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SUMMARY OF RESEARCH ACCOMPLISHMENTS DURING 2013

We continued our research on major preharvestfjaiind postharvest diseases of cling peach irfidDzik
including leaf curl, brown rot blossom blight amdif rot, and powdery mildew. We focused on the
management of these diseases with new fungicidibialogical treatments.

1. Peach leaf curl incidence was low in the spring@3. Still, our efficacy trial indicated that Zina used
at the 6 Ib or 8 Ib rate, was the best treatmelmibrGthalonil (e.g., Bravo) was also highly effeetiand
this fungicide represents another valuable compionfea leaf curl management program and an
alternative to copper fungicides.

2. Brown rot blossom blight incidence was low in 2841Bfficacy data was obtained on cv. Fay Elberta at
UC Davis; however, no data could be obtained infielnt trials on two peach cultivars at Kearney
Agricultural Research and Extension (KARE) CentgrUC Davis, two new biological treatments and
several fungicides were evaluated. The plant exEeacture (previously Problad) and the biocontrol
Botector showed efficacy and significantly redutteel natural incidence of blossom blight from thiat o
the control, similar to some of the fungicides.ngsconventional fungicides, the lowest levels skdise
were obtained with the fungicide Quash (FRAC gr8upnd the pre-mixtures Inspire Super (FG 3/9
difenoconazole+ cyprodonil), Quadris Top (FG 7/iféribconazole + azoxystrobin), Luna Sensation (FG
7/11 fluopyram + trifloxystrobin), and Pristine (RGL1 boscalid + pyraclostrobin). Blossoms of Fay
Elberta peach were used in laboratory tests anddstmrated excellent pre- and post-infection agtiwit
all fungicides included whereas the incidence t#dtions by the two biological treatments was rediic
by 20-40% as compared to the control (91-100% tided

3. Preharvest fungicide applications were evaluatethi® management of postharvest brown rot decay on
three peach varieties in two orchards. In the U@iPtmial on cv. Fay Elberta where 1-day and 7-Béi}
evaluations were done, the most effective fungiiakeboth timings included the new FG 7 Fontelis
(penthiopyrad), Quash, and the pre-mixtures Lumes&en, Inspire Super, Merivon (FG 7/11
fluxapyroxad + pyraclostrobin), and Pristine. PligBlyoxin-D) showed intermediate efficacy in the 1-
day application, but was only slightly effectivetive 7-day application, indicating the rapid breakd of
this compound. In the two peach trials at KARE witday PHI treatments, Merivon was consistently
among the best treatments, however, several otimpaunds including Quash, Indar, Luna Sensation,
and Custodia (FG 3/11 tebuconazole + azoxystrad#m) performed very well on both cultivars.

4. Evaluation of brown rot blossom blight susceptipitmong peach genotypes in the UC Davis breeding
program continued with 24 new and previously evi@ldaenotypes. The Bolinha accession had an
intermediate amount of stamen infections. Diseasielénce for several genotypes was statisticallefo
than that for Bolinha.

5. In powdery mildew management in a field trial withv disease pressure (4.5% disease incidence in fru
of control trees), most treatments reduced theadissimilarly including DMI (FG 3), SDHI (FG 7),
polyoxin-D (FG 33), SDHI/Qol (FG 7/11), DMI/Qol (F&11), DMI/AP (3/9) fungicides. Several



rotations were also very effective including a RiiRracture mixture/rotation program (using thefl2dz
rate of Fracture), as well as Luna Sensation/Sdee@ptimum and Mettle/Rezist programs. No powdery
mildew was observed when Merivon was used by it3&lé Merivon-Vivando mixture was also very
effective. Vivando is a powdery mildew-specific qggoand. Its use in mixtures is an anti-resistance
strategy because most other powdery mildew funggcate also used for brown rot management,
potentially resulting in multiple exposures of pagkn populations to a single FRAC group. In general
FRAC Group 7 fungicides are excellent against pawdsldew.

6. In baseline sensitivity studies fivt. fructicola, the sensitivity range for tetraconazole amongs8tes
was determined to be 0.005 to 0.038 ppm (mean Qpdi), for polyoxin-D 0.08 to 3.6 ppm (mean 1.34
ppm). Ranges for the SDHIs boscalid, fluxapyroxahthiopyrad, and fluopyram were 0.024 to 0.386
ppm (mean 0.118 ppm), 0.004 to 0.050 ppm (mear9GPin), 0.004 to 0.076 ppm (mean 0.023 ppm),
and 0.004 to 0.132 ppm (mean 0.021 ppm), respdgctive

7. Information on fungicide performance will be incorpted into the UCIPM website — Fungicide Efficacy
Tables (http://www.ipm.ucdavis.edu/PDF/PMG/fungesfficacytiming.pdf).

