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ABSTRACT

Latham, A. J., Bowen, K. L., and Campbell, H. L. 1995. Occurrence of Glomerella cingulata
in pecan nut shucks and its association with fungal leaf scorch. Plant Dis. 79:182-185.

Twenty-three pecan cultivars were tested for susceptibility to Glomerella cingulata. The incidence
of G. cingulata from nut shucks ranged from 35.5% on Elliott to 94.0% on Cherokee. Isolation
of G. cingulata from pecan leaves with fungal leaf scorch symptoms ranged from 36.9% on
Desirable to 82.5% on Choctaw. Correlation coefficients from 1992 data indicated a positive
and significant relationship (r = 0.92, P < 0.05), over cultivars, between the frequency of
isolation of G. cingulata from pecan shucks with anthracnose and leaves with fungal leaf scorch
symptoms. Typical symptoms of fungal leaf scorch were reproduced with G. cingulata on Schley

pecan trees in the greenhouse.
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Pecan anthracnose, caused by Glomer-
ella cingulata (Stoneman) Spauld. & H.
Schrenk (anamorph Colletotrichum
gloeosporioides (Penz.) Penz. & Sacc. in
Penz.), causes a late-season shuck and
kernel rot of pecan (Carya illinoensis (F.
A. Wagenheim) K. Koch) (5,15,16).
Anthracnose symptoms usually occur on
green pecan nuts during late summer
when rainy weather prevails (9). Symp-
toms on shucks appear as shiny, dark
brown, sunken lesions that may envelope
the entire fruit (15). Lesions are initiated
at wounds where a cluster of nuts are
in contact, or along the suture of the
shuck. When infection by G. cingulata
occurs early in the growing season, pecan
shells may be nearly hollow at harvest.
If infection occurs later, the cotyledons
fail to develop and only waferlike kernels
are found when the nuts are shelled.
Rand (14) described anthracnose symp-
toms on leaves as irregular, reddish to
grayish brown blotches varying greatly
in size and often covering the whole leaf.
Black perithecia were found scattered
within the blotches. Although anthrac-
nose was reported on pecans in 1914 (14),
its importance was not recognized until
recently, when it was found on several
cultivars in Georgia (5).

A closely related problem on pecans,
known as fungal leaf scorch (FLS) (12),
is considered by growers as one of the
major causes of premature leaf drop and
reduced fruit quality in the southeastern
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United States (10,12). According to
Littrell and Worley (12), FLS lesions are
characterized by a dark brownish black
margin separating the brown necrosis
from healthy leaf tissue. Fungal leaf
scorch symptoms usually begin at the
leaflet apex and necrosis progresses
basipetally, or lesions begin at the leaf
margin and progress toward the midrib.
In addition, Littrell and Worley (12)
associated black fruiting structures,
which may have been perithecia, with
FLS symptoms. Perithecia were ob-
served by Rand (14) in his description
of anthracnose symptoms on leaf tissue.
Despite the similarity of anthracnose
symptoms on leaves and FLS, the
etiology of FLS is still unclear (11,13).

Leaf drop from pecan trees occurring
in September and October is often
thought to be the result of normal senes-
cence. However, Littrell and Worley (12)
observed that trees sprayed with the
fungicides benomyl, captafol, and fentin
hydroxide had significantly less defoli-
ation than trees sprayed only with insecti-
cides. Thus, premature defoliation is
likely due to foliage diseases, including
FLS. Maintenance of pecan leaves on
trees as late into the season as possible
was shown to be important by Worley
(18), who hand-defoliated pecan trees at
15-day intervals from 15 August through
1 November. Worley found that trees
defoliated prior to 1 October failed to
set nuts in the following 2 yr. Worley
(19) also showed that defoliation at any
time prior to 1 November reduced a tree’s
carbohydrate reserves, which resulted in
reduced yield the following season.
Therefore, it is essential for pecan
growers to provide optimal growing
conditions through an adequate fertility
and pest management program to pre-
vent leaf drop prior to 1 November.

