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Abstract. Germ tube, appressorium, and subcuticular hypha development were analyzed on host and nonhost leaves fo
Cladosporium caryigenum (Ell. et Lang. Gottwald), the fungus causing scab on pecan [Carya illinoinensis (Wangenh.) C.
Koch]. Plant features characterized for supporting fungal growth were genotype, adaxial and abaxial leaf surfaces, and
leaf maturity. Germ tubes and appressoria developed on all plant leaves, despite genotype, leaf surface, or maturity. Germ
tube frequency on the susceptible host, ‘Wichita’, was lower than on the resistant host, ‘Elliott’, but was not significantly
different from the nonhost, tobacco (Nicotiana tabacum L.). Appressoria formed with equal frequency on leaves of both
pecan cultivars and tobacco. Adaxial and abaxial leaf surfaces were not different within any given genotype for supporting
fungal development. Immature leaves of ‘Elliott’, but not of ‘Wichita’, had a higher frequency of germ tubes and
appressoria than mature leaves. Subcuticular hyphal development occurred only on immature leaves of susceptibl
‘Wichita’ pecan. Hence, subcuticular hyphal development is a prime candidate for being the fungal stage specific for hos
susceptibility. Resistance to C. caryigenum infection appears to be expressed at the plant site beneath the cuticle as funga
hyphae did not develop in a resistant pecan genotype or on nonhost leaves. Thus, resistance to the fungus causing pe
scab likely is expressed after both germ tube and appressorium development and operates beneath, not on the surfac
of the leaf cuticle. Furthermore, technology developed to make these assessments would be adaptable in pecan breed
programs to screen for scab resistance.
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Cultivars of pecan, a native North American hickory (Carya),
were developed to produce an economically important fruit crop
yields in the world’s major pecan producing region, the southea
U.S., are often limited by scab disease caused by the fu
Cladosporium caryigenum. Developing leaves, fruit, and shoots a
susceptible to infection and subsequent damage, and even de

Genetic resistance to scab exists within the pecan germp
Additionally, leaves and shoots of susceptible cultivars acq
resistance with maturity (Demaree, 1924; Gottwald, 1985). S
eral investigations have compared chemical and morpholo
features of resistant and susceptible pecan leaves and sho
determine features accounting for resistance to C. caryigenum.
Secondary metabolites present within the leaf and on the
surface have been characterized (Chortyk et al., 1995; Gue
et al., 1994; Hedin et al., 1979; Wood et al., 1988), and mor
logical features of shoots and leaves (Cason and Yates, 
Wetzstein and Sparks, 1983; respectively). However, ne
chemical nor structural characters have been identified that
clusively account for either genetic or maturity acquired re
tance to infection.
 for publication  20 June 1995. Accepted for publication 25 Oct. 1995
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One reason definitive factors have not been identified w
disease resistance in pecan is because the mode of resista
unknown. Neither the exact plant cell nor the fungal stage
development at which the disease process is arrested has
reported for host or nonhost genotypes. Identifying both 
cellular type and fungal growth stage interrupted during a re
tance response to C. caryigenum is important for targeting pecan
scab control measures and developing breeding strategies.

Another problem with understanding the pecan–C. caryigenum
interrelationship is the variable scab susceptibility of pecan cu
vars growing in different geographic locations (Sparks, 1992).
example, ten cultivars were assessed for scab susceptibili
Louisiana and Florida and the reported values converted to a 
of 0 (no scab) to 10 (severe scab). Only four cultivars, ‘Ellio
‘Mahan-Stuart’, ‘Moreland’, and ‘Success’, were within one u
of susceptibility. ‘Caddo’, ‘Choctaw’, ‘Desirable’, and ‘Farley
were more susceptible in Louisiana. On the other hand, ‘Cu
and ‘Stuart’ were more susceptible in Florida. Variable cultiv
responses in separate geographic regions are presumably d
different races of C. caryigenum. However, methodology does no
exist for validation of this assumption.

Host plant resistance has been studied extensively in many 
pathogen interactions (Callow et al., 1987), but not pecan anC.
caryigenum. The objective of the current research was to determ
the developmental stage at which C. caryigenum growth is halted and
the leaf tissue associated with cessation of fungal growth in hos
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nonhost interactions. Germ tube, appressorium, and subcut
hyphae development of C. caryigenum conidia were analyzed wit
light and electron microscopy following inoculation under contro
environmental conditions of host (pecan) and nonhost [tob
(Nicotiana tabacum L.), tomato (Lycopersicon esculentum Mill.),
and corn (Zea mays L.)] leaves.