INTRODUCTION

Brown rot caused by the fungal pathogbtanilinia fructicola andM. laxa is the most important
disease of stone fruit in California. The blossdight stage of the disease cycle continues to ibealrin
the epidemiology of the disease. Primary inoculorthe form of ascospores produced from apothddia (
fructicola) and conidia from mummified fruit or twig cankeid.(fructicola andM. laxa) infects blossoms to
start the annual disease cycle. Subsequently,sdidddossoms supply secondary inoculum (i.e., @nidr
fruit infections in the current growing season.ifrats do not cause devastating losses in mossyihéee to
the dry California climate but occasionally undestwonditions entire crops can be lost. Thus, a
considerable effort has been made to increasenibera of fungicides available with different modss
action and to develop peach selections less stilgeft brown rot to reduce blossom blights andt frots.
Thus, the first part of this proposal will focus m@nagement of brown rot blossom blight and freitad.

Because currently fungicide treatments are the eftesttive and consistent method for brown rot
control, we have been evaluating the efficacy of ingicides over the past years. With the intraiduncof
several new fungicides of different chemistries aladses as compared to previously registered ialater
and with the advent of EPA-classified reduced-pskticides, there has been an outpouring of hew
fungicides. Therefore, there is a need for morearh on the management of foliar and fruit disease
cling peach with these new chemistries if multiggistrations are to be obtained on the crop. Spatlty,
research is necessary for determining the efficasyyell as the preventative and post-infectioividagiand
the persistence of residues of the several new snofdgction that belong to new classes recognigetido
Fungicide Resistance Action Committee (FRAC) arglgieated as distinct FRAC groups (FGs) of
fungicides. These include the strobilurins or Q&1 11), DMIs (FG 3), anilinopyrimidines (FG 9),
hydroxyanilides (FG 17), polyoxins (FG 19), and SBKFG 7 - fluopyram, fluxapyroxad, penthiopyrad,
and boscalid). We are evaluating these materialetermine their performance in respect to consistef
use, spectrum or activity, and anti-resistanceattaristics. All this information is needed to dgsi
management programs that are highly effective udiffarent environmental conditions (i.e., low tigin
rainfall)and that help to prevent the developméritingicide-resistant populations of the pathogéms.
2011/12, we initiated toxicity and efficacy studieish new SDHI fungicides and we plan to continis t
work in 2013.

Most of the new materials are being launchear@snixtures and these also need to be evaluated. |
laboratory and field studies on blossom blight o rot in 2011/12, Adament, Quadris Top - FG13/1
Inspire Super - FG 3/9; Luna Sensation, Merivoistie, and Q8Y78 - FG 7/11 were highly effectigepae-
and post-infection treatments. Because the usd’dtiAgicides during the summer months is limited BMI
fungicides are extensively used for the managewofesaveral peach diseases over the season (bldsignin
and fruit rot, powdery mildew, rust), goals of eesearch are to develop alternative chemistriesiandpre-
mixtures that reduce the risk for resistance deietpin pathogen populations. Ideally, any one ftidg class
should only be used once or twice per season t@ptr¢he development of pathogen resistance. Tive ne




products in the SDHI (FRAC 7) group have activigaimst brown rot and powdery mildew and thus, ithis
exciting new rotation chemistry to the AP (FG 9 &Ml (FG 3) fungicides.

An additional goal is to evaluate natural prodag®rganic alternative treatments. Although
previously evaluated natural products such as Agtite and Regalia were inconsistent, new produats m
prove to be more consistent in reducing blossoghbknd powdery mildew. In 2012 we identified Peabl
as a new plant extract product with activity agabrewn rot blossom blight and powdery mildew. 012,
we identified polyoxin-D as a potential new orgamiaterial. In Sept. 2012, the EPA has given thigyicide
an “exempt” registration status and the materiallbeen submitted to OMRI for organic approval. Ehes
changes in the registration will allow higher rate®e tested in an effort to increase the spectiiactivity
and to improve the consistency of the fungiciddresigeach diseases. Ph-D is the best potentiaharg
fungicide that we have ever evaluated and subsdgteshould be developed for both conventional #me
organic production segments of the cling peachstrguTherefore we plan to continue our researc0it3
on the development of polyoxin-D and Problad fonaging foliar diseases of cling peach.

Another objective of our cling peach researchqubis the development of fungicide baseline
sensitivity data (reference points) and populatimmitoring ofM. fructicola andM. laxa for their sensitivity
to fungicides after they have been used. In previ@ars we have developed baseline data for FR&39
cyprodonil) and FRAC 3 (e.g., propiconazole) andehavaluated fungicide sensitivity Monilinia spp.
populations from locations where treatments didgnovide adequate disease control. Baseline dataefo
SDHI fungicides (e.g., fluxapyroxad, fluopyram, bakd) that will be introduced in the near future o
introduced for the 2013 season (e.g., penthiopysadjtone fruit need to be developed.