To effectively control premature leaf

drop due to FLS, the etiology of this
disease must be more clearly understood.
Therefore, the objectives of these studies
were to evaluate pecan cultivars com-
monly grown in the Southeast for sus-
ceptibility to infection by G. cingulata,
and to determine the possible relation-
ship between this fungal pathogen and
FLS. A preliminary report has been pub-
lished (9).

MATERIALS AND METHODS

Investigations were conducted in the
pecan orchard at the Gulf Coast Sub-
station, Fairhope, Alabama, in 1992 and
1993. The orchard was arranged in a
randomized complete block design, with
five trees of each of 15 pecan cultivars
(Table 1) in each of four replications.
At least three trees of an additional eight
pecan cultivars were completely random-
ized in a group of trees adjacent to the
rest of the orchard. Alabama Cooper-
ative Extension Service recommenda-
tions (8) were followed for orchard man-
agement and control of pecan diseases.
Propiconazole (Orbit 3.6 EC) was
applied on 26 March and 6 April at 185
g a.i./ha. Fentin hydroxide (Super-Tin,
TPTH) at 0.42 kg a.i./ha was then
applied three times at 14-day intervals
followed by four applications at 21-day
intervals.

Location of shuck infections. Portions
of the nut shuck that G. cingulata pre-
ferentially attacks and differences in sus-
ceptibility among cultivars were initially
determined in 1992. Ten green nuts with
suspect anthracnose lesions were col-
lected arbitrarily from each of five ran-
domly selected trees (50 nuts total) of
each of 15 cultivars (Table 1). Suspect
anthracnose lesions were dark brown and
sunken with regular margins. Nuts were
transported on ice to Auburn on 18
September. Tissue samples, 6 X 3 mm,
were excised from suspect lesions located
on basal, middle, or distal portions of
shuck tissue. Sampled tissue was surface-
disinfested with 0.0325% NaOCl solution
for 5 min, rinsed with sterile water, and
placed in petri dishes containing potato-
dextrose agar (PDA). Petri dishes with
tissue were incubated at 24 C under UV
light with a photoperiod of 12 hr for a
minimum of 14 days. A number of com-
mon fungi were observed on culture
dishes, but only colonies of G. cingulata,
identified by microscopic examination of
spores, were counted. Differences among
means of the shuck portions infected and
means of cultivar infections were



determined by least significant difference
(P<0.05).

Cultivar differences. Differences in
cultivar susceptibility to G. cingulata
infection were determined from 50 green
nuts collected from each cultivar in each
of the four replicate plots (200 nuts total)
on 27 and 28 September 1993. Nuts were
disinfested with 0.0325% NaOCI for §
min, rinsed with tap water, treated with
parpargite (Omite 30W) at 0.38 g a.i./L
to suppress mite populations, and placed
on a moist paper towel on aluminum
trays. Green nuts were incubated in dew
chambers for 14 days at 25 C. Sporula-
tion of G. cingulata on nuts was visually
assessed, and frequency of nuts infected
for each replicate cultivar was recorded.
Differences among cultivars were deter-
mined by least significant difference (P
< 0.05).

Fungi associated with FLS. Fungi
associated with FLS symptoms on leaves
were determined in 1992 and 1993.
Twenty leaves with FLS symptoms were
collected from each of 23 pecan cultivars
and transported on ice to the laboratory
on 2 November 1992. Thirty disks (7 mm
diameter) were cut arbitrarily from the
periphery of lesions on leaves of each
cultivar. Disks were cut with a sterile
cork borer, surface disinfested with
0.0325% NaOCl solution for 5 min,
rinsed with sterile water, and plated on
PDA. Petri dishes were incubated at
room temperature under UV light for 14
days. Pure cultures were made of fungal
colonies by hyphal tip or single spore
transfer. Fungi isolated were identified
to genus through microscopic examina-
tion and comparison with published
descriptions (2,6,7,17). The incidence of
predominant fungi was recorded from
leaf disks from each cultivar.

On 1 and 2 November 1993, 40 pecan
leaves showing FLS symptoms and 40
leaves without symptoms were collected
arbitrarily from trees of each of 23 culti-
vars. Leaves were transported in an ice
chest to the laboratory. Forty disks, 5 mm
diameter, were cut from the periphery
of leaf lesions, surface-disinfested as
described earlier, and plated on PDA.
The dishes with leaf disks were incubated
at room temperature for 14 days, and
the incidence of fungi was determined.

