Prune rust pustules
develop primarily on
prune leaves as
shown in inset.
Early onset of the
disease is often fol-
lowed by defoliation
of the tree by mid-
summer.

Postharvest prune rust does
not lower French prune yield

Beth L. Teviotdale 0O
G. Steven Sibbett

Yields and fruit quality of French
prune trees in Tulare and Yuba
counties were not improved by
controlling late-season prune rust
with mancozeb or sulfur over a
3-year period. Accelerated
postharvest leaf loss induced by
disease did not appear to cause a
decline in yields in the following
year. In a comparison of
mancozeb 80W and sulfur 92W for
control of prune rust, mancozeb
provided superior control.

Outbreaks of stone fruit rust (prune
rust) disease of French prune (Prunus
domestica L.), caused by Tranzschelia
discolor (Fuckel) Tranzschel & Litinov,
occur in many California prune or-
chards. Generally, the disease is more
common in orchards located in the
northern prune-growing districts of
the Sacramento Valley than in the
southern areas of the San Joaquin Val-
ley. This reflects the greater average
annual rainfall and more probable
late-spring or summer rain pattern of
the northern growing region. The dis-
ease is controlled by sulfur fungicides

Dennis M. Harper

O Themis J. Michailides

applied in late spring through sum-
mer, before symptoms appear.

Disease symptoms, prune rust pus-
tules, are first found in late spring, if
rain or high humidity prevails, and in
late summer in dry years. Pustules de-
velop on prune leaves, but rarely oc-
cur on fruit or twigs. Early onset of
disease is often followed by defolia-
tion by midsummer. Preharvest leaf
infection and the accompanying excess
defoliation may create difficulty in re-
moving leaves from fruit during me-
chanical harvest. In dry years, defolia-
tion induced by prune rust may not
begin until after harvest.

Rust diseases are known to reduce
yields of many crops including cereal
grains, cotton, soybeans and coffee.
Diminished yields have also been re-
ported for stone fruit rust-infected
peach and nectarine trees, and de-
creased yields have been associated
with premature defoliation of peach
trees in Florida. Preharvest defoliation
from prune rust was reported to cause
up to 30% reduction in long-term pro-
ductivity of prune trees in New South
Wales, Australia.

In California, direct damage to
prune trees or fruit by prune rust has

not been determined. Most California
prunes are marketed as dried fruit,
and factors such as preharvest defolia-
tion that lower potential sugar content
can reduce fruit size and dry weight,
causing losses in yield and fruit qual-
ity. Accelerated leaf loss at or shortly
after harvest over several years may
compromise tree vigor and subsequent
yields. The work reported here as-
sessed the effects of prune rust on dry
yield and fruit quality of French prune
trees. We also compared the efficacy of
mancozeb 80W and sulfur 92W for
control of prune rust.

Orchards with disease history

We conducted experiments for 3
years in two commercial French prune
orchards. One was in Tulare County,
the prune-growing district in the drier
southern San Joaquin Valley, and the
other in Yuba County, the wetter
northern area. The Tulare County or-
chard, planted in 1964, had a history of
midsummer, preharvest prune rust
outbreaks, but had never been treated
to control the disease. The grower’s or-
chard-floor management program in-
cluded a permanent cover crop that
apparently provided a climate favor-
able to the pathogen. The Yuba
County orchard, planted in 1986, was
clean-cultivated and had been treated
annually with two applications of sul-
fur fungicide for prune rust control.
An adjacent block of mature prune
trees frequently sustained some
preharvest leaf loss in spite of annual
treatment. Trees in both experimental
orchards were spaced 20 feet by 20 feet
and were either flood or furrow irri-
gated.

We applied the following treat-
ments to evaluate the impact of the
disease on yield and quality and to de-
velop some comparative efficacy data
on fungicide performance: (1) manco-
zeb 80W, 6.0 pounds per acre; (2) sul-
fur 92W, 15.0 pounds (Tulare County)
and 30.0 pounds (Yuba County), as
formulated, per acre; and (3) non-
treated control.

Our rates of sulfur 92W represent
the standard practices for the respec-
tive areas and lie within label restric-
tions. Mancozeb 80W, although not
registered for use on prunes in Califor-
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nia, was chosen because it has been
shown by others to be superior to sul-
fur 92W for control of prune rust. All
experimental materials were applied
with an FMC Bean handgun sprayer
operated at 150 psi. Trees were
sprayed until the material was drip-
ping off the leaves.

