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Summary

In the life cycle of Venturia nashicola, causing scab of
Asian pears, especially the stages of colonization and
sporulation in the susceptible pear cultivar ‘Suli’ as
well as the interference of the fungicide mixture Clari-
net® combining the anilinopyrimidine derivative py-
rimethanil and the triazole compound fluquincona-
zole in different stages of the life cycle of the pathogen
were studied by means of scanning and transmission
electron microscopy.

The results showed that conidia of the pathogen
germinated and developed appressoria on leaves 1 day
after inoculation (DAI). After penetration of the leaf
cuticle, hyphae developed between cuticle and epider-
mal cells and beyond hyphae also spread intercellular-
ly into the leaf tissues. Hyphae did not penetrate into
the cytoplasm. The ultrastructure of host cells which
had been contacted by hyphal cells showed marked al-
terations: their cytoplasm was disorganized, cell wall
layers became indistinct, showed electron transparent
areas and some host cells were collapsed. Sporulation
of the fungus started with the formation of conidia
12 DAI. Subcuticular stroma produced a group of asso-
ciated conidiophores (fascicles) that sometimes

emerged through stomata. The cytoplasm of hyphal
cells was dense with cell organelles and lipid droplets.
Concentric bodies were found in the cytoplasm of co-
nidiophores.

Preinfectional treatment with the fungicidal mix-
ture Clarinet® showed that the product only exhibited
a short protective action on preinfectional stages of V.
nashicola. On the other hand, postinfectional treat-
ments displayed pronounced ultrastructural changes
such as disorganization and increased vacuolization,
necrosis and irregularly thickened cell walls in stroma,
subcuticular and intercellular fungal cells. Even when
Clarinet® was applied 12 DAI cytoplasm of subcuticu-
lar hyphae and fungal cells in the intercellular space of
mesophyll tissue became disorganized and showed
large vacuoles.

The fungicide mixture severely interfered in devel-
opment of conidiophores and production of conidia by
causing morphological alterations. The specific modes
of action and interference of both fungicides in the life
cycle of V. nashicola as well as aspects of an antiresist-
ance strategy mediated by application of the mixture
are discussed.

Key words. Asian pear scab – Pyrus ussuriensis – ultrastructure – fungicides pyrimethanil – fluquinconazole –
infection process
Introduction

Pear scab, caused by Venturia nashicola Tanaka &
Yamamoto (Anamorph: Fusicladium sp.), is one of the
most destructive diseases in pear production in China.
The pathogen infects leaves, blossoms, fruits as well as
twigs of Chinese pear (Pyrus ussuriensis Maxim.) and Jap-
anese pear (P. pyrifolia (Burman f.) Nakai var. culta). It
causes not only serious yield losses, but also reduction of
fruit quality. Most commercially important cultivars are
susceptible to scab. The high epidemiological potential of
the pathogen requires intensive use of protective and cur-
ative fungicides. Ergosterol biosynthesis-inhibiting (EBI)
fungicides were shown to be effective against apple scab.
Initial research with EBI fungicides indicated that a
number of these fungicides had excellent post-infection
and pre-symptom control activity (KELLEY and JONES 1981;
SCHWABE et al. 1984; O’LEARY and SUTTON 1986) as well as
protective activity (O’LEARY et al. 1987; HUANG et al.
2001). The primary mode of action of EBI fungicides in
fungi is the inhibition of ergosterol biosynthesis, resulting
in numerous morphological and physiological alterations
in fungal cells (KANG et al. 1993, 1996, 2001; HEWITT
1998). The anilinopyrimidine fungicides, such as py-
rimethanil, display a broad spectrum of activity against
fungal diseases in vine, are recommended to control scab
diseases in fruits, vegetables and ornamentals (NEUMANN
et al. 1992) as well as in apple and pears (WINTER et al.
1994). Inhibition of protein synthesis by interference of
methionine biosynthesis (LEROUX et al. 1996) and/or se-
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cretion of extracellular enzymes (proteins) (MILLING and
RICHARDSON 1995; MILLING and DANIELS 1996) are consid-
ered as the modes of action of anilinopyrimidines. Clari-
net® is a mixture containing the anilinopyrimidine deriv-
ative pyrimethanil and the EBI fluquinconazole. The aim
of the present study was to contribute to a better under-
standing of the life cycle of V. nashicola and to examine
the interference of the fungicide Clarinet® in infection
stages of the Asian pear scab fungus following pre- and
postinfectional treatments using electronmicroscopical
studies.