Correlation coefficients between inci-
dence of G. cingulata in shucks and
isolation frequency from FLS leaf lesions
were calculated. Data used were means
of cultivars from previously described
tests (see also 9). A perfect correlation
(r = 1) between shuck anthracnose and
FLS over cultivars would show that
every cultivar had a similar reaction to
both diseases and would be evidence of
similar etiology of these two diseases.

Koch’s postulates. Koch’s postulates
(1) were conducted in order to determine
possible relationships between G. cingu-
lata and FLS. A water suspension of 1.2
X 10° G. cingulata conidia per milliliter

was collected from a culture originally
isolated from pecan shucks. Six-month-
old pecan leaves approaching senescence
on 8-yr-old Schley trees growing in 26.7
X 50.8 cm plastic tree containers were
sprayed to runoff with the conidial sus-
pension. Trees were incubated in dew
chambers at 24 C and 100% relative
humidity (RH) for 24 hr with 12 hr of
darkness. Subsequently, trees were main-
tained on a 12-hr light schedule at 100%
RH for 48 hr. At the end of this incuba-
tion period, they were moved to the
greenhouse. After 60 days, 7-mm-diam-
eter disks were cut from FLS-like lesions
on inoculated leaves. Leaf disks were
surface-disinfested with 0.0325% NaOCl
for 5 min, rinsed with sterile water, and
plated on PDA. After incubation at 24
C for 14 days, fungi were identified.
Colletotrichum acutatum and C.
gloeosporioides isolates, originally col-
lected from pecan shucks in the orchard
and morphologically identical to G.
cingulata except for development of
perithecia, were distinguished from one
another by conidial shape (3). In order
to determine whether there were differ-
ences in symptom development due to
spore type, Koch’s postulates were
repeated as described above using these
fungal isolates and ascospores from an
isolate of G. cingulata. Trees were
inoculated with conidial or ascospore
suspensions (3.8 X 10° conidia per milli-
liter and 1.9 X 10° ascospores per milli-
liter) of each isolate. Inoculated trees
were incubated in dew chambers for 48
hr, as described earlier, and moved to
the greenhouse. After 12 wk, FLS-
symptomatic leaves were sampled and
cultured, and fungal colonies were
identified as described previously.

RESULTS

Location of shuck infections. A signifi-
cantly higher frequency of G. cingulata
was determined on the basal portion than
on the other portions (Table 1). The
lowest frequency of G. cingulata was
isolated from the distal portion of
shucks.

Cultivar differences. Cultivars tested
differed in susceptibility to G. cingulata
based on isolation frequency from nut
shucks. Choctaw and Cheyenne cultivars
had consistently greater incidence of
infection than did other cultivars (Table
1). Those cultivars having the lowest fre-
quency of G. cingulata incidence in 1992
were Forkert, Jackson, Surprize, Cape
Fear, Jubilee, and Sumner. Isolation fre-
quencies from other cultivars were
intermediate.

In 1993, the isolation frequency of G.
cingulata from nut shucks of the 23
cultivars sampled ranged from 35.5% on
Elliott to 94% on Cherokee (Table 2).
Nuts from the cultivars Cherokee,
Cheyenne, Choctaw, Mohawk, and
Schley-Harris showed the highest isola-
tion frequency of G. cingulata from
shuck tissue; while Kiowa, Desirable,
Maramec, Gloria Grande, Jackson, and
Elliott had the lowest frequency. How-
ever, G. cingulata isolation frequency
from symptomatic leaves of pecan culti-
vars showed slightly different patterns.
For example, the cultivars Kiowa and
Gloria Grande, which had lower levels
of infection of shucks, were among those
with the highest isolation frequency for
G. cingulata from leaves (Table 2). The
frequency of isolation of G. cingulata
from nonsymptomatic leaves ranged
from 8 to 72% and was lowest for the
cultivars Cape Fear, Davis, Stuart, and
Maramec.

