The Distribution of the Mycelial Types of Gloeodes pomigena on Apples
in North Carolina and Their Relationship to Environmental Conditions

ABBEY L. SUTTON, Former Graduate Research Assistant, and T. B. SUTTON, Professor, Department of Plant

Pathology, North Carolina State University, Raleigh 27695-7616

ABSTRACT

Sutton, A. L., and Sutton, T. B. 1994. The distribution of the mycelial types of Gloeodes
pomigena on apples in North Carolina and their relationship to environmental conditions.
Plant Dis. 78:668-673.

The distribution of the four mycelial types of Gloeodes pomigena was determined by monitoring
their incidence and severity in eight locations throughout North Carolina in 1986 and 1987.
Temperature, rainfall, and relative humidity were monitored at four sites in 1986 and seven
sites in 1987 throughout the growing seasons. The incidence of sooty blotch approached 1009
at all locations by the end of each growing season. Severity of the disease was highest at
locations with cooler temperatures and longer periods of dew (western Mountains) or higher
humidities (eastern Coastal Plain). The punctate mycelial type was most common overall and

was most prevalent in areas where disease severity was greatest. The incidence and severity
of the punctate type increased with increasing hours of high relative humidity; severity decreased
with increasing temperature. The incidence and severity of the ramose mycelial type increased
with increasing temperature and increasing amount of rainfall. This type was most abundant

in the Coastal Plain region. There were no si

gnificant correlations between any environmental

factors and the fuliginous mycelial type. The incidence and severity of the rimate type was
correlated positively, although weakly, to measures of relative humidity.

Gloeodes pomigena (Schwein.) Colby,
causal agent of sooty blotch of apple
(Malus domestica Borkh.), was first re-
ported and described in 1832 in Penn-
sylvania on Newtown Pippin (as cited
by Colby [2]). This disease affects apples
in a wide geographic region and has been
reported throughout the apple-produc-
ing regions of Great Britain, France,
Zaire, South Africa, and North America
(5). In the southeastern United States,
sooty blotch is an important economic
problem for the apple industry. In North
Carolina, 5-10% of the commercial crop
is affected annually in spite of the use
of fungicide control programs. Although
sooty blotch does not cause a yield loss,
it leaves surface blemishes which affect
the appearance of the fruit and therefore
decrease their value.

Sooty blotch is characterized by sur-
face spots or blotches on the cuticle of
the fruit. The blotches are frequently
irregular in outline but have a general
circular shape resulting from mycelial
threads which radiate from a common
center. Early researchers believed that
the fungus did not cause any cellular in-
jury or malformation, existing only su-
perficially on the cuticle of the apple
(1,2). Penetration of the cuticle was sub-
sequently observed (3) and is believed to
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accelerate the loss of moisture from the
affected areas of the fruit during storage.

G. pomigena produces a variety of col-
ony types, both in culture and on the
fruit surface. These growth types were
divided by Colby (2) into three groups
based on the microscopic observation of
thallus appearance on the apple cuticle:
fernlike, honeycomb, and reticulate.
Based on work conducted in Virginia,
these groups were later divided into
four mycelial types by Groves (3). Thalli
which appear as smoky or sooty smudges
are termed fuliginous. This group con-
tains colonies without well-defined mar-
gins, often extending over a wide area
of the fruit surface, and colonies which
are more restricted in extent with well-
defined margins. Under microscopic
examination, fuliginous colonies have
few if any arborescent characteristics and
have a reticulate appearance. Colby’s
reticulate and honeycomb groups were
placed in this mycelial type. Thalli which
are arborescent, rugose radiate, fron-
dose, or fernlike were placed in the ra-

mose mycelial type. Plectenchymal bod-
ies may or may not be present and, if
present, are not abundant. The punc-
tate group contains thalli with large,
conspicuous plectenchymal bodies. Var-
iation in the heaviness of the thallus,
prominence of the connecting mycelium
between plectenchymal bodies, and the
size and abundance of the bodies char-
acterize this type. All thalli which pene-
trate the host cuticle are placed in the
rimate type without regard to other mor-
phological characteristics.

Groves (3) found that thalli of the
ramose group were the most abundant,
comprising approximately 80% of all
thalli observed; 5% of the thalli were of
the fuliginous type, and 5-10% were of
the punctate type.

