning
wounds were plated onto PDA-tetracycline plates. Fungicide efficacy was estimated by the
number of fungal colonies of the various pathogens developing from plated tissues.

Results

As shown in Figure 5, Eutypa was the most prevalent pathogen recovered from cankers in this
trial. The incidence of Calosphaeria and Eutypa infection were reduced by fungicide treatment.
(Figures 6 and 7). As shown in Figure 5, stub cuts treated with Rally + Topsin , Rally, Topsin,
Orbit, Luna Sensation and Cannonball and treatments that received a second spray (except for
Luna Sensation) were not infected by Calosphaeria. The differences in effect of fungicide on
Calosphaeria was significant (p<0.0087). For Eutypa, Rally+Topsin, Rally+Topsin (2x), Rally
(2x), Topsin, and Luna Sensation (2x) protected the stub cuts from this pathogen. The
differences in fungicide effect on Eutypa was significant (p<0.0011). Rally+Topsin (2x), Luna
Sensation and Cannonball treated stub cuts were not infected by Cytospora (Figure 8). There was
no significant difference in fungicide treatments for Cytospora. When data for all 3 pathogens
were combined, treatment means were significantly different (p<.0.0005).
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Figure 5. Percent of stub cuts forming cankers using natural inoculum-Davis, March, 2014

80
70
60
50
40
30
20

10

Calosphaeria Cytospora Eutypa

Figure 6. Percent of stub cuts developing cankers caused by Calosphaeria puchella in fungicide
trial using natural inoculum in Davis fungicide trial, March 2014.
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Figure 7. Percent of stub cuts developing cankers caused by Eutypa lata in a fungicide trial using
natural inoculum in Davis fungicide trial, March 2014.
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Figure 8. Percent of stub cuts developing cankers caused by Leucostoma persoonii (Cytospora)
in a fungicide trial using natural inoculum in Davis fungicide trial, March 2014.
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Natural inoculum Trial Linden — March 2014

Procedure

In March 2014, 240 stub cuts were made in Linden, CA. Eighty stub cuts each were sprayed
with the following treatments: Rally at 0.45g/500 ml + Topsin at 1.999/500 ml, Rally at
0.45g/500 ml + Topsin at 1.999/500 ml and a control (no fungicide). Second application of the
same treatments were done 14 days later. After several months, treated branches were collected
and returned to the laboratory for assessment of fungal colonization and wound protection. Wood
samples were surface sterilized using ethanol and flaming. Wood chips from necrotic lesions
were plated onto PDA-tetracycline plates. Fungicide efficacy was estimated by the number of
fungal colonies of the various pathogens developing from plated tissues.

Results

Cytospora was the most common pathogen isolated from lesions . All three fungi were reduced
by fungicide treatments (Figures 9-11). As shown in Fig. 9, stub cuts that received one time and
two times applications of Rally+Topsin treatment were not infected by Calosphaeria. The
differences between two treatments was not significant. In Cytospora (Fig.11), two applications
of Rally+Topsin in 14-days interval significantly reduced (53%) the percent of infected stub cuts
compared to the single treatment. The differences in percent of infected stub cuts were
significant (p<0.0202) between treatments and the control. In Eutypa, stub cuts that received two
treatments of the fungicide in 14-days interval were not infected. Stub cuts that received one time
treatment of Rally+Topsin had 48% less infection than control (Fig. 10). The differences
between treatments and the control was significant (p<0.0159).
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Figure 9. Percent of stub cuts developing cankers caused by Calosphaeria puchella in fungicide
trial using natural inoculum in Linden fungicide trial, March 2014.
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Figure 10. Percent of stub cuts developing cankers caused by Eutypa lata in fungicide trial using
natural inoculum in Linden fungicide trial, March 2014.
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Figure 11. Percent of stub cuts developing cankers caused by Leucostoma persoonii (Cytospora)
in fungicide trial using natural inoculum in Linden fungicide trial, March 2014.
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Davis Pruning Wound Susceptibility Trial — February 2014

Procedure

Two hundred eighty eight pruning wounds were made on February 14, 2014 in Davis. Every
week, a subset of eight branches per pathogen was inoculated with Eutypa, Cytospora, or
Calosphaeria for a total of 24 branches. Mycelial plugs were placed on the pruning wounds and
covered with parafilm. This process was repeated every week for twelve weeks. Four months
after the last pruning wounds were inoculated, the treated branches were removed. Wood
samples were surface sterilized using ethanol and flaming. Wood chips from necrotic lesions or
vascular discoloration just below the pruning wounds were plated onto PDA-tetracycline plates
to look for fungal growth.

Results

Results show Calosphaeria and Eutypa can infect twelve week old pruning wounds. However, as
it is shown by the descending trend line in Fig. 19, susceptibility declined over the twelve week
period for both pathogens. Cytospora was able to infect stub cuts up to eleven week. The steeper
declining trend line (green line) indicates more reduction in infectivity by Cytospora (Figure 12).
The differences in disease incidence caused by Eutypa and Cytospora were significant (p<0.0001
for Cytospora and 0.0007 for Eutypa) but not significant for Calosphaeria.
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Figure 12. Stub cut susceptibility to Calosphaeria, Cytospora and Eutypa through twelve weeks.
The best fit line (perforated line) indicates the descending trend in percent of stub cuts infected
by Calosphaeria (blue line), Eutypa (red line) and Cytospora (green line).
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In Vitro (Bottle) Fungicide Trials
Farwell's Grafting Seal

Procedure

In order to assess the efficacy of Farwell's Grafting Seal, a sealing product that is commonly
used for sealing pruning wounds by cherry growers, a bottle trial was established. Two and three
year old cherry branches were cut in about one inch pieces and autoclaved twice. Farwell's
Grafting Seal, Sealant+ Rally at 0.45g/500mL, Sealant + Topsin at 1.999/500mL, Sealant + Rally at
0.459/500mL+ Topsin at 1.999/500mL and a control (no sealant/fungicide) were the five treatments
tested in this trial. Eutypa lata, Leucostoma persoonii (Cytospora), Calosphaeria pulchella, were
cultured in bottles containing PDA tetracycline medium. Three replications of each treatment
were used in this trial. After one week of incubation period and fungal colony growth, cut cherry
wood was submerged in fungicide solutions and placed in the bottles. The fungal growth on the
wood was estimated on a weekly basis.

Results
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The sealant treated wood had less mycelial coverage compared to the control. However,
Compared to Sealant + Topsin at 1.99g/500mL and Sealant + Rally at 0.45g9/500mL+ Topsin at
1.999/500mL that had no mycelial coverage the sealant treatment had significantly more (p<0.0001)
myucelial coverage (Fig. 13). Sealant+ Rally also reduced the mycelial coverage, but this treatment was
not significantly different than the sealant alone.

Figure 13: Percent coverage with fungal mycelium of Eutypa lata, Leucostoma persoonii
(Cytospora), Calosphaeria pulchella on woods treated with Sealant with and/or without
fungicide three weeks after wood exposure to the fungi.
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Vapor Gard

One of our objectives of past year’s research was to screen different products that can be used by
both organic and conventional growers for controlling canker problem. After testing number of
natural products including different essential oils, fertilizer formulations and mineral oils (the
results are not shown) Vapor Guard was found to be effective against canker causing fungi when
applied as concentrated (stock) solution in our preliminary in vitro trials. Vapor Gard is an
organic (pine derivative) product that is used as an anti-transpirant agent in agricultural and
horticultural production. In order to assess the efficacy of diluted form of this product an in vitro
trial was established.

Procedure

Two and three year old cherry branches were cut in about one inch pieces and autoclaved twice.
Concentrated Vapor Gard, diluted Vapor Gard (1:10) and a control were the three treatments tested
in this trial. Eutypa lata, Leucostoma persoonii (Cytospora), Calosphaeria pulchella, were
cultured in bottles containing PDA tetracycline medium. Five replications of each treatment were
used in this trial. After one week of incubation period and fungal colony growth, cut cherry wood
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was submerged in Vapor Gard solutions and placed in the bottles. The fungal growth on the
wood was estimated on a weekly basis.

Results

Woods treated with concentrated (stock) form of Vapor Gard had no Eutypa mycelial coverage
(Figure 14). Calosphaeria and Cytospora mycelial coverage was also significantly reduced (90
and 70%) compared to control and the diluted formula (p<0001). The Diluted Vapor Gard

Reduced the Calosphaeria mycelial coverage by 28%, but did not have significant difference by
control.

Figure 14. Percent coverage with fungal mycelium of Eutypa lata, Leucostoma persoonii

(Cytospora), Calosphaeria pulchella on woods treated with Vapor Gard three weeks after wood
exposure to the fungi.
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Brentwood Vitiseal Trial- August 2014

A Vitiseal fungicide trial is still in progress in Contra Costa. The results of this trial will be
submitted upon completion.

Discussion

Cherry canker diseases have been highly problematic in Central California. Fungicide trials
using artificial inoculum show fungicides are effective in controlling canker formation.
Fungicides in natural inoculum trials were shown effective against Eutypa. Future research will
focus on bacterial isolations. To date, the three primary cherry canker pathogens are Eutypa lata,
Leucosoma persoonii and Calosphaeria puchella.
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Many factors influence canker formations. Sprinkler irrigation, pruning, debris piles near
orchards, and spreading woodchips on orchard floors all potentially contribute to canker
formation. We recommend using drip irrigation, following pruning with a fungicide treatment,

and removing debris piles from orchards.
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Summary

We continued our research on dormant, blossom, preharvest, and postharvest treatments for the

management of major foliar and fruit diseases of sweet cherry in California. We focused on bacterial blast
and canker, powdery mildew, brown rot blossom blight and fruit decays, and postharvest decays including
brown rot, gray mold, and Rhizopus rot.

1)

2)

3)

4)

In studies on bacterial canker and blast (flower infections) caused by Pseudomonas syringae pv.
syringae, the efficacy of copper treatments was compared to the antibiotics kasugamycin (Kasumin),
streptomycin and oxytetracycline, the biocontrols Actinovate and Botector, the plant extract Regalia,
and the new copper formulation MagnaBon.

a. Intwo small-scale field studies on cv. Coral, branch wounds were treated and inoculated. Kasumin

was the most effective treatment of the single-treatments. Kasumin mixed with streptomycin,
Actinovate, or Botector also significantly reduced the incidence of canker development and canker
length

b. The incidence of blossom blast was very low in the spring of 2014. Data were obtained from

evaluation of developing fruit. Kasumin, oxytetracycline (Mycoshield), and Actinovate were
identified as effective treatments, whereas Kocide 3000 did not reduce the incidence of fruit with
blast symptoms. Oxytetracycline is currently in the IR-4 program for registration on cherry with
support from the registrants, the California Cherry Board, and other researchers in the North Central
and North Eastern regions of the US.