Table 1. Isolation frequency (%) of Glomerella cingulata from suspect anthracnose lesions on
differential portions of pecan nut shucks* for cultivars at the Gulf Coast Substation, Fairhope,

Alabama, 1992

Isolation frequency (%), by location on shuck*

Cultivar Basal Middle Distal Total
Forkert 0 4 0 4a
Jackson 4 2 0 6a
Surprize 2 2 2 6a
Cape Fear 6 2 0 8a
Jubilee 6 4 0 10a
Sumner 6 2 2 10a
Kiowa 10 4 2 16 ab
Desirable 12 6 0 18 abc
Maramec 14 4 0 18 abc
Pawnee 8 10 0 18 abc
Davis 12 6 2 20 abc
Mohawk 18 8 2 28 be
Melrose 18 14 2 34c
Cheyenne 48 22 2 72d
Choctaw 50 42 18 100+ ¢
Mean 14.0 A* 8.8B 23C

*Five samples of 10 nuts (50 nuts total) were collected arbitrarily from each cultivar.
*Total isolation frequencies followed by the same letter are not significantly different according

to the least significant difference test (P < 0.05).

*Numbers followed by the same letter are not significantly different according to the least

significant difference test (P < 0.05).
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Fungi associated with FLS. In 1992,
predominant fungi isolated from leaves
with FLS symptoms were Pestalotia
(35.4%), Alternaria (271%), Glomerella
(19.3%), Nigrospora (8.2%), and Fusar-
ium (5.2%) (data not shown). Curvularia,
Epicoccum, and Phomopsis also were
isolated from leaves with FLS symptoms,

but at frequencies less than 3%. Over all
cultivars, Pestalotia and Alternaria were
isolated most frequently.

The predominant fungi isolated from
leaves with FLS symptoms in 1993 were
Glomerella and Pestalotia (Table 3).
Alternaria, Fusarium, and Phomopsis
also were consistently (10-20%) isolated

Table 2. Frequency (%)" of Glomerella cingulata sporulating from nut shucks and isolated
from leaves with and without symptoms of fungal leaf scorch of pecan cultivars at the Gulf

Coast Substation, Fairhope, Alabama, 1993

Symptomatic Nonsymptomatic
Cultivar Nut shucks™ leaves' leaves’
Cherokee 94.0 68.8 71.9
Schley-Harris 89.3 58.3 40.0
Cheyenne 87.0 45.6 27.5
Choctaw 87.0 82.5 15.6
Mohawk 87.0 62.5 18.8
USDA 61-6-67* 86.0 61.3 30.0
Melrose 84.5 48.1 20.0
Shosoni 81.3 66.7 71.7
Pioneer 80.6 57.5 59.2
Jubilee 75.3 45.8 233
Davis 74.0 46.3 14.4
Cape Fear 72.5 43.1 13.8
Pawnee 71.5 75.6 36.3
Sumner 70.5 51.9 24.4
Surprize 68.0 55.8 35.0
Stuart 65.5 55.6 14.4
Forkert 63.5 56.9 25.0
Kiowa 59.5 66.9 20.6
Desirable 50.0 36.9 18.1
Maramec 43.5 61.9 8.1
Gloria Grande 43.3 64.2 375
Jackson 42.5 43.8 36.9
Elliott 35.5 63.8 16.3
LSD (0.05) 7.8 6.2 7.6

“Frequency was based on the proportion of nuts or leaves on which G. cingulata was identified

based on spore development.

* Average percentage of 50 green nuts on which G. cingulata sporulated.
Y Average percentage of 40 leaf disks on which G. cingulata sporulated.

*USDA accession number.

