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Ascospore germination and appressorium formation in*vitro of
Polystigma amygdalinum and its survival period
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Abstract

Ascospore germination was examined in Polystigma amygdalinum, incitant of red leaf blotch of almond with
the goal of more detailed study of the biology and disease phases of this biotroph. Appressorium develop-
ment is described for a species of Polystigma for the first time. Temperature had marked effect on ascospore
germination and appressorium formation process. Germination and appressorium formation occurred in a
temperature range of 5 to 20°C. Germination percentages were highest at 5 to 10°C. Ascospores at 25°C
showed abnormal swellings and distortion of the cell content. Light had no effect on ascospore germination.
The highest germination of ascospores was obtained on potato dextrose agar medium.

Keywords: Polystigma amygdalinum, Almond leaf blotch, ascospore germination, appressorium forma-
tion
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Introduction

Polystigma amygdalinum P.F. Cannon , the
causal agent of red leaf blotch disease of almonds,
has been reported to occur in many countries
(Khan, 1961; Saad and Masannat, 1997; Cimen
and Ertugrul, 2007; Ghazanfari and Banihashemi,
1976). The pathogen often results in premature
defoliation. ~ Based on  morphology, P.
amygdalinum has been assumed to be a member of
the order Phyllachorales (Cannon, 1996; Lumbsch,
2007). The pathogen overwinters as ascocarps in
leaves on the soil and produces mature ascocarps
by the end of winter (Ghazanfari and Banihashemi,
1976). Ascospore discharge begins at flowering
and attacks the emerging leaves. The incubation
period was estimated to be about 30-35 days
(Banihashemi 1990). Little has done regarding the
biology of Polystigma spp.

There is few published information on
ascospore germination in Polystigma species and
appressorium formation has not been described in
any Polystigma spp yet. Banishashemi (1991)
working on biology of P. amygdalinum noted that
the mature ascospores obtained from overwintered
leaves germinated in distilled water and water agar
at 20°C and finally burst. Another report is by
Suzuki et al. (2008) who observed the ascospore
germination of Polystigma fillvum on water agar in
which did not grow further to produce colonies on
agar media. Ascospore germination and
appressorium formation has been studied in other
Phyllachorales in species of Phyllachora by
Parbery (1963) and Dittrich et al (1991).
Ascospore  germination and  appressorium
formation have been observed and described in
many fungi of various ecological and phylogenetic
groups.

The morphological characteristics  of
appressoria are reported to be distinct and used for
taxonomic separation of fungal species, e.g. in the
gunus Colletotrichum (Sutton, 1968), Phyllachora
(Parbery, 1963), species of the Rhytismataceae
(Osorio and Stephan, 1989) and powdery mildew
species (Zaracovitis, 1966). Appressorium may
therefore be a useful taxonomic criterion for
species identification.

In this study experiments were conducted on
germination of ascospores of P. amygdalinum and
various factors affecting spore germination of this
pathogen with the goal of obtaining the fungus in
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artificial culture for more detailed study of the
biology and disease phases of this biotroph.

Materials and methods
Collection of Samples

Leaves of almond infected with P.
amygdalinum containing mature ascomata were
collected during March of 2013 at almond orchards
of Maharlou region, Fars, Iran. The leaves stored at
4°C.

Germination of ascospores in vitro

To abtain ascospores for germination studies,
the infected leaves containing P. amygdalinum
ascostroma were crushed in distilled water on glass
slides, the centrum containing ascospores
transferred to sterile distilled water. Ascospore
suspentions were spread over potato dextrose agar
(PDA) and incubated at 5, 10, 15, 20, and 25°C.
Suspensions were also mounted in hanging drops
of water (Thite & Patil, 1975) on glass slides and
incubated at 5, 10, 15, 20, and 25°C. The media
and slides were observed at intervals of 2, 4, 6, 8,
12, 24, 48, and 72 hours after mounting. 100
spores per sample were examined with a light
compound microscope. In order to compare
changes in size of ascospore during germination,
an average of 50 ascospores was measured before
and after germination using a dino-eye microscope
camera.

The following alternations in temperature
were employed: 1) 10°C for 24 hours changed to
20°C. ii) 10°C for 48 hours changed to 20°C.

The effect of light on ascospore germination
of P. amygdalinum was studied by keeping media
containing ascospores in black plastic bags in
20°C. Ascospore germination was examined
periodically and compared to ascospore
germination in the control media put at 20°C under
florescent lamps.

