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ABSTRACT 
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Monosporascus cannonballus PoUack&Uecker, a soilbome root-infecting 

ascomycete, is an economically important pathogen of melons {Cucumis melo L.) and 

watermelons {Citrullus lanatus L.). The fungus causes root rot and/or vine decline in 

different geographical areas worldwide. Little is known about the biology of this fungus 

and the mechanism by which the pathogen induces wilting of infected plants. This 

dissertation focuses on the biology, epidemiology, and etiology, as well as management 

strategies of both the pathogen and the disease. 

Microscopic examination of the xylem vessels of wilted plants revealed heavy 

occlusion by tyloses. Measurement of hydraulic conductivity indicated a 20-fold reduction 

in flow rate of plugged vessels, suggesting that tyloses contribute to the rapidity of vine 

decline in infected plants. The onset of symptoms coincide with high soil temperatures 

(25°C and above) and although vine decline occurs late in the growing season (i.e. 

generally two weeks before harvest), plants could be infected as early as nine days after 

planting. 

This dissertation also reports for the first time the existence of strains of M 

cannonballus. Phenotypic diflferences such as cultural characteristics and growth rate 

were observed among the isolates and results indicate that genetically isolated strains, 

based on mycelial incompatibility, exist within M. cannonballus. Furthermore, local field 

populations of M cannonballus can be heterogenous according to the number of mycelial 
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compatibility groups identified. 

Ascospores of A/, ccamonballus germinate only in the rhizosphere/rhizoplane of 

melon and watermelon hosts in live soil. This result suggests a very limited host range of 

ascospore germination of A/, cannonballus. Finally, field tolerance against M 

ccamonballus exists among cantaloupe cultivars and breeding lines. This will facilitate 

breeding for resistance within the cantaloupe type of melon. 

The knowledge derived fi-om these studies contribute to our understanding of the 

biology and epidemiology ofM cannonballus and will serve as the basis for control or 

management of vine decline in the fixture. 
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History and Symptomatology 

Vine decline is a devastating disease of cantaloupe and melons in different 

geographical areas around the world. The disease is also known as sudden collapse, 

crown blight, sudden wilt, and quick decline. Vine decline is characterized by sudden and 

generally uniform collapse of entire fields. The rapidity of decline is associated with a 

heavy fruit load and high ambient temperatures (Kim et al., 1995; Mertely et al., 1993b; 

Pavonia et al., 1997; Stanghellini et al., 1996). Initial foliar symptoms associated with this 

disorder are general yellowing/browning of the oldest crown leaves, commonly with a V-

shaped necrotic sector. These symptoms progress outward toward the tips of individual 

vines (Kim et al., 1995). Occasionally, wilting of individual vines occurs. Although 

wilting was attributed to extensive root rot of tertiary roots (Mertely et al., 1991), root rot 

prior to wilting is rarely observed under field conditions (Pavonia et al., 1998; Stanghellini, 

unpublished). Structural as well as feeder roots of infected plants, particularly those 

exhibiting early foliar symptoms, generally appear healthy. Later, dry brown lesions 

appear on roots and extensive root rot is evident after plant death. 

The Causal Pathogen 

Vine decline is inflicted by a soilbome ascomycete, Monosporascus cannonballus 

(Pollack and Uecker, 1974). The fungus was first found associated with rotten roots of 
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cantaloupe in Arizona (Troutman and Matejka, 1970). The fungus produces perithecia on 

infected roots at the later stage of disease development. No asexual spore stage is known, 

suggesting that the ascospores function as the primary survival structure as well as the 

primary inocula in the soil (Stanghellini et al., 1996). 

Although M carmonballtts causes wilting in infected plants, hyphae of the fungus 

are rarely seen in the vascular tissues. Nor does the fungus cause vascular discoloration 

that is a universal feature of the vascular wilt pathogens, i.e. Fusarium, Verticillium, and 

Ophiostoma. Nevertheless, M cannonballus is readily isolated from both symptomatic 

and asymptomatic roots on 2% water agar where the fungus grows as thin and expansive 

hyphae. The fungus grows well on potato dextrose agar, com meal agar (Pollack and 

Uecker, 1974) and potato sucrose agar (Hawksworth and Ciccarone, 1978). M. 

cannonballus requires a temperature range between 24-38 C for growth on culture media 

(Pollack and Uecker, 1974). Phenotypic and genetic markers to distinguish isolates ofM 

cannonballus are lacking or have never been reported but some isolates paired on potato 

dextrose agar produced a yet to be characterized zone of dense mycelial growth at the 

point of contact (Alcantara et al., 1997). Likewise, there are no known pathogenicity and 

virulence phenotypes among isolates of M cannonballus. 

A closely related species oiMonosporascus had been previously reported. M. 

eutypoides, which is characterized by a two-spored ascus, had been implicated as the 

causal pathogen of vine collapse of muskmelon (Reuvini et al., 1983) and watermelon 

(Krikun, 1985) in Israel. 
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Taxonomy and Life Cycle of Monosporascus cannonballus 

Pollack and Uecker (1974) initiated the biological characterization o f M .  

cannonballus. They identified the "black bodies on roots" as referred to by Troutman and 

Matejka as the sexual fruiting bodies called perithecia. The perithecium of M 

ccmnonballus is globose, membranous, cream to light brown, with a well-defined 

periapical ring. Within the ring, a short rounded neck may protrude. The perithecial wall 

consists of several layers consisting of flattened plectenchyma. The more external layers 

are also plectenchymatous but with pigment irregularly distributed in the walls of the 

outermost layers. The wall is transparent and the dark ascospores can be seen through the 

wall. The perithecium ruptures by a tear within the dark periapical ring and usually 

contains numerous asci. Asci are clavate to pyriform, stipitate, unitunicate, thick walled, 

persistent, and 56-60 x 30-55 /z including the stipe. The asci are surrounded by 

paraphyses which fill the ascocarp cavity, deliquescing before ascus release. Asci contain 

eight or more nuclei and there is a single ascospore in each ascus. These ascospores are 

one-celled, globose, 30-50 tj. in diameter, have one-eight nuclei, and are black, smooth, 

opaque in maturity, and shiny when discharged. The ascospores have four to six distinct 

wall layers (Stanghellini et al., 1996). Germ pores have not been seen. 

Developmentally and cytologically, M. cannonballus is a typical xylariaceous 

fiingus (Uecker and Pollack, 1975). The perithecium begins development as a curved, 

multinucleate branch while the ascogonium develops from an assimilative hypha. The 

ascogonium coils, becoming looser as it elongates. Ultimately, it is septate and each 
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segment has one to several nuclei. Branches from the parent hypha and probably from 

neighboring hyphae develop to cover the ascogonium. These covering hyphae give rise to 

the perithecial wall cells and to the plectenchyma of the centrum. Paraphyses, apically free 

from their inception, develop from the plectenchyma before asci are produced. 

Ascogonial segments give rise to short ascogenous hyphae, which produce croziers 

terminally. Asci arise from the croziers. After karyogamy and precocious synapsis, two 

meiotic divisions are followed by a mitotic division. The haploid chromosome number is 

eight. Some or all of the eight nuclei formed are incorporated into the single ascospore, 

the remainder being visible in the residual cytoplasm. One or more mitotic divisions take 

place within the ascospore. The single-spored asci are released through a rupture within 

the periapical ring of the ascocarp and collect in a drop of liquid above the rupture. A 

portion of the ascus wall breaks down or the entire wall simply dissolves and the spores 

are discharged covered by a sticky matrix. In both cases, the ascus wall dissolves before 

the drop of liquid disappears. No other Pyrenomycete discharges its asci in the maimer 

described for M cannonballus. The fungus differs from Xylariaceae in some 

characteristics. For example, the formation of an ostiole is not typical of the Xylariaceae. 

The fungus is also unusual in that virtually every ascus contains nuclei in the extrasporic 

cytoplasm as well as in the spore itself, and the number of nuclei included in the spore 

appears to vary. 
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Host Range and Global Occurrence 

Since its discovery on rotten roots of melon by Troutman and Matejka, M 

cannortballus had been confirmed through pathogenicity tests as the causal agent of 

wilting of melons in Israel (Reuvini et al., 1983), Japan (Uematsu et al., 1985), Spain 

(Lobo-Ruano, 1990), Taiwan (Tsay et al., 1995), and Saudi Arabia (Karlatti et al., 1997). 

In greenhouse experiments, M cannonballus colonized and reproduced on the root 

systems of melon, cucumber, muskmelon, watermelon, and squash but did not develop on 

non-cucurbits such as tomato, sugar beet, alfalfa, bean, sorghum, wheat, and com 

(Merteley et al., 1993a). The fungus was also found to infect the bottle gourd {Lagenaria 

sicerarid) stock grafted to melons in Japan (Uematsu et al., 1992). It was also found 

associated in the roots of wheat (Hawksworth and Ciccarone, 1978) and watermelon in 

Mexico (Martyn et al., 1996b) and Tunisia (Martyn et al., 1994) under field conditions. 

The fungus can be isolated fi'om roots of infected plants and seldom can be isolated fi'om 

stems above ground but Uematsu and Sekiyama (1990) were able to isolate the fungus 

fi'om the stem of melon 10 centimeters above the ground. 

Natural Distribution 

In the United States, the cause of the disorder was not confirmed until 1991 when 

researches in Texas (Mertely et al., 1991) and Arizona (Stanghellini and Rasmussen, 

1992) independently discovered and attributed the cause of the disorder to 

Mortosporascus cannonballus. The fungus was also found associated with root rot of 
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melons in another warmer climactic production region of Southern California 

(Stanghellini, unpublished). 