In powdery mildew studies, the disease developed at high incidence on leaves of water sprouts and then
on new shoots on terminal branches. The incidence of fruit infections was relatively low in 2014.

In a trial San Joaquin Co., the most effective treatments included the SDHI (FG 7)-containing
fungicides Fontelis, Luna Sensation, and Merivon, as well as selected DMI (FG 3)-containing
fungicides such as Rhyme, Procure, and Quadris Top (Fig. 4). Rotation programs of Merivon and
Vivando (FG U8) or of Luna Sensation and Serenade Optimum were also very effective; whereas the
Rovral-Quintec rotation showed reduced performance. Because of the potential of resistance to
single-site mode of action fungicides, FG 7 materials should be tank-mixed with FG 3 or FG 11
compounds. Pre-mixtures and tank mixtures should be used in rotation with other fungicides with
different modes of action. Vivando (FG U8) is potentially an excellent mix partner because of its
unique mode of action and specificity against powdery mildew fungi.

For brown rot and gray mold blossom blight, highly effective fungicides with excellent pre- and post-
infection activity included FG 7/11 fungicides (e.g., Luna Sensation, Luna Experience, Merivon) and
the FG 7 Fontelis. The FG 3 (DMI) fungicides Quash and Rhyme were very effective against brown rot
but also showed good efficacy against gray mold, whereas Ph-D was more effective against gray mold.
The natural product Fracture and the biocontrol yeast Botector showed intermediate efficacy and overall
performed quite well under these stringent experimental conditions.

Two field studies were conducted on the efficacy of preharvest fungicide treatments.
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a. Applications at 6-day PHI with a Ph-D/Elevate mixture, Quadris Top, Luna Experience, and the
new experimental EXP-1 by itself and mixed with Headline or EXP-2 provided excellent
protection against brown rot in wound inoculation studies using non-washed fruit. For gray
mold, only the Ph-D/Elevate mixture showed high efficacy in one of the trials. When non-
washed fruit were non-wound drop inoculated with M. fructicola, all fungicides evaluated
demonstrated high efficacy indicating that many of the newer fungicides have little locally
systemic activity.

b. When harvested fruit were washed for 5 min and then inoculated, Procure, Fontelis, Quadris
Top, the Ph-D/Tebucon mixture, and treatments that included the new experimental EXP-1 were
still highly effective in both wound- and non-wound inoculations with M. fructicola. None of the
fungicides was highly effective after fruit washing and wound-inoculation with B. cinerea.

These studies demonstrate that preharvest treatments can protect fruit from disease-causing organisms
before and during harvest. Postharvest decays, however, can still develop due to minor injuries that
occur during the bulk handling of fruit and the lack of local systemic action of some fungicides.

5) In laboratory studies on the evaluation of postharvest fungicides, we focused on two natural
fermentation products, polyoxin-D (Oso, Tevano, or CX-10440) and the experimental EXP-13.
Both compounds showed consistent high efficacy in reducing brown rot and gray mold when
inoculated fruit were treated 13 to 20 h after inoculation. Efficacy against Rhizopus rot, however,
was very inconsistent. With increasing emphasis on food safety and consumer concerns, treatments
like these with ‘exempt from tolerance status’ these may become important in the future. A generic
tebuconazole (Tebucon) was also evaluated and was comparable in efficacy to the previously registered
Elite.

INTRODUCTION

Overview. The goals of this project focus on improved pre- and postharvest management of
fungal and bacterial pathogens causing flower, foliar, fruit, and branch diseases of sweet cherry. For this,
we evaluated new fungicides, bactericides, natural products, and biologicals. Compounds used in our
2014 studies, including their trade names, active ingredients, and FRAC groups (FG) are summarized in
Table 1. Except for the pre-mixtures, all of the newer fungicides have a single-site mode of action. This
emphasizes the implementation of resistance management strategies to avoid the development of resistant
pathogen populations regardless of the effectiveness of the fungicides. The use of pre-mixtures with at
least two ingredients of different mode of action that are both active against the pathogen(s) reduces the
risk of resistance development. Merivon (fluxapyroxad + pyraclostrobin) and Luna Sensation (fluopyram
+ trifloxystrobin), are the newest of the pre-mixtures for sweet cherry after Pristine (boscalid +
pyraclostrobin), Quilt Xcel (azoxystrobin + propiconazole), and Quadris Top (azoxystrobin +
difenoconazole). All these were continued to be evaluated in 2014 because different environmental
conditions occur each year. Goals are to identify and develop treatments to prevent overreliance on any
one fungicide class and develop treatments that allow for rotations and high levels of control of brown rot
and gray mold blossom blight and fruit rot, as well as powdery mildew. Because most fungicides have
different efficacies against different diseases, we are helping to design rotation programs where each
fungicide is applied at a timing when its efficacy is optimal. Natural products/biocontrols are also
evaluated to possibly provide organic growers with alternative treatments for managing major diseases of
sweet cherry.

In an additional objective, we are evaluating new treatments for the management of bacterial
blossom blast and canker caused by Pseudomonas syringae pv. syringae. Previously, only copper was
available, however, widespread copper resistance in the pathogen has been documented in California. The
antibiotics oxytetracycline (Mycoshield, Fireline), streptomycin (Firewall), and kasugamycin (Kasumin)
that are currently registered in the United States for management of other bacterial diseases of agricultural
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crops were evaluated, as well as the new copper product Magnabon and the biocontrols Actinovate and
Botector.

For postharvest management, fungicides with mostly unique modes of action registered on sweet
cherry include: tebuconazole (Tebucon), fludioxonil (Scholar), fenhexamid (Judge), pyrimethanil
(Penbotec), and propiconazole (Mentor). These products can be used alone or in mixtures. Our studies in
2014 focused on the evaluation of polyoxin-D that previously showed high efficacy against gray mold
and brown rot and on the new experimental EXP-13 that represents another natural fermentation product.
We also did comparative studies with two formulations of tebuconazole, Elite and Tebucon.

With the establishment of MRLs in many export countries in the last five years and with the
establishment of a food additive tolerance (FAT) for fludioxonil in Japan in 2011, Scholar is the first
postharvest fungicide that the North American cherry industry can use for domestic and international
markets including Japan. The FAT for pyrimethanil was obtained in Japan in 2013. Scholar, but not
Penbotec (pyrimethanil), is very stable in the presence of chlorine in re-circulating drench or flooder
treatments and in combination with other postharvest fungicides, and can be used at reduced rates,
making it cost-effective. The availability of several fungicides belonging to different chemical classes and
of different sanitizers for wash treatments is essential for managing the major diseases occurring on sweet
cherry after harvest in California. The development of new products that are considered so safe that they
will be registered as “exempt from tolerance” will also be critical for preserving the efficacy of these
fungicides against postharvest fruit decays and for the successful marketing of sweet cherry in global
markets where maximum residue limits (MRLs) will be important factors in the future.

Objectives

1. Evaluate new products against bacterial blast in flower inoculation studies and/or canker in stem
inoculation studies. (Cooperate with J. Grant/C. Ingels).

a. Biologicals/natural products (e.g., Actinovate, polyoxin-D, Double Nickel 55, Blossom Protect).

b. Antibiotics — Kasugamycin — large-scale trials once federally registered.

c. Systemic acquired resistance (SAR) compounds — Actigard, PM-1, and possibly others.

2. Evaluate, under field conditions, bloom and preharvest applications of new compounds (e.g., Fontelis),
premixtures (e.g., Luna Sensation, Merivon, Quadris Top, Custodia), as well as Scholar, polyoxin-D, and
biologicals for control of brown rot and Botrytis blossom blight, powdery mildew, and pre- and
postharvest brown rot and gray mold fruit decay.

a. Evaluate new powdery mildew fungicides (e.g., Vivando), polyoxin-D, SDHI compounds
(fluopyram, fluxapyroxad, penthiopyrad, and premixtures using these fungicides) and biologicals
such as Fracture using different rates and timings and develop a powdery mildew fungicide program
that integrates new materials with single- and multi-site mildew fungicides.

b. Evaluate new brown rot and gray mold materials including new DMIs, SDHIs (fluopyram,
fluxapyroxad, penthiopyrad), HAs (Protexio), and premixtures, and polyoxin-D. We will also
evaluate biologicals and OMRI approved organic treatments such as polyoxin-D (Ph-D, Oso) and
Fracture.

c. Test the efficacy of fludioxonil as a preharvest fruit treatment to control postharvest decays for fruit
going to international markets (e.g., Japan).

3. Evaluate new fungicides as postharvest treatments and develop cost-effective application methods:

a. Continue to evaluate Scholar, Penbotec, Mentor, as well as Scholar-Mentor, and Tebucon-Elevate
and polyoxin-D-Scholar mixtures with an emphasis on Scholar and Penbotec due to their recent
approved food additive tolerance (FAT) in Japan.

b. Continue to develop ECs values, baseline sensitivities, and monitor resistance in target pathogen
populations to newly developed fungicides.

c. Evaluate biologicals, ‘exempt from tolerance’ materials (EXP-13, polyoxin-D) and possibly OMRI
approved organic treatments.
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Table 1: Fungicides, bactericides, and biologicals used in 2014 studies*.

Pesticide FRAC group Trade name Active ingredient
Fungicides Single
2 Rovral, Iprodione iprodione
3 Elite, Tebucon, Tebuzol tebuconazole
3 Procure triflumizole
3 Quash metconazole
3 Rhyme flutriafol
7 Fontelis penthiopyrad
11 Headline pyraclostrobin
12 Scholar fludioxonil
13 Quintec quinoxyfen
17 Elevate fenhexamid
19 Ph-D, Oso, CX-10440 polyoxin-D
us Vivando metrafenone
Experimentals EXP-1 not disclosed
EXP-2 not disclosed
EXP-13 not disclosed
Double (Premixtures)
7+11 Luna Sensation fluopyram + trifloxystrobin
7+3 Luna Experience fluopyram + tebuconazole
7+11 Merivon fluxapyroxad + pyraclostobin
7+11 Pristine boscalid + pyraclostrobin
3+11 Quadris Top difenoconazole + azoxystrobin
Multiple
M1 Kocide 3000, MagnaBon copper hydroxide, copper sulfate pentahydrate
M3 Captan captan
Bactericides Aminoglycoside Kasumin kasugamycin
Firewall streptomycin
Tetracyclines Mycoshield oxytetracycline
Biologicals Bacterium Actinovate Streptomyces lydicus WYEC108

Bacillus subtilis QST713, B.s. amyloliquefaciens
strain FZB24
Plant extracts Fracture, Regalia protein from Lupinus. Reynoutria spp.