Each year, applications were made
twice in Tulare County (late June and
July of 1987, 1988 and 1989) and three
times in Yuba County (early June, July
and August of 1989, 1990, and 1991).
There were 40 replications, with a
single tree as the experimental unit,
of each treatment, arranged in a ran-
domized complete block design.
Each replicated tree received the
same treatment each year. We mea-
sured fresh and dry fruit weight per
tree, number of dry prunes per
pound, percent soluble solids and
dry ratio, and evaluated trees for dis-
ease severity.

Harvest yield was determined on
August 20, 24 and 17 in 1987, 1988 and
1989, respectively, in Tulare County,
and on August 29 in 1989, 1990 and
1991 in Yuba County during the com-
mercial harvest. In Tulare County,
trees were shaken and the fruit col-
lected on a catching frame, then trans-
ferred to a commercial harvesting bin
and weighed on a fork lift fitted with
an electronic load cell to determine to-
tal fresh weight. Trees in Yuba
County were hand-harvested and to-
tal fresh weights measured on a por-
table battery-operated scale.’

During each harvest, one sample of
approximately 4 pounds of fresh fruit
was drawn from the harvested fruit of
each plot, placed in mesh bags and the
fresh weight of each sample recorded.
Samples were dried for 16 hours at
180°F in a conventional parallel flow
dehydrator, then stored in open bins
for 14 to 48 hours to cool and equalize
the moisture content. The dried prune
samples were weighed and fruit
counted to determine fresh- to dry-
weight ratio (dry ratio) and number of
dried fruit per pound (dry count). Dry
count is the conventional measure of
fruit quality; large fruit are desirable.
An additional sample of 10 fruit was
taken during harvest from each plot
for soluble solids (sugar) determina-

TABLE 1. Yield and fruit quality of French prune trees treated for 3 consecutive years for prune rust,
Tulare County, California

Yield/tree* Fruit quality*
Lb. as

formulated Dry Soluble Dry
Treatment per acre Fresh Dry count/lb  solids ratio
1987
Mancozeb 80W 6.0 69.1 at 420a 142.5a 26.4a 28a
Sulfur 92W 15.0 618a 356a 139.7 a 26.1a 31b
Control — 598a 345a 143.7 a 25.1a 3.2b
1988
Mancozeb BOW 6.0 3519a 1042 a 1342 a 183 b 34a
Sulfur 92W 15.0 3128a B86a 1449 a 18.1b 34a
Control — 353.6a 94.2a 162.3 b 16.8 a 36a
1989
Mancozeb 8B0W 6.0 109.6 a 422a 1349a 257 a 27a
Sulfur 92w 15.0 914a 348a 137.1a 257 a 26a
Control —_ BBBa 342a 138.1a 26.1a 26a

*Average of 40 single-tree replications per treatment.

tMeans followed by the same letter down columns within each year do not differ according to Duncan's

multiple range test, P = 0.05.

TABLE 2. Control of prune rust in French prune trees tr

ted for 3

tive years with

mancozeb 80W or sulfur 92W, Tulare County, California

Leaf area
Lb. as Rusted leaves* rusted*® Defoliation ratingt
formulated
Treatment per acre August October  August October August October November
ees I e rvasssia e I e
1987
Mancozeb 8B0W 6.0 0.0 33.6 at 0.0 3.2a 1.0 16a 23a
Sulfur 92W 15.0 0.0 625b 0.0 8.3b 1.0 18a 26b
Control — 0.0 B45¢c 0.0 17.5¢ .0 22b 3.2c¢c
1988
Mancozeb 80W 6.0 0.0 19.0a 0.0 0Ba 1.0 1.7a —
Sulfur 92W 15.0 0.0 59.8 b 0.0 45b 1.0 20b —
Control — 0.0 86.8 ¢ 0.0 142¢c 1.0 24c —
1989
Mancozeb 80W 6.0 0.0 57.5a 0.0 74a 1.0 1.6a 31a
Sulfur 92W 15.0 0.0 941Db 0.0 9.3b 1.0 1.7a 34b
Control — 0.0 100.0¢c 0.0 149¢ 1.0 250 d44c

*Average of 40 single-tree replications per treatment, 50 leaves per tree.

11 = no defoliation to 5 = completely defoliated.

$Means followed by the same letter down columns within each year do not differ according to Duncan’s

multiple range test, P = 0.05.

tion. Halves of the flesh from each
fruit in the sample were combined and
ground in a blender, and then the pulp
was pressed through sections of
cheesecloth. The soluble-solids content
of the extracted juice was measured
with a hand-held temperature-
compensated refractometer.

