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ABSTRACT

An isolate of Ascochyta rabiei secreted the phytotoxins, solanapyrones A, B and C
when grown on Czapek Dox nutrients supplemented with five cations. The toxins were
identified and quantified by high performance liquid chromatography with diode array
detection and isolated from culture filtrates by partitioning into ethyl acetate and flash
chromatography on silica gel.

Cells isolated from leaflets of 12 chickpea cultivars differed by up to five fold n
their sensitivity to solanapyrone A and this compound was 2.6-12.6 times more toxic than
solanapyrone B, depending on cultivar.

When chickpea shoots were placed in solanapyrone A, the compound could not be
recovered from the plant and symptoms developed consisting of turgor loss of stems and
flame-shaped, chlorotic zones in the leaflets. In similar experiments with solanapyrone B,
only 9.4% of the compound taken up was recovered and stems remained turgid but their
leaflets became twisted and chlorotic.

Glutathione reacted with solanapyrone A, rapidly reducing the amount of free toxin
and forming a Sol.A-glutathione conjugate as well as reducing its activity when
incorporated in the cell assay. Measurement of reduced glutathione concentration and GST
activity among cultivars showed that the differences of their means were highly significant
and both were negatively correlated with their relative sensitivity to solanapyrone A.
Treatment of shoots with solanapyrone A enhanced total, reduced and oxidized

glutathione content as well as GST activity 1.26, 1.23, 1.50 and 1.94 fold, respectively.



Similarly, treatment of shoots with the safener, dichlormid, also raised total, oxidized and
reduced glutathione levels and GST activity. Cells isolated from shoots treated with
dichlormid at 150 pg/shoot and 300 pg/shoot were 2.45 times and 2.66 times less sensitive
to solanapyrone A with LDsy values of 71.5 pg/ml and 77.8 ug/ml, respectively as
compared to 29.2 pug/ml for controls.

In preliminary experiments designed to identify microbial genes capable of
detoxifying the solanapyrones a basal mineral salts medium caused demethylation of
solanapyrone A. Demethylated solanapyrone A was 16.4 fold less toxic than solanapyrone
A in the cell assay, requiring 514.0 pg/ml to kill 50% of the cells compared with 31.3

pg/ml for Sol.A.
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CHAPTER 1

INTRODUCTION

1.1. THE CHICKPEA

Chickpea (Cicer arietinum L.) is a self-pollinated annual plant, generally growing from
20 to 100 cm in height. Glandular hairs are present on all aerial parts of the plant except most
of the corolla. The leaves are pseudo-imperipinnate (the apical leaflet is not in a truely terminal
position) and leaflets are typically toothed, 8-17 mm in length and 5-14 mm in width. The shape
of the leaflets varies from obovate to elliptical.

Flowers are typically papilionaceous and emerge from pedicel or peduncle racemes 6-
13 mm long. Sepals consist of five deeply lanceolate teeth with prominent midribs, ranging
from 5-6 mm. Corollas are purple, red, pink, blue or white in colour. The vexillum is obovate,
8-11 mm long and 7-10 mm wide. Wings are also obovate, 6-9 mm long and 4 mm wide with
short pedicels. The keel is 6-8 mm long, rhomboid, with a pedicel 2-3 mm in length.

The androecium is diadelphous consisting of nine stamens with fused filaments and the
tenth completely free. The ovary contains 1-3 ovules, rarely 4 and the style is 3-4 mm long,
glabrous except at the bottom, linear and upturned, ending in a globose stigma which is either

slightly broader or the same size as the style.
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Pods are rhomboid, oblong or ovate in shape, typically inflated and ending in a mucro
that sometimes looks like a thorn. The number of pods per plant varies from 30 to 150. Each
pod consists of exocarp, mesocarp and endocarp containing one or two, rarely up to four,
spherical or angular seeds. There are two main commercial types of chickpea, the Kabuli type
with large, smooth, and light coloured seeds and the Desi type with smaller and darker

coloured seeds which may vary from yellow to black (Cubero, 1987; Singh, 1985).