Grower concerns in Arizona regarding this disease increased dramatically since 

1990 and multiple as well as consecutive cropping of fields to melons have been 

associated with the increase in prevalence and severity of the disorder. In Arizona, the 

ascospores of the fungus are uniformly distributed vertically and horizontally in both 

commercial melon fields, with or without history of the disease, and in native desert 

habitats (Stanghellini et al., 1996). Population densities ofM ccamonballus in problem 

fields ranged fi-om 1.85-2.6 ascospores/g of soil. Perithecia of the fungus were also found 

on roots of a native plant, Lepidium lasiocarpum. These results indicate that the fungus is 

indigenous in Arizona. The uniformity of distribution provides an explanation for the 

uniform distribution of the disease in commercial melon fields. They also observed that 

the ascospores germinated in the rhizosphere of melons in live field soil amended with 

ascospores harvested fi-om pure cultures of the fungus. This result indicates that the 

ascospores are indeed viable. This also suggests that root exudates and soil microflora 

may be involved in triggering the germination of the ascospores. 

Sources of Genetic Resistance and Disease Management 

Field tolerance to M. cannonballus exists in melon germplasm (Wolf and Miller, 

1998; Stanghellini et al., 1995). Cantaloupes were mostly susceptible while the 

Charentais, Ananas, and Galia types were more significantly tolerant. The reaction of 
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these melons suggested that tolerance is controlled by multiple genes. However, the 

mechanism of resistance is still unknown. Despite the increasing importance of vine 

decline to melon industry, no known chemical, biological, nor cultural control ofM 

cannonballus is economically available. 

Objectives 

Despite the increasing economic importance of this disease, little is known about 

the biology of Monosporascus cannonballus. The objectives of this research are as 

follows; 1) to further characterize the biology of Monosporascus cannonballus. 

Determination of cultural and other biological characteristics will reveal population 

diversity. This information will provide insights on population biology as well as provide 

the basis for breeding for resistance and other management strategies; 2) to determine the 

mechanism of wilting in vine decline. In Arizona (Stanghellini et al., unpublished) and 

Israel (Pavonia et al., 1998), wilting of infected plants occurs before extensive root rot is 

evident. Hence, wilting can not be attributed to loss of the root system. In addition, this 

will also provide insights on the mechanism of resistance of cantaloupe genotypes that will 

be identified in field screenings; 3) to establish the disease progression over time under 

different envirormiental conditions. Understanding the epidemiology of the disease will 

serve as the basis for efficacious and effective control measures; 4) to elucidate the 

physiology and ecology of ascospore germination in the rhizosphere. This is important to 

the overall knowledge of life cycle that is paramount to the eventual development of 



control measures. 
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n. ROOT INFECTION AND TYLOSES FORMATION IN RELATION TO 

SYMPTOM DEVELOPMENT OF VINE DECLINE OF MELONS CAUSED BY 

MONOSPORASCUS CANNONBALLUS UNDER FIELD 

Abstract 

Vine decline of melons caused by Monosporascus cannonballus occurs late in the 

growing season and is accentuated by a fruit load and high ambient temperatures. Light 

and scanning electron microscopy revealed extensive tyloses formation in the lumina of 

root and xylem vessels of infected plants during this time period. Xylem vessels up to six 

centimeter-distant from root lesions were occluded (up to 100%) with tyloses and flow 

rates of water through infected root systems, in the absence of obvious root rot symptoms, 

were reduced up to 20-foId compared to healthy root systems. Although vine decline 

occurs late in the growing season, root infection can occur as early as nine days after 

planting. The onset of root infection coincided with soil temperatures of 25 C or greater 

for at least eight consecutive hr/day. Our study indicates that reduced hydraulic 

conductivity of xylem vessels due to massive occlusion by tyloses contributes to vine 

decline of melons infected with M. cannonballus. 
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Introduction 

Vine decline of melons {Cucumis melo L.) caused by Monosporascus 

carmonballus Pollack & Uecker is characterized by sudden and generally uniform collapse 

(wilt) of entire fields commonly within two weeks of harvest. The rapidity and severity of 

collapse are associated with high ambient temperatures and heavy fi^it loads (Kim et al., 

1995; Mertely et al., 1993; Pavonia et al., 1997; Stanghellini et al., 1996). Mertely et al. 

(1993) and Martyn et al. (1996a) suggested that vine decline and canopy collapse are the 

results of massive root rotting of tertiary roots. However, root rot in sufficient intensity to 

account for above-ground symptoms occurs only after death of plants under field 

conditions in Arizona (unpublished). In fact, roots of collapsing plants appear healthy 

with no vascular discoloration-features which contributed to the diflSculty in the accurate 

diagnoses of the cause of the disease. The absence of obvious root rot on collapsing 

plants has also been observed in Israel (Pavonia et al., 1997). Our preliminary studies 

(Alcantara et al., 1995) showed that extensive tyloses were observed in xylem vessels of 

roots of symptomatic but not healthy plants. These observations suggest that root rot per 

se is not the sole cause of wilting of the infected plants. This paper reports on the onset 

and development of root infection and the relation of tyloses formation to wilt of melons 

under field conditions. 



Materials and Methods 

All studies were conducted in drip-irrigated conunercial cantaloupe fields with a 

known history and uniform distribution of vdne decline caused solely by Kionosporascus 

camonballus. Fields were located in Harquahala Valley of Arizona and population 

densities of M ccamonballus ranged fi-om 1.85-2.6 ascospores/g of soil (Stanghellini et 

al., 1996). Soil temperatures were continuously recorded over several growing seasons 

(Distant-temperature recorder, Dickson.Model DTDT8, Illinois). Temperature probes 

were buried between adjacent plants at the 10-cm soil depth. The onset of root infection, 

development of symptoms (both root and foliar), and the rate of disease progression was 

monitored in both spring and fall cropping seasons over a four-year period (1993-1996). 

Onset of root infection cmd disease progression. At periodic intervals (weekly to 

monthly) subsequent to planting, the root system of a minimum of 10 plants per sampling 

date were carefully excavated from soil, washed in running tap water, and assessed 

visually for evidence of root colonization. Sampled plants were arbitrarily chosen within a 

one-hectare site within each field. The observation of perithecia was considered proof of 

colonization by M cannonballus. If only lesions were observed, they were excised from 

the root, blotted dry and plated on water agar in petri plates. Hyphae emerging from the 

lesions were transferred to V8 agar media for identification. If no lesions or perithecia 

were observed, the entire root system was blotted dry, placed on water agar medium, and 

incubated at 26 C for time periods up to 30 days. Our previous experience showed that if 

asymptomatic roots were indeed colonized by the pathogen, perithecia containing single-



24 

spored asci would develop on colonized roots within this time frame. 

Tyloses. As mentioned in the introduction, our preliminary observations indicated 

that tyloses were formed in infected but not healthy root tissue. Thus, the onset and 

extent of tyloses formation relative to the onset and progression of root infection was 

assessed microscopically throughout the growing season. Root systems at various 

collection dates were categorized as follows; roots without lesions, roots with lesions, 

roots of plants exhibiting foliar symptoms (i.e.-yellowing of crown leaves), and roots of 

wilting plants. Fresh cross- and longitudinal handmade sections were examined using a 

light microscope. 

For scanning electron microscopy, root samples were fixed in 4% formaldehyde; 

1% glutaraldehyde for two hours. Samples were rinsed three times with 1 M phosphate 

buffer for 10 minutes, followed by three rinses with DI water for 10 minutes each. 

Samples were then postfixed in 1% osmium tetroxide for one hour and rinsed with DI 

water three times for 10 minutes each. Samples were pre-stained with 2% uranyl acetate 

in water for 30 minutes. Samples were dehydrated with 30%, 50%, 70%, 95% ethanol for 

10 minutes each and final ethanol dehydration was done with 100% ethanol three times for 

10 minutes each. Finally, samples were critically point dried and gold coated 

approximately 30 nm. 

Hydraulic conductivity of intact root systems. The above-ground portions of 

mature cantaloupe plants from a commercial field exhibiting various stages of vine decline 

(i.e.-apparently healthy plants, plants exhibiting early stages of vine decline-yellowing and 
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necrotic crown leaves, and plants slightly wilted) were excised approximately two 

centimeters above the soil line. The root systems of these plants were then carefully 

excavated from soil, and transported to the laboratory where they were assessed for the 

extent of tyloses formation and measurement of the flow rate of water through the tap 

root. Five 10-cm long taproots (which included the lower crown) of plants in each of the 

three categories were individually assessed as follows: the distal end of each taproot was 

inserted into tubing which was attached to a reservoir of water (Fig. 2.1). Various water 

pressures (2.5, 5, and lOkPa) were then applied by elevating the reservoir to specific 

heights (25, 50, 100 cm) above the proximal end of the root segment (i.e.-crown). The 

volume of water passing through each root, at each pressure level, was collected and 

volumetrically determined. There were three consecutive measurements, each five 

minutes in duration, for each pressure level per root. Flow rates are reported as the 

volume as the water that passed through each root per minute at each pressure level. 

After determination of the hydraulic conductivity of each root segment, the root 

was removed and inserted into a second reservoir filled with 0.1% safiranin. The dye was 

perfused through the root for five minutes at 10 kPa. Only the xylem vessels which were 

conducting water were stained with the dye (Sperry et al., 1988). After perfusion of the 

dye, the root was removed and assessed (via microscopic examination of cross and 

longitudinal hand sections) for the extent of tyloses formation and stained xylem vessels. 
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Fig. 2.1. Apparatus used to measure the hydraulic conductivity of healthy, moderately 
infected, and wilted plants. 
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Results 

Soil temperatures. Soil temperatures at the 10-centimeter depth in a cantaloupe 

field in the Harquahala Valley are presented in Figure 2.2. A rapid increase in temperature 

commonly started in late February. By mid-March, soil temperatures of 25 C or greater 

for at least eight consecutive hr per day were reached. By mid-June, soil temperatures 

were consistently (24 hr/day) above 30 C. 

