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For brown rot blossom blight caused by benomyl-resistant M. laxa, beth 
iprodione and E-0858 (SC-0858) provided effective control when applied at the 
green bud stage of bloom (stigma starting to protrude) on cultivbar Ruky. 
Application of the radio-active parent E-0858 fungicide showed translocat~on 
of the labelled compound from the sepals and petals into the anth~rs and 
stigma. This compound further suppressed disease developement on :~e 
cultivar Drake even when applied 24 hr after inoculation and incubatio~. 
Because of the widespread occurrence of the leaf rust and scab witt ea=ly 
defoliation of trees during the 1988 season, test plots are planned :or :he 
1989 season comparing efficacy of sulfur, mancozeb, and chlorothalonil. 

Data obtained by Dr. Adaskaveg on the identification of the wood rot f~ngi ~n 
almonds will be published in a research paper and in the book by Ogawa and 
English on Diseases of Fruit and Nut Crops Produced in Temperature Zones of 
California to be published by the Uni7ersity of California, Division ~f 
Agriculture and Natural Resources during summer 1989. 

Introduction: The low incidences of foliage and blossom diseases dur:ng :~e 
last few years have provided and excellent opportunity to develop the bas~cs 
of plant disease management in that the most devastating almond diseas~s, 
shot hole, brown rot, and Botrytis green fruit rot were important only in 
few orchards where our test plots were located. Further studies on almend 
scab and leaf rust will be possible as the disease is more widespread but L~t 
at an epidemic proportion. Thus our research efforts have beeL gea=ed 
towards the objectives of: 1} defining the parameters required to recuce :he 
use of fungicides by using disease forecasting methods for control of :he 
shot hole disease; 2) developing data on new alternative fungicides :or 
controlling benzimidazole-resistant Monilinia, 3} determining the sPecies of 
the common wood rot organisms, and 4) completing the information required for 
publication of two manuscripts on the epideBiology of the shot hole disease . 

Materials and Methods: 

1. Shot hole disease forecasting: Techniques are included in the manuscript 
which has been accepted with revisions for publication in Plant Disease and 
Phytopathology (Ref. 7,8,10) 

2. Shot hole disease management: Fungicides tested were a single dormant 
copper and captan spray followed by captan, ziram or iprodione. Cne t~st 
plot was located in Fresno County and two in Merced County. All treatme~ts 
were made with a handgun sprayer except the dormant copper and captan sprays. 
Disease evaluations were made by collecting leaves and making isola:ions or 
observing the lesions for presence of Stigmina sporodochia. Both ~lots in 
Merced County were also harvested to detect any trends in yield diffe:ences. 

3. Alternative fungicides for control of benomyl-resistant Mo~ilinla: 
Carbon14 labelled experimental fungicide E-0858 and registered iprodicne were 
applied on almond blossom obtained from nonsprayed trees on the University of 
California campus. Proprietary fungicide formulations of E-0858 and 
iprodione were were compared to that of benomyl on an almond orchard in 
Fresno County by spraying during various blossoming period. 
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4. Survey of wood decay organisms: Observations and collections were made 
throughout the almond growing districts of California. Techniques used for 
identification are included in manuscripts by Adaskaveg et al (1,2). 

Results and Discussion: 

1. Shot hole disease forecasting: Abstract for the manuscript for Plant 
Disease reads as follows: "A portable, self-contained, moisture generator 
controlled by a micrologger was constructed for the study of shot hole 
disease of almond in the field. The system produced localized conditions of 
free water on selected plant tissues and recorded environmental parameters 
during infection periods of Stigmina carpophila. Programmed misting at 2.5 
and 5 min intervals with a 4 sec duration resulted in conditions conducive 
for infection. The greatest number of lesions per leaf occurred with 
intermittent misting for a 16-hr period compared to 0, 6, 8, 10, 12, and 14-
hr treatments after inoculation with 300-400 conidia/leaf. Fewer lesions 
developed when intervals between misting were increased to 10, 20, 30, or 60 
min. Misting durations longer than 5 sec caused excessive water runoff from 
leaves which reduced inoculum. Infections were also obtained when two 
different types of electrical conductance leaf wetness sensors were used to 
monitor and govern moisture regimes." The MGEMS equipment could become a very 
useful tool to study epidemiological requirements for disease induction as 
well as for screening fungicide efficacies. 

2. Shot hole disease management: In an orchard with abundant shot hole 
lesions on leaves in fall 1987 (Table 1), data from trees sprayed only at the 
popcorn stage of bloom showed that all treatments significantly reduced 
incidence of shot hole lesions on the leaves. Yet the bloom sprays provided 
significantly better disease control than the dormant copper or captan 
treatments alone and cover sprays on trees with dormant captan or copper 
sprays provided no additional benefits. Examination of fruits for the shot 
hole disease after the petal fall stage of bloom (Table 2), showed that 
sprays with copper or capt an applied on January 14 showed only slight 
reductions in shot hole disease control on the fruit. Yet when a popcorn or 
petal fall cover spray was applied, significant reductions in disease were 
noticed except for the single spray of captan at popcorn on the plot 
receiving no dormant treatment. Two spray applications, at popcorn and petal 
fall, with ziram or captan did not provide better control than a single spray 
at popcorn or petal fall. Furthermore, dormant copper or captan spray 
treatment plus popcorn and/or petal fall spray with captan, ziram, or 
iprodione provided no additional benefits. Iprodione treatments were found 
equivalent to that of captan or ziram statistically but iprodione figures on 
disease incidence were slightly higher than those of ziram or captan. 
Further analayses of the fruit data on shot hole was made to determine 
specific differences between dormant treatments with that of ziram and captan 
sprays (Table 2A). Data revealed that compared to the nonsprayed control 
trees, two sprays at popcorn and petal fall with ziram or capt an provided 
equavalent control as that of a single ziram spray at popcorn and a single 
popcorn spray of captan provided very poor results. Similar trends with the 
captan popcorn cover spray was shown in treatments with dormant copper and 
captan. Again, no significant differences were noted between the ziram and 
captan treatments with two sprays and the popcorn spray with ziram. 
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In an orchard with traces of shot hole lesions with sporodochia in fall 
1987 (Tables 3), dormant copper spray followed by a popcorn alone or a 
popcorn plus petal fall spray of iprodione provided variable results. On the 
plot without dormant spray, no differences were noted between the nonsprayed 
and iprodione sprays applied at popcorn and petal fall, although better 
control was shown with a single popcorn spray. On the plot receiving dormant 
copper treatment, no differences were noted between it and the iprodione 
cover sprays at popcorn or popcorn and petal fall. Yield data trends were not 
observed between nonsprayed and sprayed trees. 

In another orchard where the shot hole incidence was nondetectrable on 
leaves in the fall (Table 4) dormant copper sprays followed by capt an or 
ziram sprays at popcorn alone or at popcorn plus petal fall showed variable 
results. The nons prayed trees showed the least amount of shot hole lesions 
when compared with fungicide spray treatments and the kernel weight data also 
was nonsignificant between treatments harvested. 

Three experimental plots were set up in November 1988 to determine if 
fall defoliation with zinc sulphate would reduce shot hole fungus populations 
to the point where spring sprays could be delayed until disease incidence is 
monitored. Plots are located in Kern, Merced, and Butte counties. Weekly 
monitoring for incidence of shot hole disease will be made starting from the 
time leaves emerge. 

3. Alternative fungicides for control of benomyl-resistant Monilinia: 
Comparisons in efficacy of registered fungicides, benomyl and iprodione were 
made with an experimental fungicide E-0858 (Stauffer Chemical Company, now 
ICI of England) in field plots established in an almond orchard with benomyl 
-resistant~. laxa (Fresno County on Ruby almond cv) and without benomyl­
resistant isolates (Yolo County on Drake Cv) (Table 5). The fungicides 
tested were benomyl 50W, iprodione 50W, and an experimental fungicide 
formulation E-0858 50W at 8 oz per 100 gal spray applied with a handgun 
sprayer using 3-4 gal on each of five single tree replications. Fungicides 
were sprayed at the phenological blossom stages of early pink bud, full 
bloom, and pink bud plus full bloom. Disease control was evaluated 3-weeks 
after full bloom by obtaining the percentage of blossoms blighted out of 400 
counted per tree. As expected, benomyl spray at pink bud failed to control 
the disease while the full bloom treatment provided some control. Both E-
0858 and iprodione provided significantly better control than the nonsprayed 
control trees. The pink bud spray of iprodione was not as effective as that 
of E-0858 which may indicate more systemic moveL~nt of the active compound 
than that of iprodione. 

The results on Drake cv showed that under low disease pressure, 
differences in efficacy between fungicides were not shown regardless of the 
fungicides applied or the numbers of applications (Table 6). Fungicide 
treatments did reduce percent blight when comparee to that of the nonsprayed 
control trees. 

The systemicity of the fungicide E-0858 was examined by applying C14 

labelled E-0858 on the unopened blossoms of the Thompson cv (Table 7). 
Translocation of the active compound or its breakdown metabolite to stamens 
and pistil was shown when the mixture of proprietary and labelled E-0858 were 
applied to sepals or petals. For the 1989 season, the systemicity of 
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iprodione will be compared to that of E-0858. 

4. Survey of wood decay organisms: Predominant fungal genera and their 
incidence in almond orchards in California include Armillaria (0.8%), 
Ganoderma (3.1%), Laetiporus (1.6%), Oxyporus (4.0%), Perenniporia (0.6%), 
Phellinus (1.0%), Stereum (0.4%), and Trametes (1.6%). 
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Table 1. Percentage of almond leaves with shot hole disease after various C dormant treatments and blossom sprays 
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Chemical Treatment 1 

Control 

Ziram 

Captan 

Rovral 

Per:entage of Leaves Diseased3 

Dormant Treatment 4 
Blossom Application2 

Popcorn Petal Fall 
Nonsprayed Copper Captan 

17.83 a 7.8~ a 6.17 a 

+ :.17 b 1.33 b 0.83 b 

+ 2.17 b 1.50 b 1.33 b 

+ 3.17 b 1.83 b 1.67 b 

IBlossom application of ziram and captan were applied at 2 Ib/ 100 gal spray 
using handgun sprayer delivering 4.8 gal/tree. 

2Blossom sprays was applied at popcorn stage (3% bloom; Februa~y 22, 1988) 
and petal fall sprays were not made. 

30ne hundred leaves were randomly collected o~ March 11, 1988 and evaluated 
for shot hole lesions. Data were anlayzed using Analyses of Variance (ANOVA) 
and Duncan's Multipe Range Test (DMRT). Mea~s followed by the same letter 
were not significantly differen (P = 0.05). A signif l cant interaction 
between dormant and blossom applications of fungicide was observed (0.05). 

4Dormant applications of copper (Kocide 10:) 
Chemical Company) were applied at 2 lb/100 gal 
using a hand gun sprayer delivering 4.8 gal/tree. 

and capt an SOW (Stauffer 
spray on January 14, 1988 
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Table 2. Comparisons in control of shot hole disease of almonds between 
dormant spray treatments with and without blossom sprays. 

Chemical Treatments 
Blossom SJ2ray2 Percent Fruit3 

Dormant Spray1 Popcorn Petal Fall with Disease 

None None None 33.7 a 
None Ziram None 6.8 cd 
None None Ziram 0.8 cd 
None Ziram Ziram 0.3 d 
None Captan None 22.2 b 
None None Capt an 0.3 d 
None Captan Captan 0.2 d 
None Iprodione Iprodione 1.6 cd 

Captan None None 21.3 b 
Captan Ziram None 5.3 cd 
Captan None Ziram 
Capt an Ziram Ziram 0.4 d 
Capt an Captan None 6.7 cd 
Captan None Capt an 
Capt an Captan Capt an 0.2 d 
Captan Iprodione Iprodione 2.2 cd 

Copper None None 21.1 b 
Copper Ziram None 5.5 cd 
Copper None Ziram 
Copper Ziram Ziram 0.1 d 
Copper Capt an None 8.4 c 
Copper None Capt an 
Copper Capt an Captan 0.2 d 
Copper Iprodione Iprodione 1.2 cd 

1Dormant applications of copper (Kocide 101) and captan SOW (Stauffer 
Chemical Company were applied at 2 Ib/l00 gal spray on January 14, 1988 using 
a hand gun sprayer delivering 4.8 gal/tree. 

2Blossom applications of ziram and captan were applied at 2 lb/l00 gal spray 
using hand-gun sprayer delivering 4.8 gal/tree. Sprays were applied at 
popcorn stage (5\ bloom; February 22, 1988) and petal fall (99% petal fall 
with 3-5 opened leaves/terminal branch; March 12, 1988. 

3Twenty fruit were randomly collected on April 28, 1988 f~om six single tree 
replications and evaluated for shot hole disease. Data were analyzed using 
ANOVA and DMRT. Heans followed by the same letter were not significantly 
differe P = 0.05). A singificant interaction between dormant and blossom 
applications of fungicides was observed (0.05). 
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Table 2A. Percentage of almond fruit with shot hole disease after various 
dormant treatments and blossom sprays. 

Percentage of Fruit with Disease3 
Chemical1 Time of S~ray A~~lication2 Dormant Treatments4 
Treatment Popcorn Petal fall Nonsprayed Copper Captan 

Control 33.7 a 21.1 a 21. 3 a 

Ziram + 6.8 c 5.5 bc 5.3 bc 

Ziram + + 0.3 c 0.1 c 0.4 c 

Captan + 22.2 b 8.4 b 6.7 b 

Captan + + 0.2 c 0.2 c 0.2 c 

lBlossom applications of ziram and captan were applied at 2 Ib/100 gal spray 
using a handgun sprayer delivering 4.8 gal/tree. 

2Blossom sprays were applied at popcorn stage (5% bloom; February 22, 1988 ) 
and petal fall (99% petal fall with 3-5 opened leaves/terminal branch; Harch 
12, 1988. 

3Twenty almond fruit were randomly collected on April 28, 1988 from six 
single tree replications and evaluataed for shot hole disease. Data were 
analyzed using ANOVA and DMRT. Means followed by the same letter were not 
significantly different (P = 0.05). A significant interaction between 
dormant and blossom applications of fungicide was observed (0.05) 

4Dormant applications of copper (Kocide 101) and captan SOW (Stauffer 
Chemical Company) were applied at 2 Ib/100 gal spray on January 14, 1988 
using a handgun sprayer delivering 4.8 gal/tree. 
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Table 3. Percentage of almonc leaves with shot hole disease after dormant 
copper treatment and iprodione blossom sprays. 

Chemical 
Treatments 1 

Control 

Iprodione 

Iprodione 

Blossom Spray Applications~ 
Popcorn Petal Fall 

+ 

+ 

+ 

Percentage of Diseased Leaves3 
Dormant Treatment 4 

Nonsprayed Copper 

7.33 a 5.42 a 

3.94 b 4.35 a 

5.18 ab 5.65 a 

lSpray treatment during bloss~~ applied wi~h handgun sprayer using 6.S 
gal/tree on 6 single tree rep::cations. 

2Blossom sprays applied at po;cor~ and petal fall stage of bloom on February 
10, and February 21, 1988, respectively. 

3Percentage of leaves infecte: with shot hcle based on randomly collected 
leaves of 360 to 835 per treE. Data were analysed using ANOVA and DKRT. 
Means followed by the same le:ter were not significantly different (P= 0.05). 
A significant interaction bet-2en dcrmant and blossom application of 
fungicides was observed (0.05 " . 

Yield data comparisons betwe~n dorcant co~per and nonsprayed treatments with 
and without two blossom sprays of iprodione provided no significant 
differences. Average kernel veight between treatments ranged frok 46.8, 
43.0, 41.2 to 41.3 lb/tree. 

4Dormant spray of copper appl:ed with airb:ast sprayer at 100 gals/acre on 
January 21, 1987. 
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Table 4. Percentage of shot hole disease on leaves after dormant copper and 
nonsprayed treatment with and without ziram and captan blossom sprays 

Chemical 
Treatment 1 

Control 

Ziram 

Ziram 

Captan 

Captan 

Blossom Spray Applications2 
Popcorn Petal Fal 2 

+ 

+ + 

+ 

+ + 

Percentage of Diseased Leaves3 
Dormant 4 

Nonsprayed Copper 

6.37 b 8.61 a 

6.77 b 10.00 a 

7.53 b 8.25 a 

8.46 ab 10.73 a 

10.64 a 10.21 a 

lBlossom sprays were applied with a handgun sprayer at popcorn and petal 
stage of bloom at 7.5 and 8.0 gal/tree, respectively on five single tree 
replications. 