Groves (3) reasoned that because more
than one mycelial type may appear on
a single fruit, the occurrence of the my-
celial types was not a response to local
environmental conditions. Colby (2) re-
ported that G. pomigena was extremely
sensitive to unfavorable environmental
conditions. He found that disease sever-
ity was reduced in orchards that had
good air flow and water drainage; how-
ever, it was practically impossible to ex-
clude disease from sites which did not
(2). G. pomigena primarily grows super-
ficially on the host; therefore, atmos-
pheric humidity directly affects the
growth of the fungus (1). Cool, wet con-
ditions favor the development of sooty
blotch colonies, and high humidity is nec-
essary for maximum growth (1). Hickey
(5) found that the amount of rainfall in
any given year played a predominant role
in the amount of sooty blotch occurring
in that year. After examining 25 yr of
meteorological records, Kirby (6) found
that the amount of sooty blotch present
on fruit in unsprayed orchards was pro-
portional to the amount of rainfall oc-

Fig. 1. Map of North Carolina indicating the locations of the sample sites used in 1986 and
1987. CP = Coastal Plain, P = Piedmont, and M = Mountains.



MATERIALS AND METHODS

Site location. Eight orchards located
in three geographical areas of North
Carolina were used in the study (Fig. 1).
The three regions represented in this
study are the Coastal Plain, the Pied-
mont, and Mountains. The Isaac Rascoe
Orchard (CP1) in Bertie County, located
in the eastern Coastal Plain, is approxi-

curring in July and, to a lesser extent,
in August and September.

The purpose of this study was to de-
termine how the mycelial types of G.
pomigena are distributed geographically
across North Carolina and the relation-
ship of the incidence and severity of each
mycelial type to various environmental
variables.
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mately 8 m above sea level. The Central
Crops Research Station (CP2) in John-
ston County, University Farm No. 2
(CP3) in Wake County, and the Sand-
hills Research Station (CP4) in Moore
County are located in the western
Coastal Plain. These sites are situated
approximately 90, 90, and 60 m above
sea level, respectively. The Piedmont
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Fig. 2. Incidence (% affected fruit) and severity (% surface area covered) of punctate (P), ramose (Ra), fuliginous (F), and rimate (Ri) mycelial
types at: (A) Isaac Rascoe Orchard (CP1), (B) Central Crops Research Station (CP2), and (C) Mountain Horticultural Crops Research Station
(M3) in 1987. No infected fruit were found at the sites on the first sample date. Values for the percent fruit affected for the punctate type
for the Central Crops Research Station are 0, 7, 0, and 8% for sample dates 1-4, respectively. For the Mountain Horticultural Crops Research
Station, 40% of the fruit were affected with the fuliginous mycelial type on sample date 2; and 17, 20, 20, and 8% were affected with the
ramose type on sample dates 1-4.
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area is represented by the Cline Orchard
(P1) in Cleveland County (260 m above
sea level). Orchards located in the Moun-
tain region include: Sutton Orchard (M1)
in Haywood County at 1,100 m above
sea level, Massie Orchard (M2) in Avery
County at 1,100 m above sea level, and
Mountain Horticultural Crops Research
Station in Henderson County (M3) at
650 m above sea level. Orchards in the
Piedmont and Mountains are within the
primary apple-growing regions of North
Carolina.

Four sites (CP2, CP3, CP4, and M3)
were located at research stations. Plots
for epidemiological evaluation at site
CP2 were located within a 20-yr-old,
2-ha orchard and were composed of
groups of two Delicious and two Golden
Delicious trees. Plots at site CP3 were
composed of four rows of three trees each
within a 25-yr-old, 4-ha orchard. At site
CP4, plots were composed of 38-tree
rows within a 12-yr-old, 2-ha orchard.
The orchard at site M3 was approxi-
mately 20 yr old and had not been
sprayed with fungicides for 4 yr. The or-
chard was composed of Delicious, with
Golden Delicious planted as every third
tree within the row.

The remaining sites (CP1, P1, M1, and
M2) were abandoned private orchards.
Site CP1 had never been sprayed. Site
M1 was unsprayed for a minimum of
10 yr, and sites P1 and M2 were un-
sprayed for at least 5 yr. Plots located
at research stations were treated with
standard insecticide and miticide sprays
™.

