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TURATION AND DISCHARGE OF ASCOSPORES

OF THE APPLE SCAB FUNGUS

J. D. Gilpatrick and M. Szkolnik

Department of Plant Pathology
New Yaork State Agricultural Experiment Station
Geneva

Apple scab, caused by Veniuria inaequalis (Cke.) Wint,,
is the most important disease of apple in humid-temperate
climates. In such areas, the fungus overwinters primarily as
myceliuminfallen infected leaves. Perithecia are produced
during the winter in these leaves and, by spring, contain
mature ascospores which are the primary source of in-
oculum for the scab disease each year. Control measures
for scab rely on fungicide sprays during this period of
ascospore production. Thus, an understanding of
ascospore productivity, maturation, and release is fun-
damental to an effective and efficient control program.

ASCOSPORE MATURATION

An ascospore of V. inaequalis is considered mature
when fully formed, has developed a light olive color, is
capable of being discharged from its ascus when the leafis
wetted, and will germinate in water and thus has the poten-
tial for infection. All eight ascospores inan ascus appearto
mature simultaneously, but the rate of maturity of different
asci within a perithecium may vary considerably. Further-
more, maturation varies greatly among perithecia on the
same or different leaves in the same orchard.

METHODS—Direct observations. Ascospore maturity
can be determined by microscopic observation of the con-
tenits of crushed perithecia extracted from leaves.
Numerous workers have used this method, but only
Szkolnik (20) has published details of a routine procedure.
He examined about 20 ascifrom each of at least 25 crush-
ed perithecia taken from several leaves. Each ascus was
categorized according to the maturation of the contents
(Tabie 1). Paimiter (16) examined about 100 perithecia per
sample and rated each for relative spore maturation (Table
1). These two methods provide comparable information of
ascospeore maturity and have been used routinely and
successfully for over 25 years in grower advisory spray
programs in two areas of New York State (16,20, Table 2).
Because such methods are tedious, time consuming, and
reguire the services of trained technicians, the number of
samples which can be processed at one time is limited.

Mathematical prediction. Ulilizing 17 years of data
collected by Szkolnik in New York, Massie and Szkolnik
(12,13) developed a predictive equation for ascospore
maturity using multiple regression analysis. The equation
shows that maturity depends to a large extent on the
number of accumulated degree-days (base 32 F) from leaf

1

Table 1.—Categories used by Szkolnik and Palmiter determining
maturation of primary stage of apple scab fungus {Veniurfa inae-
qualis) in overwintering leaves.

Category Szkolnik - % Asci Palmiter - % Perithecia

1 No spore formation evident Xo spores evident

2 Spores forming Colorless spores

3 Spores formed, not colored 10% colored spores?

4 Spores formed and colo:eda 25% colored spores

5 Spocres discharged 50% colored or discharged

Colored spores are considered to be mature but not

necessarily capable of being discharged.

Table 2.—Primary scab differential counts for Venturia inaequalls
reported by Szkolnik and Palmiter in two different phenologicai
areas of New York State in April 1962.

a
Category Szkolnik (April l2)a Palmiter (April 13)

1 74 16
2 21 55
3 7 17
4 2 10
S 0 2

a
% in each category.

fall and to a much lesser extent on accumulated precipita-
tion during the same period. This model, although not yet
fully proved in practice, could be useful in predicting
ascospore maturation in different macro- and micro-
climates without the use of tedious visual determinations.

OBSERVATIONS—Usually ascospore maturity and
the apple host development are closely correlated,
whereas correlation of both events with calendar dates is
low phenologically (24). In 16 years of observations,
Szkolnik (21,22,23) found in New York State that some
ascospores are mature by the apple flower green tip stage
(4). Szkolnik’s differential counts showed a general shift
from immature to mature ascospores as the spring season
progressed. The percentage of colored spores increased
week by week until about bloom to the early petal fall stage



= ‘Mcintosh’ cultivar development and then diminished.
ate in the primary scab period, accurate counts were not
:0ssible because the remaining spores were usually ab-
~ormal, the empty asci had degenerated, and the
nerithecia and leaves were in various states of decomposi-
won.

in any year, Szkolnik (23) found that ascospore maturity
varies from the average (Fig. 1). He observed mature
zscospores as early as late February 1975 in New York
witowing an unusually mild winter. This was 6 10 8 weeks
ariier than average. In 1938, ascospores matured in

;idwysfem United States about 3 weeks before normal,
~robably due o unusually warm temperatures in February
‘1), In some years, maturity may be delayed by a week or so
sompared to apple tree development (Fig. 1).

Other than temperature and meisture, the role of en-
sronmental factors on spore maturation is not understood.
Light may be of significant importance in determining the
sally periodicity of maturation (3). The time that leaves
necame infected the previous year, snow cover during
winter months, apple cultivar, and similar factors are no
doubt of importance.

ASCUSPORE DISCHARGE

Hirst and Stedman (8) defined ‘ascospore productivity’
zs the number of spores produced per cm? of dead leaf
area. They differentiated the latter from the term
‘ascospore dese' which is the number of the spores per
«olume of air {per m®) caught in spore traps.
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METHODS—Discharge of ascospores from moistenad
leaves has been observed and measured in water or a
{Table 3). Brook (3} described the discharge of ascospores
under the microscope from leaf pieces mounted crnimadel-
ing clay. Before it discharged, each ascus emerged
through the ostiole and extended until its tip was about 40
microns beyond the ostiole. All eight ascospores were dis-
charged in rapid succession, and the spent ascus then
shrank back intc the perithecum. When compietely sub-
merged in water, ascirequired from 45-120 seconds to dis-
charge, whereas in air the process iook as little as 3.5
seconds.

Szkolnik £21) provided a method for the routine measuem
ment of ascospore discharge in Peiri plates in whic
moistened leaves were allowed o shoot spores into wa
with an intermediate air medium. Discharge was measured
as the number of spores per hour. Hutton and Burchill (10)
suspended leaf discs in 40 mi of water in a botlle and
bubbled air through the water for 2 hours {0 keep the discs
and spores in suspension. The filtered spore suspension
then was concentrated by centrifugation and the spores
counted in a hemocytometer. Ascospore productivity was
recorded as spores/cm?of leal surface area. Hirst and
Stedman (8) and Brook (2) utilized a flat wind tunnel con-
taining trays of infected leaf discs. Air drawn over the sur-
face of the discs carried ascospores 1o slide impactors
placed downwind. Spores were recorded as number/ m® of
air. Gilpatrick et al. (6) modified the latter technigue by us-
ing an upright tower. A simple method was used by Dunn
(5) to monitor ascospore release. He merely placed greas-
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Figures 1-3. Ascospore productivity of Venturia Insequealis. Fruit bud stages of apple: D=dormant, ST=siiver #p;
GT=green tip; CG=0one cm green; TC=tlight ciusier; P+pink; B=bloom, PF=petal fall; FR6=fruit 6 mm diameter. (1) Sixieen-

year average compared with three individual years of weekly monitoring of the abundance

of apple scab ascosporas

released from freshiy-collected overwintered Mclntosh leaves in the Geneva, New York area. Ascospore index is the
relative abundance of mature spores physiclogically ready to discharge when the leaves become wet. (2) Sixieen-year
average of weekly tests monitoring the abundance of apple scab ascospores released from freshiy-coliected
overwintered Mcintosh leaves in the Geneva, New York area. (3) Sixteen-year average of week-by-week depletion of ap-
ple scab ascospores from overwintered Mcintosh leaves in the Geneva, New York area.



Table 3.—Some technigues for evaluating ascospore discharge {productivity).

Author and reference Type

a
Measurement Other uses

Small (17) Glass slide

Dunn (5) Glass slide

Keitt and Jones (11) Glass slide

Broock (3) Microscope

Szkolnik (21} Petri plate

Hirst and Stedman (8); Wind tunnel

and Brook (3} Wind tunnel

Gilpatrick et al. (6) Wind tower

Hutton and Burchill {10) Hater bubble

Productivity -
Productivity -
Productivity Seasonal release

Release mechanism -

Productivity
(Discharge index)

Phenclogy

Productivity Environmental effects
Phenology

Productivity Spore germination
Treatment effects

Productivity Treatment effects

2all methods are useful in spray forecasting.

ed slides on the surface of leaves on the orchard floor and
made observations at appropriate times. Small (17)
suspended a glass slide on a stake 18 inches above the
ground and shielded the slide from rain with a metal cover.

OBSERYATIONS—Ascospore productivity of selected
feaf samples has been studied by many researchers. The
most extensive of these is that of Szkolnik (22, 23) who
made observations over a 25-year period in New York. He
noted during a span of 16 consecutive years that, almost
without exception, some maiure spores are released from
leaves by the time of the green tip stage of apple iree
growth; thereafter, the number of spores increased with
time, reaching a peak about the late pink 1o early bloom
stages; and then, spore output decreased until 85 per cent
or more of the ascospore supply in the old leaves was ex-
hausted, about & weeks after petal fall (Figs. 2, 3).

Ascospore productivity measurements of selected leaf
samples may be useful in predicting relative expected
doses in the air in the event of rains. In 1975, Gilpatrick
made weekly observations on ascospore potential using
ihe tower method. He noted a good correlation between the
normal phenological development of host and fungus and
spore potential (Table 4), thus confirming the observations
of Brook {2) in New Zealand. In 1975, ascospore potentials
were found to vary from one area to another in New York
(Table 5). Ascospore productivily from selected leaves in
an orchard will provide only a relative estimate of the actuai
inoculum pressure present. Total ascospore productivity in
an orchard or apple growing area is dependent on the
armount and timing of scab infections in the previous year,
the number of infected leaves that overwinter, the weather
from time of leaf fall to the end of primary scab in the follow-
ing spring, and the activity of biological control agents.
Knowledge of these factors is very limited.

ASCOSPORE DOSE

METHODS-—The number of ascospores in the air has
been determined with various types of spore traps (Table

3

Table 4.—Ascospore shooting potential for Geneva, New York in
1875.

Relative

Date spore potentiala Apple grewth stage
April 1 0 Dormant
April 14 5 Dormant
April 21 11 Green tip
April 27 240 1/4-inch Green
May 5 9,000 3/4-inch Green
May 12 5,000 Pre-pink
May 21 69,000 Bloom
June 2 5,000 Fruit set
June 6 420 —
June 16 100 _
July 1 0 —

2 Twenty-five leaf discs, each from a different overwintered
leaf, were submerged in water for 5 minutes and then processed in
the shooting tower (6). Different leaves taken from beneath the
same tree were processed on each date. The spore potentizl is
the number of spores trapped from the 25 discs with a total

2
surface area of 125 cm'.

Table 5.—Ascospore potential for four difierent areas of New Yorkin
1975 on three different dates.

Geneva Williamson Greece Chazy
May S5 9,000 May 7 365 May 9 285 May 13 1,100
May 21 69,000 May 20 8,500 May 21 28,000 May 19 100,000
June 16 100 June 10 300 June 18 165 June 16 62,000

Nunber of spores obtained from 25 leaf discs with a total

2
surface area of 125 cm™ .

6). A comparison of some of these was made by Sutton and
Jones (18). The rotorod consists of spore collector rods
which are rotated in the air by a constant speed DG motor.



Table 6.—Spore traps used for measurement of ascospere dose in
air.

Trap Reference Comments

Filtration Keitt and Jones ({11)

Rotorod Metronics Associates, Inc.{l4) Measures total catch during

Sutton and Jones (19} operation.

May operate only during
wetting periods.

Hirst

Hirst and Stedman (7) 24-hour reading on a glass

Brook (2} slide.
Miller and Waggoner (15)
Sutton and Jones (19)

Burkard 7-day readings to the

Gilpatrick (unpublished) nearest half hour on a
tape.
Wind vane

Sutton and Jones {19) Measures total catch during

operation.

This instrument is relatively inexpensive, highly efficient,
simple to operate, and allows use of several replicate sam-
ple sites. It has been most usefu! in determining total spore
dose during entire wetting periods. This instrument was
utitized by Small (18) in western New Yorkas early as 1958.
His observations over several years served as a basis for
grower recommendations for scab sprays. For critical
studies of factors involved in spore release, the Burkard
and Hirst traps are more useful than the rotorod in that
spore catches can be defined to the nearest half hour and
thus be related to other weather factors such as rainfall,
wetting periods, and wind. The Hirst trap allows readings
over a Z4-hour period; the Burkard, over7 days. High initial
and maintenance costs of the latter two instruments limit
their use as practical monitoring devices in grower ad-
visory programs. Furthermore, it is unlikely that one instru-
ment at an arbitrary site can furnish adeqguate information
on spore populations in a single orchard, much less a
region.

Effect of Environment on
Ascospore Discharge

At any point in time in the spring in overwintering apple
leaves on the ground, a certain number of asci within
mature perithecia of V. ingequalis are capable of releasing
ascospores following wetting of the leaves by rain. The ac-
tual number and duration of this release are dependent on
several factors.

PRERELEASE CONDITIONS—Weather prior to dis-
charge will determine the dryness of the leaf and the
number of mature ascospores. The drier the leaf, probably
the greater the amount of wetting that is needed for dis-
charge; the more optimum the temperature, the greater the
number of spores that will mature and be ready for dis-
charge. Additional discussions of the effect of precon-
ditioning on ascospore release have been made by Brook
(3) and Hirst and Stedman (7,8,9).

RELEASE CONDITIONS—Leaf wetling by rain is an
absolute requirement for significant ascospore release.
Ascospores have been reported present in air following
dews ar in dry weather, but this mechanism probably plays
no role in epidemics. The amount, duration, and intermit-
tancy of rain will modify the spore release. Trace amounis
of rain (0.2 mm or 0.008 in) may induce release (8), but
greater amounts of rain and leaf wetting will usually resultin
release of much higher numbers of spores. Release may
occur within a few seconds of leaf wetting; however, in the
orchard, spore dose peaks are often observed about 2
hours after the start of wetting (8). In prolonged wetting,
about 75 per cent of the discharge occurs within 3-8 hours;
but, spores may be released intermittently and with secon-
dary maxima, depending on environmental events and how
quickly new spores are matured.

Air temperature probably plays some role inrelease (3).
it has been reported that, as the freezing point is ap-
proached, the process is depressed or absent {8). The
effect of differential temperatures, sudden temperaiure
changes, or air/leaf temperature ratios is unknown.

Time of day may have a significant effect onascospore
release. Brook (3) observed that greater numbers of spores
are discharged during daylight than during night darkness
or during the afternoon than in the morning dayiight hours.
The reason for this is not understood but may be caused by
the daily periodicity of temperature and light as they relate
to spore maturation rather than a direct effect of lighton the
release mechanism. However, further clarification of the
role of light in the ascospore discharge process wouid be
useful for spray advisory services.

Time of season. Toward the end of the primary scab
season, ascospores are not discharged asreadily asinthe
earlier part of the season. This may be related to decom-
position of leaves and perithecia as noted by Szkoinik (21)
or to physical factors within the perithecia as they become
emptied.

Effect of Environment
On Ascospore Dosage

The number of spores in the air is dependent on
ascospore productivity and factors that influence spore
discharge as described above. Wind and rain intensity may
be important. Ascospores are wind-borne; thus, their
numbers at any one location in relation 1o the area of
productivity will be determined by air mass movements and
wind direction and velocity. Assumably, heavy rains will
tend to wash many more spores from the air than will light
rains.

DISCUSSION

During this century, extensive studies have been con-
ducted on the ascosporic phase of the apple scab disease.
Utilizing this information, Mills' wetting periods, and

4



fungicides, control programs have been developed that
have provided a high economic level of control of this dis-
sase. Epldemioclogical studies of the post-Jones and Keitt
period of the mid-1920's have developed insufficient new
knowledge to allow for significant additional efficiencies in
controlling this disease. Most progress has come from the
development of more efficient fungicides rather than from
epidemiological advances.

Cur old and current technologies of assessing scab in-
oculum potential are useful predominately in providing in-
formation on the initiation, peaking, and termination of the
orimary scab season. Yet, such information as monitored
by Szkolnik for over two decades can be useful. This week-
Iy examination of ascosporic development in perithecia
provided ongoing information on (a) the progressive
differential shift in ascospore maturity and their level of
depletion from leaves, and (b) the relative abundance of
ascospore discharge from the leaves throughout the
primary scab period. This information proved to be ex-
tremely valuable in the conduct of orchard spray research
in New York and in the guidance of fruit growers in their
spray programming, particularly at the beginning and end
of the primary scab season.

Information on the real impact of measured inoculum
potential (spore discharge and dose in air) in relation to
scab potential, dosage response of fungicides, choice of
fungicide, and timing of sprays is virtually non-existent.
Thus, it is impossible and, indeed, hazardous at this time to
interpret inoculum potential estimates in terms of practical
spray recommendations except in broad and conservative
ways. With a further understanding of inoculum potentialin
relation to disease potential, inoculum estimates could
become an integral part of a more complex, computerized
spray advisory service which would also utilize such
parameters as fungicide mode of action, fungicide
residues, tree growth, Mills’ periods, and crop management
oractices (12). The prediction of inoculum discharge and
dose will depend on weather, which is readily monitored,
and improved weather forecasting. Unquestionably, at this
time, sufficient information is available to allow the
development of such inoculum potential prediction
systems. Further research should emphasize the meaning
of such predictions in relation to disease potential and
measures for control.
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ROLE OF CONIDIA OF VENTURIA INAEQUALIS
IN THE EPIDEMIOLOGY OF APPLE SCAB

Turner B. Sutton
Department of Plant Pathology
North Carolina State University

Raleigh

The conidial stage of Venturia inaequalis (Cke.) Wint.
{Spilocea pomi Fries) is largely responsible for the buildup
of scab in the orchard in the late spring, summer, and fall
following infection in the spring by ascospores. Recently,
the importance of conidia, produced by overwintering in-
factions on young shoots, as a primary inoculum source
has been demonstrated in England (3, 7). This paper ex-
amines some of the facters influencing conidia production,
dissemination, and viability.

