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ABSTRACT 

In November of 1984 and 1985, Euphorbia lathyris was 

planted into a field naturally infested with Macrophomina 

phaseolina located at the Campbell Avenue Farm in Tucson, 

Arizona. Plants without foliar symptoms and rhizosphere soil 

were sampled regularly from emergence until the following May 

or June. Soil rhizosphere populations ranged from 0.7 - 3.0 

cfu/g soil in 1985 to 8.0 - 24.1 cfu/g soil in 1986, and did 

not change significantly over either growing season (p > 

0.05). Both the incidence of disease and the number of 

infection sites per cm of root increased significantly (p < 

0.05) over each growing season and were not related to 

rhizosphere soil populations of ~ phaseolina (p > 0.05). The 

distribution of infection sites along the tap root over both 

growing seasons remained the same in that most were located 

in the top 0 - 7 cm of tap root. 

Infected E. lathyris without apparent symptoms were 

subjected to low-water and high-temperature stress treatments 

in growth chambers. Root infection was not found to be 

dependent upon any stress. Lesion development was 

significantly dependent upon the imposition of any stress 

treatment, and further root colonization was significantly 

dependent upon low-water stress (p < 0.05). M. phaseolina was 
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consistently recovered from asymptomatic roots. A consistently 

lower leaf water potential was measured on infected E. 

lathyris than from non-infected controls when no stress 

treatment was applied. 

Polyclonal antisera made against hyphae and 

microsclerotia of M. phaseolina was not successful in 

detecting this pathogen in E. lathyris by I-ELISA. Antisera 

applied to fresh thin sections of infected plant tissue was 

effective in staining hyphae of M. phaseolina when used with 

a second antibody conjugated to fluoroscene isothiocyanate or 

to an enzyme (to which a substrate was added to "stain" 

hyphae) • 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

A review of the work done on Euphorbia lathyris 

Euphorbia lathyris L., or caper spurge, is a latex 

producing member of the Euphorbiaceae. It has been reported 

to be native to China and introduced into Europe during the 

middle ages (Shiskin 1949), but Smith and Tutin (1968) listed 

its origins as the Eastern and Central Mediterranean regions. 

Al though the assumed origin of ~ lathyris is from" arid 

climates, Kingsolver (1982) reported that in California its 

distribution is along the mesic coastline and not in the 

semi-arid Central Valley or the arid southern desert regions. 

Caper spurge is in the same family as the rubber tree 

(Hevea brasiliensis [H. B. K.] Muell. Arg.), the castor bean 

(Ricinus communis L.), and to casava (Manihot esculenta 

Crantz), which are valued for their latex, seed oil, and 

starch content, respectively (Hondelmann and Radatz 1983). 

The genus Euphorbia has attracted attention as a potential 

crop because of the large number of natural products 

contained in the latex. These include rubber, alkanes, 

glycerides, sterols and sterolic glycosides, tri terpenes , 

cocarcinogenic diterpene fatty acid esters, and starch 
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(Biesboer and Mahlberg 1981). However, the latex is also 

a severe skin irritant which can present problems to those 

involved in handling this ~lant. These same irritants are 

thought to act as a deterrent against predation by 

herbivores (Haberlandt 1914). 

Latex is contained in highly specialized secretory 

cells (called laticifers) that are found throughout the 

plant. (Biesboer and Mahlberg 1981, Rudall 1987). Although 

their exact function is not clear, Haberlandt (1914) has 

suggested that they function in the conduction of "food" and 

in wound healing through the coagulation of contained 

latex. However recent studies suggest that starch grains 

in laticifers are not utilized during plant growth 

(Biesboer and Mahlberg, 1978). 

The threat of a world wide petroleum shortage during 

the 1970's stimulated interest in ~ lathyris as a possible 

alternative fuel source due to the . polyisoprene and 

hydrocarbon content in its latex (Nielson et al 1977). 

Because early puplications suggested that this plant could 

be grown in semiarid regions using less water than any 

currently cultivated agricultural crop and since the amount 

of hydrocarbon production was hypothesized to be dependent 

upon high levels of solar radiation, the southwestern 

United states was thought to be an appropriate region for 

producing this crop (30hnson and Hinman 1980). However, 
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after 3 years of research in southern Arizona , it was 

concluded that E. lathyris required a substantial 

irrigation regime for both establishment and a reasonable 

hydrocarbon yield (Peoples et al. 1981, and Flugg et al. 

1983): corroborating conclusions were reached by Sachs et 

al. (1981a, 1981b) in California. Researchers also found 

that under the combined conditions of high ambient 

temperatures and inadequate irrigation, E. lathyris was 

severely affected by the charcoal rot fungus, Macrophomina 

phaseolina (Tassi) Goid. (Peoples et al. 1981, Sachs et &1. 

1981a, 1981b, and Young and Alcorn 1982). These 

developments, plus the drastic fall in petroleum oil prices, 

eliminated ~ lathyris from the list of candidate species 

for development as biocrude sources in southern Arizona. 

Other latex bearing and resinous plant species are 

still being investigated for their potential as biocrude 

feedstock (McLaughlin and Hoffmann 1982). However, the 

future of such projects remains questionable until 

petroleum oil prices increase again to make cultivation of 

these alternative crops economically feasible. 

Interestingly, E. lathyris is still under consideration for 

cultivation for other purposes. Calvin (1987) considers 

some of the latex streols to be of potential value to the 

pharmaceutical industry. The C~ components, which make up 

a small percentage of the latex, are related to ingenol, 

a potential anti-tumor agent. 
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Macrophomina phaseolina causes charcol rot in over 

500 plant species world wide (Dhingra and Sinclair 1978, 

Livingston 1945, Young 1949) including such important 

cultivated crops as soybean (Ammon et ale 1974, 1975, Kunwar 

at ale 1986, Meyer at ale 1974, Pearson et ale 1984, 

Sinclair and Shurtleff 1980), okra (Rao and Mukerji 1972), 

corn and sorghum (Cook et a1. 1973, Edmunds 1964, 

Livingston 1945), potatoes (Watson 1944), chickpea 

(Magyarosy et ale 1985), sugarbeets (Tompkins 1938), cowpea 

(Luttrell and Weimer 1952, Sackston 1969, Young 1949), 

melons (Bruton et ale 1987, Reuveni at ale 1983), groundnuts 

(Lal and Mathur, 1967), sesame (Singh 1983), cotton 

(Ghaffar and Erwin 1969), safflower (Qadri and Deshpande 

1982), guava (Chattopadhyay and Bhattacharjya 1968), 

sunflowers (Chan and Sackston 1973b, Jimenez-Diaz and 

Blanco-Lopez 1983), lima beans (Andrus 1938), and kidney 

beans (Watanabe, 1972a). Cultivation and development of 

experimental arid land crops such as guayule (Norton and 

Frank 1953, Presley, 1944), guar (Mihail and Alcorn 1986), 

and E. lathyris (Young and Alcorn 1982) have been 

influenced greatly by M. p"haseolina infections. Other 

susceptible plants include nursery seedlings of conifers 
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(Hodges 1962 , Smith 1969) and a wide variety of weeds 

(Ghaffar and Zentmeyer 1968, Young and Alcorn 1984)~ which 

can serve as inoculum reservoirs for future infection of 

field crops. 

The first report of seed transmission of M. 

phaseolina was made by Andrus (1938), who observed that 

85% of tested non-sterile bush lima bean seeds were 

infected in contrast to 57% of the surface sterilized seeds. 

From this he concluded that the fungus could reside under 

the seed coat. This was confirmed by Sinha and Khare 

(1977), who observed mycelia and pycnidia in the seed coats 

and embryos of cowpea seeds, and by Singh (1983) who noted 

hyphae and microsclerotia in all seed components of 

symptomless sesame seeds. Seeds infected with M. 

phaseolina have been recovered from melons (Reuveni et al. 

1983), ground nut (Lal and Mathur 1967), soybean 

(Gangopadhyay et al. 1970, and Kunwar et al. 1986), cowpea 

(Sackston 1969), and kidney beans (Watanabe 1972a), but not 

from E. lathyris (Young 1982). 

Microsclerotia and pycnidia are the two distinct 

structures of this pathogen. Microsclerotia are produced 

in plant tissues and make long term survival in crop and 

plant debris possible (Cook at &1. 1973, Short at al. 1980, 

Watanabe 1973, Young et al. 1982, Young and Alcorn 1984). 

The conidia produced by pycnidia may be important in 
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airborne spread in the field (Anonymous, 1945, Luttrell and 

Weimer, 1952, Mehta and Pupipat 1968, Rao and Mukerji 1972, 

Weimer and Lutterell 1945). According to Dhingra and 

Sinclair (1978), Haigh (1930) divided M. phaseolina into 

three groups according to the mean sclerotial diameter in 

cul ture, pycnidia formation, and host origin. However, 

there is considerable variation in sclerotial size both 

between and within isolates in culture (Dhingra and 

Sinclair 1973, 1978). Other reports suggest that formation 

of pycnidia depends upon host type and incubation techniques 

rather than isolate characteristics (Anonymous 1945, 

Ashworth 1959, Chidambaram and Mathur 1975, Goth and 

Ostazeski 1965, Hildebrand et al. 1945, Hussain and Ahmed 

1960, Kulkarni et al. 1962, Mathur 1967, Rao et al. 1973, 

Watanabe 1972b). 

Microsclerotia are formed primarily by the 

intertwining of hyphae and reach maturity in 10-14 days 

(Wyllie and Brown 1970). They are black, smooth, round to 

oblong or irregular in shape, with diameters ranging from 

0.1-1.0 mm in leaves, stems, and fruits to 50-300 urn in 

culture (Dhingra and Sinclair 1978, Sinclair and Shurtleff 

1980). The cells are held together by a mucilagenous matrix 

and at maturity are pigmented (Dhingra and Sinclair 1978). 

A sclerotium consists of hundreds of functional globose 
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cells, each containing organelles needed for germination 

and growth (Wyllie and Brown 1970). 

Globose (100-200um) pycnidia are produced both in 

cu1 ture and on host plants, where they are at first 

submerged, then erumpent and darkly pigmented at maturity. 

According to Dhinghra and Sinclair (1978), the 

single-celled, hyaline conidia are formed at the tips of 

conidiophores and are ellipsoid to obvoid (14-30 x S-10 um) 

in shape. Sutton (1980), however, states that the 

conidiophores are absent. 

Hyphae are irregular (S-10um) in diameter, septate, 

and with secondary hyphae that branch off at right angles. 

Mature mycelia are pigmented, and colony morphology varies 

considerably in culture (Dhingra and Sinclair 1973, 1978). 

Investigations into the penetration and invasion of 

roots of susceptible hosts have been conducted by several 

researchers. Ammon et a1. (197S) found that the pattern of 

hypha 1 growth along soybean root surfaces was not 

a~sociated with a specific surface structure. Penetration 

of soybean roots occured wi thin 3 days of sc1erotia1 

germination and was predominantly between epidermal cells 

(Ammon et a1. 1974). Both inter and intra cellular invasion 

was noted in inoculated sunflower seedlings as well as in 

mature plants (Chan and Sackston 1973b). Both groups 

observed appressoria formation at hypha1 tips prior to 
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direct penetration, with invasion being aided by production 

of toxins and cellulolytic and pecto1ytic enzymes (Ammon 

et a1. 1974, Chan and Sackston 1970a, 1970b, 1973a, 1973b). 