Survey methods. All data on the dis-
ease were obtained from Golden Deli-
cious apples, for ease of mycelial type
identification. Fruit were obtained from

Table 1. The severity of Gloeodes pomigena
at eight locations in North Carolina in 1986
and 1987

Severity*
Location™ 1986 1987
CPI 50 b¥ 65 a*
CP2 Se 4d
CP3 4e L
CP4 e 42b
Pl 19d 41 b
MI 33c 67 a
M2 6e 2¢
M3 73 a 62 a

*CPI = Isaac Rascoe Orchard, CP2 = Central
Crops Research Station, CP3 = University
Farm No. 2, CP4 = Sandhills Research
Station, P1 = Cline Orchard, M1 = Sutton
Orchard, M2 = Massie Orchard, and M3
= Mountain Horticultural Crops Research
Station.

*Severity of disease as the perentage of apple
surface area covered at the last sample date.

Y Values with the same letter are not different
from one another but are significantly dif-
ferent (P = 0.01) from all others based on
the Waller-Duncan k-ratio ¢ test.

* Data were not taken at site CP3 in 1987 due
to an insufficient apple crop.
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four trees selected arbitrarily per loca-
tion. To estimate overall disease inci-
dence, on each sample date 25 fruit per
tree were arbitrarily chosen to represent
the upper, lower, inside, and outside of
the tree canopy. All affected fruit from
each tree were combined, and 25 fruit
were selected arbitrarily to determine
overall sooty blotch severity and the
incidence and severity of each of the four
mycelial types. Each of these 25 fruit was
considered a replication in subsequent
data analyses. The percentage of the
apple surface area covered by each my-
celial type was estimated utilizing a 40X
dissecting microscope. Samples were
taken at 3-wk intervals during the grow-
ing season for a total of five sample dates
per year in 1986 and 1987. We attempted
to visit all sites within a 3-day period.
Sites were sampled on the following dates
in 1986: 14-17 June, 6-8 July, 26-30 July,
17-19 August, and 5-11 September. In
1987, samples were taken on 22-27 June,
1 July (CP2 and CP4 only), 13-18 July,
22 July (CP2 and CP4 only), 27-28 July,
8 August (CPI only), 12 August (CP2
and CP4 only), 17-21 August, 29
August-2 September, and 9 September.
Site CP3 was not used in 1987 due to
freeze injury which significantly reduced
the crop.

Environmental monitoring. Environ-
mental data were taken from CP2, CP3,
CP4, and M3 in 1986 and from all sites
in 1987. In the abandoned orchards,
rainfall was measured within the orchard
using top weighing rain gauges (Belfort
Instrument Co., Baltimore, MD), and
hygrothermographs (Belfort Instrument
Co.) were used to record humidity and
temperature data at the sites. Hygro-
thermographs were located in standard
instrument shelters. All instruments were
calibrated prior to placement in the or-
chards and periodically throughout the
study. At research station sites CP2,
CP3, CP4, and M3, automated weather
stations were used to obtain environ-
mental data (9). Stations were located
100, 700, and 500 m from the plots at
sites CP2, CP3, and CP4, respectively.
At site M3, weather data from the Ashe-
ville, North Carolina airport, located ap-
proximately 2 km from the orchard, were
utilized.

Statistical analysis. A general linear
models procedure was used to test for
significant differences in the amounts of
disease and the distribution of types
among locations (8). The mean incidence
and severity of disease at each location
and the means of the incidence and
severity of each type by location were
compared using the Waller-Duncan k-
ratio ¢ test, k-ratio = 100.

The relationship between the overall
incidence and severity of disease, the in-
cidence and severity of each of the my-
celial types, and measures of tempera-
ture, rainfall, and relative humidity at
the sites was examined using correlation

analysis (8). Data on disease incidence
and severity from all sample periods from
1986 at sites CP2, CP3, CP4, and M3,
and all data from 1987 except sites CP2
and CP4 were pooled. Data from the
automated weather stations at sites CP2
and CP4 in 1987 could not be used due
to large data gaps caused by sensor mal-
functions and lightning strikes. The fol-
lowing measures of disease incidence and
severity were correlated to the environ-
mental variables: IOVRL = the overall
incidence of sooty blotch; SOVRL = the
overall severity of the disease; (PI, FI,
RAI and RII) = the incidence of the
punctate, fuliginous, ramose, and rimate
mycelial types, respectively; and (PS, FS,
RAS, and RIS) = the severity of disease
caused by the four mycelial types. Se-
verity was measured as the proportion
of the affected area occupied by a par-
ticular mycelial type on a sample date.
Environmental variables were mean
daily minimum temperature (TMIN),
mean daily maximum temperature
(TMAX), days with rain (RN), amount
of rain (AMT), hours of relative humid-
ity =90% (RH90), hours of relative hu-
midity =95% (RH95), and hours of
relative humidity = 100% (RH100). Cor-
relations were calculated between the
measures of disease and the environ-
mental conditions which occurred 21, 28,
35, and 42 days prior to each sample date
(Lag2l, Lag28, Lag35, and Lagd42) using
a lag function in SAS (8). Correlations
were also calculated between the change
in the incidence and severity of the my-
celial types from sample date to sample
date and the environmental variables for
the same period, as well as Lag21, Lag28,
Lag35, and Lag42.