CONIDIA PRODUCTION

Once penetration has occurred, the rate of lesion
development is influenced primarily by temperature (11,
13, 17, 22} and leaf age (11, 15). Maximum lesion expan-
sion cceurs at 19 C with little expansicn at 0 C or above 26
C.From 1210 24 C lesions become macroscopic in 8to 12
days. As leaves malture, the incubation period increases
and after 3C to 55 days lesions deveiop on the surface of
zven the oldest leaves (11).

Conidia production begins befcre lesions are
macroscopic (11). Sporulation occurs at temperatures
ranging from 4 to 28 C, although maximum sporulation oc-
curs from 16 10 20 C {20). Conidia are produced between
50 and 100 per cent relative humidity (RH) with 90 per cent
RH optimum. Sporulation is reduced from optimum levels
by about 50 per cent at 80 and 100 per cent RH (20). Day
iength does not affect sporulation; however, in continuous
darkness sporulation is reduced by about 32 per cent (20).

Lesions expand to 6 to 10 mm diameter although lesion
number, leaf age, and variety restrict their size. As lesions
mature, sporulation in the center declines and some
necrosis often appears. Although variety influences lesion
development, lesion growth and spore production stops
generally in 30 to 36 days, and iesions become necrotic or
bronzed and reddish brown (15).

CONIDIA VIABILITY

The viability of conidia which are produced and remain
attached to the conidiophores decreases with high
temperature and/or RH. After 133 days at 0 per cent RH
and 20 C, Louw (12) found that conidia germination was
reduced from 73 to 52 per cent. Heuberger et al. (6) found
no reduction in conidia viability after 120 hours at 20 C and
0 per cent RH, but at high RH viability decreased by about
50 per cent after 120 hours. At 35 or 38 C and 100 per cent
RH, viability was reduced to O per cent after only 10 hours
exposure; however, at 0 per cent RH viability was only
reduced by about one-third after 120 hours. At 3510 40 C,
the time necessary to completely inhibit spere germination
decreased with increasing RH (73 to 90%). Temperatures
below 35 C with RH below 73 per centhad no effecton ger-
mination through 120 hours.

Heuberger et al. (6) and Connor and Heuberger (2) in-
dicate that the effect of high RH and high temperature on
conidia viability is reversible to some extent. They (6) found
that after an exposure for 8 hours at 35 C and high RH, ap-
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proximately 30 per cent of the conidia subsequently ex-
posed for up to 72 hours at 20 C and low RH wereviable, in
contrast to 9 per cent viability for conidia receiving no treat-
ment following exposure.

CONIDIA DISSEMINATION

Early work by Frey and Keitt (5) and Keitt and Jones(11)
established the principle that rainfall is the most important
agent of conidia dispersal. They found conidia abundantin
drippings collected during rains from scabby apple trees
and observed that on the addition of a drop of waterto ale-
sion the conidiophores swell and conidia are immediately
detached. The importance of rainfall as a dispersal
mechanism for apple scab conidia has since been con-
firmed by numerous investigators. The largest quantities of

onidia are disseminated by water during periods of
prolonged rainy weather (1), when numbers of new lesions
on the upper leaf surface are high, or when several days
elapse between rains (19). Neither temperature nor wind
velocity have any effect on the patiern of dissemination by
rainfall {1).

The early work of Frey and Keitt (5) and Keitt and Jones
{11) largely discounted the role of airborne conidia in the
spread of apple scab. Using a volumetric spore trap, they
caught only small numbers of conidia in the air and then
only during windy, rainy weather. In the laboratory, ex-
cessive velocities were needed to remove conidia from
sporulating lesions. Howitt and Evans (9), also working in
the mid-1920's, caught conidia with greased slides placed
at varying distances from an infected apple tree and con-
cluded that airborne conidia were important in spreading
disease from tree to tree in the orchard. However, their
work received little attention, and Frey and Keitt's {5) con-
clusion that “no important dissemination of conidia is to be
expected in the absence of water” essentially remained
unchallenged for the next 35 years.

in 1960, Hirst and Stedman (8), using a volumetric spore
frap, found conidia common in the air in the daytime during
dry weather. They suggested the failure of earlier in-
vestigators 10 catch substantial numbers of spores may
have been due to improper trap placement, imperfect trap
design, or the difficulty of recognizing spores following
ireatment of the trapping surfaces. They found that
although rainfall usually lowered the conceniration of con-
idia in the air, occasionally spore numbers increased. Con-
idia catch was characterized by a diurnal periodicity with a
peak in the early afternoon. This diurnal pattern was later
confirmed by Sutton and Jones (19) who found the peak
concentration to occur 2 1o 3 hours later at their trapping
site.

Sutton and Jones (19) using correlation and multiple
regression analyses, investigated the significance of en-
vironmental factors on aerial dispersal. They found that dis-
semination of airborne conidia was generally associated
with increasing temperature, sunshine, increasing wind
speeds, low RH, and dry foliage. However, they note that
the exact relationship of these factors to dispersal is com-
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plex and far from clear. They suggest that rainfali probabiy
has an initial effect of liberating spores through puff or
splash dispersal and that continuing rain removes them
from the air through its scrubbing effect. They feel the
positive correlation of spore release and increased wind
velocity may in part reflect mechanical spore removal by
leaf abrasion and that the positive correlation with sola:
radiation may be spurious and confounded by a concomit-
tant temperature increase and RH decrease.

Hirst and Stedman {8), noting that V. inaequalis conidia
have been caught by spore traps in aircraft at 2,000 feet
postulated that airborne conidia are important
epidemiclogically in establishing disease in scab-fres
orchards in the fall, once spraying has ceased. It has alsc
been postulated that airborne conidia might be important in
increasing scab during periods without rainfall (19). Sutton
and Jones (19) observed an essentially linear increase in
scab during a 30-day period durng the 1874 season in
which there was only one rainy period of sufficient length to
give infection. They suggest that part of this increase may
have resulted from infection from airborne conidia
deposited on leaves during the day, with germination ang
infection occurring at night when the leaves are wet from
dew. They note that during this 30-day dry period, wetting
from dew occurred on nine occasions of sufficient duration
for infection to occur.

GERMINATION AND SURVIVAL
FOLLOWING DEPOSITION

Once conidia are deposited by rain or other means, ger-
mination and penetration is influenced by the temperature
and duration of wetting. Germination occurs in the
presence of free water from lessthan 1 Ct0 32 Cwith18C
optimum (8, 10, 11, 12). Mills and LaPlante (13) indicated
that infections from conidia became established in two-
thirds the time of those for ascospores; however, Roosje
{16, 17) and Moore (14), after a series of inoculation ex-
periments, concluded that the minimum time necessary for
infection by conidia was not shorter than the minimum
period for ascospores and was probably longer. At 6.6 to
6.6 C, Roosje (16) found that the infection period was 2 to
10 hours longer than Mills indicated for ascospores, and
Moore (14) found that conidia had to be wet for at least 1
hour longer than ascospores to establish infection.

Conidia which have germinated are very sensitive o dry-
ing (4). Roosije (16) noted that some partly germinated con-
idia can survive a dry period of 4tc 12% hours between two
leaf wetness periods, neither of which is sufficient to cause
infection, but a dry period of 10 to 15% hours between two
wetting periods reduces attack to only 1510 49 per cent of
the numbers caused by continuous wetting. Moore (14)
found that infection from conidia was sharply checked by a
24-hour dry period at threshold infection levels. He also
found that wetting periods much longer than 18 hours were
less favorable for infection than those shorter than 18
hours.

The survival of nongerminated conidia during dry



periods, following deposition on the leaf surface, has not
been investigated in any depth, although they apparently
respond similarfy to those still attached to conidiophores.
Weisman (21) found that conidia dried on slides were
viable after periods of 6 to 10 weeks, and according to Jahn
(10), conidia are not injured by desiccation on cover slips
for periods up 1o 4 days and can be preserved in a viable
state for several months at 0 C. Louw (12} observed at O per
cent RH and temperatures from O to 19 C, viability was
reduced by about 50 per cent in 22 days and that after
storage for 17 days at O per cent RH and 26 or 30 C no con-
idia were viable. At 10 and 2 C and 70 1o 100 per cent RH,
Senger (18) found viability decreased by about one-half
after 55 days and 75 per cent after 92 days.

CONCLUSION

The conidial stage of V. inaequalis has long been
recognized as an important phase in the epidemiology of
apple scab. Because of the immense capacity of lesions to
produce spores, the potential exists for rapid scab buildup
within an orchard. Successful controi thus depends ¢ a
large extent on control of primary infection early in the
season.

The importance of the conidial phase of V. inaegualis
could take on an added meaning with the development of
scab management programs. Apple scab monitoring
systems currently used in pest management programs in
the United States follow ascospore development and dis-
charge in relation to infection periods and advise growers
accordingly of the need to spray. If overwintering twig in-
fections are important in other areas as in England (3, 7),
such monitoring systems could underestimate the impor-
tance of certain infection periods with low ascospore dis-
charges, leading growers to erroneous management
decisions. Therefore, the importance of the conidiai stage
as a source of primary inoculum should be carefully
assessed in each area of the world as part of any manage-
ment program. The spread of conidia from orchard to
orchard through the air could alsc be importantto a disease
management program. ln areas of the world where summer
disease problems are slight, growers who do not have an
early season scab problem often streich spray intervals or
reduce fungicide dose during the summer months. Conidia
blown in from nearby orchards could establish infectionsin
such orchards resulting in scab buildup. Extension per-
sonnel, agricultural fieldmen, and growers involved in pest
management programs should be cognizant of this poten-
tial threat and follow a judicious scouting program through
the summer monihs.
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HARD TEMPERATURE AND CONIDIAL INOCULUM

OF THE APPLE SCAB FUNGUS

S. A, Alexander and F. H. Lewis
Department of Plant Pathology
The Pennsylvania State University
Fruit Research Laboratory
Biglerville

Over the past 50 years, the epidemiology of apple scab
has been investigated by many researchers. In several of
these reports, it was noted that infection tended to occur
fess frequently during the latter part of the season, mainly
during July and August. Many investigators felt that the high
temperatures during this part of the scab season might be
involved in the reduction of the disease.

Keijtt and his co-workers obtained data on the effects of
temperature on conidia germination and infection and on
the disease severity on leaves and fruits. Mills developed a
table for determining the level of infection likely to occur by
using temperature and duration of leaf-wetness.
Heuberger et al siudied the effect of temperature and
relative humidity on the viability of conidia obtained from
foliage lesions. They reported the loss of viability inlate July
and August for conidia from primary lesions but not of con-
idia from secondary lesions. This report and others indicate
that the maximum temperature for germination inhibition
was approximately 30 C. Many others have contributed in-
formation on the epidemiology of apple scab. In all of these
studies, germination was the principal factor measured
with few experiments conducted to obtain data on
temperature and conidia production in the orchard.

During our studies on the epidemiology of apple scab,
the effects of temperature on conidia production and
viability from primary and secondary lesions were analyz-
ed.

An experiment was conducted over a 13-week period in
a four-row block of 18-year-old ‘Staymared’ apple trees.
The plots were arranged in randomized complete blocks
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with four levels of disease control and four, four-tree
replicates per disease level. The fungicide dosage per dis-
ease level was as follows: |, water; il, 16 oz Polyram 80W; Il1,
6 0z Cyprex 65W; IV, 6 oz Benlate 50W per 100 gallons of
water. The sprays were applied on April 28, May 9 and 23,
and June 9, 1975. The border rows between plots were
sprayed at periodic intervals 10 keep the disease from
developing in these trees. All data were collected at weekly
intervals. Each week 10 infected leaves were collected at
random from each tree. One lesion from each leaf was
removed using a cork borer. Only young, active lesions
were ulilized. Spore suspensions were prepared by inver-
ting the lesions in distilled water until all spores had been
released as determined by microscopic examination. The
number of spores per lesion was determined with a
hemacytometer. From each spore suspension, 0.1 ml was
placed in each of two depression slides. The depression
slides were placed in a petri dish moist chamber and in-
cubated in the dark at 20 Cfor 24 hours. Spore germination
counts were made on at least 100 conidia per depression
with germination considered to have occurred if the length
of the germ tube exceeded one-half the diameter of the
conidium and was normal in appearance.

Weather data were collected from instruments located in
the orchard. The data were summarized by recording
temperature and humidity at 2-hour intervals from
hygrothermographs. Precipitation was accumulated for
each 24-hour period. Leaf-wetness was recorded with a
DeWwitt Leaf Wetness meter. These data were analyzed by
regression analysis.




Precipitation, relative humidity, and infection periods had
very low correlation values with spore production, spore
germination, and leaf infection. These low correlation
values were probably due in part to the uniform distribution
of these parameters throughout the experiment
Temperature was found to be correlated with spore
production and germination. The temperature parameters
obtained were maximum, minimum, median, and mean.
The mean temperature was found to be the most signifi-
cant. The daily mean temperature value was derived from
12 2-hour readings for each 24-hour period.

The mean temperatures increased consistantly from
May 1 within a range of 1310 16 C to a peak of 26 C on May
20. The mean temperature then declined to abjout 16 C on
June 8, but by June 19, the mean temperature had in-
creased to 26 C. For the remainder of June and August, the
lower mean and maximum temperatures continued to in-
crease. The range of mean temperatures was 2010 28 C,
and for the maximum temperatures, the range was 231029
C for the period from mid-June to mid-August.

Observations of plotted data of mean temperatures, con-
idia production and germination, and viable inoculum in-
dicated a lag period between mean temperature and its
effect on inoculum. Mean temperatures were then ac-
cumulated over different time periods and regression
values calculated against conidia production, germination,
and viable inoculum. The most significant values were ob-
tained with mean temperatures accumutated over a period
of 9-13 days prior to each spore sampling date.

When conidia production was correlated with ac-
cumulated mean temperatures for disease control levels |,
i and 1V, the rvalues were -0.789*%, -0.796™, -0.717",
and -0.663"", respectively. Correlations of germination with
accumulated mean temperatures had r values of -0.681* -
0.548, -0.684™", and -0.410 for disease control levels, |, 11,
i, and IV, respecitively. When the viable inoculum was cor-
related with accumulated mean temperature, the r values
were -0.774*", -0.778", -0.735"*, and -0.665 for disease
control levels |, Hl, 1, and 1V, respectively.

These r values indicate that the most significant effects
of the accumulated mean temperature 9-13 days prior to
sampling are on sporulation and viable inoculum. There are
also significant effects on conidia germination in two of the
disease control levels. The effect of accumulated mean
temperature 9-13 days prior to spore sampling on conidia

production is supported by last year's experiment where
there was a significant correlation in four of the six
treatments.

In 1974, an experiment was conducted to measure the
eradicative effect of various fungicides on established ap-
ple scab foliage iesions. With the information obtained from
the 1975 experiment, it was decided {o measure this
temperature effect using the 1974 data. Although the 1974
experiment was not designed to specifically measure the
temperature effect, there was enough essential data tc ob-
tain an indication as to its effect on spore production and
germination. Accumulated mean temperatures 9-13 days
prior to collection had the best correlation with spore
production. In four of the six treatments, the correlation
values were significant at the 0.5 per cent level or higher
when accumulated mean temperature was compared with
spore production. Only one of the six treatments was
significant with germination. ’

Many observers have noted the reduced amount of dis-
ease which tends to occur during July and August. The
reason generally suggested for this reduction has been the
high temperatures occurring during this period. Conidia
germination was considered to be the primary target of
these high temperatures and therefore most of the studies
were conducted on conidia germination. Another possible
explanation suggested for the reduced disease incidence
during July and August was the age of the lesions sampled.
This can be an important factor if only primary tesions are
sampied during these months or if only old lesions are
selected.

The data obtained during these experiments indicate
that the principal effect of high temperatures during July
and August was on conidia production with a less signifi-
cant effect on conidia germination. The resuiting effect
would be a reduction in disease incidence.

These findings suggest that the use of accumulated
mean temperature 9-13 days prior to sampling or conidia
production may be utilized as a tool for predicting when the
inoculum level may be reduced and therefore when
fungicide usage for scab controt may be reduced. Only
further information will demonstrate the effectiveness of
this tool in an integrated pest management program. We
are currently obtaining further information on temperature
and other environmental and biological factors affecting
apple scab.



RELATIVE SUSCEPTIBILITY TO SCAB
AND PRODUCTION OF CONIDIA AMONG
30 APPLE VARIETIES

Michael Szkolnik
Department of Plant Pathology
New York State Agricultural Experiment Station

Geneva

Over a span of many decades various investigators have
reported on the relative susceptibility of apple varieties to
apple scab caused by Venturia inaequalis (Cke.) Wint.
These reports have been largely sporadic involving few
varieties in one apple growing area or another and usually
without definite experimentaticn designed to factually
ascertain the relative susceptibility among apple varieties
even in a given area. Comparisons have been made
ameng varieties based on field observations under varying
conditions of weather and disease pressures of different
years. Often, distinctions have not been made of relative
susceptibility between fruit and vegetative tissues of the
same variely in relationship to the determined pressures of
ihe primary and secondary phases of scab.

Even with cultivars like Red Delicious and Golden
Delicious, grown commercially in different regions of the
country, there has been no common denominator of
technique for assessing relative susceptibility to scab.
Observers in each region devised their own subjective
assessment values which in one region may not have coin-
cided with those of another. Consequently, it has been next
to impossible to prepare a factual composite summation of
many apple varieties grown in the United States. To assem-
ble such information would first require considerable new
observations and experimentation under well coordinated
and defined techniques and categories used by in-
vestigators of all apple growing areas.

The author has studied 30 apple varieties for their
relative susceptibility to foliar infection under like con-
ditions. Initial comprehensive studies were made in the
greenhouse under conirolied conditions of tree culture,
conidial inoculation, and infection. Later, this work was ex-
panded 1o the exposure of greenhouse grown trees to
natural ascosporic inoculation and infection in the orchard.
Scab susceptibility was based on number of lesions per
leaf for different age leaves, lesion types, and the produc-
tion of conidia from lesions.

METHODS

Commercially acquired apple nursery stock trees were
planted and maintained in 7-inch clay pots in a substrate
mixture of one part good field soil, one part sand, and two
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parts peat moss. The trees were grown in the greenhouss=
with normal maintenance with a weekly application ¢f z
complete soluble fertilizer including minor elements. Five
trees of each apple variety were used for each greenhcuss
or field test.