Visual evidence for the invo1 vement of pecto1ytic 

enzymes by M. phaseo1ina was presented by Ammon et a1. 

(1975), when they interpreted electron lucent areas in the 

middle 1amel18 and primary cell walls as sites of enzymatic 

breakdown of the protopectin matrix surrounding cellulose 

microfibri1s. It is possible that dissolution of the 

middle lamella could also be used as indirect evidence for 

the presence of M. phaseo1ina in other studies such as those 

of asymptomatic infections. 

Although M. phaseo1ina can cause seedling blights and 

stem and root rots of susceptible plants (Dhringra and 

Sinclair 1978, Livingston 1945, Young 1949), plant 

infection is dependent upon many factors. In fact, the 

precise environmental conditions for infection vary from 

plant to plant. Historically, the combination of low-water 

stress coupled with high ambient temperatures has played 

a major role in pathogenesis. For example, Edmunds (1964) 

found no infection of grain sorghum at temperatures of 35 

and 40 C and 85% available soil water but infection did 

occur at these temperatures with 25% available soil water. 

Roots of self-fertile and of nonferti1ized male-sterile 

sorghum lines differed in susceptibility to M. phaseo1ina 
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when plants were subjected to high-temperature and low

water stress at the soft dough stage. Only stressed fertile 

plants developed charcoal rot, while infected roots of 

male-steriles did not develop symptoms (Odvody and Dunkle 

1979). Also, low-water stress predisposed cotton plants to 

charcoal rot infections at soil temperatures ranging from 

20 C to 40 C (Ghaffar and Erwin 1969), while the incidence 

of charcoal rot of guayule was reduced in spite of high 

temperatures when the frequency of irrigations was increased 

(Norton and Frank 1953). However, Bruton et ale (1987) 

found high soil temperatures to inhibit infection of field 

cantaloupes while soil-moisture effects varied with plant 

age. The direct relationship between percent of root 

systems infected and soil moisture content up until 

flowering was reversed after fruit set. 

In other reports, the conditions for infection and 

disease development vary. After sampling soybeans at 3-wk 

intervals throughout the growing season, Pearson et ale 

(1984) found disease development to be most pronounced late 

in the season as plants matured. Also, Wyllie and Calvert 

( 1969) could prevent the formation of sclerotia in soybeans 

planted into infested soil by removing flowers even though 

88-100 % of plants treated this way were infected. Tomkins 

and Gardner (1935) compared suceptibility of Mexican red 

bean and cowpea to M. phaseolina, and found that the 
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temperature effects on host growth influenced rate of 

infection. They observed that most seedling infections 

occurred in the cotyledons and found that rapid emergence 

of seedlings through infested soil could decrease the 

incidence of infection by shortening the exposure time to 

inoculum. Cowpeas grew well at all temperatures tested 

while Mexican red beans grew much more slowly at high 

temperatures than at lower temperatures. Though conditions 

for infection and disease development appear to be unique 

to the host, available soil moisture seems to affect the 

severity of infections that occur (Edmunds 1964, Hodges 

1962, Norton and Frank 1953). 

Young and Alcorn (1982, 1984), found field-grown ~ 

lathyris to be susceptible to infection during the cooler 

months of December and January in southern Arizona. One 

month after emergence, M. phaseolina was recovered from 

the roots of over 90% of the seemingly asymptomatic 

seedlings sampled. Aerial symptoms did not appear until the 

following Mayor June when temperatures increased and 

plants became stressed for water. The appearance of foliar 

symptoms was quickly followed by loss of entire stands of 

plants. 

The wide host range plus the ability of 

microsclerotia to survive for long periods of time present 

unique problems for control of this pathogen in arid and 
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semi-arid regions of the world. Preventing a major crop loss 

following infection of a susceptible host by maintaining 

an adequate irrigation regime is not always possible or 

practical. A key to controlling this pathogen lies in its 

poor competitive ability in soil. There is limited growth, 

at best, by H. phaseolina through non-sterile soil, whether 

or not a food base is present (Norton 1953). Dhingra and 

Sinclair (1974) found that a low soil carbon to nitrogen 

ratio decreased the number of viable sclerotia recovered 

from infected stem pieces in soil. This perhaps relates to 

the observation by Ghaffer et ale (1969) that the addition 

of organic material seems to increase soil populations of 

actinomycetes and other bacteria antagonistic to H. 

phaseolina. Fungi also are known to be antagonistic to M. 

phaseolina. Norton (1954) observed antagonism between M. 

phaseolina and several soil organisms particularly 

Thielavia terricola and Trichoderma 1ignorwn. Biological 

control of M. phaseolina on slash pine seedlings has been 

achieved under laboratory and greenhouse conditions using 

an unknown basidiomycete which was found to be a 

hyperparasite on mycelia of M. phaseo1ina (de 1a Cruz and 

Hubbell 1975). 

Symptomless fungal infections in plants 

Verhoeff (1974) has defined the term "latent fungal 

infection" , as a quiescent or dormant parasi tic 
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relationship between host and parasite that at some later 

time becomes active. Asymptomatic infections by Ostilaqo 

spp. on many hosts, and Botrytis allii in leaves of onions 

were excluded because in all cases, these fungi grow 

continuously. 

Symptomless fungal infections have been reported 

on a wide variety of plants (Bacon et ale 1977, Kulik 1984, 

Salt 1979, Simmonds 1963, stutz and Leath 1983, Suske and 

Acker 1987, Weidemann and Boone 1984, Verhoeff 1974). 

Historically, these infections have been investigated as 

pre- and post-harvest fruit infections (Adikaram et ale 

1982, Dickman and Alvarez 1983, Edney 1958, Muirhead and 

Deverall 1981, Pruskyet ale 1984, Simmonds 1963, Verhoeff 

and Liem 1975). Simmonds (1963) investigated those factors 

responsible for restraining the acti vi ty of fungi in unripe 

fruit which would become inoperative as the fruit rippened. 

In his work on Colletotrichum rots of tropical fruits, he 

outlined hypotheses about these factors which involved the 

presence or absence of various nutrients, enzymes, toxins, 

and the metabolic status of ripe fruit when compared to 

unripe fruit. Although there was no single well defined 

explanation, one unique feature was the formation of 

subcuticular hyphae in a seemingly healthy host. 

There is increasing evidence that many "weak" 

pathogens can survi ve and mul tiply on or in apparently 
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healthy roots. Thus, pathogens confined to young rootlets, 

root hairs, and superficial cortical cells may cause little 

visual damage, but may playa role in disease complexes or 

affect nutrient uptake (Salt 1979). Such disturbances can 

be manifested as a failure of crops to reach full yield 

potential under seemingly optimal field or greenhouse 

conditions (Salt 1979, Stanghellini and Kronland 1986). 

Numerous fungi have been recovered from a wide 

variety of asymptomatic plants. Tall fescue in pastures on 

which animals develop fescue toxicosis, has been found to 

be asymptomatically infected wi th the endophytic fungus 

Epichloe typhina (Bacon et ale 1977). Fungi have also been 

recovered from the roots of many asymptomatic plants. 

Fusarium moniliforme, !.:. oxysporum, Mucor spp., Phoma 

spp., Trichoderma spp., as well as M. phaseolina have been 

recovered from corn (Kommendahl et ale 1979, Windham and 

King 1983), Fusarium spp. from barley, oats, and winter 

and spring wheat (Cook 1968), and red clover (stutz and 

Leath 1983), Pythium dissotocum from lettuce and spinach 

(Stanghellini and Kronland 1986), and Phomopsis batatae, 

~ phaseoli, and P. sojae from sweet potato, soybean, and 

bean seedlings (Kulik 1984). Because distinctive symptoms 

cannot be associated with these asymptomatic infections, 

actual damage to the weakened host may relate more to a 

reduction in inate vigor and interactions with stressful 
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environmental conditions (Kommendahl at al. 1979, Salt 

1979) • 

Symptomless infections of various hosts by M. 

phaseolina have been reported before (Bruton et al. 1987, 

Chan and Sackston 1973a, Edmunds 1964, Hodges 1962, 

Kommendahl et al. 1979, Meyer et al. 1974, Odvody and Dunkle 

1979, Singh 1983, Weimer 1944, Windham and King 1983, Young 

1982, Young and Alcorn 1984), with host condition and age 

generally being cited as reasons for the lack of typical 

aerial symptoms. The pathogen has been isolated from the 

roots, crown region, and the lower 4.28 em of stem tissue 

of symptomless partridge pea (Weimer 1944), and roots of 

symptomless slash and loblolly pine seedlings (Hodges 

1962). However, such pine seedlings rarely died from these 

infections so long as they were adequately watered. Chan 

and Sackston (1973b) were able to inoculate a variety of 

seedlings with M. 2haseolina and then recover the fungus 

from symptomless plants. M. phaseolina was also recovered 

from the roots of symptomless field-grown cantaloupes 

(Bruton et al. 1987) and ~ lathyris (Young and Alcorn 

1984) but not from stems of the latter species until aerial 

symptoms were visible. Except for Young and Alcorn (1984), 

no mention has been made as to the specific sites on or in 

roots from which M. phaseolina was recovered. Though it 

was found that per cent root infections of asymptomatic 



26 

7-9-mo-old ~ lathyris at four given soil depths changed 

from May to 3une in one growing season, the distribution 

of infection over an entire growing season was not 

explored. Furthermore, the extent of root colonization in 

stressed vs. non-stressed symptomless plants was not 

investigated. 

The complex and dynamic nature of the soil 

environment make latent root infections harder to 

investigate than latent fruit infections (Curl and Truelove 

1986, Foster 1985, Griffin 1985). Show:i.ng that an infection 

has resulted from a particular site is at best difficult 

because the site is destroyed in order to verify 

penetration and infection. 'l'herefore, specific criteria for 

determining latent root infections are herein proposed to 

aid investigations under controlled condi tions (growth 

chambers) by this researcher: 1) infection has taken place 

without the appearance of aerial symptoms; 2) a dormant or 

quiescent phase occurs --- indicated by the fact that 

infected plants remain symptomless and the degree of root 

colonization remains the same under optimal growing 

conditions for the host; 3) after the induction of a 

stress, disease progresses from this initial infection site; 

and if no quiescent phase occurs, the infection is not 

latent, but would be considered asymptomatic. 
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The relationship of low water and hiqh temperature stress 

to the pathoqenesis of Macrophomina phaseolina 

The impact of low-water and high-temperature stresses 

on plant growth and development is well documented (Ayers 

1981, 1984, Boyer 1976, Crafts 1968, Levitt 1956, McIntyre 

1987). The low turgor pressure resulting from water 

deficits minimizes cell expansion and subsequent plant 

growth. Low-water stress also decreases the rate of 

photosynthesis by closing stomata and reducing uptake of 

atmospheric CO2 , reducing enzymatic activity, and, by their 

dehydration, decreasing the affinity of cuticle, epidermal 

walls, and cell membranes to CO2 • The transport of 

photosynthate to meristematic regions and the enzyme 

reactions of protein synthesis and respiration, also are 

adversely affected by low-water stress. High temperatures 

also reduce the rate of protein synthesis and 

photosynthesis and cause changes in cell membrane structure 

by alterations in the forces that maintain tertiary 

structures in proteins (Ayers 1984, Levitt 1956). The 

resulting permeability changes contribute to dehydration. 