Onset of root infection. The onset of root infection in the spring (planting in 

January-February, harvesting in May-June) and fall cropping seasons (planting in August, 

harvesting in October-November) are presented in Table 2.1. The onset of root infection 

ranged from 47-65 (average=56) days after planting in the spring cropping seasons. In the 

fail cropping seasons, the onset of root infection ranged from 9 to 25 (average=17) days 

after planting. 

The rate of infection (i.e.-percent of the plant population infected) in the 1994 

spring crop and 1996 fall crop are presented in Figure 2.3. These two seasons were 

chosen for presentation because they represent the extremes encountered between the 

spring and fall cropping seasons (Table 2.1). 

Disease progression. Root lesions (i.e.-small tannish non-girdling areas measuring 

two to three millimeters in length) were first observed on feeder roots (roots 1-2 mm in 

diameter) between 72 and 107 days after planting of the spring crop and between 23 to 40 

days after planting of the fall crop (Table 2.1). Thereafter, lesions began to develop on 

secondary roots. The number of lesions ranged from one to four per plant root system 
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Fig. 2.2. Monthly soil temperatures at the lO-cm depth in a cantaloupe field in 
Harquahala Valley, Arizona. 
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Table 2.1. Comparison of the time intervals between the onset of root infection and symptom development of vine decline 
in spring and fall cropping seasons in commercial irrigated fields in Arizona. 

Days from Planting to First Observation of Symptoms 

Season Planting Root Infection Root Lesions Foliar Symptoms Wilt 
Date 

Spring Jan. 94 65 107 145 160 

Spring Feb. 94 47 89 115 122 

Spring Jan. 95 58 72 126 150 

Fall Aug. 93 25 40 54 59 

Fall Aug. 94 24 35 47 61 

Fall Aug. 95 11 39 46 74 

Fall Aug. 96 9 23 58 65 
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Fig. 2.3. Onset of root infection in spring and fall cropping season in 1994 and 1996 in 
commercial irrigated fields in Arizona. 
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and approximately 10% of the roots on a single plant exhibited lesions. Isolations from 

these lesions consistently yielded pure cultures ofM cannonballus. Hyphae of the 

pathogen emerged exclusively from the cut end of the root and could be recovered up to a 

maximum six millimeters from the edge of the lesion. 

Foliar symptoms, which consisted of a yellowing and death of the oldest crown 

leaves, occurred between 115-145 (mean=132) days after planting in the spring cropping 

season and between 46-58 (mean=51) days after planting in the fall cropping season 

(Table 2.1). Within approximately 14 days following the development of crown 

symptoms, collapse occurred. The size and number of root lesions on symptomatic plants 

remained relatively constant until after plant death. Subsequent to plant death, lesions 

expanded rapidly, encompassing the entire length of infected tertiary and secondary roots. 

Perithecia were first observed on necrotic feeder roots and then developed, over time, on 

infected secondary roots and ultimately the tap root. 

Tyloses formation. Initiation of tyloses formation coincided with the onset of 

lesion formation and tyloses were restricted to the immediate lesion area (Fig. 2.4). At 

this early time frame, between 4-19% of the xylem vessels contained tyloses and hyphae of 

M cannonballus could be observed in xylem vessels occluded by tyloses (Fig. 2.5). At 

the onset of foliar symptoms, 80-100% of the xylem vessels within the root lesion area on 

tertiary and secondary roots were occluded with tyloses (Fig. 2.6). No tyloses were 

observed in healthy tissue adjacent to an expanding lesion. However, during the time 

period between the onset of foliar symptoms and canopy collapse (ca. 14 days), extensive 
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Fig. 2.4. Scanning electron micrograph of a cross section of a root showing tyloses inside 
a vessel luminae. 
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Fig. 2.5. Light micrograph of a cross section of a root showing a vessel luminae occluded 
with both tyloses and fungal hyphae. 
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Fig. 2.6. Light micrograph of a cross section of a root showing complete blockage of 
vessel lumina by tyloses. 
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tyloses developed throughout the entire root system and at distances up to six centimeters 

from a root lesion. At canopy collapse, essentially all of the xylem vessels in the primary 

tap root and lower stem (i.e.-crown) were occluded with tyloses. No fungal hyphae were 

observed in, nor could M cannonballus be isolated from, root tissue except from or 

within six millimeters of a root lesion. 

The flow rates of water, applied at various pressure levels, through the tap root of 

apparently healthy to collapsing mature plants collected in the fall of 1995 are presented in 

Figure 2.7. Relative to the flow rate of water through apparently healthy roots, significant 

reductions (analysis of variance, ANOVA) were recorded in plants exhibiting early foliar 

symptoms (i.e.-ca. 50% reduction) and in wilting plants (ca. 96% reduction). Perfusion of 

saflfranin dye through the tap root of the above plants permitted visualization of the 

number of functional xylem vessels. Nearly all of the xylem vessels (ca. 200) in a healthy 

root were stained with the dye (Fig. 2.8A). In plants exhibiting early foliar symptoms, 

approximately 50% of the vessels were capable of transporting water whereas in wilting 

plants (Fig. 2.9B), only a few xylem vessels (less than 2 %) were stained and apparently 

capable of transporting water. The above experiment was repeated, with the similar 

results, using symptomatic plants collected at the end of the 1995 spring cropping season 

and the 1996 fall cropping season. 
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Fig. 2.7. Vascular flow rate of water at various pressure levels of healthy, moderately 
infected, and wilted plants. 
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Fig. 2.8. Xylem vessels of (A) healthy and (B) wilted plants that were stained by 
safOranin. 
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Discussion 

The results of our investigation indicated that a water deficit resulting fi-om xylem 

occlusion with tyloses contributes to the wilting symptom associated with vine decline of 

cantaloupe caused by M cannonballus. Tyloses are outgrowths of the parenchyma cells 

abutting the xylem vessels which can be induced by several factors such as aging and 

injury (Zimmerman, 1983). It was also initially believed that they are a non-specific 

defense response by a resistant host to pathogen infection (Beckman, 1987). Tyloses 

occur only in plants with reticulately thickened xylem vessel walls approximately 10 /cz or 

more in diameter (Chattaway, 1949). Tyloses usually develop secondary wall thickenings 

and normal appearing pits (Struckmeyer et al., 1954). These characteristics were similarly 

observed in our studies. 

Within approximately 14 days foUowing the onset of foliar symptoms, tyloses 

developed rapidly throughout the entire root system. Xylem vessels up to six centimeters 

distant fi-om a root lesion were totally occluded with tyloses and water flow rates through 

such root systems are reduced up to 20-fold compared to healthy root systems. These 

reduced flow rates occurred late in the growing seasons when the demand for water was 

high, i.e.-heavy Suit load and high ambient temperatures, and account for the rapid 

collapse of plants in the absence of root rot. This conclusion is supported by studies 

conducted in Israel (Pavonia et al., 1997) and Texas (Wolfif, 1994) which demonstrated 

that fiuit removal delayed the onset and incidence of wilt. 

Our data also showed that tyloses are formed before the onset of foliar symptoms 
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and preceded wilting. Reduction in transpiration and vascular flow preceding and 

accompanying wilting in other pathosystems are well documented. Threlfall (1959) found 

that resistance to water flow was 200 times greater in tomato plants infected with 

Verticillium than in uninfected plants and that resistance was correlated with vessel 

blockage. Fusarium-ivftdtd. tomatoes also had a reduced flow in stems 2-4% of that in 

healthy plants using a radioactively labeled phosphorus as a tracer (Dimond and 

Waggoner, 1953). In oak wilt disease, the rate of movement of radioactive rubidium in 

the vessels of infected trees dropped by 85-90% during the fourth and third days before 

wilting (Beckman et al., 1953). Struckmeyer et al. (1954) subsequently found tyloses 

present in considerable extent before wilting occurred and concluded that these 

outgrowths must be produced in response to the pathogen and were a probable cause of 

the water shortage in infected trees and of the wilting that followed. During pathogenesis 

in vascular wilt pathogens, occlusion of vascular elements follows which causes resistance 

to water flow. The resistance causes water shortage and wilting occurs. The paradox, 

however, is that occlusion is of host origin as a defensive response. Thus, the plant itself 

causes its own demise. 

Talboys (1958) first associated rapid tyloses formation to resistance to Verticillium 

wilt of hops. Since then, the limiting effeas of tyloses on pathogen movement has been 

described in cotton infected with Fusarium oxysporum f sp. vasinfectum (Bugbee, 1970), 

Ceratocystis wZ/wZ-infected elm (Elgersma, 1973), and iomzXo-Fusarium oxysporum f sp. 

lycopersici interaction (Tjamos and Smith, 1975). The secondary walls of tyloses were 
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observed to be composed of suberin and lignins (Rioux et al., 1995). They have also been 

observed to secrete phenolic compounds (El-Modafar et al., 1996) and pectins (Rioux et 

al., 1998) suggesting their role in defense against pathogen invasion. Tyloses has also been 

implicated in resistance to Ralstonia solanacearum in tomato (Grimault et al., 1994) by 

limiting bacterial spread in the vascular system. Generally, their localized and rapid 

formation results in compartmentalization and restriction of pathogen movement within 

the vascular system. Blockage of the distribution of the pathogen in vascular elements 

generally culminates in host resistance. However, the significance of tyloses in resistance 

of tomato against Verticillium albo-atrum is doubtful. Pathogen colonization was 

complete before the appearance of tyloses (Dbcon and Pegg, 1969). Interestingly, tyloses 

were also observed in susceptible interactions (i.e., wilting occurred after infection) such 

as FttJarmm-infected tobacco (Powers, 1954), tomato (Gaumana, 1951), and banana 

(Beckman and Halmos, 1962) plants. However, their rate of formation is too slow to 

inhibit pathogen movement. The development of tyloses was weak and delayed allowing 

fimgal spores to be swept up in the xylem where localization process was initiated again. 