Greenhouse Tests:

At the beginning of each experiment, a small piece ¢
cotion string was tied to the peliole of the youngest u
folded apical leaf (designated “S") on all trees to iater
facilitate the recording of data for specific leaves. The con-
idial inoculum was secured from lesions of recently -
fected greenhouse grown trees. The conidia were was
off the leaves into a beaker with distilled water deliverac
from an atomizer at 30 psi. Standardization of spors
suspension was through dilution with distilled water to 2
concentration of 50,000 conidia/ml. The inoculum was

deposition of a uniform pattern of droplets (without runcff;
which are more conducive to individual lesion develop-
ment which allows accurate lesion counts. The inoculum
was allowed to dry on the trees so as not to disrupt the
droplets by handling. The trees were then given an infec-
tion period in moist chambers at 100 per cent relative
humidity and 20 C for 30 to 36 hours, and then returned i
the greenhouse for completion of the incubation pericc.
Visible infection often was first noted about 8 or 9 days after
inoculation. Scab assessments were made about 2 to 2
weeks after inoculation by counting the lesions per leaf for
the “S” leaf and successively older leaves on each tres
Lesion types were also recorded.

Conidial production was determined by carefully collec-
ting specific comparable aged leaves of known lesion
count. The collector's hands were washed after processing
each variety to prevent accidental “cross contamination.”
In the laboratory, the spores were washed off the leaves
with water using an atomizer under 30 psi pressure. Water
was added to bring the spore susplension up to a standarc
volume. Samples from well agitated suspensions were
counted in a hemocytometer. In this way, the number of
spores per variety sample was determined and from this
value the number of spores produced per lesion was
calculated.



Field Tests:

The potted vegetative trees were transferred from
storage to the greenhouse about the end of March and
owed to grow as single shoots. When they had
seveloped about 10 leaves, the trees were set adjacent to
zn abandoned Mcintosh orchard at the beginning of the
srimary scab period at about the green tip stage of fruit bud
zevelopment of orchard trees. A siring tied to the smallest
unfolded leaf (designated “S”) on every tree identified the
crowth of shoots at that time. The trees were left there for
zbout 6 weeks covering most of the primary scab period.
Dverwintered apple leaves in the orchard were monitored
weekly for scab ascospore maturity and release to deter-
mine the inoculum potential. Records were taken of
temperature and duration of wetting periods to determine
zctual natural infection periods. When an infection period
occurred, a small piece of cotton string was tied 10 the
zetiole of the youngest unfolded apical lear for reference
‘ater in determining which speciifc leaves were susceptible
during that infection period. At the end of this 6-week ex-
oosure to natural infection conditions, the trees were
rsturned to the greenhouse at a temperature ofabout 22 C.
After allowing 2-3 weeks for development of all naturally-
sceurring infections, data were taken on lesions per leaf,
‘ssion types, and spore production as described earlier.

Lesion Types:

The following categories of scab lesion types on the
‘saves in progressive order of severify were employed
ihroughout the greenhouse and field studies:

A. Hypersensitive response “lesions” manifested as
small depressions or dimples without chiorosis or
necrosis.

B. Small, angular, chiorotic lesions.

C. Medium sized (approximately 4-6 mm}, mostly round,
chiorotic lesions.

D. Medium sized and larger lesions, mostly round, and
varying degrees of olive green to brown in color in-
dicative of sporulation. Some lesions may be necrofic.

RESULTS AND DISCUSSION

Most of the results presented are from the investigations
in the greenhouse which were more extensive than those
on the same 30 cultivars under orchard conditions. In the
latter case, the research was initiated at a later date and is
still incomplete. Tests in 1976 were hampered by a
hailstorm which severely damaged the foliage of the test
frees.

In the relatively uniform and protected environment of
the greenhouse and with goad maintenance of watering
and fertilizing, the single-shooted trees grow vigorously.
Shoots often reach 4 to 5 feet before termination of growth;
however, the height differs among varieties. This growth
was probably three to four times that of vegetative shoots
{terminals) normally found on established bearing orchard
trees. Greenhouse grown shoots produce about four new
leaves a week compared with an average of two leaves or

less on orchard trees.

The leaves of growing terminals in the field attain full size
and maturity and become resistant to apple scab infection
much sooner than do those on greenhouse trees. This may
be due to differences in physiclogy or thickness and nature
of the cuticle and wax layer of field trees growing under
more natural weather conditions of greater exiremes than
do greenhouse grown trees. This appears evident when
considering the number of leaves that can be infected on
the shoot during a single infection pericd. In the orchard,
scab from one infection may occur o only the two or three
youngest leaves whereas in the greenhouse eight or more
leaves on the more susceptible varieties may become in-
fected (Table 2).

Greenhouse Tesis:

In the greenhouse tests, the youngest leal (S leaf) was
most susceptible o the scab disease and susceptibiiity
diminished with each consecutive oider ieaf on the shoot
(Table 1). Although fewer lesions developed on the
youngest leaves than on the nearest clder ieaves, when le-
sion count was equated to leaf size at time of inoculation,
the youngest leaf developed the highest number of lesions
per cm? with counts diminishing on each older successive
leaf.

Although the severity of infection decreases with leaf
age, the number of leaves on greenhouse growing trees
that became infected during cne infection periocd varied
with the variety. On highly susceptible varieties like Mutsu,
Niagara, and Mcintosh, eight or more leaves developed
scab (Table 2). Even though the youngest leaves on
varieties like Delicious and Empire became readily infecied
with a high lesion count, the severity of scab dropped off
sharply after the fourth leaf. All the young leaves of the un-
named variety COOP #3 were highly resistant to infection,
with practically no infection occurring beyond the fourth
leaf.

Table 1.—Relative susceptibility of successive apple leaves of in-
creasing age to apple scab as indicated by lesions per ieaf and
lesions per unit area based on leaf size at the time of inoculation
and infection.

Applg ;eaf Scab lesions Leafzarea
position per leaf per cm® @ cm a
\o/ 36 7.1 5
“ — 56 4.5 13
& —— 59 2.4 25
b« el 23 1.1 39
& — 24 0.5 50
e — 12 0.2 58
’-—-— 6 0.1 61

2 Based on leaf size at inoculation date.
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Table 2.—The level of apple scab infection on leaves of different age
on apple varieties of varying susceptibility to scab.

Scab lesions per leaf

at different age on shoot 2

Variety s -1 -2 -3 -4 -5 -6 -7
Mutsu 37 73 84 70 54 37 20 i8
Niagara 25 43 60 58 43 35 23 17
Geneva Mclntosh 25 57 75 56 37 18 12 4
NY 44408-5 29 41 43 34 25 20 12 10
Golden Delicious 41 53 61 45 25 17 9 8
Rome Beauty 46 57 56 44 26 13 8 1
Cortland 28 61 76 48 27 11 4 1
Jonadel 25 30 33 24 11 7 3 0
Enpire 45 73 57 23 4 3 0.1 C.5
Gardrer Delicious 45 57 49 22 7 3 ¢] o}
NY 58553-1 4 13 16 10 1 0 0 o]
CeoP #3 2 3 5 1 0.2 0 0 0

a . . . .
Average of 7 tests of one inoculation and infection.

S,-1,-2,etc. = Smallest unfolded apical leaf at time of
inoculation and successive older leaves on shoot.

Lesions per leaf

Table 3 summarized data from at least seven
greenhouse tests onthe average number of lesions per leaf
for 30 apple varieties based on lesions counts of the se-
cond, third, and fourth youngest leaves on the shoot at the
time of inoculation. Infection levels ranged from 87 lesions
per leaf for NY 18481 to only three lesions for COOP #3.

Table 3.—Relative susceptibility of 30 apple varieties to apple scab
{Venturia inaequalis [Cke.] Wint.) under greenhouse and field con-
ditions as gauged by lesions per leaf, lesion type, and spore
production.

Scab lesions Leaf lesg.on Spores per lesion

i per leaf type x 1000

Variety cn® GH _ Field cH Field
NY 18491 . . . . . . 87 cd Chk 6 16
Lodi . . . . . . . . 79 De DC 94 200
Mutsu . oL . . . L. 76 D D 158 262
Idared . . . . . . . 72 De Dc 103 192
Macoun . . . . . . . 66 DC CD 111 267
Milton N 65 CcD De 44 121
Geneva McIntosh . . 63 D D 144 421
Cortland . . . . . . 62 D Dc 163 205
Boller McIntosh . . 62 D D 126 183
Wellington . . . . . 60 cd ch 56 168
Jonagold (NY 43013~1) 56 D D 171 398
Spigold . . . . . . 54 D D 185 514
Niagara . . . . . . 54 D DC 158 355
Golden Delicious . . 53 Dc D 144 263
Rome Beauty . . . . 52 D D 181 252
VPI-3 . . . . . .. 52 cd feiv] 41 88
Enmpire . . . . . . . 51 D D 93 206
NY 55158-2 . . . . . S B B 2 2
Spartan . . . . . . 49 D D 96 204
Monproe . . . . . . . 48 Dc D 63 373
Wayne . . . . . . . 47 Dc D 112 231
NY 55140-9 . . . . . 46 B B 0.4 16
NY 44428-3 . . . . . 46 Dc De 80 169
Gardner Deliciocus . 43 D D 105 176
NY 44408-5 . . . . . 39 Dc D 89 344
Priscilla (COOP #4) . 31 B B 0.02 0
Jonadel . . . . . . 29 CcD DC 23 270
COOP #1 . . . . . . 15 Be B 2 0
NY 58553-1 . . . . . 13 A A 0.5 0
cocP #2 . . . . .. 3 AB Ab 5 0

2 Average of 7 greenhouse tests.
With dual letter designation, first lesion type predominates; small
letter indicates type for about 25% of the lesions on the leaves.
GH (Greenhouse): Controlled conidial inoculation and infection.
Field: Natural ascosporic inoculation and infection.

13

Lesion types

The majority of varieties produced foliar lesions of Type
“D,” the typical sporulating type. Although the varieties with
the highest number of lesions per leaf tended to have
lesions of Type “D,” no such general conclusion could be
made. For instance, Empire with 51 lesions per leaf, hag
"D" type lesions whereas NY 55158-2, also with 51 lesions
per leaf had “B" type lesions. Other exceptions are found in
Tabie 3.

Spore production

The number of lesions per leaf cannot be relied upcn
alone as an indicator of varietal susceptibility to scaz
without the added important factors of lesion type anc
spore production per lesion. For instance, the unnamec
variety NY 18491 had the highest number of lesions per
leaf in greenhouse tests, yet the lesions were largely
chiorotic "C"” type with an average production of 6,0
spores per lesion compared to Mutsu which produces
158,000 spores per tesion of the "D type (Table 3). The NY
55158-2 variety had 51 lesions per leaf which wers
predominantly “B” type and producing scarcely 2,00%
spores per lesion. Only about 20 spores per lesion wers
produced on the Priscilla (COOP #4) variety with “B” type
lesions.

Fieid Tests:

The greenhouse grown trees in the harsh environment of
the orchard grew much differently than in the controlied en-
vironment of the greenhouse. Existing leaves soon after the
trees were set in the field developed a red to purple color.
With the relatively lower prevailing temperatures in the field,
the trees grew more slowly; leaves were appreciably
smaller and aftained maturity and tolerance to scab earlier,
compared to greenhouse trees. Unlike in the greenhouse
where single inoculation and infection of trees canbe con-
trolled and monitored for severity on specific leaves on the
shoot, trees in the orchard are subjected to multiple infec-
tion periods of differing severity. Thus, itis not readily possi-
ble to separate the impact of different infection periods on
the reiative susceptibility of leaves at specific positions on
the shoot. Assessment of relative varietal susceptibility as
determined by leaf age (lesions per leaf area basis) will be
deferred until more data becomes available.

Lesion Type

Observations made so far on scab leaf lesion type reveal
a very close parallel between greenhouse and field (Table
3). Thus, the susceptible varieties like Mcintosh, Mutsu,
and Rome Beauty have “D” type lesions in both en-
vironments; the tolerant varieties, Priscilla (COOP #4) and
the unnamed NY 55140-8, have predominantly “B” lesions;
and the highly tolerant (resistant) NY 58553-1 and COOP
#3 have “A” and "AB” lesions, respectively.

It is possible for a given apple variety to have more than
one predominant lesion type from any infection, whether it



se field ascosporic or greenhouse conidial infection. In a
~umber of instances, a variety with predominantly “C" type
iesions can have a varying number of “D" and "B” type
‘zsions also, even on the same leaf. Leaf age and condition
and conditions of an infection period may affect the iesion
wpe.

Spore Production

With limited results on spore counts on leaves from field
nfected leaves, there is a reasonably close paraliel among
varieties on productivity of conidia by lesions of different
wpes (Table 3). The greatest level of conidial production
occurred mostly on “D” type lesions with considerably
fewer on “C” type. There were extremely few 10 no spores
oroduced on “B” lesions and none from "A” fesions. The

comparative productivity of conidia from leaf lesions
among the 30 apple varieties infected in the field bears a
close similarity to that of the same varieties infected in the
greenhouse. The higher spore count per lesion on field
trees is mostly a factor of larger lesions and fewer iesions
per leaf occurring on field trees stemming from lesser in-
oculum and infection condition pressures compared G ex-
posure of frees inthe greenhouse. In the assessment of ap-
ple varieties for tolerance to scab, spore productivity is &
key criterion to consider because of the impact on secon-
dary spread of apple scab.

Evidently, several varieties tested which have emerged
from the apple breeding programs of New York, indiana,
New Jersey, and Virginia possess a high degree of
tolerance to scab which, under most field conditions, may
constitute virtual immunity.

EPIDEMIOLOGY OF PEAR SCAB IN ISRAEL

E. Shabi
Division of Plant Pathology
Agricultural Research Organization
The Volcani Center
Bet Dagan, Israel

Pear scab, caused by Venturia pirina, is the most damag-
ing pestof pearinisrael. In 1944, scab was reported to exist
an some of the pear cultivars grown at thattime inlsrael (4).
Yet, only in 1962, scab was found for the first time on a few
fruits of the Spadona cultivar, which was introduced into
‘srael from ltaly in the 1940’s and is the principal pear
cultivar.

In several areas of the world, V. pirina has exhibited
pathotypic variability (2, 8, 10). Shabi et al. (6) isolated five
races of V. pirina from cultivated (Pyrus communis) and
wild pears (Pyrus syriaca). Race 2 is the incitant of scab
epidemics in commercial orchards. Races 1, 3, and 4 infect
cear cultivars which have no commercial value, and race 5
ects the wild pear, P. syriaca. Since pear scab became
widespread in orchards, many farmers have suffered
~eavy losses even though fungicides were applied for scab
control. When adequate control measures were not used,
the entire crop could be destroyed by fruit infection.
Failures in disease contro! were primarily caused by inad-
guate applications of fungicides, but pathogen tolerance to
fungicides has been found also (7).

The weather conditions in lsrael prevailing after bud
burst are favorable for scab epidemics in most years, even
though there are few spring rains and no summer rains.
Measurements of the phenological development of P.
syriaca and some P. communis cultivars were made during
the last 10 years and compared with the development of V.
pirina and pear scab. The influence of spring rains, dew,
and irrigation on epidemics of pear scab was also studied.

In early spring, V. pirina inocutum is presentin previously
infected orchards; the pathogen overwinters in infected
twigs on the trees and in leaves on the ocrchard floor (1, 2},
At the end of February, susceptible tissue of P. syriaca is
always exposed to V. pirina incculum; green tissue of the
Spadona cultivar is not present until mid-March {Table 1).
Therefore, scab symptoms were observed earlier on the F.
syriaca host than on the Spadona host. Such relationships
between host phenology and first scab infection were
observed also on other pear cultivars. Scab symptoms
could be found only in late April on the Amantis cultivar,
which was the latest to break dormancy (end of March—
early April). In most years, rainy days occurred during each
of the periods: mid-March, end of March, and early April
(Table 1). Therefore, after the bud burst stage of the P.
communis cultivars there were always enough rainy days
for scab epidemics to begin.

During March and April, the temperature in israel is mild.
The maximum and minimum temperatures which were
recorded during three springs at Nave Yaar in the Jezreel
valley, which is a major pear growing area, are summarized
in Table 2. During most days, the temperature was in the
range of 5-25 C which was found to be suitable for pear
scab infection ( 6, 9). If Mills’ fables (3) can be applied to
pear scab, 8 to 16 hours of wetness are sufficient for infec-
tion to be initiated under the temperature conditions
prevailing in March and April.

In the spring of 1976, ambient temperatures and the
duration of leaf wetness following rain were recorded on a
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Table 1.—Phenological stages of two pear hosts in Israel during 1967-1976.

Number of years

February March April
Host 20-28 1-10 11~20 21-31 1-10 11-20 21-30
phenology ps® pcC PS PC PS  PC PS PC PS PC PS PC PS  PC
Dormant 10 4
Bud burst 3 0 6 4
Green cluster
white bud 6 0 7 0 2 4 3
Bloom 1 0 2 o 6 2 3 6 3
Fruit set 0 0 1 o 2 0 7 1 10 7 10 10 10 10
First scab
symptoms 0 0 1 0 2 0 6 4 1 5 0 o 0 1
Total years
with rainy days 10 6 8 8 8 3 3
Total number
of rainy days 52 18 33 21 19 9 3

a .
From bud burst to fruit set.
b .

Pyrus syriaca.

C .
Pyrus communis 'Spadona’.

Table 2.—Temperatures in Nave Yaar during a March 1-April 30,
1974-1976.