1.1.1. The agricultural importance of chickpea

Chickpea is the third most important pulse crop in the world, but it ranks first in the
Indian subcontinent and Mediterranean basin (Anonymous, 1994). It is a member of the family
Leguminosae which is second in size only to the Gramineae (Aykroyd and Doughty, 1964),
providing the second most important source of food after cereals for humans and animals
(Anonymous, 1979). Among the world's grain food legumes, chickpea is second to dry beans
(Phaseolus vulgaris L.) in area grown and third to dry beans and dry peas (Pisum sativum L.)
in production (Singh, 1985).

The annual area sown to chickpea worldwide is 9.94 million hectares and the annual
production is 7.038 million tonnes (Anonymous, 1993). India is the largest chickpea producer,
growing 4 million tons annually on 6.5 million ha. and Pakistan is second, producing 0.5 million
tons annually on 1 million ha. Mexico, Turkey, Ethiopia and Burma (in descending order) are
other countries where chickpea is important and jointly comprise around 14 percent of both
total area grown and production (Malik and Tufail, 1981; Jodha and Rao, 1987; Ladizinsky,

1995; Horn and Reddy, 1996).
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Chickpea fixes atmospheric nitrogen when inoculated with appropriate strains of
Rhizobium and improves soil fertility for any crop grown subsequently as, on decay, nitrogen is

released to the soil (Anonymous, 1981; Papastylianou, 1987).

1.1.2. Nutritional value

Chickpea seed is mainly used as food because of its high protein (12.4-31.5%) and
carbohydrate (52.4-70.9%) content (Singh, 1985; Williams and Singh, 1987; Dutta et al., 1988;
Khan, 1990; Awasthi et al., 1991; Dhawan et al., 1991). On the Indian subcontinent it is
known as the poor man's meat (Strange et al., 1992). It is eaten raw, boiled or as dhal, which
consists of the cotyledons separated from their seed coat. The leaves are used as green
vegetables. When eaten with cereals chickpea gives a balanced diet. It is also one of the major
constituents of various sweets. The dry stalks and husks containing small broken pieces of grain
obtained during milling are fed to animals (Malik and Tufail, 1981).

Medicinal properties have been claimed for the exudates from glandular hairs of the
plant which contain 94% malic acid and 6% oxalic acid and they are also used in vinegar
(Alam, 1989). The proteins of chickpea are helpful in reducing cholesterol levels in blood serum

owing to their beneficial effect on lipid metabolism (Zulet and Martinez, 1995).

1.1.3. Constraints to chickpea production
The world's average chickpea yield is 586 Kg ha” and is very low when compared with
the yields of important cereals such as wheat (1927 Kg ha™), rice (2823 Kg ha™), maize (3318

Kgha') and even sorghum (1397 Kg ha™) and millets (668 Kg ha™). The yields of some pulses
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such as faba beans (1153 Kg ha') and lentils (634 Kg ha™) are also higher than those of
chickpea (Jodha and Rao, 1987).

A recent report by Ladizinsky (1995) revealed that the area under chickpea has been
almost static for the last 30 years at 9 - 10 million ha worldwide and, over the same time period,
the average yield, which the author puts at 700 Kg ha™ rather than the earlier figure of 586 Kg
ha quoted by Jodha and Rao (1987), has risen by only 10%. Jodha and Rao (1987) give the
average yield in the USA, where agriculture is more advanced, as 993 Kg ha™'. Factors limiting
yield are discussed in the following paragraphs.

Chickpea has received less attention than cereals such as wheat, rice and other cash
crops and has remained a crop for poor people in poor environments (Malik and Tufail, 1981;
Jodha and Rao, 1987). It is mainly grown in countries where yields are low whereas in
countries such as the USA, where agriculture is more advanced, chickpea represents only 5%
of the world’s production (Jodha and Rao, 1987). Moreover, in developing countries, the crop
is mostly confined to marginal and rainfed lands without inputs. A further factor is that, with the
advent of the green revolution based on high yielding cultivars of wheat, chickpea has been
relegated to even more marginal lands (Al ef al., 1991; Malik and Tufail, 1981; Jodha and Rao,
1987).