These compromises in general condition both predispose 

plants to infection (Ayers 1981, Schoenweiss 1978), affect 

the spread of pathogens in infected plants (Ayers 1978, 

1981, Yarwood 1978), and ultimately affect the ability of 
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the plant to adapt to and recover from infection (Ayers 

1984). 

Both healthy and stressed plants also are affected 

by pathogen-induced changes in water status. Root pathogens 

interfere with water uptake by damaging or decreasing the 

absorption area of roots, increasing resistance to water 

flow in xylem elements, and by disrupting leaf cell 

membrane permeability by the action of pathogen-produced 

toxins on osmotic regulation (Ayers 1978, Cook 1973, 

Duniway 1973, Misaghi 1982). 

When M. phaseo1ina invades the roots of non-stressed 

plants, the aerial portion of the host often remains 

asymptomatic so infection is not readily apparent (Bruton 

et a1. 1987, Chan and Sackston 1973a, Edmunds 1964, Hodges 

1962, Kommendah1 et a1. 1979, Meyer et a1~ 1974, Odvody and 

Dunkle 1979, Singh 1983, Weimer 1944, Windham and King 

1983, Young 1982, Young and Alcorn 1984). The overall 

effect on growth and yield after this manner of infection 

is somewhat difficult to assess (Salt 1979, Stanghe11ini 

and Kron1and 1986). In this type of infection, the general 

status of the host can determine the extent of the spread 

of M. phaseo1ina. Once infected plants are stressed by heat 

or for water, or undergo maturation, this pathogen seemingly 

rapidly spreads throughout the plant (Edmunds 1964, Hodges 

1962, Wyllie and Calvert 1969, Young and Alcorn 1982). 
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Conversely, foliar symptoms have been prevented or made 

less severe by providing the infected host with adequate 

water (Edmunds 1964, Hodges 1962, Weimer 1944). Under 

conditions of high heat and low water, the growth of M. 

phaseolina appears to be favored over that of a host such 

as E. lathyris (Dhingra and Sinclair 1978, Peoples et al. 

1981, Sachs et al. 1981a, 1981b, Shokes et al. 1977). This 

has been observed in field studies of infected E. lathyris 

(Young 1982, Young and Alcorn 1982) and cantaloupe (Bruton 

et al. 1987) but has yet to be demonstrated under controlled 

environmental conditions where the individual and combined 

effects of these stress components on pathogen and host can 

be evaluated. 

Immunoenzymatic techniques in disease detection 

One method used to detect (both symptomatic and 

asymptomatic) infections in plants involves the use of 

labeled antibodies or immunoassays. Antibodies are 

produced in the reticulo-endothelial system of animals in 

response to foreign compounds (antigens) introduced by 

infection or injection. Among these antigenic compounds are 

many proteins and polysaccharides. Combining sites on the 

surface of antibodies are complementary in shape, charge, 

and hydrophobicity to the antigenic sites on the surface 

of the homologous antigen (Gibbs and Harrison 1976). 
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injection 

(immunization) of an antigen into an animal, such as a 

rabbit, antibodies formed differ in type and specificity. 

Antibodies of the type macroglobulin (IgM) usually appear 

one week after the initial injection. If a booster shot of 

the same antigen is given, antibodies of the gamma 

globulin (IgG) type begin to appear. These two reactions 

are called the primary and secondary (hyperimmune) response 

(Gibbs and Harrison 1976). Later in time IgM antibodies are 

again formed. 

Specificity of an antibody is related to avidity (the 

dissociation constant of the antigen-antibody reaction). 

Antibodies of low avidity (high dissociation constant) are 

very specific and only react with the homologous antigen 

while those with a high avidity (low dissociation constant) 

are less specific and also react with slightly different 

antigens. The IgM antibodies that are made have a high 

avidity, while the IgG antibodies have a low avidity. 

Therefore, relatively early antiserum collections (made 

after the first booster shot) that contain higher 

concentrations of IgG will be highly specific, and the later 

collections though higher in over all antibody titre, will 

be less specific (Gibbs and Harrison 1976, Hood at ale 

1984). 
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Immunoassays have been the diagnostic method of 

choice for viral diseases of perennial and vegetatively 

propagated crops such as trees, hops, bulbs, and 

ornamentals for many years (Clark 1981). Several procedures 

have been developed using labeled antibodies for the 

detection, localization, and quantification of biological 

consti tuents. While various precipitation and agglutination 

methods have been used extensivly, labelled reagent methods 

(e 0 g., immunofluorescence, radioimmunoassay, and enzyme 

immunoassays) are preferred for their extreme sensitivity 

(Voller et ale 1982). Consequently, enzyme immunoassays, 

such as enzyme-linked immunosorbent assays (ELISA), have 

become established as a standard laboratory diagnostic 

procedure to locate virus antigens in tissues or cells, 

provide information on the structure of virus particles, 

determine the amount of virus nucleoprotein or protein in 

a plant sample, and to determine the degree of antigenic 

relationship between particles of different viruses (Gibbs 

and Harrison 1976). The indirect enzyme-linked immunosorbent 

assay (I-ELISA) can be used in place of the ELISA. A second 

antibody to rabbit antisera is conjugated to an enzyme by 

a comercial company. The second antibody reacts specifically 

with the rabbit antisera and savas time required to 

conjugate an enzyme directly to rabbit antisera. Several 

papers have been published dealing with the specific 
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procedures and potential problems invol ved in the ELISA and 

I-ELISA techniques (Clark 1981, Clark and Adams 1977, Sutula 

et al 1986, Voller et ale 1982). The ELISA and I-ELISA also 

have been used to index plants fox infection, particularly 

in seed certification programs and in disease control 

through quarantine or eradication procedures (Voller et ale 

1982). The use of ELISA to investigate alternative hosts 

of plant pathogenic viruses (Sweet 1980) and to study 

virus-vector relationships (Banttari 1979, Gera et ale 1978) 

has shown its potential for facilitating epidemiological 

studies. 

Enzyme immunoassays also lend themselves to stUdies 

of various compounds in fresh and preserved tissue sections 

(Kuhlman 1976). The accessibility of intracellular 

antigens is governed mainly by the ability of the 

immunocytochemical substances to penetrate to appropriate 

sites. Thus, the thickness of each fresh tissue section has 

a major affect on the penetration of antibodies. This is 

not the case for fixed tissues. The best staining results 

were obtained by using thick frozen sections of well-fixed 

specimines (Kuhlman 1976). Apparently, freezing and thawing 

or treatment of sections with detergents disrupts intact 

cell membranes that are otherwise barriers to the 

penetration of antibodies. Kuhlman (1976) also found that 

prolonged fixation of plant tissue in weak aldehydes was 
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not necessarily associated with denaturization of antigenic 

sites. However, if tissues were poorly fixed, protein 

leakage occurred resulting in staining artifacts. Changes 

in antigenic properties due to cross-linkages resulted from 

fixation in stronger aldehydes and probably was the cause 

for antibody conjugates not reaching antigenic sites. 

Sections from fixed tissues embedded in paraffin (instead 

of being frozen), stained well if ethanol-acetic acid was 

used as the fixative. However, if an aldehyde fixative was 

used, immunochemical reactions occurred, but staining was 

less intense. 

Not all applications of enzyme immunoassays have 

involved plant viruses. Detection of natural infections of 

plants caused by spiroplasmas (Clark et ale 1978) and 

bacteria (De Boer 1984, Levanonyet ale 1987, Van Vuurde and 

Van Henten 1983, Van Vuurde et alo 1983) have been 

reported. Fungal infections are also being investigated 

(Aguelon and Dunez 1984, Burrell et ale 1966, Chakraborty 

and Purkayastha 1983, Clark 1981, Fitzell at ale 1980a, 

Fitzell et al 1980b, Fradkin and Patrick 1982, Frankland 

et ale 1981, Gendloff at ale 1983, Gerik at ale 1983, 

Hadwiger et ale 1981, Johnson et ale 1982, Johnson at ale 

1983, Kough et ale 1983, Mueller at ale 1986, Nachmias et 

ale 1979, Preece and Cooper 1969, Purkayastha and Ghossal 

1987, Savage and Sall 1981, Schans at ale 1982, Warnock 
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1971, Wilson at ale 1983, Wright at ale 1987). Fungi as 

antigens are unique in that the antigenicity of an isolate 

can vary with age. Older hyphae are more vacuolated than 

young hyphae, so young cul tures contain a higher 

concentration of antigenic material per uni t of weight 

(Burrell at ale 1966, Preece and Cooper 1969). 

Consequently, low titre levels and a lack of specificity 

have been common problems encountered with the use of fungal 

antisera. However, cross reacting the antisera with 

non-targeted reactive fungi (Frankland et ale 1981, Fitzell 

et ale 1980b, Gendloff et ale 1983) and host tissue (Mink 

et ale 1985, Nachmias et ale 1979) to eliminate common 

antigens can reduce the problem of low specificity if the 

affinity for the homologous antigen is not reduced 

significantly. Antigenici ty also varies wi th the medium 

upon which the fungus is grown. 

Many reports on fungal antisera involve their use in 

the identification of pathogens in vitro (Burrell et ale 

1966, Fitzell et ale 1980b, Kough et ale 1983, Preece and 

Cooper 1969). The sucessful detection of pathogenic fungi 

in host tissue ai ther by ELISA (Johnson et ale 1982, 

Johnson et ale 1983, Nachmias at ale 1979, Savage and Sall 

1981) or the staining of sectioned infected plant material 

with labeled antibodies (Fitzell at ale 1980a, Gendloff et 

ale 1983, Gerik et ale 1983, Hadwiger at ale 1981, Mueller 
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at ale 1986, Schans et ale 1982) seems to be determined by 

antisera specificity and titre levels, as well as the level 

of host tissue autofluorescence. ~n the case of M. 

phaseolina, most published serological studies have focused 

on identifying possible common antigens between host and 

pathogen (Chakraborty and Purkayastha 1983, Purkayastha and 

Ghossal 1987). 

Labeled antibodies have also been used to estimate 

quantities of mycelia in infected plant material (Warnock 

1971) and leaf litter (Frankland et a1. 1981). Nonspecific 

staining of various non-targeted components has complicated 

efforts to examine fungi in soil (Bohlool and Schmidt 1968). 



CHAPTER 2 

THE RELATIONSHIP OF LOW WATER AND HIGH TEMPERATURE 

S'l'RESS '1'0 INFECTION OF EUPHORBIA LA'I'HYRIS 

BY MACROPHOMINA PHASEOLINA 

Introduction 
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The impact of low-water and high-temperature stresses 

on plant growth and development is well documented (Ayers 

1981, 1984, Boyer 1916, Crafts 1968, Levitt 1956, McIntyre 

1981). Such stresses predispose plants to infection (Ayers 

1981, Shoenweiss 1918), affect the spread of pathogens in 

infected plants (Ayers 1918, 1981, Yarwood 1918), and 

ultimately affect the ability of a plant to adapt to and 

recover from infection (Ayers 1984). 