Bacterium Serenade Optimum, Taegro

Yeast Botector Aureobasidium pullalans DSM14940/14941

* - Alphabetical by trade name for each Fungicide Resistance Action Committee (FRAC) group
or mode of action. Some fungicides were used with adjuvants such as Silwet or Dyne-Amic.

MATERIALS AND METHODS

Evaluation of treatments for control of bacterial blossom blast and canker. In two trials in mid-
December of 2013, the bark of 2-year-old twigs was puncture-wounded using a 12-gauge needle (3
wounds per twig). Wounds were sprayed to run-off using a hand sprayer, allowed to air-dry, and spray-
inoculated with Pseudomonas syringae pv. syringae (2 x 108 cfu/ml). Treatments included Kocide 3000,
Captan, Fireline, Kasumin, Actinovate, Botector, Kasumin-oil, Kasumin-Captan, Kasumin-Fireline,
Kasumin-Botector, and Kasumin-Actinovate. In late April 2014, inoculated branches were sampled and
evaluated for the incidence. Severity (canker length) was determined by measuring canker length.

Several trials on bacterial blossom blast were done on cv. Coral cherry in San Joaquin Co. In
hand-spray/inoculation studies, blossoms of flower clusters (eight single-branch replications on different
trees for each treatment) were partially emasculated by cutting pistils, stamens, and part of the petals
using scissors. Bactericide applications were made using a hand sprayer. After air-drying for 2 h,
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blossoms were inoculated with P. syringae (2 x 108 cfu/ml) by hand-spraying. Inoculated branches were
covered with white plastic bags for 18 h. The incidence of disease (based on the number of diseased
blossoms per total number of blossoms) was evaluated after approximately 2 weeks.

For evaluation of commercial treatments to control the natural incidence of blossom blast,
applications to blocks of trees were done on Feb. 25, 2014 using an air-blast sprayer at 100 gal/A. In mid-
April, fruit and leaves were evaluated for the presence of blast symptoms. Leaves were evaluated
using a rating scale from 0 to 5. Data were analyzed using analysis of variance and LSD mean
separation procedures of SAS 9.4.

Evaluation of new fungicides for control of powdery mildew of sweet cherry. A field trial in San Joaquin
Co. was conducted to evaluate fungicides for powdery mildew control. Treatments were done at full
bloom on 3-21-14 for protection from primary inoculum (ascospores from overwintering chasmothecia),
and were followed by two additional treatments on 4-11 (petal fall) and 5-1-14 (early fruit development)
for protection from secondary infection from conidia. Single fungicides, pre-mixtures, and four rotation
programs were evaluated (Fig. 4). The incidence of powdery mildew was evaluated on 20 leaves from
five random shoots each from inside the tree and from the outer tree perimeter for each of the four single-
tree replications on May 21, 2014. Data were analyzed using analysis of variance and LSD mean
separation procedures of SAS 9.4.

Evaluation of new fungicides for control of brown rot and Botrytis blossom blight and fruit decay.
Laboratory experiments were conducted to evaluate the pre-and post-infection activity of fungicides
against brown rot and gray mold blossom blight. For pre-infection activity (protection), blossoms were
collected at white bud, allowed to open in the laboratory, and treated using a hand sprayer. After 12 h,
blossoms were inoculated with a spore suspension of M. fructicola or B. cinerea (30,000 conidia/ml) until
water droplets formed on anther filaments. To evaluate the post-infection (“kick-back”) activity, blossoms
were collected, inoculated, and treated after 16 h with a hand-sprayer. Blossoms were evaluated for
stamen infection after 4-5 days of incubation at 20 C, >95% relative humidity. Disease incidence was
evaluated as the number of stamens infected divided by the total number of stamens per blossom. Three
replications of 8 blossoms were used for each treatment and data were analyzed using analysis of variance
and LSD mean separation procedures (SAS 9.4).

To evaluate preharvest fungicide applications for control of fruit decay, orchards were used in
San Joaquin Co. (commercial orchard) and at UC Davis (experimental orchard). In the San Joaquin trial,
fungicides were applied to trees 6 days before harvest using a back-pack sprayer calibrated to deliver 100
gal/A. Fruit were harvested, 8 fruit from each of four single-tree replications were wounded with a glass
rod (1 x 1 x 0.5 mm; 8 fruit from each of four single-tree replications), and inoculated with 20 ul of a
conidial suspension of M. fructicola or B. cinerea (30,000 conidia/ml). In non-wound inoculations,
approximately 50 to 60 fruit from each replication were sprayed with conidia of M. fructicola and
incubated at 20C. In the UC Dauvis trial, treatments were also applied 6 days PHI using a back-pack
sprayer. Fruit (8 fruit from each of three single-tree replications) were harvested and wound-inoculated
with M. fructicola or B. cinerea as described above or non-wound, drop-inoculated with a spore
suspension of M. fructicola (50,000 spores/ml). All fruit were incubated for 3-7 days at 20 C, >95% RH.
Percent incidence of infection was determined as the number of fruit infected of the total number of fruit
evaluated. Data were analyzed as described above.

To evaluate preharvest fruit treatments for postharvest decay management and the persistence of the
fungicides on the fruit that were treated in San Joaquin orchard, fruit were washed by spraying with high-
volumes of water for 5 minutes prior to wound- and non-wound inoculations of harvested fruit. Fruit were
inoculated with M. fructicola or B. cinerea and decay was evaluated as described above.

Efficacy of new and registered postharvest treatments for managing brown rot, gray mold, and Rhizopus
rot fruit rots of sweet cherry. Four laboratory studies focused on the efficacy of the SC formulation of
polyoxin-D and the new experimental compound EXP-13 against brown rot, gray mold, and Rhizopus rot.
These compounds were evaluated by themselves, in mixtures, and in mixtures with Scholar or Tebucon. We
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also compared the efficacy of two formulations of tebuconazole, Elite and Tebucon (the Elite replacement).
Fungicides were applied as aqueous solutions using an air-nozzle sprayer either 13-20 h after (Inoculated-
Treated) or before (Treated-Inoculated) inoculation with the respective fungal pathogens. Fruit were
wound-inoculated with 20 ul of a spore suspension of M. fructicola, B. cinerea, R. stolonifer (30,000
spores/ml each). Fruit were incubated for 4-7 days at 20 C, >95% RH. Incidence of decay was determined
as the number of fruit infected of the total fruit evaluated. Data were analyzed using analysis of variance
procedures of SAS 9.4.

RESULTS AND DISCUSSION

Evaluation of treatments for control of bacterial canker and blossom blast. Research on these diseases
is important because no effective treatments are currently available. We focused on the bacterial blast
phase of the disease because there is a known period of high susceptibility for infection. Additionally,
management of blast is becoming increasingly important because rest-breaking treatments are being used
widely by the cherry industry to achieve an early harvest. This shifts the bloom period to an earlier date
when disease-predisposing cold, rainy weather conditions are more likely to occur. Additionally, the
highly susceptible cultivar Coral Champaign is increasingly being planted due to resistance of the fruit to
rain cracking.

In two studies on cv. Coral cherry for the control of bacterial canker where freshly wounded
branches were treated and then inoculated with a copper-resistant strain of the pathogen, treatments that
included Kasumin reduced incidence and severity of cankers the most, whereas Kocide 3000 was not
effective (Fig. 1). In the first experiment, Kasumin-Fireline reduced the incidence of canker formation
from 100% in the control to 30%. Kasumin by itself was less effective but canker length for this treatment
was reduced from 33 mm in the control to 11 mm. In addition to Kocide 3000, Captan and Fireline
(oxytetracycline) were also not effective, and the addition of oil or Captan to Kasumin reduced the
effectiveness of Kasumin.

In the second experiment, Kasumin by itself resulted in the lowest disease ratings, followed by
Kasumin-Actinovate (kasugamycin has a minor direct impact on the bacterial-based biocontrol product),
and Kasumin-Botector (kasugamycin does not directly affect the yeast-based product); but there were no
statistically significant differences between these three treatments. These two biocontrols by themselves
resulted in similar canker incidence and severity as the control treatment and thus, were not effective.

Unfavorable environmental conditions in the spring of 2014 resulted in a very low incidence of
bacterial blossom blast, also on the most susceptible cherry cultivar Coral. Even in our inoculation
studies, disease only developed on developing fruit. In one trial, 10.7% of the fruit showed typical
spotting symptoms in the untreated control. All treatments evaluated significantly reduced the incidence
of blossom blast from that of the control (Fig. 2). Mycoshield (oxytetracycline) resulted in the lowest
incidence of disease (1.3%). Other effective treatments were Kasumin, MagnaBon, Actinovate, and
several mixture treatments. The effectiveness of MagnaBon is interesting because a copper-resistant strain
was used for blossom inoculation and in previous years’ experiments, copper (e.g., Kocide 3000, Badge
X2) only slightly reduced the incidence of blossom blast. A possible explanation is that blast symptoms
on the fruit were not caused by the copper-resistant inoculation strain of P. syringae used during bloom
but by a naturally occurring copper-sensitive pathogen population that displaced the inoculation strain
during early fruit development (copper resistance is widespread but not present at all locations).

In a large-scale commercial trial, again symptoms of blossom blight occurred at a very low
incidence and leaves and fruit were evaluated for blast symptoms. Kasumin was the most effective
treatment in this trial and Actinovate mixed with table sugar also significantly reduced the disease from
the control (Fig. 3). Actinovate by itself was not effective, and Regalia only slightly reduced the incidence
of fruit symptoms, but not of leaf symptoms.

In summary, in five years of research on the management of bacterial canker and blossom blast,
we identified Kasumin as the most effective treatment. Oxytetracycline was only evaluated in some of the
trials but was identified as a very promising bactericide against P. syringae. Registrants of both of these
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antibiotics are supportive of a registration on sweet cherry and this is currently pursued. Oxytetracycline
was accepted into the IR-4 program in Sept. 2013 and residue studies were performed in 2014. Kasumin
was fully registered on pome fruit in 2014 for management of fire blight, and oxytetracycline has been
available for this disease for numerous years. Over the years of our evaluations, Actinovate also showed
good efficacy in reducing blossom blast (but was less effective against canker), and Blossom
Protect/Botector also reduced the disease. The performance of these two biocontrol treatments possibly
can be improved. Thus the addition of table sugar increased the efficacy of Actinovate in the commercial
trial in 2014, although a citrate-sugar mixture did not increase effectiveness in the small-scale study.