RESULTS

Incidence and severity of disease. The
data presented in Figure 2A-C for or-
chards CP1, CP2, and M3 in 1987 are
representative of the distribution pat-
terns of the mycelial types during the
growing season at a site in the eastern
Coastal Plain (P1), western Coastal Plain
(P2), and Mountains (M3), respectively.
The disease was typically observed earlier
in the eastern Coastal Plain orchard (Fig.
2A) and in orchards in the Mountains
(Fig. 2C) than in orchards in the western
Coastal Plain (Fig. 2B) or Piedmont. The
incidence of the punctate type was
nearly 100% on the first sample date in
orchards in which it predominated (Fig.
2A and C). The severity of symptoms
of each mycelial type generally increased
through the growing season. Data ob-
tained in the final sample period were
used to compare the geographical dis-
tribution of the mycelial types and each
type’s incidence and severity compared
to the other types (Tables 1 and 2).

In 1986, G. pomigena was most severe
at site M3, where a mean of 73% of the
apple surface area was covered with the
fungus on the final sample date, and least



severe in the Coastal Plain orchards CP2,
CP3, and CP4 and the Mountain orchard
M2 (Table 1). The severity of disease was
greatest at sites CP1, M1, and M3 in
1987 (Table 1). No differences were seen
in the incidence of disease in either year.
The disease incidence was 100% at all
sites except site CP2, which had a 95%
incidence.

Incidence and severity of disease by
mycelial type. In 1986, the incidence of
the fuliginous mycelial type was highest
at sites P1 and M1 and lowest at sites
CP1, CP2, CP3, CP4, and M2 (Table
2).1In 1987, site CP4 had the highest mean
incidence at 96%, followed by site M3
at 76% (Table 3). Sites P1 and M1 had
the greatest severity of the fuliginous type
in 1986. The incidence and severity of
the fuliginous type were greatest at site
CP4 in 1987, although this site had a
low severity for this mycelial type in 1986
(Tables 2 and 3).

Overall, the punctate mycelial type was
the most prevalent, and its incidence
ranged from 92 to 100% at sites CP1,
P1, M1, and M3 in 1986 and 1987 (Tables
2 and 3). The incidence of this mycelial
type was lowest at site CP4 in 1986 and
sites CP2 and CP4 in 1987. Severity of
the punctate type was highest at sites
CPI1, P1, M1, and M3 in 1986; site M3
had the highest severity of punctate type
at 71.94% (Table 2).

The incidence of the ramose mycelial
type was highest at sites CP1, CP2, and
CP4 in both years and site CP3 in 1986
(Tables 2 and 3). The severity of the
ramose type was greatest at site CP1 in
1986; there were few detectable differ-
ences in ramose severity among the other
sites (Table 2). In 1987, severity of the
ramose type was significantly higher at
sites CP1, CP2, and CP4 than at the
other sites (Table 3).

The rimate type was the most prevalent
overall at sites P1, M2, and M3 in 1986.
There was little difference in the severity
of the rimate type among sites. In 1987,
disease incidence at site M3 was greater
than at the other sites and reached 96%
(Table 3). Sites M1 and M3 had the
highest severities of that year, with values
of 1.12 and 6.32%, respectively (Table
3).

Correlation of disease measures with
environmental variables. The incidence
of sooty blotch was positively correlated
to the amount of rain which occurred
in the 28-, 35-, or 42-day period prior
to the sample date (Lag28, P = 0.10;
Lag35, P=0.10; Lagd42, P=0.05) (Table
4). RH90 for the 28-day period prior to
sampling was also positively correlated
to the incidence of disease (Table 4). The
severity of sooty blotch generally de-
creased with increasing temperature;
however, the correlation was significant
only for the 21-day period prior to sam-
pling (P = 0.10) (Table 5). RH90 was
positively correlated to disease severity
at all times tested (Table 5). Severity

increased with RH9S in the 21- and 28-
day periods prior to the sample date
(Table 5).