This creates many pockets of resistance resulting in overproduction of tyloses. Ultimately, 

tyloses formation, in addition to extensive and systematic pathogen growth and movement 

within the xylem vessels, occurs to such an extent that the flow of water is restricted and 

wilting occurs. Thus, tyloses were also implicated as the causal factor in wilting of 

susceptible plants. Furthermore, resistance failed when a susceptible cultivar was infected 

with a suitable host-specific pathogen under soil temperature conditions that favored 
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disease (Beckman et al., 1962). Another interesting observation was that ability of the 

plant species to develop tyloses during pathogenesis depends on the cultivar. Tyloses 

were not observed in both polygenically resistant and susceptible variety of tobacco when 

inoculated with Fusarium oxysporum f sp. nicotianae (Mueller and Morgham, 1996). 

Similar observations were obtained in melons from El Centro, California. Both wilted 

and unwilted plants were infected by M cannonballus but the unwilted cultivar is devoid 

of tyloses whereas the wilted plants were plugged with tyloses (Stanghellini, unpublished). 

This suggests that tylose formation is cultivar specific. Field tolerance to M cannonballus 

exists among different melon types (Wolf and Miller, 1998) and the differences in the level 

of tolerance can be explained by the specificity of the interaction. Other pathogen-host 

interactions known to involve tyloses formation during pathogenesis include Xylella 

7izs//t//05a-grapevine (Fry and Miiholland, 1990) susceptible interaction and Pythium 

u/r/mum-cucumber (Cherif et al., 1991) interaction which resulted in disease resistance. 

In contrast to the classical fungal vascular wilts {Fusarium, Verticillium, and 

Ceratocystis) and other host-pathogen interactions described above, M cannonballus is 

not a systematic pathogen and although hyphae can be observed in xylem vessels, they are 

apparently restricted to the immediate lesion area and extensive formation of tyloses 

occurs rapidly at distances up to six centimeters from a root lesion. The latter suggests 

that a diffusible metabolite, produced either by the fungus or the infected plant, is involved 

in the induction of tyloses and that the latter are an overreaction by the plant to a minor 

infection which culminates in a susceptible reaction, i.e.-wilting. Another possible 
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scenario would be that tyloses were caused by embolisms due to infection. This will be 

discussed later in this chapter. 

It has been shown that tyloses in banana infected with Fusarium oxysporum f sp. 

cubense formed as extensions of contact parenchyma cells, i.e., parenchyma cells abutting 

the xylem vessels (VanderMoIen et al., 1987). In contrast, the origin of tyloses in melon 

infected with Fusarium oxysporum f sp. melonis was the protective layer of the contact 

cell (El-Mahjoub et al., 1984). As tyloses develop, the primary wall material of the pit 

membranes of the xylem vessels ruptures, hydrolyzes, and disappear. In consistency with 

the results of VanderMoIen et al., the contact cells of resistant plants showed strong 

cytoplasmic activity leading to the growth of tyloses into the lumen. 

Cytological changes that occurred during tyloses development suggest that the 

growth of tyloses result from processes common to normal cell enlargement. Numerous 

lines of evidence suggest that their formation is dependent upon active growth processes. 

The plasticizing of the cell walls of the abutting parenchyma cells precedes tylose 

formation (Beckman, 1971). When cell walls become elastic, it is more likely that is due 

to auxin activity, particularly indole acetic acid or lAA (Frankenberger and Arshad, 1995). 

During pathogen-host interactions with wilt pathogens, substantial increase in indole 

acetic acid, lAA (Pegg, 1976; 1959; Weise and DeVay, 1970; Matta and Gentile, 1968; 

Pegg and Selman,), abscisic acid (ABA) and ethylene (Weise and DeVay, 1970) were 

observed. In addition, tyloses were initiated experimentally by the introduction of LAA 

into vascular tissues of bananas (Mace and Solit, 1966), tomato (Pegg and Selman, 1959), 
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and cotton (Bomman et al., 1968). It is likely that tyloses formation in plants after 

pathogen invasion is induced by synergistic activities of the plant hormones although the 

direct role of hormones in tyloses formation remains unclear. 

The increase in hormone level in plants can be attributed to oxidized phenolic 

compounds that are released during pathogenesis. Vascular discoloration is a universal 

feature of vascular diseases (Smith and Walker, 1930) and discoloration is an indication of 

oxidized phenolic compounds. Through the action of polyphenols, auxin is metabolized 

from tryptophan (Gordon and Paleg, 1961; Matta and Gentile, 1968). Another universal 

feature of vascular diseases is the production of ethylene during pathogenesis by the 

pathogen and host, but in the latter only in susceptible hosts (Pegg, 1985). Ethylene is a 

powerful inducer of polyphenol oxidase which is a precursor of phenolic acids that inhibit 

lAA oxidases. LAA oxidase regulates the level of lAA in the plant, therefore, inhibition of 

lAA oxidases increases the level of lAA in the plant. The plasticizing of the cell walls also 

involved infusion of hydrogen ions and removal of calcium (Rayle, 1973). Both lAA and 

ethylene are known to enhance proton extrusion through stimulation of ATPase-regulated 

proton pump (John, 1983). 

Another factor that had been hypothesized to play a role in the reduction of water 

conductivity of xylem is embolisms within the vessels (Milbum, 1979). When vessels are 

embolized, either filled with air or other gas, they lose their water conductivity ability. To 

make up for this loss, tyloses are formed to preserve the tissue pressure by making it 

incompressible and maintain transpiration during embolism (Canny, 1997). The 
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mechanism by which embolism is formed is not clearly established but it is believed that 

pathogen invasion, aging, and injury can trigger embolism in plants (Zimmerman, 1983). 

Although, fungal (vascular wilts and root-rotters) action could degrade plant cell walls to 

allow entry of air, air is not likely to be drawn into healthy vessels at the tensions normally 

existing in plants since the small size of pit membrane pores localizes any embolisms 

within a single vessel and water can continue to flow through alternative vessels (Jones, 

1983). During invasion by vascular wilt pathogens, embolism and tyloses formations 

were observed in infected plants (Zimmerman, 1983; Rioux et al., 1998). Likewise, 

frequent observation of tyloses formation even without the presence of a pathogen during 

and after embolization suggests that tyloses formation is a common response to embolism 

(Jones, 1986). Jones also argued that it is more unlikely that tyloses directly afifect water 

flow and caused wilting because tylosed vessels are previously cavitated and air-filled and 

no longer functional (Jones, 1986). However, Canny (1997) observed that the lumen 

space not occupied by tyloses was both filled with xylem sap, embolized, and gas-filled. 

Thus, during the early stages of tylosis formation, the vessel remained active in carrying 

the transpiration stream. Our study showed that the hydraulic conductivity of the xylem 

vessels is directly proportional to the amount of tyloses. This suggests that tyloses 

contribute significantly to the decreased water flow through the xylem vessels. Clearly, 

further work is necessary to resolve the question of the importance of embolism in vine 

decline and vascular wilt diseases. In addition, formation of tyloses has only been well 

described in vascular wilt pathogens and rarely in root diseases (Nicole et al., 1992). 
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Although vine decline occurs late in the growing season, our results show that the 

onset of root infection can occur early in the growing season and that the onset is related 

to specific soil temperatures. For example, in a spring planted crop (i.e.-January to 

February), root infection occurs approximately 57 days after planting and coincided with 

soil temperatures of 25°C or greater for at least eight consecutive hr per day. However, in 

a fall planted crop (July and August), root infection can occur within nine days after 

planting. Soil temperatures at this time of the year commonly exceeded 30°C for 24 hr per 

day. Knowledge of the variation in the onset of root infection in different cropping 

seasons may be critical to the timely and efBcacious post-plant applications of appropriate 

chemicals for this currently uncontrolled disease. 
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m. PHENOTYPIC CHARACTERIZATION AND GENETIC ISOLATION BY 

MYCELL\L INCOMPATIBILITY m MONOSPORASCUS CANNONBALLUS 

Abstract 

Forty-three isolates of the fungus from Arizona, California, Texas, Israel, and 

Spain were studied to determine whether or not phenotypic and genetic variations exist in 

Monosporascus cannonballus. The isolates were assessed for cultural characteristics and 

the extent of mycelial incompatibility was analyzed. Twelve mycelial compatibility groups 

(MCG) were identified. Each of the isolates from Israel, Spain, and the two watermelon 

isolates from Texas were incompatible with all other isolates. The largest MCG consists 

of isolates from the three states. Some Arizona isolates were distributed in two other 

compatibility groups. The existence of genetically isolated populations within 

Monosporascus cannonballus will be useful in monitoring the spread and quarantine of 

known strains or pathotypes. 
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Introduction 

Little is ioiown about the biology and population structure of Monosporascus 

ccamonballus (PoUack&Uecker), a soilbome root-infecting ascomycete that causes vine 

decline of melons {Cucumis melo L.) and watermelon (Citrullus lanatus L.). Despite the 

economic importance of this disease, strains and pathotypes of M cannonballus have not 

yet been determined. This is may be due to the difficulty in screening at the seedling stage 

since vine decline symptoms usually occur at late stages of plant development and when 

the plant is under stress (Wolf and Miller, 1998; Pavonia et al., 1998). Consequently, 

there is lack of knowledge on the interactions between cannonballus and its host, e.g. 

gene-for-gene interaction. 