2Blossom spray applications were made using 2 lb/100 of ziram 75% and captan 
50~ at popcorn (February 18) and petal fall (February 21), 1988). 

3Leaf samples were collected on March 15, 1988. Data were analyzed using 
ANOVA and DMRT. Means followed by the same letter were not significantly 
different (P = 0.05). Significant interactions between dormant and blossom 
applications of fungicide was not observed. 

Yield data collected at harvest on September 27, 1988 between dormant copper 
and nonsprayed with and without two applications of captan or ziram provide 
no significant differences with analyzed using ANOVA and DMRT. Average 
kernel weight ranged from 46.7, 50.1, 49.4, 53.1 to 47.5 lb/tree. 

4Dormant spray of 53% tribasic copper iP was applied with an airblast 
sprayeer at 20 lb/acre on January 14, 1988. 
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Table 5. Efficacy of one and two blossoa spray applications of E-0858 and 
iprodione, and benomyl on control of blossom blight (M. laxa with benomyl­
resistant populations) on almond cv Ruby 

Chemical Treatment and 
Concentration (ug ai/ml) 

E-0858 300 

Iprodione 300 

Benomyl 300 

Nonsprayed 

Pink Bud 

13.80 a 

23.50 b 

32.20 bc 

40.11 c 

Percent Blossom Blight2 
Full Bloom Pink Bud plus Full Bloom 

7.06 a 3.15 a 

10.47 a 5.06 a 

24.87 b 26.41 b 

40.11 c 40.11 c 

lChemicals used were proprietary formulations of 50\ E-0858 (ICI Americas 
Inc.), 50% iprodione (Rhone Poulenc Ag. Co.), and 50\ benomyl (E. I. du Pont 
de Nemours and Co., Inc.) applied as spray with a handgun at the rate of 3 to 
4 gal/tree on each of five single tree replications at pink bud (2125/88) and 
full bloom (312188) and pink bud plus full bloom. Means followed by the same 
letter are not significantly different (P = 0.05) 

2Blossom blight was evaluated by counting 400 blosseD per tree. Data was 
analyzed by ANOVA and DMRT. Heans followed by the sane letter are not 
significantly different (P = 0.05). 
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Table 6. Efficacy of a one and two spray applications of E-0858, iprodione, 
and benomyl in control of blossom blight (~. laxa) on almond cv Drake. 

Chemical Concentration Percent Blossom Blight2 
Treatment! (ug ai/ml) Pink Bud Full Bloom Pink Bud plus Full Bloom 

Benomyl 300 LOa 0.4 a 0.3 a 

E-0858 300 1.3 a lola 0.7 a 

Iprodione 300 1.8 a 0.7 a 0.9 a 

Control 4.3 b 4.3 b 4.3 b 

lChemicals used were proprietary formulations of 50% benomyl (E. I. du Pont 
de Nemours and Co., Inc.), 50% E-0858 (ICI Americas Inc.), and 50% iprodione 
(Rhone-Poulenc Ag. Co.). Sprays were applied with a hand gun at the rate of 3 
TO 4 gal/tree on each of 5 single tree replications at pink bud (2/17/88), 
full bloom 2/22/88) and pink bud plus full bloom. 

2Disease data were obtained by examination of 100 blossom/replication. Data 
were analyses using ANOVA and DMRT. Means followed by the same letter are 
not significantly different (P = 0.05). 
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Table 7. Percent of E-0858 radioactivity (DPM) in different parts of almond 
blossoms cv Thompson1 

Petal Treatment Sepal Treatment 
Days after treatment 

Blossom part 1 2 3 1 2 3 

Pistil 0.03 0.04 0.26 0.38 0.37 0.86 

Stamen 0.13 0.28 0.83 3.03 3.15 4.37 

Sepals 0.69 1.19 3.60 89.12 91.53 87.44 

Petals 99.15 98.47 95.31 7.47 4.95 7.33 

lValues are averages of four replications. Samples were combusted and 
radioactivity measured in a scintillation counter. 
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DRAFT 

Wood Decay Fungi and Their Role in the 
Decline ot Fruit and Hut Trees in California 

<:I, 
( 

"'-J.I. Adaskaveg and J.K. Ogawa1 

ABSTRACT 

1988 

In the fall and winter seasons of 1986-87 and 1987-88, surveys in 
commercial fruit and nut orchards were conducted in ten counties throughout 
the Sacramento and San Joaquin Valleys of California. Orchards assessed for 
wood decay were generally ~ 15 yr old and included: alaond, peach and 
nectarine, apricot, plum and prune, fig, and walnut. Fungal species 
collected as fruiting bodies and their incidence differed between crops and 
orchards surveyed. Fruiting bodies of wood decay fungi were also collected 
fro. the hosts previously mentioned as well as froa cherry, pistach,io, and 
olive, in orchards not surveyed for wood decay. Thirty-three species of 
fungi were collected from ' 23 genera. Tbe majority of the fungi collected 
caused or were associated with white wood rots; whereas three genera caused 
brown wood rots; and the decay of one genus was undetermined. Wood decay and 
fruiting bodies were primarily associated with wounds on trunks and sc~ffold 
branches. Trees with wood decay were commonly associated with orchards 
showing a decline in shoot growth, limb breakage, and decayed root systems. 
Several species collected in this survey have been implicated as pathogens of 
v~ri~us fruit tree species by other researchers. 

Wood decay disorders occur in commercial fruit and nut trees throughout 
California. The fungi causing these disorders , are primarily in ' the 
Basidiomycotina. Information available on these fungi in fruit orchards is 
limited to mycological descriptions (Overholts 1953; Gilbertson and Ryvarden 
1986, 1987) and scattered reports of incidence on various hosts (Anonymous 
1961; Shaw 1973; French 1987). Detailed surveys of wood decay fungi on apple 
trees have been conducted in Washington (Dilley and Covey 1980; Helton and 
Dilbeck 1984) and Kinnesota (Eide and Christensen 1940; Bergdahl and French 
1985). To date no specific stUdies or surveys of wood decay fungi have been 
published on stone fruit trees in California. 

The purpose of this study was to determine: i) species of wood decay 
fungi found on selected stone fruit trees, ii) incidence of these species and 
wood decay in surveyed orchards, and iii) association of tree wounds and 
decay fungi on surveyed, trees. 

MATERIALS AND METHODS 

Twenty-nine, 15-yr old orchards in California under commercial 
production were selected in 10 counties in both : the San Joaquin and 
Sacramento Valleys. Humbers of trees, orchards surveyed, and crop varieties 
were (crop/no. of orchards/total trees/ varieties): !almond/15/2688/Carmel, 

1 Department of Plant Pathology, University of California, Davis, CA 
95616 

.J.. _ _ ._~ ___ ~ _____ ~_ 
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Drake,' Kerced, lis.ion, RePlus Ultra~ Honpareil, and Thompson; 
apricot/2/210/BleDheim, and PerfectiOD; . fig/2/50/Calimyrna; nectarine and 
peach/4/408/Flaaekist (nectarine), Loadel, Starn, and Fay Ilberta; plua and 
prune/3/300/Friar and French, re.pecti~ell; aDd walnut/3/133/lnglish on 
native Black. Fruiting bodies, type of decay, and wounds associated with 
specific tree portions were deteraiDed for each tree surveyed. 

Fruiting bodies of wood decay fungi were also collected from the hosts 
previously mentioned as well as fro. cherry, pistachio, and olive, in 
orchards not surveyed for wood decay. Fruiting bodies collected were 
identified using aacro- and aicroscopic characteristics (Gilbertson and 
Ryvarden 1986, 1987: Juelich and Stalpers 1980). Fungi were cultured on 2' 
malt extract agar and identified (Robles 1948, 1965; Stalpers 1978). 

RESULTS AID DISCUSSIOR 

Wood decay within the orchards ranged froa 21-92' with almond having 
25', peach and nectarine 36', apricot 21', plua and prune 36', fig 92', and 
walnut 34' decay. Table 1 indicates the incidence of decay fungi . ~ollected 
as fruiting bodies from each crop' surveyed. Predominate fungal genera found 
on PrUlJUS sp. were OJcyporus,' GlUJodema, Laetiporus, Trallletes, FOlllitopsis, 
Armillaria, Pbellinus, and Perenniporia. Common genera on walnut were 
Arllillaria and Pleurotus, while on fig . only species in the genus InoDotus 
were found. 

Thirty-three species of fungi were collected from the following genera: 
Armillaria, Ceriporia, CopriDus, FOllitopsis, GaDoder.a, By,pboderllla, 
By'pbodoDtia, InoDotus, Laetiporus, LeDzites, O~orus, PeDiopbora, 
Perenniporia, Pbanerocbaete, Pblebia, ,PbelliDus, Pboliota, Pleurotus, 
Scbizopbyllu., Scbizopora, Sistotreaa, S~ereu., . and Tra.etes. Three genera, 
Coprinus, FOlllitopsis, and Laetiporus, caused brown wood rots, decay by the 
Pboliota species was undetermined, while the remaining genera were associated 
with or caused white wood rots. Species collected or reported in California 
on stone fruit trees are presented in Table 2. 

Basidiocarps and decayed wood were cOmBonly associated with tree wounds 
created by: mechanical harvesters, canopy support methods, pruning, and 
sunburn. Limb breakage during fruit production and uprooted trees during 
wind storms were daaages priaarily associated ' with wood decay in scaffold 
branches and roots of infected trees, respectively. In some cases, wood 
decay of specific portions of infected trees was limited to certain genera of 
fungi. For example, species of Perenniporia, Scbizopbyllua, stereu., and 
Traaetes, were coaaonly found on scaffold branches associated with pruning 
and sunburned wounds. Species in the genera Armillaria, GaDoder.a, and 
O~rus were primarily collected fro. roots and lower portions of trees in 
association with trunk injuries. Other fungi, such as those in the "genera 
Laetiporus and PbelliDus, caused decay in roots, trunks, and scaffold 
branches of trees. 

Two of the eight most common fungal genera, Laetiporus and Fomitopsis, 
collected in surveyed orchards caused brown wood rots. , Generally, fungi that 
cause brown wood rots cause a greater reduction in wood strength and weight 
loss than fungi that cause white wood rots in the saae time period. The high 
incidence and destructive nature of species in these two genera suggests that 
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these species may play a major role in the decline of fruit and nut trees in 
California. 

The majority of fungi collected cause~ white wood rots. The role of 
these fungi in the decline of fruit and nuy~rees is not well established, 
except for species of Armillaria which are known root rot pathogens of fruit 
trees (Raabe 1967; Wilbur et ale 1972; and Proffer et ale 1987) and 
CboDdrostereum purpureum, the causal organism of silver leaf disease of fruit 
trees (Setliff 1973). The other genera of fungi in high incidence in 
surveyed orchards that may contribute to declining orchards are GaDoderma, 
Tra.etes, and Oxyporus. Bergdahl and French (1985) indicated that Oxyporus 
late.argiDatus (= Irpex tulipiferae), Trametes versicolor (= Coriolus 
versicolor), and Scbizopbyllua coaaUDe could cause decline of 3 yr old apple 
trees in less than optimal growing sites in Binnesota. Pathogenicity of 
rr .. etes versicolor on young apple trees (2-3 leaf stage) in Washington has 
also been reported (Covey et ale 1981). Dilley and Covey (1981) further 
associated dieback symptoms with r. versicolor on mature apple trees in 
Washington, while in Australia this fungus is also known to cause a serious 
disease of mature apple trees (Darbyshire et ale 1974; Kile and Wade 1974, 
1975; and Kile 1976). The significance of wood decay fungi in California 
needs to be further evaluated and management strategies designed to limit 
their introduction and spread in newly established (2-3 years) and'older 
co .. ercial orchards. 

REFERENCES 

Anonymous. 1960. Index of Plant Diseases in the United States. U.S. Dept. 
Agric. Agriculture Handbook No. 165, 531 pp. 

Bergdahl, D.R. and D.W. French. 1985. Association of wood decay fungi with 
decline and aortality of apple trees in Binnesota. Plant Disease 69:887-
90. 

Covey, R.P., H.J. Larson, T.J. Fritzgerald, and B.A. Dilley. 1981. Coriolus 
versicolor infection of young apple trees in Yashington State. Plant 
Disease 65:280. 

Darbyshire, B., G.C. Wade, and K.C. Barshall. 1969. In vitro studies of the 
role of nitrogen and sugars on the susceptibility of apple wood to decay 
by rrametes versicolor. Phytopathology 59:98-102. 

Dilley, B.C., and R.P. Covey. 1980. Survey of wood decay and associated 
hymenomycetes in central Washington apple orchards. Plant Disease 
64:560-61. 

------, and ------. 1981. Association of Coriolus versicolor with a dieback 
disease of apple trees in Yashington State. Plant Disease 65:11-78. 

Eide, C.J. and C.K. Christensen. 1940. Wood decay in apple trees in 
Kinnesota. Phytopathology 30:936-44. 

French, A.B. 1987. California Plant Disease Bost Index: Part 1. Fruits and 
Nuts. California Dept. of Food and Agriculture, Division of Plant 
Industry, Sacramento. 39 pp. 

Gilbertson, R.L., and L. Ryvarden. 1986. PolyPores of North America. Vol. 1. 
Fungiflora. Oslo, Norway. 1-433. 

Gilbertson, R.L., and L. Ryvarden. 1981. Polypores of North America. Vol. 2. 
Fungiflora. Oslo, Norway. 434-885. 

Belton, A.Y., and R. Dilbeck. 1984. Yood decay fungi in fruit trees. 
Proceedinas: Yashington State Horticultural Association. 80:171-75. 



( 

( 

. ' 

""elich, W •• _ and J.A. Stalpers. 1980. ; The resupinate non-poroid 
lphyllopborales of the teaperate northern heaisphere. Rorth Bolland 

. PublishiDg, lasterd... 335 pp. 
lile, G.A. 1976. The effect of season of -pruning and of tiae since pruning 

. upon changes in apple sapwood and its susceptibility to invasion by 
rr .. etes versicolor. Phytopath. Z. 81:231-40. 

lile, and G.e. Wade. 1914. Trametes versicolor on apple. I. Bost- pathogen 
relationship. Phytopath. Z. 81: 328-38. 

------, and ------. 1915. Trametes versicolor on apple. II. Bost reaction to 
wounding and fungal infection and its influence on susceptibility to ~ 
versicolor. Phytopath. Z. 86:1-24. 

IObles, K.X. 1948. Studies in forest pathology. VI. Identification of 
cultures of wood-rotting fungi. Can. J. Res. C. 26:281-431. 

-------. 1965. Identification of cultures of wood-inhabiting Hyaenomycetes. 
Can. J. Bot. 43:1091-1139. 

OVerholts, L.O. 1953. Polyporaceae of the United States, Alaska, and Canada. 
University of Kichigan Press, Ann Arbor, Mich. 466 pp. 

Proffer, T.J., 1.L. Jones, and G.R. Ehret. Biological species of Armillaria 
isolated form sour cherry orchards in Kichigan. Phytopathology 941-943. 

aaabe, R.D. 1967. Variation in pathogenicity and virulence in Armillariella. 
Phytopathology 57:73-75. 

Setliff, E.C., and E.X. Wade. 1973. Stereum purpureum associated with sudden 
decline and death of apple trees in Wisconsin. Plant Dis. Rep. 57:473-74. 

Shaw, Charles G. 1973. Host Fungus Index for the Pacific Horthwest I. Hosts. 
Vashington Agricultural Experiment Station, Bulletin Ro. 765. 121 pp. 

Stalpers, J.A. 1918. Identification of wood-inhabiting Aphyllophorales in 
pure culture. Centraalbureau Voor Schiamelcultures, Baarn. Studies in 
Kycology 16:1-248. 