Ascospore germination and appressorium
formation on excised leaves

Ascospore germination and appressorium
formation were also studied on almond excised
leaves. The excised leaves were washed and
surface disinfected at 95% EtOH for 10 s, 1%
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NaOCl for 1 min, and then distilled H,O for 1 min.
Ascospore suspensions were spread over excised
leaves, placed in moist chambers and incubated in
10 and 20°C for 10 days. The leaves were
examined for a couple of days. For microscopic
examinations; the leaves were cleared by a method
described by Busch and Walker (1958). For
recovery of viable spores from leaf surface, melted
(40°C) 3% water agar applied to the leaf surface
and allowed to gel (Lingappa & Lockwood, 1963).
A Petri dish containing a water saturated Whatman
paper was used as a moist chamber.

Media used for germination of ascospores

The media used were water agar (WA), Yeast
extract agar (YEA), potato dextrose agar (PDA),
corn meal agar (CMA), mung beans agar (MBA,
filtrate of 100g of boiled mung beans in 11 of
water), Sabouraud nutrient agar (SNA) (Dittrich et
al., 1991), almond leaf extract agar (AEA, 4g of
almond leaves were homogenized in 20ml distilled
water and then filtered with 0.2 p Millipore filter),
Almond leaf agar (ALA, 40g almond leaves were
homogenized with 1000 ml distilled water). 0.3 ml
90%]actic acid was added to media. Replicates of
each media containing ascospores were incubated
at 5, 10, 15, 20, and 25°C. The germination of
ascospores was examined by light microscope.

Results

Germination of ascospores and appressorium
formation

The germination of all ascospores under study
followed a similar pattern. Ascospores began to
germinate within 6 hours at 5 to 20°C with the
production of an unbranched non-septate germ
tube. No predetermined germ pores were observed
and the germ tubes emerged from any point on the
ascospores. However, they were lateral in most
cases (Fig la,b,c). Each ascospore was capable of
giving rise to only one germ tube (exceptions to
this were rare). Not all viable ascospores
commenced germination simultaneously. In some
cases, ascospores still in the ascus were also found
to germinate in situ and the germ tubes passed
through ascus wall (Fig 1d). Occasionally the
ascospores seemed constricted at the middle, but
no septum were seen (Fig le). An increase in

average size of ascospores from 12.31 (£1.4) x4.56
(£0.62) um to 16.07 (£1.68) x7.09 (£0.72) (um)
was observed in germinated ascospores.

Most germinated ascospores finally developed
an appressorium. The appressorium initiates as a
terminal swelling of the germ tube. Germ tubes
could reach a length one to five times that of the
ascospore and then start developing an
appressorium (Fig 1f). Appressorium formation
started after 12-72 hours with gradual shape and
size changes and finally they became separated
from the germ tube by a septum and showed their
typical form (Fig 1g, h). A mature appressorium is
slightly pigmented. When appressorium formation
was finished, the cell content of the ascospores
dissolved gradually after 3-5 days and there was no
tendency to produce colonies in agar media. Very
rarely a short secondary tube germinated from the
appressorium.

The appressoria did not have significant
differences in shape and size and were mostly
uniform. The appressoria were simple and more or
less globose to oval. Appressoria in hanging drops
were sessile or on very short germ tube and
globose (Fig 1g, h, 1).

Germination of ascospores also occurred in
distilled water in hanging drops without problems
and at a high percentage. Appressorium formation
which is the first step to infection was faster in
hanging drops compared to solid media. Ascospore
germination and appressorium formation in
hanging drops of water started within 6-10 hours
and was finished after 48 hours with the ascospore
and asppressorium disappearing in the water. On
PDA medium the germ tubes usually attained a
considerable length before appressoria are formed,
but in hangigng drops appressoria are formed
immediately after a limited elongation (Fig 11).

Ascospore germination and appressorium
formation on excised leaves were studied too.
Ascospores of P. amygdalinum were found to
germinate on excised leaves of almond but with a
very low percentage. No appressorium formation
was observed with the methods used. No
penetration onto leaves was observed.

Appressorium formation in vitro in Polystigma
amygdalinum was successful.

Factors influencing the ascospore germination and
appressorium formation

Temperature had marked effect on
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Figure 1. Germinating ascospores and appressorium development of P. amygdalinum. a, b, c, lateral and polar
germ tubes. d, ascospore germination within ascus. e, ascospore constriction after germination. F, germ tubes
could reach a length one to five times that of the ascospore. g, h, i, appressorium formation. j, k, abnormal swel-
lings and distortion of the cell content of ascospores in 25°C
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Figure 1. Continued.
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Figure 2: Effect of temperature (°C) on ascospore
germination (%) of Polystigma amygdalinum in pota-
to dextrose agar medium.
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Figure 3: Effect of temperature (°C) on percent of
ascospores of Polystigma amygdalinum that devel-
oped appressorium in potato dextrose agar medium.

germination of ascospores. Germination and
appressorium formation occurred in a temperature
range of 5 to 20°C. They were slower at higher
temperatures. Germination percentages were
highest at 5 to 10°C. 70% of the spores germinated
at 10°C after 48 hours and 55% of them produced
appressorium. Only 7% of the spores germinated at
25°C after 24 hours and 5% of them produced
appressorium. Most ascospores at 25°C showed
abnormal swellings and distortion of the cell
content (Fig 1j, k) and very few ascospores
survived long enough to produce germ tubes. At 5
to 10°C germ tube lengths were shorter than that at
20°C and most of appressoria were sessile. When
the temperature was changed from 10°C after 24
hours to 20°C a high percentage of appressoria
(60%) formed on PDA medium compared to
constant temperatures.