In evaluations of natural host resistance in gliegch, we identified promising new genetic lines
almond and wild almond parental lineages of thedirey program of Dr. Tom Gradziel. Although we are
using standardized laboratory methods, levels sfequtibility were highly variable over the yeardigating
that susceptibility is dependent on environmertabitions during flower development through regolabf
genes involved in susceptibility. This indicatestttihese evaluations need to be done over mujigaes. In
2013, we again will collaborate with Dr. Gradziebdocus on advanced breeding lines. The identiifioaf
less susceptible parental and progeny lines wilrliieal in the discovery of molecular markergy(emajor
genes or more likely quantitative trait loci or (B)lthat are associated with host susceptibilitgsEhmarkers
then can be used in further breeding programstandultimately may reveal the mechanism of reststawe
also will continue to develop assays for the evanaf blossom and fruit susceptibility to brovat.rA field
method would be ideal but this has proven diffitolstandardize for both blossom and fruit evatureiof
genotypes in the breeding program where limitegktage available. The critical time for inoculatiaf
blossoms is the popcorn stage, whereas for ftigt,3-4 weeks before harvest because harvestieaifeu
essentially processed immediately (1-2 days).

Peach leaf curl has been an ongoing disease pmablpeach production and serious outbreaks
occurred in recent years. Because the use of capp@riculture is currently being reviewed by EBAd the
cost of copper fungicides is increasing, altermatieatments, including new formulations of coppaterials
that allow lower application rates. Thiram was affective in previous studies but regulatory consamay
limit registration in CA. Currently we are workimg obtaining: 1) a supplemental label for loweesabf
ziram; 2) A new labeled rate of 6 pts/A of chlomtimil to provide consistent efficacy similar toarin; and 3) a
higher usage rate (e.g., 48 0z/A) of dodine forermmmnsistent control of peach leaf curl. Additidpahew
copper formulations and rates as well as combindteatments of these products need to be contitwied
evaluated.

In epidemiological studies on powdery mildew, sal/gpecies dPodosphaera have been shown to
occur on peach in Californi&. (Sphaerotheca) pannosa, P. tridactyla, andP. leucotricha. Thus, as in other
powdery mildews where the sexual stage of the gath@s present, management strategies that inphede
bloom sulfur treatments to reduce the overwintesiexual structures (chasmothecia), bloom applicstid
fungicides that are effective against mildew armhlor rot, and post-bloom fungicide applications tot@ct
fruit through the pit hardening stage of developrmeed to be evaluated.

Because of the inconsistent occurrence and loidénce of the disease in some years, we again plan
to evaluate new fungicides such as the recentlgtezgd (i.e., 2010) product Quintec (quinoxyfem) the



new material Vivando (metrafenone) that has beeeged into the IR-4 program in 2010. Vivando, espnts
a new class of fungicide (benzophenones) thasisaily effective against PM fungi, similar to quigfen,
and may be prone to resistance. Thus, other miatstiah as Quash (metconazole) and the pre-mixtuies
Sensation, Quadris Top representing different eae$registered fungicides (DMls and Qols) nedukto
evaluated for the management of this disease.rl2@l0-12 field trials, we identified the SDHI fuaigles as a
highly effective group similar to the DMI fungicisleAdditionally, the natural product Problad wasvsh to

be very effective. With changes in the registratbpolyoxin-D, both Problad and polyoxin-D shoblel
evaluated with other potential organic material20a3.

OJECTIVES

I. Management of brown rot.

A) Efficacy and timing of representative compoundsifieach of four classes of fungicides: Qols, APs,
DMils (e.g., Quash, Topguard, Mettle), and SDHIg.(dluopyram, fluxapyroxad, penthiopyrad),
potentially organic treatments such as Ph-D, Os,Pxoblad, as well as selected pre-mixtures (e.g.,
Adamant, Quadris Top, Inspire Super, Pristine, LBeasation, Merivon, and Q8Y78).

« Pre- and post-infection efficacy will be studied imth blossoms and fruit.
B) Baseline sensitivities of brown rot fungi to newsdes of fungicides.
C) Natural host resistance of new peach genotype®ssdm blight and fruit decay
» Flower assays will be done using our standard &boyr procedure with detached pink bud
blossoms
» Fruit assays will be done using standard laborat@thods
Il. Management of peach leaf curl

A) Evaluate lower rates ziram, higher rates obatthalonil (Bravo) and dodine (Syllit), and newpper
formulations, as well as tank mixtures of thesalpots.

Il. Etiology and management of powdery mildew dngpeach and other stone fruits.

A) Collection of powdery mildew isolates from peaclCalifornia and identification of the causal
pathogen(s).

B) Efficacy of new powdery mildew fungicides (e.qg.jrspxyfen, metrafenone, metconazole, fluopyram,
fluxapyroxad, penthiopyrad, and pre-mixtures), ptiédly organic treatments such as Problad and
polyoxin-D, as well as currently registered progdueand their use in anti-resistance rotation andura
programs.

PROCEDURES

Evaluation of fungicides for management of peach leaf curl. In a trial on the management of peach
leaf curl caused byaphrina deformans on Fay Elberta peach at UC Davis, selected rditgsam, copper
materials (i.e., Kocide 3000, Badge X2), dodindlfyor chlorothalonil (Bravo) were applied intbination
with 3.5% Omni oil on Dec. 12, 2011 and Jan. 21,.320n addition, Syllit/Kocide and Bravo/Badge tank
mixtures were also evaluated. Rates are indicaté@yi 1. Applications were done using an air-béapstyer at
100 gal/A. Trees were evaluated for disease orl 2pti3. For this, the number of infected shootsftwtal of
100 shoots for each single-tree replication wasrdghed.