Wilbur, W., D.E. Kunnecke, and E~F. Darley. 1962. Seasonal development of 
Araillaria root rot of peach · as influenced by fungal isolates. 
Phytopathology 52:567-570 • 



~ 

Ie 
I 

I s 
1 

( 

Table 1. Preda.iDaDt fugal geDera and their inciclence in fruit and nut tree 
orchards in California.1 

, '. c 

Orchards SurveyeclZ 

Alaond Apricot Fig Peach and Rectarine Plua and Prune Walnut 

Arllillaria Laetiporus IllollOtas Araillaria FOlllitopsis Arlllillaria 
(0.8') (4.3'> (18.3') (0.8_> (4.3') (1.5') 

GaJIOderaa Oxyporus Ceriporia Ozyporus Laetiporus 
(3.1_) (5.7_> (0.2_) (0.7') (0.7') 

Laetiporus Pbellinus GSlIoder.a Perelllliporia Pleurotus 
(1.6') (0.9') (24.3_) CO.7') (3.0') 

Oxyporus Perelllliporia Oxyporus Pbel 1 ill us 
(4.0') (1.0') (0.7_> (2.7') 

Perelllliporia 'l'ruetes Pbellillus StereUJJ 
(0.6') (6.7_> (1.~> (1.0') 

Pbellillus Pholiota TraJlletes 
(1.0') (O.~) (0.3') 

Stereu ScbizophyllWII 
(0.4') (0.9_) 

Truetes Truetes 
(1.6') (1.7_) 

~ 

1 - Predominant fungal genera collectecl as basidiocarps on living trees in commercial 
production ·and their incidence based on total trees surveyed for each crop. 

2 - Orchards surveyed: al.ODd (Carmel, Drake, Kerced, Mission, NePlus Ultra, 
Nonpareil, and Thompsoa)i apricot (Blenheia and Perfection); fig (Calimyrna)i 
nectarine (Flamekist); peach (Loadel, Starn, and Fay Elberta): plum (Friar): 
prune (French); and walnut (English grafted on California Black). 
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:\ Tab .'2. COIUtOa Wood Decay I"uDgi of Selected FAit' and llut Tree Species in 
California. 

& __ ~ __ ~IUn~au~s~ ____________________ ~B~o~.~t~·~ __ ~~HI~b ____ ~D~e~c~aYCL-__ ~So~u=r~c~e~d __ _ 

AbartilOrus bieDDis 2,3 
(Bull.:Fr.) Sing. 

~llaria spp. 1-10 

~llaria mellea Fr. 5,9 

Ceripori a spissa (SeIlw .: Fr.) Raj ch. 9 

CbaDdrostereua purpureua 6,8,9 
(Pers.:Fr.) Pouz. 

COJU'iDUS spp. 11 

Daedalea querciDa Fr. 2 

Daedaleopsis cODfragosa 2 
(Bolt.: Fr.) Schroet. 

Fa.itopsis cajaDderi 8 
(Karst.) Kotl. et Pouz. 

Gaaoderma aDDularis (Fr.) Gilbn. 5,9 

G. applaaatua (Pers.) Pat. 9 

G. brow.nii (Kurr.) Gilbn. 5,9 

G. lu~idum 5,7,9,11 
(W.Curt.:Fr.) Karst. 

Hyphoder.a puberu (Fr.) lfallr. 5 

~hodoDtia aspera (Fr.) J. Erikss. 5 

I.oDOtus cuticularis 1 
(Bull.:rr.) Karst. 

I. rickii (Pat.) Reid 1 

Lr,pex lacteus (rr.:Fr.) Fr. 7,11 

Laetiporus sulphureas 2,5,11 
(Bull.:rr.) Kurr. 

LeDzites betuliDa (Fr.) Fr. 5,7 

~rus corticola (Fr.)Iyv. 9,11 

o. lateaargiDatus 7 
(Dar. , Koat. ex. Kont.) Donk 

o. s~lis (Bres.) .yv. 5,9 

1,2 

1, (2) 

1, (2) 

2 

1,2 

1,2 

(1) ,2 

(1) ,2 

(1) ,2 

1, (2) 

.1, (2) 

1,2 

1,2 

2 

1 

1 

(1) ,2 

1, (2) _ 

(1) ,2 : 

2 

1,2 

1,2 

W 

W 

v 

W 

v 

B 

B 

W 

B 

v 

v 

v 

v 

v 

v 

v 

v 

v 

B 

v 

v 

v 

v 

L 

L 

A 

A 

L 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

.. . L 

A 

A 

A 

A 

A 
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Pe~ppbora albobadia 5 2 V A 
(Schw.:Fr.) Boidin 

PereDDiporia aedulla-panis 11 1 V A 
(Jacq.: Fr.) Donk <,-

t 

Pbaaerocbaete velutina (Fr.) Karst. 9 2 V A 

Pblebia rUfa (Fr.) M.P. Christ. 5 2 V A 

Pbellinus ferruginosus 11 (1),2 V L 
(Schard.: Fr.) Bourd. et Galz. 

P. gil vus (Schw.) Pat. 5,9,11 1,2 V A 

P. igniarius (L.: Fr.) Que!. 11 1 V L 

P. po/IJaceus 5 2 V A 
(Pers.: S.F. Gray) Kaire 

P. robustus (Karst.) Bourd. & Galz. 5,8 1 V A 

P. texanus (Murr.) A. Alles 8 1 V A 

Pboliota sp. 11 1 NS A 

Pleurotus ostreatus (Fr.) Kummer 2,4 1,2 V A 

Pycnoporus cinnabarinus 11 2 V L 
(Jacq.: Fr.) Karst. 

ScbizopbyllulIJ commune Fr. 1,2,4-7- 1,2 V A 

Scbizopora flavipora (Cke.) Ryv. 5 2 V A 

SistotrellJa brink/IJannii 9 2 V A 
(Bres.) J. Erikss. 

Stereum birsutum 5,8,9 1,2 V A 
(Villd.: Fr.) S.F. Gray 

'J"rallJetes birsuta 6,9,11 1,2 A 
(Vulf.:Fr.) PilAt 

T. versicolor 3,5-9 1,2 A 
(L.: Fr.) PilAt 

a_ Bosts included: (1) Ficus carica L. (Fig); (2) Juglans spp. (Valnut); (3) Olea spp. 
(Olive); (4) Pistacia vera L. (Pistachio); (5) Prunus dulcis (Kill.) V.A. Vebb 
(Almond) (6) P. arllJeniaca L. (Apricot); (7) P. aviu L.i (cherry); (8) P. dOllJestica L. 
and P. americana L. (Prune, Plum); (9) P. persica (L.) ;8atsch. (Peach); (10) P. 
salicina Lindl. (Japanese Plum); and (11) P~unus species. Host nuabers separated by 
semicolons correspond to occurrence by state. 

b_ Bost association (HA): 1- Living trees; (1)- Possibly living trees; 2- Dead wood; 
(2)- Possibly dead wood; 3- Hot specified. 

c_ Wood Decay: V = White wood rot; B = Brown wood rot; NS = not specified. 
d_ Information obtained fro. author (A) or from literature (L) listed in reference 

section of this paper. 
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13. POPCLATIO:\ DY!\A!\UCS OF BE~'ZI\-1ID,-\ZOLE-RESISTA:\fT 
\10:\ILI:\,IA SPECIES 01' STO:\E FR CIT TREES I:\ CALIFOR:\IA 

J. M. Ogawa. B. T. \lanji. 
J. E. Adaska\,eg. an': T. J, \lichailides 

8-::-,,',-,vl \'-~S Introdu-:cd for e,\:-:rimen!.3lion i:-, 1':~7 b\ 
E.!. c.: Porll Ce ~emours, Inc. af:: was rei!iSler::j !:-. th~ 
Cnilc": S:.:.:tcs :'0r .:ontrol 0f brv·''-f. rot ,n 1972, \\'::'1 it;; 
spcciL r..ode oi action. high a.:~ '.' ity against '·:ccr;;.'ini,; 
sp.:!cic" and 10--:31 systemi.: acti\ltY:"i host tissue .O,;;:· .. ·a e: 
;l]. 19 - :a,b), bcoomyl was wide:~ ::'':vpteJ for con:"-01 oi the 
browl. ~0t J.ise;;,.~ on stone fruits an': almonds. 

In 1967, t-cfore experimen:..;,l .:r fidd appliC3U0:1S 0:' 

tx:nor..yl · ... ·ere made in Califomi2.. in vitro stu':les ..... ere 
made t.: eS!.3;:'lish the baseline 5-Cnsilivilv of ,.,1c,r;;lini.:; 
5;Jecic5 t,' ber.0myl (Ogawa e: a: . 196~)," The~ 5:Jdies 
sno\l, .:..: L~Jt rr. \·.:dial cro,,..,th 0:' t-: :h ,.': (ini!inia ··r:.: ;;col.,; 
3...id .~: :.:xa \':a5 .:omplctely l:1h i::- ::ed ,)0 po!.3te·,,:;?, lfOse 
:,l .::ar ?D.-i.) :::nended with 0.1 L.:Jml benom\·: . Jiese 
r';-sulG :ej to extensive field tests' :n s'-'-ect cher.1es. apri· 
cots, ..o::nvnds. peaches, and pr-::1e.s to determine efie..:tive· 
ness c' t-enomvl in control of blo5.svm blight, fnil rel and 
posth..=..:ve.sl fruit dxay, Results in'::.:ated thal a single spray 
of be.:-.omyl \l. as equivalent to t'-'- 0 spray appli.::a:icns of 
other :':lr.~cices tested in cor.::-o: of trown rot t<2ssom 
bligh:.. Beno:nyL when spray.:d .en reach fru i:. s~. owe': 
active:. ior ::;.) days after pe3.:hes we~e inocu :ate": wit:. 
spore:s of .'vI, j~il.c;icoIQ and incuba:;;!d in the labo~a[c:-v. 1:-. 
addiL:-il , fruit dips in a mixture oi tenorilyl and DC~,'; pro· 
vidcc ex.:ellent disease control ar:': sup~ressed eS!.3t<lshcj 
infec~')li5 of postharvest iruit dec.ays c:::used by .... 1. :"rucci· 
cola :::':1d Rhizopus stolon{er. ' 

USAGE OF BE~OMYL 

C.)ntrol oi brown rot caused t:. both .... 1, frucliec:a and 
,\,1. la.:.l became dependent dn ben0myl after its regis:.ration 
in 19-::, 8enomyl replaced other Fo~;ant fungicides such 
as ca;'tan, maneb, dichlone, and ccppers for blossom blight 
contr.:-\. The importance of fungicides in controlling brown 
rot in C.11ifomia stone fruit and alrr:ond orchards is in.:iicateJ 
in T;:jle L The number of fungi':lde applications per sea· 
son \ .lri.:s with fungicide and Cl'C'J, In California, one to 
(WO G.;.'p:l<.:atiolls are made during t-:oom, followed 0\ twO to 
three preharv;:.st applications, ex~ept on apricots, -prunes, 
and almonds, where preharvest spnys are not appliej. The 
numt>Cr of preharvest applicatio;-..s on fresh markel nec· 
tarines and pe.1ches is based on the numt'Cr of times the fruit 
is ha."\·ested. 

In 1973, environmental cond::lOns in Californ ia were 
cond.J':l ve to blossom blight caused by Monilir.ia species 
and resulted in varied disease conL'"oL Prompted by a repon 
by Schroeder and Provvidenti (1969) of benomyl reSIStance 
10 £rysiphe cichoracerarum on curcurbits, a survey was 
made of 73 orchards that reponed repeated applications of 
~':Iomyl: ~ith some showing severe blossom blight. Sensi· 
tl\'lt) ot ISOlates to benomyl was tested by measuring 
mycelial growth on PDA amendeJ with 0.1 and LO jJ.g/ml 
of ~~omyl. None of the isolates of M.fruClicola or M. lax.a 
exhlbnoo measurable mycelial growth on PDA amended 
with LO jJ.g/ml benomyL At the 0,1 ~g/ml benomyl level; 
no growth occurred on the second day, but growth started 

;00C ::',:':;:~ an.: ',' : :'-.;0 :: L:.ys C0\c::r;;~ the rl~[c::, ''':' h i :~ . .:lif· 
·~n~c ::- ....... ::: e..:.:~;~ ~ :-ep::-.s . .;.. her~ the :ungu~ i.iJl~~ to ~ow 
:un.:-..; :'-.;' ii\::·~ :. m.:_:--":':.: -:,n pen(x; Oga\'-3, 19S':: T~:= et 
J, ~ ~ -.: . Ir, >r .:. o~ :.:--~ . .:IU5:0n ... ,lS thJt resis:.?.'l lX'pu, 
...3.ti(,-.: ''':';!re :::t:-;.:::t f:.:-~ ·~. CaIL·orr.:.; orchr.:ls :':.3l ·.:..ere 
;prc. :. :-':: ~~pe.a..:e':": :, w ; :;-. ::-cnom:, L ?oor ':1..1:itro: m ~me 
:·rcr-"..:-.:s ·,;.a5 ;,r.: ·~.:.bl~ :-;: : .:~d 1.0 en\[[onmer.wl c..:>nc:::0nS 
,;,·hi..:- ;-,;, ·.er.:·;:J ;:~;)pe~ :::;-;:!J(;2uon C'fbenom~1 Sp:--3Y5. 

Detc-~ :ion of benl'm~·I·re~i.stant ,\f,fructicola 
~e :'.,:-,: ~~p.:::-: c:' .1.(.;= .. _' ::_·.')ia r~.515:;mt to ~norr.:,l \I,.:.s by 
Nh~- : ~-;6 in .:"us t.:-'"':": :.:. iolle-w('j by a rq:'On t-y ; ,'fles 
.:.nd =-~:=: (1:::-6 :'i ~~.:~.: ~:m. Re~ : stanc;? lcveG fCp.:ned 
:-Jng:": :'~ : m : ':\': ~ 1.Cc:a~. J. ;;-'ml bencmyl ~Jones, : 983 ·. In 
.\;e\l. :',-,i.:. Suo:.:k a.-": Gl:patnck Ii 971'1 reported th,,: 9% 
)f L:',.~ ::-C::orr:yk;'5ista.:-" 15-0lateS sh0wed profuse my,~lial 
p-o',;,,~_-. ::: me.jl\.;"~. ame:-,':ed with 50 ~g/ml l:'cnolT.yl, ... hile 
53'it s.~,('· ,;.ed ;:'fC' :'.:.se rr::-·.:el13) groWL' at 101lgiml \:Ien0-:nyL 
:n tI:c s:::7:me~ 0i' : 9T, Ra\'euo fITst detectc::d iso12tes C':' ,'.I, 
·rue::.::,,; reslStr.: to t.:::-.0myl on fruits colle-..:ted In a ~ch 
Jrcr'-"..:-..: ::: the n.:-:-.. 1em S':"1 Joaquin \'alley 1.1.oclC,xd. CA) , 
This x~~.;ll'd h3': Jeer, s;:,nyeJ repeatedly over :..'1e ~~s, 
rim -;, :::-. be;-.0rr.:.:. tt.-::-. · ... lth combi:1ation 9rays of ~no­
my I ;-': .:s ~apL3J1 ,~. atte:7l;'ts to redUCe the sc\~re crop l.:---;.ses 
iror.. ::-~ ::ro'.;..'O r:< dis.e.ase . Ravetto's isolates of ".f. fr~ti­
colc "e:~ iound:..:- be reslstantto benomyl a1 1.0 ~glm; and 
nOl a: t:,~ high Ie', ~Is previousl y reported from Australi1 and 
~ici:.:fa.-: , The :~vels of resistance were determinej by 
;;orr.;::.:-:~.g myce: :;l1 g:D1I.·th of isolates ne\er e~posej to 
beno:-::~: wi~'1 t:..l1 of ISolates collected from bencmyl­
spra:.e':: .:'fchards .:'n PDA amended with ixnomyl ().1anji et 
al, : ;S: . Bencayl·s.ensitive isolates failej to crow at 1 
~g/~ tcnomyl .:nd t-.aj a slight reducuC'n in - my:eliaJ 
gro .. -.h .:..: 0 ,05 H/ml b!nomyl, while the myceu.a.1 growth 
of ~.::(,::1yl·resis:.lIlt i..;;o13tes colltXted in 1977 from the 
same o:~~ard \1,;:'; i!Sse:;l.13.11v identical on mejium amended 
wit..': L jJ.g/rr. : beoomyl" as on unamended medium. 
MF~ :1::": growth .:'f rCS'-5t2.l1l isolates was reJuced at4 ~ml 
(Fig-.;:;: :,. Sin:~ that tt:ne, surveys of (\rc~rds !n th~ San 
Joac..:m Vallev ~.ave mdicated an increase in number of 
orct-" , .. ,:; with -tw::1omy)·resistant populations of .\I, fructi­
colc , >. 19'78, -:) orchards (10 isolates frum each) were 
san: :<:?..:. and f: Jr aC,jitional orchards v. :?re fe-und with 
isoIi:es 'of .\1. .':"'J.cn·c0b resistant to beocmyl : in 1979, 
resis:::,.:-.: :solates ·:..ere d;:[ccted in si:l: orchar.:s; and in 1980, 
38 \X~L:d$ . T-e use of benomvl was re-<!valuated and 
ben...""\-n~: usage .. as dls.:ontinued - in orch.3:Js ~ here' high 
po~tJ:)Os of A1 fruct~ola were resistant t.:' benomyl. 