A reduction in the incidence of the
punctate mycelial type was weakly
correlated with increasing temperature;
correlation coefficients were significant
only with TMAX for Lag2l (Table 4).
The incidence of this type was positively
correlated with RH90 and RH9S5 for all
times tested (Table 4). The incidence of
the punctate type was significantly and
positively correlated with RH100 for
Lag21 (P = 0.01) and Lag28 (P = 0.05)
(Table 4). The severity of this mycelial
type decreased with increasing TMIN
and TMAX over all times tested (Table
5). Punctate severity was positively corre-
lated with RH90 for all Lag periods. Se-
verity was also positively correlated with
RH95 and RH100 for Lag2l (P = 0.05
and P = 0.10, respectively) (Table 5).

The incidence of the ramose mycelial
type was positively correlated with tem-

perature for all time periods (Table 4).
The correlation coefficient was signifi-
cant between ramose incidence and AMT
for Lag2l (P = 0.10) (Table 4). RH90
for Lag21 was negatively correlated, and
for Lag35 was positively correlated, with
ramose incidence (Table 4). As with ra-
mose incidence, increasing severity was
positively correlated with TMAX and
TMIN for all time periods tested (Table
5). Ramose severity increased with rain-
fall at Lag35. RH90 was negatively corre-
lated with ramose severity for all time
periods tested except Lag35 (Table 5).
Severity was also negatively correlated
with both RH95 and RH100 for Lag21
(Table 5).

The incidence and severity of the ful-
iginous mycelial type were not signifi-
cantly correlated with any of the environ-
mental variables.

Rimate incidence generally was nega-
tively correlated with temperature, but
the correlation was significant only with

Table 2. The incidence and severity of the mycelial types of Gloeodes pomigena at eight locations
in North Carolina in 1986

Mycelial type*
Fuliginous Punctate Ramose Rimate

Location™ I’ S* I S I S I S
CPl 16 ¢ 0.24 b 100 a 38.26b 9a 11.76 a 4c 0.02b
CP2 12¢ 0.27b 88 a 3.62¢ 72b 1.37 be 4c 0.04 b
CP3 4c 0.01b 60 b 2.03e 76 b 1.52 be 8bc 0.08b
CP4 8c 0.10 b 8¢ 0.16e 92ab 2.68b 4c 0.08 b
Pl 68 a 451 a 92a 13.26d 28c 1.07bc 24ab 0.40 ab
Ml 56 a 6.43a 100 a 26.43 c 20c 0.24 c 4c 0.06 b
M2 4c 0.29b 9a 453¢ 12¢ 0.18¢ 2a 071 a
M3 36b 0.46 b 100 a 7194a 20c 0.64 ¢ 2a 0.24 b

YCP1 = Isaac Rascoe Orchard, CP2 = Central Crops Research Station, CP3 = University
Farm No. 2, CP4 = Sandhills Research Station, P1 = Cline Orchard, M1 = Sutton Orchard,
M2 = Massie Orchard, and M3 = Mountain Horticultural Crops Research Station.

*Values with the same letter within a mycelial type and disease measure are not different from
one another but are significantly different (P = 0.05) from all others within that type and
measure based on the Waller-Duncan k-ratio ¢ test.

YIncidence of disease as the percentage of fruit infected with the mycelial type at the last
sample date.

“Severity of disease as the percentage of apple surface area covered with the mycelial type
at the last sample date.

Table 3. The incidence and severity of the mycelial types of Gloeodes pomigena at eight locations
in North Carolina in 1987

Mycelial type*
Fuliginous Punctate Ramose Rimate

Location™ r S* I S I S 1 S

CPI 48 cd 0.94d 100 a 57.50 a 96 a 6.65b 28c 0.35¢
CP2 16¢ 0.79d 8¢ 0.04 c 100 a 3.68¢c Oe 0.00 ¢
CP4 96 a 26.57 a 12¢ 1.17 ¢ 100a 1745a 12de  0.05c¢
Pl 28e 20.90 b 96 a 15.19b 28b 0.11d Oe 0.00 ¢
Ml 60 be 729 ¢ 100 a 54.67 a 4c 003d 68b 1.12b
M2 32de 0.62d 68 b 531c¢c Oc 0.00d 16cd 0.44c
M3 76 ab 478 cd 100 a 51.04 a 8c 006d 96a 6.32 a

YCP1 = Isaac Rascoe Orchard, CP2 = Central Crops Research Station, CP4 = Sandhills
Research Station, P1 = Cline Orchard, M1 = Sutton Orchard, M2 = Massie Orchard, and
M3 = Mountain Horticultural Crops Research Station.