Evaluation of fungicides for management of brown rot blossom blight and preharvest fruit decay.
Trials were established to evaluate fungicidesdémtrol of brown rot blossom blight and fruit rat the
following cultivars and locations: Fay Elberta peat the UC Davis orchard; July Flame, Summer Feard
Ryan Sun peach, and Summer Fire nectarine at the&g Agricultural Research and Extension Center
(KARE) in Parlier, CA. Fungicides that were appltedrees using an air-blast sprayer calibrated @@ gal/A
included to trees include cyprodinil (Vangard 75WRBYimethanil (Scala 600SC), penthiopyrad (Fog}eli
tetraconazole (Mettle), fenbuconazole (Enabldjififol (Topguard), and metconazole (Quash), aed pr
mixtures (FG 3/9 —Inspire Super; FG 3/11 - Quaba; FG 7/11 - Pristine, Luna Sensation, Merivon).
Natural products such as Fracture, Botector, ahgpio-D will also be included. Randomized sub-plof
four single-tree replications for each treatmentenesed. Applications of each fungicide were ddrigar 0%
bloom on Fay Elberta, 45% bloom (Summer Fire), &086m (Summer Flare), 40% bloom (July Flame), or



16% bloom (Ryan Sun). Incidence of brown rot blosdidight was recorded in April 2013. For this, 200
blossoms were evaluated for blight for each ofitlie single-tree replications per treatment.

Laboratory studies were done with cv. Fay Elbpeach blossoms obtained from the UC Davis, Plant
Pathology field station. For this, pink bud blossonere collected, allowed to open in the laboratang either
inoculated with a conidial suspensiorMffructicola (20K conidia/ml) and then treated after 24 h with
fungicides or natural products using a hand sprgngst-infection activity), or treated and thendualated after
24 h (pre-infection activity). See Fig. 3 for d li fungicides evaluated. Three replications bfassoms were
used for each fungicide. The incidence of stamfatiion was determined for each blossom after3days at
20 C.

For fruit rot studies at UC Davis, treatments wagoplied to Fay Elberta peach at 1- and 7-day PHI.
the KARE trials, treatments were applied to Jubnké, Summer Flare, Summer Fire, and Ryan Sun ay 7-d
PHI. Four single-tree replications for each treatiweere randomized in four complete blocks. Fumgisi
evaluated are indicated in Figs. 4-6. Four boxe&idb 48 fruit each were harvested for each treatrfone
per single-tree replication). Fruit were harvestecbommercial boxes, spray-inoculated withfructicola
(20,000 spores/ml), and incubated for 7-10 dag®#&5C, >95% RH. The incidence of fruit infectioasv
expressed as a percentage of infected fruit parftait incubated for each replication.

Evaluation of baseline sensitivities of M. fructicola isolates againgt SDHI fungicides. Thirty-nine
isolates oM. fructicola from our fungal collection obtained between 198@ 2005 were cultured on V8 agar,
and conidia were used in spiral gradient dilutiesegs with boscalid, fluopyram, fluxapyroxad, and
penthiopyrad. E€; values were determined for mycelial growth afteia$s of incubation of the fungicide-
amended plates as described previously. Data wermarized graphically.

Host susceptibility of F1- progeny of Bolinha peach and other selectionsto brown rot blossom blight
and fruit decay. Blossoms of advanced breeding lines with almemtveild almond parental lineages were
evaluated and compared to industry (e.g., Dr. Dawid internal standards (e.g., Bolinha) this yéanotypes
as suggested by Dr. Gradzisdd Fig. 7) were collected at popcorn stage in thngmf 2013. Due to the
environmental conditions and simultaneous flowedhmany accessions in 2013, blossoms could only be
sampled once. Blossoms were allowed to open itlabwatory, placed in a container with a layer ef w
vermiculite, spray-inoculated with a conidial susgien ofM. fructicola (2 x 1¢ spores/ml) and incubated for 4-
5 days at 20 C. The incidence of stamen infectimasassessed for 7-8 blossoms per each of foicatmhs.

Efficacy of fungicides for management of powdery mildew of cling peach. A trial on the management
of powdery mildew caused Hodosphaera pannosa was established in a commercial cv. Carson ordhard
Butte Co. Four single-fungicides, six pre-mixtui@sg six rotation programs were evaluated (see8lidn
three of the rotation programs the natural prodesture and Serenade Optimum were mixed anadotdth
conventional fungicides. Applications were doneMarch 12 (full bloom), March 27 (2 weeks after pé&d),
and April 17, 2013 (4 weeks after petal fall). Rise was evaluated on May 7, 2013. For this, 100dfreach
of the four single-tree replications were rateddisease and the incidence was expressed as atpgeef
infected fruit.

Statistical analysis of data. Data for disease incidence (percentage data) wesi dransformed before
analysis. Data were analyzed using analysis chneg and least significant difference (LSD) megausion
procedures of SAS 9.3.