In filamentous fiingi like M. cannonballus, genetic systems operate that often 

result in the production of new genotypes. One of these systems is heterokaryosis and 

consequent parasexuality and can be a significant source of genetic variation. However, 

these fiingi also possess a system of regulating heterokaryon formation and many fiingal 

species possess mycelial and vegetative incompatibility systems which block heterokaryon 

formation between different strains (Worrall, 1997; Leslie, 1993; Glass and Kuldau, 1992; 

Kohn et al., 1991; Rayner et al., 1984; Caten and Jinks, 1966). Vegetative incompatibility 

regulates success of both hyphal anastomosis and heterokaryon formation. Heterokaryon 

formation is often detected using nutritional mutants such as nitrate nonutilizing mutants 

(Puhalla, 1985). In mycelial incompatibility the hyphae of incompatible strains 

anastomose, degenerate and die, thus aborting heterokaryotic cells. The interaction 
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between incompatible strains is characterized by a barrage reaction at the point where two 

incompatible strains meet. The barrage line does not always correspond to heterokaryon 

incompatibility (Ford et al., 1995) therefore, it is more appropriate to call the interactions 

that do not lead to successful establishment of heterokaryotic cells as mycelial 

incompatibility (Kohn et al., 1991). Mycelial incompatibility is one of the events in 

vegetative incompatibility and from which vegetative incompatibility is sometimes inferred. 

Mycelial and vegetative incompatibility, in most cases, are controlled by 

homogenic genetic systems. Compatible strains are more likely to be genetically similar 

because heterokaryon formation requires identity at all loci (Worrall, 1997). Therefore, 

mycelial and vegetative incompatibility can be a powerful tool to dissect intraspecific 

heterogeneity in a particular fungal species. 

Mycelial incompatibility has been employed in the groupings of strains of several 

fungi such as Cryphonectriaparasitica (Anagnostakis, 1987), Ophiostoma ulmi (Brasier, 

1983), and Sclerotinia sclerotiorum (Kohn et al., 1991). It is important to determine if 

phenotypic as well as genetic differences exist among isolates of M cannonballus. This 

information will be useful in understanding its population structure and epidemiology. 

BCnowledge of these aspects will serve as the basis for formulating management strategies. 
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Materials and Methods 

Isolates. The 54 isolates used in this study are listed in Table 3.1 and were 

isolated by our laboratory or obtained from other investigators. Unless indicated, all 

Arizona isolates were isolated from infected roots in six adjacent melon fields in 

Harquahala Valley with a known history of A/, ccamonballus infestation. Hyphal tips from 

each strain were transferred to 2% water agar and five 5-cm mycelial plugs from each 

resulting colony were stored in sterile distilled water at room temperature (22-26 C). 

Cultural studies. A 5-cm diameter agar plug of each isolate of A/, cannonballus 

was placed in the center of 9-cm petri dishes of the following agar media; Potato Dextrose 

(Difco Lab); V8 (Campbell Soup Co.) (100 ml V8 juice, 1 g CaCOj, 20 g agar, 900 ml 

sterile distilled water); Czapek Solution (Difco Lab); Com Meal (Difco Lab); Iron-Lysine 

(Difco); Bean Pod (Difco Lab); Cooke Rose Bengal (Difco Lab); and 2% Water Agar. 

The plates were incubated at 27, 30, and 35''C and observed periodically for 30 days. For 

growth rate studies, all isolates were grown on V-8 agar (100 ml V8 juice, I g CaCOj, 20 

g agar, 900 ml sterile distilled water) medium at 30°C. After 48 hours of incubation, the 

diameter of mycelial growth was measured and the data were plotted using Sigma Plot 2.0 

(Jandel Corporation). The experiments were conducted with five replicates per treatment 

and repeated three times. 

Mycelial incompatibility. Fifty-four field isolates (2 from Spain, 5 from Israel, 4 

from Texas, 10 from California, 33 from Arizona) oiMonosporascus cannonballus were 

initially tested for mycelial incompatibility on all the media listed above. Of the 54 



Table 3.1. Melon and watermelon isolates of M. cannonballus used in this study. 

ISOLATE ORIGIN HOST 

ISl Spain (Dr. R. Cohen) Melon 
IS2 Spain (Dr. R. Cohen) Melon 
IS3 Israel (Dr. R. Cohen) Melon 
IS4 Israel (Dr. R Cohen) Melon 
IS44 Israel (Dr. Y. Katan) Melon 
IS45 Israel (Dr. Y. Katan) Melon 
IS46 Israel (Dr. Y. Katan) Melon 
CA46 El Centro, CA (Dr. G. Holmes) Melon 
CA48 El Centro, C A (Dr. G. Holmes) Melon 
CA51 EI Centro, CA (Dr. G. Holmes) Melon 
CA53 El Centro, CA (Dr. G. Holmes) Melon 
CA54 El Centro, CA (Dr. G. Holmes) Melon 
CAl Imperial Valley, CA Melon 
CA32 Brawley, CA Melon 
CA5 Brawley, CA Melon 
CAS Brawley, CA Melon 
CA9 Brawley, CA Melon 
AZ4 Yuma, AZ Melon 
AZ47 Phoenix, AZ Melon 
AZ49 Phoenix, AZ Melon 
AZ12 Bighorn 10, Harquahala Valley, AZ Melon 
AZ13 Bighorn 6 Melon 
AZ16 Bighorn 3 Melon 
AZ17 Bighorn 6 Melon 
AZ18 Bighorn 3 Melon 
AZ21 Bighorn 3 Melon 
AZ24 Bighorn 25 Melon 
AZ37 Bighorn 7 Melon 
AZ38 Bighorn 7 Melon 
AZ40 Bighorn 9 Melon 
AZ41 Bighorn 9 Melon 
AZ42 Bighorn 9 Melon 
AZ71 Bighorn 13 Melon 
AZ72 (C Melon 
AZ73 Melon 
AZ74 (C Melon 
AZ75 Melon 
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Table 3.1. Continued. 

ISOLATE SOLfRCE HOST 
" Melon 
" Melon 
" Melon 

AZ79 Bighorn 13 Melon 
" Melon 

^ " Melon 
" Melon 

AZ83 " Melon 
" Melon 
" Melon 
" Melon 

AZ87 " Melon 
" Melon 

TX43 Texas (Dr. R. Martyn) Melon 
TX2C18 Texas (Dr. T. Isakeit) Melon 
TXSYI Texas (Dr. T. Isakeit) Watermelon 
TXSY2 Texas (Dr T. Isakeit) Watermelon 



52 

isolates, 52 were isolated from melon and two were isolated from watermelon. 

Preliminary results indicated that incompatibility reactions occurred on all media 

except water agar but with varying intensity. The most intense incompatible reactions 

were observed on potato dextrose agar. Subsequent pairings of all isolates were 

conducted on Potato Dextrose Agar. Each strain was grown on 10% V-8 for 72 hr before 

pairing. Five-cm mycelial plugs taken from advancing margin of growth were placed 3 cm 

apart on PDA in a 9-cm petri dish. The plates were incubated at 30 C. Pairings were 

examined 7 and 14 days after inoculation. Mycelial compatibility tests were repeated three 

times with three replicates per treatment. 
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Results 

All isolates of Monosporascus cannonballus produced perithecia on V8 , PDA, 

Rose Bengal, 2% Water Agar, Bean Pod, and Com Meal agar media. All isolates failed to 

produce perithecia in Lysine-Iron Agar medium. No asexual spores were observed on any 

medium. Very few perithecia were produced on Com Meal Agar and Water Agar relative 

to the other media tested. In Czapek Solution Agar medium, all isolates turned black and 

died. Similarly, when M cannonballus was transferred continuously on PDA, some 

isolates failed to produce perithecia, turned black, and eventually died. Similar observation 

was reported by Martyn et al. (1996) when the isolates were grown on potato dextrose 

agar. They attributed the growth decline and death to the presence of dsRNA in the 

fungus. However, our study found that all isolates can be maintained on V8 agar without 

lethal consequence while maintaining their ability to undergo the sexual stage. Some 

isolates do produce less perithecia relative to other isolates regardless of the medium. 

These include isolate CA9, AZ12, AZI3, AZI8, AZ21, AZ24, AZ34, and IS46. 

The data from this study also showed that the optimum temperature for growth of 

M cannonballus is 30°C. The average growth rate of all isolates was slower at 27°C and 

dramatically drops down at 35°C (Fig. 3.1). There was no significant difference in the 

growth rate of all U.S. isolates and the two isolates from Spain at 30°C after 48 hr on V8 

agar medium. However, growth rates of these isolates are significantly different from 

those of all Israel isolates. The isolates from Israel have a slower growth rate compared to 

the U.S. isolates (Fig. 3.2) and the Spain isolates. 
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Fig. 3.1. Average growth rate of all A/, cannonbalhis isolates at dififerent temperature 
levels. 
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Fig. 3.2. Average growth rate of US, Israel, and Spain isolates grown at SO^C for 48 hr. 
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An incompatible reaction between strains of M. carmonballus is characterized by a 

barrage reaction (Fig. 3.3). The reaction line is initially observed as raised mycelia from 

both sides of the interaction followed by increased pigmentation and eventual mycelial 

death. A reaction was compatible if no reaction line developed and the two strains grew 

into each other without changes in morphology. Among the 53 isolates, 13 mycelial 

compatibility groups (MCG) were recognized (Table 3.2). The largest group, designated 

as MCGIO, consists of 32 isolates from Arizona, California, and Texas. All California 

isolates belong to this group as well as the two cantaloupe melon isolates from Texas. 