Popalation dynamics of benomyl.resistaDt isolates in 
blossom infe<:tioos 

l'oo!r condJ::ons of extremely high d:.sease pressure, 
control of blosso:n blight with bellomyl was less effecu\'e in 
commer.ial orcl-.ards "'ilh populations· 0: M. fructicola 
resisun: to benooyl at 1-4 ~g/ml (Rough et ai, 1979). In a 
Loadel .:ling pea.:h orchard with 22% of ~ population of 
M.fr.u::.::ola re5:stant to b!nomyl. blossom blight was 42~ 

f 
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Crops. culti\'ars, production area, a\'eral!e number of spra~ applications. and estimated cost of treatmentc; for brown 
rot control in California orchards 

~o. Lngicide 
No. of Production 3:'['l!: .!tionsLvc~lf cr\ ~~ 

Crop ___ c.!!. l t,i.qr~ 3.[C3 { h3)3/ S.YHcmicC'... -. __ ConJ3cl9 .LX ~ : ,::-'())- --

Apricol'> 13 9,30::; "") - - ...: '" - -

t\ectarincs 60 9,30::; 3 t- ~ . ~,~ 

Peaches 
Processing 38 14.:':: ~ .;; .... -. 

-' -
Fresh marke t 69 12.80 1 , 6 -.-."" : 

Plums 52 13./&) "") - -,'" -
Prunes II 34,131 "") f _ ~ : ~ 

Sweet cherries 8 4.8C'0 : ~ . . ~ -

Almonds 40 171.9':")5 -. . ~ ~ -'-

TOTAL 270,665 6- . -- :: 

W For production year 1936. 
1V Estimated for benzimid.1z.ole fUfllZicides 
r;) Estimated for sterol biosynthesis -inhibi:.: :-.g and dicartxlxirr.:je fung icides. 
rJ/ Cost figures derived by multiplying pr0':Jction area, avera;;! numocr of cont.;..:t fu:-.g;.::je tre";lmcnLS, 

and application cost oi fungicide treatTr.: :ns, estimated at 5 ::)0 per hectare. 

in the benomyl-spraycd plot and n7' in the unsprayed plot. 
The benomyl-resistant population increased from 227(; to 
80% in the benomyl-sprayed plot, while in the unsprayed 
plot resistance increased to 40% (Szkolnik et aI, 1978). 

In further experiments in the same Loadel cling peach 
orchard, under conditions of high disease pressure and a 
moderate population of M. fruclicola resiS13nt to benomyl 
(36~ as determined from mummified fruits), bcnomyl 
applications of 1.1 and 2.2 kg aj./ha reduced blossom blight 
to 56% and 43%, respectively, of that of the unsprayed trees 
(Sonoda et aI, 1983). The difference in blighted blossoms 
between the benomyl-sprayed trees and the unsprayed trees 
may be accounted for by hypothesizing that benomyl con­
trolled only the benomyl-sensitive isolates. In another study 
on nectarines near Parlier, CA, blossom blight was effec­
tively controlled with benomyl in an orchard with low dis­
ease pressure and a low resistant popUlation (20%). How­
ever, the percentage of benomyl-resistant isolates increased 
from 20% to almost 90% after a single benomyl application. 
This increase in benomyl-resistant isolates could have an 
eifect on the control of preharvest fruit rot with benomyl. 
Conclusions from these studies are that benomyl sprays 
applied during bloom effectively prevented infections 
caused by benomyl-sensitive isolates but not those of the 
benomyl-resistant isolates. 

In the same peach orchard (Lockford, CA), Adaskaveg 
et al (1987) found that isolates of M. fruclicola resistant to 
be.nomyl remained stable at 35% in the absence of benomyl 
treatments for an eight-year period_ The orchard had been 
sprayed with a sterol biosynthesis inhibitor, triforine, for 
four years and with a dicarboximide. iprodione, for another 
four years_ The nectarine orchard (parlier, CA) was sprayed 
with a combination of benomyl plus caplan during the pre-

vious six years. and the percent of bc~amyl-res!s13nt iso­
lates had incrc.a.""..:1 from 20 to 55 c:. 

Population dynamics of benom~ I-resistant isolates in 
fruit infections 

The amount of inoculum and ?roportion of re.sistant tC' 
sensitive isolate.s of M. jruclicoiJ on diseased fruit coulc 
detennine the inoculum status ior the iallowing spring . 
Primarv inocula for blossom ir.:-ectioo 3.[e conidia from 
sporulating mummies found on U-.e tree anj on the ground . 
as well as ascospores from apol1ecia (Shabi and Ogawa. 
1981). Apothe-.:ia are rarely fOt::ld in Califomi3 orchards 
except under prolonged wet soi: conditions dunng sprinf 
bloom. 

Comparative pathogenicity L·i re:>lsta:lt and sensitive 
isolates is one paramel.er det'~m1ining parasitJc times:' . 
Jones and Ehret (1976) in Michigan compared resistant and 
sensitive isolates of M . jruclicolc. and found thal they were 
similar in \;rulence. Penrose et 3.l (1979 ) in Australia co­
inoculated pea.:h fruit with one resistant and one sensiuv;! 
isolate using spore suspensions ~ ith diffe.nng proportions 0; 
the two isolates . In most cases, l'le isolate inoculated in th;! 
larger proponlOn predominated. Ho~e~er, mixtures oi 
resistant and sensitive isolates ~(!re present in many of the 
resulting Ie.sions. They conclude..:1 that the two isolates were 
about equally virulent. Sonoda and Oga ..... a (unpublished I 
co-inoculated resistant and sensiuve conid.I3.l suspensions of 
M. fruclicola onto injured peach fruit in the laboratory and 
found them to coexist in some le;ions but not in others_ In 
pairings of equal proportions (resistant al 1-3 ~g!ml beno­
myl), the sensitive isolates preCominated in 83% of the 
peach lesions. However, as the proportion of the sensitive 
or resistant isolates increased. th;! isolate in higher propor-
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Comparisons in sensitiyity of benomyl-sensitive (2-65 and MUK-l) and benomyl-resistant (1·81 and A 7) MoniIin:..z 
fructicola isolates on the basis of mycelial gro .... 1h on PDA medium amended ..... ith various concentrations of benom~ i.. 

tion became dominant in the resulting lesions except in 
oneinoculation. Lesions caused by individU2..i sensitive 
isolate.s were larger than those caused by individ'Jal resista.nt 
isolates (Son0<i3 and Ogawa. 1982). In these studies, 
resistant and sensitive isolates were both pathogenic. how­
ever, the sensitive isolates were more virulent. 

Zehr (1982) determined the level of resistznce of iso­
lates of M. fruClicola in South Carolina as 500-1.000 Ilg/ml 
benomyl. Parasitic fitness of these isolates wa5 determined 
by introducing benomyl-resistant isolates in benomyl­
sprayed and non-sprayed peach orchards and ob~rving their 
spread and overwintering ability. Resistant isolates became 
the predominant population only in trees sprayed with 
benomyl and then failed to overwinter. In contrast, Califor­
nia isolates resisllint at lower levels (1-4 Ilg/m i) remained 
stable after eight years in the absence of benomyl. indicat­
ing their equal ability to survive compared v.,th sensitive 
isolates (Adaskaveg et ai, 1987). Further studies are needed 
to detennine whether levels of resistance affect the survival 
of Monilinia species under varied environmental conditions. 

Population dynamics of M. laxa causing blossom blight 
Populations of M. laxa resistant to benomyl were n:{ 

detected before 1980 in surveys conducted in almond. ar:-:­
col, and prune orchards sprayed with benomyl where pop:­
lations of M. laxa predominated. Crop losses were r,)( 
reponed except from orchards in Merced County. w~ 
severe apricot blossom blight occurred. This high dise<:..<e 
incidence could be attributed to rains during blossomir~ . 
which prevented the proper application of benomyl. Ei~ ~ t 
years after the first application of benomyl, resistant isola:.!:; 
of M. laxa were detected (Ogawa et al. 1984). The le \'eJ : f 
resistance was 1 ~g/ml. similar to those reponed for .L{ . 

fruclicola. Isolates of M. laxa resistant to benomyl p:-:.­
duced smaller cankers than sensitive isolates on almo:d 
shoots. Funhermore, two of the resistant isolates produc:!d 
only a few conidia on PDA, and three were incapable .)f 
establishing colonies on benomyl-free medium. 

In a 1982-1983 swvey of M. Iaxa and M. Jructicola :n 
prune and apricot orchards in California. M. Jructicola ~'.i.S 
the dominar)t species and only isolates of M. Jructicc~ 
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wac found to be resistant to benomyi 1.\~.::haili0=s el 3.1. 
1987). A shift in populau.)n had OCCL:.ITe': irom ;:--revi0us 
studies. which indicated M. ia.:uz as the rrej0min3.li: spe-.:ies 
on these crops. The rea."ns for this ~tU:'l arc :-.0l fully 
undcrstood. Possibly. un,:cr continuej l!Se oi ~nomyl. 
populations of ,\t . fn..lcci'coia became jor.. in:mt '';' ith the 
dc\·clopment of resist.1ncc. The nondcL:?-':L'fl of i~: :.11eS oi 
\[ taxa resist.:l.nt ,J bcnC::1\'1 mav ~ "'::..:e 10 L~.:: si:-.;:k 
~l'rlicaUon of t-e:1omyl "':llfing -blCX':-:1 :or,lrc::_-:g ~'1e 
~('nsitive populaticn of M. :a.x.a or to L~,(' .eJu.:cJ ~.1f:l:;;ci-: 
firness of resistant popul:!;ions of.\1 :...;.~. C.:.;_a .:.n"': 
O;:awa (1982) fou"j that 1;..:)laU!s of .\1 :"';'~...J irorr, .:pri":0L 
rc;istantto bcnomyl werc kss parasilic..:..:I~ :-:L HC"';' :vc •. ir, 
ene almond orchard sprayeJ repcaledl~ .. ' IL:". be riO .. : I aLene 
:mJ later in combir..1tion \I. ::h caplan. i~ ·( .:::' the I~: ;31e 5 ot 
,\[. {axa from bli;:hled t-:0ssoms \I.,:;e :-::sistar::. ~is 
r::sistant populati0n was established. -:-hesc ~=Si5~nt 
i~olates showed rc'::uction :0 rale of g;?~ :;;bc e::·-.;a::0n. 
pJlhogenicit}'. and sporOCxhial prod:':":li..:~ on t·-:gs ::-u: 
g00d fitness in virulence '';' :,en comp;,.:~j :.) Lle :.::nor..y1-
sensitivc isolate (Canez. : 986). A re5Ist..:..,t isC':'::e i~.)rr. 
~"ricOls sho\~ ed reduce': fitness c:".\· ;:1 g~:-::: :.: t'<? 
-?!ongation and s;:~rodoc~.:J.I de\·;::lo;:-:-::-::-.:. T~. : S:.::~I: 
rejuctions in par::..siu(: fi::-.ess of the 3::-:-.0nJ. :-'::lo::-.~ · l­
r~sistant isolate cC'uld no: be measure': i:-. ino.:L.:::ior. 0:· 
twigs and measure~ent 0:- .:anker de\e:0;:-::-lcnt i:-. :he :''''(­
years of experimer,tation i:; field u'st r<0ts . In I S ~:S. t.'-.rc~ 
years after the ex:lusive ;.:se of iprod.:0De in thi5 .1Irr.0nd 
or(:hard, the percer.t of res:si.3!lt isolaU!s •. S: =-c) ha': :".ot beer. 
reduced. Interestingly, under extr-:me:y 10"" discase 
pressure. protcc!i\'e spr:::;s of bene:!'.:: or :;:-rO<i-:>ne 
rro\·ided effccu\e an': equi\aler.: '::~e co:::ro: 
t.:l,daskavcg et ai, 1987). 

Fungicide managemen: studies for 0r":~ . .irds "" .:.'1 re.sis­
l3.I1t populations oi M. la.t..; showed th::: u:-.jer hif~. dise.ase 
pressure, a mixtu:-e of bc:1omyl plus Ir: ~-..jione :-ro\ ide': 
more effective control tha:. a mixture 0:' benomyl ;:-ius cap­
tan. Under low disease pressure. 6iie:-ences Jet\l. een 
treatments were nN shown· Caflez. 1986). 

DISCUSSIO~ 

Contributions have been made or. hvw to ~Iav the 
occurrence or prevent in:reases of resis!3nt p0~ullit.ions 
since the advent of ber.zimiclazole resIstance :n plan: 
pathogens. Delp '.1980) rroposed a ccmr:nauon ::eat!nen: 
of benomyl with another L:ngicide wit,': a "':ifferen: ~ode 0:' 
a::tion to manage the deve;opment of reSi5:3nt fur.;31 r-:'pu· 
lations. Kabie a:1d Jeffe:-y (1980) a:so :101ed f:-'::m thei~ 

r. . .x~. :,l.it iL::-.:;ici~ r..~·I.tUre5 .:Ie more ;;':var.t2fe0:.:s ._-~:1 
a:~r-.::ior.5. Sk::.:.k.:..;';':s (l9Sr. quaUie': LU: ,,::'C . .:...>! 
r71L"\,-.:-es :;.re \:~tirr..::J ... ~.en in:-.:--.;-t:0n r::~~ 0i ~·e r~5.~~":"l 
51..\t-~·:-ula:J0r, J.rC i0"". Thus L"ie eiil":;;':'" ot U-IC :::-:-.sk 
i:;nf:~':je je.::~.lSes :l:; :..~.e resis:.~n: sub;x'~..:hlJ0r l:",::-e·.:.:.:~s. 
Fur":.:: th~ de:"':yir.; e:":"::--..:t of r..i\~we5 1:1~:~J.~~ '::'5 :.~~ :oo_"! _ 
.:..;.:~ : :- L~,;? ..: :-mr2:.! \.':-· (ung: .. ::~~ In...::--:,..:...' ~ ' . ! :-:?...:::.- : '-:5 
';" :t!-. :: s~~;:-.:~ :· ..mf:'::~;:~ ~llth~:- 2.: ... ' ::~ C:- ::-: 2!t.::-:""_.: :,:,"':-.. > . . :-: 
2 r. .. ':. ::.::-~ '.:".:"i :: ;:- ,.":.?"::2fl: :'_:-.;1'::::~. :-~:~ ... :-...: ..: .. ...: .:.......:: 
~\·e:-.:~ .. · I~.c\~. ~l':":. ~ .:.-:: I b ... : ~:-. .:r~s-c~ __ l~ ~·:-~~JCi'"} ~. ":{ 

:-~ ~i~~::t J:"'-"'P :'" . jl101.S. '';'' .: ~ SCi:'" . .:' C\~Cr ::\. .. -:-. ..: !::J., ~:--. -: ~ ~ .- ~~ 
.:.: . >~:;. ;':LCr. : ~ > ~ 3.1 r:;-..':-i.cd. '-~:-:l t::: ;:-r~ ·. ' . .:5 

~:~:~~. t:;3~ :.he :.:~ ... : a! ~ "'\' ~ " " 'rI ··' · ~':.:-.~~' ~\.? 
:"-I~r=~~j ~;? :·:-\?~C;::1~:. ~ ;. se I ~~~~';l O~· ~ ;~': ~~.~:.'; ~ ~ ':-'?:'~'_-2-
::0rl ~ rt.:J1 ;: ~or~, t:1: ::tr~~ :-:'.\.'\..:~l:) ;:-~~,.:t\?~ :::..=.: .; - . \­
~.....:~ : :' ~;-,O;:-.: l v. 1:":". :::. ,,:;-,rel...:.:~~ :'un~.::':.: '';''\.' ~~ ~ .. .? :-<r~ 
.::'Ic...:''': '.e ::1 :-::":u~,:-.; ~-.': r3.lC ::' ..:....:(:c.:-:-c:-.~;,:: ..: :' 2 :-;?:-, :,Zlt 