Number of Days

Minimum Maximum

C 1974 1975 1976 1974 1975 1976
<35 1 2 5 ] ¢ 0
5~ 10 28 29 25 0 ) 0
10 - 15 28 23 28 4 2 4
15 - 20 4 7 2 19 16 29
20 ~ 25 0 0 1 26 21 21

>25 o Q 0 12 22 7

modified 7-day thermograph, through the use of a battery-
powered electronic amplifier. The sensors were made from
two metal clips and placed on each of four green clusters or
young leaves of a pear tree. Whenever rain water was pre-
sent on the clusters or leaves, the electronic circuit was
completed and wetness duration was recorded. For this
purpose, an additional pen arm was built in the ther-
mograph; it recorded the wetness duration on the same
chart that temperature was recorded. By knowing the
length of wet periods, temperatures, and the growth stage
of the host, three infection periods were determined from
March 19, 1976 (bud burst of Spadona cultivar) until the
end of May (Table 3).
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Table 3.—Infection periods of pear scab, March 19-May 31, 1976, Bet
Dagan, Israel.

Temperature

Wetness during wetness

duration

Date (hours) 2 Minimum Maximum Host phenology
March 20 13 14 20 Bud burst
April 4-5 16 13 17 Bloom petal full
April 5-6 14 12 17 Bloom petal full

2Film of water on leaves during and after rain.

Table 4 summarizes the dates of the first spray
applications for scab control, first scab symptoms, and the
rain which initiated the first scab infections in orchards
where fungicide tests were carried out, in the last 10 years.
Scab symptoms were observed 12—19 days after the rainy
day that seemed o initiate the first scab infections in these
years. In experiments, conducted under controlied con-
ditions in growth chambers (6), the incubation period of the
disease was determined. Under the most favorable con-
ditions (24 hours in a moist chamber at 20 C and then in
growth chamber at 20 C), the shortest incubation period on
the youngest leaves was 9 days. Therefore, under the
natural conditions which prevailed in the orchards; ie.,
night temperatures during March usually under 15 C, in-
cubation periods of 12—19 days could be expected; the
estimates of the first rain-initiated infection periods seem o
be reasonable ones.




Table 4.—Dates in pear orchard in which scab control tests were
conducted during 1967-1976.

- First scab pays of
Year First spray. symptomns Ingubation
1947 March 20 April 4 April 23 12
1968 d April & 12
19569 March 31 1z
1370 14
1971 13
1972 15
1973 18
1974 i7
1975 i6
1976 13
%At bud burst stage of Spadona culvivar.

In addition to the rain which initiates spring scab infec-
tions, it is also important to consider the role of dew and
irrigation occurring late in the spring. Pear orchards in
Israel are irrigated regularly after mid-April, when rain is
scarce. rrigation water is generally applied from under the
tree canopy. it was found thatl leaves collected from the
orchard floor during April, May, and June had high
ascospore poiential. {E. Shabi, unpublished data)
Therefore, it can be suggested that irmigation causes the
gjection of ascosperes from perithecia on the orchard floor
during the late spring and early summer months. Moisture
on the plant surface, necessary for infection, is likely to be
supplied by dew. Ouring the spring, summer, and fall it is
common 10 have nights with 6—10 hours of dew (5} and
temperatures in the optimal range for infection by V. pirina.
Thus, it is guite possible for scab epidemics {o continue o
develop during May and June even in absence of rainand
incite late infections on leaves and fruits.
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HANDLING THE APPLE SCAB ORGANISM
IN LABORATORY AND GREENHOUSE

E. B. Williams
Department of Botany and Plant Pathology
Purdue University
Lafayelte, Indiana

Venturia inaegualis (Cke.y Wint, the causal agent of ap-
nle scab, has been used In classical studies on the
genetics of microorganisms by Keilt ard his co-workers at
Wisconsin (1} and in programs for breeding for scab
resistance in apple (4). The basic methods used in handi-
ing the corganism in these and other major scab testing
laboratories i1 the United States and Canada hagd their

origins in the work of Keitl and Palmiter {23 and Nusbaum
and Keitt {3).

The following technigues are currently being used in the
iaboratory and greenhouse in our apple scab program at
Purdue. They are simpie, efficient, allow the productionof g
large quantity of inocuium guickly, and are adaptableiothe
inoculation of single plants with single isolates.
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TECHNIQUES

Single Spore Isolation.—Invert a test tube with 2.5 m|
steriie waler over a freshly sporulating scab lesion on an
anppie 1eal. Pouwr this suspension gver the surface of 2 per
cent sirained water agar in a petri dish so that a water fiim
iust covers the surface. Incubate at 18 C for € hours. Drain
the excess water from the surface. For the isolation
oropcedure, two  or three germinating spores per
microscope field (45x) are preferred. isolation is facilitated
with a binocular dissaecting scope of low magnification (45
1o 80x). Sterilize a transfer needle tip {flat tip 1 mm or
smalier) by heating. Cut along both sides of spore and germ
iube, with the cuts intersecting above the germ tube apex.
Turn the needie so that the broad side is horizontal. Cut
pehind the spore and #ift out. Transfer the sporeto g potato-
dexirose agar (PDA) slant in a capped tube (110 x 2CG mm).
Incubate the cuiture at 18 C until growth reaches the adges
of the siant Sufficient growth is usually obtained by 3
weeks for retransier (o ubes or wick culture. Cultures may
be heid in siorage for an extended period under sterile
mineral oil which has previously been autoclaved for 2
hours and cocled. The oil shouid cover the upperrim ofthe
PDA slant. Culiures under ol in capped vials will remain
viable and pathogenic for over 10 years at 1-4 C. Cultures
can be mainiained on PDA slants in cappedvialsforayear
or more at 1-4 C without oil.

Sulture Activation.—Using a glass or plastic smooth-
tipped rod, spread a cheesecloth pad (50 x 100 mm} along
one side of a 220-m! prescription pottle (Moderne Cvals,
Foster Forbes Glass Company, Marion, indiana). Pipette 25
mi of 4 per ceni malt extract medium in each boitle. As the
pad becomes moist, it will adhere to the side of the bottle.
Loosely cap the boitle and sterilize. After cooling the
medium, use a broad-lipped (2 mm) transfer needletocuia
piug of mycehum and agar from the edge of a freshly grow-
ing PDA slant culiure and spread this in a thin line on the
chessacloth nad about 1 cm above the liquid surface when
the bottle is placed on its narrow side. Incubate at 18 Cfor2
weeks, The mycelium will grow down o the medium,
sporulating at the interface.

Inoculum Buildup.—Prepare 220-mi  prescription
bottles with cheesecloth pads as described above, Place
cheesacloth strainers (100 x 100 mm) over the tops of
empty 125-mi Erlenmeyer flasks and secure them with
rubber bands. Invert & 50-mi beaker over the top of each
fiask. Sterilize the bottles, flasks, 125-mi Zrlenmeyer flasks
containing 75 to 100 ml distilled water, and 10-ml pipeties
{one for sach isolaie used). Allow the mediiminthe botlles
and water flasks to cool before using.

Carefully pour off the medium from the scab culture bot-
tle prepared 14 days earlier (preceding section). Rinse the
pottom and narrow side of the source bottie with sterile dis-
tiled water. Pour this water off and then add 20 ml of sterile
distilied water to the source boitle. Cap and agitate the bot-
e untlt @ majority of spores are dislodged from the
cheesecloth pad. Heat the opening of the bottle by flaming,
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lift the inverted beaker from the empty flask, and strain the
spore suspension through the cheesecloth into the flask.
Remove the sirainer and replace the inveried beaker.
Pipette 2 ml of this spore suspension into each of five
bottles of 4 per cent malt extract medium and then place
each bottle on its flat side with the cheesecloth wick down.
Incubate at 18 C for 4 days and then turmn the botlie on its
narrow side so that the cheesecloth wick dips info the
medium. Incubate an additional 10 days at 18 C, after
which the conidia are ready o harvest.

inoculum Preparation.—Carefuily pour off the liquic
medivm frocm the incculum potie, Binse ine sides and baot-
tom of ithe bottle with tap water. Add 80 mi tap waterto the
bottle. Agitate vigorously, and then pour this suspension
into the next inoculum botlle and repeat the agitation. Each
80 ml of water may be passed through eight or nine bottles.
When the spore conceniration is sufficient {2 x 10° per mi,
strain the suspension through cheesecioth into 2,000-mi
flask. Continue with other botiles until sufficientinoculum is
cbtained.

Inoculation of Plants.—Young seediings canfirstbe in-
oculated when the primary leaf is fuily developed. Older
seedlings and clonal material need actively growing tipsfor
successiul moculation and symptom development.

Whean using a large group of plants, young seedlings are
plantad individually in 12-unit plastic multipots (Vaughn's
Seed Company, Chicago, llingis). Wooden frames are
placed over the benches and covered with moist, bleached
musiin. Portable humidifiers are operated on each side of
the bench. The plants are incculated with a spore suspen-
sion using an electric paint sprayer (Burgess Airless Paint
Sprayer, Burgess Vibrocraiters, Inc., Grayslake, ilinois).
Plants are heid at 18-28 C for 40 hours under the mustin
cover. The muslin is then removed and the humidifiers
operated for an additional 48 hours. Maximum symgptom
development occurs after 8-1C days.

Smalil group or individual plant incculationsare madeina
6 mm clear plexiglass chamber (57 cm wide, 40 cm deep,
and 53 cm high). The lid is also made of plexigiass and fits
snugly on the chamber. The sides of the chamber are lined
with Whatman #1 filler paper sneets. When moisiened,
these adhere o the walls. About 2.5 cm of water is placed in
the botiom of the chamber. By double-decking the pots, 20,
i2-cm pots can be included in each chamber. The plants
are inoculated individually by meansofa#15 De Vilbiss ad-
justabie tip alomizer, and then incubated at 18-20 Cinthe
closed chamber for 40 hours and then left in the chamber
without its cover for an additional 24 hours. Scab symptoms
develop within 8 to 14 days.

Maintaining Identity of Cultures.—Each isolale is
numbered and its ¢rigin, host variety, date of isolation, type
and number of spore, and race designation, if known,
recorded. Each single spore is identified by isolate and
spore number.



in bulk inoculations, from 20 to 40 individually grown
cultures are used, and the inoculum is prepared just priorto
application. These isolates are obtained from the wild each
year from as broad a geographical area as possibie in-
cluding isolates of ail known races.
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CURRENT STATUS OF APPLESCAB RESISTANT VARIETIES

E. B. Williams
Depariment of Botany and Plant Pathology
Purdue University
Lafayette, Indiana

The program for the development of apple varieties
resistant 10 scab, caussd by Vernturia inaequalis {Cke.)
Wint, was initiated in 1945 by Dr. L. F. Mough, University of
Hlingis, and Dr. J.R. Shay, Purdue University. Since then, a
formal cooperative program designated as PRl has beenin
effect between Purdue, Rutgers University, and the Univer-
sity of {linois. In North America, other centers engaged in
similar projecis are at the New York Experiment Station,
Geneva, New York, and the Canadian Research Centers at
St Jean, Quebec, and Kentville, Nova Scotia The St Jean
croject was originally focated at Otlawa, Canada. Many
other states and couniries have cooperated informaily with
e PRI group. This coeperation primarily invelved testing
zdvancad selections. One station, the Penisular Experi-
ment Station at Sturgeon Bay, Wisconsin, has, in addition,
made its facilites available for part of our controlled cross-
ing.

With the PRI group, the folicwing procedureis used inthe
development and release of new selections: Controlled
soliinated seeds obiained from crosses made at the three
universities are collected in the Botany and Plant Pathology
Department at Purdue. After siratification and germination,
the young seedlings are inoculated with the scab arganisim.
The susceptibies are discarded, and the resisiant survivors
are planted in fruiting blocks on one of the University farms.
Fruiting occurs within 4 to 7 vears. Those seedlings ex-
hibiting desirable pomologica! characters as well as partial
or total resistance to other pathogens are propagaied on
sther rootstocks and planted in our holding biock. Here
ihey are held for future evaluation as potential parents or
varieties. Those showing varietal potential are inciuded in
our Co-on series and are placed with selected growers.
Here they are evaluaied under commercial orchard con-
ditions. Those naving the characteristics to compete
successtully are patented, named, and released to
selected nurseries.

Fromthe PRI program. four selections have been named.
These are Prima (2), Priscilla (7), and Sir Prize {5}, released
for use in the United States, and Priam {3), releasadioryse
inthe Loire Valley in France. These four varieties araresis-
tant 0 scab and show varying levels of resistance 1o cther
pathogens. in addition 10 these varieties, 15 oiher selec-
tions have been placed in the Co-op series and 4 of these
are presently being patented.

Two other scab resistant varieties have been reieased
by appie breeding centers in Canada. These are Nova
Easygro from the Kentville station{1) and Macfree from the
Ciawa program {4).

Prima is a high quality dessert apple that ripens about 3
weeks before Jonathan, which itresembles io some extent.
it is favored by reduced fertility, tending to tecome overly
targe with reduced color and Jonathan type spols under
excessive nitrogen. The tree is somewhal dwarfed with
wide angle crotchas and requires iittle pruning. The leaves
are resisiani to mildew, while the fruitis somewhat suscep-
iible underifavorable conditions. lthas a storagelifeof4to 8
weaks.

Priscilla maiures about 2 weeks before Delicious. Hisa
fine fleshed, high quality dessert apple,. reachingits pea
guality around Christmas. The fruits tend (0 be smali »
heavy crop and may require thinning. The finish and coler
are excellent when grown correctly. The ioliage is
moderaiely susceplible (o mildew, resistant 1o cedar rust,
and has as much rasistance 1o fireblight as Delicicus. The
ireais upright and needs to be headed back whengrown on
standard rootstock.

Sir Prize matures with or just ahead of Golden Delicicus.
Thefrulis are large, golden colored, with fine finish. The tree
produced an annual crop with seif thinning so that it does
not tend to over produce. The mature fruit cells are thin
walled and tender sc thaiithas a tendency tobruise. Thus,
it canmot be handled over acommercial grader. The variety

(R =3
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has nigh dessert gualily, reaching its peak in late February
and March. The fruits are non-shriveling with arefrigerated
storage e up 1o & year. Because of the bruising
“.r\::fac, eristics, the variety should not be considered for
commercial plantings but as a backyard or garden variety.

The variely Priam was originally sent 10 France as a
numbared selection to be used as a parent in their scab
resistance breeding pregram. it produces large, highty
colored, saftractive fruits under our conditions. it s,
Rowever, highly acidic and was judged not suiled to
American tasies, It proved to be well adapted for growth in
the Lore \/aHe region of France, and because of grower
it eresr in this region and French accepiance of more

cidity in appies the apple was named for useinFrance.

Maciree named and released from the Ottawa program,
rasembles Mcintosh except the fruits are somewhat
smalier. The variely has notbeentested to anyextentinthe
United Siates bur will probably do well where Mcintosh is
grown successiutly.

Nova Easygro, produced from the Kentville project, isthe
onty variety released with scab resistance from a source
otner than Malus floribunda 821, it has one or more scab
resistance genes from the Russian seeding R12740-7A,
The fruits resemble Cortland in appearance and taste, but
arg smaiier This variety also has not been grown 1o any ex-
tent in the Unitad States.

O1i the new Co-op series numbers now being patented,
wo, Co-0p 12 and 13 {6), are summer apples with large,
highly colored, attractive fruit, fim flesh, and superior keep-
ing qualities. Both have shown storage life up 1o 6 months.
These ssleclions may usher in a new interest in summer

apples as they exhibit a superior fiesh type and keeping
gquality over cther summer apples now avaiiable o com-
mercial growers,
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ANALYSIS OF APPLE SCABEPIDEMICS AND ATTEMPTS AT
IMPROVED DISEASE PREDICTION

Alan L. Jones
Department of Botany and Plant Pathology
Michigan State University
Cast Lansing

Appie scab lends itself 10 epidemiolegicai research in
that infection, particularly during the primary stage, is
strongly governed by weather. A frequent student project
involves the labeling of leaves as they unfold and then
relate gisease development on each leaf to the weather
that existed when thal leal emerged. With the current
emphasis on guantitative and mathematical approachestc
epidemiology and pest management, and with major ad-
vances in  electronics, several research workers
throughout the world have undertaken the analysis of apple
scab epidemics and the development of faster methods for
oredicting apple scab infection periods. The intent of this
discussion is o review some of these recent efioris in-
ciuding those at Michigan State University.

1G
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STATISTICAL APPROACHES

Analytis (1} used multiple regression analysis o identity
the influence of 16 variables relating tc the development of
the host on the severity of apple scab infection. Three
variables—leaf age (order of unfolding), the date of the first
appearance of lesions, and the appearance of the lesions
{necrolic or not)— ware the only variables of significances.
Their order of importance, starting with the mostimportant,
was as follows: date of first appearance of lesions, leaf age,
and appearance of the lesions. Ordering was ac-
compiished through vecior analysis. There wasa decrease
in susceptibility as leaves became older. Also, late growing
shoots were more susceptible than shoots that stopped



srowth early.

Analytis{1) aiso studied the influence of 11 and 15
oiological and biometerclogical variables on therate of dis-
zase increase as measured in successive 5-day periods.
Two variables were significant: 1) a variable that described
e effect of temperalure on spore germination during
zeriods of leaf weiness and 2} the frequency of hourly
ismperatures in the range of 18-20 C over a 2-day period,
10 days before each disease recording. The first variable
#as in effect a substitute for Mills infection periods. it ac-
zounted for 62.6 per cent of the variability. The second
variable was much less important and only accounted for
5.5 per cent of the variability. Other comments on Analytis’
caper are found in a chapter on multiple regression
znalysis by Bult and Royle (2).

COMPUTER SIMULATION

The development of the EPIDEM simulator for early
oHight of tomato by Waggoner and Horsfall (9) stimulated
ihe development of other diseases simulators. Thus,
ZPIVEN was developed by Kranz ef al. (5} for the simulation
of apple scab epidemics. This simulator was based on
=PIDEM except many of the parameters were changed to
mcorporate data on the development of apple scab. Some
sarameter estimaies were left unchanged until they could
oe determined experimentally.

Recently, a simulator called VISIM for Venituria inae-
sualis simulation was developed by Sution, Bobzin, and
Jones. This simulator differed from EPIVEN in several
respects. Rather than using an existing disease moded, it
was developed from biclogical information on apple scab
‘oundinthe literature or from laboratory experiments. [t was
orogrammed {0 allow updating through the season.
Yariables are now being checked in field, laboratory, and
growth chamber experiments.