Most of the isolates from Arizona also belong to this group. The other isolates from 

Arizona were distributed in the other three compatibility groups, MCGl 1, MCG 12, and 

MCG13. MCGl 1 consists of isolates from different fields while MCG12 consists of three 

isolates from one field. There were three compatibility groups identified in one field 

(Bighorn 13) and MCG 13 consists of eight isolates from this field. Each isolate from 

Spain and Israel was compatible only with itself, thus, each represents a different MCG 

(MCGl-2 and MCG3-7, respectively). Likewise, the two watermelon isolates were 

incompatible with each other and all other isolates. Thus, these isolates, TXSYl and 

TXSY2, were designated as MCG8 and MCG9, respectively. 

The intensity of reaction in incompatible pairings differ among isolates and 

depended on the media used (Fig. 3.5). The barrage reaction described were observed on 

all media but with varying intensity but not on Lysine-Iron Agar. On LI Agar medium, the 

dense mycelial line was not observed but incompatible reaction was characterized by a 
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Fig. 3.3. Compatible and incompatible reactions between M carmonballus isolates. The 
arrow shows barrage line between incompatible isolates. 
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Table 3.2. Mycelial compatibility groups (MCGs) inM caamonballus. 

MCG Isolates 

MCGl SPl 

MCG2 SPI 

MCGS IS3 

MCG4 IS4 

MCGS IS44 

MCG6 IS45 

MCG7 IS46 

MCGS TXSYl 

MCG9 TXSY2 

MCGIO TX2CI8, TX43, CA9, CA32, CA46, CA48, CAS I 
CASS, CAS4, AZS, AZ4, AZ5, AZ8, AZ12 
AZ16, AZ18, AZ21, AZ24, AZ28, AZSO, AZSl 
AZ47, AZ49, AZ57, AZ62, AZ66, AZ67, AZ68 
AZ74, AZ75, AZ79, AZSO 

MCGll AZl, AZIS, AZ17, AZ37, AZ38, AZ76, AZ77, 
AZ78 
AZ86,AZ87,AZ8S 

MCG12 AZ40, AZ41, AZ42 

MCG13 AZ71, AZ72, AZ73, AZSl, AZ82, AZS3, 
AZ84, AZ85 



Fig. 3.5. Different interaction intensities among M carmonbalhis isolates. 
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dear zone or line devoid of mycelia. The compatible reaction on LI agar is not different 

from the compatible reactions on other media. 
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Discussion 

The data from this study demonstrated that cultural growth differences and 

mycelial incompatibility occurs among field populations within M. cannonballus. This is 

the first report on the existence of strains within M. cannonballus. The presence of 

compatible strains in Arizona, California, and Texas suggests that M. cannonballus is 

indigenous in these areas. There is no report that M cannonballus is seedbome so it is 

unlikely that a soilbome fungus such as M cannonballus may have been introduced in 

these states. There were five MCGs identified in a local field in Arizona. This suggests 

that populations in Arizona are quite heterogenous. All isolates of M. cannonballus 

produced perithecia on culture media indicating that M cannonballus is probably 

primarily homothallic. Cultures from single ascospores also invariably produced 

perithecia, indicating primary homothallism (Chapter FV). While no knowledge of 

outcrossing is available in M cannonballus, occasional outcrossing has been reported in 

homothallic fungi (Kohn et al., 1991; Fincham et al., 1979). Therefore, isolates within 

each MCG may have multiplied primarily by sexual homothallic means. The two strains 

isolated from watermelon were compatible only with each other and may have become 

genetically isolated due to host selection. More isolates from watermelon are needed to 

determine the extent of isolation due to host selection. The incompatibility of all Israel 

isolates, Spain isolates, and the U.S. isolates with each other can be explained by their 

geographical isolation, difiFerent environment, and cultural practices. Every Israel isolate 

represents a different MCG which may indicate that M cannonballus in Israel is more 
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heterogenous than U.S. populations. Based on mycelial incompatibility, local field 

populations of M. ccamonballus can be heterogenous. 

Genetic analysis of mycelial incompatibility is complicated by its dependence on 

media, variability in the intensity of interaction, and the uncertainty as to what level of 

mycelial incompatibility indicates vegetative incompatibility (Worrall, 1997). Nitrate non-

utilizing mutants are not yet available in Monosporascus cannonballus, therefore MCGs 

cannot be tested for heterokaryon incompatibility in complementation tests. Mycelial 

incompatibility, like vegetative incompatibility, appears to be governed by multiple loci. In 

Pleurotus ostreatus, three or more loci are apparently involved (Malik and Vilgalys, 

1994). Weak reactions were frequently observed in Phellirtus weirii, suggesting that 

muhiple loci contribute to mycelial incompatibility (Hansen et al., 1994). The differences 

in the intensity of incompatible reactions in this study also suggest that multiple loci may 

be involved in mycelial incompatibility in M cannonballus. The more intense reaction 

reflects higher number of loci that were heteroallelic. 

The physiological mechanisms of mycelial incompatibility are unknown. Oxidizing 

conditions and phenoloxidases such as laccase have been detected in zones between 

incompatible mycelia (Hansen et al., 1993). Electron microscopy of incompatible reaction 

in Neurospora crassa revealed extensive organelle degradation and plasmolysis that 

resemble a programmed cell death or apoptopsis in animals and plants (Jacobson et al., 

1997). 

Mycelial compatibility groups have been correlated with genetic relatedness in 
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Sclerotinia sclerotiorum (Kohn et al., 1991). Analysis with molecular markers indicated 

that each MCG was genetically uniform. However, strains within a compatibility group 

can be genetically different as in the case of Paecilomyces fumosoroseus as revealed by 

random amplified polymorphism (RAPD) profiles (Cantone and Vandenberg, 1998). 

While the results of our study suggest that M ccamonballus is a heterogenous population, 

more isolates and additional genetic markers need to be examined to validate such a 

hypothesis. Likewise, our local field sample size is small, but it is likely that more MCGs 

will be identified if more isolates are examined. 

Mycelial and vegetative incompatibility systems have also been demonstrated to 

have practical consequences for plant pathologists. Mycelial incompatibility has been used 

to study population dynamics, geographical distribution, and the origin of new races or 

strains of fungal pathogens. Analysis of mycelial compatibility groups in Sclerotinia 

sclerotiorum in two adjacent canola fields suggests that genetic diversity arose fi-om 

occasional outbreeding (Kohn et al., 1991). Martyn et al. (1996a) discovered that some 

strains of M cannonballus carry dsRNA. Strains carrying this virus have reduced 

virulence and this virus is spread in the population through hyphal anastomoses and 

suggested that these strains may be useful in biological control. The presence of dsRNA 

virus has been exploited in the control of Cryphonectria parasitica, chestnut blight in 

Europe (Grente and Bertelay-Sauret, 1978). However, this strategy was not successful in 

North America because the number of incompatible groups is higher than in Europe. The 

results of the C. parasitica studies indicate that vegetative or mycelial incompatibility 
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systems prevent hyphal anastomosis. Thus, the existence of incompatible strains ofM 

cannonballus may hinder their use as biocontrol agents. Mycelial incompatibility is one of 

the early events during vegetative incompatibility and has been the primary criterion of 

vegetative incompatibility (Worrall, 1997). 

Characterization of strains of M cannonballus is important if we are to understand 

the epidemiology of vine decline disease and estimate their potential for spread. Except 

for one mycelial compatibility group (MCGIO), all strains ofM cannonballus are 

restricted geographically and thereby can be monitored and quarantined. This study 

provides the first evidence of strains in M. cannonballus. Whether the mycelial 

incompatibility observed in this study correspond to vegetative incompatibility remains to 

be answered. Also, future studies require the combination of larger sampling size from 

local fields and vegetative compatibility groups and DNA-based genotype analysis for 

higher resolution of population genetic structure of Monosporascus cannonballus. 

Likewise, determination of pathological significance of mycelial and vegetative 

compatibility groups in M. cannonballus is paramount. 
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IV. HOST RANGE OF ASCOSPORE GERMINATION AND FIELD TOLERANCE 

OF CANTALOUPE-TYPE MELON CULTIGENS 

Abstract 

Monosporascus-y/mt decline is a serious disease plaguing the melon industry in 

many geographically diverse countries of the world. The host range of ascospore 

germination of M cannonballus was assessed by planting a pre-germinated seed in plastic 

tubes containing ascospore-amended unsterilized soil. After 15 days, germinated 

ascospores attached to the roots were observed in melon and watermelon seedlings only. 

No germinated ascospores were observed in other hosts. Field screening of cantaloupe 

breeding lines and commercial cultivars for tolerance to M. cannonballus revealed sources 

with high and moderate level of tolerance. One breeding line, XPH 6422, was rated highly 

tolerant while nine cultigens were identified as moderately tolerant. These results indicate 

that crop rotation and use of resistant cultivars can be incorporated as components of 

integrated disease management of vine decline. 
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Introduction 

Vine decline caused by Monosporascus cannonballus is an emerging disease of 

melon worldwide (Martyn and Miller, 1996). In the U.S. the disease is of economic 

significance in melon growing areas of Arizona (Stanghellini et al., 1996), California 

(Bruton et al., 1995), and Texas (Mertely et al., 1991). 

The ascospores were demonstrated as viable and germinate in the rhizosphere of 

melons only under live field conditions (Stanghellini et al., 1996). This indicates that the 

ascospores function as a primary inoculum as well as the survival structures of M 

cannonballus. The inability of the ascospores to germinate in sterilized soil may suggest 

that root exudates and soil microflora stimulate the germination of the ascospores . 

Ascospores have never been found to germinate on other plant species but perithecia have 

been found on roots oiLepidium lasiocarpum (Stanghellini et al., 1996), wheat 

(Hawksworth and Ciccarone, 1978), and watermelons (Martyn et al., 1996b), indicating 

that M cannonballus was able to infect and colonize these hosts. Knowledge of the host 

range of ascospore germination is vital in devising a control strategy through crop rotation 

against the fungus. 