Lack of mechanized farming also contributes to low yields of the crop. In Pakistan
manual harvesting is practised and threshing is mostly done by bullock treading, although hand
flailing is also common. Both produce unsatisfactorily cleaned seed (Malik and Tufail, 1981).

The crop is mostly raised without fertilizer application. As it is a legume it does not
require nitrogen but phosphorous application is very important for grain development, one

recommended rate being 50 Kg P,Os/ha (Malik and Tufail, 1981).
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Weeds are also a major limiting factor as chickpea yields can be increased by about
25% by weeding twice, 30-40 and 80-90 days after emergence (Ali et al., 1991).

Other important limiting factors are the lack of resistance to diseases and insect pests
and the non-availability of improved seeds to the grower (Ali et al., 1991; Malik and Tufail,
1981). Yield increases of 70% have been achieved in Pakistan by replacing old cultivars with
new improved ones that are blight tolerant (Ali et al., 1991). Among insects, the most
damaging ones are pod borer (Heliothis armigera, Heliothis viriplaca, Helicoverpa armigera),
cut worm (Agrotis spp.), leaf miner (Liriomyza cicerina) and seed weevils (Bruchus spp.;
Anonymous, 1990; Nene and Reddy, 1987). Among diseases, blight caused by Ascochyta

rabiei (Pass.) Labr. is the most damaging. Diseases are discussed further in the next section.

1.2. CHICKPEA DISEASES

More than 50 pathogens have been reported so far on chickpeas from different parts of
the world and a few of them have the potential to devastate the crop (Nene and Reddy, 1987).

The most serious fungal diseases in descending order of importance are Ascochyta
blight caused by Ascochyta rabiei (Pass) Labr., Fusarium wilt caused by Fusarium oxysporum
Schlecht. emnd. Snyd. & Hans. f. sp. ciceri (Padwick) Snyder. & Hans., dry root rot caused by
Rhizoctonia bataticola (Taub). Butler, charcoal rot caused by Macrophomina phaseolina
(Maubi) Ashby, Botrytis grey mould caused by Botrytis cinerea Pers. ex. Fr., black root rot
caused by Fusarium solani (Mart.) Appel & Wr., Phytophthora root rot caused by
Phytophthora megasperma Drechs. and Pythium root rot caused by Pythium ultimum Traw.

Other less important fungal diseases are Alternaria blight caused by Alternaria

alternata (Fr.) Kiessler, Colletotrichum blight caused by Colletotrichum dematium Pers. ex Fr.,
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Phoma blight caused by Phoma medicaginis Malbre & Roum, Stemphylium blight caused by
Stemphylium sarciniforme (Cav.) Wilts., rust caused by Uromyces ciceris - arietini (Grogn.)
Jacz & Beyer, powdery mildew caused by Leveillula taurica (Lev.) Arnaud, Sclerotinia stem
rot caused by Sclerotinia sclerotiorum (Lib.) de Bary, Verticillium wilt caused by Verticillium
albo-atrum Reinke & Berth, wet root rot caused by Rhizoctonia solani Kuhn, collar rot caused
by Sclerotium rolfsii Sacc. and foot rot caused by Operculella padwickii Kheswalla.

Important viral diseases include stunt caused by Pea Leaf Roll Virus, Chickpea
Chlorotic Dwarf Virus and a Gemini Virus, mosaic caused by Alfalfa Mosaic Virus,
proliferation caused by Cucumber Mosaic Virus, narrow leaf caused by Bean Mosaic Virus,
Necrosis caused by Lettuce Necrotic Yellow Virus, while other viral diseases such as Pea
Enation Mosaic Virus and Pea Streak Virus have also been reported in the USA but their
importance is not known (Nene and Reddy, 1987; Horn and Reddy, 1996).

Among the nematodes infesting chickpea, Meloidogyne spp., Heterodera spp. and
Pratylenchulus spp. cause heavy losses to the crop in several countries. M. incognita and M.
Javanica are of economic importance in India and M. artiellia is important in the Mediterranean
Region. In Syria, a species of cyst nematode of the H. trifolii group and P. thorei have caused
marked yield losses. Rotylenchulus reniformis, Helicotylenchulus sharafati, Hoplolaimus
dimorphicus are other nematodes associated with chickpea but they are of less importance
(Greco, 1987; Di-Vito et al., 1996).