Materials and Methods

Plant, inoculum, inoculation

Four-year-old plants of the susceptible pear cultivar ‘Suli’
grown in the research plot of Yangling, Shaanxi (China)
were used for the experiment. The inoculum of Venturia
nashicola was obtained by collecting naturally infected
leaves with sporulating scab lesions of unsprayed pear
trees in the research plot. A conidial suspension was pre-
pared by shaking the leaves in de-ionized water. The
spore suspension was adjusted to a concentration of 1∼5
x 105 conidia/ml and used to spray the youngest expand-
ed leaves. After inoculation, the leaves were covered with
plastic bags for at least 2 d to keep up the moisture.

Fungicide application

The fungicidal preparation Clarinet® containing the tria-
zole derivative fluquinconazole [(3-(2,4-dichlorophe-
nyl)-6-fluoro-2-(1H-1,2,4-triazol-1-yl)quinazo-
lin-4(3H)-one; 50 g a.i/l) and the anilinopyrimidine
compound pyrimethanil [N-(4,6-dimethylpyrimidi-
en-2-yl)alanine; 150 a.i./l] prepared as SC formulation
was diluted with water 1:100, and the suspension was
sprayed on leaves as follows: (i) 3 days and 1 day before
inoculation (DBI); (ii) 1, 3 and 12 days (in the sporula-
tion stage when typical symptoms were seen) after inoc-
ulation (DAI). The fungicidal suspension was applied
with a handgun to run-off. Control leaves were treated
with distilled water.

Tissue processing for scanning electron microscopy (SEM)

The treated and control leaves were sampled 12 h, 1, 2, 3,
5, 8, 12, and 15 DAI. Samples were first fixed with 4 %
(v/v) glutaraldehyde in 50 mM phosphate buffer (pH
6.8) for 8–10 h at 4 °C and rinsed with the same buffer for
3 h. Samples were postfixed in 1 % (w/v) osmium tetrox-
ide in 50 mM phosphate buffer for 1 h. After dehydration
in a graded acetone series, the samples were critical-point
dried, mounted on stubs, sputter coated with gold-palla-
dium, and viewed using a Zeiss 100 scanning electron mi-
croscope operating at 15 kV.

Tissue processing for transmission electron microscopy 
(TEM)

Inoculated leaves treated or not treated were taken 1, 2,
3, 5, 8, 12, and 15 DAI. The leaf segments were excised
into pieces and fixed in 3 % (v/v) glutaraldehyde in
50 mM phosphate buffer (pH 6.8) for 3–6 h at 4 °C.
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Thereafter, samples were rinsed thoroughly with 50 mM
phosphate buffer (pH 6.8) and post-fixed with 1 % (w/v)
osmium tetroxide in the same buffer for 2 h at 4 °C.

Subsequently, all samples were dehydrated in a grad-
ed ethanol series, embedded in LR White (TAAB Labora-
tories, Munich) and polymerized at 50 °C for 2 d. Ultra
thin sections of the samples were cut with a diamond
knife and collected on 200-mesh copper grids. After con-
trasting with uranyl acetate and lead citrate, the grids
were examined with a Zeiss-EM10 electron microscope at
80 kV.