No known resistant cultivar of cantaloupe against M cannonballus is available yet. 

The identification of sources of genetic resistance and consequent development of 

resistant cantaloupe cultivars is a major component of disease management of vine decline 

caused by Monosporascus cannonballus. A preliminary report on part of these data was 

presented earlier (Alcantara, et al., 1995). Identification of resistant/tolerant lines in the 
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cantaloupe type will facilitate breeding for resistance in the development of resistant 

cantaloupe varieties. 
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Materials and Methods 

Field screening of cantaloupe cultigens. Seeds of commercial open-pollinated 

and hybrid cantaloupe and inbred lines were sown in a previously identified naturally and 

uniformly infested field in Aguila, Arizona in 1994. Twenty-eight cantaloupe cultivars and 

breeding lines were seeded on June 13 on furrow irrigated beds 80 inches between bed 

centers. Cultivars were replicated four times in a randomized block design and each 

replicate consisted of 40 feet of bed. The severity of vine decline caused by M 

cannonballus in each replicate was assessed visually using the following disease rating 

index; 

4=no symptom 

3=no wilting but with foliar symptoms 

2= no wilting but with root and foliar symptoms 

I=complete wilting 

Disease severity ratings were made on September 9. Analysis of variance was 

performed using Sigma Stat 2.0 (Jandel Corporation). All fertilization, irrigation, pest 

control, and cultural practices were performed by the commercial grower. 

Root samples were also obtained, washed, and taken to the laboratory for 

macroscopic observation and microscopic examination. 

Ascospore germination in the rhizophere. For ascospore germination, the method 

by Stanghellini et al. (1996) was used with few modifications. Seeds were sterilized for 

one minute in 95% ethyl alcohol and five minutes in 10% bleaching reagent. The seeds 
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were washed with sterile distilled water for one niinute and air dried. The seeds were 

germinated on 2% water agar at 30°C for 48 hr. 

An isolate ofM cannonballus (AZl) was grown on 10% V8 agar. Ascospores 

were harvested after one month by blending the culture media in a blender with sterile 

distilled water. Unsterilized field soil was then infested with the ascospore suspension 

standardized at 300 ascospores/ g of soil and placed in plastic test tube. Each tube was 

planted with a germinated seed and all tubes were placed in a test tube rack and covered 

with plastic. The rack was then incubated in the growth chamber maintained at 30°C and 

95% RH for 15 days. The seedlings were carefully removed from the tube and the root 

system was transferred onto petri plate with sterile distilled water. Germinated ascospores 

were observed under a dissecting microscope at 10 and 40X. The experiment was 

repeated three times with five replicates. 

Axenic germination of ascospores. Discharged ascospores fi-om 30-day old 

cultures were collected by using a sterile needle and transferred into a sterile centrifuge 

tube with distilled water. The ascospores were then plated on diflferent agar media; 

Potato Dextrose, V8, Malt Extract, Yeast Extract, Com Meal, Czapek, Rose Bengal, 

Bean Pod, Lysine-Iron, Murashige and Skoog Minimal Media, and Water Agar containing 

different levels of nitrogen sources; asparagine, arginine, tryptophan, phenylalanine, 

ammonium sulfate, and ammonium nitrate at .01%, .05%, and . 1%, and .5%; and carbon 

sources;glucose and sucrose at .5%, 1%, 2%, 5%, 10%, 20%, 30%. The plates were 

amended with no, 0.025%, 0.05%, and 0.1% activated charcoal. Microelements such as 
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MgS04 THiO, CaS04 THjO, FeS04 THjO, MnS04 THjO, ZnS04 THjO, NaCl were also 

used as supplements at different concentrations, 1%, .1%, and .01% per liter of distilled 

water. The plates were also incubated at SOX and observed periodically for a month for 

germinated ascospores under dissecting and compound microscopes. The experiment was 

repeated three times and each treatment was replicated five times. 

Ascospore germination by root exudate. Seeds of melons were surface sterilized 

for one minute in 95% ethyl alcohol, then for five minutes in 10% bleaching reagent. The 

seeds were washed with sterile water and dried. Ten seeds were germinated in 2% water 

agar plate. After 72 hours and radicles were 10 mm in length, sterile distilled water was 

poured into the plates and incubated at room temperature for 30 min, 12 hr, and 24 hr. 

The root exudates were collected by transferring the liquid from the plates into sterile test 

tubes. 

Ascospores were collected after they were discharged from perithecia from 30-

day-old cultures growing on V8 agar plates. Ascospore suspension in root exudates were 

then plated on water agar and V8 agar. The plates were incubated at 27, 30, and 35°C 

and observed periodically for a month. 

Ascospore germination by volatiles. To test for volatile compounds, the 

ascospores and actinomycetes or bacteria in a soil sample from a heavily infested field in 

Harquahala Valley, Arizona were placed separately in a divided petri plate. The 

microorganisms were streaked on nutrient agar on one side of the petri plate and 

ascospores were placed on the other half with nutrient agar, potato dextrose agar, water 
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agar, or V8 agar. The plates were sealed with parafilm and incubated at 30°C in light or 

dark and observed periodically for a month. Each treatment was replicated five times. 

Ascospore germination by soil microflora. Ascospores were germinated using the 

test-tube technique described above. Unsterilized field soil and soils steam-sterilized at 

50, 60, 70, and 80°C were used. Actinomycetes and bacteria were isolated fi^om live field 

soils in Monosporascus-mSi&st&i field in Harquahala Valley, Arizona and fi'om the roots of 

plants grown in soil previously heated at SOT. Actinomycetes and bacteria were isolated 

from live field soil by preparing a serial dilution (10"', 10"^ 10'^ 10"*, 10"^ 10"^, 10*^) and 

plated on Actinomycete Isolation Agar, Phenyl Ethyl Alcohol Agar, and McConkey's 

Agar. Cell cultures of each dominant prokaryotic microflora isolated were prepared in 

nutrient broth incubated for 24, 48, and 72 hr. Then, 10', 10^ 10^, 10'', 10® cfij/ml 

concentrations of each organism were prepared and reintroduced into sterile soil 

artificially infested with ascospores. The test-tube technique as described above was used 

for ascospore germination. All experiments were repeated three times. 

Single-ascospore isolation. Again, the test-tube technique described above was 

used to germinate the ascospores in melon rhizosphere. Germinated ascospores observed 

under a dissecting microscope were carefully picked using a forcep and transferred onto 

2% Water Agar. The plates were incubated at SO'C and observed periodically for seven 

days. Hyphal-tips from the cultures were subsequently transferred onto 10% V8 agar. 

The plates were incubated at 30°C for 30 days and observed for perithecial formation. 
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Results 

Field tolerance of cantaloupe cultigens. Results of the field trial presented in 

Table 4.1 indicate that tolerance to the fungus exists in cantaloupe commercial cultivars 

and breeding lines. Breeding line XPH 6422 (Asgrow), with a disease index rating of 3 .5, 

was identified as the most highly tolerant of all cultigens tested. Three commercial 

cultivars. Solid Gold, Gold Rush, and Primo, and six breeding lines were rated as 

moderately tolerant. Other popular commercial cultivars such as Challenger, Durango, 

Top Mark, Laguna, PMR 45, and Cruiser were highly susceptible with a mean rating index 

ofO.71-1.05. Of the 28 cultigens tested, only 10 possess some level of field tolerance. 

Majority of the inbred lines and commercial hybrid and lines were susceptible. 

Vines appeared healthy early in the growing season but as the season progressed, 

foliar and vine decline symptoms were observed. The yellowing of leaves typical of 

Monosporascus-mAxxced disease was followed by vine collapse. Majority of the 

cantaloupe cultigens screened were either susceptible or highly susceptible. Dry brown 

root lesions were observed in all cultigens tested and all eventually produced perithecia at 

the later stage of disease development. Microscopic examination of the xylem vessels of 

XPH 6244 showed absence of tyloses while the cultigens that wilted showed massive 

tyloses formation. 

Host range of ascospore germination. The results of ascospore germination in the 

rhizosphere of different crop species is presented in Table 4.2. Ascospores ofM 

cannonballus germinated only in melon and watermelon hosts. The ascospores failed to 



Table 4.1. Disease rating of cantaloupe cultigens grown in a commercial field in 1994. 

Cultivar Mean Rating 

XPH 6244 3.5a 

Solid Gold 2.6lb 
WM2426 2.54b 
NVH898 2.38b 
WM2402 2.25b 
KXPM 111 2.21b 
Gold Rush 2.11b 
Primo 1.95b 
XPH 6242 1.94b 
XPH 6245 1.93b 

KXPM 137 1.73c 
Mission 1.73c 
Caravelle 1.71c 
Gold Mark 1.70c 
Desert Mark 1.70c 
Valley Gold 1.44c 
Laredo 1.40c 
Veracruz 1.25c 
WM21028 1.24c 

Challenger 1.05d 
Durango l.04d 
XPH 6240 l.Old 
HMX9584 l.Old 
Top Mark 0.99d 
XPH 6112 0.91d 
Laguna 0.87d 
PMR 45 0.79d 
Cruiser 0.71d 



Table 4.2. Host range of ascospore germination of M ccmnonballus. 
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Host Scientific Name/Cultivar Ascospore 
Germination 

Melon Cucumismelo L. cv. Caravelle Yes 

Cucumis melo L. XPH6244 Yes 

Watermelon Citrullus lanatus L cv. Crimson Sweet Yes 

Cucumber Cucumis sativus cv. Straight 8 No 

Winter Squash Cucurbita pepo cv. Verde No 

Snap Bean Phaseolus vulgaris cv. Dade No 

Pinto Bean Phaseolus vulgaris cv. Pinto No 

Com Zea mays W64A No 

Tomato Lycopersicon esculentum cv. Ace55 VF No 

Wheat Triticum aestivum No 

Sorghum Sorghum bicolor No 

Sudan Grass Sorghum sudanense No 
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germinate in the rhizospheres of snap beans, wheat, Sudan grass, sorghum, pinto beans, 

com, cucumber, and squash. Wheat, Sudan grass, and sorghum are being used as crops 

for rotation with melons in Arizona. The percent of germination is between 8-10% (i.e., 

24-30 per 300 ascospores/g soil) 15 days after inoculation. Ascospores germinated in the 

susceptible cantaloupe cultivars. Desert Mark and Caravelle, as well as in the resistant line, 

XPH 6244 (Fig. 3.4). 