Ascospores germinated equally under dark and
light conditions used.

Germination percentage of p. amygdalinum
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ascospores varied among different media. Best
results were obtained on PDA and WA. The
percent of germination was very low on other
media. No germination was observed on SNA,
AEA and ALA. Germ tubes were longer on WA
compared to that on PDA

Discussion

Although ascospore germination in vitro of
species of Polystigma has been reported in
Polystigma ochraceum and Polystigma fulvum
(Banihashemi 1991; Suzuki at al. 2008), no
detailed study have been done on germination
patterns in this genus. The germination of
ascospores of P. amygdalinum is to some extent
similar to the pattern described for species of
Phyllachora (Orton, 1956; Parbery, 1963; Dittrich
et al., 1991). We observed that P. amygdalinum
ascospores germinate and develop appressorium at
5 to 20°C in both distilled water and agar media
with the highest germination percentage at 10°C
and week and abnormal germination at
temperatures higher than 20°C. Orton (1956) noted
a different temperature range of 25 to 27°C for
ascospore germination in Phyllachora punctum.
Our observations are partly consistent with Parbery
(1963) and Dittrich et al. (1991) who found that
the optimum temperature for Phyllachora species
is 10 to 20°C and that at 25°C germination and
appressorium formation are lower.

The optimum temperature of 10°C in which
ascospore germination and appressorium formation
occurs permits P. amygdalinum to penetrate
almond leaves during early spring when the new
emerging leaves are sensitive. This ability to
germinate and form appressorium only at low
temperatures may provide an explanation for P.
amygdalinum associated with host leaves
emergence at the beginning of the season while the
mature ascocarps containing viable ascospores
from previous season are present during the whole
life stages of the host.

Ascospore  size was increased  after
germination. Allen (1965) and Gottlieb (1950)
stated that swelling of spores during germination is
a general phenomenon. According to d’Enfert
(1997) swelling is the first morphological change
that can be observed during spore germination
which involves water uptake as well as wall
growth. It is concomitant with the restart of
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numerous metabolic activities including respiration
and RNA and protein synthesis and result in a cell
whose diameter is two to several times that of the
resting spore.

Ascospore germination within the ascus is
observed by Ullasa (1969) in Parodiella and Orton
(1956) in Phyllachora punctum. This was also
noted during present study.

The present work is the first report on
appressorium formation and its process of
development in Polystigma. Orton (1956) saw
appressorium initials in Phyllachora punctum and
named them ‘appressorium-like swellings’. Later,
Parbery (1963) described the process of
appressorium  formation  for  species  of
Phyllachora. In Polystigma, we observed that the
appressoria started as swellings at the apex of the
germ tubes which were finally sessile or subtended
by a germ tube from which they were separated by
a septum similar to appressoria in many other
species in genera such as Phyllachora,
Colletotrichum and Guignardia (Emmett and
Parbery 1975; Sutton, 1968; Skoropad, 1967). The
optimum temperature for appressorium formation
coincided with that for spore germinations.
Although there are reports on effect of light on
spore germination and appressorium formation in
many fungi such as powdery mildews (Staub et al.
1974 and rusts (Emmett and Parbery 1975), light
had no effect on spore germination and
appressorium formation in P. amygdalinum.
Ascospore  germination and  appressorium
formation may be affected by other factors such as

References

maturity of ascospores as noted by Osorio and
Stephan (1989) in species of Rhytismataceae.

Appressorium formation was highest and
fastest in hanging drops but they frequently burst
in water, presumably because of high pressure
potentials within the spore. Dittrich et al. (1991)
observed the same situation in ascospore
germination of Phyllachora species in water drops
and connected it to the lack of nutrients and other
essential substances. This phenomenon is also seen
in other appressorium forming fungi such as
Uncinula (Gadoury & Pearson, 1990)

Ascospores of P. amygdalinum germinated
well on PDA medium. Nutrients available in PDA
especially starch may have triggered spore
germination. Foster and Wynne (1948) stated that
starch neutralizes some factors unfavorable to
spore germination. Inhibitors such as phenolic
compounds in almond tissues (Sang et al., 2002)
may be an explanation for germination inhibition
in ALA and AEA media. Failure of the germinated
ascospores and appressoria to develop colonies in
artificial media indicates its true obligate nature.
Ascospores of P. amygdalinum were found to
germinate on excised leaves of almond but with a
very low percentage probably due to low
availability of nutrients and possible inhibitors on
leaf surface.