Heal thy plants also are affected by pathogen-induced 

changes in water status. Pathogens invading rootlets, root 

hairs, and superficial cortical cells may cause little 

visual damage, but can have a detrimental affect on water 

and nutrient uptake and movement (Salt 1919). As a 

consequence, such damage may not be recognized until 

seemingly healthy plants are stressed by heat, low water, 

flowering, and fruit sot. Onder such circumstances, a 
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pathogen such as Macrophomina phaseo1ina might seem to 

rapidly spread throughout the plant (Edmunds 1964, Hodges 

1962, Wyllie and Calvert 1969, Young and Alcorn 1982). 

Euphorbia 1athyris is very susceptible to infection 

by M. phaseo1ina. In southern Arizona asymptomatic 

infections (unless otherwise specified, meaning a lack of 

foliar symptoms) of 1-mo-o1d seedlings have been documented 

in the cooler months (ambient maximum temperatures 

approximately 15-25 C, and minimum temperatures 1-4 C) of 

November and December (Young and Alcorn 1984). However, 

symptoms of foliar chlorosis and necrosis, wilting and the 

ashey appearance of stems due to the proliferation of 

microsc1erotia (MS) were not observed until 5 to 6 mo later 

as temperatures increased (Young and Alcorn 1982). When ~ 

1athyris is cu1 ti vated under conditions of high 

temperatures and low moisture, the development of M. 

phaseo1ina is favored over that of the plant (Dhingra and 

Sinclair 1978, Peoples et a1. 1981, Sachs et a1. 1981a, 

1981b, Shokes et a1. 1977). The individual and combined 

effects of these stress components on this pathogen and 

this host have yet to be demonstrated. Therefore the 

objectives of this study were: 1) to determine whether heat 

stress, low-water stress, or both conditions trigger 

symptom development in infected but symptomless plants, and 
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2) to deter.mine the location of K. phaseolina in ~ lathyris 

under stressful and non-stressful conditions. 

Investigations of factors suspected in delaying 

symptom development should be facilitated by an inoculation 

technique that initiates infections at distinct points on 

roots. The progression of disease from these known points 

of infection could then be studied as plants are subjected 

to imposed environmental stresses. Therefore addi tional 

goals of this study were: 3) to develop an inoculation 

proceedure to initiate infection at known points along a 

root, and maintain plants in 11 symptomless state; 4) to 

ascertain that infection takes place in non-stressed 

plants; and 5) to deter.mine the impact of single 

inoculation sites on each of several different roots versus 

a single inoculation site on one root to disease 

development. 

Materials and Methods 

Inoculum development and storage 

M. phaseolina was isolated from the roots of 

naturally infected field-grown E. lathyris. Collected roots 

were rinsed in running tap water for 5 min, in freshly 

diluted 0.058% sodium hypochlorite for 1 min, than blotted 

dry on paper towels. Root sections wi th lesions were 

incubated for 3-4 days at 34 C on a selective medium (mPDA) 

(Young and Alcorn 1982, 1984) consisting of 39 gIL of Difco 
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potato dextrose agar (PDA) to which were added 375 ug 

a.i./ml streptomycin sulfate, 375 ug a.i./ml penicillin G, 

and 150 uglml chloroneb ( 1 , 4-dichloro-2, 5-

dimethoxybenzene; E. i. Du Pont de Nemours & Co., inc., 

Wilmington DE). Pure cul tures of M. phaseolina were 

obtained by transfer of hyphal tips and maintained on PDA. 

identification of M. phaseolina was made according to 

Dhingra and Sinclair (1978). 

MS used for inoculations were obtained from isolates 

of M. phaseolina grown in potato dextrose broth for 1 wk 

at 34 C in the dark. MS were harvested, washed three times 

in sterile distilled water, then air-dried at room 

temperature (24-26 C) for 3-4 days on Whatman No. 1 filter 

paper. MS were ground using a mortar and pestle and mixed 

into 20-grade silica sand to attain an approximate 

concentration of 20 MS per g of sand. 

MS-infested strings were also used to inOCUlate 

roots. These were prepared by modifying a technique used 

by Stutz and Leath (1983). Fifty pieces each of 100% 

cotton, polyester-coated cotton, and polyester strings were 

cut into lengths of 6 em and autoclaved 60 min on a wire 

mesh pedestal in covered 600 ml beakers. Sterile strings 

were placed on mPDA in 9-cm petri plates which were then 

inoculated with a 5 mm plug of hyphae of M. phaseolina and 

incubated in the dark at 34 C for 2 wk. Strings then 



40 

transferred to empty sterile 9-cm petri plates and 

incubated in the dark at 34 C for 24 hr, after which t~e 

they were stored in sterile petri plates at room temperature 

for no more than 4 wk. Sterile strings served as controls 

in these studies. 

Tests were done to determine if inCUbation 

temperature as KS germinate, as well as the length of t~e 

of storage, had an affect on KS viability. Parameters for 

longevity and survival of KS in plant material (Short et al. 

1980, Young at al. 1982) and soil (Watanabe 1973, Young and 

Alcorn 1984) have been well established, however variation 

in behavior between isolates in vitro and in vivo (Dhingra 

and Sinclair 1973, 1978) made these prel~inary tests 

necessary. The six subcultures of the Euphorbia isolate that 

were used had been harvested, air-dried, and ground as 

described earlier. The dried cul tures were then 

individually stored in the dark at 23-25 C in sterile petri 

plates for periods from 2 wk to 2 yr. MS from each culture 

were placed in 0.058% sodium hypochlorite on a stir-plate 

for 10 min, filtered through two layers of cheese cloth, 

then dried on paper towels before mixing 100 mg into 100 ml 

of cooled sterile 2% water agar plus 250 ug a.i./ml 

streptomycin sulfate. A thin layer of this mixture was 

poured into 5. 8-cm petri plates, then incubated in the dark 

at 18, 25, and 34 C. Incubation temperatures spanned the 
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optimal temperature ranges for growth of both E. 1athyris 

(23-26 C) and M. phaseo1ina (28-35 C) (Dhingra and Sinclair 

1978, Peoples et a1. 1981, Sachs et a1. 1981a, 1981b). Five 

replications of each age culture were tested at each 

temperature. At 12, 24, 48, and 92 hr, the first 50 MS 

observed in each petri plate were examined and the number 

germinating was recorded at each reading for all 

temperatures. The test was repeated twice. 

~noculation of E. 1athyris 

Seeds of ~ lathyris plants used in all studies were 

collected from field grown plants and were therefore assumed 

not to be genetically identical. Approximately 25 seeds 

were planted 1.5 cm deep into 8.6-em-diameter pots 

containing premoistened, 20-grade silica sand. Pots were 

placed in growth chambers set at 25 C with a 12-hr 

photoperiod (19,355 lux) then watered every other day with 

tap water and once a week with Hoagland's solution 

(Hoagland and Arnon 1938) • After 2 wk seedlings were 

removed from pots, rinsed with tap water for 2 min, and 

inoculated. ~f different age plants were to be inoculated 

at the same time, plantings were staggered at 1-2 wk 

intervals so 1-2-mo-old seedlings would ba available. 

Unless otherwise stated, all growth chamber experiments 

utilized the same light intensities and diurnal cycles. 
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Two sets of experiments were carried out involving 

inoculations of seedlings with MS-infested cotton strings. 

In the first experiment, 5-10 seedlings to be inoculated 

or used as controls were placed on a sheet of autoclaved 

paper towel. One HS-infested or sterile cotton string was 

tied around the root of a seedling within 2-5 em of the 

tip. Ends of strings were trimmed back to 0.5 em and the 

severed pieces incubated on mPDA at 34 C in the dark to 

confirm MS viability. Each paper towel plus seedlings was 

then rolled into saran wrap leaving stems and leaves 

exposed,and placed into a 600 ml beaker. Beakers were 

covered with aluminum foil leaving stems and leaves 

exposed. Controls and inoculated seedlings were placed side 

by side in separate beakers in growth chambers. Plants were 

examined daily for aerial symptom development and watered 

(ei ther daily or every other day depending upon the 

experimental design) just to moisten the paper towels. After 

1-2 mo plants were removed from the towels and the 

inoculation sites were checked for lesion development on 

roots. At this time strings were removed and isolations 

were made from original inOCUlation sites as described 

earlier. 

Six trials (with some variation in conditions) were 

conducted using rolled paper towels. In the first three 

trials, 2 to 8-wk old seedlings were inoculated and 
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incubated at 25 C in growth chambers for 2 mo. In each of 

these trials, at least three different age groups of 

seedlings were inoculated. Plants were watered and examined 

daily for aerial symptom development. Only 3- wk-old 

seedlings were used in the fourth trial. Twenty-four 

seedlings were inoculated and equal numbers of seedlings 

were used as controls. Half of all inoculated seedlings 

and controls were watered every other day while the 

remaining seedlings were watered daily. All plants were 

incubated and examined daily as in e~tperiments 1-3, but 

inoculation sites were examined after 1 mo. Due to space 

constraints, this particular experiment was not repeated. 

In trials 5 and 6, 14 and then 20 4-5-wk-old seedlings were 

inoculated then incubated at 25 C for 2 wk. At this time 

half of all inoculated and control seedlings were moved to 

34 C and half were kept at 25 C. Plants were watered (as 

in trials 1-3) and examined daily for aerial symptom 

development. Unless symptoms developed at an earlier time, 

roots were examined after 2 mo. 

In the second experiment involving inoculations with 

HS-infested cotton strings, two 4-wk-old inoculated 

seedlings or controls were transplanted into each 

8.6-cm-dia styrofoam pot of silica sand, then incubated at 

25 C for 2 wk. Depending upon the number of germinating 

seeds, 10 to 20 seedlings were inoculated for each of eight 
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trials. An equal number of plants tied with sterile strings 

served as controls. 

In the first four trials, one root of each plant was 

inoculated at one point, while in the next two trials, four 

different roots per plant were inoculated. All seedlings 

were incubated in 25 C growth chambers and watered as 

needed. Once a week, all seedlings were checked for aerial 

symptoms, and two inoculated and two control seedlings were 

removed from pots and inoculation sites examined for root 

lesion development. Root segments containing inoculation 

sites were cultured on mPDA. Infection was confirmen by 

isolation by the second week. Following confirmation of 

infection, half of the remaining seedlings were moved to 

a growth chamber set at 34 C. Plants were examined daily 

for aerial symptom development. After 1-2 mo the roots of 

all seedlings were examined for lesion development, then 

isolations onto mPDA were made from each inoculation site. 

In the last two trials, seedlings were inoculated at 

one site. Once infection was confirmed by isolation from 

roots of subsampled plants, infested and control strings 

were removed and all inoculation sites were marked by tying 

a sterile red string at that position. All seedlings were 

then moved to 34 C. Seedlings were watered daily at which 

time they were also examined for aerial symptoms. After 3 

wk roots of all plants were examined for lesion development 
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at the inoculation si te. Root segments containing 

inoculation sites were cultured on mPDA as described 

earlier. These tests were done to verify that all lesions 

seen following the transfer of plants to 34 C originated 

during the 2S C incubation period and not as new infections 

because of the continued presence of the infested string. 