5..;~;:-<~uL:.:J0:-. :,,13.!, ::-.~ ~.:! of :-... ~:-; ..:'my~ ..!~:lC \::-- 1:-. ;::::::-.~­
:':~:1 ~!:.::-~~ :'J~c:- :-. .::~j th2: ~.21;l;-':C:- '-it? :.=:'..:.~~>- :~ 
'';'' h! ~ - ~'1e ~::-...:ti\e ':'::::.~.: is 2::-::':~. L-~~ ~~~.3 : ~=- ':.-~~ :--~':' ~.j. 
::ii::. :f s.clc-...: :.:ng 2. rt~:~:..!nl ~·~:-;-~.);'lu!...::,:,,:-:-- r.:: .:,:';-;~ . _.:,:~ 
:.:,..?~ ·:-t::-.0~\: ~::0tl:': :--.:.::-c u~..: ":':--i.:n..: ::-~';":-, ~:L ;::':':'::--:--.:": 
:"-. ~: 2r.::-.::':.:: ~s s.c'·'e:-= . .;~j ::" ~'.:'t.lur·~·~ ::.::: ::~~:--.::'.::.... :-. ~\ 
~,-.0_ . ~ t~ i.l~.~ ;n ;-:-, ~ : :..:~ : :- 3r;:<:,·.; ::\.)n~ 