Materials and Methods

Plant material. Immature, expanding leaves of the C. caryigenum
host plant, pecan, and the nonhost plants, tobacco, tomato, an
were collected from greenhouse grown plants. Mature, fully
panded pecan leaves about 2 months post budbreak also
analyzed from field grown trees maintained by standard prac
except omitting fungicide applications. Both immature and ma
leaves were examined for a highly resistant (‘Elliott’ ) and a hig
susceptible (‘Wichita’) pecan cultivar. Leaves of susceptible c
vars are subject to infection when less than about 28 day
(Demaree, 1924; Gottwald, 1985). Immature pecan leaves us
this study were 7 to 12 days old. A continuous supply of imma
leaves was maintained by pruning plants at monthly intervals d
active growth. Leaves of nonhost plants were  10 days old 
‘Hicks’ tobacco, ‘Sweet Million’ tomato , and ‘Silver Queen’ cor

Cladosporium caryigenum source and inoculation. ‘Wichita’
trees with young developing leaves maintained in the greenh
with monthly pruning were placed in an orchard under ‘Chero
J. AMER. SOC. HORT. SCI. 121(3):350–357. 1996.
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Fig. 1. Pecan leaf prepared for inoculation with petiole inserted in a vial filled w
water. Vial orifice sealed with parafilm. Wells created for conidia inoculum w
plastic rings attached to leaf surface with lanolin paste. Leaves from other p
were treated similarly. Bar = 4 cm.
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pecan trees with scab infection. Overhead sprinklers were us
create the humid environment required for disease developm
Sprinklers operated on a 48 h cycle with 12 h on from noon u
midnight and 36 h off. After 8 days, the ‘Wichita’ trees we
transferred to the greenhouse. Active lesions developing
‘Wichita’ leaves were scraped gently with a spatula to obt
conidia. A suspension containing 60 conidia/µl sterile deionized-
distilled H2O was used for inoculation onto leaves of host a
nonhost plants.

Excised leaves from all plants were prepared for inoculation
inserting the petiole in a vial filled with water, as illustrated for pec
(Fig. 1). The vial orifice was sealed with parafilm. Plastic rings w
coated with lanolin and attached to leaves or leaflets to create a
to hold 50 µl of C. caryigenum conidial inoculum. Inoculated leave
were incubated 48 h in a dew chamber (Sure-Temp, Apex, N.C
at 25C and 100% RH with incandescent light providing a 1
photoperiod of  40 µmol·m–2 ·s–1. Samples were removed from th
dew chamber, sealed in plastic bags, and maintained at 21C for 5
with a 14 h photoperiod provided by cool white fluorescent 40
bulbs (General Electric, Nela Park, Cleveland, Ohio). Treatm
conditions were adequate for germination, appressorium forma
and subcuticular hyphae development as reported in the classic
by Latham and Rushing (1988).

Microscopy. Leaf tissues were examined by light microscopy
quantify the frequency of germ tubes, appressoria, and subcuti
hyphae. Samples were immersed in clearing solution (250
chloral hydrate/100 ml water) for 2 to 3 days for pecan and 1
24 h for tomato, tobacco, and corn. Care was necessary 
tobacco to prevent agitation as conidia were easily displa
Cleared leaf tissues were stained for 18 to 24 h with 2% a
fuchsin in 70% ethanol diluted with a mixture of saturated chlo
hydrate and 95% ethanol (Latham and Rushing, 1988). Sta
leaf tissues were destained for 1 to 2 days and then mount
lactophenol (McBryde, 1936). Specimens were examined wi
microscope (Leitz Dialux 22 EB; Leica, Wetzlar, German
equipped with an ocular micrometer.

Cladosporium caryigenum development was analyzed 7 da
after inoculation on 10 different leaf samples for each genotyp
leaf feature studied. Exceptions to this were that only nine 
seven leaf samples were examined for the abaxial epiderm
‘Wichita’ pecan and tobacco, respectively. Conidia with a
without germ tubes, germ tubes with and without appressoria,
appressoria with and without subcuticular hyphae were cou
for at least ten host-pathogen interaction sites on each leaf sa
and calculated as percentages. An early infection index 
determined by totaling the percentage of these three events on
leaf piece. The highest sum for a leaf was set at 100 and value
all other leaves expressed relative to the highest sum. Length
minimum of seven germ tubes was measured on the abaxial su
of immature leaves for at least five leaf samples for each genot
The minimum number of germ tubes measured was 51 for tob
and the maximum, 310 for ‘Wichita’ pecan. Data were treated
analysis of variance and means separated by least signif
difference (Gomez and Gomez, 1984).