~n both sets of string inoculation exper~ents, root 

invasion was also verified by light microscopy. A technique 

for examination of endomycorhizal fungi, developed by 

Phillips and Hayman (1970) was used. ~noculated roots were 

placed in a beaker, covered with 10% potassium hydroxide, 

and heated for 10-15 min, then rinsed three t~es in sterile 

distilled water. Rinsed root segments were bleached for S 

min in a 3% hydrogen peroxide solution, rinsed again in 

sterile distilled water, then stained by simmering for 2-5 

min either in o. 05% trypan blue in lactophenol or a 

saturated solution of acid fuchsin in 7S% ethanol. Stained 

segments were mounted on glass slides in lactophenol and 

examined with a compound light microscope (Nikon Optiphot, 

Nikon ~nc., Garden City, NY). 

~noculation of other plants with HS-infested cotton strings 

Seeds of gumweed (Grindelia camporwn Greene), 

guayule (Parthenium arqentatum Gray), quar (Cyamopsis 

tetraqonoloba L.), J.~a bean (Phaseolus l~ensis Hacf.), 

soybean (Glycine max (L.) Herr.), corn (Zea mays L.), and 
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jojoba (Simmondsia chinensis (Link) Schneid.er) were surface 

sterilized 1-2 min in fresh 0.058% sodium hypochlorite 

prior to germination. Seeds of corn, guar, lima bean, and 

soybean were placed on sterile paper towels, which were then 

rolled in saran wrap while leaving the top open for 

emerging seedlings. Rolled seeds were placed in 600 ml 

beakers, which were then covered wi th aluminum foil and 

incubated in growth chambers set at 25 C. Emerging seedlings 

were watered as needed. Seeds of gumweed were planted at 

a depth of about 50 mm in silica sand in 8.6-em-diameter 

pots and incubated as described above. Guayule seeds were 

sown on top of layered pasteurized potting soil (one part 

vermiculite, one part peat moss, one part sand collected 

from local dry river beds), silica sand, and potting soil 

in 9-cm-diameter glass petri plates. Each layer was about 

0.5 em deep. Open plates were then placed in plastic bags 

and incubated in a growth chamber set at 25 C. Guayule 

seeds were misted daily for 1-2 wk. Jojoba seedlings, 

approximately 5-wk in age and growing in cone planters, were 

obtained from Dr. D. Palzkill (Dept. of Plant Sciences, 

Univ. of Ariz., Tucson, AZ.) for inoculation. All other 

seedlings were 1-4-wk-old when inoculated with MS-infested 

cotton strings. 

An MS-infested string was tied around one primary or 

secondary root of each seedling within 2-5 em of the root 
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tip. In all cases an equal number of control plants were 

tied in a similar fashion wi th sterile cotton strings. 

Following inoculation, all seedlings except jojoba, were 

placed in sterile paper towels, rolled in saran wrap, and 

incubated in a growth chamber set at 34 C. Jojoba seedlings 

were replanted in the original cone planters, then also 

incubated at 34 C. Seedlings in rolled paper towels were 

watered as needed to keep the towels moist, while jojoba 

seedlings were watered when the leaves began to droop. At 

each watering all seedlings were examined for aerial 

symptoms of infection by M. phaseolina. Seedlings were 

removed from growth chambers if aerial symptoms were 

observed, or after 4 wk. All roots were first 

microscopically checked for lesion development at 

inoculation sites, then isolations were made from examined 

sites as described earlier. 

Field stUdies 

Field plots were set up at the University of Arizona 

Campbell Avenue Farm. Seeds of E. lathyris were planted in 

1984 and 1985 in November at a depth of approximatel.y 2.0 

em into preirrigated 40 inch beds. The field was irrigated 
-

again immediately following planting, and seedlings emerged 

in approximately 4 wk. Plants were irrigated only when 

leaves began to wilt until Mayor June, by which time 

symptoms of charcoal rot were generally visible. Collections 
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of 10 asymptomatic plants and rhizosphere soil were made 

at 2-3 wk intervals after emergence. For an easier 

comparison from one season to the next, each collection was 

recorded by Julian day. Cumulative rainfall and the maximum 

and minimum air temperatures for each field season were 

obtained from the National Oceanic and Atmospheric 

Administration. A climatological data collection station 

was located at the Campbell Avenue farm. 

Zsolations from each plant were made at 1 em intervals 

from root tip to apex onto a selective medium as described 

earlier. Zn addition, the epidermis was pealed away from 

tap root sections after surface sterilization and prior to 

placing onto mPOA. Plates were incubated for 3-4 days at 34 

C in the dark, then examined for the presence of ~ 

phaseo1ina. Both the number of infected but symptomless 

plants and the location and number of sites per plant the 

pathogen was recovered from were noted for each collection 

date. 

Rhizosphere soil around each asymptomatic plant was 

collected and assayed for M. phaseo1ina by techniques by 

Young (1982) but modified in the following manner. Each 

soil sample was air-dried, crushed through a 2 mm sieve, 

then three 5 g subsamp1es were placed in 125 m1 beakers. 

'1'0 reduce bacterial populations and growth from hyphae, each 

soil subsamp1e was individually mixed in 100 m1 of fresh 
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0.058% sodium hypochlorite for 1 min then allowed to set 

for 9 min. Each soil suspension was then washed with 

distilled water through a 45 um seive. The residue saved by 

washing into a 125 m1 beaker for a final volume of 10-15 ml. 

One hundred m1 of liquid mPDA was (cooled to 45 C and) 

thourough1y mixed with the soil suspension, then dispersed 

into five petri plates. After 3-4 days incubation in the 

dark at 34 C, M. phaseo1ina colonies were identified 

(Dhinghra and Sinclair 1978) and the number of 

colony-forming propagu1es per g (cfp/g) rhizosphere soil was 

recorded for each sample. 

Water potential measurements 

Leaf water potential was measured with thermocouple 

psychrometers (J'RD Merrill Speciality Co., Logan UT). Before 

each reading, thermocouple psychrometers were thoroughly 

cleaned with distilled water then sprayed with LPS cleaner 

(Electro contact cleaner, Holt Lloyd Corp., Los Angeles, 

CA) and dried at 30 C overnight. Each thermocouple 

psychrometer was then calibrated with 0.1,0.2,0.3, and 0.5 

molal solutions of NaC1 which covered a range of -0.5 to 

-2.3 mega pascals (MPAS). For this a piece of Whatman #1 

filter paper was fitted against the inner wall of a chamber 

and saturated with a given NaC1 solution, using a syringe 

to avoid accumulation of free solution in the chamber. The 

thermocouple unit was placed in a water bath set at 25 + 
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0.01 C and connected to a switch box (JRD Merrill Specialty 

Co., Ogden, OT). As much of the connecting wire as possible 

was also placed into the water bath to prevent errors in 

microvol t readings due to temperature gradients in the 

wires (Olsen 1982). The switch box was attached to wires 

from 12 thermocouples at a time, and in turn was attached 

to a microvol tmeter ( Keithley 155 Null Detector 

Microvol tmeter, Keithley J:nstruments, Cleveland, OH). water 

potential values were determined by cooling thermocouples 

for 15 sec followed by reading microvolt values after they 

had reached a plateau. Vapor pressure equilibrium within 

the psychrometer chamber was established within 2 hr based 

on observations of changes in microvol tmeter readings every 

30-60 min for 3 hr (Olsen 1982). A standard equilibration 

time for samples was chosen as the least amount of time to 

reach a plateau in the readings (Olsen 1982). A regression 

analysis at the 0.01 level was run on the three microvolt 

readings taken for each of the four molal solutions of NaCl 

tested in each thermocouple psychrometer. Calculation of the 

slope and y-intercept for the NaCl calibrating solution was 

based on standard water potential values of NaCl solutions 

according to Robinson and Stokes (1968). The regressions 

calculated for each thermocouple psychrometer were used to 

convert microvolt readings to MPAS. 
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Low-water and high-temperature stress experiments 

Low-water and high-temperature stress experiments 

were set up based on observations made in field studies. 

These were conducted in growth chambers set at 25 C and 34 

C each with a 12 hr photoperiod (19,355 lux) to simUlate 

optimal temperatures for E. lathyris and M. phaseolina, 

respectively (Dhringra and Sinclair 1978, Peoples et ale 

1981 ). Leaf water potential measurements were used to assess 

water status and to determine the frequency of watering to 

induce a low water stress. These experiments were run in 

three stages. First, baselines of leaf water potential 

measurements were developed for healthy l-mo-old plants. 

Plants were watered at 9 am on day zero, then daily readings 

were taken at the same time at 25 C or every 12 hr at 34 

C. Readings were discontinued when the leaves of sampled 

plants had wilted to the point where they would no longer 

adhere to the inner wall of the psychrometer chamber. At 

least six plants taken from different pots were sampled for 

daily readings. The first four fully extended leaves of 

heal thy l-mo-old plants were collected and placed into each 

thermocouple chamber. The inner walls of chambers were 

covered completely for consistent readings, then chambers 

were placed in the water bath at 25 C for equilibration. 

Water potential readings were taken 2 hr later and noted 

in terms of the visual condition of the plant on each day. 
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Correlations of leaf water potential measurements wi th 

plants in a non- stressed (leaves fully extended), and in 

stressed ( leaves flaccid and drooping ) conditions were 

made. These experiments were run three times at 25 C and 

then at 34 C. 

In the second stage, baselines were determined as 

before but involved leaves from four inoculated and four 

healthy l-mo-old plants for each reading. Then, parameters 

for what would constitute low or no water stress for 25 C 

(no temperature stress) and 34 C (high temperature stress) 

were defined. The infected plants incubated at 25 C were 

inoculated by planting into infested sand as previously 

described. Those inoculated plants incubated at 34 C were 

inoculated with infested strings tied onto four different 

roots per plant. After readings were taken, plants were 

removed from their pots and isolations were made from each 

plant onto mPDA from the original inoculation sites ( if 

incubated at 34 e), or from 20 randomly selected roots (if 

incubated at 25 e). Isolations were also made from crowns 

and stems of each plant. Plates were incubated in the dark 

at 34 e for 3-4 d then examined for the presence of M. 

phaseolina. In addition, roots, stems, and crowns taken from 

1 infected and 1 healthy plant after each water potential 

reading were preserved in FAA (Johansen 1940) for later 
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histological examination. These experiments were run three 

times at each temperature. 

stress experiments with defined parameters of 10w

water stress, high-temperature stress, no high temperature 

or low-water stress, and combined low-water and high

temperature stress were set up for inoculated and healthy 

l-mo-o1d ~ 1athyris plants in the third stage of this 

study. Leaf water potential measurements were taken from 

healthy controls (so as not to disturb infected plants) and 

used to determine watering frequencies for the non-stressed 

and low-water stressed plants at both temperatures. 

Generally, a non-stressed plant was watered every 4 days 

at 2S C and every day at 34 C, while 10w-water-stressed 

plants were watered every 8 days at 2S C and every 3 to 4 

days at 34 C. This experiment was run four times. Each 

trial ran approximately 4 wk to allow plants to experience 

low-water stress at least three times. In the first two 

trials, infected plants at both temperatures were inoculated 

by planting into infested sand, while in the third and 

fourth trials, one tap root and one secondary root per 

plant were tied with MS-infested string. All plants were 

examined daily for the development of aerial symptoms 

indicative of infection by M. phaseo1ina. At the end of 

each trial, all plants (approximately 20 each inoculated 

and control plants from each stress regime) vere removed 
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from pots and their roots examined for lesions. :Isolations 

from plants in infested sand were made from crowns, and 20 

randomly selected roots from each plant. :Isolations from 

string-inoculated plants were made at the two sites and at 

1 em increments up to and including the crown. Stem 

isolations were made 2 em above the crown in all inoculated 

plants. :Isolations from stems, crowns, and roots of 

controls were also made at this time. After each of the four 

trials, stems, crowns, and roots of three plants 

representing each stress parameter were fixed in FAA for 

later histological examination. A Chi-square analysis was 

run to determine if the number of lesions that develop and 

the frequency of recovery of M. phaseolina from inoculation 

sites and at a distance of 2 em from these sites was 

independent or dependent upon the imposition of a given 

stress. Expected numbers were calculated by the tradi tional 

Pearson's Chi square test for independence (Norusis 1986). 