These simulators point up the critical need for research
on the relationship of disease poiential and inoculum
gotential, particularly during the primary infection period, to
disease severity. Prediciion of infection pericds is fairly well
zccomplished by use of the Mills' criteria (8), but predicting
the amount of disease that will develop is much more dif-
ficuit. Knowledge is needead cn the susceptibility of apple at
differeni stages, the environmental effects on host suscep-
tibility, the relation of inoculum density 1 resultant lesion
numbers, and the effect of environment on the capacity of
the ascospores to infect.

ON-LINE FORECAST SYSTEMS FOR APPLE SCAB

The development of & graph {and table} for predicting
zcab infection from the duration of wetting and the average
emperaiure during wetting by Mills (8), along with the
development of spray materials with eradication proper-
ties, were significant in improving tming of fungicide
application and cveralt scab control. These developments
orovided the basis for making apple scab infection predic-
tions and control information avaiable to growers in many

countries through radio, telephone, or postal warnings.

Although infection prediclions based primarily on
weather conditions are useful, interactions with inoculum
levels can lead 10 erronecus conclusions concerning the
pressure on a particular spray program. The Mills’ system
assumes high levels of inoculum are present, an assump-
tion that is wrong for most commercizl orchards. Several
warning services included information on potentia
ascospore discharge by following ascospore maturity andg
monitoring discharge in freshly collecied field samples.
However, because of environmental variations, anticipated
release determined from laboratory studies may notreftect
spore levels in the air during a particular wetting period. We
thereiore deveioped a system for utilizing both weather and
spore discharge information.

Seginning in spring 1874, an apple scab monitering
program was offered to Michigan appie growers as part of
the Michigan Aople Pest ManagementProiect{Fig. 13(3.4).
A hygrothermograph, DeWitt leaf weiness recorder, rain
gauge, and two Botorod samplers with a moisturs sensitive
control unit were loccated at each of 12 moniloring sies.
Five of the sites were established in coniunction with the
Western Michigan Agriculiure Weather Service Program
(L. 8. Department of Commerce, National Oceanic and At-
mospheric Administration). Four tfechnicians at three field
stations maintained the instruments, coliected the en-
vironmental daia, made the spore counts, and fransmitied
the data o a computer on the Michigan State University
campus in £ast Lansing.

Environmental data were collected after rainfall or every
3 days during dry periods. [f precipitation had occurred. the
collectors ("I rods) on the Rotored samplers were chang-
ed, taken to the field stations, and examined for

GRCHARD SCOUTS
AND FIELD STATIONS

T~

_ENVIRONMENTAL MONITORING BICLOGICAL MONITORING

Temperature Spore Trap Catches
Duration of Welting

~

l WINPUT ANG MILLS PROGRAMS I

T

CODE-A-PHONE POST CARD
MESSAGE WARNING

r
l ACTION PROGRAM OR RECOMMENDATIONS

Figure 1.—Block diagram illustrating the basic com-
ponents and organization of the apple scab monitoring
program.
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2scospores. 1T ascospore numbers werg high, 10 passes
were ma de at random across the shor! axis of the callec-

r:; if numbers were 1ow, 20 pagses, or rougnly one-third of
the total sampling area of the coilector, were made and the
counts adjusted to give a total for each collector. Spore
counts and environmentai data were eniered into a

CHCes00 compuiar al Michigan State University via WIN-
PUT and analyzed using MILLS. WINPUT and MILLS are
compuier programs designed specifically for handling
weather information and for predicling scab infection
periods. The analysis was made availabie o fruit growers
by the District Extension Horticultural Agenis whorecorded
a 3-minute Code-A-Phone message. Information from the
12 stations was also refrieved at the Michigan State Univer-
sity campus and postcard warnings were sent tc all
groewers in the project.

AUTOMATED DATA COLLECTION
AND PREDICTION

in practice, the monitoring of temperatures and the dura-
tion of weiting periods for making Mills predictions is time
consuming and most fruit growers usually rely on con-
sultants, chemical sales representalives, or Extension
agonts for this information. Others resort 10 applying
fungicides on a set schedule

Timing fungicide sprays 107 scal over large areas is a
problem because of 1) variations in weather between
orohards, and 2% the lime required to disseminale the
pradiction, Increasing the number of weather monitoring
sites within an area helps ¢ overcome the first problem hut
compounds the second problem unless the weather data
are available on-ling from each site. However, placing the
equipment in individual orchards for local predictions
would solve both problems.

Auiomated detection of scak infection periods has pean
desired for many years. One of the first systems for predic-
fing scab was developed by C. Small in New York. A
moisture sensor system activated an alarm clock when
rain began. The atarm on the clock was generally set to go

off after @ hours of weiting. The grower, by checking the
g rfoeralurﬂ angd current weather information, could as-
timate if an infection pericd would occur and if a spray was

PHeiderer Electronics in Germany, using solid staie elec-
fronics, have constructed an electronic scab warning
sysiem for predicting scab infection periods in the orchard
(7.8} The instrument consists of a sensing unit for monitor-
ing the ambient temperature and the duration of wetness.
Weather data are stored elecironically and the status ofan
apple scab infection period is provided through a display on
ithe console. The Milis table and information on the effect of
retgtive humidily on spore viabitity are built electronically
irto the instrument. Prefiminary evaluations of this instru-
ment in Michigan gave favorable results.

A batiery-powered, CMOS, microprocessor-based in-
strument which uses average air temperature, the hours of
leaf welness, and the per cent relative humidity as inputsto
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a resident predictive model is being developed in Michigan.
This instrument differs from the Germany model inthatitis
programmabie, and the criteria for predicting infection
periods can pe changed as new information becomes
available. Moreover, medels for other diseases can be add-
ed easily to the system.

Cr the farm monitoring of weather has gained some
acceptance. Several growers in BEurope are now using the
German instrument. in Michigan, some growers own
weather moniioring equipment for cbiaining the data re-
quired to predict apple scab. Some continue to use the in-
strument developed by Small.

CONCLUSIONS

improverment in the procedures and techniques for
predicting apple scab are being altempled inseveral areas
of the world, but most of these apprcaches have not been
evaiuated sufficiently 1o establish their effectiveness under
a range of conditions. Prediction of apple scab infecticn
and development beyond that possible with the Mills
system, and with sufficient precision for use in pest
management programs, is currently hampered by a lack of
basic informaticn on the population dynamics of apple
scab. Sophisticated techniques for monioring orchard
weather are rapidly being developed and will increase the
availability of accurate weather data for use in forecast
systems.
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LITERATURE CITED

1. Analytis, S, Zur methodik de analyse von epidemien
dargestelit am apfeischorf (Venturia inaequalis
[Cook]) Aderh, Acta Phytomedica 1: 1-76.

2. Butt, B. J. and D. J. Royle. 1874, Multiple regression
analysis in the epidemiclogy of nlant diseases. Pages
78-114 in Jurgen Kranz, =d. Epidemics of Plani
Disease-Mathematical Analysis and Modsling. 170
pp.

. Jones, A L1975, Apple scab predictive and monitoring
systems. Pagas 78-84 in P. K. Adkinscn, coordinator,
Proc. US-USSR Symposium: The intagrated control of
arthropod, disease and weed pesis of cotton, grain
sorghum, and deciduous fruits. Texas Agr. Exp. Sta.
Pub. MP-1278, 216 pp.

4. Jones, A L. 1876. Systems for pradicting development
of piant pathogens in the apple orchard ecosystem.
Pages 120-122 in R. L. Tummala etal, eds. Modeling
for Pest Management-Concepts, Technigues, and
Applications. USA/USSR Symposium. Michigan Sta.
Univ. Press, East Lansing. 247 pp.

5. Kranz, J.. M. Mogk, and Anita Stempf. 1973, Epiven-ein
simulator fur apfelscharf. Pfikrankh. 80: 181-187.

8. Miils, W, D. 1944, Efficient use of sulfur costs and
sprays during rain tc control apple scab. Comeli Univ,
Ext. Bull. 630: 1-4,

0



7. Richter, J. and R. Haussemann. 1975 Ein
elekironisches Schoriwarngerat. (An electronic scab
warning device). Pllanzerschutz Umweltschutz 48:
107-109.

8. Richier, J. and R. Haussermann. 1975. Elektronisches

schorfwarngerat in apfelanbau. (Electronic scab war-
ning devices in apple orchards), Umschau 75 149.

9. Waggoner, P. E. and J. G. Horsfall. 1969. EPIDEM, a
simulator of plant disease written for 3 compuier.
Conn. Agr. Exp. Sta. Bull. 688.

EVALUATION OF PHYSICAL MODES OF ACTION OF
FUNGICIDES AGAINST THE APPLE SCAB FUNGUS

Michael Szkolnik
Department of Plant Pathology
New York State Agricuttura! Experiment Station
Geneva

INTRODUCTION

This discussion focuses on the evaluation in the
greenhouse of fungicides as formuiated products suspen-
dable in water for application to apple trees in the control of
scab caused by Veniuria inaequalis {Cke) Wint. The
srocedures described stréss individual physical modes of
action of fungicides; namely, retention (protection), after-
infection, redistribution, presympiom, postsymptom, and
systemic. Under controlled laboraiory-greenhouse con-
ditions, it is possible to study these actions with g single
spray, simulataed rainfall, inoculation, temperaturs, and in-
taction period which would usually be impossible in the
orchard. Knowledge of fungicidal modes of action aids
considerably in the manipulation of matenals and
orograms in the orchard both in research investigations
and in commercial applications.

MATERIALS AND METHODS (General)

Certaintechnigues are besicto allfungicidalmode ot ac-
zon studies including plant cuiture, spraying, inoculation,
gnvironment, and performance assessment.

Plant Material

Good vigor and uniform tree growth are the keys to
successful  and reproducible experiments on  scab
fungicides. Among the most favorable varieties are Rome
Seauty, Mcintosh, Macoun, and Niagara.

Nursery-grown apple trees on either natural or size-
control (usually EM Vi) rootstock are grown in 18-cm clay
o0ts with & substrate composed of one part good fisld sail,
ane pert sand, and two parts peat moss. The trees are cut
tzck to about 10 cm above the graft union and then placed
i the greenhouse. Only one of the developing buds is
ziiowed to grow as e singlée shoot. Single shooted trees are
oreferred because they are easily adaptable to precisien

spraying and occupy minimal space in the greenhouse and
moist chambers. Normal greenhouse maintenance of
watering and weekly application of a complele soiuble fer-
filizer with minor elamenis helps insure growth of good
vigor and uniformily. The irees are usable once they
develop seven to nine leaves and again cach lime another
seven 1o eight leaves appear. With proper handling and
maintenance. the same trees can be used gach year for at
least 10 years. Atihetime a group of trees is used for an ax-
periment, & small piece of cotion siring istied onthe petioie
of the smallest unfolded leaf (designated “S7) on each
shoot. As the trees grow, the "S™ leaf identifies the test site
and facilitaies data taking on specific eaves. Usually the
"5 leaf and the immediatle five older leaves are sprayed
and inoculated in fungicide evaluation tests.

Foiliar Spraying

A basic aim in application of fungicide sprays is the un-
orm coverage of leaves. The techniques described are for
dilute sprays only. Just before spraying, the required
amount of material is slurried in water and then more water
is added 1o bring the suspension to the desired volume.
Constant agiiation of the preparation is necessary for spray
uniformity at the time of application. Spray application
varies with the needs of specific experiments but basically
conforms tc one of two types; namely, (1) precision spray-
ing to achieve a specific amount of spray per unit area of
upper leal surface without run-off, and (2) non-precision
spraying for complete leaf coverage with runoff of excess.
Precision spraying is described under "Fungicide Reten-
tion.” Non-precision spraying is usually the application with
a hand held paint gun or similar sprayer operated under air
pressure usually at 25 psi.

Inoculation
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Anple scab conidia are secured by washing the spores
from recently infected apple foliage into a beaker with dis-
iiled water delivered from an atomizer at 20 psi. These
spores are diluted 10 a desired volume with distilied water
containing 10 miV-8 juice per liter. Inmost cases, the con-
ceniration is standardized to 70,000 spores/m! confirmed
by hemocytometer couni. This standardization is
necessary for consisiency because there is a negative
correlation betwsen inoculum level and fungicidal perfor-
mance (Fig. 2.

The well-agitated spere inoculum is applied ai 25 psiby
nand held atomizer adapted o an air pressure line.
Aformizalion s continued until the whoie ieaf is unifcrmiy
covered with dropiets of incculum, each approximately 2-3
mm in diameter. Such precise inoculation is necessary for
eventual develooment of well defined, discrete, easily
counted scab lesions. Excessive fnoculum runoff from
ieaves may result in uneven lesion development over the
ieal. The inoculum is allowed to dry on the leaves to avoid
its displacernent during subsequent movement of tregs 10
the moist chamber.

infection Period

infection of inoculated trees is accomplished in
chambers with conirolled air conditions of temperature and
moisiure. Apple leaves must he continualily wet for spore
germination and completion of the scab infection process.
This is possible from condensation on the ieaves of
colloidal water particles from a misting device in the
chamber. Temperature is set at the desired level for each
tost, usually at 20 C which is favorable for infection by the
scab fungus. Stratification of mist and temperature ievel is
prevenied by a recycling air movement system in the moist
chambers. The duration of time that trees are kept in the
moist chamber depends on the nature of the experiment.

Dala Taking

Apple scab infections are firstvisibie on the leaves about
8 days afterincculation, but assessments are not made un-
il 2 or more weeks after inoculation to altow for full symp-
tom expression. Counts are made as actual lesions perileaf
n the "S” leaf and each successively older leaf on the
shoot (o about the fifth or sixth leaf. Notes are also made of
types of lesions; i.e., chlorctic or normally sporulating; and
of any detectable phytotoxicity from the fungicide.

Assessment of Data

In trealment of data from any experiment, it is first
nacessary to delermine from leaf lesion counts which
icaves on both sprayed and unsprayed irees became most
consistently infected. Then, calculations are made using
datairom the same zged leaves of every tree in each treat-
ment of the experiment. Usually the composite leve! of in-
fection, as average number ¢f iesions per leaf, is deter-
mingd from three or four consecutive leaves of the same
age per tree on each of the three irees used for each treai-
ment,

For ease of evaluation of fungicidal performance ineach
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1ast and develonment of a final summaticn from a number
of experiments, a Control Rating scale of 010 10 was devis-
ed from a iog1o graph with an arbitrary zero assigned. The
zero raing means complete control, anag 10, no control.
This scale permits the assignment of a numerical control
rating for each treatment based on the levei of scab infec-
tion on the unsprayed trees in each experiment From
these, a final average Controi Rating value is readily deter-
mined from a number of experiments (Table 1),

The minimal per centcontrol forratings 0,1, 2, etc. is 100,
98, 94, 89, 83, 76, 68, 5%, 47, 29, and 0.
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Figure 1.—Type of activity of fungicides applied as sprays
i apple trees for conirol of appie scab Venturia inae-
qualis) in refation to the fungus aclivity during the infec-
tion, incubation, and postsymptom periods.

MODE OF ACTION TECHNIQUES AND DISCUSSION

Figure 1 shows the relationship between fungus activity
and fungicidal mode of action. This, together with a defini-
tion given for each mode of action as introduced in this sec-
tion, will ciarify the rote of each in the complex scheme of
total fungicidal performance.

FUNGICIDE RETENTION

Fungicide retention is the ienacity of the applied
fungicidal residue 1o plant surfaces under the erosive ac-
fion of moisture. A fungicide, however potent, is of liitle
practical worth in orchards if it is readily removed from the
trees by even light rains leaving the {frees unprotected.
Good retention is necessary for sustained protection for
one or more infection pericds.

Technique.—Precision spraying of trees is necessary
for uniform apptication of an exact amount of fungicide per
unit area of leaf surface in each experiment, The spraying
apparatus can be either acommeicialtype or a researcher
designed unit, providing itis controliable, reliable, and gives
a consistent spray deposition. The spray nozzle may move
over stationary plants or remain In a fixed location with the
plants passing beneath on a linear belt or on a turniable.



Table 1.—Disease controi rating for fungicides in separate categories of physical mode of action in the coniro! of apple scab
{Vertiuria Inaequalls) in greenhouse evaluations at Geneva, New York.

Fungicide control rating (Apple scab)*

o Pr;ﬁict Active ?ezingigz iﬁgziigon Redistri- Pre- Post- )
Fungicide 100 gal  ppm 24 hr bution symptom symptom Systemic
none - - 10 190 10 10 10 10
captan 50 Wp 2.0 1b 1200 % 9 5 16 10 ig
dodine 65 Wy 6.0 oz 293 2 6 1 i 1 10
zinc-icn maneb 80 Wp 1.5 1b 1440 tr o 1 10 10 10
Glyodin 30% solution 1.0 gt 720 2 9 4 - 5 10
benomyl 50WP 6.6 oz 225 5 & - tr 2 16
fenarimol 12.5 EC 4.3 oz 40 8 2 - E 9 -
triforine 20 EC 1.5 pt 360 9 4 - i 5 1o
phenylmercuric

acetate 10% sol'n 2.C oz 15 4 tr - 1 - 10
*Control rating: Minimal % control for ratings 0, 1, 2, etec. is 100, 98, 93, 389, 82, 76, 68, 59,

47, 29, and 0.
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~igure 2.—Severily of apple scab (Venturia inaequalis; on
greenhouse frees sprayed with two rates of captan and
dodine fungicide, subjected 1o 5-cm artificial rainfall, and
inoculated with different levels of conidia.

Znce the spraying system is perfected for precision spray-
ing, reproducible fungicide retention tesis are possible
zach time when employing the same sprayer, pressure,
ngzzle type, dislance betweennozzle and plants, alignment
o plants with nozzie, and speed of linear movement of
sither nozzie or planis.