Results

Infection process and colonization of leaves by Venturia 
nashicola

The SEM observations showed that many conidia (Fig. 1,
2) of V. nashicola had germinated 12 h after inoculation
(HAI), and 24 HAI the percentage of germinated conidia
was 82.3 %. Mostly, germtubes emerged at the side of the
conidia (Fig. 3, 14–17) and developed one-half to twice
the length of the conidia. At the tip, germ tubes enlarged
to form appressoria (Fig. 1, 2). Appressoria were usually
formed at the juncture of epidermal cell walls and direct-
ly penetrated through the leaf cuticle. No entering
through the stomatal openings of leaves by the pathogen
was found. Some changes in cuticle integrity were ob-
served where an appressorium had been formed (Fig. 1,
2).

The TEM studies revealed that after penetration the
hyphae developed from infection sites between the cutic-
ular layer and the epidermal cell walls (Fig. 1, 3). The
fungus formed a flattened cell layer directly on the epi-
dermal cells (Fig. 1, 4). As the infection progressed, 5–
8 DAI hyphae developed intercellularly into the leaf tis-
sues (Fig. 1, 4–5). A primary stroma was found 8 DAI
(Fig. 1, 6; Fig. 2, 9). The protoplasmic organization and
structural integrity of the various cellular components of
Venturia nashicola in pear leaves were similar to that re-
ported previously (PARK et al. 2000). Hyphae did not pen-
etrate into host cytoplasm.

Host cells in contact with hyphal cells were obviously
influenced and markedly altered in ultrastructure. The
layers of host cell walls showing electron transparent ar-
eas (Fig. 1, 3–6) and became uneven and thickened
(Fig. 1, 4–5).

At later stages of pathogen development, the TEM ob-
servations showed that on the uppermost cell layer of the
subcuticular stroma annellides (conidiophores) devel-
oped (Fig. 1, 6). These conidiophores with thickened cell
walls produced conidia 8–15 DAI (Fig. 1, 6–7).
SEM-studies revealed that bulb-like initial conidia were
often born singly on the top of conidiophores (Fig. 2, 8).
A stroma usually developed a group of fascicles of 5–7 or
more associated conidiophores (Fig. 2, 8–11). The cyto-
plasm of growing conidiophores contained a nucleus, nu-
merous lipid droplets (Fig. 1, 7) and concentric bodies
were often found in the cytoplasm of the conidiophores
as TEM observations showed. The enlarging stroma and
conidiophores exert pressure on the cuticle until it is rup-
tured.

Conidiophores were often found to have emerged
through stomata (Fig. 2, 10). A typical scab symptom was
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observed at 12 DAI. The blackish coloration and velvety
appearance of mature lesions were primarily due to the

Fig. 1. 1–7: Scanning (SEM) and transmission (TEM) electron
micrographs of different stages of the life cycle of Venturia
nashicola on Asian pear leaves (cv. ‘Suli’), not treated with
fungicide. 1: A one-celled mature conidium of ovate form. 2:
Germinated conidium with short germ tube developing from
the side of the conidium 1 DAI. On the apex of the germ tube
an appressorium was formed. Germ tube and appressorium
adhere firmly to the cuticle and slime material can be seen
on the appressorium. Some changes of the cuticular integri-
ty were observed where the appressorium was formed. 3:
Subcuticular hyphal cells in close contact with the host epi-
dermal cell, 2 DAI. The hyphal cytoplasm was dense, and hy-
phal cell walls were thin, even and uniform. Translucent areas
in the host cell wall suggest cell wall degradation. 4: Subcu-
ticular hyphae also invading the middle lamella between ad-
jacent epidermal cells, 5 DAI. The host cell walls were
obviously changed in ultrastructure and became uneven. 5:
Extensive hyphal growth in the intercellular space and be-
tween adjacent mesophyll cells. Host cell walls in direct con-
tact with fungal hyphae were thickened by appositions;
collapse and necrosis of host cells was observed, 8 DAI. 6: The
subcuticular stroma had formed several cells in thickness,
8 DAI. 7: Conidiophores (annellides) arising from the upper-
most cell layer of the subcuticular stroma, 15 DAI, and conid-
ia had been produced. The longitudinal section of a young
conidium show dense cytoplasm and vacuoles (V). C: conidi-
um; G: germ tube; A: appressorium; CU: cuticle; H: hypha;
CW: host cell wall; E: epidermal cell; ST: stroma; CP: conidio-
phore; L: lipid droplets;  
presence of the superficial parts of the fungus on the leaf
surface, the brown conidiophores, and the large number
of pale-brown conidia (Fig. 2, 11). Production of conidio-
phores, and conidia occured in narrow thread-like lines
which radiate from the infection site, branching repeat-
edly and forming a network above the veins on the lower
surface of the leaf (Fig. 2, 12), suggesting that spread or
sporulation of the fungus was easier in this area than in
the other tissues of pear leaves.