Future studies should refer to details of the
function of appressoria in Polystigma. It will be
necessary to overcome the resistance of this fungus
to develop colonies in artificial media.

Allen, P., 1965. Metabolic aspects of spore germination in fungi. Annual Review of Phytopathology 3, 313-

342.

Banihashemi, Z. 1990. Biology and control of Polystigma ochraceum, the cause of almond red leaf blotch.

Plant Pathology. 39: 309-315.

Busch, L., Walker, J., 1958. Studies of cucumber anthracnose. Phytopathology 48, 302-304.

Cannon, P.F., 1996. Systematics and diversity of the Phyllachoraceae associated with Rosaceae, with a
monograph of Polystigma. Mycological Research 100, 1409-1927

Cimen, I. and Ertugrul, B.B. 2007. Determination of mycoflora in almond plantations under drought
conditions in southeastern Anatolia project region, Turkey. Plant Pathology Journal (Faisalabad) 6, 82-

86.

Dittrich, U., Hock, J., Kranz, J., and Renfro, B. 1991. Germination of Phyllachora maydis ascospores and
conidia of Monographella maydis. Cryptogamic Botany 2, 214-218.

Emmett, R., and Parbery, D. 1975. Appressoria. Annual Review of Phytopathology 13, 147-65

Foster, J.W. and Wynne, E.S. 1948. Physiological studies on spore germination, with special reference to

468



Iran. J. Plant Path., Vol. 51, No. 4, 2015: 461-469

Clostridium botulinum: 1V. Inhibition of germination by unsaturated C18 fatty acids. Journal of
bacteriology 55: 495-501.

Gadoury, D.M., Pearson, R.C., 1990. Germination of ascospores and infection of Vitis by Uncinula necator.
Phytopathology 80, 1198-1203

Ghazanfari, J., and Banihashemi, Z. 1976. Factors influencing ascocarp formation in Polystigma ochraceum.
Transactions of the British Mycological Society 66, 401-406.

Gottlieb, D., 1950. The physiology of spore germination in fungi. The Botanical Review 16, 229-257.

Khan, A.H., 1961. Some new diseases of hardwoods and bamboo in Pakistan. Mycopathologia 14, 241-262.

Lingappa, B., and Lockwood, J., 1963. Direct assay of soils for fungistasis. Phytopathology 53, 529-531.

Lumbsch, H.T. and Huhndorf, S.M. 2007. Outline of ascomycota-2007. Myconet , 13, 1-58.

Orton C, 1956. The morphology and life history of Phyllachora punctum. Phytopathology 46, 441-4

Osorio, M., and Stephan, B.R. 1989. Ascospore germination and appressorium formation in vitro of some
species of the Rhytismataceae. Mycological Research 93, 439-451.

Parbery, D. 1963. Studies on graminicolous species of Phyllachora Fckl. 1. Ascospores-their liberation and
germination. Australian Journal of Botany 11, 117-130

Saad, T. and Masannat, K. 1997. Economic importance and cycle of Polystigma ochraceum, causing red leaf
blotch disease of almond, in Lebanon. Bulletin OEPP/EPPO Bulletin 27, 481-485.

Sang, S., Lapsley, K., Jeong, W., Lachance, P.A., Ho, C., Rosen, R.T. 2002. Antioxidative phenolic
compounds isolated from almond skins (Prunus amygdalus Batsch). Journal of Agricultural and Food
Chemistry 50, 2459-2463.

Skoropad, W., 1967. Effect of temperature on the ability of Colletotrichum graminicola to form appressoria
and penetrate barley leaves. Canadian Journal of Plant Science 47, 431-4344

Staub, T., Dahmen, H., and Schwinn, F., 1974. Light-and scanning electron microscopy of cucumber and
barley powdery mildew on host and nonhost plants. Phytopathology 64, 364-372

Sutton, B., 1968. The appressoria of Colletotrichum graminicola and C. falcatum. Canadian Journal of
Botany 46, 873-876

Suzuki, Y., Tanaka, K., Hatakeyama, S., and Harada, Y., 2008. Polystigma fulvum, a red leaf blotch
pathogen on leaves of Prunus spp., has the Polystigmina pallescens anamorph/andromorph.
Mycoscience 49, 395-398.

Thite, A., Patil, C., 1975. Ascospore germination in Meliola jasminicola. Indian Phytopathology 28, 94-96.

Ullasa, B., 1969. Ascospore germination in Parodiella. Transactions of the British Mycological Society 53,
319-21.

Zaracovitis, C, 1966. The germination in vitro of conidia of powdery mildew fungi. In: The fungus spore (ed
Madelin M.F.), Butterworths, London. pp. 273-286.

469