RESULTS AND DISCUSSION

Evaluation of fungicidesfor management of peach leaf curl. In a trial on cv. Fay Elberta peach on the
management of peach leaf curl, the efficacy ofapplications of selected fungicides during dormaauy late
dormancy was evaluated. Under low disease preslireatments significantly reduced the incideote
disease (Fig. 1). Ziram, used at the 6 Ib or &tb,rwas the best treatment. Chlorothalonil (B@ayo) was
also highly effective and this fungicide represemtether valuable component of a leaf curl manageme
program and an alternative to copper fungicide8it8yas similarly effective to copper (Kocide 3000
Badge). Tank mixtures of Syllit/Kocide 3000 or Bafi§ravo using lower rates of copper were similar to



treatments with copper alone. Ziram, chlorothajamid dodine are currently registered for use in GAIs,
several options are available for growers to matiageisease.

Efficacy of fungicides for management of blossom blight. For brown rot blossom blight
management, trials were done on peach cultivaf®\RE and UC Davis. With low rainfall and warm
temperatures during March 2013 at UC KARE, disé@asdence was very low on untreated control trees
and no data could be obtained. At the UC Davis jplotssom blight incidence was 6.6% in the untigate
control and was significantly reduced by all treatits (Fig. 2). A single application of the biolai
Fracture and Botector significantly reduced blossdight to 2%; whereas an organic formulation dfypmin-
D resulted in 1.8% disease. Several new fungicideb as Mettle (FG 3 — tetraconazole), TopguardIFG
flutriafol), and Fontelis (FG 7 - penthiopyrad) @alsere effective. Mettle and Topguard had an agtivi
similar to the biologicals. The best treatments agnihe single-treatments were Quash and Fontetis 2l

The pre-mixtures reduced the disease incidentteettowest levels with 1% or lower incidence.
Among these, Quadris Top, A13703N, Luna Sensatigire Super, and Pristine had <0.6% blight. Ovgeral
the pre-mixtures had improved efficacy and havéi-buresistance management with both active inigred
inhibitory to the brown rot pathogens. Additionaliyi of the pre-mixtures evaluated are also effecigainst
Botrytis cinerea (the green fruit rot pathogen) and powdery mildaa thus, provide protection against
multiple diseases.

Blossoms of Fay Elberta peach were used in labgrégsts and demonstrated excellent pre- and
post-infection activity of all conventional fungilds evaluated (Fig. 3). Stamen infection of theaatéd
control blossoms was 91.6% to 100% in the post-padnfection activity assays, respectively. Most
fungicides resulted in less than 10% disease. Tdiedicals that showed good efficacy in the fielthonly
low to moderate efficacy under these highly condrieixperimental conditions. Among the biologictig,
organic formulation of polyoxin-D was the most effee with approximately 45% of the stamens disdase
(Fig. 3). still, the biologicals Botector and Frnaret showed activity in these laboratory assays.

Efficacy of preharvest fungicidesfor management of fruit decays. In the trial at UC Davis on Fay
Elberta all of the fungicides, including polyoxin-Educed the incidence of brown rot in the 1-dBly P
application and there were significant differenagsng most of the treatments (Fig. 4). CHA-1323 and
Mettle were numerically the least effective at thtes evaluated; whereas Fontelis, Luna Sens#&titstine,
and Merivon were the most effective. All treatmentse less effective when applied 7 days beforedsir
The best treatments were the pre-mixtures, the fDkticide Quash, and the SDHI Fontelis (Fig. 4). In
previous years, two applications within ten daybarvest provided more consistent control. Thetadof
non-ionic surfactants for some of the treatments reguested by the registrants and helped to izeltile
tank-mixtures and kept the formulations in suspemsising high-agitation sprayers.

At KARE, 7-day PHI applications were done. Mosiatments significantly reduced the incidence of
brown rot after inoculation on four peach and neggéacultivars. Similar to the Fay Elberta studysn
effective among the single-active ingredient trezita were Quash and Fontelis, but also Indar on all
cultivars (Figs. 5, 6). Although very effective,rielis has a high risk for resistance developmadtsiould
be used in a mixture with propiconazole or tebuzoha(FG 3) with a minimal additional expense when
generic materials are used. The 3/11 and 7/11 preHras were also very effective on all cultivars.

Merivon, Custodia, and Luna Sensation were the cmssistent with a high efficacy.

Polyoxin-D was not approved as an organic fungi@m2013 for stone fruit and other crops but will
be reconsidered when additional information is ed to the National Organic Standards Board (NOSB)
The US-EPA has designated this fungicide as exémpt tolerance (i.e., no MRL requirement). In o013
field studies on brown rot fruit decay, polyoxinkad little or no efficacy when applied using a &ng
application and thus, should be evaluated usingpaspray application program (within 7 days of feety.

We plan to conduct additional research on this pecoth 2014 for several reasons: 1) the materia wa

inconsistently effective; 2) the EPA gave exematust for fungicide residues and thus higher raaesnow
be evaluated; and 3) the material was submittdtQ8B as a future organic treatment. Two formulation
(Ph-D, Oso) of the fungicide that are providedwy tegistrants (Arysta, Certis) will need to beleated. We



consider this compound as mainly a contact mateithlmoderate persistence. Thus, multiple appboat
close to harvest should prove to be consistenefadtive.