This is a conservative test and gives a higher value for 

expected numbers than other tests (Sokol and Rohlf 1981). 

Fixation and histological examination of collected plant 
tissue 

The samples fixed in FAA, dehydrated via a graded 

series of tertiary butyl alcohol, and embedded in paraffin 

following the procedures of Johansen (1940). Sections 20 

urn thick were cut on a rotary microtome (American Optical 
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Co., Buffalo, NY) and adhered to glass slides with Haupt's 

gelatin. The mounted sections were stained with 0.05 % 

toluidine blue for 4 min, rinsed in distilled water for 1 

min, air dried, then the paraffin was removed with two 5 

min rinses in xylene (Berlyn and Miksche 1976). Ruthenium 

red was also used to stain the middle lamella of selected 

plant sections (Berlyn and Miksche 1976). This stain was 

used in attempts to detect dissolution of the middle lamella 

in root tissues in advance of hyphae of M. phaseolina 

(Ammon et ale 1975). Sections were mounted in canada balsam 

under glass cover slips, and examined under a compound 

light microscope. 

Results 

Inoculum development and storage 

M. phaseolina completely colonized cotton string but 

not polyester-coated cotton string or polyester string. 

Therefore, only cotton strings were used in these 

inoculation studies. M. phaseolina was recovered from all 

pieces of trimmed, excess, KS-infested string when 

isolations were made on mPDA. This comfirmed the viability 

of KS at the time strings were used for inoculation. 

Results of the viability studies of 2-vlt to 2-yr-old, 

air dried MS indicate that germination appears to drop in 

isolates stored 3 mo or longer. The prudent course of 
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action, was to use only air-dried MS or MS-infested cotton 

strings that had been stored for 1 mo or less were used in 

subsequent experiments. 

Inoculation of E. lathyris 

In the first three trials of the first experiment, 

MS-infested strings were tied on roots of a total of S4 

seedlings. There appeared to be no difference in 

susceptibility of 2-8 wk old ~ lathyris to M. phaseolina 

after 1-2 mo incubation at 2S C. At no time were aerial 

symptoms observed. However, it was found that a lesion was 

present at all original inoculation sites, and M. 

phaseolina was recovered from S3 of those sites. 

Invasion of the root cortex was also verified by by 

light microscopy in these first three trials (Fig. 1). MS 

and hyphae can be seen in both the cortex and vascular 

tissue at least 1 em beyond the original inoculation site. 

Unlike the cleared root tissue, hyphae of M. phaseolina did 

not take up either trypan blue or the acid fuchsin but 

retained their natural pigmentation resulting in a fairly 

good contrast between host tissue and the pathogen. 

In the fourth trial seedlings were removed from 

rolled paper towels and examined after 1 mo incubation at 

2S C. Those plants watered every oth~r day displayed a 

chlorosis of lower leaves not seen in controls or in plants 

watered every day. Lesions vere observed on all plants, but 
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Fig. 1 • Inoculated Euphorbia lathyris roots showing 
Macrophomina phaseolina hyphae and microsclerotia colonizing 
cortex and vascular tissue at least 1 em away from the 
inoculation site. Roots were cleared in 10 , KOH, then stained 
with acid fuchsin (A) and 0.025 % trypan blue (B). 
Magnification is 100X in (A) and (B). 
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those occurring on inoculated seedlings watered every other 

day appeared to be larger than those on seedlings watered 

every day (arrows) (Fig 2a-2b). M. phaseolina was recovered 

from all inoculation sites. Occasional lesions found on 

roots of control seedlings (Fig 2c-2d) from both water 

treatments (arrows) yielded only an unidentified zygomycete 

(Mucorales) when root segments containing lesions were 

placed onto mPDA. This contaminant was located on the 

seedcoat, and was subsequently kept under moderate control 

by soaking seeds in 0.0585% sodium hypochlorite for 10 min 

prior to planting. 

Euphorbia lathyris did not tolerate an increase in 

temperature to 34 C (trials five and six) in rolled paper 

towels. After 1-2 mo incubation, roots of inoculated and 

control plants were equally discolored. This made 

comparisons of original inoculation sites between plants 

incubated at 25 and 34 C difficult. MS could be observed 

at 34 C, while M. phaseolina was isolated from the 

inoculation sites of the roots of those plants kept at 25 

C. Though no foliar symptoms were observed at 25 C lesions 

developed at most of the original inoculation sites. 

In the six trials invol ving rolled paper towels, 

there was considerable root proliferation with subsequent 

secondary inoculations as new roots grew over KS-infested 

strings. Incubating inoculated seedlings~in pots of silica 
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Fig 2. Euphorbia lathyris roots after 1 mo incubation: Arrows 
indicate typical lesions on those plants inoculated with 
Macrophomina phaseolina and watered every day (A), inoculated 
and watered every other day (S). Controls were also watered 
every day (C), or every other day (0). Occasional lesions 
found on roots of control seedlings (arrows), yielded an 
unidentified zygomycete (Mucorales). 
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sand was then examined as a way to min~ize the probability 

of such secondary inoculation. 

In the first six of the eight trials involving plants 

incubated in cups of silica sand, M. phaseolina was 

reisolated from all inoculation sites on plants sampled 

after 2 wk at 25 C. Irrespective of whether or not the 

plants were inoculated (or the number of inoculation sites 

per plant) there were no observable differences in the 

appearance of aerial portions of seedlings. Similarly, 

there were no differences in the appearances of aerial 

portions of inoculated and control seedlings held at 25 

and 34 C for an additional 1-2 mo. However, a greater 

number of visible root lesions were observed on those 

plants incubated at 34 C than at 25 C, regardless of the 

original number of inoculation sites per plant (Table 1). 

M. phaseolina was recovered from 75 to 86% of the sampled 

inoculation sites. Observation by light microscopy of 

cleared and stained root segments containing inoculation 

sites again verified the presence of this pathogen 

throughout the cortex and vascular tissues (Table 1). 

Inoculation of other plants using MS-infested string 

M. phaseolina was recovered from 26.7 to 66.6% of 

all species of plants inoculated with MS-infested strings 

(Table 2). Although no foliar symptoms attributed to 
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Table 1. Results of root inoculations of Euphorbia lathyris 
with cotton strings infested with microsclerotia of 
Macrophomina phaseolinaa 

Aerial Root Direct 
symptom lesion Positive observation 

developmentb developmentC reisolation in rootsd 
(%) 

25 C 34 C 25 C 34 C 25 C 34 C 25 C 34 C 

# 
sites 

l e 0/53' 0/54 7/53 26/54 75.0 81.4 1/6 6/11 

4° 0/16 0/14 40/64 56/56 78.6 86.1 20/20 20/20 

eTwo plants per 8.6-em cup of silica sand incubated 2 wk 
at 25 C with a 12 hr photo-period, at which time one half 
the infected plants and their controls were moved to 34 
C. Readings were made after 1-2 mo. 

bper plant. 

CPer inoculation site. 

dMicroscopic examination of root containing original 
inoculation site was made using the root clearing tech
nique of Phillips and Hayman (1970). 

eTotal results of four trials with 25 to 30 inoculated 
seedlings each time. 

~umerator • number of positive responses; Denominator • 
total number of inoculated roots. 

°Results from two trials with 14 to 16 inoculated seed
lings each time. 
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Table 2. Recovery of Macrophomina phaseolina from seven 
species of plants inoculated with microsclerotia-infested 
cotton stringsa 

Plants inoculatedb Positive ReisolationsC 
Host (no.) (%) 

Gumweed 35 51.4 

Guar 30 33.3 

Corn 30 66.6 

Guayule 30 26.7 

Lima bean 30 43.3 

Soybean 30 40.0 

.1ojoba 20d 50.0 

ainoculation at one point on one root of each plant. 

~esults of three experiments consisting of at least 10 
inoculated plants per trial. 

CFrom site of inoculation. 

dResults of two experiments consisting of 10 inoculated 
plants per trial. 
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infection by M. phaseolina were observed, root colonization 

occurred. 

Field studies 

The results of field plantings for both 1985 and 1986 

are shown in Table 3. An analysis of variance (ANOVA) of 

the slope of the regression run on the rhi~osphere 

populations of colony forming units (CFO) over time showed 

that these populations did not significantly change (p > 

0.05) during either growing season. The variation in 

rhizosphere populations reflects the aggrigate distribution 

of CFO horizontally throughout the soil (Mihail and Alcorn 

1987). An ANOVA of the slope of the regression comparing 

the rhizosphere populations of !II. phaseolina and either the 

incidence of recovery of !II. phaseolina per em (X 10-1
) plant 

root, or the rhizosphere populations with the number of 

infected asymptomatic plants per collection date in either 

year indicated no significant correlation (p > 0.05). 

However, in both years the incidence of recovery of !II. 

phaseolina per em (X 10-1
) plant root and the number of 

infected asymptomatic plants per collection date 

significantly increased during the season as temperatures 

increased and plants underwent a low vater stress as 

indicated by visible wilting of plants and the levelling off 

of cumulative rainfall (Table 3). This was supported by the 

significance of the slope of the regressions (p < 0.05) run 
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TABLE 3. Incidence of Macrophomina phaseolina in asymptom
atic Euphorbia lathyris after two field seasons· 

Julian 
day 

1984 -

10 

30 

63 

77 

91 

106 

127 

140 

154 

168 

1985 -

1 

14 

30 

48 

Mean i Ambient 
Mean infection temperatur~ 

rhizosphere Plant sites per (C) 
population infection em (Xl 0.1

) Rain 
(cfu/g soil)b (%)C tap root max mind (cm)e 

1985 

0.8 0 0.0 16.8 0.9 0.9 

1.4 0 0.0 16.6 4.8 4.5 

0.3 10 1.2 21.3 -0.2 9.1 

0.5 10 1.0 21.6 5.4 9.1 

1.3 50 0.9 23.8 5.3 9.5 

0.9 60 0.7 31.9 10.4 9.5 

3.0 80 1 • 1 34.2 14.7 10.9 

1.0 80 1.7 30.9 11.8 10.9 

2.2 100 2.6 35.2 15.7 10.9 

0.7 80 2.7 41.5 19.6 10.9 

1986 

9.9 10 1.6 19.6 1.6 0.0 

16.2 10 1.4 23.3 1.9 0.0 

18.9 60 2.3 26.7 1.9 0.0 

24.1 70 3.7 19.9 3.9 5.5 
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Table 3, Continued 

64 19.4 70 5.2 27.0 8.6 7.1 

86 14.1 100 3.6 30.0 9.2 10.6 

108 21.1 60 4.3 28.2 8.2 10.6 

125 14.7 100 5.9 30.8 11 • 1 10.8 

137 8.0 80 2.6 33.2 12.0 10.8 

148 21.5 100 7.5 36.8 17.8 10.8 

aSeeds were planted in November and emerged in December. 
Beginning when plants were l-mo-old, collections of 10 
plants plus rhizosphere soil were taken approximately 
every 2-3 wk. 