Mature conidia were one-celled, smooth, ovate, but
sometimes irregular in shape (Fig. 1, 2 and 7; Fig. 2, 11).
Besides the nucleus the conidial cytoplasm contained
vacuoles and lipid droplets (Fig. 1, 7; Fig. 3, 13).

Effects of the fungicide on the development of Venturia 
nashicola on pear leaves

SEM observations showed that by preinfectional spray
treatment 1 DBI with Clarinet® the infection process of V.
nashicola compared to untreated leaves was affected. On
treated leaves 1 DAI the germ tubes, appressoria as well

Fig. 2. 8–12: SEM of formation of conidiophores and conidia
of V. nashicola in infected control leaves. 8: An initial conid-
ium produced by a conidiophore (annellide) 12 DAI. 9: From
the subcuticular stroma fascicles of conidiophores devel-
oped, which raptured the cuticle, 8 DAI. 10: Fascicles of con-
idiophores emerging from a stoma, 12 DAI. The
conidiophores show scars at the apex, and apexes begin to
proliferate in order to form conidia. 11: Conidia produced by
conidiophores and numerous mature conidia were seceded
from the annellides, 12 DAI. 12: Extensive production of con-
idiophores and conidia often occurs along veins on the lower
leaf surface, 15 DAI. CP: conidiophore; IC: initial conidium; C:
conidium
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as conidia were shrunken, flattened and deformed on
pear leaves (Fig. 3, 14–16). Some germ tubes were abnor-
mally elongated and had not formed appressoria (Fig. 3,
17). However, treatment of leaves 3 DBI did not affect co-
nidial germination and appressorium formation, indicat-
ing that the protective action of Clarinet® does not persist
more than 3 d.

TEM observations revealed distinct ultrastructural
changes in subcuticular hyphae when leaves were treated
3 DAI. Fungal cells between the host cuticular layer and
the epidermal cell walls showed pronounced disorganiza-
tion, a greater number and larger vacuoles (Fig. 4, 18) as
well as necrosis and irregularly thickened cell walls 1–3
days after treatment (1–3 DAT)) (Fig. 4, 19). Even when
Clarinet® was applied 12 DAI, cytoplasm of subcuticular
hyphal cells was disorganized 2 DAT (Fig. 4, 20) and the
dense hyphae in the intercellular space of the mesophyll
showed numerous and large vacuoles 3 DAT (Fig. 4, 21).
Postinfectional treatment (12 DAI) caused severe ul-
trastructural changes in conidiophores (Fig. 4, 22) and
conidia 3 DAT (Fig. 4, 23). They also showed thickened
walls, disorganized cytoplasm and nuclei as well as nu-
merous vacuoles.

Discussion

The precise knowledge of the life cycle may be considered
as a prerequisite for better understanding of fungicides
interfering in specific stages of the target pathogen in
planta.