Evaluation of baseline sengitivities of M. fructicola isolates againgt SDHI fungicides. Baseline sensitivities
against FG 7 SDHI fungicides were developed asqgiantir ongoing research on resistance monitormt a
management. The evaluated fungicides belong te tubclasses of the SDHIs, fluxapyroxad and
penthiopyrad being in the same sub-class, withdisand fluopyram in two other separate sub-grodps
range of sensitivities was found for each fungicisith boscalid having a wider range and higheitiitbry
values than the other three compounds (Fig. 7)n@®fest is one isolate (isolate 2542) that shokigd EG
values for boscalid and fluopyram, and was alghénhigh-EG, range for the other two fungicides. Cross-
resistance between some of the sub-classes ideoedilow, but our data indicate that cross resigt@oes
exist and that the risk for resistance developragatnst SDHiIs is high.

Host susceptibility of F1- progeny of Bolinha peach and other selectionsto brown rot blossom blight.
Evaluation of brown rot blossom blight susceptipihmong peach genotypes in the UC Davis breeding
program of Dr. Tom Gradziel continued with 24 acsethbreeding lines. Genotypes evaluated had parents
with almond and wild almond lineage and these werapared to industry (e.g., Dr. Davis) and internal
standards (e.g., Bolinha). Disease incidence afreggenotypes was statistically lower than thaBaifnha
(Fig. 8). These included one extra late and oneedrly accession that soon will be releasednAs i
previous years, we found that some lines were st@1di but other inconsistent in their susceptipilithis
may be due to environmental conditions that preatie the host to infections by the pathogen buty
also be due to the genetics of blossom susceptibiicause all of the advanced lines were fromrahand
in the Wolfskill facility and were grown under teame horticultural practices. Perhaps some genstyped
different horticultural practices and we cannogser for resistance using uniform farming practi¥és.are
currently discussing this with Dr. Gradziel.

Evaluation of fungicides for management of powdery mildew. In the powdery mildew trial in Butte Co., we
evaluated single-fungicides, new pre-mixtures, el & the natural products Fracture and Serenade
Optimum in mixture-rotation programs with conventbfungicides. Disease pressure in the test phst w
low with an incidence of 4.3% in the untreated calnfAll of the conventional fungicides includinke
single-active ingredient treatments Fontelis andAcl323, six pre-mixtures, and one rotation werenhig
effective (Fig. 9). Polyoxin-D (Ph-D) and the misgtrotation program of Rovral and Fracture withdtuee
used at the 32-fl oz rate were similarly effectivaerestingly, the lower rate of Fracture was misedls
effective. The Luna Sensation-Serenade Optimuntiootalso reduced powdery mildew on fruit to low
levels; but in this rotation Serenade Optimum waly ased in the third application. Still, the wdePh-D,
Fracture, or Serenade, all of which are exempt fraerance, demonstrates the principle that softer
chemistries can be integrated into a managemegtgmro This is done to 1) reduce the total pestitidd

on the crop for conventional growers; 2) to haweitiahal active ingredients effective against povyde
mildew; and 3) as an anti-resistance managemeategir of rotating materials and ultimately usingyamne
mode of action (i.e., FRAC Group) per season. braaised under the name Problad was also verntigéfec
in our 2012 trials. For organic growers, thesddriladicate that ‘softer chemistries’ are beingeleped and
that perhaps organic certification of Ph-D and &nacwith the already organically approved Serenade
Optimum and elemental sulfur (wettable sulfur dfisudust) will give organic growers additional apis

for the management of powdery mildew.



Fig. 1. Efficacy of fungicide treatments applied during dormancy against peach leaf
curl of Fay Elberta peaches in a field trial at UC Davis

Treatment* Rate (/A) (E’/("') 12-12-12 | 1-21-13 | Incidence (%)
Control --- --- ;‘ ‘ ia
Syllit 65WG 24 0z 3.5 @ @ % b
Syllit 65WG 32 0z 3.5 @ @ bc | Treatments were
- :| Lcde | | | applied in the field in
Bravo Weather-Stick 4 pt 3.5 @ @ e combination with a
Bravo Weather-Stick 6 pt 35 @ @ :| de | | spray ol (3.5% Omni
| | | | oil) using an air-blast
Ziram 76DF 61b 35 @ @ ] e ! ! ! sprayer (100|gaI/A).
. Disease evaluation
Ziram 76DF 8lb 35 @ @ e i i i was done on in April
Badge X2 5 b 3.5 @ @ be | | 2013. For this, the
bc‘ b number of infected
Badge X2 71b 3.5 @ @ S shoots for a total of
. bed | | 100 shoots for each
Kocide 3000 51b 3.5 @ @ % | : : replication was
Kocide 3000 7lb 35 @ @ bed ||| determined.
| |
Syliit + Kocide 3000 [ 240z+351b | 3.5 @ e |[_] be
Badge X2 + BravoWS | 35Ib+3pt | 35 @ @ bed | |
0O 1 2 3 4 5

Fig. 2. Evaluation of new fungicides against brown rot blossom blight of Fay Elberta
peach at UC Davis