Bacterial blight caused by Xanthomonas cassiae Kulkarni et al. was also found to be

damaging to chickpea in India (Rangaswamy and Prasad, 1960; Nene, 1980).
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1.2.1. Chickpea blight

Ascochyta blight is the most destructive disease of chickpea as it can devastate the crop
over large areas if weather conditions favour infection and spread (Nene, 1982; Vishunavat et
al., 1985; Kaiser, 1987; Haware et al., 1995; Singh and Reddy, 1996).

The disease has been reported from 28 countries, Algeria, Australia, Bangladesh,
Bulgaria, Canada, Cyprus, Ethiopia, France, Greece, India, Iran, Iraq, Israel, Italy, Jordan,
Lebanon, Mexico, Morocco, Portugal, Pakistan, Romania, Spain, Syria, Tanzania, Tunisia,
Turkey, USA and USSR (Nene and Reddy, 1987). Losses in some of these countries have been
reported. For example, in Greece Demetriades et al. (1959) reported 10 and 20% loss in 1957
and 1958, respectively. In 1959, it appeared in severe epiphytotic form in the Punjab province
of India (Bedi, 1961). In Spain it caused severe losses wherever chickpeas were grown in 1964
(Puerta Romero, 1964). Losses in Russia in 1968 were 15 - 83% depending on the area
affected (Askerov, 1968) and a severe epiphytotic was reported in 1968 and 1969 in Rumania
by Radulescu et al., 1971. Malaiki and Hamdi (1984) reported a 40% losses in Tunisia in 1981.

In Pakistan it appeared in 1920-1930, 1936 and 1978-79 causing losses of 50%, 20-
50% and 17%, respectively and in 1979-82 it attacked in epidemic form resulting in
approximately 50% loss each year (Sattar, 1933; Luthra et al., 1935; Malik and Tufail, 1981,

Malik and Bashir, 1984).

1.2.2. Nomenclature of causal organism
The causal agent of chickpea blight is the fungus Ascochyta rabiei (Pass.) Labr. but it
was first named as Zythia rabiei by Passerini in 1867 because of its unicellular and hyaline

pycnidiospores. Later, overlooking or not accepting Passerini's diagnosis, Comes (1891)

24



identified the fungus as Ascochyta pisi Lib. but in 1893 Prillieux and Delacroix named it
Phyllosticta cicerina. In 1918, Trotter suggested that the fungus resembled Phyllosticta and
hence proposed the combination of Phyllosticta rabiei (Pass.) Trotter (Khune and Kapoor,
1980). Owing to the absence of bicellular spores on the host, although a few were observed in
culture, Labrousse (1930) also described the fungus as Phyllosticta rabiei but a year later he
suggested it should be called Ascochyta rabiei as it produced 2-4% single septate spores on
artificially inoculated plants. Now the International Mycological Institute and the majority of

workers have accepted Ascochyta rabiei (Pass.) Labr. as the correct name (Nene, 1982).

1.2.2.1. Imperfect stage

Pycnidia containing pycnidiospores on live and dead chickpea material are the main
characteristic of the asexual stage of the fungus and they can be seen as minute dots, embedded
in host tissue. They are tan brown or grey, spherical or pear-shaped, ostiolate and generally
vary in size from 80-240 x 60-215 pm. They contain numerous hyaline spores on short
conidiophores embedded in a mucilaginous mass. When the pycnidia are wet, the mucilage
absorbs moisture and swells causing the spores to ooze out. Pycnidiospores are oval to oblong,
straight or slightly bent at both ends, hyaline and occasionally bicelled, 8.2 - 10.4 x 3.9-4.0 um
(Sattar, 1934; Luthra ez al., 1935). However, according to Kovacheski (1936) the size of
pycnidiospores from the host is 6.0 - 16.0 x 3.4 - 5.5 um and on artificial media 4.8 - 14.0 x 3.2
- 5.2 um. Colonies of the fungus on liquid artificial media are flat and submerged with sparse

mycelium, white when young and later turning dark.
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1.2.2.2. Perfect stage

The sexual, teleomorph or perfect stage of Ascochyta rabiei was reported by
Kovachevski in Bulgaria in 1936 and named Mpycosphaerella rabiei Kovachevski. Its
occurrence on overwintering chickpea residues was later reported from the former USSR
(Gorlenko and Bushkova, 1958), Greece (Zachos et al., 1963), Hungary (Kovics et al., 1986),
USA (Kaiser and Hannan, 1987), Spain (Jimenez-Diaz et al., 1987) and Syria (Haware, 1987).