Leaf infection was evaluated at har-
vest (August) and on October 26, 3
and 18 of 1987, 1988 and 1989, respec-
tively, in Tulare County and on Octo-
ber 11, 1989, and October 8, 1990, in
Yuba County. We gathered 50 leaves
from each tree on each date and esti-
mated the percent of leaves with rust
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infections and the percent of each leaf
blade with rust pustules. Defoliation
was rated on these same dates, and
again on November 6, 1987, and No-
vember 13, 1989, in Tulare County and
November 14, 6 and 3 of 1989, 1990
and 1991, respectively, in Yuba
County.

We rated leaf loss as follows: 1 =
full canopy; 2 = noticeable leaf loss
and canopy slightly thinned; 3 = no-
ticeable leaf loss and canopy moder-
ately thinned; 4 = extensive defoliation
with few leaves remaining; 5 = com-
plete defoliation with 10 or fewer
leaves per tree remaining.



TABLE 3. Yield and fruit quality of French prune trees treated for 3 consecutive years for prune rust,
Yuba County, California

Yield/tree* Fruit quality*
Lb. as

formulated Dry Soluble Dry
Treatment per acre fresh dry count/lb solids ratio
1989
Mancozeb BOW 6.0 71.5 at 23.7a 1196 a 233a 3.1a
Sulfur 92W 30.0 B4.1a 209a 120.9 a 227a 31a
Control — 69.8a 235a 1184 a 227 a 31a
1990
Mancozeb BOW 6.0 29.2a 107 a 100.2a 225b 28a
Sulfur 92W 30.0 318a 104 a 102.1 ab 219ab 29ab
Control — 488b 16.5a 106.7 b 214a 29b
1991
Mancozeb BOW 6.0 113.9a 343a 956a 227 a 33a
Sulfur 92W 30.0 1138a 341a 995b 235a 33a
Control — 103.1a 318a 935a 234a 3.2a

*Average of 40 single-tree replications per treatment.
Means followed by the same letter down columns within each year do not differ according to Duncan’s
multiple range test, P = 0.05.

TABLE 4. Control of prune rust in French prune trees treated for 3 consecutive years with
mancozeb 80W or sulfur 92W, Yuba County, California

Leaf area
Lb. as Rusted leaves® rusted* Defoliation ratingt
formulated

Treatment  peracre August October  August October August October November
1989

Mancozeb BOW 6.0 14.2 at 919a 0.7a 24.4a 1.0 18a 3.1a
Sulfur 92W 30.0 12.0a 959b 08a 20.3b 1.0 21b 34b
Control = 76.2b 100.0¢c 14.2b 60.7 ¢ 1.0 42c 44c
1990

Mancozeb BOW 6.0 0.0a 78a 0.0a 04a 1.0 12a 22a
Sulfur 92W 30.0 09a 70a <0.1a 04a 1.0 13a 25b
Control — D6a 69.9b D.1a 16.0b 1.0 3.0b 40c
1991

Mancozeb BOW 6.0 31a —_ <0.1a — 1.0 — 26a
Sulfus 92W 30.0 38a —_ 01a — 1.0 — 31b
Control —_ 143b —_ 04b — 1.0 - 41¢c

*Average of 40 single-tree replications per treatment, 50 leaves per tree.

11.0 = no defoliation to 5.0 = completely defoliated.

$Means followed by the same letter down columns within each year do not differ according to Duncan’s

multiple range test, P = 0.05.

No differences in yield

Tulare County. No significant dif-
ferences were found for fresh and dry
fruit weights per tree in any year, or
for dry count per pound and percent
soluble solids in 1987 or 1989 (table 1).
In 1988 the dry count per pound was
significantly higher and percent of
soluble solids were lower in the
nontreated control than in the fungi-
cide treatments. Dry ratio was signifi-
cantly lower in fruit treated with
mancozeb 80W than in those treated
with sulfur 92W or the control in 1987,
but not in 1988 or 1989. We believe

that these differences are anomalous;
lower dry-ratio values were not veri-
fied by significantly higher soluble-
solids content. Further, the largest
fruit size (low dry count) expected was
not associated with lower total fresh-
fruit weight per tree, and these differ-
ences were not repeated in our other
test years.

Leaf infection and defoliation were
not observed at harvest (August) in
any year (table 2). By October of each
year, leaf infection was significantly
more severe in the nontreated control
than in either fungicide treatment, and
worse in trees treated with sulfur 92W

than in those treated with mancozeb
80W. Similar separation of treatments
was found for defoliation ratings
taken in October 1988 and November
1987 and 1989.