- 0,
Treatment* Rate/A 50-70% . .
bloom | Number of infections/tree
Control a
I I |
Botector 10 oz @ bc | ! !
| | |
Fracture + DyneAmic 24 + 16 fl oz @ bc | ! !
| | |
Fracture + DyneAmic 30 + 16 fl 0z @ bc | ! !
Ph-D organic 12 oz @ i bed i i i
Quash 50WG 3.0 0z @ D cd L
| | | |
| | |
Mettle 8floz @ b : : :
TopGuard 3.5floz @ bc | 1 1
| | |
TopGuard 7 floz @ D bed | | |
| | | |
Fontelis + NIS 141l oz @ D cd
| | | | Treatments were
Luna Sensation 500SC 5 fl oz @ D cd ! ! ! applied on 3-7-13 using
| | | | an air-blast sprayer at a
Quadris Top + DyneAmic 14 + 16 fl oz @ D cd| ! ! ! rate of 100 gal/A.
| | | | Evaluation was done in
A13703N + DyneAmic 14 + 16 fl oz @ D d ! ! ! late April 2013.
| | | |
Inspire Super + DyneAmic 20 + 16 fl oz @ D Cd; ! ! !
| | | |
Pristine 38WG 1450z @ D cd: : : :
| | | |
Merivon 5.5floz @ cg ! ! !
0O 2 4 6 8 10



Fig. 3. Evaluation of the pre- and post-infection activity of new fungicides against brown
rot blossom blig ht of Fay Elberta peach in the laboratory

Control
Botector
Fracture + DyneAmic
Fracture + DyneAmic
Ph-D organic
Quash 50WG
Mettle
Topguard
Topguard
Fontelis + Dyne-Amic
Luna Sensation 500SC
Quadris Top + DyneAmic
A13703N + DyneAmic
Inspire Super + DyneAmic
Pristine 383WG
Merivon

Post-infection activity Pre-infection activity
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Incidence of stamen infections (%)

Blossoms at popcorn stage
were collected in the field
and allowed to open in the
laboratory. Blossoms were
then either treated using an
air-nozzle sprayer 24 h
before (pre-infection activity)
or after (post-infection
activity) inoculation with
conidia of M. fructicola
20,000 conidia/ml).
Blossoms were incubated at
20C for 4-5 days and were
then evaluated for stamen
infections.

Fig. 4. Efficacy of 7-day PHI fungicide applications for management of
postharvest brown rot of Fay Elberta peach at UC Davis 2013

Treatments were applied on 7-11-13 using an air-blast sprayer (100 gal/A). Fruit were harvested, spray-inoculated with

Fungicide Rate(/A) 1 day PHI 7 days PHI
Control | a al
Ph-D 11.3DF 12 0z I bc i | | I ab
Quash 50WG 100z [ Jed | el
Mettle 8floz b i I bé
CHA-1323 351l oz b i :| cde i
CHA-1323 7floz [ ] |a
Fontelis + Breakthru 14fl oz :| cd i i _h e i i
Luna Sensation 500SC 5floz :l d i i de i i
Quadris Top + Dyne-Amic 14+ 16fl oz :| l‘pcd i :’ bcd i
A13703N + Dyne-Amic 14 + 16 fl oz :| bcd i icde i
Inspire Super + Dyne-Amic 20+ 16 fl oz ch i de i i
Pristine 38WG 1450z :ld_l i i de i i
Merivon 5.5fl oz d i i c(ide §
0 26 46 60 O 20 40 60 80

Incidence of brown rot decay (%)

M. fructicola (20,000 spores/ml) and incubated for 10 days at 20-25C C. Breakthru and Dyne-Amic are non-ionic
organosilicone surfactants.




Fig. 5. Efficacy of preharvest fungicide treatments for management of brown rot of peach at the
Kearney Agricultural Research and Extension Center

Summer Flare nectarine July Flame peach
7 days PHI 7 days PHI
Control | a | a
Ph-D 11.3DF 8 oz b : I a
Ph-D 11.3DF 12 oz b ] ab

CX-10440 3.5 fl 0z Not done | : Not‘ don‘e L
CX-10440 13floz | Notdone | | Not dore | |
Mettle 8 fl oz cd | : — I; abe:
Indar 2F 6 fl oz :w cd i i j ief ; ; i

CHA-1323 3.5fl oz be _Ja
CHA-1323 7 fl 0z bd! | _ lcde |
| QuashsowG | ]de [ et
Fontelis + Breakthru 14 fl oz + 0.12% : lcde ! ! :] froo
Pre-mixtures Luna Sensation 5 fl oz de ! ! _] ef
Quadris Top + Dyne-Amic 14+16 fl oz cd | ; ‘| bed
A13703N + Dyne-Amic 14+16 fl oz ‘cde | | def ||
Inspire Super + Dyne-Amic 20+16 fl oz lcde | ! Ilcde} |
Pristine 38WG 14.50z [ ] de | ; [def |
Merivon 5.5floz [] e : : I
Custodia 18 fl oz de ! ! ef 1

0 20 40 60 80 0 20 40 60 80 100

Incidence of brown rot decay (%)

Treatments were applied
on 6-20-13 to Summer
Flare and July Flame
using an air-blast sprayer
(100 gal/A). Fruit were
harvested and stored for 7
days at 1C. Fruit were
then non-wound
spray-inoculated with
Monilinia fructicola (20,000
spores/ml) and incubated
for 5-7 days at 20C.