Higher plant features evaluated with regard to C. caryigenum
development were genotype, adaxial and abaxial leaf surface
host leaf maturity. Values for immature leaves were used
analyze genotype and leaf surface, but values for both imma
and mature leaves were used to analyze host leaf maturity.

Abaxial leaf surface morphology of each genotype was ex
ined by scanning electron microscopy (SEM) for sections remo
midway of the total leaf length. Samples were fixed overnight at
in 2% glutaraldehyde in 0.085 M cacodylate buffer (pH 7.2),
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dehydrated in an ethanol series, critical-point dried, mounte
aluminum stubs, and coated with gold-palladium. Conidia de
opment on leaves and leaf surface morphology were examin
12 and 5 kV, respectively, with a SEM (Philips 505; No
American Philips Corp., Mahwah, N.J.)

Results

Quantifying C. caryigenum interactions with host and nonh
leaves. Higher plant features analyzed with respect to C. caryigenum
growth were genotype, leaf surface by genotype, and pecan
maturity (Figs. 2, 3, and 4, respectively). The influence of th
plant features on the overall infection process was expressed 
early infection index (Figs. 2A, 3A, and 4A), a relative va
obtained after combining measurements of C. caryigenum specific
growth stages. Specific fungal developmental stages quantifi
percentages were conidia forming germ tubes (Figs. 2B, 3B
4B), germ tubes forming appressoria (Figs. 2C, 3C, and 4C)
appressoria forming subcuticular hyphae (Figs. 2D, 3D, and 

Genotypes were characterized for fungal activity on the ada
and abaxial surfaces of immature leaves. Fungal developmen
different among all genotypes as the early infection index
creased stepwise from ‘Wichita’, ‘Elliott’, tobacco, tomato, a
corn (Fig. 2A).  Individual infection events of percent germ tu
352

Fig. 2. Genotype influence on early infection index (A) and on specific stages o
Cladosporium caryigenum development including formation of germ tubes (B),
appressoria (C), and subcuticular hyphae (D). Early infection index is a relative
value determined by totaling the percentages of conidia with germ tubes,
tubes with appressoria, and appressoria with subcuticular hypha. Value
expressed relative to the highest sum set at 100. Means with a common le
not different (P ≤ 0.05) by least significant difference test.

Fig. 3. Adaxial and abaxial leaf surface influence on early infection index (A) and
on specific stages of Cladosporium caryigenum development including formation
of germ tubes (B), appressoria (C), and subcuticular hyphae (D). Early infection
index is a relative value determined by totaling the percentages of conidia with
germ tubes, germ tubes with appressoria, and appressoria with subcuticular
hypha. Values are expressed relative to the highest sum set at 100. Means with a
common letter are not different (P ≤ 0.05) by least significant difference test.

 the
r the
han
ita’
 tube
 than
with
C).
fec-
ecan
ves
the
hae
 not

 not

ce
tion
rm
hae
l leaf
re
leaf

th
(Fig.
the
f

 germ
s are

tter are

appressorium, and subcuticular hypha formation did not follow
same stepwise pattern (Fig. 2 B–D). Germ tube frequency fo
resistant host leaves of ‘Elliott’ pecan was significantly higher t
all other genotypes (Fig. 2B). The susceptible host, ‘Wich
pecan, and tobacco were the plants with the next highest germ
frequency. Tomato and corn produced 50% fewer germ tubes
other genotypes. Appressoria formed on all genotypes, but 
significantly less frequency on tomato and corn (Fig. 2
Subcuticular hyphal development was the specific fungal in
tion stage that separated susceptible host leaves of ‘Wichita’ p
from resistant host leaves of ‘Elliott’ pecan and nonhost lea
(Fig. 2D). Subcuticular hyphae were formed by 50% of 
appressoria on ‘Wichita leaves. In contrast, subcuticular hyp
developed from < 2% of the appressoria on ‘Elliott’ leaves and
at all from appressoria on nonhost leaves.