Yuba County. No differences oc-
curred among treatments in any yield
parameter measured in 1989 (table 3).
The same was true in 1991 except for a
significantly higher dry count in the
sulfur 92W treatment than in the
mancozeb 80W or control treatment.
In 1990, fresh-fruit weight, but not
dry-fruit weight, was significantly
greater in the control than in both fun-
gicide treatments. We attribute this to
appreciable fruit drop that we think
was initiated by high ambient air tem-
peratures following the last spray ap-
plication. The maximum air tempera-
ture, measured at a California
Irrigation Management Information
System (CIMIS) station, approximately
8 miles from the orchard, was 97°F on
the day of treatment, and ranged from
102° to 107°F for the next 8 days. In
that year, dry count and percent
soluble solids in the mancozeb 80W
treatment differed significantly from
the nontreated control, but the sulfur
92W treatment did not differ from ei-
ther. Differences in these three yield
parameters reflect increased fruit size
and sugar content of treated fruit
caused by the appreciable fruit drop.

Rust-infected leaves were present
by harvest (August) each year, but de-
foliation had not yet begun (table 4).
At that time, disease was significantly
more severe in the nontreated control
than in either fungicide treatment in
1989 and 1991, but not in 1990. By Oc-
tober 1989, there was significantly less
rust in the mancozeb 80W treatment
than in the sulfur 92W or nontreated
control treatment, and less in the sul-
fur 92W than in the nontreated control
treatment. Leaf infection in October
1990 was similar in the two fungicide
treatments, and significantly less in
these than in the nontreated control
treatment. Defoliation was signifi-
cantly less in the trees treated with
mancozeb 80W than in the other two
treatments, and significantly less in
the trees treated with sulfur 92W than
in the nontreated control trees by No-
vember of all 3 years.
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Late rust needs no control

Postharvest defoliation by prune
rust did not adversely affect dry yield
or fruit quality in the current or fol-
lowing seasons in our experiments. In
both orchards, the significant differ-
ences among treatments were few, mi-
nor and inconsistent. Differences in
postharvest defoliation among our
treatments were not reflected in dis-
similarities in yields the following sea-
son. If accelerated postharvest leaf loss
was deleterious to the next crop, this
effect was overshadowed by other
horticultural factors, such as alternate
bearing, and was not detected by our
experiments. Although we selected or-
chards whose histories and locations
indicated that preharvest defoliation
by prune rust was likely, such leaf loss
did not occur during the course of
these experiments. Consequently we
were not able to corroborate the yield
losses attributed to preharvest defolia-
tion by prune rust in other regions.

The history and pattern of prune
rust in orchards should be considered
in making treatment decision for con-
trol of this disease. Orchards with his-
tories of early rust infection, or those
situated along rivers or in high rainfall
areas, should be treated annually for
control of prune rust. Such orchards
need protection from severe early
preharvest defoliation and the associ-
ated yield losses that have been re-
ported elsewhere. However, orchards
in which rust infection and leaf loss
are late-season events should not re-
quire treatment to control prune rust.
Such late-season defoliation, even
though repeated annually, does not
appear to harm crop yield or quality.

Mancozeb (not registered for use on
prunes in California) was superior to
sulfur for control of prune rust.
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Until recently, the woody
indexing test was the
only reliable method of
detecting leafroll disease.
A small chip bud from the
vine, above, was grafted
to a grape leafroll indica-
tor host, ‘Cabernet
Franc’, right.

ELISA test reveals new
information about leafroll

disease

Adib Rowhani 0O

The California Grapevine Certifi-
cation Program has been based
on two assumptions about leafroll
disease in grapevines: that the
disease does not spread signifi-
cantly in the field in California and
that the viruses that cause the
disease are evenly distributed in
infected vines. Careful testing of
the Foundation Plant Materials
Service vineyards at Davis using a
new ELISA test suggesis that
these assumptions are not true.
Changes in the California Grape-
vine Certification Program are un-
derway as a result of this new in-
formation.
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Deborah A. Golino

Virus diseases of grapevines can cause
serious losses in vineyards. Because
these diseases are easily spread with
propagation wood when vineyards are
planted, and because viruses cannot
be eliminated from vineyards once
plants are infected, a major virus con-
trol technique is the production of dis-
ease-tested, certified grapevines by
California nurseries. This is currently
done in conjunction with UC’s Foun-
dation Plant Materials Service (FPMS)
and the California Department of Food
and Agriculture (CDFA). Research to
improve the techniques used to detect
grapevine viruses has resulted in
faster, more reliable tests for the certi-
fication program and in ever-higher