The sprayer which we designed at Geneva delivers the
spray under 35 psiair pressure via a solenocid valve for con-
wrolied on-off operation through a Monarch #50 nozzie on

tr = trace (= greater than 99.5% control).

anadiustable mount but in fixed position at time o spraying.
A thin metal baffle splits the spray pattern, deflecting half as
waste and allowing half delivered to the trees. The large
orifice nozzle used greatly minimizes nozzle plugging and is
thus reliabie and efficient. The apple trees are positicned in
tandem in one arc (radius 90 cm) on a 1.5 rpm turntable.
The Rome Beauty is the preferred apple variely because
the youngieaves lie fiat and expose the fuli plane surface o
ihe spray. The youngest unioided leaf ("3") of the three
trees of each treatment is positioned at the same distance
below the sprayer nozzie by adiusting the height ofthe pot-
holding platforms on the turniable. This distance betwesn
nozzle and "S" leaf is 58 cm. The trees are allowed o pass
beneath the spray only once for each application of
fungicide. A tared giass slide, positioned horizontaliy at the
same level as the "8 leaf, is also sprayed and weighed to
check on precision of spray deposit. This procedure
deposits 10 mg of fresh spray per cm? of leaf surface.

The sprayed irees are aliowed o dry thoroughly, usually
overnight, before exposure to artificial rainfall as follows: all
the trees are positioned in one ortwo rings at the outer edge
of @ 2.13-m diameter turntable with ali the "S” leaves inthe
same plant {Fig. 3). The rainfall apparatus consists of a
boom of two spraying systems TXZ6 (#45 core) nozzles 86
cm apart and positioned over the turntable to deliver equal
rainfall to all trees (Fig. 4). About 36 cm beneath the nozzles
is a horizontally suspended frame 1.3 m by 60 cm with a
taut sheet of saran iabric (Lumite No. 5182100} which
altows fine drons of spray to pass throughto the trees below
and also traps water which fzlls as random droplats from
the cloth 1o the trees. With the nozzles positioned 102 om
above the "S" leaves, there is a delivery of 2.5 cm of
simuiated rainfall per hour. The actual rainfall is measured
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AFTER-INFECTION

After-infaction activity of a fungicide is its capability of
arresting further development of the scab fungus after it
had asiready initiated infection, thereby preventing develop-
ment of symotoms {Fig. 1). This activily has also been

referred to as eradicaticn, curative, and kickback. Theterm
“gradication” may be misleading because ithas been used
to designate e “burning out” of established scab iesions
as with lime sulfur and dinitro compounds, The after-
infection properiies of fungicides are usually iimited within
the range of hours to a few days.

Figure 3.—Single-shooted apple trees on a furnfable
receiving coniroiled artificial rainfall in a testto determine
retentiveness of fungicides 1o foliage.

25

Technique.—Apple isaves are inocuiated with g stan-
dardized suspension of scab conidia and the trees then
rmm in the moist chamber for infection as described earlier,

initially, fungicides are tested at the 24-hour level to first
determine any after-infection activity. Inthis case, the trees
are 1axen from the moist chamber after an exposure there
of 23.5 hours, and the fungicides are applied at 24 hours.
Each fungicide is prepared as a dilute spray in water just
hefore appiication and apolied Dy 2 paint gun spraysrat2s
psi heid about 30 c¢m from the ieaves 10 achieve a fine
spray. With good agitation, the spray is applied 10 runoif.
The irees are then returned (o the greenhouse for normal
maintenance and data taking as described eartier. Data are

collaied and presented as a control rating (described

eartier) for easy comparison of fungicidas for their relative
after-infection activity {Tabie 1). Fungicides with effective
after-infection activity at the 24-hour level are further
evaluated in tests with spray application madetotrees 2, 3,
and 4 days after inoculation.

Discussion.—It has been convenient for many yearsto
categorize fungicides for thelr after-infection activity based
on effectiveness in hours or days from the beginning of the
wetting period because more accurate determination of
when the welting begins is possible than when actual infec-
tion occurs under orchard conditions. Actually, during the
wet period leading to infection, the fungicide whether ex-
isting as & residue or sppiied during the wet period per-
forms as a protectant in blocking spore germination and/ or
invasion of the plant (Fig. 1).

PRESYMPTOM ACTIVITY

This newly discovered mode of aclion of fungicides is
defined as the disease suppressant activity of a fungicide
applied well after infection has occurred but before symp-
tomns appear (Fig. 1). Thus far, presymptom activity for ap-
ple scab which has been demonstirated with the fungicides
doding, benomyi, and fenarimol includes the prevention or
marked suppression of spore production in lesions. Such
tesions are usually chiorotic. The praciical value ofthisac-
tivity is the reduction of incculum and secondary infections.

Technique.—The procedures are identical with those
described for “afier-infection” except thal the fungicides
are applied beyond their known limits for after-infection ac-
fivity but pricr 1o the appearance of any symptoms of infec-
ion.

About 2 or more weeks after inoculation, two or three
leaves of the same age are collected from gach of the three
frees of each treatment with precautions 10 avoid cross
contamination of samples with spores. In the laboratory, al!
tha spores are harvested from each sampie by washing the
leaves with distilled water at 25 psi with an atomizer. The
spore suspension is brought to a standard volume, agitated
thoroughly, and the concentration determined by countsin
a hemocytometer. All the scab lasions are counted on the
leaf samples. Spore production per lesion is determined
from the spore and lesion counts. The relative presymptom



activity of each fungicide can be identified on the basis of
spore production per lesions, by degree of spore suppres-
sion as expressed either as a percentage compared with
unsprayed irees, or by a control rating described earlier
and shown in Table 1.

POSTSYMPTOM ACTIVITY

Postsymptom activity is the action of a fungicide applied
1o the plant after appearance of disease symptoms which
arrests or inhibits further process of the disease. This may
occur in various manners, such as, “burnong out” of scab
lesions, restricting further advance of the fungus, or sup-
pressing further sporulation. The procedure described
deals only with the latter; namely, the inhibition of produc-
tion of new scab conidia after spraying.

Technique.—The apple leaves are inoculated with
scab, the trees are kept in the moist chamber for infection,
and then returned to the greenhouse for normal
maintenance as described eartlier. After 2 weeks after in-
oculation when the trees have well defined sporulating
scab lesions, the spores are washed from about five leaves
on each tree with distilled water applied at 30 psi with a pai-
nt sprayer. immediately thereafter, these leaves on three
irees per treatment are sprayed with a freshly prepared
dilute spray of the test fungicide at desired rate using a pai-
nt sprayer at 25 psi. Minimal time should elapse between
spore removal and spraying because scab lesions from
which spores have been removed can produce thousands
of new spores within 2 hours.

About 3 days after spraying, two or three leaves of com-
parable age from each of the three trees per treatment are
harvested for spore and lesion counts. Mereafter, the
orocedure is the same as for “presymptom’” activity.

REDISTRIBUTION

Redistribution is the relocation of fungicidal residue on
ine plant surface. This may be the movement of the par-
ticulate fungicide by the physical force of splashing and
washing of rains, or by “creepage.” The latter is the move-
ment of the fungicide over the surface of the plant partina
film of water extending beyond the actual sprayed area.
The “creepage” is readily evident in a glass container of
fungicide suspended in water as a film extending up the in-
ner wall of the container a centimeter or more above the
original level. Redistribution by solution is the nonpar-
ticulate movement by diffusion of a soluble fraction of the
fungicide from one site to another in a film of water on the
leaf or fruit.

Technique {a) (Potted trees in orchard).-—~Thereisno
reported greenhouse technigue for the evaluation of scab
fungicides for redistribution. Limited knowledge on the
redistribution of apple scab fungicides is based ona com-
bined greenhouse-archard procedure. Susceptible apple
irees grown in pots in the greenhouse are placed un-
derneath sprayed orchard trees so that they receive drip-
ping water from foliage and not a stream of run-off from

larger branches. The trees are set in the orchard after the
orchard sprayed trees are dry, but just before an an-
ticipated rainfall.

After arainfall of recorded amount and duration, the trees
are returned to the greenhouse, inoculated with apple scab
conidia, and given an infection period in the moist chamber.
The amount of scab infection on the trees indicated the
redistributive property of a scab fungicide (Table 1).

Technigue (b} (Collected drip water).—Coliectionun-
its for drip water are simply constructed as approximately 3
feet square wooden frames with legs about a foot long to
keep the units off the ground. A sheet of polyethylene
plastic is loosely stapled to the frame to form a collection
trough. The units are placed underneath sprayed orchard
trees as noted above for potted trees. Afier rain of recorded
amount and duration, the drip water from the trees which
has collected into each trough is thoroughly agitated to
suspend any settled fungicide and a sample taken to the
laboratory. The polyethylene sheet of the unit can be
replaced for collecting additional samples as desired from
subsequent rains.

The orchard sample of drip water is sprayed onto un-
treated potted apple trees in the greenhouse with a paint
gun sprayer. After the trees dry, they are inoculated with
apple scab conidia and given an infection period in the
moist chamber. The level of infection on the leaves, if any,
provides information on the redistributive value of
fungicides. Limited use of this technique confirmed the
results from the method of using potted trees in the orchard;
namely, that the control level from redistribution of dodine is
greater than that for captan. In addition to testing on trees,
the drip waters can be chemically analyzed for actusal
fungicidal content.

Discussion.—One or more types of redistribution may
prominently figure in the control of apple scab achieved
with many fungicides. The same wet conditions which
favor scab infection may also favor the redistribution of
fungicides which may spread over the entire surface of a
susceptible leaf or fruit even though the coverage from
spraying was only partial. In addition, the movement of
fungicides from leaf to leaf, to fruit, to branches throughout
the tree also occurs. A major benefit from fungicide
redistribution is the coverage and protection of new growth
which had occurred since the previous spray application.
Although redistribution usually furthers fungicidal protec-
tion, it can also be associated with after-infection,
presymptom, and postsymptom activity.

SYSTEMIC ACTION

There is a need to clearly define the term “systemic”
because it is used freely by many researchers and others
with broad and vague interpretations. Many fungicides can
be identified as systemic by root absorption from an
aqueous or soil substrate and movement within the plant
vascular system to aerial parts of the plant where some
level of disease control is demonstrable. However, in the
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control of apple scab on the apple tree, a woody plant, we
must consider the usual manner of fungicide application
and confine the definition to folfar application. Within this
context, the following definition for systemic action would
apply: the ingress of the fungicide into a leaf and its move-
ment to one or more leaves (or to fruit) above or belowiton
the stem at sufficient concentration {o exercise meaningful
control activity against the disease organism and/or its
harmful effects. Effective cumulative levels of the fungicide
or its active breakdbwn products resulting from multiple
leaf spraying would fit this definition.

7
.

Figure 4. —Rainfall apparatus with horizontal saran screen
which provides a rainfall of fine mist and of coarser
dropleis.

It would be misleading and incorrect to define as
systemic action the ingress of a fungicide applied to a part
of a leaf and its movement within the leaf restricted 1o just
the one leaf. This type of action has been termed by the
author, for want of a better definition, as ""local systemic ac-
tion” or “local intratherapy.” Even the term “local systemic
action” may be considered a misnomer because
“systemic” connotes nonlocal restrictions. Until more
suitable terminology is accepted, “local systemic activity”
is defined here as follows: ingress of a fungicide into a leaf
and its (or modified toxicant) movement within that leaf only
at sufficient concentration to exercisein a non-treated area
of the leaf some meaningful control activity against a dis-
ease organism and/or its harmful effects.
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Technique (“General systemic”).—Potled apple trees
of excellent vigor and growth uniformity in the greenhouse
are allowed to develop about 10 to 15 leaves (usually on
single-shooted trees). Each fungicide is applied as a dilute
spray thoroughly to the top and bottom of all the leaves with
a paint gun type sprayer at 25 psi. The trees are maintained
normally in the greenhouse until about six new leaves have
developed. These leaves are inoculated with a standar-
dized suspension of scak conidia and the trees placed in
the moist chamber for infection as described earlier. if
more than six new leaves are allowed to develop for in-
oculation, there is the likelihocd that the oldest of the new
teaves may develcp too low a level of infection te aid in the
evaluation of fungicidal performance because of the
tendency toward resistance by the mature leaves. After
allowing about 2 weeks after inoculation for development of
well defined scab lesions, any level of systemic action with
the test fungicides would be evident on comparable aged
leaves if lesion counts were significantly reduced.

Over the span of 25 years, many experimental and stan-
dard fruit fungicides have been tested by this method. To
date, none have been found to provide any meaningful
level of scab control through general systemic action
(Table 1).

GENERAL COMMENTS

Assessment of the individual physical modes of action of
apple scab fungicides exposes the range of differences
among these materials. Favorable activity is a decided
asset, but unfavorable performance in one or another
mode of action need not be too serious if the fungicide has
advantages in other modes of action. In the orchard, the
total performance of each fungicide accrues from the com-
plementary activities of all modes of action based on the
level of the fungicide on the tree for any given infection
period. There may be compensating in modes of action in
orchard spray programs stemming from successive muiti-
ple applications of the same fungicides which may provide
overlapping benefits.

All the known and unknown modes of action, together
with biochemical modes of action, comprise the total
fungicide. These determine the rate of active fungicide
needed per tree or per acre, the number and timing of
sprays, and the type of orchard program in the control of
scab and other diseases. The greater the understanding
and intelligent adaptations of these factors, the greater the
degree of success associated with the management of
orchard disease control programs.




ANTISPORULANT ACTIVITY OF VARIOUS FUNGICID
ON APPLE SCAB FOLIAGE LESIONS

S. A. Alexander and F. H. Lewis
Department of Plant Pathology
The Pennsylvania State
University Fruit Research Laboratory
Biglerville

There are many factors which must be taken into ac-
count when trying to control apple scab. One factor is the
‘ungicide dosage or rate of application. With the availability
of effective protectant fungicides, apple scab can usually
5e kept under control, especially with high rates of
‘ungicide application. However, with the increased cost of
materials and the increased concern over possible
deleterious effects on the environment, there is a need to
minimize the use of fungicides without reducing the level of
disease control.

Another factor which is very important, especially where
minimal amounts of fungicides are being considered, is the
fungus population both in terms of size and dynamics. Un-
der favorable climatic conditions in the spring, con-
siderable damage may, and indeed often does, occur from
orimary infections. However, even where the level of
orimary infection is low, the secondary spores produced
irom these primary infections can cause infection sufficient
10 severely damage the apple crop. It therefore becomes
important to determine the effects of minimal amounts of
fungicides on development of the secondary spores and {o
determine the capability of these fungicides toreduce con-
“iia production and germination.

The purpose of this study was to determine the effects of
some of the most widely used commercial fungicides on
e avallable inoculum by measuring their effect on spore
zroduction and spore germination. The iest fungicides
were applied at the commercial rates which are commonly
ed. The data collected from this study were needed also
‘or the establishment of a computerized simulation model
‘or the prediction of apple scab epidemics.

MATERIALS AND METHODS

‘Staymared’ apple trees with visible scab lesions were
ssed in this experiment. The test extended over an 8-week
zeriod beginning June 12, 1974 during a period of below
~ormal rainfall. The plots were arranged in randomized
zomplete blocks with six single tree replicates per treat-
ment. The fungicides utilized were Benlate 50W, Cyprex
S5W, Polyram 80W, Dikar 80W, and Captan 80W. The ex-
zerimental treatments were applied as dilute sprays at 550
osi pressure with each tree sprayed to the dripping point.
The fungicides were applied at 14-day intervals beginning
ondune12. Prior to each application of fungicide, 15 leaves

per tree were tagged, each leaf contained one to three
young, active lesions. At intervals of 1,7, and 13 days after
each spray, five tagged leaves were removed from each
free. One lesion from each leaf was removed and the
diameter measured, the number of spores per sgueare
millimeter of lesion surface determined, and the per cent
germination measured. The depression slide technigue
was employed and counts were made after 24 hours. in-
cubation at 20 C. Statistical analyses were conducted us-
ing Duncan’s Multiple Range Test.

RESULTS AND DISCUSSION

Benlate caused a reduction in spore numbers
throughout the test period. After one spray of Benlate at 2
ounces plus Manzate 200 at 12 ounces per 100 gallons, a
10 per cent reduction in spore numbers occurred within 1
day after the first spray. This reduction increased to 25 per
cent after 13 days. The second spray consisted of Benlate
at 2 ounces plus Manzate at 12 ounces plus superior oil at 1
quart per 100 gallens. This treatment resulted in g sustain-
ed slow decrease in spore numbers which reached a max-
imum reduction of 37 per cent 7 days after spraying. The
third and fourth sprays contained Benlate at 4 ounces plus
Manzate at 12 ounces pius superior oil at 1 guart. This in-
crease in the amount of Benlate caused a significant
decrease in spore numbers with a maximum reduction of
55 per cent.

Benlate at 2 ounces reduced spore germination by about
30 per cent 1 day aifter the first spray and 56 per cent after
the 13th day. After the second spray, which contained oil,
germination was reduced by 70 per cent after which it
remained fairly constant for the remainder of the test
period. After the first two sprays, the available inoculum, as
calculated by the number of spores times per cent ger-
mination, reached a point about 80 per cent below the
check and remained approximately at that level for the
remainder of the test period.

Cyprex at 6 ounces per 100 gallons caused a small but
insignificant decrease in spore numbers by the seventh
day after the first spray application. The second spray
decreased spore production by 44 per cent for 1 week, but
after 13 days, spore numbers were similar to those in the
check. Increasing the Cyprex from 6 to 8 ounces resulted in
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a 45 per cent decrease in spare numbpers and this reduc-
tion remained fairly constant throughout the 14-day spray
intervals.

Cyprex also reduced spore germination. There was a
rapid reduction of about 60 per cent in germination after the
firat spray and maximum reduction of 85 per cent was
recorded after 7 days. Following the second spray, ger-
mination fluctuated between 8 and 23 per cent. Neither the
variation in dosage from 6 1o 8 ounces nor the number of
days after spraying caused a significant variation in the
results following the second spray applicaticn. There was a
significant difference in available inoculum on all dates,
with ihe lowest levels reached after two sprays at 6 ounces
followed by one spray at 8 ounces. After the second spray,
the maximum reduction in available inoculum was 91 per
cent with an average of 70 per cent for the three
successive sprays. Therefore, we concluded that about
equal results were obtained using either Benlate or Cyprex
at the dosages usually recommended.