Adaxial and abaxial leaf surfaces within a genotype were
significantly different for supporting C. caryigenum conidial de-
velopment, except for corn (Fig. 3 A–D). A significant differen
for corn adaxial and abaxial leaf surfaces in the early infec
index (Fig. 3A) was not a reflection of higher frequency of ge
tubes (Fig. 3B), but of appressoria (Fig. 3C). Subcuticular hyp
were observed with equal frequency on the abaxial and adaxia
surface of ‘Wichita’ pecan leaves, minimum on ‘Elliott’,  and we
minimal or nonexistent on other genotypes, regardless of 
surface (Fig. 3D).

Leaf maturity influenced the early infection index for bo
pecan cultivars, regardless of susceptibility to scab disease 
4A). The early infection index for the susceptible ‘Wichita’ and 
J. AMER. SOC. HORT. SCI. 121(3):350–357. 1996.
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Fig. 4. Immature and mature leaf surfaces influence on early infection index (A) and
on specific stages of Cladosporium caryigenum development including formation
of germ tubes (B), appressoria (C), and subcuticular hyphae (D). Early infection
index is a relative value determined by totaling the percentages of conidia with
germ tubes, germ tubes with appressoria, and appressoria with subcuticular
hypha. Values are expressed relative to the highest sum set at 100. Means with a
common letter are not different (P ≤ 0.05) by least significant difference test.

Fig. 5. Variable development of germ tubes and appressorium on the nonhost plant,
corn. Conidium with barely apparent germ tube and double lobed appressorium
with point indicating apparent secretion around appressorium periphery (A).
Conidium with very long germ tube and no appressorium (B). Abbreviations: c =
conidium, g = germ tube, a = appressorium. Bars = 10 µm (A), 20 µm (B).
resistant ‘Elliott’ (Fig. 4A) was higher for immature, than matur
leaves. Immature leaves of ‘Wichita’ were significantly high
than those of ‘Elliott’, but no difference existed between cultiva
for mature leaves.

Germ tube and appressorium frequency did not differ with l
maturity for ‘Wichita’, but both fungal stages were more freque
on immature than mature leaves of ‘Elliott’ (Fig. 4 B and C). Ge
tube development was significantly more frequent on immat
‘Elliott’ than ‘Wichita’, but less frequent on mature ‘Elliott’ than
‘Wichita’ (Fig. 4B). The frequency of appressoria did not diff
between the two cultivars for corresponding leaf maturity stag
Again, subcuticular hyphal development was remarkably m
frequent in susceptible immature leaves of ‘Wichita’ than mat
leaves of either cultivar, as well as immature ‘Elliott’ leaves. A
occasional subcuticular hypha was observed in both ma
‘Wichita’ leaves and immature ‘Elliott’ leaves. However, the
hyphae occurred at a low frequency of 2%.

Morphological examination of host and nonhost interaction
Germ tube length and appressorium structure were variable
gardless of genotype, leaf surface or pecan leaf maturity. G
tubes could be short (<5 µm) or long (>20 µm) and with or without
appressoria, even on nonhost plants such as corn (Fig. 5 A an
Likewise, short and long germ tubes with single or double lob
appressoria were observed on host plants whether resistant (F
A and B) or susceptible (Fig. 7 A and B). In addition, germ tube a
appressorium morphology were variable on immature (Fig. 7) 
mature (Fig. 8) leaves, as well as on both leaf surfaces. Germ t
J. AMER. SOC. HORT. SCI. 121(3):350–357. 1996.
with attached appressorium frequently developed in a direc
opposite of an open stomate (Figs. 7B and 8A). Appress
appeared to form leaf penetration sites directly through the cut

In spite of variable germ tube length within all genotypes, m
surements of germ tube length revealed consistent differences a
genotypes (Fig. 9). Germ tubes were significantly shorter on host
on nonhost leaves and on the resistant ‘Elliott’ pecan than on
susceptible ‘Wichita’ pecan. Germ tube lengths on tomato w
about double those on the other nonhost plants, tobacco and c

Adhesive interactions were evident between nonhost (Fig.
and host (Fig. 6B) leaves with C. caryigenum. The adhesion of the
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Fig. 6. Variable development of germ tubes and appressoria on immature leaves of
the resistant host plant, ‘Elliott’ pecan. Conidium with short germ tube and double
lobed appressorium (A). Conidium with long germ tube and single lobed
appressorium with point indicating apparent secretion around appressorium
periphery (B). Abbreviations: c = conidium, g = germ tube, a = appressorium.
Bars = 10 µm (A and B).