Pseudothecia are dark brown to black, subglobose, 120-270 um in diameter with an
inconspicuous ostiole. Asci are cylindrical to subclavate and eight spored. Ascospores are 9.5-
16.0 x 4.5-7.0 pm and hyaline. They are strongly constricted at the septum which divides the
spore into two unequal cells.

On the basis of the pattern of development of pseudothecia, the lack of fasciculate asci
arising from preformed pseudoparaphyses and constriction of ascospores at the septum,
Trapero-Casas and Kaiser, (1992a) named the perfect stage Didymella rabiei (Kovachevski) v.

Arx rather than Mycosphaerella rabiei Kovachevski.

1.2.2.3. Races of A. rabiei

Luthra et al. (1939) and Arif and Jabbar (1965) found no evidence of races of the
fungus. However, Reddy and Kabbabeh (1985), on the basis of 50 isolates collected from
farmers’ fields and experimental plots in Syria and Lebanon, proposed the existence of six
races. Fischer et al. (1995) also suggested that races of the fungus existed owing to the
variability of host-pathogen interaction and the sudden loss of resistance of some chickpea

cultivars.
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Contrary to these popular claims, Weigand (1989) showed that although the six ‘races’
differed in virulence, this was not specific, the more virulent ‘races’ being more virulent on all
test cultivars and the less virulent also less virulent on all cultivars. The resolution of this point
will have to await more stringent experimentation under controlled conditions with genetically

pure cultures of the fungus and true breeding lines of the plant.

1.2.2.4. Symptoms

The fungus attacks all aerial parts of the plant throughout the growing season (Fig.
1.1). During the early stages of infection, petioles, leaflets and young branches lose their
turgidity and develop epinasty. Small water-soaked spots appear on stems, leaves and pods
which expand and become necrotic and covered with concentric rings of pycnidia. Lesions on
stems and petioles often girdle the affected portion, causing breakage. Infected pods produce

shrivelled seeds or are sometimes empty (Nene, 1982; Nene and Reddy, 1987; Alam, 1989).

1.3. EPIDEMIOLOGY

The occurrence of epidemics of Ascochyta blight of chickpea clearly indicates the
successful survival of the fungus from one season to another either in crop residues or infected
seed. Polycyclic pathogens such as A. rabiei have more than one and often many generations
per season and may cause explosive damage under favourable environment. For example
pycnidiospores of Ascochyta rabiei alighting on a susceptible chickpea plant produces a new
generation of spores within 7-10 days in a cool and damp environment (Strange, 1993), while
under laboratory conditions, a single inoculated seed may give as many as 10* pycnidiospores

(Alam et al., 1987).
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1.3.1. Survival of the fungus in crop residues

Survival of A. rabiei on diseased crop residues was first reported by Luhra cet al.
(1935) who also observed that when diseased material was buried in moist soil at a deptth of 2
inches or more the fungus was killed. In contrast, Zachos et al. (1963) found that inféected
debris left on the surface of the soil for 2 years became covered with pycnidia and pseudotthecia
containing live spores. Similarly, Kaiser (1973) reported that the fungus survived for morez than
two years in naturally infected tissue at 10-35 °C and 0-30% relative humidity on thee soil
surface. Trapero-Casas and Kaiser (1992a) were able to induce the teleomorph of A. rabiiei on
artificially infested chickpea straw and found that, under field conditions in the Palouse reegion
of the Pacific Northwest of the USA, the teleomorph developed extensively on overwimtered
chickpea crop residues remaining on the soil surface. Pseudothecia discharged ascospores iin the
spring (from the beginning of March to the end of May) and these probably served is priimary
inoculum for epidemics. In Spain, Navas-Cortes et al. (1995) found that the furgus grew
saprophytically on infested chickpea stems and pods and formed pycnidia and pseidotlhecia.
Under natural conditions the fungus grew rapidly on the tissue, formed abundant pseudotthecia
and remained alive throughout the two years of study. Trapero-Casas et al. (1996) exjposed
potted trap plants for one week periods near infected chickpea debris or grew trap plents 100 m
from such debris. They found that the incidence and severity of Ascochyta blight developiing on

the plants correlated with pseudothecial maturity and ascospore production of the fungus.
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1.3.2. Survival of the fungus in infected seed