~·:":'t3.:.::~r:,::-.t 5::-3:~';::~5 m ~ ~: ::'".~lc~~ 2 n1\~ :-.. :C-:-..r, ~ ,-
:..=m :-c~.3c.:;e :: is ~":.,::::';:~~y Ut.::: ~\?~:SL;:,,:(, ·..;"i;: ,=..:..:~r -:.- ..:.~~ 
0r;:~.':':.:!s .0':': ·;"3:;,!~:;':. :~79. :-:.~: : 0.:.:·.:...:_ IS-~: '. We -.:eC 
:,..) ..:: :-.s:..:!;:r -:...:...~ \'~.'!:::: ':~grc~s \. ... ~. rcs.s:":::-:(e ~(' ~~ 2:--.sk 
~'--Jnf· . .::.je. th;: :-ol~ ,-:f ;;-.= ~H·ris~ =':":i1gi~:j~ '"""h:::-. ~x': _.·...:er 
:J'J-, '. ~rsus r.:,;::, dlxas: ::,ress:..:r~, :lnd ::-.e :re5~;-. .:e of ~-::-e 

~~~~~.~~:~~~:'1~~·. ~:~~~.j~~ ~~;~~~~r·i~:~~~~:~~· ~~-;~~~ 
::-I~~,: ~:r":':;?f:::5 rc~,,:,L::-.': :'0r \ '::i\."_S Sl~:i~ :'ru:~ ..:rC';:'5 __ ...:~r 
::""1 .=..-.; ~:lrr.2:= ",.I.. :-.~:~ ::linf~l ..!:-.j c.:s.e~~ e;-:':t:-71l~: lre 
::rrl:~~ cc:n~ .:...-ed tc t:-.: ~orc r:~~, id ::::-.': ~.ig~ .. ~i:--.:-al: i::-:1. 

~r2.:= r~fi0:-. ~. T (' ;'~::'. enl ::.c jcv~ ~~; ::-l~r.: .)f re5-:_:=-:.Ill 
(~n::'::: r-:'pu!~ons. rr.;;,,--.:gemer:: ~:udi::::5 .:::' fu:-, ~;-::de _;;:,ge 
reqc~ the c=:ermina:.;.:n of L';e mini:-:;~ :iUm~r of ~r;-11-
catie-::s oi t!-,;! at-risk :\;ngicide JIld :.he effe-.:ti .. :;'!ne:;:; of 
3..lte:--.:U:1g x ·.er:J.l fL::";:.:ides 0~ m[,t~:s of i:!np: .Jes 
·.I. · tK ~ ~du~<;: 3pp:.i:.?:::ns are r,c-:::ss::...-:- . 
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Common Names· for. Plant ·Ullsea.ses 
\ I ~ • -)0'1 ._" ............ ii(> 

In 1978 The American Phytopathological SocietyestllbliiShc:d 
a committee to develop listings of APS approved names 'for 
plant pathogens and the diseases they incite. These mimes are 
then considered the preferred names for use in APS journals 
and other publications. The Committee on Standardization of 
Common Names for Plant Diseases published lists of preferred 
names for 35 commodities in 1985 (Plant Disease 69:649-676). 

The following eight lists are presented for reference. They 

01988 The American Phytopathological Society 

I Almond (Prunus dulc/s) (Mill.) D. A. Webb) 

J. M. Ogawa, Primary Collator 
Common name 

Almond bull mission 
Almond corky 

growth (on kernels) 
Almond corky spot 
Almond foamy canker 
Almond leaf scorch 
Almond noninfectious 

bud failure 
Almond virus 

(bud failure) 
Almond yellow bud 

mosaic 
Armillaria crown 

and root rot 

Bacterial eanker 
and blast 

Band canker 

Brown rot blossom 
and blight 

Ceratocystis canker 
Crown gall 

Dagger nematode 
Green fruit rot 

Hull rot 

Leaf blight 
Leaf rust 

Phytophthora crown 
and root rot 

Powdery mildew ,. 

Ring nematode 
Root knot 
Root lesion 
Scab 

~' .. 

." 

Pathogen or cause 

Genetic (nontransmissible) 

Cause unknown 
Cause unknown (nontransmissible) 
Cause unknown 
Unidentified rickettsialike bacterium 

Genetic (nontransmissible) 

Prunus ring spot virus-calico strain 
Tomato ring spot virus-yellow bud 

mosaic strain 
ArmillQriQ mel/eQ (Vahl: Fr.) 

P. Kumm. (anamorph: RhizomorphQ 
subcortica/is Pers.) 

Pseudomonas syringae pv. syringae 
van Hall 

Botryosphaeria dOlhidea (Moug.: Fr.) 
Ces. & de Not. 

MoniliniQ fruclicohz (Winter) Honey 
M. laxa (Aderhold & Ruhland) Honey 
eeralocyslis flmbriQla Ellis & Haist. 
Agrobacterium lumefaciens (Smith 

& Townsend) Conn 
Xiphinema spp. 
Botrytis cinerea Pen.: Fr. 

(teleomorph: Bolryolinia fuckeliDnD 
(de Bary) Whetzel) 

MoniliniDfruclicolQ (Winter) Honey 
M. laxa (Aderhold & Ruhland) Honey 
Rhizopus slolonifer (Ehrenb.: Fr.) 

Vuill. 
HendersoniD rubi West. 
Tranzschelia discolor (Fuckel) Tranz. 

& Litv. f . sp. dulcis 

'~ . ,J' , '- ',f.' !J:f 
l~~~W~'Mft l!)re¥iCllusllyedited by committee meinbelll ailcI tUODOtDists· 

..... cOmmeni"Ui Phy;opathology' jigs . . io~ 
acbiM long-term uniformity in nomenclatural staDduds. the 
committee has adopted the tllxonomic system being pfCp!(red 
for the USDA's second edition of Agriculturtll Htmdbook'J 
(Index of PlIlnt Disetues. J970). It is expected that the lists 
not be revised for at least five years so that stllbility in u f 
common names will be achieved. 

The committee thanks the collators of each list and those who 
have been involved in many days of editorial process. 

Richard W. Smiley, ChtlirmQn. Committee on Sltmdtlrdi­
zillion of Common Nllmes for PIQnt DiseQses 

Elm (Ulmus spp.) 

R. Jay Stipes and Richard J. Campana, Primary Collators 
C_IDODDame 

Anthracnose 

Bacterial wetwood 

Black spot 

Botryodiplodia 
canker 

Bolryosphaeria 
canker 

British tar spot 

Cbalara root rot 

Coniothyrium canker 
Cytospora canker 

Cytosporina canker 
Dampm,-otT. 

Fusarium 
Dampiq-otT. 

Pythium 
DampiJII-GtT. 

Rhizoctonia 

Decay (xylem) 

Pathogu or cause 

Gloeosporium inconspicuum Cavara 
= CylUulrosporella inconspicutt 
(Cavara) Arx 

G. ulmicoliz Miles 
&cillus megQlerium de Bary 
Entf!rONcter cloocae (Jordan) 

Hormaeche & Edwards 
= ErwiniD nimipressuralis 
(Caner) Dye 

IYudOmonDS fluorescens Migula 
Gnomonitz ulmea (Schw.: Fr.) Tbuem. 

= Stegophora ulmea (Schw.: Fr.) Syd , 
& P. Syd. (anamorph: Gloeosporium 
ulmicolD Miles) 

Botryodiplodia hydodermiD (Sacc:..) 
Petro in Petro & Syd. = Sphanopsis 
ulmicohz Ellis & Everh. 

B. mQlorum (Berk.) Petro & Syd. 
(teleomorph: PhysalosporQ mutiID 
N. E. Stevens 

Botryosplttteria dOlhidea (MolJI.: Fr.) 
Ccs. & de Not. = B. ribis Gross. 
& Dugpr (anamorph: Dothionlltt 
gregtIritJ Sacc.) 

Dothilhlltz ulmi (Duval: Fr.) Tbeiss. 
&Syd. 

CluUGra thielavioides (Peyrond) 
Na, Raj & Kendrick. 

Coniothyrium spp. 
Cytosponlilmbiens Sacc. (teJeomorph: 

Y,IlSllllmbiens (Pen.: Fr.) Fr.) 
C. chrymsperma (Pen.: Fr.) Fr. 

(teleomorph: Y. sordid4 Nits.) 
C. niwa (HotTm.) Sacco (teleomorpb: 

Yilisa spp.) 

.l. 

.' , 
CytosporinD ludibundQ Sacc. . , ,It 

FusIIri_ spp. 

':I~~~'r:S' -!' .{. 
.I.U".ii !.Jr.~trl""'" ... 
. .. ~ ~:.l"~ 

~ . ,: .. 
.~ 
\Of 

'J<'" • .., 
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Effect of sterol biosynthesis inhibitors on 
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California 
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1. ABSTRACT 

In California, fungal diseases controllable with sterol biosynthesis inhibiting 
fungicides on stone fruits are brown rot caused by MOIIilini. fructicola and M. 
shot hole caused by Stigmina ClJrpophila, and the powdery mildews caused 
Podosphaera oxycantluze (P. c/tmdestina) and Sphooothectl pannosa. On grapes 
addition to powdery mildew caused by Uncinula MCIlwr the SBis are effc:ctnlCi 
against black rot of grapes caused by Guignart:/iQ bUlwdlii in the midwest and eas1mf. 



f' 

n 

>16, USA 

__ 262 

· .263 
· .264 
· .2~A 
.{ 
· .L# ..I 

· .271 
· . 273 
· .273 
· .276 
_ .276 
· .278 
_ . 280 

· .284 
_ .285 
_ .286 

Cb.9] 263 

US and Europe. Since 1974, 13 SBI compoUDds including formulations of triazoles, 
piperazines, pyrimidines and imidazoles have been tested for control of blossom 
bIig:hts, foliage and twig infections, preharvest fruit rots, and post-harvest decays. Of 
the SBI compounds only the piperazine derivative triforine is currently registered for 
use on stone fruits and a triazole derivative, triadimefon, for grapes. Triforine 
receh-I!d an Experimental Use Permit in 1978, Special Local Need registration for 
California in 1979, and registtatioo in 1980 for use as an alternative to control 
beoomyl-resistant isolates of MoniJinw detected in California in 1m. On stone 
fruits. limited tests ",;th SBIs 5hows control of the powdery mildews but its efficiency 
for control of the shot hole dise3Sie caused by Stigmina carpophilD has not been 
confirmed. Data on SBI acti\ity against Botrytis and Rhizopus have been limited. 
Ho"-C'-er, imazalil is effective as a post-harvest treatment to control Botrytis decay of 
fresh market tomatoes; reports on BAS 469 OOF indicate activity against Botrytis of 
red ~ppers and Folicur on BOl7)-tis of grapes. Triadimefon is the only SBI 
compound registered for control of grapl! powdery mildew in California. One of the 
first SBI compounds to be I!nen~-ely tested was the pyrimidine EL 271. which 
eDCOUDtered registration proolems_ In 1982 the registration of triadimefon brought 
to the grape industry immediate benefits of better disease control than sulphur dust 
but possibly somewhat lon~r-term negative results. Reduced effectiveness was 
experienced wbereby growers reverted again to using sulpbur. Other benefits were 
the reduction in the number of applications required for control during the season 
\\itb the possibility of dela~ing the initial treatment to take advantage of its 
eradicatory effect. The negative result " -as the selection of Uncinula n«alor isolates 
b~.- 1985 which were only sensitive to tridimefon if treated 4 days after inoculation. 
Therl!fore effective powde~' mildew control on grapes now requires triadimefon 
treatment every two to two and a half weeks based on the sensitivity of isolates 
instead of the original three to four week interval. In addition, triadimefon was found 
to be very effective in eradication of established mildew colonies. Powdery mildews 
00 sv.-eet cheny, peach, and plum can also be effectively controUed with triadimefon 
(DOt registered). In the eastern US triadimefon bas allowed more flexibility on 
control of black rot diseases on grapes by taking advantage of its 'kick-back" action 
for up to 96 h. Also, the SBh were found to be effective in control of cherry leaf spot 
disease caused by Ux:comJas ~ and peach scab caused by VOIlUriG carpo­
phila. In California, further experiments are planned to test the SBIs against leaf rust 
on stone fruit caused by TrtI1IZcheIUz discolor and almond scab caused by Venturia 
cmpophilll. 

2. NfRODUcrION 

Important fungal diseases 00 peramial stone fruits and grapes are controlled with 
fungicides. Uttle to moderate adwancements have been made on other methods of 
disease control such as host resist.ce and cultural controls [7,21]. Thus the topic of 
fungicides for control of diseases of stone fruits and grapes strikes a historical note in 
line with the introduciton of 5ulpburs, coppers, dithiocarbamates, caplan. benzimi­
daz.oles and dicarboximides 10 the current discussion on SBIs. Each of these classes 
of fungicide has played or plays a direct role in disease management systems and 
without them quality stone fruit and grape aops cannot be produced fO£ current 
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markets. Trade names (Table 1) are used in our discussion as proprietary fonnula­
tions were tested in field plots. 

This presentation highlights our research on the triazole fungicides for control of . 
brown rot on stone fruits and powdery mildew on grapes. 

2.1 Stone fruit crops and their diseases 
Stone fruit crops such as sweet cherries, apricots, nectarines, peaches, plums and ' 
prunes as well as the nut crop almonds are cultivated throughout the temperate zones 
of the world. In California these crops are grown primarily in the arid San Joaquin 
and Sacramento valleys with some in the coastal valleys. Current estimates show 
over 270 000 ha (Table 2) with the greatest area planted in almonds. This arid region 
has an average rainfall of 150 mm in the Southern San Joaquin Valley to 560 mm in 
the northern Sacramento Valley during the late fall through winter months with 
possible showers during bloom in February and March and essentially no rains 
during the summer months. Harvest season starts in May with the sweet cherries, 
peaches and nectarines followed by apricots and plums in June while the prune and 
almond harvests begin in August. Irrigation with drip, sprinkler and furrow appear . 
to have little effect on disease development except increased incidence of almond 
shot hole and scab disease from the high-angle sprinklers. During the summer, dew 
occurs when the temperature drops during the night to the mid-50"F level (13°C) in 
July and August but the relation between persistence of dew and infections has not 
been clearly established. Thus the greatest concern is rain during May, June, July 
and August which triggers brown rot decay of fruits. 

3. BROWN ROT OF STONE FRUITS 

A brief background on the brown rot disease of stone fruits and almonds in 
California is given to provide the necessary picture on the complexity in ae~'eICIPJIlg 
control measures. The disease is caused by two closely related fungi, MOlnilJinUr~ 
fructicola (Wint.) Honey and M. laxa (Aderb. & Rub!.) Honey. In California, the 
two species are somewhat selective in their host range with M. fructicola the principal 
species causing fruit rot of nectarines, peaches, prunes, plums and sweet cherries . 
hull rot of almonds. 

M. laxa is the primary species causing blossom blight of apricots, almonds, 
and plums, while M. jructicola is the primary species causing blossom blight 'on 
peaches and nectarines, and occasionally on apricots and almonds. Both species 
attack these stone fruits causing blossom blight and fruit rot and their population 
ratio has varied over the years [5]. Disease cycles for M. fructicola and M. laxa . 
shown in Figs. 1 and 2 [10]. Data collected over a 12-year period have 
summarized elsewhere [11] (see Tables 2,3 and 6). 

The blossom blight phase of the brown rot disease may not seem to be irnronrt,lint i 

in terms of crop loss but spores produced on blighted blossoms serve as the 
inoculum source for later fruit infections. For M. fructicola, the inoculum sources 
the blossom blight are the conidia produced on overwintering fruit mummies on 
tree, the previous year's blighted blossoms and infected fruit peduncles, 
ascospores produced on fruit mummies partiaIly buried on the orchard floor. 
llua, however, conidia produced on blighted blossoms and twigs as well as 
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Table 1-List of SBI and other fungicide formulations field tested on stone fruit and 
grapes in California 

Company Name Year 
ms and first 
ezones Common Tradcor tested 

oaquin experimental 

s show TrilJzole derivativu 

region Mobay Bitertanol Bay KWG 0599 2SW 1978 

mmin Baycor 2SW, SOW 1979 
HWG 1608 HWG 1608 22.5% DP 1985 

IS with Foticur 
J rains Triadimefon Bay64472SW 1975 

lerries, Bayteton SOW 1977 
Ciba-Geigy Propiconazole Tth 3.6 EC 1985 

neand Ortlit, CGA 652S0 
appear Etaconazole CGA 64251 lOW 1978 

L1mond Vangard lOW 1981 
Penconazole Tapas, CGA 71818 1~ 

:r,dew Du Pont DPXH6573 DPX4O%EC 19S4 
3°C) in Nusur 

las not Rohm& Haas Myclobutanil Systhane, RH3816, Ralley 1986 

e, July 
Chevron DiDioonazole Xe T1, Spotless 2SW 1986 

Piperazw derivative 
E. M. Industries TriforiDe Cela2O% EC 1974 

CeIaSOW 1978 
CeIaSOF 1978 
TI022SSOW 1979 
TI02.36SOW 1979 
FlIDgiDex 1.6 EC 1980 
FlIDgiDex SOW 1981 

Pyrimidine derivativu 
Eli LiUy Fenarimol EL 222 12.5% EC 1976 

Rabigan 1.0 EC 1982 
Nuarimol EL 228 9.46% EC 1976 

Trimidal 0.75 EC 1982 

Imidazole derivativu 
Janssen Imazalil 1mazaIil69.3% EC 1980 

Fangaflor 
Nor-Am ProcbIoraz ProcbJoraz SOW 1980 

81'S 40542, Sportak 
UniR~yal Triftumizole Procure SO% WP 1984 

AS1S 

Other formulations 
Diamond Shamrock CbIorothalonii BravoSOO 1975 

Bravo6F 
Stauffer Caplan CapcaaSOW 
Rhone-Poulenc Iprodione RovraISOW 1975 

RP26019SOW 
Rhodia 26019 SOW 

ICI (Stauffer) SC.()8S8 1986 
Stauffer Sulpbur Wettable Sulfur 
Nor-Am DCNA BotraD7SW 
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Table 2 - Crops, culth'U'S, production area, average number of spray applications _ 
and estimated oost of treatments for brov.n rot control in orchards 

Crop Olltivars Production Number of fungicide Cosr' 
grown area applications (Sxl<XXl) 

(Hat per year 

Systemic Contact 

Apricots 13 9308 2 3 2792 
Nectarines 60 9308 3 6 5585 
Peaches 

Processing 38 14522 3 4 5821 
Fresh market 69 12801 3 6 7681 

Plums 52 13160 1 2 2752 
Prunes 11 34131 1 2 6826 
Sweet cherries 8 4SOO 2 4 1920 
Almonds 40 171995 1 2 34399 
Total 270665 67776 

D 1986 figures. 
b Cost figures derived by multiplkaooc of productioa area, a\·erage number of treatments and applic:atioo 
cost of fungicide treatment estimated at S100 and 1..~ per hectare. 

mummies are the only sources of inoculum. Apothecia of M. laxa have not been 
observed in California. Sanitation programmes of mummy removal and pruning 
blighted twigs do reduce inoculum but are not sufficient for effective disease controi.,_ 
Eradicant-type treatment such as the application of calcium cyanamide to the,­
orchard 600r to prevent apothecial development has not been successful. Mooocal-~ 
cium arsenite on apricots and sodium pentachloropbenolate for apricots and 
almonds applied during full dormancy of the tree were extremely effective in 
reducing M. laxa inoculum for blossom infections but these compounds are no longer 
registered for use. Benomyl fungicide when combined with spray oil applied ",,',va,~.' 
sporodochial emergence [15] showed benefits in suppressing M. laxa spC'rocioc::biail~: 
formation. SBI compounds have DOt been reported to suppress spc,ro<lOc:bla./ 
Without eradicant fungicides, blossom blight control with protectant fungicides 
relies on protection of susceptible blossom parts as they open which may take a 
during warm temperatures (21°C) orcou.1d be prolonged to as much as two weeks 
more during cool temperatures (13-18"C). Stone fruit blossoms are susceptible 
Monilmitt infections but the susceptibility of ftoral parts vary according to the 
With peaches and nectarines, anther and filament infections are most common. . 
the partially systemic benzimidazole fungicides required one spray application just ' 
before or during anther emergence for protection of the stamens. With SBI 
compounds with no sysreoPcity, two sprays are required to assure protection, 
first just as the blossoms open (5% bloom) and another at around 80% or before 
next infection period (rains). On almonds, in addition to stamens and stigma, 
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Fig. 1 - Disease cycle of M. fructicola on peaches and nectarines. 
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petals are also susceptible so, with a benzimidazole, a single spray as petals begin to 
show (pink bud) could afford adequate protection. Again, the SBI compounds 
require two applications, the first at pink bud, and the second when stigma and 
stamens emerge. On apricots and prunes all flower parts including the sepals are 
susceptible and require treatments starting at the red or green bud stage (sepais 
showing). On plum and sweet cherry blossoms the first treatment is applied a little 
later when the petals are showing for blossoms infected early tend to fall off as the 
fungus moves slowly down the long fruit peduncles and seldon causes flower cluster 
blight. Timely benzimidazole (benomyl and thiophanate methyl) treatments can 
reduce blossom blight as well as the number of conidia produced on diseased parts. 
With triforine (Funginex 1.6 EC) and iprodione (Rovral SOW) blossom blight 
control has been satisfactory but it lacks the residual activity of benomyl. An 
imidazole, prochloraz, provided excellent field control of blossom blight [3] but hac; 
not been registered for use. 

4. TEST FOR BASELINE SENSITIVn'IES TO TRIFORINE AND 
ETACONAZOLE 

With the possible development of resistance to fungicides in the Monilinia species, 
baseline sensitivities of M. {ructicola and M. l4Xa to triforine and the etaconazole 
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were established. Conidial germination and mycelial growth studies were made on 