Ascospore germination. No germination of ascospores in axenic culture, including 

the use of root exudates, was observed. Also, there was no germination in reinfested soils 

subjected to temperatures of 60, 70, and 80°C. Only when the soils were either 

unsterilized or heated to 50''C was germination observed. A total of 16 prokaryotes were 

isolated from the 50°C-treated soil. However, none of these prokaryotes isolated from the 

soil and roots of melons were able to stimulate ascospore germination, too. 

Single-ascospore isolation. All nine single-ascospore isolates obtained produced 

perithecia on V8 agar medium. 
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Fig. 3.4. Germinated ascospores on melon roots 15 days after inoculation (40X). 

w 
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Discussion 

Tolerance to M. cannonballus may have been due to the ability of the cultigen to 

produce few tyloses as discussed in Chapter Three of this dissertation. The timing of 

tyloses formation determmes the outcome of host-pathogen interaction. In a study on 

Fusarium infection of banana, Beckman and Hahnos (1962) found differences in the 

formation of tyloses between cultivars. Tyloses formation was weak or delayed in 

susceptible interactions. This reaction enabled the fungal to be swept along the xylem 

vessels which triggered formation of tyloses throughout the plant. Ultimately, massive 

tyloses were formed and water flow through the xylem was obstructed. Resistant 

cultivars, on the other hand, were able to localize the fungus by rapid tyloses formation. 

M cannonballus hyphae are rarely seen in the xylem of its host so it's unlikely that similar 

mechanism operates in XPH 6244. It is not clear why XPH 6244 did not produce tyloses 

despite evidence of infection by root lesions. Furthermore, ascospores were able to 

germinate in XPH 6244 rhizosphere. This provides a strong correlation between 

resistance/susceptibility and tyloses formation in the M cannonballus-vc\^on interaction 

and supports the previous study (Chapter 2 of this dissertation) that tyloses play a role in 

the vine decline of infected melons by A/, cannonballus. Perhaps, the absence of tyloses in 

XPH 6244 despite visible root infections is due to a mechanism that directly or indirectly 

counteract massive tyloses formation. Further examination of the role of tyloses in 

resistance or tolerance to M cannonballus need to be addressed in the fiiture. 

High level of field tolerance to M. cannonballus was initially reported only in non-
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cantaloupe types in field screening in Texas (Wolf and Miller, 1998) and Arizona 

(Stanghellini et al., 1995). Data from both studies showed high level of tolerance in 

'Ananas' type melon. Honeydew', Galia', and 'Casaba' type melons were found 

susceptible in these studies. In the same study conducted by Wolf and Miller, 

Xharentais' type melon demonstrated a high level of field tolerance while very low level 

of tolerance was observed on all the cantaloupes tested. The absence of tolerant 

cantaloupe-type melons in the Texas study indicates that the genotype x environment 

component significantly contributes to the outcome of M cannonballus-msXon interaction 

and more likely that resistance is controlled quantitatively as suggested by Cohen et al. 

(1996). Polygenic inheritance of resistance to M. cannonballus is further supported by 

lack of immune or completely resistant cultigens in all the melon types screened so far. 

The identification of tolerant cantaloupe lines in this study will facilitate breeding 

for resistance or high field tolerance to M cannonballus by sparing plant breeders and 

pathologists from the tedious job of backcrossing and saving time if the genes for 

resistance will come from horticulturally different melon types such as Charentais. Further 

studies on field performance of promising cultivars and breeding lines are warranted. In 

addition, yield response should be measured to better characterize the tolerance to 

hdonosporascus-\\ne decline (Wolff and Miller, 1998). 

In addition to tyloses formation (Chapter II), physiological and environmental 

stresses had been demonstrated to contribute to vine decline (Wolff, 1996). Genotypes 

with a concentrated fiiiit were more susceptible (Wolff and Miller, 1998). Water stress 
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and high ambient and soil temperatures were also critical in the development of vine 

decline (Stanghellini et al., 1996). 

The germination of ascospores in unsterilized and in soUs heated to SCC suggests 

that soil microflora may be involved in the germination of ascospores but the low 

germination percentage of ascospores observed 15 days after inoculation may indicate that 

the ascospores were in the state of physiological heterogeneity, that is, ascospores don't 

germinate at the same time. However, the reason for the germination of ascospores in 

unsterilized soil will not be known until the stimulatory substance is identified. The 

possible role of microflora in ascospore germination is not unprecedented. For example, 

the germination of sclerotia of Sclerotium cepivorum is stimulated in soil by the extracts of 

Allium roots (Coley-Smith et al., 1968). The effect of the extracts on sclerotial 

germination is not direct but a specific reversal of the inhibitory effect of the microflora in 

the soil. Another example of the role of microflora in spore germination is exemplified by 

Gigaspora margarita. The germination of the spores of this arbuscular mycorrhizal 

fungus is stimulated by volatile compounds produced by several species of actinomycetes 

(Carpenter-Boggs et al., 1995). 

The eventual formation of perithecia by all single-ascospore isolates indicate that 

the primary mating system in A/, cannonballus is homothallism. Further analysis of the 

mating system to determine whether primary or secondary homothallism exists in M 

cannonballus is hindered by its own biology, i.e. M cannonballus produces only a single 

ascospore per ascus. 
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Although, M cannonballus had been shown to infect wheat and other non-

cucurbits (Merteley et ai., 1993a) when pathogenicity tests was done using fungal mycelia, 

germination of ascospores in the rhizosphere of these hosts have never been observed. It 

is surprising though, that ascospore germination was not observed in the rhizosphere of 

the non-cucurbits used in this study. One possible explanation for the field infection of 

wheat by M cannonballus (Hawksworth and Ciccarone, 1978) is that M cannonballus 

produces infective propagules other than ascospores in the soil, though asexual spores 

have never been observed in M cannonballus nor the survival of hyphae in the soil. It is 

clear that the results of this study warrants further investigation on the germination of 

ascospores in dififerent hosts. 



V. SUMMARY AND CONCLUDING REMARKS 

81 

Monosporascus cannonballus was first associated with root rot of melons in 

Arizona in 1970 (Matejka and Troutman) but the above-ground symptoms described for 

vine decline of melons has been reported as early as 1954 (U.A. Tech. Bui.). The causal 

relationship between the disease andM cannonballus was not recognized until 1990. 

The controversy about the Monosporascus-mdon interaction continued as 

different researchers began calling the disease with various names such as melon collapse, 

sudden wilt, vine decline/root rot, or just simply, vine decline. While other researchers 

insist that Monosporascus-m£Q.ctQ<i plants showed massive rotting of tertiary roots which 

subsequently caused wilting, other researchers did not observe root rotting of infected 

plants prior to wilting. This study provided evidence that Monosporascus-mfQcXtd plants 

produced massive amounts of tyloses into the xylem vessels, indicating that these 

outgrowths of contact parenchyma ceils contribute significantly to wilting by impairing the 

water transport through the xylem vessels. 

While Monosporascus cannonballus can not be categorized as a classic root rotter 

in the mold of a Pythium, neither can it be categorized in the company of the vascular 

wilts such as Fusarium, Ophiostoma, and Verticillium. The universal feature of wilt 

disease caused by these classical vascular wilt pathogens is vascular discoloration. M 

cannonballus does not cause vascular discoloration and hyphae are rarely seen in the 

vascular tissue. It is hereby proposed that a more appropriate name for this disease is 
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Monosporascus-yfAXx. to distinguish it from the wilt caused by the classical wilt pathogens. 

Studies on the etiology ofM carmonballus strongly indicated thai Monosporascus 

behaves more like Macrophomina, a weak pathogen that becomes agronomically and 

economically important when the plants are under stress. Regular irrigation schedule and 

control of insects such as whiteflies may help lower the incidence and severity of 

Monosporascus-vA\i. 

In addition to the elucidation of the mechanism of wilting in Monosporascus-v/T\x, 

this dissertation represents the first report of the existence of strains in M carmonballus. 

This grouping is based on mycelial incompatibility. Results in this study also provided the 

first evidence of the mating system that occurs in M cannonballus. Based on the ability 

of all field and single-ascospore isolates to produce perithecia, M cannonballus isolates 

were predominantly homothallic. 

The existence of inherent genetic resistance in cantaloupe will provide another 

component of integrated management of Monosporascus-vnXl in conjunction with sound 

irrigation practices, insect management, and proper crop rotation. 

While the results from these experiments will contribute to our overall 

understanding of M. cannonballus and Monosporascus-vnli of melons, questions and 

opportunities for research investigation also arose that need to be answered in the future. 

Some of these important and interesting studies include the temporal analysis of tyloses 

formation in resistant and susceptible hosts, pathological significance of mycelial 

compatibility groups, genetics of resistance, and the physiology and biochemistry of 
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ascospore germination. 

Finally, the closely related species of A/, cemnonballus, M. eutypoides, has never 

been found nor reported again. It is more likely that the two species are the same but 

further investigation is warranted if the original cultures of M eutypoides are still 

available. 
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