Many workers have reported the survival of A. rabiei through seed. Butler (1918) was
probably first to demonstrate the infection of chickpea seeds by A. rabiei and described the
growth of the pathogen from infected seed to seedling during germination.

Many workers such as Zachos et al. (1963), Maden et al. (1975), Kumar et al. (1983),
Qureshi, (1984), Vishunavat et al. (1985), Haware et al. (1986), Vishunavat and Chaube
(1986), Kaiser (1987), Tripathi et al. (1987d), Porta-Puglia (1990) and Dey and Singh (1994)
have suggested that infected seeds are an efficient means of transmission of the pathogen from
one season to another. Infected seeds are also thought to be the means by which the pathogen
has been introduced into countries which were previously free of the fungus. Such countries
include Canada (Morrall and Mckenzie, 1974; Tu and Hall, 1984), Egypt (Abdel Monem et al.,
1984) and the USA (Kaiser and Muehlbauer, 1984).

The fungus is carried mainly superficially and predominantly as spores on seed surfaces
but sometimes internally, both as mycelium and spores in the seedcoat and rarely in the embryo
(Luthra and Bedi, 1932; Sattar, 1933; Maden et al., 1975; Vishunavat et al., 1985 and Dey and
Singh, 1994).

The fungus survived for longer times when seeds were stored at low temperatures
rather than high temperatures. Maden et al. (1975) found that spores of the fungus obtained
from infected seeds stored at 3 + 2°C for 14 months showed 33% germination. Periodic
isolations revealed that the fungus survived for 14 to 15 months in infected seeds stored at 5°C
and 10°C but only for 12 and 10 months in seeds stored at 20°C and 30°C, respectively
(Tripathi et al., 1987d). Sattar (1933) found that 50% spores obtained from seed survived for

five months at 25-30 °C and only 5% for the same period at 35°C. Another report revealed that
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although the storing of the infected seeds at 55°C, 60°C and 65°C for 6 to 12 h caused complete
eradication of the fungus, it also reduced seed germination by 50% (Tripathi et al., 1987b). The
exposure of seed to direct sunlight for 8h per day for 15 days in May in India (approx.
temperature 40°C) resulted in 50% reduction in the recovery of A. rabiei, while in seeds
exposed to sunlight for the same period but covered with black polythene sheet, the recovery of
the fungus was reduced by approximately 68% without reducing seed germination (Tripathi et

al., 1987c).

1.3.3. Dispersal of the pathogen

The spread of the discase has been attributed mainly to pycnidiospores produced at
primary foci of infection which may originate from infected crop debris or infected seed (Nene,
1982). However, Trapero-Casas and Kaiser (1992a) found that airborne ascospores may serve
as primary inoculum for epidemics in the USA. Sattar (1933) observed that infected plant
material containing pycnidia may be blown for hundreds of metres under wet and windy
weather conditions and Luthra et al. (1935) found that infected tissue breaks off from the brittle
diseased plant and is transported hundreds of metres by winds, explaining the rapid spread of
disease when rain is accompanied by strong winds.

Outbreaks of the disease in fields are associated with temperatures of 20-25°C, cloudy
days and intermittent rains accompanied by winds (Haware et al., 1986). Under moist
conditions, conidia of A. rabiei ooze from the pycnidia in a gelatinous mucilage which dissolves
in the water and allows dispersal by rain splash from plant to plant. Splash dispersal is
essentially short range but the combination of splash with strong winds may spread spores over

long distances. Pseudothecia protrude through the ostiole of the pseudothecium and forcibly
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