Captan had no effect on spore numbers, but it sharply
reduced spore germination. Atrates of 1.0 and 1.2 pounds
active ingredient (equivalent 2.0 and 2.4 Ib Captan 50 W),
Captan reduced spore germination by about 75 to 85 per
cent; this effect remained fairly constant throughout the 14-
day interval between sprays. However, at 0.8 pound active
ingredient (1.6 Ib Captan 50W) spore germination
significantly increased between the seventh and thirteenth
day, indicating partial failure. Our results generally indicate
that Captan at 1.0 pound active ingredient might be ex-
pected to reduce the available inoculum by about 65 per
cent, but at rates below this level, control may be un-
satisfactory.

Polyram at 1.5 pounds per 100 gallons did not
significantly reduce spore numbers (16%). The effect on
germination was greater (27%), but there was no clear
pattern in relation to interval after spraying. Starting with the
third spray, Polyramwas applied at 2.0 pounds. The datain-
dicated that Polyram at 2.0 pounds reduced the amount of
inoculum by about 51 per cent.

There was no significant decrease in spore numbers
after application of Dikar at 1.5 pounds per 100 gallons. At
2.0 pounds, applied during the third and fourth sprays, there
was consistent decrease approximately 50 per cent after
the third spray in spore numbers. Spore germination was
reduced by approximately 45 per cent one day after spray-
ing at the rate of 1.5 pounds, but spore germination in-
creased sharply between the second and seventh day. An
increase in the amount of fungicide to 2.0 pounds
significantly reduced spore germination, but there was still
a tendency for partial failure between the second and
seventh day after spraying.

Further information was gathered the following season
on reducing established apple scab using higher rates of
fungicides. The fungicides utilized were Benlate 50W,
Cyprex 65W, and Eli Lilly EL 222 EC. Fungicide treatments
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were applied as dilute sprays on April 28, May 9and 23,anc -
June 10. Prior to each spray application, 20 leaves pertree,
each with 1-3 sporulating lesions, were selected and tagg-
ed. Ten each were removed at intervals of 3 and 10 days
after each spray application. The spore counts and ger-
mination tests were conducted as previously described.

Cyprex at 12 ounces per 100 gallons of water reduced
sporulation by 40 per centand 69 percentat 3and 10 days,
respectively, after the first spray. After the second spray,
sporulation was reduced by 84 per cent and 89 per cent,
respectively. Germination was reduced by 89 per centand
95 per cent after the first spray and 87 per cent and 96 per
cent after the second spray, respectively. Cyprex at 8
ounces per 100 gallons had very little effect on sporulation
after the first spray, but after the second spray, sporuladion
was reduced by 83 per cent. Germination was reduced by
97 per cent 3 days after the first spray but by the tenth day,
there had been a 50 per cent recovery. After the second
spray, germination had been reduced by 98 per centand
99 per cent, respectively. The higher rate of Cyprexreduc-
ed the available inoculum more than the lower rate after the
first spray, but no difference was found after the second
spray when all were reduced by 99 per cent.

Benlate at 6 ounces, with or without the oll, affected
sporulation and germination about the same. Sporulation
was reduced after the first spray by 31 per cent and 79 per
cent and after the second spray by 96 per cent and 85 per
cent, 3 and 10 days after each spray, respectively. The
available inoculum was reduced by approximately 95 per
cent after the first spray and 99 per cent after the second
spray.

EL 222 at 30 ppm, with or without Benlate at 3 ounces,
reduced sporulation by 52 per cent after the first spray and
82 per cent after the second spray. EL 222 plus Benlate
showed a greater reduction in germination than EL 222
without Benlate after the first spray with 98 per centand 92
per cent, and 69 per cent and 61 per cent, respectively.
After the second spray, EL 222 with or without the Benlate
reduced germination by about 93 per cent {0 97 per cent.
The available inoculum was reduced slightly better with the
Benlate after the first spray, but after the second spray,
there was no difference with areduction of 99 percent. The
Benlate appears to extend the initial effectiveness of EL.
222,

It is clear from these experiments that either Benlate,
Cyprex, or EL 222, if applied at the commonly recommend-
ed rates, can be expected to significantly reduce the
production and germination of apple scab conidia and thus
the scab fungus population on established scab lesions.
However, under the conditions of these tests, the fungus
population was not reduced to a level which would permita
reduction in the recommended dosage of fungicides. Even
with the best fungicide treatment, enough spores remained
to initiate serious secondary infegtions unless adequate
levels of fungicide were maintained on the leaf surface.




SINGLE APPLICATION TREATMENTS
FOR APPLE SCAB CONTROL

J. D. Gilpatrick
Department of Plant Pathology
New York State Agricultural Experiment Station
Geneva

The single application technique (SAT) for the control of
zople scab (Venturia inaequalis [Cke.] Wint) was
suggested from the studies of Yamada and co-workers
122.23.24). They found that applications of certain
‘ungicides to the tops of citrus trees at high dosages
srovided satisfactory control of melanose (Diaporthe citri)
znd scab (Elsinoe fawcetti). The fungicides were applied
zs sprays or impregnated into nets which were placed over
‘he tops of the trees. Of the fungicides evaluated, Difolatan
was the most effective. They attributed the success of this
method to the retentive and redistributive properties of the
Difolatan.

Chevron Chemical Company introduced the single
zpplication treatment for fruit trees in the United States in
1967. Lewis (14) sprayed Difolatan 80W onto apples at a
single high dosage of 12.5 1b/100 gal (1.5% by weight) al
she 1-cm (e-inch) green stage of flower bud development.
“e obtained good scab control through the bloom period
sut not thereafter (Table 1). When the single treatmentat 1-
>m green was followed by three post-bloom sprays of a
xture of captan and zineb at low dosages, scab control
sv harvest was almost as good as with 12 full-season
sorays of dodine at a conventionalrate. No injury to the fruit
was noted except when the Difolatan spray was delayed
until pre-pink.

Subsequently, the SAT concept for apple scab control
~as been evaluated by several workers in numerous trials
:n the United States and Canada. Most of these have been
ssported in the Fungicide and Nematicide Tests from 1968
1o 1976. Only a small portion of the research has been
racorded in scientific ortrade journals (1,3,10,15,16,17,19).

The 80W formulation of Difolatan was soon replaced with
ihe 4 Ib/gal flowable (4F) formulation. A rate of 5 quarts of
ine latter per 100 gallons (0.6% by weight) of spray on a
Ziute basis was as effective as a similar rate active in-
gredient applied as the wettable powder (7). In most
ssasons, Gilpatrick (2,8) found that follow-up sprays of
fungicides at conventional dosages beginning at petal fall
were essential for satisfactory scab control until harvest;
however, in certain years, he obtained adequate seasonal
control with only the SAT without cover sprays (4,5,9).

The optimum timing of the SAT is after the appearance of
green flower bud tissue but not after 1-cm green. Sprays
applied at later stages have resulted in moderate damage
10 the cluster leaves and, sometimes, fruit russeting. Dor-
mant sprays in late January were not as effective in con-

trolling scab as those applied at bud burst {1-cm green)
(2,4).

The addition of oil to the Difolatan spray at rates normally
used for mite and insect control (1-3%) often enhances the
effectiveness of scab control. However, the addition of oil
tends to increase phytotoxicity, especially to the cluster
leaves (8). One report (unpublished) of reduction of fruit set
following the use of oil with Difolatan has been received
from growers when cold weather preceded or followed the
treatment. No such damage from the use of Difolatan alone
has been reported.

A lower rate of Difolatan 4F, 3 gt/100 gal, provides ade-
quate scab control through the pink stage of apple tree
development (9). This reduced single application techni-
que (RSAT) is useful when control of other pests and dis-
eases (against which Difolatan is ineffective) is required at
pink and during bloom; e.g., aphids, mites, rust, and
powdery mildew. The RSAT is more popular with growers
than the SAT because of lower initial costs and high flex-
ibility in spray programming.

Certain other fungicides have shown promise for apple
scab control when applied at high dosages as SAT’s. Of
these, dodine and dithianon have been moest promising
(2,7,20). However, dodine has been inconsistent and
dithianon has not been registered for use on apples in the
United States. In general, the dithiocarbamates and ben-
zimidazoles have been ineffective as SAT’s.

Gilpatrick et al. (10) studied the possible mode of action
of the SAT with Difolatan on apple. They observed that the
amount of chemical on wood (twigs) was high immediately
after spraying and remained so af least to the end of the
bloom, declining sharply thereafter. Difolatan was
recovered from unsprayed tissues (new leaves and floral
parts) of sprayed trees at levels considered to be adeguaie
for protection against scab from the initiation of bud burst
until several days after bloom. Residues, thereatfter, declin-
ed quickly. Young fruitlets carried relatively high levels of
Difolatan even 20 days after bioom, during which time they
are most susceptible to scab infections. No residues were
detected on the fruit at harvest. These results have been
verified by the Chevron Chemical Company and other
workers (unpublished).

Szkolnik and Gilpatrick (16,17,19) atiributed the success
with Difolatan as a SAT to its combined properties of
chemical stability, high retentiveness on the apple free, and
good redistributive properties. In addition, Difolatan is toxic
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Table 1.—Conirol of apple scab by a single application of Diiciatan
{Lawis, 1968).

% Scab
L H
Treatment and rate Number caves
per 100 gallons sprays Spur Terminal Fruit
Difolatan 80W 12.5 1b% 1 0.4 58 34
d
Difolatan 80W 12.5 1b° 1 2.4 70 32
pifolatan 80W 12.5 1b° 1
+ Captan 50W 0.75 lbc 3
+ Zineb 75W 0.75 lb 3 10 0.7
Cyprex 65W 6.0 oz 12
Unsprayed 0 80 96 160

B . c
Spray dates: 2 = delayed dormanty b pre=pink; =

June 14, July 13, August 8.

dSevere fruit russet.

to scab spores at very low thresholid levels compared to
most other fungicides (18). It has been concluded that
Difolatan redistributes by the action of moisture (rains and
dews) from sprayed tissues to newly developed unsprayed
tissues, thus protecting them from scab infections (10). The
Importance of the intensity and duration of rains and dews
is not clear. Washing rains and drops are considered to
play a major role, but other mechanisms of redistribution
may be involved; e.g., creepage of water containing
Difolatan over the plant surface. In addition, the effect of the
SAT on ascospore discharge and maturity or redistribution
of Difolatan by vapor action from the sprayed trees or the
orchard floor have not been adequaiely investigated.

The SAT, especially the RSAT, has been accepted by
many apple growers as a satisfactory alternative to stan-
dard spray practices for apple scab control in the
nortneastern United States and in eastern Canada. When
properly applied and when follow-up sprays are well timed,
the technigue has usually given adequate scab control.
The chief advantage of the SAT is the elimination of three or
four sprays during the early part of the growing season,
thus reducing the need for critical and constant attentionto
scab infection periods and timing of sprays. This time and
attention can be devoted to other orchard management
needs. It has been especially useful in orchards where
spraying in the spring of the year is difficult because of wet
conditions. The SAT usually does notdead to areductionin
costs for fungicide; but, a real saving in costs of fuel, labor,
and eguipment is realized.

Growers have applied the Difolatan as a SAT in high
volumes of water (100-400 gal/acre; i.e., 1X-4X) with good
success. Experience with higher concentrations is limited.
Szkolnik and Gilpatrick (21) had variable results when us-
ing aircraft (70X) to apply the SAT. However, many growers
have cbtained satisfactory scab control with the SAT by
aircraft. The dosage of Difolatan applied and the
tharoughness of coverage are probably of more impor-
tance than the volume of spray.
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Most use of the SAT has been on full-grown mature trees
on standard or semidwarfing rootstocks. Limited trials on
smailler trees have been promising, but more research is
necessary before SAT’s can be recommended on dwarf
apple trees.

Hoyt and Giipatrick (11) have proposed that the SAT be
used in apple pest management strategies. A single spray
of Difolatan in the spring combined with a postharvest anti-
perithecial treatment couid theoretically reduce in most
years, if not eliminate in certain years, the need for conven-
tional scab sprays. The SAT might also be of value in delay-
ing the buildup of tolerance in V. inasqualis to selective
fungicides by eliminating a high percentage of cverwinter-
ing resistant inoculum.

A fuller understanding of the SAT mode of action in-
cluding especially the redistribution mechanism is
necessary before this concept will reach its maximum
usefulness and acceptability in apple disease manage-
ment. A computerized prediction model to estimate the
probability of adequate protection of scab-susceptible
tissues atany time after application would be of great value.
Weather, tree growth rate, inoculum potential, and initial
Difolatan dosage probably would be key factors to deter-
mine the level of residues on critical tissues at any time.
Gilpatrick (unpublished) used a bioassay technigue to
monitor the Difolatan levels on susceptible apple tissue
foliowing application of a SAT. Based on residue levels
detected, he was able (o delay the commencement of con-
ventional sprays by 25 days, and thus eliminated two
applications without loss of disease control,

The SAT concents should also be useful inthe controt of
certain diseases of perennial crops with life cycles similar
to V. inaequalis. Klos et al. (12,13) found this method to be
of value on cherry in the control of leaf spot (Coccomyces
hiemnalis); but, it has not performed well against brown rot
{(Monilinia fructicola).
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THE STUDY OF TRANSCUTICULAR MOVEMENT
OF FUNGICIDES

L. V. Edgington, P.P.Q. de Wildt, K. Jacques, and J. Psutka
Department of Environmental Biology
University of Guelph
Guelph,0Ontario, Canada

ABSTRACT

Transcuticular movement of fungicides has been
studied utilizing isolated cuticles, washing off of fungicide
not absorbed, and autoradiography. Each technigue of
study has inherent deficiencies. A combination of the latter
&0 methods revealed carbendazim (MBC) is absorbed by
the cuticle but not readily released within lamina, whereas
zpproximately the same amount of oxarmyl is absorbed but
this is readily released within the lamina.

The study of transcuticular movement of fungicides us-
‘ng isolated cuticles of apple, coffee, and other plants has
been used to compare efficiency of several fungicides by
Solel and Edgington (3) and Edgington et al. (1). From this
research, it was shown that structural changes such asthe
butylcarbamoy! group of benomyl produce a marked

enhancement of uptake. Also solubility of the pesticide in
the spray solvent is vital. As most fungicides are relatively
insoluble in water, most systemic fungicides have been for-
mutated as emulsifiable concentrates to permit a rapid par-
titioning into the cuticle and thus enhance uptake.
However, the method of isolating cuticles from leaves
may bias the results. Hoch's study (2) of cross sections of
apple cuticle indicate pectinase causes less alteration
than other methods of cuticle removal. While this is impor-
tant, the results obtained in disease control seem 1o bear
out the conclusions reached by the use of cuticles isolated
by either the HCl-zinc chloride or pectinase methods.
Another deficiency is the hydrated state of the cuticle inthe
agar bioassay method. The primary attribute of the isolated
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cuticle technigue is that it permits the researcher to
evaluate passage through the cuticle as a singular
DrOCEsSs.

A second technigue for studying foliar uptake is to wash
the fungicide from the leaf surface at varying intervals after
freatment. From this the rates of uptake are determined.

A third method is to use autoradiography to visualize up-
take and movement from the point of application..

We have recently employed the latier two methods to

compare foliar uptake of carbendazim (methyl-2-
benzimidazole carpbamate or MBC) and oxamy!, a
nemalicide.

MATERIALS AND METHODS

Cucumber was chosen for studies of uptake. The plants
were grown in the greenhouse to achieve high light intensi-
ty and thus develop a cuticle representative of greenhouse
conditions. When approximately 1 month old, they were
treated with radioactive C-labelled pesticides.

Radioactive oxamyi (oxamyl-1-"“C, specific activity 1.23
m Ci/mmole) was supplied by E. . duPontde Nemours Co.,
Inc. Labelled MBC (ring-2-"“C, specific activity 6.67 m
Ci/mmole) was obtained from International Chemical and
Nuclear Corp., lrvine, California, U.S.A. Treatment solutions
of oxamyl and MBC were made up as follows: oxamy! 2400
ppm containing 600,000 dpm *C-oxamy! per 100 ul and
MBC 380 ppm amended with 0.02 per cent surfactant F
containing 600,000 dpm “C-MBC per 100 ul.

Rate of uplake of oxamyl

Fifty microliters were applied per leaf to two mature
leaves of four replicate plants. The application was made
with a Hamilton microsyringe in the form of small droplets in
a band across the base of the leaf, and washings were sub-
sequenily taken at 1, 3, 6, and 24 hours and at 1 week. The
washings were collected, 2 ml samples were taken and
mixed with 15 mi of scintillation fluid (0.03% POPOP, 0.7%
PPO, 10% naphthalene in 1,4-dioxane) plus 250 ul of 5 per
cent sodium hypochlorite, and the vials were counted ina
scintillation counter.

Uptake and subsequent translocation

Oxamyl and MBC were used to compare uptake by
adaxial and abaxial cuticles. Fifty microliters per leaf wers
applied to the adaxial and abaxial leaf surfaces with a
microsyringe as previously described using four replicates.

After 1 week, the leaf surfaces were washed with 20 mi
95 per cent ethanol to remove pesticide which had not
penetrated into the cuticle and the radioaclivity deter-
mined. After the pesticide had been washed off the leaves,
the plants were removed from pots, the roots washed free
of soll and after pressing, freeze-dried for 72 hours. Plants
were then exposed to Kodak No-Screen X-ray film for one
month, and films developed.
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RESULTS

The results from the oxamy! uptake experiment are listed
in Table 1 and plotted in Figure 1. From Table 1 it can be
seen that thereis an increase in uptake of oxamyl with time,
although as the graph in Figure 1 indicates, itis notalinear
relationship. The highest correlation was found with a
curve of the equation y = ax~ as opposed 10 a linear equa-
tiony =a+bx oran exponential equationy =ae X Further,a
linear relationship would result in a y intercept of 58.64 per
cent oxamy! absorbed at time 0, which doesn't allow for
time for cuticular penetration. The range and standard
deviation of the data showed a tendency to increase with
time. An X? test performed on the data using the equationy
= 52.64 x .067 determined that the data were significant to
X2.0005.
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Figure 1.—Percentage oxamy! absorbed by leaf versus
time of washing.