Difco potato-dextrose agar (PDA) amended with the fungicide. For triforine (N,N'­
[1 ,4-piperazinediylbis(2.2,2-trichloroethylidene) ]bis(formamide», conidial germi­
nation was 93% or greater for M. fructicola and 78-85% for M. laxa on medium 
amended with 10 p.f1m! active ingredient. Germination of both species was reduced 
to 2% or less with concentrations greater than 50 p.f1ml. ED50 values for mycelial 
growth inhibition were as follows: 2.9 p.f1mI for M. fructicola isolate MUK-1 
(sensitive to benomyl), 3.2p.glml for KASH-l (resistant to benomyl), 7.4 p.glml for 
M.laxa isolate MLC-2 (sensitive to benomyl) and 9.1 p.glmI for ML9-SO (resistantto 
benomyl) (Fig. 3). For etaconazole (1-[(2-(2.4-dichlorophenyl}-4-ethyl-l ,3-diox~ 
lan-2yl) methyl]-lH-1.2.4-triazole)condial germinations were 92.5% for M. fructi­
cola and 95.6% for M. ma on medium amended with 100 p.f1ml and 0% for both on 
medium containing 500 p.glmI. EDso values for mycelial growth inhibition were 
0.08 p.glml and 0.1 p.glmJ active ingredient for M. fructicola and M. laxa. respectively 
(Fig. 4). 

Conidia used for the germination study were haJ.vested from 9-day old colonies of 
M. fructicola grown on PDA and from 9-day old colonies of M. laxa grown . 
oatmeal agar. Conidia were suspended in sterile glass distilled water and adjusted 
1 x lOS conidia per milliIitre. 50 p.1 drops of conidial suspension, replicated tIuiC 
times for each reading. were placed onto fungicidal-amended or non-amended PDA 
plates. 100 conidia were examined for each replicate and were considered germi­
nated when the germ tube length equaled or exceeded the length of the conidia. . 
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Table 3 

-Concen· 
tration 
(ozi 
100 gall 

Peaches 
24 .0 
16.0 
8.0 
6.0 
4.5 
4.0 
3.75 
3.0 
2.0 
).0 

Secrarin 
16.0 
8.0 
6.0 
4.0 
3.75 
3.0 
).0 

Plums 
16.0 
8.0 
6.0 
4.0 

Apricot 

16.0 
10.0 
8.0 
5.0 
4.0 
2.5 

PTIIM 
6.0 
4.5 

Almorn 
16.0 
8.0 
6.0 
4.0 

G Per cc 
field te: 
b Propr 
Nustar 
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Table 3 - Average per cent control of brown rot blossom blight of stone fruits with 
triazole derivath'es and Ro~ 

C~"'OCCO­

tr3:JOO 

(OI. 

il"\:' gal) 

P{J.:h~j 

:::J l) 

Ie- ,J 
~ .lJ 
e- ,) 

:0 
: 0 

P".:..ms 

~ , O 

:0 
~ 0 

.-'.;'ricOl 

1~ . 0 

1>:'.0 
~ . O 
: .0 
~ . O 

:.5 

,~ 

6.0 
.L .5 

.J..lmOftd 
:6.0 
S.O 
6.0 
".0 

Triazole ClOIIIpOIl~ 

BayktoD Folicur Bayro: Orbit 

89 (3) 
71 
68 (~) 
90 (3) 

86 (~) 
58 (~) 

86 (~) 
100 
89 

83 (2) 

79 

67 

27 

80 

8S 

41 (:::1 
75 (JI 100 
70 (:1 
98 (:::1 
88 

83 
92 

100 
82 

S6 

55 
oW 

79 

60 

88 

91 

Vanprd Nusu.r Systbaoe RO~T31 

79 

62 (2) 
61 (2) 

90 

96 

50 

45 

100 

83 

&5 (3) 

100 

80 (2) 

97 

• Per oeot control ba5cd 00 comparison with DOll-treated plot; valucs in pareatheses are the Dumber's of 
:cld tests made if more thaD 1. 
, Proprietary compomds: Bayleton SOW; Dayan :5W; FoIiau 22.5% DP; Orbit 3.6 EC; Vaagard lOW: 
~ustar 40'0 EC and 20"10 DF; Systhaoe and Spodc:ss 2SW. 

For mycelial growth studies, Z7 benomyl~nsitive and five benomyl-resistant M. 
fructicol4 and Xl benomyl-sensitive and one beoomyl-resistant M. loXII were tested 
on proprietaIy triforine (Funginex 1.6 EC, EM Laboratories Inc., Hawthorne, NY) 
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Fig. 3 - Dosage response curve of benomyl-sensith'e M. frucricola (~{l.-((-l) amj .'t. laxa 
(MLC-l) compared with benomyl-resistant M. jructocola (KASH-l) and.\l taxa (~n.9-SO) on 

PDA medium amended with triforine. 

or proprietary etaconazole (Vangard lOW, CGA 64251 lOW. Ciba-Geigy CoJp., 
Greensboro, NC) diluted in sterile distilled water and added to cooling PDA. 4 DUD 

disks of 5-day old colonies grown on PDA were transferred to fungicide-amended~ 
non-amended PDA. Plates were left at room temperature (21 = 1°C) and 
diameters for the five replications measured daily for each concentration_ My~ 
growth inhibition was calculated as per cent inhibition relative to growth.CJII 
fungicide-free medium. Linear regression equations were fitted to the data by using 
logarithms for each concentration. Probits of percentage gro"th inlnoition 
used to determine EDso values. Dosage response curves were plotted on 1o~.an1m-.~ 
rIlic-probability paper. 

Baseline sensitivity studies are necessary for other SBI compounds OIl palmO·gI:!IIlII 

such as M. fructicoia, M. laxa, Sphaerotheca pannosa and Podosphaera oXl'cm ... .e' 
before their use on commercial crops. 

4.1 Fungicide testing on stone fruit blossoms 
Since 1974, triazole derivatives have been compared with the dicarboximide 
in 78 field trials (Table 3) [9]. Four triazole compounds (Bayleton_ Baycor, 
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Vangard) were found effective in control of stone fruit blossom blight, especially 
brown rot caused by M. fructicola. The concentration required per 100 gal of 
proprietary material with Bayleton is 6-8oz, Baycor 4-60z, Orbit, 1-20z and 
Vangard 6 oz_ The results were more variable on control of M. laxa blossom blight of 
apricots and almonds. Preliminary trials on apricots with Systhaoe at 10 ozllOO gal 
were not outstanding. Tests on almonds (M_ laxa) showed that the amount of active 
ingredient required with DPX H6573 was less than that for Fuoginex or Rovral 
(Table 4). An example of field data obtained for blossom blight control is shown for 
Fay Elberta peaches (Table S). Direct comparisons with the standards, Rovral50W 
and Benlate SOW plus captan SOW, show that the SBI compounds tested are equally 
effective with no significant separations. 

4.2 Fungicide testing for prebarvest brown rot coatrol 
Effective blossom blight control is essential to prevent quiescent infections of 
developing fruit during the blossoming period_ Furthermore, blighted blossoms are a 
source of inoculum throughout the summer months_ Rains during the last month 
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Table 4 - Evaluation of SBI fungicides for control of brown roi (M. laxa) on 
Blenheim apricots (1984 season) 

Treatment'" 

Rovral50W 
DPX H6573 40% EC 
Funginex 1.6 EC 
DPX H6573 40% EC 
Non-sprayed 

Concentration 

(1100 gal) 

4.0oz 
2.4 ft oz 
12 ft oz 
1.2 ft oz 

(g a.i./ha) 

561 
282 
672 
141 

Average number of 
blighted twigs 

per treeb 

10.7 X 
12.7X 
14.0X 
24.0Y 
38.3Z 

II Two blossom sprays: February 25, 1 % bloom; Marcb 5, fuU bloom. 
b Numbers followed by the same letter are Dot significantly different . P= 0.05. 

Table S - Evaluation of fungicides for control of blossom brown rot (M. fructicola) . 

Treatment'" 

Rovral50W 
Benelate 50W 

+ 
Captan50W 

Rubigan 1 EC 
Funginex 1.6 EC 
Bayleton 50W 
Vangard IOW 
Rubigan 1 EC 
Funginex 1.6 EC 
Bravo 500 
Non-sprayed 

of Fay Elberta peaches (1983 season) 

Concentration A verage number of 
blossom blight 

(/100 gal) (g a.i./ha) per treeb 

40z 561 0.5 X 
60z 840 

0.8X 
240z 3363 

8.5 ft oz 311 l.5X 
12 fi oz 672 l.8X 
30z 420 l.8X 
40z 111 3.2X 

4.25 ft oz 156 3.3X 
8ft oz 447 4.0XY 

24 ft oz 3509 8.5 Y 
23.8 Z 

" Two blossom spray applied with hand-guo sprayer, 3.8 gal/tree at early pink (February 14) aDd 
bloom (March 2). 
" Average of 400 blossoms counted 00 each of six trees. Disease read on April 6. Numbers followed by 
same letter are LOt significantly different, P=O.05. 

before harvest have triggered fruit rot epidemics and protective S81 treatDlen:tS"! 
applied before the rain effectively reduce disease. Post-infectiOD treatment 
liquid lime-sulphur suppressed decay of processing peach while SBIs provided 
benefits. As a protective treatment, benzimidazole compounds were effective for 
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longer period than the SBIs or dicarboximides on peaches, nectarines and sweet 
cherries. Effective disease control has not been observed from pre harvest treatments 
on apricots, prunes and almonds. 

Since 1974, 111 evaluations have been made on triazole derivatives and all the 
compounds (Table 6) are active against fruit brown rot caused by M. fructicola. 
Dosages (about 8 ozll00 gal for Bayleton, Folicur, Baycor, Orbit and Vangard and 
2 ozll00 gal for Nustar) are similar to those required for blossom blight control. 
Examples of specific data supporting the summary are presented in Tables 7-9. On 
peaches, Bayleton was comparable ~ith Funginex, Vangard and Rubigan as well as 
Benlate plus captan. On nectarines, DPX H6573 (Nustar) and Funginex were 
comparable with and significantly better than Systhane, Ronilan, Spotless and 
Rovral. On plums, DPX H6573 (Nustar) and HWG 1608 (Folicur) performed better 
than Funginex, Rovral or Tilt. 

Derivatives of pyrimidines (EL 228 and EL 222) and an imidazole (Prochloraz) 
are compared with a piperazine (Funginex) in Table 10. For blossom blight. 
pyrimidines appear less effective at the dosages tested while prochloraz was consis­
tently better even at 4-6 ozll00 gal. Prochloraz is not being considered for fruit rot 
control because it cause off-flavours. Sufficient efficacy has not been determined for 
the pyrimidines. 

4.3 Fungicide testing for post-barvest decay control 
Post-harvesting disease control is essential in fresh market, perishable stone fruits 
[12]. M. fructicola and Botrytis cinerea as well as Penicillium expansum are 
controlled effectively by fungicide sprays in combination with waxes. DCNA 
(Botran 75W) applied immediately following the washing and defuzzing of fruit 
controls Rhizopus stolonifer. 

Triforine (50% wettable powder) applied in a water suspension spray before fruit 
waxing has been effective against Monilinia sp. In water the activity of triforine 
decreases quickly so the suspension spray is prepared just before application. Studies 
on brown rot of nectarine fruit show equivalent control among the standard Benlate 
SOW plus Botran 75W plus Funginex SOW, Stauffer Chemical Company's (now ICI, 
England) SC0858 and RovralSOW (Table 11). 

5. POWDERY MILDEW OF STONE FRUITS 

Climates suitable for stone fruit production also favours disease from powdery 
mildew fungi. The life cycle of the pathogens as well as its importance on various 
stone fruits and cultivars vary. The important pathogens are Sphacrothcca pannosa 
on peaches, nectarines and apricots, Podosphaera oxycanthae (P. clandestina) on 
sweet cherries, and the mildew species on Red and Black Beaut plums which have 
not been identified. Sulphur fungicides are commonly used to control mildew on 
susceptible cultivars of peaches and nectarines and more recently on Red Beaut and 
Black Beaut plums. Wettable sulphur is used on sweet cherries for mildew control. 
On apricots, mildew is controlled by removing the host plant (roses) as well as 
fungicide sprays. On almonds and prunes, mildew is not a problem. 

Sulphur sprays and dusts are used most commonly as a protectant against fruit 
infections. The first application is made after bloom and additional treatments are 
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Table 7-

Treatme 

Table 6 - A verage per cent control of brown rot fruit rot of stone iruits controlled 
with triazole derivatives and RovralQ 

Bayletol 

Concxn- Triazole compondsb Fungine: 
tration Vangard 
(oll Bayletoo Folicur Baycor Orbit Vangard Nustar Systhane Rovral Rubigan 
100 gal) 

Benlate 
Ptacht!S + 
32.0 56 (2) Capta 
24.0 68 (3) 

Rovral: 16.0 3~ (3) 63 
15.0 OF T2 + 
8.0 9315) 58 (3) 7" oil 
7.1 ~ 
6.0 81 (2) 70 (2) l"on-spr 
6.0 85 
4.5 76 55 • Two blm 
4.0 72 «1) 35 (2) 69 69 (7) 61 (3) "-ith hand· 
3.6 85 ~ Per cent 
3.0 79 (3) 51 (2) days at 20' 
2.5 92 (2) 
2.0 Si 
1.25 92 (2) 
1.0 70 

Table 8-
Ntcrarints 

16.0 63 49 (2) 
15.0 OF 83 (2) Treatrn( 10.0 56 
8.0 90(3) 68(2) 
6.0 84 88 74 (2) 50 
4.0 76 49 86 60 (2) 68 (2) 
3.0 62 (:!) 6:-
2.5 98 (2) Fungine 
2.0 60 DPXH 
1.0 36 Systhan, 

Plums + 
16.0 90(2) TritOl 
15.0 OF 71 

~," 8.0 77 (2) 78 (2) Ronilan 
6.0 98 (2) 47 (2) Spotle~ 
4.0 41 (2) 54 (4) 61 + 3.6 97 

X-77 3.0 55 
2.5 86 (2) Rovral: 
2.0 21 Non-spl 
1.25 54 (2) 
1.8 98 .. Twospr. 

.. Per cxot control based 00 romparisoo with DOD-treated plot: values in pareotheses are the numbers of sprayed a 

field tests made if more than 1. b Five sin; 

b Spot1e5s or dinironazole at 6.400100 pi iD water gave on oectarines 46% reduction of fruit rot. 2O"C,9M 
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Table 7 - Efficacy of pre harvest fungicide sprays in reducing post-harvest decay of 
Fay Elberta peach fruit (1983 season) 

Treatmenr-

Bayleton 5{)W 
Funginex 1.6 EC 
\" angard lOW 
Rubigan 1 EC 
Benlate SOW 

Captan50W 
R0\TalSOW 

+ 
oil 

~on-sprayed 

Concentration 

(/100 gal) (g a.i./ha) 

30z 420 
12 fi Ol 672 
40z 111 

8.5 fi Ol 311 
60z 840 

240z 3363 
40z 561 

32 fi Ol 

Per cent 
brown rotb 

16.0 V 
19.2 VW 
22.0VW 
22.0VW 

33.2 YWX 

38.8 Xy 

67.2 z 
; T .... o bklssom spray (Fcbrual)" 2-' and Mardl2) and two prebarvcst (J~' 12 and July 26) sprays applied 
...r.b. baod-gun spra~'er. ~ gal/tree . Harvested August 2. 
~ P:er cent disease figures arc a'·erages of 4(. fruit t'eplicated five times. Disease evaluation made after 4 
.:..;:., at~. 85% RH. Numbcn follo'ilo·ed~· the same letter are not significantly different, P=O.05 . 

Table 8 - Effica~' of pre harvest fungicide sprays in reducing post -harvest brown rot 
(M. fructicola) on nectarines (1986 season) 

Treatment" Concentration Per cent 
bro\1iJl rot 

(1100 gal) (g a.i.lha) on fruitb 

Funginex 1.6 EC 12 fi oz 672 16.4 W 
DPX Hfu,3 20% 3.80l 210 23.2W 
Systbane 40W 2.50l 1:19 

+ 42.4 X 
Triton CS-7 2 fi oz 

Ronilan50W SOl 1121 48.8 X 
Spotless 25W 1.60z 112 

+ 51.2 X 
X-77 8 fi O'l 

Rovral ';IJW 40l 561 61.2 XY 
~on-sprayed 95.6 Z 

, Two spny appticatioos (Jund and June 17) ewept fIX dicarboximidcs Funginex and Rovral which were 
iprayed also at f1III bloom (February 27). Harvest JUDe 18. Handgun sprays at 4 gal/tree. 
7 Five siD!k tree repticatioos. 50 fruit harvested and iDcubated from cacb replicatioa and incubated at 
»DC, 90" ... RH b .. days. NUJDbers folJowed by the WIle letter are DO( significaotly different, P = 0.05. 
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Table 9 - Efficacy of preharvest fungicide sprays in reducing post-harvest decay of 
Casselman plum fruit (1985 season) 

TreatmentsO 

HWG 160822.5% DP 
HWG 160822.5% DP 
DPX H6573 40% EC 
DPX H6753 40% EC 
Funginex 1.6 EC 
Rovral50W 
Tilt 3.6 EC 
Tilt 3.6 EC 
Non-sprayed 

Concentration 

(/100 gal) (g a.i./ha) 

4.0 oz 252 
8.00z 504 
2.4 fI oz 282 
1.2 fI oz 141 
9.0 fI oz 504 
4.00z 561 
2.0 fI oz 252 
1.0 fI oz 126 

Per cent 
brown rot 
on fruirL' 

0.6W 
1.1 W 
5.3WX 
8.8WX 
8.8WX 

12.2 XY 
l·tS XY 
23 .9 Y 
37.3 Z 

Q Two blossom (5% bloom on February 27 and full bloom on March 5) and two preharvest (July 17 aDd 
August 7) sprays applied with hand-gun sprayer at 4 gal/tree. Harvested on August 14 and evaluated after 
9 days incubation at 20"C and 90% RH. Fruit were inoculated with M. frucricoia spore suspension before 
incubation. 
b Per cent disease based on averages of 150-175 fruit replicated three time>. Numbe~ followed by tbc 
same letter are not significantly different . P= 0.05. 

based on disease severity. SBr compounds have been shown to pro\ide equivalent 
protection with suggestions of eradicant action. If SBr compounds can be applied 
during the blossoming period for control of both mildew and brown rot. this would be 
advantageous. Results of experiments on Bing cherries and Black Beaut plums are 
presented in Table 12 and 13. 

6. SHOT HOLE OF STONE FRUITS 

Some SBr compounds appear to have some activity on shot hole of stone 
caused by Stigmina carpophila but are less effective than the standard '~"Er""-­
used, such as copper. captan and ziram [21]. On Drake almonds. SBr compounds 
were less effective than chlorothalonil which is not commercially used solely for 
control of shot hole (Table 14). 

7. SBIs ON OTHER STONE FRUIT DISEASES 

Peach scab caused by Venturia carpophila and cherry leaf spot caused by COC~ 
myces hiemalis are both effectively controUed by SBr compounds in the eastern US 
[6]. In California, fungicide tests are planned with SBI compounds for control of 
almond scab and cherry leaf spot if the disease occurs or can be induced. and also leaf 
rust on almonds, prunes and peaches caused by different forma specialis of . 
chelia discolor. 

Ch . 9] 

Table 10 
stone 

Concen­
tration 
\oli 
100 gal) 

13.5 
1'::: .0 
10.2 
9.0 
8.0 
6.0 
4.0 
2.0 

.\"eClarin~ 

~. O 
1'::: .0 
06.0 
~ .O 

Plums 
9.0 
6.0 
4.0 

Apricots 

10.2 
6.0 
1.8 

Prunes 
12.0 
6.0 

Almonds 

10.2 
8.0 
6.0 
4.0 

Swur clterrit 
12.0 
8.0 
6.0 

• Per ceDtCO 
field tests ma 
b Proprietary 
SOW. 
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Table 10 - Average per cent control of brown rot blossom blight and fruit rot of 
stone fruits controUed with piperazine, pyrimidine and imidazole derivatives 

Concen- Pi pc razin<: b: Pryrimidineb Imidazoleb
: 

tration 
(ozl Funginex EL2:8 Elm Prochloraz 
100 gal) 

BB FR BB FR BB FR BB FR 
Y 

Peach y 
48.0 100 61 

Y 36.0 86 (3) 96 
Z 13.5 72 

12.0 77 (3) 74 (3) 
10.2 51 86 
9.0 77 77 (4) 
8.0 64 98 
6.0 92 (2) 76 (2) 
4.0 96 (2) 93 
2.0 99 

Nectarines 
48.0 83 

equivalent' 12.0 86 81 (2) 

be applied , 
06.0 88 (2) 94 (2) 
04.0 96 

is would be 
Plums 

t 
9.0 88 
6.0 100 (2) 
4.0 95 

Apricots 
10.2 78 
6.0 85 
1.8 64 

Prunes 
12.0 88 
6.0 98 

Almonds 
10.2 55 
8.0 66 87 
6.0 100 
4.0 83 

SWl!I!tche~ 

12.0 67 
8.0 65 78 (2) 
6.0 94 

G Per cent control based 00 comparison with DOO-lRatcd plot; values in parentheses are the numbers of 
field tests made if more than 1. 
b Proprietary formulations arc Fuoginex 18% EC, EL 22212.5"0 EC, El228 9.46% EC and Prochloraz 
SOW. 
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Table 11 - Efficacy of post-harvest fungicide sprays in reducing de.:ay of 1"';l1"~ln .. ' 
nectarine fruit 

TreatmentQ Concentration Per cent :-rown rot" 
(lLg/ml) 

Benlate 50W 600 
+ 

Botran 75W 1800 (-..1) X 

+ 
Funginex 50W 600 

SC085850W 600 -:- .lj X 
Rovral50W 600 1(' ,) X 
Guazatine 40 EC 200 ~( ,) Y 
Non-sprayed S ~ ,) Z 

Q Fungicide applied 'Aith a small commercial posl·harvesllrealer. Waler soluble peacb ... ·u was uscdOQ 
treatments. 
b Healthy and disease percentage are averages of ~ fruit replicated four times. Disea.-.: ~\'a1uatioos 
after 4 days at 20"C, 90"10 RH. Numbers foUowed by the same letters are not signifi=tly differeot, 
0.05. 

Table 12-Efficacy of fungicides in protection and eradication of pov.':ery mildew of 
Bing cherry on leaves and fruit (1977 season) 

TreatmentQ Concentration Di~.1Sedb 

(/100 gal) (g a.i./ha) Leaves Fruit 
(/300 shoot5- (/100 fruit) ". 

Rubigan 1.25% EC 3.4 ft oz 124 11.0Y 
Bayleton 50W 4.0oz 561 11.3 Y 
Wettable Sulfur 92% 5.01b 20615 15.3 Y 
Control 57.3 Z 

Q Three large branches ~ray'!d oc each cf three u:=es sjJrayed twice. First spray apph~..: on April 4 
mildew symptoms and the second on April 20 at time few leaves ~howed signs (If mil.:.:w. 
b Data collected before harvest wheo fruit stiU green . Numbers followed by the !-l.rne let;rr are 
significantly different, P",O.05. 

8. POWDERY MILDEW ON GRAPES 

Powdery mildew caused by Uncinula necator (Schw.) Burr, also C4lled Oidium 
Europe and South America, is possibly the most common fungal pathogen 
grapevines worldwide. In California, powdery mildew has a large economic . 