Fig. 7. Variable development of germ tubes and appressoria on immature leaves
of the susceptible host plant, ‘Wichita’ pecan. Conidium with short germ tube
and single lobed appressorium with points indicating apparent secretion along
germ tube and around appressorium periphery (A). Conidium with long germ
tube and double lobed appressorium (B) with two more conidia in upper portion
of micrograph, one collapsed and the other with a long germ tube. Abbreviations:
c = conidium, g = germ tube, a = appressorium. Bars = 10 µm (A and B).
fungus to the plant appeared to involve secretions deposited 
encounter sites. Appressoria were the most common site w
secretions were observed, but germ tubes and conidia often
surrounded by secretory material.

Abaxial surface morphology of host and nonhost leaves 
examined to determine whether leaf surface characteristics 
responsible for frequency of fungal development. The most stri
features were characteristics and density of trichomes (Figs. 1
11). Peltate trichomes were observed on immature and mature l
of susceptible ‘Wichita’ (Fig. 10 A and B) and resistant ‘Elliott’ (F
354
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.

10 C and D). Trichomes blanketed the ‘Elliott’ leaf and frequen
abutted each other or were located within at least 20 µm of each other.
Trichomes were more sparse on ‘Wichita’ and often located up t
µm or more from each other. The major structural features on 
tobacco and tomato leaves were awn-shaped trichomes. Tobacc
trichomes (Fig. 11A) apparently were glandular judging from 
bulbous tip shape. Tomato trichomes had a pencil-shaped tip an
not appear to have a secretory function (Fig. 11B). Corn leaves di
have obvious trichomes (11C).
J. AMER. SOC. HORT. SCI. 121(3):350–357. 1996.



Fig. 8. Variable development of germ tubes and appressoria on mature leaves
susceptible host plant, ‘Wichita’ pecan. Conidium with no apparent germ 
and double lobed appressorium with point indicating apparent secretion ar
appressorium periphery (A). Conidium with long germ tube and single lobe
appressorium with point indicating apparent secretion around appresso
periphery (B). Abbreviations: c = conidium, inactive g = germ tube, a 
appressorium. Bars = 10 µm (A and B).
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Fig. 9. Leaf genotype influence on germ tubes length. Data were subjected to
logarithmic transformation before being treated by analysis of variance. Means
with a common letter are not different, P ≤ 0.05.
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Discussion

Rust fungi have been investigated more extensively than o
fungi for nonhost reactions (Heath, 1974, 1987). Uredospore
Uromyces phaseoli var. vignae causing cowpea rust and conidia
Cladosporium caryigenum causing pecan scab have similar 
sponses to host and nonhost leaves. Uredospores of cowpe
germinated equally well on all hosts and nonhosts, with a co
of exceptions. Absence of germinated uredospores was attrib
to lack of spore contact with leaf surface moisture due to abun
leaf hairs. C. caryigenum conidia germinated more frequently o
resistant host leaves of ‘Elliott’ pecan than any other leaf and 
equal frequency on the susceptible host, ‘Wichita’ pecan, an
nonhost, tobacco. About 50% fewer germ tubes were produce
tomato and corn than other genotypes. Micrographs demonst
J. AMER. SOC. HORT. SCI. 121(3):350–357. 1996.
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abundant trichomes on the tomato leaf surface, but none on c
Awn-shaped trichomes could prevent spore contact on the tom
but not corn. High germination frequency on resistant and nonh
genotypes, ‘Elliott’ pecan and tobacco, respectively, indica
germination inhibitors are not significant to scab resistance.

An appressorium must be formed over a stoma after theU.
phaseoli uredospore forms a germ tube. Appressoria were form
by 60% of the germ tubes on resistant and susceptible host cow
cultivars; whereas, much lower values were recorded on sev
nonhosts (Heath, 1974). We observed that C. caryigenum conidia
often form germ tubes and the resulting appressorium in a direc
away from, rather than toward, stomates. Latham and Rush
(1988) reported that C. caryigenum penetrates through the cuticle
not stomates. Appressoria were formed with equal frequency
both pecan cultivars and tobacco. Thus, high frequency of app
soria on genotypes not subject to disease development sug
appressorium, like germination, inhibitors may not be involved
scab resistance.