~hizosphere soil was assayed for colony forming units by 
using a selective medium (Young and Alcorn 1982, 1984). 

Clsolations were were made at l-cm-intervals from the 
apical tip to the root tip onto a selective medium 
(Young and Alcorn 1982, 1984). 

dMaximum and minimum air temperatures were recorded by 
the National Oceanic and Atmospheric Administration 
(NOAA) station at the Campbell Ave. farm. 

eCummulative rainfall measured by the NOAA station at 
the Campbell Ave. farm. 
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on both the number of infected, asymptomatic plants and the 

incidence of recovery of M. phas€201ina per em (X 10.1
) of 

root for each year. 

'l'hroughout the growing seasons of 1985 and 1986, 

infection sites along the tap root were located mainly in 

the top 0-7 em ('l'able 4). As the roots grew, the 

distribution along the tap root changed showing more 

infection sites at a greater depth as more inoculum was 

encountered by roots deeper in the soil. 

Low water and high temperature stress studies 

Water potential measurements for healthy 1-mo-old 

E. lathyris were taken at 25 C and 34 C. At 25 C, the 

calculated slope of trial one was significantly different 

from those of trials two and three (p < 0.05), while at 34 

C there was no significant difference between the slopes 

of each regression. 'l'his was due in part to the large 

variation in the means in each run. At 25 C, leaves remained 

fully extended until day 4 and by day 8 were visibly 

wilting. Leaf water potential readings of -0.2 MPAS to -2.0 

MPAS were measured on fully extended leaves while most 

readings of wilting plants stayed within the range of -2.0 

MPAS to -4.5 MPAS. At 34 C, leaves remained fully extended 

only up to 24 hr (-0.3 MPAS to -1.7 MPAS), but vere visibly 

wil ting by 48-60 hr (-1 .4 MPAS to -4.5 MPAS). ANOVA 

analyses of regression slopes at 25 C were significant at 
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TABLE 4. Per cent distribution of infection Bites along 
Euphorbia lathyris roots infected with Macrophomina phaseo
lina after two field seasons· 

Julian 
day 

1984 -

10 

30 

63 

77 

91 

106 

127 

140 

154 

168 

1985 -

1 

14 

30 

48 

64 

Asymptomatic 
plant 

infection 
(%) 

1985 

0 

0 

10 

10 

50 

60 

80 

80 

100 

80 

1986 

10 

10 

60 

70 

70 

Average 
root lengthb 

(em) 

6.8 

7.2 

8.3 

10.1 

13.5 

14.2 

16.2 

17.8 

19.1 

20.3 

6.4 

7.3 

7.6 

7.1 

8.3 

Distribution of sites 
0-7 em 8-14 em ) 15 em 

(%) 

100.0 

100.0 

85.7 14.3 

83.3 16.7 

66.7 33.3 

51.7 34.5 13.8 

54.6 27.3 18.1 

58.1 18.6 23.3 

100.0 

100.0 

92.3 7.7 

100.0 

92.5 7.5 
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Table 4, Continued 

86 100 13.5 70.0 30.0 

108 60 14.2 84.4 14.1 1.5 

125 100 16.2 62.6 32.3 5.1 

137 80 12.8 75.0 25.0 

148 100 11.6 84.7 15.3 

ftData was collected during two field seasons. Seeds were 
planted in November and emerged in December. Collections 
of 10 asymptomatic l-mo-old plants were taken approx
imately every 2-3wk. Isolations were made at l-cm-inter
vals from from the apical tip to the root tip onto a 
selective medium (Young and Alcorn 1982, 1984). 

bOn each date, the average root length was calculated from 
the collected plants. 
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Spjotvoll-Stoline T' method 
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C at the 0.05 lavel. The 

(Soka1 and Rohlf 1981) of 

mu1 tip1e comparisons was used to compare slopes of the 

regressions calculated at each temperature (Table 5). 

When these experiments were repeated to compare 

inoculated with healthy l-mo-old E. 1athyris, leaf water 

potential measurements taken from infected plants were 

consistant1y lower than those taken from controls for those 

plants incubated at 25 C through day four. At day five all 

plants began to wilt and differences in measurements became 

negligible (Table 6). This trend was not observed in 

infected plants and controls incubated at 34 C (Table 7). 

ANOVA analysis of the slopes of regressions run ov,sr the 

entire duration of tests run at 25 C then at 34 C were not 

significant (p > 0.05). When the slopes of these 

regressions were tested by Spjotvo11-Stoline T' mul tiple 

comparison, they were not significantly different from each 

other at the 0.05 level (Table 8). Again, a large standard 

deviation was noted. M. phaseo1ina was recovered from the 

sampled roots of all inoculated plants incubated at 25 C, 

and from at least 90% of the original inoculation sites on 

roots of plants incubated at 34 C. 

The large standard deviations were important 

considerations in establishing stress parameters. Extremes 

in temperature and water status measurements were used in 
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Table 5. Comparison of the regression- slopes of baselines 
constructed for healthy 1-mo-old E. lathyris using vater 
potential measurements taken at 2S-and 34 C. b 

2 
Temperature Trial Slope R C Standard Deviation 

25 1 -.527 .d 0.168 0.041· 

2 -.440 0.623 0.049 

3 -.392 0.663 0.041 

34 1 -.373 0.405 0.083 

2 -.208 0.178 0.111 

3· -.540 0.484 0.122 

BAt 25 C regressions were significant at the 0.01 level; 
at 34 C regressions were significant at the 0.05 level. 

bExper~ents were carried out in growth chambers with a 
12 h photoperiod (19,355 lux). Two seedlings were placed 
in each 8.6-em-diameter pot of sand. For each observa
tion, readings were taken from 6 seedlings in 6 
different pots. Each trial was run until leaves were too 
wilted to adhere to the inside wall of the thermocouple 
chamber. 

2 
CR describes the distribution of data points along the 
regression line. Values close to 1.000 describe an 
elipse, while those closer to 0.000 describe a circle. 

d. . slope of regression is significantly different from 
slopes of other regressions at the same temperature, at 
the 0.05 level, as tested by the Spjotvoll-Stoline T' 
method of multiple comparisons. 

~ote the large standard deviations. 
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Table 6. Calculated means (m) and standard deviations 
(sd) of leaf water potential measurements taken· from 
healthy (controls) and Macrophomina rhaseolina-inoculated 
l-mo-old Euphorbia lathyris at 25 C. 

Day Test 1 

J:noc Con 

2 mC -0 .. 92 -0.63 

0.26 

-0.78 3 m 

sd 

4 m 

sd 

sd 

6 m 

sd 

0.21 

-1.82 

0.71 

-2.43 

0.66 

-2.45 

1.35 

-3.45 

0.19 

0.07 

-1.65 

0.68 

-2.70 

1.09 

-2.92 

0.72 

Test 2 

J:noc 

-1.29 

0.91 

-1.92 

0.65 

-2.73 

0.27 

-1.32 

0.67 

-3.18 

0.56 

Con 

-1.19 

0.72 

-0.94 

0.36 

-2.01 

0.81 

-2.92 

1.40 

-2.08 

1.21 

Test 3 

J:noc Con 

-1.38 -1.20 

0.19 0.07 

-1.20 -0.91 

0.20 0.08 

-1.59 -1.20 

0.17 0.20 

-0.72 -0.98 

0.15 0.38 

-1.10 -1.02 

0.18 0.19 

BAll plants were watered on day zero and daily leaf water 
potential measure taken with thermocouple psychrometers. 
Results from readings are in mega pascals, and those 
taken on days two through six are shown. 

bExperiments were run in growth chambers. One month old 
seedlings were inoculated 2 wk before the first reading 
was taken by planting into MS infested sand. 

CMeans were calculated from readings taken from four 
different plants. 

~ote the fairly large standard deviations. 

·Plants beginning to wilt by day five. 
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Table 7. Calculated means (m) and standard deviations (sd) 
of leaf water potential measurements· taken from healthy 
(controls) and Macrophomina phaseolina-inoculated l-mo-old 
Euphorbia lathyris at 34 Cb 

Hours Test 1 

J:noc 

24 mC -1.32 

36" m 

sd 

48 m 

sd 

60 m 

sd 

72 m 

sd 

0.11 

-2.75 

0.49 

-3.23 

0.38 

-2.93 

0.62 

-2.91 

0.59 

Con 

-1.55 

0.11 

-2.55 

0.27 

-3.61 

0.40 

-3.52 

0.21 

-3.24 

0.41 

Test 2 

J:noc 

-1.71 

0.37 

-0.99 

0.26 

-1.26 

0.35 

-1.28 

0.22 

-' 

Con 

-1.19 

0.20 

-0.93 

0.20 

-0.67 

0.14 

-1.17 

0.25 

Test 3 

J:noc. 

-1.38 

0.25 

-1.46 

0.34 

-0.57 

0.12 

-2.24 

1.68 

-0.71 

0.17 

Con 

"'1.05 

0.11 

-0.96 

0.32 

-0.65 

0.15 

-1.39 

0.77 

-2.07 

1.09 

SAll plants were watered on day zero and leaf water poten
tial measurements were taken every 12 hr with a thermo
couple psychrometer. Results from readings are given in 
mega pascals and those taken on days two through six are 
shown. 

bExperiments were run in growth chambers. 

CMeans calculated from readings taken from four different 
plants. 

~ote the fairly large standard deviations. 

"Plants beginning to wilt after 24 hr. 

~eadings not taken because plants were severely wilted and 
leaves did not adhere to the inner wall of psychrometer 
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Table 8. Comparison of the regressions slopes of baselines 
constructed for healthy and inoculated 1-mo-old Euphorbia 
lathyris at 25 and 34 Cb using the Spjotvoll-Stoline T' 
method of multiple comparisons. 

2 
Temperature Triar R e Standard 

Deviation 

25 lA -.527 0.347 0.187' 

lB -.647 0.590 0.140 

2A -.275 0.220 0.129 

2B -.294 0.134 0.186 

3A -.608 0.121 0.033 

3B -.138 0.317 0.036 

34 lA -.366 0.358 0.127 

lB -.440 0.569 0.099 

2A -.053 0.006 0.183 

2B -.422 0.469 0.116 

3A -.017 0.006 0.061 

3B -.005 0.000 0.067 

aRegressions were not significant at the 0.05 level. 

bExperiments were carried out in growth chambers with a 12 
h photoperiod (19,355 lux). Two seedlings were placed in 
each 8.6-cm-diameter pot of sand. For each observation, 
readings were taken from 4 seedlings in 4 different pots 
until plants were too severely wilted for leaves to adhere 
to the inner wall of psychrometer chambers. 

cTrials lA-3A were baselines of M. phaseolina infected 
E. lathyris. Trials lB-3B were baselines of healthy con
trol plants. 
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Table 8, Continued 

dAt the 0.05 level, none of the slopes were significantly 
different from each other. 

2 
~ describes the distribution of data points around the 
regression. Values closer to 1.00 describe an elipse, 
while those closer to 0.00 describe a circle. 