on grape production, both in terms of economic loss due to disease as wen a 
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Table 13 - Efficacy of fungicides for control of powdery mildew. on Black Beaut 
plum fruit (1 ~ season) 

Tre3tment" 

Trinidal 0.75 EC 
Bav]eton 50W 
Fu~cinex 1.6 EC 
Wenable Sulfur 92% 
l"o:l-sprayed 

Concentration 

(;100 gal) 

3.8 fi oz 
3.00z 

12.0 fi oz 
5.01b 

(g a.i./ha) 

100 
420 
671 

20615 

Per cent fruit 
\\ith mildev..b 

0.08Y 
0.08Y 
0.08Y 
0.17 Y 
0.92Z 

" T"'" hand-spray applicati('os with the first oc :\priI : and secood .:-: April 9 (\:i each of six trees . 
t> E,-.:Juations made on Ma~· 9. l'umbers fou...,. .. ed by the same: lette~ are DOt sifnificantJy different . P = 
0.0: 

Table 14 - Evaluation of fungicide ior control of shot hole disease of Drake almond 
(1983 sea..c;on) 

Tr~atment" 

Captan 50W 
+ 

Benlate50W 
Bravo 500 
\" angard lOW 
Funginex 1.6 EC 
Rubigan 1 EC 
Son-sprayed 

Concentration 

(1100 gal) 

240z 

60z 
24 fi oz 
40z 
8 fi oz 

4.2 fi oz 

I.g a.i.lha) 

3363 

840 
3509 

111 
447 
156 

Per cent healthv 
leavesb -

69.8 V 

55.3W 
34.2 X 
26.2Y 
21.4 Y 
10.4 Z 

• :-""'0 blossom ~rays applied \'lith hand-gun sprayer: 6 pJltrc:c: at 1 flJ bloom (February 20) and early petal 
f .. J (~{arch 4) . For Bravo the third spray "'~ applied ~tarch 15. 
b Evaluations Imde by cul".ing 10 shoots (leo¢l8-10 in) from c:acb of six single-tree replications OD March 
1~. ~umhers followed by the same letter ~ Dot siplibntly diffe:ent, P= 0.05 . 

spent in control programs. The powdery mildew pathogen anacks all succulent or 
green portions of the grapevine. One source of primary inoculum for powdery 
mildew epidemics has been shown to be O\·erwintering mycelium in infected dormant 
buds in man~· production areas of the world including California [5]. Western Europe 
[6] and South Africa [10]. In California, shoots from infected buds may show disease 
symptoms and signs of the fungus soon after bud break. Symptoms include stunting 
of shoots and leaves and leaf distortion. White web-like fungal growth soon occurs on 
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the affected leaves and conidial production which occurs in 10--14 days allow for­
rapid secondary spread within the affected grapevine canopy. 

Although the pathogen also commonly produces its perfect stage in many 
viticulture areas it has only recently been shown that cleistothecia are the primary 
source of overwintering on grapevine in New York [14]. 

Pearson and Gadoury (14] have found no evidence of overwintering bud infection 
in New York vineyards. Their work showed that ascospores were released from 
c1eistothecia beginning in mid-to-Iate April and continued for 6-10 weeks with initial 
release coinciding approximately with bud burst. Initial ascosporic infections were' 
found to occur on basal leaves in close proximity to cordons and the head of the vine.: 

Secondary inoculum in the form of conidia is produced in 5-7 days under optimal' 
temperatures of 23-300C [12J. Because of the relatively rapid inoculum build-up of 
U. necator it is important that disease control strategies take into account the early. ' 
season infection capabilities of the pathogen as well as the rather explosive epidemic 
threat that ensues from secondary inoculum. 

8.1 Fungicide testing for grape po"'dery mildew control 
In California [13], and elsewhere [1. 2, 17], grapevine powdery mildew has beeD _ 
controlled by repeated sulphur or Bayleton applications based solely on the pheno­
logy of the grapevine with little regard to infection by primary inoculum. This type of 
control strategy is necessary because of the general lack of information regarding 
infection periods resulting in the onset of disease. However, recent efforts to 
correlate initial disease occurrence with environmental parameters suggest that 
infection takes place in the coastal production areas of California soon after spring 
rains with colony growth occurring in 7-10 days (Gubler, Stapleton and CbeUemi, 
unpublished). Similar results have been observed in New York [14]. These findings 
should aid in the development of a potentially more successful control strategy based 
on conditions affecting initial infection. 

Prior to 1982, control programmes consisted primarily of protect ant sulpbur 
applications. Economic control in a severe powdery mildew year required growers ' 
apply wettable sulphur or dusting sulphur on a 7-10 day interval with immediate re: 
application following rain or sprinkler irrigation. In cases where powdery millde,~ 
was not adequately controlled using a protectant sulphur program, an eraldlc:atil[)Dt 
spray, consisting of high water volume, a wetting agent (sodium lauryl sulphate) 
wettable sulphur, was used. In 1982, triadimefon (Bayleton) was introduced 
California vineyards. The impact of Bayleton on the grape industry had u' nnle<llJa~c. 

beneficial results but possible longer-term negative results. Spray initiation 
moved back from 10--15 em shoot growth to 4~ cm shoot growth, applil:;atiionc 

intervals were lengthened from 7-10 days to 21-28 days and three to four 
cations per year resulted in economic control. The recommended spray sctledule 
150--300 glha applied at 45-60 em shoot length, bloom and pea-sized berry. cxlreU4~Dt·~ 
results were achieved using these recommendations until 1985. In that year and 
in 1986 the recommended programme did not provide economic mildew control 
1986 was one of the most severe powdery mildew epidemic years on record 
California . Much of the lack of control using Bayleton could be attributed to 
efforts by growers, i.e. waiting to spray until the disease was established laltb()Uj!:a 
the product was considered an eradic:ant), decreased fungicidal rates, poor co' .. er.de 
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as a reSult or-equipment failures or excessive tractor speed or longer intervals 
between applications. 

Research initiated in 1986 resulted in infonnation regarding what the spray 
schedule should ~ in California under conditions conductive for rapid pathogen 
population build-up, Under conditions that favour a completion of the disease cycle 
in 5-7 days. i.e. 2.3-30"C and 75-00% RH, the spray inten'al had to be shortened 
from 21 days to 12-17 days depending on the particular mildew isolate tested, 

Data shown in Table 15 indicates that, for this particular isolate, one could expect 

Table 15 - Infection of deteched Chenin blanc leaves inoculated with U. necator 1. 
8, 10. 14, 17, 19,21 or ~4 days after application of Bayleton 

Bayleton concentration Per cent of leaves showing mildew colonies 
(g'ha) for incubation on tbe following numbers 

of days after Bayleton application 

1 8 1 0 14 17 19 21 14 

0 100 14 14 29 80 57 ,-_ J 33 
300 0 0 0 0 67 33 43 17 
562 0 0 0 0 17 71 43 29 

to get 14-17 days of protection against U. necator infection when using Bayleton at 
300-562 g/ha. However. when an isolate obtained from a \ineyard in which Bayleton 
usage afforded little protection was tested, results showed that the 300 giha rate of 
Bayleton afforded protection for only 6-7 days (Fig. 5). The data suggest that now 

100 ,P-----
"0 li\ / 

/ 
~ 80 I , / 
tJ I , / .::. '0/ c: 

60 
, 

., f o 27 C 
~ I ., 

40 I • 21 C ... I ... .. I ..J 20 I 

*' _...0 -G 

0 5 10 15 20 25 30 

Day inoculated after by Bayleton application 

Fig. 5 - Effect of Ba)ieloo SOW residual (ISO gIba) 00 coIooy of U. ntcor established 00 
arigDaDe seedliogs 1Iko iDoculated at iotcrvals fOllowiog treatmeot, 
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there are differences in isolates \IIoitb regard to their ability to colonize leaves 
Bayleton usage. Whether these differences existed prior to 1985-1986 is unjt.n4:>\VIri~ 
The infonnation partially explains. the problems California growers encountered 
controlling powdery milde\\ in 1985 and 1986 since most growers were using a 21 
or longer spray interval. The effect of temperatures was also in\ estigated. Tests at 
and 2TC (Fig . 5) indicate that U. n~(a(or is capable of more rapid colonization 
27°C than at 21 cC. These results are in close agreement with those of Dclp (2). 

Research conducted to test thoe eradicant capabilities of Bayleton showed 
post·inoculation application of 3((1 g ha controlled U. necator up to ~ da~~ 
inoculation. Applications made 5 days after inoculation allowed L'. neClllor 
become established and applications made 7 and 10 days after inoculation resulted 
no significant control (Table 16). The results of these tests suggest that if a 

Table 16 - Effect of Bayleton 50W as an eradicant when applied at 
follo\\ing i[)()Culation \\ith C. necator 

Bayleton Po\\dery mildew evaluation" 
treatmentb 

Day 10 Day 14 Day 21 Day 31 

Day 3 2 0 0 1 
Day 5 5 4 3 3 
Day7 5 3 6 5 
Day 10 9 8 10 10 
Check 10 10 10 10 

• Leaves .... ere evaluated for sporula:iog col~.H 10. l~. ~1 and 31 days after inoculation. The n .. n~Tol 
leaves ~ith sporulating po .... dery milk\\' coft.."Dic; is sho~'ll: 10 lea\'es .... ere evaluated in ea.:h casco 
b BayletoD was applied at SO ppm 1300 g/bal it: the equi\alem of 1900 lIha 3. 5, 7 and 10 d3J5 
inoculation with C neCQJor. 

interval is stretched 4-5 days beyood the nonna114-17 day interval it would oot 
practical to expect economic control using Bayleton. 

Tests conducted to detennine whether resistant isolates occur in California 
that all isolates tested could be controlled using protectant sprays of 150-300 
However, when exposed to sublethal rates of 1-~ ppm active triadimefon. vaJrialtioll 
in isolate sensitivity to Bayleton was observed. EDso values (Table IiI showed 
range of sensitivity from 5.6 to 19.2 ppm for California isolates while Ne\\' York 
Canadian isolates showed ED95 values of 4.3 ppm and 3.2 ppm respecti\·e!y. 

Powdery mildew control trials ha,'e been established in several locations 
California for several years. The prim3I)' purpose of these trials is to evaluate 
fungicides. Since 1982 there have beeo several SBI fungicides tested. All appear 
have extremely good activity against powdery mildew. In the 1985 field trial located: 
in Monterey County, California (Table 18). mildew pressure "'as hea\~' and 
compounds gave satisfactory control of powdery mildew. Bayleton used at 300 
applied 00 a 21 day schedule did not provide economic control. In this pro.m.cti4l11 
area, powdery mildew is a serious threat to the industry each year. The pr:iiau~ 
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Table 17 - Bayleton ED50 values for 19 isolates of U. necator 

Isolate Location ED<)5 (ppm a.i.) 

~O6-1 Kern County 19.5 
~~3-4 Santa Barbara County 15.3 
291-5 Sonoma County 15.3 
M-1 Tulare County 1~.8 

BBRR Napa County 1~.4 

225-5 Fresno County 11.4 
225-3 Fresno County 11.4 
~O6-3 Kern County 10.6 
~43-3 Santa Barbara County 9.4 
312 Sonoma County 9.0 
~34 Kern County 7.7 
31~ Sonoma County 7.5 
313 Somoma County 7.2 
BBRR Napa County 7.1 
316 Sonoma County 6.6 
243-1 Santa Barbara County 5.6 
300 Yolo County 5.6 
NY 1 New York 4.3 
CAN 1 Canada 3.2 

Table 18 - Control of grapevine powdery mildew, var. Chardonnay, using ergo­
sterol biosynthesis inhibiting fungicides (Monterey County. 1985) 

Treatment" Formulation Rate Per cent incidenceb 

Control 82.1 A 
Bayleton SOW 285 glha 34.1 B 
Procedure 50W 285 glha S.S C 
Rally 40W 213 glha S.2C 
Rally 40W 213 glha 3.9C 
Procedure SOW 426 glha O.8C 
Topas 1 EC 320 glha O.3C 

"Treatments made on a 21-day schedule. First application made at ~5 cm shoot gro"lh. 
b Figures represent average per cent disease incidence fom 25 clusters in each of four replications. 

reason is that temperatures are mild and fog and high relative humidities exist during 
the morning and late evening-night hours and the growing season is extended owing 
to the slow maturing of fruit. The data obtained from this field trial partially support 
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data obtained from greenhouse and laboratory studies that, under conditions 
optimum for pathogen reproduction, spray application intervals beyond 17 days , 
allow for disease build-up between applications. 

A similar field trial was established in 1987 in Yolo County, California. Environ­
mental conditions in this area are not optimum for the pathogen in that daily . 
maximum temperatures during June, July and August generally range from 90 to ' 
lOSOF and relative humidities range between 20% and 40%. However, even in this 
location, powdery mildew has caused serious losses over the years. Results of this 
trial (Table 19) show ,that mildew pressure was relatively high in 1987. All materials ' 

Table 19 - Control of powdery mildew on grapevine, var. Chenin blanc, using 
ergosterol biosynthesis inhibiting fungicides (Yolo County, 1986) 

TreatmentD Formulation Rate Per cent Average 
incidenceb percent 

severity 

Control 83.8A 48.3 A 
Spotless 25W 60 glha 0.8 B O.OB 
Spotless 25W 30 glha 0.4 B O.OB 
Procure 50W 300 glha 0.4 B O.OB 
Nustar 20DF 188 glha 0.4 B O.OB 
Bayleton 50W 300 glha 0.0 B O.OB 
Rally 40W 225 glha O.OB O.OB 
Rally 60DF 150 glha 0.0 B O.OB 

a Treatments were made using a 21 day application inten·al. First application made at 10 em shoot growth. 
b Figures represent average per cent disease incidence from 50 clusters in each of four replications. t. 
C Figures represent average portion of each grape cluster infected with powdery mildew. Four replica: 
tions, 50 clusters/replication. 

.. 
were sprayed on a 21 day spray schedule and all treatments resulted in excellen~ 
mildew control including Bayleton. . :i'; 

There could be several reasons why Bayleton, which appeared to be in trouble in 
1986, performed effectively in 1987. Disease onset in the non-sprayed control vineS 
was delayed until 5 weeks after spray initiation, disease increase was slowed as a 
result of high temperatures, and isolates obtained from this vineyard have shown a 
high sensitivity to Bayleton. 

Powdery mildew control strategies in California must take into account 
conditions favouring or responsible for initial infection and the effects of environ~ 
mental parameters on disease ina-ease. These areas are currently being investigated 
in relation to isolate sensitivity to Bayleton. 

9. BLACKROT 
The impact of azoles on black rot of grape caused by Guignardia bidwell;; 
Viala & Ravaz has been one of allowing more flexibility in control p'ro~~alJUI!les~ 
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Black rot is one of the most economically destructive grape diseases in the midwes­
tern and northeastern US {4]. The disease is favoured by warm. humid weather and 
frequent rainfall is necessary for disease build-up and spread. thus eliminating its 
occurrence in California. The introduction of Bayleton has allowed for its use as a 
postinfection control of black rot for up to 96 h after the initiation of the infection 
period {4]. 

Prior to the introduction of triadimefon for use against black rot. carbamates or 
captan were commonly used in protectant spray programmes. Spray initiation began 
at 2.5 em shoot gro\\1h and continued at 10 and 20 em shoot gro\\1h prebloom then 2 
postbloom sprays; the first at 7-10 days following the prebloom spray, the second 
10-14 days after the first postbloom spray. Recommendations called for additional 
protective sprays as needed in July and August [22J. 

In 1977, Spotts [18] identified the environmental parameters necessary for grap.e 
leaf infection by G. bidwel/ii. These findings enabled researchers to predict infection 
periods . Because triadimefon has curative action against the black rot pathogen if 
used within 96 h after an infection period, spray control programme can be delayed 
until an infection period has occurred [4]. Ellis el al. [4] found that. in both 1983 and 
1984, four fewer applications were made to obtain an equalle\'e1 of disease control 
using triadimefon in a curative programme compared \\itb ferbam used in a 
protective programme. 

10. DISCUSSION 

SBI compounds were introduced in the early 1970s and additional analogues 
continue to be introduced for field testing on control of stone fruit and grape 
diseases. Under California's climatic conditions where disease pressure is less. fewer 
treatments are required during blossoming and again at preharvest to control 
effectively the brown rot pathogens with SBI compounds. Climatic conditions are 
more favourable for powdery mildews and repeated applications of SBI compounds 
are required for disease control. Some benefits have been shown for control of the 
shot hole disease but not comparable with those currently being found because the 
SBI compounds appear to have less residual activity. For brown rot disease control 
the SBIs, in general, require more applications than the benzimidazoles and behave 
similarly to our contact fungicides such as captan at lower dosages, but at higher 
dosages the SBIs are very effective. The eradicant action of SBI compounds has 
made them the preferred material for powdery mildews. SBI formulations when 
used at higher dosages cost more than the dicarboximide fungicides at this time. This 
price disadvantage prohibits their development and use on stone fruit crops and 
product development is being pursued on crops requiring lower dosage. In addition 
to cost, the chemical industry has been somewhat reluctant to recommend higher 
dosages for fear of plant growth regulator effects and in some instances 
phytotoxicity. 

CalifOlnia's stone fruit and nut industry has greatly benefited from the regist­
ration of triforine because the fungicide was used to control benomyl-resistant bro"''Tl 
rot organisms (M. fructicola and M.laxa). For blossom blight control, the dicarboxi­
mides (iprodione and vioclowIin) have entered the marketplace which was exclusive 
to triforine for a few years. The success of SBIs in this market will depend on cost and 
control of other diseases such as powdery mildews, shot hole (Stigmina) and gray 



286 Sterol synthesis inhibitors in plant protection [Pt. II 

mould (Botryris). Other SBI compounds are being considered ongrape-s to counter 
the reduced effectiveness of triadimefon. This alternative may be k?sible if the 
mechanisms of action between groups of SBI compounds are significan~ly different. 
SBIs or other compounds need to be registered as future altemati\cs \\ith the 
possible development of dicarboximide-resistant Monilinia. For the control of 
preharvest fruit rot, the SBI compounds including triforine have perfonr.ed as well as 
or better than the dicarboximides. Again with the possible development of dicarbox­
imide resistance in pathogens and the fact that benzimidazole-resis!;mt isolates 
continue to survive competitively in the fields not sprayed with benzimidazoles. the 
SBI compounds certainly would be important in brown rot disea.~ r:1anagemcnt 
programmes. For post-harvest decay control, the SBI compound trif0rine is very 
effective in control of brown rot and is currently registered for use in treatment of 
fresh market peaches, plums and nectarines. Triadimefon is very effec:ive on fruit 
rot and benefits could be even greater than those of the current post-harvest 
treatment. The dicarboximides are good candidates for post-harvest u~ because of 
their activity against Botrytis and Rhizopus which are major post-h~TVest decay 
pathogens. 
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