*Values with the same letter within a mycelial type and disease measure are not different from
one another but are significantly different (P = 0.05) from all others within that type and
measure based on the Waller-Duncan k-ratio ¢ test.

YIncidence of disease as the percentage of fruit infected with the mycelial type at the last
sample date.

?Severity of disease as the percentage of apple surface area covered with the mycelial type
at the last sample date.
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Table 4. Correlation coefficients of the incidence of the mycelial types of Gloeodes pomigena

with environmental variables at sites CP2

M2, and M3 in 1987

, CP3, CP4, and M3 in 1986 and CPI, P1, MI,

Incidence of mycelial type"

Environmental variable"’ IOVRL* P RA F RI
TMIN
Lag21? —0.12 —0.31 0.77"* —0.13 —0.27
Lag28 —0.18 —-0.02 0.83" —0.05 —0.29"
Lag35 —0.33 0.02 0.86™ —0.05 —0.31
Lagd2 —0.28 —0.02 0.86™ —0.18 —0.38"
TMAX
Lag21 —0.15 —0.35% 0.62" —0.06 —0.23
Lag28 —0.44 —0.05 0.58" 0.01 —0.17
Lag35 —0.02 0.06 0.63" 0.03 —0.15
Lagd2 —0.02 —0.06 0.72" —0.05 —0.24
RN
Lag21 0.20 —0.04 0.11 —0.05 —0.05
Lag28 0.30 —0.18 —0.03 —0.01 —0.11
Lag35 0.38 —0.45 —0.06 —0.01 —0.21
Lagd2 0.39 —0.41 —0.16 0.02 —0.09
AMT
Lag?1 0.36 0.02 0.30% —0.19 —0.08
Lag28 0.61" 0.01 0.22 —0.12 —0.14
Lag35 0.68* —0.22 0.35 ~0.20 —0.23
Lagd2 0.76" —0.24 0.15 —0.21 —0.23
RH100
Lag2l —0.21 0.68" —0.15 0.02 0.13
Lag28 0.28 0.62" 0.18 0.09 0.14
Lag35 —0.44 0.55 0.33 0.01 0.10
Lagd? —0.43 0.59 0.24 —-0.03 0.10
RH95
Lag?1 —0.11 0.80™ —0.27 0.17 0.25
Lag28 0.47 0.85™ 0.08 0.25 0.26
Lag35 —0.33 0.79" 0.36 0.13 0.20
Lagd2 —0.31 0.82" 0.24 0.13 0.23%
RH90
Lag21 0.05 0.84" —0.36" 0.24 0.33%
Lag28 0.73" 0.90" —0.03 0.28 0.32%
Lag35 —0.25 0.87" 0.37% 0.15 0.28
Lag42 —0.20 0.94™ 0.23 0.25 0.36%

*TMIN = mean daily minimum temperature, TMAX = mean daily maximum temperature,
RN = days with rain, AMT = amount of rain, RH100 = hours of relative humidity at 1009,
RH95 = hours of relative humidity = 95%, and RH90 = hours of relative humidity =909,

“P = punctate, RA = ramose, F = fuliginous, and RI = rimate.

*Overall incidence of G. pomigena.

Y Environmental data for the period 21, 28, 35, and 42 days prior to disease sample period.
"t=(P=0.10)," = (P=10.05),and " = (P=0.01).

TMIN for Lag28 and Lagd2 (Table 4).
The incidence of this type was signifi-
cantly positively correlated to RH90 for
Lag21, Lag35, and Lagd2 (Table 4). The
severity of the rimate mycelial type was
weakly negatively correlated with tem-
perature and measure of rainfall, and
positively correlated with measures of
relative humidity. The correlation was
significant only for AMT for Lag35
(P =0.10) (Table 5).