Table 3. Fungi isolated from leaves of various pecan cultivars showing symptoms of fungal
leaf scorch at the Gulf Coast Substation, Fairhope, Alabama, 1993

Isolation frequency (%)’

Cultivar Alternaria Fusarium Glomerella Pestalotia Phomopsis
Cape Fear 10.0 15.0 43.1 56.9 14.4
Cherokee 2.5 11.9 68.8 325 8.8
Cheyenne 12.5 16.3 45.6 45.0 11.9
Choctaw 6.9 8.8 82.5 20.6 7.5
Davis 25.0 18.1 20.6 48.8 16.9
Desirable 16.9 21.9 36.9 28.1 21.9
Elliott 11.9 18.1 63.8 33.1 10.0
Forkert 14.4 21.3 56.9 41.9 10.6
Gloria-Grande 10.8 13.3 64.2 57.5 9.2
Jackson 17.5 16.9 43.8 46.3 8.8
Jubilee 11.7 21.7 45.8 56.7 9.2
Kiowa 7.5 11.9 66.9 438 10.1
Maramec 18.1 15.0 61.9 33.1 10.0
Melrose 13.8 10.6 48.1 60.0 13.8
Mohawk 11.9 18.8 62.5 43.8 11.3
Pawnee 6.3 8.1 75.6 27.5 13.8
Pioneer 22.5 19.2 57.5 38.3 19.2
Schley-Harris 10.0 24.2 58.3 58.3 10.0
Shoshoni 10.0 7.5 66.7 48.3 9.2
Stuart 27.5 9.4 55.6 46.3 15.0
Sumner 25.0 16.3 51.9 38.8 5.0
Surprize 15.0 24.2 55.8 40.8 14.2
USDA 61-6-67* 8.8 23.1 61.3 45.0 10.6

YFrom 40 leaf disks cut from the lesion periphery of 40 symptomatic leaves from each cultivar

on 1 and 2 November 1993.
*USDA accession number.
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from leaves with FLS symptoms. Other
fungi that were isolated included
Botryosphaeria, Curvularia, Epicoccum,
and Nigrospora, but these were isolated
at frequencies less than 4%.

Correlation coefficients indicated a
positive and significant relationship (r =
0.92, P =< 0.05) between the incidence
of G. cingulata isolated from affected
shucks and from FLS-symptomatic
leaves over 15 cultivars in 1992. Corre-
lation coefficients between G. cingulata
isolations from shucks and leaves col-
lected in 1993 were also positive but not
significant.

Koch’s postulates. After 60 days in the
greenhouse, trees inoculated with asco-
spores of G. cingulata had developed
brown necrotic areas with dark margins
on leaves, similar to the symptoms pre-
viously described for FLS. G. cingulata
was isolated from 84% of inoculated
symptomatic leaves. Isolation frequency
of G. cingulata was 8% from pecan leaves
of trees sprayed with sterile water, and
no FLS symptoms developed on these
trees. Alternaria, Curvularia, Fusarium,
and several unknown fungi and bacteria
were also isolated from leaves sprayed
with sterile water. Similar pathogenicity
tests with C. acutatum and C. gloeo-
sporioides conidia, and G. cingulata
ascospores, revealed 81.3, 68.8, and
81.3% recovery, respectively, of fungi
morphologically identical to G. cingu-
lata. Leaves of trees sprayed with the
water controls for each of these patho-
genicity tests remained asymptomatic.
However, Alternaria spp. were recovered
from 6.0, 25, and 38% of trees inoculated
with conidia of C. gloeosporioides,
ascospores of G. cingulata, and the water
control, respectively. In addition, Fusar-
ium and Nigrospora were recovered from
12 and 6%, respectively, of pecan leaves
inoculated with ascospores of G.
cingulata.

DISCUSSION

G. cingulata was isolated from basal
portions of shuck tissue in greater
frequency than from other portions of
the shuck. This may be due to the rela-
tively close microenvironment of nut
clusters, and possibly higher humidity in
this area, compared to the distal end of
the fruit. Also, the higher isolation fre-
quency from the basal area may be
indicative of inadequate deposition of
fungicides into such areas, or because of
a higher frequency of wounds caused by
nut contact at the basal end of the nut.

In 1992, G. cingulata was isolated sig-
nificantly more frequently from nut
shucks of Choctaw and Cheyenne
cultivars than from all other cultivars.
In 1993, however, isolation frequencies
of G. cingulata from these two cultivars
did not differ from those of Melrose and
Mohawk. The greater isolation fre-
quency and presumably infection fre-
quency of G. cingulata from all cultivars



in 1993 was probably due to a more
favorable environment.