Our work has focused on bacterial blast because this phase of the disease mostly occurs during
bloom and thus, this is a defined period of susceptibility. Progress is also being made on the management
of bacterial canker. Our trials, however, are based on inoculations at a specific time after treatment.
Epidemiological studies are needed to determine conditions that are most favorable for canker
development. In general terms, cold and wet winter weather is presumed to be an optimal period for
infections. Due to the long infection period for woody tissues, application timings are difficult to
determine and most likely will focus on the most favorable infection periods (e.g., after pruning). The use
of a biocontrol agent may provide a longer residual efficacy as compared to organo-chemical treatments
such as oxytetracycline and kasugamycin that are metabolized and have a short persistence period.

Evaluation of new fungicides for control of powdery mildew of sweet cherry. The efficacy of new
fungicides and new pre-mixtures was evaluated in a trial in San Joaquin Co. Three applications were done
over a 6-week period starting at full bloom with fungicide applications for brown rot blossom blight. At
evaluation time, all sampled leaves on trunk shoots (water sprouts) and over 80% of leaves of the outside
canopy showed symptoms of powdery mildew in the untreated control. As in previous years, the most
effective treatments included the SDHI (FG 7)-containing fungicides Fontelis (used at 20 fl 0z/A), Luna
Sensation, and Merivon, as well as selected DMI (FG 3)-containing fungicides such as Rhyme, Procure,
and Quadris Top (Fig. 4). Rotation programs of Merivon and Vivando (FG U8) or of Luna Sensation and
Serenade Optimum were also very effective. Serenade Optimum by itself, Pristine, as well as mixtures of
Ph-D and Elevate, or of Ph-D and Tebucon were less or not effective. Quadris Top by itself showed good
efficacy, but the rotation of Quadris Top with the biocontrol Taegro had little effect on reducing the
incidence of powdery mildew. Luna Experience also showed little to no efficacy, although this
premixture, like Luna Sensation, contains the SDHI fluopyram. Quintec (FG 13), that was highly
effective in the first years after its registration on cherry only showed moderate efficacy. The possibility
that reduced sensitivity or resistance has developed against this fungicide needs to be evaluated.

Thus, this research has demonstrated excellent activity of several new fungicides against powdery
mildew and we show that the disease can be reduced to acceptable levels by properly timed applications.
The FG 7/11 fungicides Luna Sensation and Merivon, as well as the FG Group 7 Fontelis are excellent
powdery mildew fungicides. Because of the potential of resistance to single-site mode of action
fungicides, FG 7 materials should be tank-mixed with FG 3 or FG 11 compounds. Pre-mixtures and tank
mixtures should be used in rotation with other fungicides with different modes of action. Similarly,
Vivando (FG U8) is potentially an excellent mix partner because of its unique mode of action and
specificity against powdery mildew fungi. Mildew fungicides should be applied during bloom and again
during petal fall periods. Materials could be selected that are very effective against blossom blight and
powdery mildew diseases. Rotation of these different mode-of-action fungicides potentially may off-set
resistance selection by limiting the use of any single-site mode of action fungicide (i.e., single FG
number) and thus, this reduces the selection pressure. Limiting any one fungicide product will also reduce
the residue and ensure that MRLs are not exceeded with any of the trade partners of the cherry industry.

Our epidemiological studies to date have shown that mildew develops on leaves of inside shoots
(water sprouts) followed by leaves of outer shoots, stems of fruit, and then on ripening fruit. Young
leaves are more susceptible than old leaves. Signs of the pathogen were not found on green fruit but were
observed on mature fruit. Additional studies are needed to determine when fruit become susceptible.
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Efficacy of new fungicides for control of brown rot and Botrytis blossom blight. Fungicide treatments
were evaluated on detached opened blossoms in comparative laboratory studies. In pre- and post-infection
studies, new and registered fungicides were very effective against brown rot and Botrytis blossom blights
(Fig. 5). Highly effective fungicides with excellent pre- and post-infection activity against both blossom
diseases included FG 7/11 fungicides (e.g., Luna Sensation, Luna Experience, Merivon) and the FG 7
Fontelis. The FG 3 (DMI) fungicides Quash and Rhyme were very effective against brown rot but also
showed good efficacy against gray mold, whereas Ph-D was more effective against gray mold. The natural
product Fracture and the biocontrol Botector (a yeast-based product) showed intermediate efficacy and
overall performed quite well under these stringent experimental conditions where inoculated blossoms were
incubated at highly favorable conditions. These products potentially may provide alternatives to
conventional fungicides. Due to the good pre- and post-infection activity of most of the conventional
fungicides, the practice of a single delayed-bloom application when environmental conditions are not
favorable for disease development is an excellent strategy for obtaining highly effective blossom disease
management and result in a minimal number of blossom treatments on sweet cherry.

Evaluation of preharvest treatments for fruit decay control without postharvest washes and for
postharvest decay control after postharvest washes. Two preharvest efficacy trials with 6-day PHI
applications were done in 2014. In wound inoculation studies using non-washed fruit, several fungicides
provided excellent protection against brown rot and these included Ph-D mixed with Elevate, Quadris
Top, Luna Experience, and the new experimental EXP-1 by itself or mixed with Headline or EXP-2 (Figs.
6A,7). For gray mold, only the Ph-D/Elevate mixture showed high efficacy in one of the trials (Fig. 6B).
In contrast, when non-washed fruit were non-wound drop inoculated with M. fructicola, all fungicides
evaluated demonstrated high efficacy indicating that many of the newer fungicides have little locally
systemic activity.

When harvested fruit were washed for 5 min and then inoculated, several treatments were still
highly effective in both wound- and non-wound inoculations with M. fructicola. These included Procure,
Fontelis, Quadris Top, the Ph-D/Tebucon mixture, and treatments that included the new experimental
EXP-1 (Fig. 6A). Pristine was only very effective on non-wound-inoculated fruit. None of the fungicides
was highly effective after fruit washing and wound-inoculation with B. cinerea, but significant reductions
in gray mold from the control were obtained using Fontelis, Ph-D/Elevate, Ph-D/Tebucon, and Pristine.

Efficacy of new and registered postharvest treatments for managing brown rot, gray mold, and Rhizopus
rot of sweet cherry. In postharvest decay management in 2014, we focused on evaluating two
fermentation products, polyoxin-D (Oso, Tevano, or CX-10440) and the experimental EXP-13. Polyoxin-
D is currently exempt from tolerance and efficacy data will allow registration on sweet cherry. Previously
we also evaluated the WG formulation of this chemical, but the SC formulation is the one that is pursued
for postharvest registration. The 13-fl oz-rate of CX-10440 showed consistent good efficacy in reducing
brown rot and gray mold when inoculated fruit were treated 13 to 20 h after inoculation (Figs. 8A,
9A,B,C). Efficacy against Rhizopus rot, however, varied from no control (Figs. 8A, 9A,C) to very good
control (Fig. 9B). This inconsistency against Rhizopus rot was also observed in previous years. Polyoxin-
D also was effective when treated fruit were wound-inoculated with M. fructicola or B. cinerea,
indicating some penetration into the fruit. When polyoxin-D was applied in a mixture with Tebucon or
Elite, this treatment was also effective against Rhizopus rot in two of the three studies (Fig. 9A,B).

The new experimental EXP-13, also with potential exempt registration status, was evaluated in
several studies. In all four studies, this treatment was highly effective when treating fruit inoculated with
M. fructicola or B. cinerea (Figs. 8A, 9A,B,C) or when treated fruit were inoculated with these two
pathogens (Fig. 8B). As with polyoxin-D, inconsistency was observed with Rhizopus rot, ranging from
very high (Fig. 9A,B) to intermediate (Fig. 8A) to no efficacy (Fig. 8C). The reasons for this are not
known. Mixtures of EXP-13 with Tebucon or Elite (Fig 8A, 9A), with CX-10440 (Fig. 8A, 9A,B), or
with Scholar at a low rate of 150 ppm (Fig. 9C) were highly effective against all three decays.
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Thus, in our postharvest studies, two fermentation products with possibility for organic
registration demonstrated high potential as new postharvest treatments for sweet cherry. One US company
is supporting registration for polyoxin-D, whereas currently two companies show strong interest in EXP-
13. We will continue our evaluations of these treatments in 2015. With regulatory changes occurring with
major trade partners to harmonize maximum residue limits (MRLs) for postharvest fungicides, establish
common food additive tolerances, and to move toward accepting these treatments as food preservatives
rather than pesticides based on their levels of safety, the future will put greater importance on fludioxonil
and ‘exempt from tolerance’ materials such as polyoxin-D and possibly EXP-13 for preventing decays of
sweet cherry in international markets.

In trials comparing Elite that is no longer registered for postharvest use and a new generic
formulation (Tebucon), both products showed similar performance against brown rot, gray mold, and
Rhizopus rot (Fig. 9B). Thus, Tebucon can be used effectively as a replacement for Elite. The DF
formulation of Tebucon was more difficult to directly mix with the fungicide solution. Thus, the fungicide
should be prepared separately in water as a stock solution and then added to the existing fungicide
solution under constant agitation.
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Fig. 1. Evaluation of antibacterial treatments for protection of cv. Coral cherry
trees from bacterial canker in 2013/14
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Branches were puncture-wounded, treated using a hand sprayer, allowed to air-dry, and then
inoculated with Pseudomonas syringae on 12-18-13. Evaluations were done in late April 2014.

Fig. 2. Evaluation of antibacterial treatments for protection of cv. Coral cherry
fruit from bacterial blast in 2014
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Fig. 3. Evaluation of antibacterial treatments for protection of cv. Coral cherry
fruit and leaves from bacterial blast in a commercial trial in 2014
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Applications were done
on 2-25-14 using a
commercial airblast
sprayer at a rate of 100
gal/A. Fruit and leaves
were evaluated for the
presence of blast
symptoms in mid-April.

Leaves were evaluated

using a rating scale
from 0 to 5.