The resuits of the washings from the abaxial and adaxial
leaf surfaces are tabulated in Table 2. Although the X?
values for each set of four replicates were found to indicate
the data were not significant, probably due to the small size
of the data sampile, the distinction between absorbing sur-
faces is marked, with more chemical being absorbed
through the abaxial leaf surface than the adaxial surface.
The two pesticides appear to be taken up about equally.

The autoradiographs of plants (Figure 2) 1 week after
treatment showed distinct differences in distribution
paiterns between oxamy! and MBC. With oxamyl, the spots
where the labeled chemical was applied were not visible in




Table 1.—Oxamyl absorbed as determined by wash off from treated
leaves.

Time after
treatment (hours) % Uptake
1 54.2 + 0.5%
3 54.9 + 2.3
6 63.4 + 2.1
24 66.4 * 5.5
168 75.4 *+ 6.6

3standard deviation.

e cuticle. The accumulation was mainly in the leaf
marging and veins and sometimes in the buds, with the rest
2 the plant less distinct. This indicates oxamyl is am-
zmobile with some downward transport in the phicem.
With MBC, there was a visible difference in cuticular
~enelration between the upper and lower leaf surfaces
ere the application spots were clearly defined on the
zdaxial surface and not so clearly on the abaxial surface.
“s well, there was an accumulation in the leaf margins and
tle in.the veins. Most of the MBC was still at the point
where the droplets were applied.

DISCUSSION

The results from the oxamyl uptake experiment would
m to indicate that greatest uptake occurs over a 6-hour
d. A curve reflecting a relationship of this nature
ween per centuptake and time would bear out a conclu-
n regarding penetration similar to the findings of Solel
i Edgington (3) on cuticular penetration. That is to say,
per cent uptake is proportional to the amount of
mical on the outside of the cuticle. 1f 100 per centof the
mical is initially present and 50 per cent diffuses into the
e and 50 per cent of this diffuses into the aqueous
:se of the leaf, a concentration gradient will result.
ver, it will not be static, as the aqueous phase of the
is moving under the influence of the pull of the
1spiration stream. Consequently, any chemical diffusing
» the aqueous phase will be swept away and the con-
ation gradient will have to re-establish itself.
increase of the standard deviation with time most
fy reflects the increasing differences of individual
ves. Studies by Upham and Delp (4) with MBC and
omyl indicate that younger and older leaves vary in
ir uptake, younger leaves taking up more. This may be
to increased waxes and expansion. Another factor to
considered, although attemps were made to choose
ves of similar size, is increased transpiration pull from
=zves with more surface area.

The radioactive counts tabulated for the upper and lower
=2f surface applications indicated a trend toward in-

Figure 2.—Autoradiographs and photographs of plants 1
week after treatment with oxamyl (A) and MBC applied to
adaxial (B) and abaxial (C) leaf surfaces.

creased absorption by the abaxial leaf surface. Further-
more, MBC and oxamy! appeared to be comparable in up-
take through their abaxial surfaces. However, very different
patterns of translocation showed up in the
autoradiographs, which is fo be expected when dealing
with an ambimobile chemical on one hand and a pseudo-
apoplastic chemical on the other hand.

It can be concluded from the MBC remaining in the cuti-
cle and the lack of oxamyi in the cuticle that MBC does not
part into the agqueous phase to the same extent as oxamyl.
This could be best determined by comparing the partition
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Table 2.—Absorption of fungicides by adaxial (Ad) and lsal sur-
faces.

Chemical surface Absorbed
applied treated (% not washed off)
PY-
oxanyl Ab 80,0 # 4.4
AG 75.4 £ 6.6
MBC Ab 86.0 +# 5.8
Ad 75.2 + 5.4

&; standard deviation.

coefficients, Q" values, for the two chemicals. A lower par-
tition coefficient would be expected for oxamyl, indicating
that it would be held less tightly in the cuticle.
Consequently, MBC would tend 1o be retained more in
the waxy layer of the upper cuticle than in the lower cuticle.
Oxamy! appears 10 be lipophilic enough 1o penetrate
through the waxy laysr of the cuticle, but hydrophilic

enough to readily pass out.

Thus, the results of the leaf wash experiment are very
misleading unless accompanied by autoradiographs to
detect subsequent movement after penetration into the
cuticle.
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K. D. Hickey
Department of Plant Pathology
The Pennsylvania State University
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Biglervilte

Plant pathologists worldwide are proud of-the success
with which fungicides have been used during the past
decade. Losses from fungus diseases on apples and pears
in many commercial orchards are less than 5 per cent.
{Considering that there are more than a dozen major fungus
pathogens  infecting these crops this success with
fungicides is truly remarkable. Although diseases in many
commercial orchards can be mainiained at a low level, the
fungicide and application costs necessary 1o do so have
progressively increased annually for several years. The
annual per acre cost for disease control may range from
$60 to $120, depending on diseases present and severity.

Generalized control programs are impractical for an en-
tire region when controlling orchard diseases because of
the wide variation in disease occurrence and intensity. This
fact and the need to keep pesticide usage to a minimum
necessitates the development of specific disease control
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programs that were designed to control only the pathogens
present in a specific area or orchard. The most prevalent
apple diseases in eastern orchards are scab, powdery
mildew, rusts, fruit blotches, and rots. Any or all of these
may be present during any year, but generally twe or three
predominate. Some diseases such as scab and powdery
mildew are widespread in & number of fruit growing regions
while powdery mildew may be the most important one in
western orchards. Sooty blotch, fly speck, and fruit rots may
be an annual problem in the Cumberland-Shenandoah
Valley and only seldomly of commercial concern in New
York or Michigan. Wide variation in disease susceptibility
among apple and pear cullivars directly affects fungicide
performance and should be recognized when devising dis-
gase control programs.

Presently used fungicides for apple scab control with few
exceptions are basically protective in nature but some are




sffective when used a few hours after infection has oc-
curred. Fungicides such as dichlone, captan, maneb, and
metiram are of this nature while benomyl and dodine ad-
ditionally have anti-sporulation properties. Appreciable
variation in effectiveness against several important apple
diseases exist among this group of fungicides. Daodine is
nighly effective against scab but is of little value for con-
rolling other major apple and pear diseases. Benomy! has
= broad spectrum of activity but does not provide control of
zpple rust or bitter rot. Fungicides such as captan, thiram,
maneb, and metiram have relatively short residual lives
zgainst late season diseases such as sooty bioich, fly
speck, and fruit rots but provide acceptable control of
several other diseases. These late season diseases are
zenerally controlled by using either zineb or folpet in the
zst two cover sprays if preceded by applications of other
fungicides during the mid-season.

Many factors must be considered when devising control
zrograms for the future. The importance of frequency and
rzte of application, applicator speed, concentration of the
spray mixture, and timing are well recognized. Plant
sathologists and orchardists alike are constantly searching
‘or the proper selection and blending of the various factors
ch will iead tc the most practical control program. Dur-
g the past decade, tolerance of the apple scab fungus as
#~ell as other pathogens in some regions to dodineg,
senomyl, and thiophanate methyl has posed a new
zroblem in the control of these fungi.

Research leading to a more complete understanding of
e conditions under which tolerance to fungicides develop
n orchards is presently needed. Information on the
‘easibility of using fungicide mixtures or alternating sprays
=i two or more fungicides to divert the occurrence of
izierance could significantly lengthen usage time of
zenomyl and related compounds. Tolerance to the ben-
zmidazole compounds of other pathogens such as the
vdery mildew fungi on several fruit crops is a distinct
zossibility in a relatively short period uniess preventative
asures can be found and instigated soon. it isrecogniz-
that the development of tolerance to certain fungicides
mzy be inevitable, butthe rate of developmentis mostlikely
ated to the concentration, frequency of application, and
ation of usage. Efforts to extend the usage period of
hly effective compounds is justifiable in view of the need
owers for such compounds, the high cost of develop-
new fungicides by industry, and the amount of time and
dispensed by state and federal workers in the evalua-
» of new compounds. The ultimate decision on
ommending such compounds for grower use under
ecific conditions should be based on sound scientific
a relating to the probability of folerance developing and
amount of loss likely 1o be incurred under such an
zvent,

In projecting future fungicide needs, one must consider
ne types of orchard operations which are likely to exist;
wwpes of applicating equipment that may be used; and the
oe and size of orchard trees which are grown. It is likely

that many of the orchards for the next few years will be
similar to those presently grown because radical changes
in cultural or operational practices are made gradually by
most fruit growers. This integration of the old and new as
changes are made will of necessity complicate pest
management operations.

The tremendous variation in the size c¢f farm, pest
management equipment available, and managerial ability
are highly significant factors in disease control programs
and must be recognized when considering future needs. it
is most likely that integrated pest management programs
involving both insects and diseases will be used widely in
apple and pear orchards in many regions and perhaps
worldwide. The management of such programs will require
new knowledge, equipment, and chemicals. Some ¢f the
knowledge is presently being acquired, and new eguip-
ment is being planned or tested. The number of new
fungicides in recent years having new chemistry has been
encouraging, but emphasis in this area is still needed.

Desirable fungicides for the future shouid have
eradicative or suppressive properties which would allow for
their use in different types of management programs. it
would be highly desirable to manage diseases such &s
scab, powdery miidew, or rusts in a manner that would
allow establishment at low levels without substantiai loss to
fruit. This type of fungicide would provide extreme flexibility
in disease management programs and permit its use only
when the threat of disease development was known to be
high. Further, it would be desirable to have fungicides that
are more systemic in nature, particularly those that would
move downward to the lower trunk and roots tc combat
fungi infecting this area of the tree. More active systemic
movement in the above ground parts would lessen the
need for complete and frequent coverage. Most of the gre-
sent systemics available or being tested have relatively
short residual effectiveness. Although this is a highly
desirable characteristic in reducing atmospheric con-
tamination, the residual effectiveness period needs ic be 2
or more weeks in length to fit the more efficient and less
contaminating pesticide programs of the future.

Recommendations on the use of fungicides wili need o
be relevant to the pathogens present and integrated with
known factors helpful in reducing disease levels. There
may be many approaches possible, and growers will have
to make decisions that best fit their physical and financial
situation. For example, the single-application technigue
(SAT) using captafol may be the most practical approach
to apple scab control for a grower with a highly susceptible
cultivar and limited applicating equipment or labor during
the early spring. This same method, however, is often im-
practical because of the high cost of the single spray in
regions where apple scab is not difficult to control and other
diseases such as rusts and powdery mildew are prevalent.
New information on the gpidemiology of the disease as well
as better utilization of present knowledge of fungicide per-
formance will need to be incorporated into future fungicide
recommendations. Present knowledge of the effects of
temperature, wetting periods, relative humidity, and stage
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of plant growth on inoculum potential and subseguent dis-
ease development should be more fully utilized.

Future disease management programs in summary
shouid be based onas much knowledge as possible onany
major factor influencing disease development. Some of the
factors that must be considered and carefully incorporated

LLS AND
APPLE SCA

into the program are: effects of environment on inocuium
potential; fungicide type, concentration, appiication
method, and compatibility with other pest management
orograms; cultivar susceptibility and culturat management
scheme; availability, use, and evaluation of new machinery;,
and availability and proper management and labor.

IS SYSTE

F. H. Lewis
Fruit Research Laboratory
The Pennsylvania State University
Biglerville

An address delivered at the Annual Meeting of the Apple and Pear Disease Workers
East Lansing, Michigan
August 17,1877

| appreciate the invitation to talk for a few minutes about
the late Dr. W. D. Mills, both as a human being and as a
scientist. His system of predicling apple scab infection on
the basis of time and temperature during rain periods is cne
of the landmarks in plant pathology. As a man, he was a
friend, a member of my graduate committee, a critic, and
the finest fruit disease diagnostician that | have ever
known.

Bill was a big man physically, anb most of us referred to
him as "Big Bill” to distinguish him from Dr. W. R. Milis who
was working on potatoes in New York in the late 1830's.
“Big Bill” was in the army for a time and was stationed on
the Mexican border and in Europe. | never did learn to
separate fact from fiction in some of his tales about that
period of his life. | do know that he learned to piay poker, to
drink alcoholic beverages, and 1o express himself with one
or two well placed pungent adiectives. He fought a con-
tinuing battle with his love for alcohol for the remainder of
his life, but t saw no evidence that he indulged during work-
ing hours. A thoroughly enjoyabie day for himwas tc collect
data from 8 am. until 5 p.m., buy a couple of drinks, have
supper, and then spend the evening with a calculator sum-
marizing the data.

Bill was trilingual, and his conversations with his wife
changed from English to Spanish to French as needed to
maintain their privacy. He was forthright and positive in his
conversation regarding the fruit disease situation in New
York. Yet, he tended to pay too much attention to criticism.
Through one delay or ancther, it took him 20 yearstoreach
a point where he was willing to publish relatively precise in-
structions for timing sprays or dusts during scab infection
periods.
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Bill had one cardinal rule as an exiension fruit
pathologist. He wanted one good experiment, preferably
one conducted in New York, which he could discuss as a
basis for his recommendations for contro! of each disease.
He loved statistics and normally would not use data which
had not been analyzed to his satisfaction. He thought that
discussion of good data was a highly effective method of
teaching.

At the end of World War |, the scab control situation was
primitive by today’s standards. Lime sulfur had been inuse
only about 10 years. Little was known aboutthe apple scab
fungus and the epidemiology of the disease. In 1919, Keiit
and Jones began the work in Wisconsin which led to the
publication of their bulletin on scab in 1926. Mills began
work in 1924 in New York on the length of rain periods
needed for a significant amount of scab infection. As the
Wisconsin data became available, he analyzed it with great
care and compared the results with those which he ob-
tained in New York. He was particularly interested in the
data from Wisconsin giving the number of hours required
forinfection inmoist chamber experiments. Keitt and Jones
iisted minimum moist chamber exposure periods for leaf in-
fection by ascospores at temperatures varying from 6 C to
26 C, but they did not give a time period for no infection at
15 C. Milis took the Wisconsin data, applied statistical
procedures which seemed appropriate, and drew a
symmetrical curve which gave the best fit to the moist
champer data. Then, he compared the curve of his own
data with the Wisconsin field data and with the reports of a
selected group of New York county fruit agents. Some of
those county agents did a tremendous amount of work in
tagging leaves, recording the length of wet periods, keep-




=g hygrothermograph records of humidity and
erature, and checking the situation as it deveioped in
counties. John Van Geluwe, now with Ciba-Geigy, and
s Small, now retired, are two men who were especially
ful.

y the time | arrived on the scene in 1937, Bill had con-
ucted a table which he used in giving precise instruc-
regarding the time when spraying or dusting with sul-
must be completed during any rain period with
eratures between 42 and 78 F. The basic conclusion
that a significant number of scab infections in an
wrohard with an abundance of ascospores required about
imes the length of wet period indicated by the Wiscon-
» moist chamber data. Medium and severe infection re-
ired about 2.0 and 3.0 times the wet periods indicated by
=2 moist chamber data. Bill received a weather report by
siephone at 3 a.m. every night during the scab season, and
z telephone hook-up, whereby each man called about six
whers, allowed his recommendations 1o go to every fruit
wower in the major fruit districts by about 7 am.

By 1937, there had been many improvements in the
=emental sulfur fungicides, and many growers were using
for scab control. Timing the sprays and dusts was a
lem, and part of my assignmentwas to develop a more
ctive method of timing dust applications. |t soon
-came obvious that there were several good reasons why
= dust should be applied as late as possible before scab
ction occurred. Therefore, a major part of the work
ame a matter of testing dust mixtures before and after
ger periods as indicated by Mills’ table. After 3 years
k on replicated plots and several hundred acres of
ard, | came 1o the firm conclusion that sulfur dust and
elemental sulfur sprays were effective if applied before
= time of light infection as indicated by Mills’ table. Mills

decided to publish a bulletin on timing sulfur
ications for scab control and to include his data on
mum periods required for scab infection. He offered
the junior authorship of the bulletin, but | refused
ause of concern about his freedom to make
commendations as he saw fit. The bulletin appeared in
4 with the minimum periods shown in the form of curves
h were more conservative and more ambiguous than
table which he gave me for use in my work. Data in
zhular formwere givento JohnVan Geluwe in 1948 for use

in the development of a circular gadget to give to growers.
A table was published in the New York fruit bulletinin 1951.
So far as | know, Mills made no further changes in the data
prior to his retirement.

The use of a system of predicting infection by
ascospores led to two major related questions. One con-
cerned the time required for infection by conidia. Mills used
the general statement that cne-third less time was required
for infection by conidia, but the work by Roosje and others
has led me to the conclusion that such a general statement
is probably incorrect. A second question concerned the
need for continuous wetting during scab infection periods.
Mills published his conclusion that continuous wetting was
not necessary. Roosje has shown that two short wet
periods can be separated by 8 to 15 hours without free
moisture on the leaves and still result in some infection. The
dry period reduces infection without eliminating it until &
time period of 8 or more hours has elapsed.

Significant contributions to this subject have, of course,
been made by others. In particular, | would recommend the
work of Soenen in Belgium and Sproston in Vermont.
Papers by Michael Szkoinik have helped a greatdeal inun-
derstanding the activities of the fungus and of fungicides
during infection periods.

In closing, | want to say something about the relationship
of the work of Mills to that of Dr. James Hamilton and of Dr.
Michael Szkolnik during Mike’s earlier years. | see no con-
flict of any significance in the work. Mills and Hamilton were
contemporaries, and they competed with each other. Both
men would have been quite happy to control the fruit dis-
ease work in New York. Hamilton's work, and later that of
Hamilton and Szkolnik, helped to provide the fruit grower
with betier fungicides, extended the period from the begin-
ning of rain until fungicide application must be completed,
and, through the introduction of better fungicides,
eliminated most of the partial failures which had occurred
with sulfur in spite of reasonably good orchard manage-
ment. There are some instances in the literature, even {o-
day, where apparent conilicts are created by statements
which are made in an effort to explain a complex situation
to growers, especially concerning after-infection control by
fungicides. However, these conflicts are not important
compared to the tremendous advances in scab contro!
made by the workers at Cornell and Geneva.
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