In 1993, the prevailing weather at the
Gulf Coast Substation was much more
conducive to disease development than
in 1992. During 1992, average tempera-
tures for August through October were
below 26.7 C, and rainfall was 3.7 and
9.8 cm during September and October,
respectively. Average temperatures in
1993 were at least 2 C higher in August
and September than in 1992, and no less
than 12.7 cm of rain fell in either of these
months. Pecan anthracnose has been
associated with high temperatures and
rain (9,11), as occurred in 1993.

Anthracnose diseases, such as those
caused by Glomerellaspp., are character-
ized by long latent periods (1), and this
could explain the high isolation fre-
quencies of G. cingulata from nonsymp-
tomatic leaves in 1993. In addition, the
more favorable environment and greater
potential for disease development in 1993
may have caused the differential re-
sponses of cultivars to G. cingulata infec-
tion. The correlation between isolation
frequency of G. cingulata from nut
shucks with suspect anthracnose lesions
and leaves symptomatic for FLS was
consistently positive in the two study
years, but the relationship was only sig-
nificant in 1992. The conducive environ-
ment of 1993 may have allowed the
disease to overwhelm any low levels of
resistance in the cultivars, which were
distinguishable in 1992. In addition,
resistance may be manifested differently
in leaves than in nut shucks. For exam-
ple, the isolation frequencies of G.
cingulata from nut shucks of the cultivar
Pawnee were relatively moderate in both
study years, but G. cingulata isolation
frequencies were consistently high from
leaves of Pawnee symptomatic for FLS.
Over both years, isolation frequencies of
G. cingulata from nut shucks and FLS-
symptomatic leaves were low from the
cultivars Jackson, Forkert, and Desir-
able, while frequencies from Choctaw,
Cheyenne, Melrose, and Mohawk were
high.

Environmental differences may also
account for differences in the fungi asso-
ciated with FLS. Littrell and Worley (12)
found that Pestalotia was most fre-
quently isolated from FLS-symptomatic
leaves, which agrees with our 1992
results. However, based on statistical
analysis, Littrell and Worley (11) con-
cluded that Curvularia, Epicoccum, and

Fusarium, as well as Pestalotia, were
primarily associated with FLS. Our
results in 1993 indicated that Glomerella,
Pestalotia, and Alternaria were most
often associated with FLS. Thus, pre-
dominant fungi associated with FLS
differed between years. In addition, the
significant and positive relationship
found between G. cingulata isolations
from shucks and FLS-symptomatic
leaves in 1992 indicated that FLS occur-
rence increases with infection and sporu-
lation on shucks by G. cingulata, which
supports the hypothesis that G. cingulata
may be a contributing factor to FLS.
Another hypothesis is that an occurrence
of a stress factor predisposes trees to both
FLS and infection by G. cingulata.

The frequencies of Alternaria in our
isolations from leaves showing FLS
symptoms in the field were similar to
those reported from senescing leaves (4).
Blakeman (4) explained that some
species of saprophytic filamentous fungi,
under appropriate environmental condi-
tions, behave as minor pathogens and
attack living leaves shortly before senes-
cence. This could explain the relatively
high (38%) isolation frequency of Alter-
naria from sterile water-sprayed trees in
our pathogenicity tests. The preferential
attack of senescing leaves by Alternaria
may also explain how more than one
fungus apparently may contribute to
FLS.

Confirmation of the causal relation-
ship between G. cingulata and FLS was
accomplished by following Koch’s
postulates for establishing proof of
pathogenicity. G. cingulata was reiso-
lated from nearly all inoculated, symp-
tomatic leaves of potted pecan plants.
Disinfestation procedures probably pre-
vented reisolation of G. cingulata from
every symptomatic leaf. Pathogenicity
tests with conidia of two species of
Colletotrichum and one ascospore sus-
pension of G. cingulata yielded com-
parably high isolation frequencies from
leaves showing the dark-edged necrotic
lesions typical of FLS. These results
indicate that G. cingulata and its
anamorphs not only are pathogens of
pecan nut shucks, but also can contribute
to early leaf degradation and necrosis
manifested as FLS. Since no symptoms
of FLS developed on any of the trees
sprayed with sterile water, G. cingulata,
Alternaria, Curvularia, Fusarium, and
other fungi and bacteria isolated from
the controls were presumably caused by

airborne contamination following incu-
bation in the dew chamber.