Fig. 4. Evaluation of fungicide treatments for management of powdery mildew
of Bing cherries in San Joaquin Co. 2014
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Applications were done using an airblast sprayer at a rate of 100 gal/A. Evaluation was done on 5-21-

14. For this, 20 leaves from 5 random shoots from the inside or outside of the tree were rated using the
following scale: 0 = healthy, 1 = 1-3 lesions, 2 = <25%, 3 = up to 50%, 4 = >50% of leaf area affected.
*treatments were applied in combination with 14 fl oz DyneAmic
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Fig. 5. Efficacy of pre- and post-infection treatments for management of brown rot
and Botrytis blossom blight of Bing cherry 2014
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For evaluation of the pre-infection activity, closed blossoms were collected in the field, allowed to open, and
treated in the laboratory using a hand sprayer. After 12 h blossoms were inoculated with a spore suspension
of M. fructicola or B. cinerea (30K/ml). For post-infection activity, blossoms were inoculated, incubated at 22 C,
and treated after 16 h. Blossoms were evaluated for stamen infections after 4-5 days of incubation at 20 C.
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Fig. 6. Efficacy of 6-day preharvest fungicide treatments for management of
postharvest brown rot and gray mold of Bing cherries - Orchard 1 - 2014
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Treatments were applied on 5-21-
14 using an air-blast sprayer at a
rate of 100 gal/A. Fruit washes
were done by spraying with high-
volumes of water for 5 minutes.
Fruit were wound-inoculated with
M. fructicola or B. cinerea (30,000
spores/ml) or non-wound-
inoculated by spraying with M.
fructicola (20,000 spores/ml) and
incubated at 20C for 6 days.



Fig. 7. Efficacy of 6-day preharvest fungicide treatments for management of
postharvest brown rot and gray mold of Bing cherries - Orchard 2 - 2014
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Treatments were applied on 5-21-14 using an air-blast sprayer at a rate of 100 gal/A. Fruit were wound-
inoculated with M. fructicola or B. cinerea (30,000 spores/ml) or non-wound-inoculated with M. fructicola
(50,000 spores/ml) and incubated at 20C for 6 days.

Fig. 8. Postharvest treatments with registered and new fungicides for decay control
of sweet cherry fruit in laboratory studies - 2014
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Fig. 9. Postharvest treatments with registered and new fungicides for decay
control of inoculated sweet cherry fruit in laboratory studies - 2014
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Fruit were wound-inoculated with spores of M. fructicola, B. cinerea, or R. stolonifer (30,000 spores/ml), treated
with aqueous fungicide solutions after 13 h (experiments 1 and 2) or 20 h (experiment 3) using an air-nozzle
sprayer, and incubated at 20C for 4 to 6 days.
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Project Title: Evaluation of Spirotetramat as a Post-Plant Nematicide in Cherries (Year 2 of 2)

Principal Investigators

David R. Haviland, Entomology Farm Advisor, 1031 South Mount VVernon Avenue, UC
Cooperative Extension Kern County, Bakersfield, CA 93307; 661 868-6215;
dhaviland@ucdavis.edu

Cooperators

Steven Castle, USDA- ARS, Maricopa, AZ, steven.castle@ars.usda.gov
Stephanie M. Rill, UC Cooperative Extension, Kern Co.

Obijectives of Proposed Research (Year 1 of 2)

Evaluate the use of Movento as a nematicide in cherries by
1) determining the effects of foliar-applied Movento on the concentration of spirotetramat
in leaf and root tissues
2) determining the effects of spirotetramat on the density of plant-feeding and predatory
nematodes in the soil
3) determining if there is a positive plant response following application of spirotetramat

Introduction

Damage from nematodes can play an important role in the vigor of cherry trees. Left untreated,
feeding by nematodes can impair root functions such as the uptake of nutrients and water and
cause reductions in tree vigor and productivity. Historically, nematode management has been
accomplished through the use of pre-plant fumigation and rootstock selection. However, pre-
plant fumigants have been under intense regulatory scrutiny that has made applications more
difficult to make, or in some cases not even possible. For that reason there is great interest
among cherry and other Prunus sp. growers to identify post-plant options for nematode control.

Over the past few years some cherry growers have started to use Movento as a post-plant
nematicide. However, the effects of Movento applications on nematode populations in cherries
have not been document scientifically. The only work that has been done is a series of studies by
Dr. Mike McKenry prior to his retirement in other crops like grapes and walnuts. However,
reports from that work only show sparse details about how the trials were conducted, only show
a portion of the results, lack the statistical analyses needed to determine if statistical differences
occurred, and none of that work has been made available for peer review by other scientists. As
a result, these data need to be considered inconclusive due to their inability to either prove or
disprove spirotetramat's effectiveness.

The current status in California is that a supplemental 2(ee) label now exists for stone fruits
(including cherries) that allows for the use of Movento as a post-plant nematicide. Many
growers have started using the product based on the hope that it is effective. Other more
skeptical growers are waiting until there are data to support the use of Movento before they start
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writing recommendations. The purpose of this project is to collect data that will help cherry
growers determine if, and when, the use of Movento might be justified for post-plant nematode
control.

Materials and Methods

During 2013 and 2014 we conducted a multi-year study to evaluate the uptake and distribution of
spirotetramat in two mature commercial cherry orchards in the lower San Joaquin Valley. The
sites were located near Wasco and Arvin and each was organized as a randomized complete
block design with four blocks of two treatments. Plot size was 15 and 20 trees, respectively.
Half of the plots did not receive spirotetramat treatments and served as the untreated check. The
other half of the plots were treated with Movento at 9 fl oz/acre in 100 gal/acre of water on 11
July 2013 and then again on 22 May 2014 using an Air-blast sprayer at 2 mph with 4 fl oz of
Dyne-Amic per 100 gal of water as a surfactant.

Obijective 1. Concentrations of spirotetramat in plant tissues

During 2013 leaf and root tissue samples were collected just prior to treatment on 11 Jul and then
2,4,6,8,10, 12, 14, 16, and 18 weeks after treatment on 26 Jul, 8 Aug, 22 Aug, 5 Sep, 19 Sep, 3
Oct, 17 Oct, 31 Oct and 14 Nov, respectively. On each sample date, 15 leaves were collected
from each plot and brought back to the lab. A 'punch’ was used to excise a 15.9 mm diameter
circle from a region approximately half-way between the midvein and edge of each leaf. The 15
leaf discs from each plot were placed into one well of a 12-well TC 6.9 ml plate (Fisher
scientific) and frozen until processing. Root samples were collected with a shovel. On each
evaluation date we collected one shovel full of soil from the area approximately 1 to 1.5 ft from
the base of the trunk of each of three trees per plot. This was the region where the drip emitters
were located. Within each plot the three soil samples were mixed and roots were pulled out by
hand. Approximately 2.0 g of roots from each plot were collected and returned to the lab where
a subsample of 0.5 grams of roots between 1/8 and 1/4 diameter were collected and placed into a
well of the same 12-well TC plate previously described. In total, each sampling date resulted in
32 wells for tissue analysis (2 sites x 2 treatments X 4 replications x 2 types of tissues (leaves and
roots)). After collection all samples were frozen until they could be analyzed.

Samples were processed during the winter of 2013-4 using a multi-step process whereby tissues
are placed into plastic wells, the wells were filled with a solvent, and then were shaken for a
period of time for spirotetramat and other molecules to leave the plant tissues and move into the
solvent. The solvent was then removed from the wells, placed into vials, and then put through a
HPLC analysis machine at the USDA-ARS lab in Maricopa, AZ. The HPLC analysis was used
to produce a chart that shows peaks for each organic molecule present in the solvent. Previous
tests to calibrate the machine in 2013 were used to identify which peaks were associated with
spirotetramat and its principal breakdown product spirotetramat-enol. The machine then
measured the heights of each peak compared to standards to determine the parts per billion (ppb)
of spirotetramat and spirotetramat-enol in the solvent. Data were analyzed graphically to
evaluate trends in spirotetramat in leaf and root tissues over time.

Obijective 2- Evaluate effects of spirotetramat on nematode density
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In 2013 nematode samples were collected prior to treatment on 11 Jul and then monthly through
five months after treatment (MAT) on 8 Aug, 5 Sep, 3 Oct, 31 Oct, and 26 Nov. In 2014
samples were collected on 19 May and 18 Sep. Samples were made by collecting one shovel full
of soil from a moist soil zone containing feeder roots from each of three trees per plot. Soil from
the three subsamples in each plot was combined into a bucket, mixed, and then approximately
1892 cm?® of soil was placed into a gallon plastic bag that was labeled and refrigerated. Samples
were delivered to a commercial nematode evaluation laboratory (ID Services) in Wasco, CA
within one day of collection. Once at the lab they were processed within one week according to
industry standard procedures for sugar flotation and counting of plant parasitic nematodes. Data
were summarized and analyzed by ANOVA with means separated by Fisher's Protected LSD at
P=0.05.

Obijective 3- Effects of spirotetramat on tree vigor and vields

During 2014 we planned on collecting data on crop yield and tree vigor. The goal was to collect
crop yields from a subset of trees from each plot and then measure the relative lengths of
vegetative regrowth. However, due to a severe lack of winter chill hours, both orchards had
minimal crops with anticipated yields less than 10% of normal. After discussions with the
grower cooperators at each location it was determined that it was not worth trying to collect yield
data from orchards where growers were questioning whether or not harvest efforts should be
completely abandoned during 2014. It was determined to forego harvest in 2014 and watch data
to determine if significant differences were seen in nematode counts during 2014. Based on
those efforts we currently have no plans to harvest research plots in 2015.

Results and Conclusions

Obijective 1. Concentrations of spirotetramat in plant tissues

The effects of a foliar application of Movento on spirotetramat and spirotetramat-enol
concentrations in leaf and root tissues are shown in figures 1 and 2, respectively. In both figures
the top chart reports spirotetramat concentrations whereas the bottom chart displays data for the
spirotetramat-enol derivative. Each chart also shows data from each of the two sites with the
cherry orchard near Arvin shown on the left side and data from the Wasco orchard shown on the
right.

At both research sites concentrations of spirotetramat and spirotetramat-enol were negligible
prior to treatment (Fig. 1). Following treatment spirotetramat was immediately found in the
extract from leaf tissue samples at a level of approximately 400 ppb for weeks 2 to 8 WAT at
Arvin and from approximately 800 to 1600 ppb for weeks 1 to 4 WAT in Wasco. These levels
are relatively high because they include any spirotetramat residues still present on the surface of
the leaf as well as any spirotetramat that might be present inside of the leaf. Beginning at 10
WAT the amount of spirotetramat extracted from tissues began to decline through 18 WAT to
levels close to zero in Arvin and down to approximately 400 ppb in Arvin.
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Concentrations of spirotetramat-enol in leaf tissues followed a similar pattern as the parent
compound with the greatest amount of active ingredient extracted 2 to 8 WAT that led to
decreased amounts beginning 10 WAT. However, concentration levels of the -enol derivative
were much lower than those of the parent compound in the leaf tissue. Peak concentrations
during first two months after application typically ranged from 10 to 25 ppb compared to 400 to
1600 ppb for the parent compound from the same sample. One explanation for the difference is
that the parent compound extracted includes product on the surface of the leaf as well as any
parent compound that may have passed through the leaf whereas it is expected that spirotetramat-
enol would not be present on the surface on the leaf and is likely only found within plant tissues.