Correlation coefficients for correlation
between the change in sooty blotch in-
cidence and severity between sample
dates and the environmental variables
for the same periods and Lag?1, Lag28,
Lag35, and Lagd2 were similar in size
and level of significance to the results
of the correlation analyses presented
above, and therefore are not given. There
were two exceptions. The severity of the
ramose mycelial type was positively cor-
related to the three measures of relative
humidity and significant for Lag21 (P =
0.010), Lag28 (P = 0.01), Lag35 (P =
0.05), and Lagd2 (P = 0.05). The
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incidence of the punctate mycelial type
was positively associated with AMT, but
the correlation was significant only for
Lag21 (P =0.10).

DISCUSSION

The incidence of G. pomigena ap-
proached 100% in all orchards that were
not treated with fungicides and which
experienced sufficient rain and humidity
for fungal development. The overall in-
cidence of disease was correlated weakly
with most environmental variables. Dis-
ease incidence was correlated with the
amount of rainfall which occurred 28,
35, and 42 days prior to each sample date
and the number of hours of humidity
=90% that occurred 28 days prior to the
sample date. Colby (2) reported that
sooty blotch appeared during the latter
part of the growing season except when
rainfall was scarce during that period.

Baines and Gardner (1) found that G.
pomigena grew slowly at temperatures
above 27 C and humidities less than 909,
Disease development was best at 20 C

and almost nonexistent at 30 C (1). Over-
all sooty blotch severity decreased with
increasing temperature in our study, al-
though the correlation was significant
only for the 21-day period prior to the
sample date. In addition, Baines and
Gardner (1) found growth to be best at
humidities of 95% and above, dropping
off rapidly below 95%, with no growth
at 85 and 86%. However, we found dis-
ease severity to be positively correlated
with both the hours of humidity of 95%
or greater (RH95) (21 and 28 days prior
to sampling) and the hours of humidity
of 90% and greater (RH90) at all times.
The severity of G. pomigena was highest
at site M3, a location which experiences
frequent fog and dew. Severity of disease
was also high at sites CP1 and M1 in
both years. Humidity is consistently high
at site CP1, and site M1 experiences
conditions similar to those of site M3,
although fog is not as abundant in this
region of the North Carolina Mountains.
The sites located in the western Coastal
Plain and the site in the Piedmont con-
sistently maintained the lowest severities
of disease. These locations encounter less
fog, lighter dews, and somewhat lower
humidities.

Increasing temperature negatively af-
fected the incidence and severity of the
punctate mycelial type. The growth and
development of this mycelial type was
positively correlated with the hours of
relative humidity at or above 90, 95, and
100%. The punctate type was most abun-
dant and severe at sites CP1 and M3,
which are characterized by high relative
humidities and/or fog. Although tem-
peratures were generally higher at site
CPI1 (A. L. Sutton, unpublished), their
negative effect was apparently overcome
by average humidities greater than those
found at the majority of sites tested.

In contrast to the growth response of
the punctate type, incidence and severity
of the ramose type increased with in-
creasing temperatures and generally de-
creased with increasing hours of high
relative humidities. However, correla-
tions with the actual change in severity
among sample dates indicated a positive
association with high humidities. The
incidence and severity of the ramose my-
celial type was greatest at locations in
the Coastal Plain, as these sites have the
highest temperatures, intermittent heavy
rainfalls, and consistently high humidi-
ties.

The incidence and severity of the ful-
iginous mycelial type was not strongly
associated with any of the environmental
factors monitored, although there was a
general positive association with temper-
ature and a negative association with all
wetness variables. There was no clear as-
sociation of the incidence and severity
of this mycelial type with any geographic
region in North Carolina.

The rimate mycelial type was the least
prevalent at all locations. The incidence



Table 5. Correlation coefficients of the severity of the mycelial types of Gloeodes pomigena
with environmental variables at sites CP2, CP3, CP4, and M3 in 1986 and CP1, P1, M1,
M2, and M3 in 1987

even within the same mycelial type. Al-
ternatively, the significant correlations
we obtained may reflect the confounding
of temperature effects with other en-
vironmental variables.