The life cycle of Venturia nashicola, the cause of scab
on Asian pear, had been till now not completely elucidat-
ed. PARK et al. (2000) have examined especially the early
and late stages of the infection process of V. nashicola on
susceptible, resistant and non host pear cultivars by using
light and electron microscopical methods. They showed
that the pathogen invaded the cuticular layer of pear

Fig. 3. 13: Cross section of a conidium, illustrating the cell
wall (W), cytoplasm, nucleus (N) and vacuoles (V). 14–17: SEM
of pre-penetration development of Venturia nashicola on
Asia pear leaves (cv. ‘Suli’) treated with the fungicide Clari-
net® (1 DBI). The appressorium of the germinated conidium
was flattened, 1 DAI (14) and deformed (15). 16: Both germ tube
and appressorium were shrunk and deformed, 1 DAI. 17: Germ
tube extending abnormally on the host surface; no appresso-
rium was formed at the apex of the germ tube, 1 DAI. C:
conidium; G: germ tube; A: appressorium
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leaves and developed subcuticular hyphae on all three
cultivars. Our studies on the pre-penetration stages of V.
nashicola (such as germination of conidia, germ tube and
appressorium formation) as well as the penetration of the
host cuticle and the initial subcuticular hyphal growth
agreed with earlier reports (YAMAMOTO and TANAKA 1963;
ADACHI et al. 1997; PARK et al. 2000). In our study the
knowledge of the life cycle of V. nashicola, especially the
stage of colonization of the leaf tissue of a susceptible
pear cultivar was extended. We were able to demonstrate
for the first time that the hyphal growth of the pear scab
pathogen was not restricted between the cuticle and the
epidermal cells but also colonized intercellularly meso-
phyll leaf tissue in the susceptible pear cultivar ‘Suli’. The

Fig. 4. 18–19: TEM of development of V. nashicola on Asian
pear leaves (cv. ‘Suli’) treated with the fungicide Clarinet® 3
days after inoculation (DAI). 18: The cytoplasm of subcuticu-
lar hyphal cells was disorganized, containing large vacuoles,
4 DAI. 19: The fungal cell walls of the subcuticular hyphae
were thickened and the cytoplasm was disorganized, 6 DAI.
Appositions produced thickened epidermal cell walls directly
adjacent to the stroma cells. 20–22: TEM of V. nashicola de-
velopment on Asia pear leaves (cv. ‘Suli’) treated with the
fungicide Clarinet® 12 days after inoculation. 20: Cytoplasm
of subcuticular hyphal cells was degraded and numerous
vacuoles were formed, 14 DAI. 21: Hyphae which had intense-
ly colonized the intercellular space of the mesophyll showed
numerous large vacuoles, some other cells were collapsed
and necrotic, 15 DAI. 22: Conidiophore (annellide) with scars
and apex showed thick cell walls and necrotic cytoplasm,
15 DAI. 23: Treatment of pear leaves 12 DAI; Cross section of a
conidium 3 days after treatment showing thickening of cell
wall (W), disorganized cytoplasm and nucleus (N) .
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studies imply a more complex interaction between this
pear cultivar and the scab pathogen. Further studies will
show whether this colonization behaviour of V. nashicola
also applies to other susceptible pear cultivars.

For penetration, the infection hypha produces cutinas-
es which will facilitate invading the cuticle membrane,
and degradation products of the cuticle provide sub-
strates for initial development of the fungus between cu-
ticle and epidermal cells. During subcuticular spreading,
hyphae are extending especially in pectin layers. This
growth pattern suggests that the subcuticular hyphae
produce and secrete pectinolytic enzymes. These en-
zymes facilitate hyphal extension, and the degradation of
products of pectin furthermore supply nutrients for fun-
gal growth and metabolism (PARK et al. 2000). It has been
shown by ISSHIKI et al. (2000) that V. nashicola and V. pi-
rina produce polygalacturonases. The intercellular colo-
nization of mesophyll leaf tissue of cultivar ‘Suli’ supports
the finding that V. nashicola is an efficient producer of
pectinolytic enzymes. Translucent areas in host epider-
mal cells in direct contact with fungal subcuticular hy-
phae also suggest secretion of cell wall degrading en-
zymes by fungal hyphae.