Concentrations of spirotetramat and spirotetramat-enol in root tissues were much lower than in
leaf tissues and followed a different pattern (Fig. 2). There was a delay of approximately 4
weeks in Arvin and 6 weeks in Wasco before any significant increases in spirotetramat
concentrations were found after treatment. Once the increased occurred, this compound
continued to be found at levels of approximately 2 to 10 ppb through 14 WAT in Arvin and at
levels of approximately 15 to 25 ppb from weeks 6 through the end of the study (18 WAT) in
Wasco. The patterns in spirotetramat-enol in the roots were similar to the patterns of the parent
compound, except that the concentrations of the -enol derivative were much lower and never
exceeded 2 ppb in Arvin and 4 ppb in Wasco.

Objective 2- Evaluate effects of spirotetramat on nematode density

The effects of Movento applications on nematode density are shown in Table 1 and are
represented graphically in Figure 3. At the Wasco site the predominant nematodes present were
dagger nematode (Xiphenema americanum) and pin nematode (Paratylenchus sp.). At the Arvin
site the predominant nematode species was lesion nematode (Pratylenchus vulnus).

Densities of dagger nematode in untreated plots ranged from 6 to 114 nematodes per 500 cc of
soil with an average of 36.3 £ 15.7 across all dates. Nematode densities in plots treated with
Movento ranged from 7 to 141 nematodes per 500 cc of soil with an average of 59.9 + 23.6.
There were no significant differences in nematode density between the treated and untreated
plots prior to treatment or during any of the evaluation dates in 2013 or 2014 (P > 0.33).

Densities of pin nematode in untreated plots ranged from 410 to 1,861 nematodes per 500 cc of
soil with an average of 830 + 177 across all dates. Nematode densities in plots treated with
Movento ranged from 160 to 1,412 nematodes per 500 cc of soil with an average of 598 + 97.
There were no significant differences in nematode density between the treated and untreated
plots prior to treatment or during any of the evaluation dates in 2013 or 2014 (P > 0.20).

Densities of lesion nematode in untreated plots ranged from 41 to 300 nematodes per 500 cc of
soil with an average of 164.8 + 12 across all dates. Nematode densities in plots treated with
Movento ranged from 55 to 765 nematodes per 500 cc of soil with an average of 277 + 77.
There were no significant differences in nematode density between the treated and untreated
plots prior to treatment or during any of the evaluation dates in 2013 or 2014 (P > 0.26).
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Figure 1- leaves. Concentrations of spirotetramat (top) and spirotetramat-enol (bottom) in cherry
leaves at two field sites in Kern County, 2013.
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Figure 2- roots. Concentrations of spirotetramat (top) and spirotetramat-enol (bottom) in cherry
roots at two field sites in Kern County, 2013.
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Table 1. Effects of applications of Movento (spirotetramat) on 11 Jul 2013 and 22 May 2014 on
the principal nematode species in two commercial cherry orchards in Kern Co, CA.

Dagger nematode (Xiphenema americanum) per 500 cc of soil, Wasco

P;‘;fgflrgs 8/8/13 9/5/13 10/3/13 10/31/13 11/26/13 5/19/14 9/18/14 Average
Movento 10 24 141 14 102 58 75 7 60
Untreated 9 94 7 21 58 114 39 6 36
= 004 060 102 023 053 0.29 046 001 040
p 08418 04513 0.3286 0.6388 04796 05994 05103 0.9049 0.5391
Pin nematode (Paratylenchus sp.) per 500 cc of soil, Wasco
;’/rfgfz%”lt; 8/8/13 9/5/13 10/3/13 10/31/13 11/26/13 5/19/14 9/18/14 Average
Movento 1,412 1000 707 320 453 700 844 159 508
Untreated 1,861 1224 973 410 1206 959 574 450 828
F 015 010 026 015 0.65 0.23 033 179 029
p 07025 0.7533 0.6210 0.7023 04326 0.6388 05760 0.2025 0.5994
Lesion nematode (Pratylenchus vulnus) per 500 cc of soil, Arvin
P;‘;fgflrgs 8/8/13 9/5/13 10/3/13 10/31/13 11/26/13 5/19/14 9/18/14 Average
Movento 77 765 218 55 285 285 146 185 277
Untreated 248 300 268 41 01 272 72 110 165
F 118 103 004 008 1.36 0.00 015 023 059
p 02964 03274 0.8426 0.770 02622 009504 0.7004 0.6387 0.4565
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Figure 3. Effects of applications of Movento (spirotetramat) on 11 Jul 2013 and 22 May 2014 on
the principal nematode species in two commercial cherry orchards in Kern Co, CA.
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Conclusions

During the first year of the study we were able to develop data to help describe how
spirotetramat moves in cherry trees. First, we determined that spirotetramat has a long
persistence on the leaves. Compared to many other products that break down within a period of
hours, days or a few weeks, spirotetramat and its derivative were routinely found in leaf tissues
through the end of the study 18 weeks after treatment. Second, spirotetramat can successfully
move across the leaf surface and become systemic within cherry trees and can be found as both
the parent compound and the -enol derivative. In this study spirotetramat and its derivative
moved systemically to the roots following a foliar application. Third, concentrations of
spirotetramat remain highest in leaf tissues during the first two months after application and
decline thereafter whereas spirotetramat didn't reach root tissues until approximately 4 to 6
weeks after application. Lastly, concentrations of spirotetramat are highest in leaf tissues that
were sprayed directly with Movento. However, concentrations of the -enol derivative in the
same leaves and concentrations of either compound in the roots were orders of magnitude lower.

These data suggest that applications of spirotetramat against foliar pests that are susceptible to
the active ingredient are likely to be effective. However, the data show that concentrations of
spirotetramat in the roots are very low, which brings into question whether or not sufficient
concentrations exist to be able to provide efficacy against root-feeders such as nematodes. This
is complicated by the fact that we do not know the concentrations and exposure times of
spirotetramat that are required to kill different species of nematodes. Data also suggest that if
nematode control is going to occur, that the effects are not likely to be seen during the first
month after application and are more likely to be seen six to twelve weeks after application when
concentrations are at their highest. This rule, however, may not hold true for other times of the
year as movement of spirotetramat in the plant is influence by xylem and phloem chemistry. For
example, in a separate study in grapes, data showed that spirotetramat movement in grapevines
following a spring application was very similar to the results reported in this study, whereas
applications in the fall led to a much quicker, but short-lived, movement to the roots.

Regarding efficacy against nematodes, during this 2-year study we were unable to detect any
significant differences in population density of any of the predominant nematode species
evaluated in the two cherry orchards. These data, coupled with data from the first objective
showing extremely low titers of spirotetramat in the roots, do not support the recommendation of
Movento applications to cherries for control of nematodes. However, it is important to note that
while we were not able to detect any benefit to nematode control in our research plots, this does
not mean that a suppressive effect of spirotetramat cannot occur in certain circumstances. In
other words, just because this project was unable to prove that it works, this project likewise does
not prove that it can't ever work. Cherry growers who feel that they have unique situations are
encouraged to experiment on their own to determine if they can identify a way to generate more
positive results than the ones presented in this report.

Disclaimer: Discussion of research findings necessitates using trade names. This does not constitute product
endorsement, nor does it suggest products not listed would not be suitable for use. Some research results included
involve use of chemicals which are currently registered for use, or may involve use which would be considered out
of label. These results are reported but are not a recommendation from the University of California for use. Consult
the label and use it as the basis of all recommendations.
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FINAL REPORT YEAR: 2 of 2

Project Title: Early season estimation of fruit set and size potential

Pl: Todd Einhorn Co-PI1 (2): David Gibeaut

Organization: OSU-MCAREC Organization: OSU-MCAREC

Telephone: 541-386-2030 ext.216 Telephone: 541-386-2030 ext.225

Email: todd.einhorn@oregonstate.edu Email: david.gibeaut@oregonstate.edu
Address: 3005 Experiment Station Dr.  Address: 3005 Experiment Station Dr.
City/State/Zip: Hood River, OR 97031 City/State/Zip: Hood River, OR 97031

Co-PI (3): Lynn Long

Organization: OSU-Wasco County Extension
Telephone: 541-296-5494

Email: lynn.long@oregonstate.edu
Address: 400 E. Scenic Drive, Suite 2.278
City/State/Zip: The Dalles, OR 97058

Cooperators: Matthew Whiting
Total project Funding: $120,874
Other funding sources: None

Budget 1-Einhorn

Organization Name: OSU-MCAREC Contract Administrator: L.J. Koong
Telephone: 541 737-4866 Email address: I.j.koong@oregonstate.edu

Item 2013 2014

Salaries 28,784 29,648

Benefits 18,064 18,604

Wages 3520 3520

Benefits 352 352

Equipment

Supplies 2310 1960

Travel 1000 1000

Miscellaneous

Plot Fees

Total 54,030 55,084

Footnotes: Salaries for 0.75 FTE postdoc (3% is added to year 2); benefits were calculated based on Actuals; wages are for 300 hours part-
time summer employee for image analysis of cherry fruit ($11/hr); benefits for part-time (10%); supplies include fixative, PGRs, tubes for
storage of fruit in fixative, bee exclusion netting (only factored into year 1), Ziploc plastic bags, flagging and lab tape for limb and fruit
selection; travel includes 1,700 miles estimated for all sample collections and growth rate analyses at $0.55 per mile.
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Budget 2- Long

Organization Name: OSU-MCAREC Contract Administrator: L.J. Koong
Telephone: 541 737-4866 Email address: |.j.koong@oregonstate.edu

Item 2013 2014

Salaries

Benefits

Wages 4800 4800

Benefits 480 480

Equipment

Supplies 200 200

Travel 400 400

Plot Fees

Miscellaneous

Total 5880 5880

Footnotes: wages are for 2.5 months of part-time summer employee for fruit sample collection ($12/hr); benefits for part-time (10%);

supplies include Ziploc bags, flagging, and lab tape and dry ice for transport; travel includes 740 miles estimated for all sample collections
for fruit set estimates and growth rate analyses at $0.55 per mile.
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Objectives:

1) Develop sampling and measurement protocols at the tree, row and orchard scale for Rainier, Bing,
Chelan, and Sweetheart. Define the number of fruitlets required for precise crop estimates

2) Analyze growth rates of unfertilized and fertilized fruit of Rainier, Bing, Chelan, and Sweetheart to
strengthen our model

3) Develop models of fruit growth that incorporate calendar date and growing degree units so they
may be broadly applicable to the cherry growing regions of the PNW

4) Time whole-tree PGR applications with early-season growth of cherry and determine their effect
on fruit set, yield, harvestable fruit size, and fruit quality

Significant Findings:

1) The dry weight of 2000 to 3000 ovaries sampled randomly was sufficient for crop estimates by 18
days after bloom

2) Ovary length to width ratios improved detection of potential fruit versus developmentally failed
fruit

3) Crop estimates based on fruit from 30 spurs per sampling date, when combined with ovary shape,
provided estimates of fruit set by 20 days after bloom

4) Sweetheart grown in three locations with differing seasonal temperature indicated the Base
Temperature for accumulation of Degree Days (43°F) is inappropriate and should be lowered

5) Pre-bloom ovary growth was significantly and positively related to temperature

6) The calendar day order for beginning of the Sweetheart season at five locations was The Dalles
(BA, SK, JH), Hood River and Parkdale

7) 40°F was sufficient, and 50°F was near the upper limit of a growth response in the green tip phase

8) 70°F produced a large growth effect during the open cluster and first white phases

9) Flowers that bloom early, with respect to average bloom date, produce larger fruit at harvest

10) Pre-bloom (~first white) application of Promalin or cytokinin alone (CPPU) increased fruit size
between 7% and 14% when sampled around pit hardening. Promalin significantly increased stem
length and leaf area indicating absorption

Results:

Fruit Growth. Our first goal was to complete a growth analysis from dormancy to bloom. An
essential component of these growth analyses was the segregation of fertilized fruit from non-
fertilized fruit, prior to their abscission. These two populations cannot be statistically differentiated
within the first 18-20 days from bloom based on their growth rates (Fig. 1).

14 r fruit

12

10

Ovary Log Volume

0 10 20 30 40 50
Days From Bloom

Figure 1. Ovary growth from bloom of a population of fruit comprising both fertilized fruits and fruits
destined to abscise compared to non-fertilized fruits developing in bee-exclusion bags.
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We then eliminated all fruit that were destined to drop through statistical procedures, of cluster and
discriminate analysis, in order to only describe the growth of harvestable fruit of Chelan, Bing, and
Sweetheart. Surprisingly, relative growth rates (and timing) defining growth of early developmental
stages (First swelling through Stage 1) did not differ among these three cultivars (Table 1).
Table 1. Days from bloom of growth phase transitions determined from the minima, maxima and up
or down inflexion points of relative growth rate (RGR) curves (not shown).

Variety Growth phase

FS,SG SG,G GT,0 1,1 Maturatio
I 1,11 Il
T C | n

Direction of relative growth rate curve
minimu maximu up minimu  maximu  asymptote
down up

m m m m *

Days from bloom

‘Sweetheart 11 29 44 60
-39 -31 -17
’ 75,79,88
‘Bing’ -37 -29 -14 12 30 45 64 70,72,77
‘Chelan’ -38 -29 -14 15 30 43 56 59,61,65

First swelling (FS), side green (SG), green tip (GT), open cluster (OC).
*Days from bloom of the additional 90, 95 and 99% increase in phase 111 volume as determined by
logistic functions.

Based on these similarities, we then developed sampling protocols that provide a good representation
of fruit set and variability in fruit size. We attempted moderate (300) and large (3,000) fruit sampling
protocols.

Fruit set. Set was determined in two ways. Recounting fruits per flower on flagged limbs at weekly
intervals during the season yielded good results but was difficult (see last year’s continuing report). A
more random sampling proved to be more informative. Sampling at random for dry weight
measurements was good but required a lot of sample (>>1000; Fig. 2). A convenient unit to base fruit
set on is the spur. Spurs can be sampled as random units throughout the orchard and based on pre-
determined average bud and flower numbers per spur (Table 2), the fruit remaining on a spur
represents the percentage of fruit set (Table 3). In comparison to limb sampling, sampling entire spurs
captured much of the variability and was possibly more accurate; this is attributed to each spur
representing flowers at various stages of development so sampling by single spurs from many trees is
more likely to represent the orchard as a whole.
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Figure 2. Dry weight gave a sufficient early estimate of fruit set, 16 to 21 DFB, but only if >1000
ovaries were measured. Populations of fruit form two distinct curves- the curve to the left of each
graph is for bagged, non-fertilized fruit. The curve to the right is from a random sampling (it is
comprised of both fertilized and unfertilized fruit, as can be seen by the bi-modal distribution

beginning ~16 to 20 DFB).

Table 2. Spur data used for the fruit set and growth analysis of Sweetheart across multiple sites. This
baseline data were best taken before bud break.

The Dalles Hood River Parkdale
BA SK JH HR PD
Average of 30 spurs
Flower per bud 2.87 3.06 3.48 3.06 3.69
Bud per spur 4.42 4.37 4.44 5.12 3.61
Potential Flowers 12.6 13.3 15.4 15.5 12.8

per spur

Location, which includes biological variability attributed to tree age, rootstock, etc., affected flower

and bud number.

To reduce sample size we developed a better sampling protocol. In addition, a more sensitive,
discriminant measure of ovaries was conducted by integrating shape and volume estimates from
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digital images (data not shown). A fruit set estimate was reliably detected about 15 DFB from 200-
300 fruit collected from sampling 30 spurs on separate trees (Table 3).
Table 3. Fruit set of Sweetheart determined from spur sampling and photographic analysis.

The Dalles Hood River Parkdale
BA SK JH HR PD
% fruit set
10 to 19 DFB 47 52 68 37 35
Harvest 41 46 56 37 42
0.25
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Figure 3. Growth curves of Sweetheart were derived from spur sampling twice weekly at five
locations. Left: growth in volume expressed in logarithmic form. Right: Relative growth rates.

The similarity of the minima, maxima and inflection points (data not shown but see Table 1) on
relative growth rate curves from 2014 (Fig. 3, right panel), and those of the previous year (provided in
2013 continuing report) show synchrony in development despite varied environments.

Sources of variability in growth and fruit size. Bloom dates have always presented a question mark
with no uniformly agreed upon protocol for its determination. And this is surprising considering how
important bloom date can be in determining fruit size. Given that cherries are typically harvested in
one pass, bloom that is significantly behind the curve (as we have previously demonstrated) do not
catch up and will be smaller at harvest. The most straight forward way to approach this question is to
count blooms as they open (Fig. 4). As expected, a range in bloom progression and timing was
observed at different sites. A consistent ranking of size on given dates was not found between sites;
however, after pit hardening (45 DFB) fruit from sites in The Dalles were larger than Hood River and
Parkdale where protracted bloom periods were observed (Fig. 4).
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Figure 4. Bloom progression of Sweetheart at 5 sites may offer insights into fruit volume differences
at harvest. Left panel: Blooms were removed and counted on the day they opened from portions of 15
limbs (of separate trees). Right panel: The narrowest distribution in fruit size was from site BA (10%
variation) and the broadest was HR (17% variation) mirroring the bloom progression. PD had fewer
large fruit than may be expected (poor pollination of early bloom) explaining the smaller size, but
narrow distribution.

We’ve settled on an approximate 50% bloom to begin our fruit growth and set calculations, but this
choice is debatable (HR) or delayed blooming (PD) could have a large effect on the variation of fruit
size, and possibly detrimental to overall size if the early bloom was left unfertilized. Additionally, the
prolonged bloom would have affected the fruit vs. failure determination adding to the variation. HR
and PD were smaller and had long duration of bloom.

An experiment with Regina also tested the importance of bloom date and its relationship to final fruit
size. In 2014, 250 flowers were tagged each day as they opened from the beginning to the end of the
bloom period. At harvest the fruit were recovered to record the fruit size. As we have previously
shown, early flowers yield the largest fruit (Fig. 5). Interestingly, fruit set of this orchard was quite
low indicating that even under ample carbon supply, potential fruit size (of later blooming ovaries)
cannot be made up.
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Figure 5. Relationship of bloom date to fruit size. The first three dates of bloom resulted in
significantly larger fruit.

Growth models.

Temperature affects the progression of bloom and the growth of ovaries. We experimentally
manipulated temperature prior to bloom in order to determine temperature optima for ovary growth.
This is a necessary step toward model development. For these experiments, Bing and Regina whole
limbs were harvested and placed in temperature controlled growth chambers. These two cultivars
were selected based on their different developmental timelines in early spring. As low as 40°F was
sufficient for growth effects approximately 22 DFB (i.e., in the green tip phase; Fig. 6). Near 50°F
was probably the upper limit for growth but did appear to have a marked influence on Regina ovary

growth.
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Figure 6. Growth of Bing and Regina ovaries between dormancy and green tip as affected by
temperature.

However, for advanced stages of bud break, temperatures of 70°F produced a significant growth
effect approx. 9 DFB when buds were in the open cluster to first white phases. These responses need
to be expanded upon (see Einhorn New Proposal) in a systematic manner to determine how
temperature optima for growth change with development. This is absolutely essential to the
development of an accurate growth model.
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Figure 7. Growth of Bing and Regina ovaries in advanced stages of bud-break.

Adjusting model indices in step with the season

In addition to experimentally determining the optima of the growth response, temperature indices
can be manipulated to explain the seasonality of growth, especially post-bloom. We created a
spreadsheet with inputs for temperature data from the IFPnet, sunrise and sunset data from the Naval
Observatory, and of course growth measurements. The spread sheet uses easily adjusted temperature
indices for asymmetric curves of the growth response to temperature. The temperature response we
observed in the pre-bloom phases (Fig 6 and 7) matches well with the empirical choice of temperature
indices we used in our new model (Table 4).
Table 4. Adjusting temperature indices can result in a more accurate model.

Location, Year Calendar Days From Linear Degree Hour Our NEW Adjusted
Bloom Model Degree Model
The Dalles, 2013 91 (April 14) 20820 6129
Hood River, 2013 92 (April 21) 27085 6077
Parkdale, 2013 97 (April 27) 25252 6119
The Dalles2, 2011 95 (May 2) 27026 6150
Average Coefficient of 94 25046 6119

Variation 3% (+/- 3 days) 12% (+/- 11 days) 0.5% (<1 day)

This model changes indices for day/night, and seasonal progression. Day and night indices are
changed to account for photosynthesis and respiration, while indices are also adjusted seasonally to
account for phenology and year to year variation.