Severity of mycelial type"

Environmental variable" SOVRL* P RA F RI In the Study by Groves in 1933 (3),
TMIN the ramose mycelial type was most abun-
Lag21¥ —0.30"* —0.49" 0.59" 0.01 —0.23 dant, comprising approximately 80% of
Lag28 —0.30 —0.45° 057" 0.13 —0.21 all thalli observed. The most prevalent
Lag35 —0.27 —0.49” 0.61" 0.16 —0.25 type seen in our study at the majority
Thzldig)tz —0.27 —0.50 0.65 0.13 —0.28 of sites was punctate, with the ramose
oot e ” _ type predominating only in some sites

L) 0 045 0.5 0% o1 intheCoastal Plain (CP2 and CP4, 1986,
Lag35 —0.24 —0.39" 0.44" 0.21 —0.12 and CP2, 1987). Due to the variation in
Lag42 —0.23 —0.46" 0.53" 0.21 —0.19 the response of the mycelial types to

RN environmental conditions, the abun-

Lag21 —0.15 0.02 0.09 —0.10 —0.10 dance of the four types would be ex-
Lag28 —0.12 0.09 0.05 —0.07 —0.12 pected to differ depending on the geo-
Lag3s —0.15 0.01 0.17 —0.08 —0.22 graphical area under examination.
Lagd2 —0.16 0.10 0.08 —0.11 —0.16 The different responses of the punc-
Ahf:gm ~0.10 —0.13 0.16 ~0.10 ~0.20 tate, ramose, and fuliginou; ) mycelial
Lag28 ~0.01 ~003 0.14 —012 —0.24 types to environmental conditions may
Lag3s —0.05 —0.13 0.32" —0.19 —0.32" be anindication that the types themselves
Lagd? —0.09 —0.03 0.25 —0.22 —0.32 possess distinct and fundamental differ-
RH100 ences. Laboratory studies are needed to
Lag2l 0.16 0.22 —0.32* 0.01 0.21 confirm the differences in temperature
Lag28 0.25 0.08 =0.19 —0.02 0.16 and moisture requirements found in our
Lag3s 0.19 0.01 —0.11 —0.10 0.14 study. Such distinct differences suggest
Lagd2 0.17 0.08 —0.17 —0.16 0.18 that the mycelial types of G. pomigena
RﬁZzl 0.29* 041" —0.50" 0.05 022  may be distinct species. However, the
Lag28 037" 031 —0.39* ~0.01 0.15 rimate mycelial typeis qnhkel){ to receive
Lag35 0.30 0.21 —0.27 —0.13 0.13 such a designation, as it consists of any
Lagd2 0.30 0.29 —0.34 —0.18 0.17 of the other types which penetrate the
RH90 apple cuticle.
Lag2l 0.39° 0.55" —0.58" —0.01 0.18
Lag28 0.44 0.48° —0.46" —0.13 0.09
Lag35 0.38"* 0.42" —0.32 —0.32 0.06
Lagd2 041" 0.51" —0.44" —0.31 0.12 LITERATURE CITED

"TMIN = mean daily minimum temperature, TMAX = mean daily maximum temperature,
RN = days with rain, AMT = amount of rain, RHI00 = hours of relative humidity at 1009,

RH95 = hours of relative humidity = 95%, and RH90 = hours of relative humidity =90%.
“P = punctate, RA = ramose, F = fuliginous, and RI = rimate.

*Overall incidence of G. pomigena.

’ Environmental data for the period 21, 28, 35, and 42 days prior to disease sample period.
“*=(P=0.10), = (P=0.05), and " = (P = 0.01).

and severity of this type were not strongly
correlated to the environmental factors
examined, although they were weakly
negatively correlated to temperature and
positively correlated to measures of rela-
tive humidity. Because the rimate my-
celial type has been reported to penetrate
the surface of the cuticle, it is possible
that environmental conditions affect its
severity less than the severity of the other
mycelial types.

Groves (3) found that the ability of
isolates of G. pomigena to grow at dif-
ferent temperatures varied only slightly
among isolates, and that there was no
correlation between these differences and

the mycelial type of the isolate. In a lab-
oratory study using one isolate per type,
Hickey (5) found that the growth of the
ramose, punctate, and fuliginous types
responded similarly to different temper-
atures (5). In this study, we found that
the punctate type decreased with in-
creasing temperature, the ramose type
increased, and there was no consistent
effect of temperature on the fuliginous
or rimate types. These seemingly con-
flicting results between laboratory stud-
ies and our study may be explained by
the small sample size used in the lab-
oratory studies, as isolates of G. pomi-
gena exhibit wide variation in growth
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