While it is possible that in the field
there is a complex of fungi or of biotic
and abiotic agents that causes FLS, our
data indicate that G. cingulata is primar-
ily responsible for this disease.

LITERATURE CITED

1. Agrios, G. N. 1988. Plant Pathology. 3rd ed.
Academic Press, New York.

2. Barnett, H. L., and Hunter, B. B. 1972.
Illustrated Genera of Imperfect Fungi. 3rd ed,
Burgess Publishing, Minneapolis.

3. Bernstein, B., Zehr, E. 1., Dean, R. A., and
Shabi, E. 1993. Characteristics of Colleto-
trichum from peach, apple, pecan, and other
hosts. (Abstr.) Phytopathology 83:1409.

4. Blakeman, J. P. 1985. Ecological succession of
leaf surface microorganisms in relation to
biological control. Pages 6-30 in: Biological
Control on the Phylloplane. C. E. Windels and
S. E. Lindow, eds. American Phytopathological
Society, St. Paul, MN.

5. Brenneman, T. B., and Reilly, C. C. 1989. Recent
occurrence of pecan anthracnose caused by
Glomerella cingulata. Plant Dis. 73:775.

6. Domsch, K. H., Gams, W., and Anderson, T.
H. 1980. Compendium of Soil Fungi. Vol. I.
Academic Press, New York.

7. Ellis, M. B. 1971. Dematiacaeous Hypho-
mycetes. Commonw. Mycol. Inst., Kew,
England.

8. Gazaway, W. S., and Goff, W. D. 1992. Inte-
grated Pest Management, Commercial Pecan
Disease Control Recommendations. Ala. Coop.
Ext. Ser., Circ. ANR-27.

9. Latham, A. J., Campbell, H. L., Bowen, K. L.,
and Goff, W. D. 1993. Occurrence of anthrac-
nose and fungal leaf scorch on pecan cultivars.
Proc. Southeast Pecan Growers Assoc. 86:97-102.

10. Littrell, R.H. 1989. Fungal leaf scorch. Pages
134-135 in: Pecan Production in the Southeast:
A Guide for Growers. W. D. Goff, J. R. McVay,
and W. S. Gazaway, eds. Ala. Coop. Ext. Ser.,
Coop. Reg. Pub. Circ. ANR-459.

11. Littrell, R. H., and Worley, R. E. 1972. Myco-
flora associated with leaf scorch of pecan
(Abstr.) Phytopathology 62:805.

12. Littrell, R. H., and Worley, R. E. 1973. Foliar
fungicides, leaf inhabiting fungi and develop-
ment of leaf scorch. Proc. Southeast Pecan
Growers Assoc. 66:73-78.

13. Littrell, R. H., and Worley, R. E. 1975. Relative
susceptibility of pecan cultivars to fungal leaf
scorch and relationship to mineral composition
of foliage. Phytopathology 65:717-718.

14. Rand, F. V. 1914, Some disease of pecans. J.
Agric. Res. 1:303-338.

15. Reilly, C. C. 1989. Late season diseases of pecan.
Proc. Southeast Pecan Growers Assoc. 82:67-70.

16. Reilly, C. C. 1990. Major nut diseases of pecan.
Proc. Southeast Pecan Growers Assoc. 83:123-128.

17. Sutton, B. C. 1980. The Coelomycetes. Commonw.
Mycol. Inst., Kew, England.

18. Worley, R. E. 1979. Pecan yield, quality, nutlet
set, and spring growth as a response to time
of fall defoliations. J. Am. Soc. Hortic. Sci.
104:192-194.

19. Worley, R. E. 1979. Fall defoliation date and
seasonal carbohydrate concentration of pecan
wood tissue. J. Am. Soc. Hortic. Sci. 104:195-199.

Plant Disease/February 1995 185