The interference of the fungicide mixture Clarinet®,
consisting of the aminopyrimidine derivative pyrimeth-
anil and the triazole compound fluquinconazole, in
pathogenesis of V. nashicola was studied following pre-
and postinfectional treatments. The results demonstrated
that application of the mixture 1 DBI did not appreciably
affect germination of conidia and formation of appresso-
ria, however, germ tubes and appressoria appeared
shrunken, flattened and partly deformed. Extending the
interval of pre-infectional treatment and inoculation, ef-
fectiveness of the fungicide mixture decreased sharply.
The short protective activity of Clarinet® may be due to
the specific modes of action of the two fungicides. Both
compounds interfere at different sites in metabolic proc-
esses of the target fungi. Studies of MILLING and RICHARD-
SON (1995) showed that pyrimethanil inhibited secretion
of fungal enzymes produced in liquid culture and in in-
fected plants. It might be assumed that suppressing secre-
tion of enzymes severely interferes in infection cycle of V.
nashicola. Cytological investigations of MILLING and DA-
NIELS (1996) support the supposition that pyrimethanil
controls V. nashicola by inhibition of protein secretion.
Studies on the effect of the pyrimethanil on the infection
process of V. inaequalis revealed that the compound did
not interfere in germination and appressorium forma-
tion, but prevented the development of subcuticular run-
ner hyphae from the primary stroma. The initiation of the
rapidly extending runner hyphae appears to be stimulat-
ed by cell wall degrading enzymes, especially pectinases,
secreted by the subcuticular primary stroma cells. The
nutrients provided by degradation of pectin facilitate sub-
cuticular hyphal growth of Venturia spp. Moreover, it has
been reported that pyrimethanil may interfere with bio-
synthesis of methionine and of the branched amino acids
leucine and valine (LEROUX et al. 1996).

Fluquinconazole is a member of the triazole fungi-
cides which are known to inhibit ergosterol biosynthesis
in target fungi. Ergosterol is an essential constituent of
fungal membranes. Depletion of functional sterols (e.g.
ergosterol) and accumulation of sterol intermediates re-
sults in severe alterations of membrane structure and
function in fungal cells (BUCHENAUER 1987; FULLER et al.
1990). These effects lead to excessive chitin synthesis and
severe morphological alterations of fungal structures re-
sulting finally in growth inhibition and death of fungal
cells. Electronmicroscopical studies revealed that pre-
and especially postinfectional applications of Clarinet®

caused distinct morphological and ultrastructural chang-
es in appressoria, hyphae, conidiophores and conidia of
V. nashicola. Most likely these effects may result from the
interference of fluquinconazole in ergosterol biosynthesis
of V. nashicola. Electronmicroscopical studies of PAUL and
BRANDES (1983) showed that protective treatment of ap-
ple leaves with Baycor® (active ingredient is the triazole
fungicide bitertanol) hardly affected preinfection stages
of V. inaequalis on the leaf surface, whereas development
of subcuticular stroma was essentially smaller and no fur-
ther fungal growth was observed. Following curative
treatment (3 DAI) further growth of the apple scab fun-
gus was almost prevented and no conidia production was
observed. Only few malformed conidiophores were de-
termined (PAUL and BRANDES 1983).

Contrary to the short protective activity the fungicide
mixture Clarinet® exhibited pronounced curative effec-
tiveness against scab of Asian pears. The experiments in-
dicated that Clarinet® applied 2 weeks after inoculation
prevented conidia production in scab lesions.

Single applications with pyrimethanil carry a high in-
herent risk of resistance (HILBER et al. 1999; KÜNG et al.
1999). Continued use of triazole fungicides increases
gradually the proportion of the scab population less sen-
sitive to EBI fungicides (FIACCADORI et al. 1987; HILDE-
BRAND et al. 1988; SMITH et al. 1991).

In order to reduce the risk of resistance development,
it is essential to combine fungicides of high efficiency
with different modes of action. The fungicide mixture
Clarinet® represents an appropriate product of an antire-
sistance strategy.
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