Uromyces phaseoli produced haustoria in 80% or more of th
infection sites in host cultivars, but only rarely in nonhost plan
The first stage of C. caryigenum growth after cuticle penetration is
subcuticular hyphae development (Rushing and Latham, 19
We did not quantify development intermediate between appres
ria and subcuticular hyphae which would be penetrating the 
surface. However, formation of subcuticular hyphae was limit
or absent in all plant genotypes except ‘Wichita’ pecan. Th
subcuticular hyphae development was specific for the suscep
host leaf of ‘Wichita’ pecan.

Germ tube and appressorial development are not specific
either host, leaf surface, or pecan leaf age. Immature and ma
leaves from ‘Wichita’, the susceptible host, and ‘Elliott’, a res
tant host, promoted germ tube and appressorium developm
Immature compared to mature leaves were more supportiv
both growth stages on ‘Elliott’, but not ‘Wichita’. Differences i
355
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Fig. 10. Immature and mature leaf surface morphology of susceptible host ‘Wichita pecan (A and B, respectively) and resistant ‘Elliott’ pecan (C and D, respectively).
Bars = 200 µm (A to D).
the response of the two cultivars may be that immature and m
leaves were collected from different trees or could be relate
trichome density. Micrographs demonstrated that trichomes w
more dense on ‘Elliott’ than ‘Wichita’ leaves. Thus, a more hum
environment may have been created on the ‘Elliott’ leaves us
the current study. Relative trichome frequency on ‘Wichita’ a
‘Elliott’ conflicts with an earlier report that trichomes were mo
dense on scab susceptible than scab resistant pecan cu
(Wetzstein and Sparks, 1983). Reasons for the discrepancies
two studies are not apparent, except that the earlier study use
grown plants and the current study used greenhouse grown p

The technology developed to conduct these studies wou
adaptable to screening selections for scab susceptibility 
breeding program. A major objective in breeding pecans for hu
climates is developing scab resistant genotypes (Sparks, 1
Screening is a lengthy, laborious task involving field plots t
must be maintained and monitored over hundreds of miles in
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southeastern United States. Furthermore, warm, humid env
mental conditions must occur within 28 days of budbreak
leaves to be susceptible to infection (Demaree, 1924; Gottw
1985) so that selections can be made. Humid conditions m
created naturally by climatic condition or artificially by overhe
sprinklers. The first option is risky because environmental co
tions are not conducive every year to scab development durin
susceptibility. The second option is expensive considering the
of constructing and operating overhead sprinklers. Furtherm
neither option ensures the warm temperatures essential for f
spore germination (Gottwald, 1985).

Methodology developed for this study would provide m
advantages over the current risky and expensive protocol of
testing. First, our technique provides carefully controlled envi
mental conditions so a testing program could proceed throug
the year. Seeds from controlled crosses could be germinated
heated space available and leaves tested within weeks of ge
J. AMER. SOC. HORT. SCI. 121(3):350–357. 1996.
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Fig. 11. Immature leaf surface morphology of nonhost plants tobacco (A), tomato
(B), and corn (C). Bars = 200 µm (A–C).
tion. Second, testing can be confined to one geographic loca
eliminating the need for personnel to travel to distantly loca
field plots. Third, the same plant selection can be tested witC.
caryigenum isolated from throughout the pecan growing region
analyze the possibility of races within the species. Fourth,
J. AMER. SOC. HORT. SCI. 121(3):350–357. 1996.
reverse experiment could likewise be accomplished; that is, m
different pecan genotypes could be tested with the same fu
isolate. Fifth, results would be available within a few days. Oth
advantages exist for using this technique in both breeding 
research programs and only a portion have been highlighted

In summary, methodology has been developed that me
evaluation for simplifying screening for scab resistance in pec
Furthermore, specificity has been determined for germ tu
appressorium, and subcuticular hyphal development by C.
caryigenum with respect to plant genotype, leaf surface, and pe
leaf maturity. C. caryigenum conidia produced germ tubes an
appressoria even on leaves of a monocotyledon, both adaxia
abaxial leaf surfaces, and on both mature and immature resis
and susceptible pecan leaves. Germ tube and appressoria
quency varied among genotypes and with leaf maturity, but w
not correlated with host plant resistance. For example, the resis
host cultivar ‘Elliott’ supported a significantly higher frequency o
germ tube formation than the susceptible host plant, ‘Wichit
Subcuticular hyphae development was the fungal stage that
curred only in a susceptible host. Thus, mechanism(s) for hal
C. caryigenum growth inherent to resistant pecan genotypes a
pears to operate at a stage later than either germ tube or appr
rium development on the cuticle surface.
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