Fig. 6. Efficacy of prehanvest fungicide treatments for management of brown rot of

peach at the Keamey Agricultural Research and Extension Center

Treatments were applied
on 7-24-13 to Summer
Fire and on 8-7-13 to Ryan
Sun using an air-blast
sprayer (100 gal/A). Fruit

Summer Fire nectarine Ryan Sun peach
7 day PHI 7 day PHI

Control | a [ a
Single Ph-D113DF 80z | Notdone: 1 ! Not'done |
fungicides Ph-D113DF 120z | Notdone; | | Notidone | |
CX-10440 3.5 fl 0z b| [ Ibe
CX-10440 13l oz b| ab |
Mettle 8 fl oz ed 1 : def 1
Indar 2F 6floz [Jfgh | | | [ Jidefg |
CHA-1323 3.5 fl oz cl [ Jdef;
CHA-1323 7 fl 0z cd [ ] defg! ||
Quash50WG [Jgh| | | | IER
Fontelis + Breakthru 14 fl oz + 0.12% de| | | [ Joef) ||
Luna Sensation5floz  [Jfgh] | | | [ Jlefg: | |
Quadris Top + Dyne-Amic 14+16floz | _]ef | | | [ Jefg |
A13703N + Dyne-Amic 14+16floz | Jfd ' | | [ ] efg | |
Inspire Super + Dyne-Amic 20+16floz ~ []Jfg | | | [ efg | |
Pristine 38WG 14.50z | | f ' | ! [ Jde;
Mervon5.5floz | h | | ' [Jefg | |
Custodia 18 fl oz he oo fg, |

80 100

0O 20 40 60 8 100 O 20 40 60

were harvested and stored
for 7 days at 1C. Fruit
were then non-wound
spray-inoculated with
Monilinia fructicola (20,000
spores/ml) and incubated
for 5-7 days at 20C.

Incidence of brown rot decay (%)
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ig. 7. Invitro sensitivity of isolates of Monilinia fructicola collected from stone
fruit crops in California between 1992 and 2005 to four SDHI fungicides
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Isolates

In vitro sensitivities for mycelial growth were determined using the spiral gradient dilution method.
Isolates are in the same order in each of the graphs. *




Fig. 8. Host susceptihility of standard and advanced peach genotypes with
almond and wild-almond lineag e to brown rot blossom blight
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Blossoms at pink bud stage were
collected, allowed to open in the
laboratory, and inoculated with
conidia of Monilinia fructicola (10
conidia/ml). Blossoms were
evaluated for stamen infection
after 5-6 days of incubation at
20C.



Fig. 9. Efficacy of fungicide treatments for management of powdery mildew of cv. Carson

peach in Butte Co.

312 33\}( j‘\}vf( Disease incidence on
Program Treatment* Rate FB | stter PE| after PE fruit (%)
- Control - --- --- - I a
Single Ph-D + NF-P 6oz+8floz | @ | @ e |[Je |+ 1
treatments Ph-D + NF-P 12 0z + 8floz @ @ @ j :c : : :
CHA-1323 3.5floz @| e @ c i i i i
CHA-1323 7floz e| @ e |l¢ i +
Fontelis 20 fl oz @ @ @ :] c : : : :
Pre-mixtures Luna Sensation 5 fl oz @ @ @ c } } | }
Quadris Top + Dyne-Amic 14 + 14 fl oz @ @ @ DC | | | |
A13703N + Dyne-Amic 1“+1ufloz @] @ @ |l¢ '+ 1
Inspire Super + Dyne-Amic 20 fl oz @ @ @ Ci i i i
Pristine 38WG 14.4 oz @ @ @ j c | |
Merivon 5.5 fl oz @ @ @ c | : : :
Rotations Rovral + NF-P 24floz + 8floz| @ - - :I bc i i i
Fracture 32 fl oz @ @ @ : : : :
Rovral + NF-P 24floz + 8floz| @ - --- ab |
Fracture 24 fl oz @ @ @ ! ‘ ! i
Iprodione + NF-P 120z + 8floz | @ - --- bc : :
Quintec 7 floz @ @ @ i : i i
Luna Sensation 5 fl oz @ @ D c| | | |
Serenade Optimum 16 0z @ | | : :
Merivon 5fl oz @ @ @ D ¢ i i i i
Vivando + NF-P 154+ 8floz | @ @ @ | | | |
Mettle 10 fl oz @ - --- c o : :
Resist 16 fl oz @ @ @ 3 3 3 3
0 1 2 3 4 5

Treatments were applied using an air-blast sprayer at a rate of 100 gal/A. N-P=Nu-Film P surfactant. Evaluation was done

on 5-7-13. For this, fruit on each of the 4 single-tree replications were evaluated for the presence of powdery mildew.
Values followed by the same number are not significantly different based on analysis of variance and LSD mean separation
procedures (P> 0.05).