PGRs

Stem growth is complete by pit-hardening; in nearly every case pre-bloom applications of solutions
containing GA were highly effective in elongating stems (comparable results were observed, but not
quantified, for leaf area- a process similarly completed in a relatively short time span). These data
provided evidence of uptake and translocation when applied at first white; a possibly prohibitive time
given the relatively limited supply of absorptive green tissue present. Fruit growth, however,
appeared to be more greatly affected by cytokinins. Packout data (~2,000 fruit per treatment) of
Sweetheart revealed a significant size improvement for the prebloom (-7 dfb) CPPU application
producing 72% 9.5 row and larger fruit compared to 59% for the control.
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Figure 8. Pre-harvest sampling of Chelan, Bing, and Sweetheart fruit from a commercial orchard in
WA. Fruit size data are grams (n=250); stem length data are mm (n=250). Treatments on the x-axis
are ascending with respect to the data and are therefore not consistently ordered across graphs. On
each graph, controls are circled for comparisons and treatments showing the greatest percent increase
relative to the control are indicated. Late applications were performed at ~7 days after bloom; early
applications were made between open cluster and first white (-5 to -7 days from bloom).

These data aligned with our pre-season measurements, which were taken prior to pit hardening (in the
case of Sweetheart). For Bing and Chelan, however, no significant differences at harvest were
quantifiable- a perplexing outcome given a visibly noticeable size improvement in rows treated with
early Promalin. Our pre-harvest sampling of individual fruit of Chelan, for example, was taken ~2.5
weeks prior to harvest. Chelan cropload (and yield) was exceptionally high, and could have increased
the demand for carbon during the last few weeks of stage 111 growth, thus limiting the growth
potential established early by CPPU and Promalin, relative to controls. The greater leaf area,
produced by Promalin in particular, would have likely augmented carbon available to supply fruit.
More work is needed on early-season PGRs before programs can be recommended.
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Executive summary
Growers can use these guidelines for assessing their orchard:
e Sample one spur from at least 30 trees for a good size and set estimate

Count bloom progression from one limb portion from 15 trees to set bloom date accurately
40°F is sufficient to enhance ovary growth at green tip phase

70°F at open cluster to first white advances growth considerably

Good crop estimates can be made 20 days after bloom

Pre-bloom PGR applications increased fruit size, stem length and/or leaf area

Effort to set early bloom should be made; these flowers produce big fruit

Further work is proposed because:
e Maturation could be better qualified with photographic analysis of color

e A more descriptive model of growing degree units can, and needs, to be done
e Early season cytokinin sprays to enhance fruit size appear promising
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FINAL PROJECT REPORT

YEAR: 3 of 3 years

Project Title: Extending storage/shipping life and assuring good arrival of sweet cherry

PI: Yan Wang

Organization: OSU-MCAREC

Telephone: 541-386-2030 ext. 214

Email: yan.wang@oregonstate.edu

Address: 3005 Experiment Station Dr.

City/State/Zip: OR97031

Cooperators: Todd Einhorn, Lynn Long, Xingbin Xie, Jinhe Bai (USDA-ARS), David Felicetti

(Pace International LLC), Ryan Durow (Orchard View Farm), Kumar Sellakanthan (Amcor), Ray
Clarke (Apio Inc.)

Total Project Request:

Year 1: $26,375 Year 2: $26,913 Year 3: $24,466
Other funding sources: None

WTFRC Collaborative expenses: None

Budget 1: Yan Wang

Organization Name: OSU-MCAREC
Telephone: 541-737-4066

Contract Administrator: L.J. Koong
Email address: |.j.koong@oregonstate.edu

Item 2012 2013 2014
Salaries 10,384! 10,696/
Benefits 1,848 1,903
Wages 9,600 5,312° 5,4717
Benefits 8,275 1,2224 1,2597
Equipment
Supplies 8,000 7,647° 4,637
Travel 500 5008 500
Miscellaneous
Total 26,375 26,913 24,466
Footnotes:

Postdoctoral Research Associate (Dr. Xingbin Xie): 550hr at $18.88/hr.

20PE: $3.36/hr.

3Wages: 390hr for a Biological Science Tech. at $13.62/hr.

4OPE: 23% of the wage.

5Supplies: fruit, Ca and CI analysis, GC-MS volatile analysis, gases (helium, nitrogen, hydrogen, standard gases), gas tank
rental, chemicals, and MCAREC cold room use fee.

bTravel to grower’s fields

3% increase
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OBJECTIVES

The goal of this project was to minimize pitting, postharvest splitting, acid loss, dull color, and stem
browning, therefore improve shipping quality of the PNW and California sweet cherries.

The key objectives were to:
1. Modified atmosphere packaging (MAP): Determine the optimum MAP parameters (O,
CO0,) and efficacy of the major commercial MAP liners and consumer packaging for
improving shipping quality of the PNW and California cultivars.

2. Calcium (Ca): Study the mechanism and practical postharvest Ca treatment to minimize
pitting and splitting of PNW sweet cherries.

3. Evaluate edible coatings and GRAS compounds on shipping quality of PNW sweet cherries.
SIGNIFICANT FINDINGS

1. Respiration physiology influenced by O,and CO,, temperature, and cultivars

e At shipping temperatures, respiration rates of the major PNW and California cultivars were
affected very little by reduced O, from 21 to 10%, but declined significantly from 10 to 5%.

e Estimated fermentation induction points were about1-4% O, for the major cultivars
depending on temperatures.
CO; at 0-15% did not affect respiration rates of ‘Bing’, ‘Sweetheart’, and ‘Coral’.

e ‘Skeena’ had a higher RQ (respiration quotient) and respiration Q1o than other cultivars.
Therefore, ‘Skeena’ is more susceptible to anaerobic injury.

e ‘Skeena’ fruit stressed by heat had a higher respiration rate and are more susceptible to
anaerobic injury.

2. MAP Technologies

e It was found that the major commercial MAP liners (7) had extremely varied equilibrium O,
(i.e., 1-15%) and CO; (i.e., 5-13%) concentrations for the major PNW and California
cultivars at simulated commercial shipping conditions.

e O, concentration affected flavor. MAP liners with equilibrium O, 5-8% at 32 °F reduced
respiration rate and therefore maintained titratable acidity (TA) and flavor of the major
cultivars after 4-6 weeks of cold storage. MAP liners with O, > 10% did not maintain flavor.
MAP liners with O, < 5% may cause anaerobic fermentation during commercial
storage/shipping.

e CO; concentration affected fruit color darkening. MAP liners with equilibrium CO; 10-15%
maintained the shiny fruit color at simulated storage/shipping conditions. MAP liners with
CO2 < 8% had little beneficial effect on maintaining fruit shiny color.

e ‘Regina’, ‘Skeena’, and ‘Lapins produced a bitter taste after 3-6 weeks storage/shipping.
MAP liners with O, at 5-8% prevented or reduced bitter taste development.

e ‘Skeena’ is more susceptible to anaerobic fermentation at fluctuated temperatures, therefore,
needs MAP liners with relatively higher gas permeability (i.e., O, 8-10%) to avoid anaerobic
injury in commercial storage/shipping.

e Consumer packaging. Zipper-lock bags and clamshells with perforation ratio of 0.5% (3mm
diameter) maintained cherry pedicel healthier than the commercial ones (perforation at 2-5%,
8mm diameter), without generating extra condensation or fermentation after a simulated
storage/shipping/marketing period.
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3. Postharvest Ca application in hydro-cooling water

e Pitting susceptibility was found to be correlated negatively with fruit tissue Ca content.

e Splitting potential was correlated with fruit tissue Ca content and pectin chemistry.

e Adding Ca (0.2-0.5%) in hydro-cooling water (32 °F) efficiently increased fruit tissue Ca
content in 5 min.

e The enhanced Ca concentration increased fruit firmness (FF) and retarded fruit senescence,
therefore, reduced pitting susceptibility, maintained TA and Vc, and reduced postharvest
splitting and decay of ‘Bing’, ‘Skeena’, ‘Lapins’ and ‘Sweetheart’.

o EDTA (achelator of divalent cation) or low pH (i.e., <4) depleted Ca from fruit and increase
splitting of cherry fruit.

e Caapplication rate and temperature gradient between fruit and solution were the key factors
determining efficacy of the Ca treatments.

e Higher Ca rates (1.0-2.0%) damaged cherry stems.

Cherry fruit didn’t take up CL

4. Edible coatings and GRAS compounds

e Semperfresh™ at appropriate rates (i.e., 0.5% a.i.) reduced moisture loss, maintained stem
quality, and reduced pitting expression of cherries packed in clamshells. Semperfresh™ at its
label rate of 1.0% a.i. increased pitting expression of ‘Sweetheart’.

e Postharvest applications of salicylic acid (SA) and oxalic acid (OA) tended to reduce
respiration rate and maintain higher TA during storage.

e There may be little benefit at commercial level from postharvest applications of Chitosan,
Sodium alginate, Jasmonic acid (JA), Methyl Jasmonate (MeJA), ethanol, GAs, and
Homobrassinolide (HBR) on PNW sweet cherries.

METHODS

1. Respiration physiology

Cherry samples of ~500g of ‘Bing’, ‘Skeena’, ‘Regina’, ‘Lapins’, ‘Sweetheart’, and ‘Coral’ were
placed in hermetically sealed glass containers (960mL) equipped with 2 rubber sampling ports at 32
and 68°F. Headspace O, and CO; concentrations were periodically monitored by an O,/CO- analyzer.
Respiration rates based on O, consumption and CO; production, fermentation induction point, and
respiration quotient (RQ) were plotted with O, and CO, concentrations.

2. MAP Trials

The major commercial MAP liners (ViewFresh, Xtend, LifeSpan, Breatheway, Primpro, PEAKfresh,
FreshLOK) with distinct technologies were obtained from the manufactures. Fruit of different
cultivars were either obtained from packinghouses shortly after packing or harvested directly from the
field and then packed into different MAP liners after pre-cooling. The concentrations of O, and CO;
in MAP liners were determined every day in the first week then every 3-5 days until at the end of the
tests. At 2, 4, and 6 weeks, 50 fruit were randomly selected from each box for determinations of
respiration, FF, color, anthocyanin, SSC, TA, V¢, ethanol