~ote the large standard deviations. 



7S 

subsequent stress experiments to avoid overlapping of the 

measurements that were used to define the level of stress 

(Table 9). stress parameters were then cycled to compare 

the singular and combinded effects of low water and high 

temperatures on infection of E. lathyris by M. phaseolina. 

Experiments were run for 4 wk at 2S C and 3 wk at 34 C. 

Beyond 3 wk incubation at 34 C, E. lathyris developed a 

general chlorosis that confounded leaf water potential 

measurements and interfered with symptom interpretation in 

infected plants. 

Root growth and development were affected in all 

experiments run under the imposed stress regimes. 

Field-grown E. lathyris develop distinctive tap roots, 

whereas roots of all growth chamber-grown plants appear more 

fibrous (Fig. 3). In all four trials, there were observable 

differences in plant size depending upon the imposed 

stress. Fresh root weights were determined after the last 

trial and roots of plants that underwent any imposed stress 

weighed significantly less (p < 0.0 1) than those roots 

under non-stressed conditions (Table 10). In addition, it 

was noted that the presence of root infections did not 

exacerbate these effects of high-temperature or low-water 

stress. 

Regardless of the inoculation technique used, aerial 

symptoms indicative of infection by M. phaseolina were not 
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Table 9. Parameters for low-water and high-temperature 
stress studies. 

stress Parameter 

No stress (control) 

Low-water stress 

Growth Chamber 
Temperature 

2S C 

2S C 

High-temperature stress 34 C 

Combined low-water and 34 C 

high-temperature stress 

-1.0 

-3.0 

-1.0 

-3.0 

Measured 
leaf water 
potentials 

to -2.0 MPAS 

to -4.0 MPAS 

to -2.0 MPAS 

to -4.0 MPAS 
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Fig. 3. Differences in root development by Euphorbia lathyris. 
A distinct tap root develops in field-grown plants (A). Though 
a tap root remains (arrows), roots are significantly more 
fibrous when plants are raised in growth chambers (B). 
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Table 10. Combined and individual effects of low vater and 
heat stress on fresh root weights of inoculated· and control 
Euphorbia lathyrisb 

:Imposed stress 

None 

Low-water 

High-temperature 

Low-water and 

High-Temperature 

Number of Plants 

:Inoculated Control 

42 42 

18 18 

18 18 

18 18 

Mean Root Weights 
(g) 

:Inoculated Control 

1.70ac 1.72a 

0.62bc 0.64b 

0.43bc 0.46bc 

0.40c 0.43bc 

eMS-infested strings were used to inoculate roots at one 
location. Two roots per seedling were inoculated. 

~esults of one of four tests run in growth chambers set at 
25 C and 34 C. 

CHeans followed by the same letter are not significantly 
different (p • 0.01) 
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reproduced in these growth chamber studies. In addition, 

the pathogen was not recovered above the crown under any 

of the induced stress conditions. The results obtained from 

string inoculation studies will be presented first and then 

results from inoculation by planting into infested sand. 

The condition of original string inoculation sites 

was evaluated at the end of each experiment, and the 

incidence of lesion development was noted for each stress 

treatment (Table 11). Not all secondary root inoculation 

sites were able to be recovered. Since the fibrous nature 

of the roots made for little difference in root size 

between the two types of inoculation sites (tap and a 

lateral root), only results from tap root inoculations were 

evaluated and are shown in Tables 11, 12, and 13. 

M. phaseolina was recovered from infected 

asymptomatic roots (Table 12). Infection in asymptomatic 

roots was only seen at 25 C -- a temperature not stressful 

to ~ lathyris. M. phaseolina was recovered from 16 out of 

17 inoculation sites when no water stress was applied and 

from all (three) inoculation sites when low-water stress 

was applied. In two out of 16 non stressed roots and in 

one out of three low water stressed roots, further 

colonization of asymptomatic roots was noted. Again, this 

was demonstrated by recovery at distances greater than 2 

em from the original inoculation site. 
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'rable 11. 'rhe incidencea of lesion formation and recovery of 
Macrophomina phaseolina from inoculated rootsb subjected to 
the combined and single effects of high temperature and low 
water stressC 

Recovery 
from > 

2 em away 
'rotal Recovery from all 

# from all inocula-
'rreat- sites Visible Asymptomatic inoculation tion 
ments examined lesions sites sites sites 

No stress 35 18 17 33 8 
(control) 

Low water 31 28 • 3 • 30 19 • 
stress 

High 43 43 • o • 37 22 
temperature 
stress 

High 40 40 '* o '* 35 12 
temperature 
and low water 
stress 

aData presented are the combined total from two experiments, 
and the Chi square analysis (with calculation of expected 
frequencies done by the traditional Pearson's Chi square 
test for indepence) run on each experiment (Norusis 1986). 

~S-infested strings used to inoculate roots at one location 
and two roots per plant were inoculated. Only tap root 
inoculations are evaluated. 

CExperiments carried out in growth chambers set at 25 or 34 
C with a 12 hr photoperiod (19,355 lux). Two seedlings were 
placed in each 8.6-em-diameter pot of sand. Duration of 
tests at 25 C was 5 wk. Duration of tests at 34 C was 3 wk. 

d •• at the 0.05 level the occurance of lesions, or recovery 
of H. phaseolina is dependent upon the imposition of a 
given stress. 
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Table 12. Incidences of recovery of Macrophomina phaseolina 
from asymptomatic rootsb 

Recovery 
Recovery > 2 em 

Total from away from 
I Asymp- asymptomatic asymptomatic 

sites tomatic inoculation inoculation 
Treatments examinedc sites sitesd sites· 

No stress 3S 17 16 2 
(Control) 

Low water 31 3 3 1 
stress 

High Temperature 43 0 
stress 

High Temperature 40 0 
and Low Water 
stress 

°Combined results from two tests. 

~S-infested strings were used to inoculate root at one 
location. Two roots per plant were inoculated. Only tap root 
inoculations are evaluated. Experiments carried out in 
growth chambers set at 2S or 34 C with a 12 hr photoperiod. 
Two seedlings were placed in each 8.6-em-diameter pot. 
Duration of tests at 2S C was 4 wk. Duration of tests at 
34 C was 3 wk. 

CTotal number of sites ex~ined before isolations were done. 

dRecovery of M. phaseolina (by isolation onto mPDA) from 
original inoculation sites of asymptomatic roots. 

°Isolations for M. phaseolina were made onto mPDA at 1 em 
increments (beginning at the original inoculation site and 
ending 2 em above the crown) to determine the extent of 
colonization in infected roots subjected to stress. 
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Table 13. IncidenceB of recovery of M. phaseolina from roots 
with visible lesions at original inoculation sitesb 

Total , 
sites Visible 

examinedc lesions 

No stress 
(control) 

3S 18 

Low-water 
stress 

31 28 

High-temperature 
stress 

43 43 

High-temperature 
low-water stress 

40 40 

Mean 
lesion 
sized 

(em) 

0.31 

0.68 

1.44 

1.48 

BCombined results from two tests. 

. Recovery 
from 

inoculation 
sites with 

visible 
lesionsll 

17 

27 

37 

3S 

Recovery 
) 2 em 

Away From 
Inoculation 
Sites With 

visible 
lesions 

6 

18 

22 

12 

~S-infested strings were used to inoculate a root at one 
location. Only tap root inoculations are evaluated. 

CTotal number of sites examined before isolations. 

~. phaseolina not recovered beyond borders of lesion 
exceeding 2.0 em. 

~ecovery of M. phaseolina (by isolation onto mPDA) from 
inoculation sites with visible lesions. 



83 

Lesion development was dependent upon the imposition of 

anyone of the given stresses (p < O.OS). All plants that 

underwent high-temperature stress developed a lesion at 

the original inoculation site along the main root (Table 

11, 13). Consequently, it was not possible to evaluate the 

additional effect of low-water stress in lesion formation. 

Where there was no temperature stress, the imposition of 

low-water stress increased the number of visible lesions 

that developed (Table 11). Average size of lesions on roots 

of plants that underwent no stress was 0.31 ± 0.48 em, low

water stress 0.68 + 0.80 em, high-temperature stress 1.44 

± 2.37 em, and combined high-temperature and low-water 

stress 1.48 + 1.37 em. Zsolation results from roots with and 

without visible lesions demonstrated that the pathogen could 

be recovered from original inoculation sites at a frequency 

independent of the stress that was imposed (Table 11). 

When no high-temperature stress existed, the extent 

of colonization of E. lathyris roots by M. phaseolina was 

significantly (p < O.OS) dependent upon a low-water stress 

in both experiments (Tables 11, 12, and 13). Zn contrast, 

root colonization was significantly (p < O.OS) dependent 

upon a high temperature stress in only one of two 

experiments run. Surprisingly, root colonization remained 

independent of the imposition of combined low-water and 

high-temperature stress. Root colonization was observed in 
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the higher incidence of recovery of M. phaseolina at 

distances greater than 2.0 em away from the original 

inoculation si tes. Interestingly, under high temperature 

stress there were three roots containing lesions exceeding 

2.0 em and under high temperature and low water stress, 

four roots exceeded 2.0 em. However, M. phaseolina was not 

recovered beyond the borders of any of these lesions (Table 

12). 

M. phaseolina was recovered from all sampled roots 

of seedlings planted into MS-infested sand under all stress 

and non stress conditions. In all cases, there were 

numerous dark brown pinpoint lesions on all roots. However, 

because there was not one distinct inoculation site from 

which to trace the progression of infection under 

different stress treatments, these experiments yielded no 

further information regarding the extent of root 

colonization in plants subjected to the different stress 

regimes. 

Fixation and histological examination of collected plant 
tissue samples 

Hyphae and MS of ~ phaseolina were readily observed 

when sections of infected plant tissue collected at 1-em 

intervals from the growth chamber low-water high

temperature stUdies were examined. Hyphae and MS did not 

take up the 0.05 'toluidine blue as did host tissue, but 
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remained pigmented, resulting in a good contrast between 

the plant tissues and the pathogen. The histological 

material generally agreed with isolation results with 

respect to the location of M. phaseolina in root tissues 

under the varying stress condi tions • Intra and 

intercellular hyphae were observed beyond lesion borders. 

However, poor preservation of cytoplasm and organelles 

rendered tissue sections useless for identifying 

intercellular and/or intracellular changes that could be 

related to M. phaseolina as a consequence of the imposition 

of stress conditions. 

There were no observable differences between sections 

of infected and control root tissues stained with ruthenium 

red and examined by light microscopy for evidence of 

dissolution of the middle lamella in advance of the 

progression of M. phaseolina. Under a compound light 

microscope, this region appears too small for discernible 

differences between infected and control root tissues to 

be detected. 

Discussion 

MS-infested cotton strings tied to roots were 

sucessful in initiating infections at known points on roots 

of E. lathyris seedlings and for roots of other tested 

species (Tables 1, 2). This technique represents a reliable 

though somewhat lengthly means of following infection 
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processes over time. The fact that infection sites can be 

pinpointed on a range of plants facilitates studies of 

factors affecting pathogenisis by M. phaseo1ina. 

Results obtained from field studies show that over 

time, infection sites were primarily located in the top 7 

em of tap root when compared to depths of 8 - 14 and> 15 

em. In this study, distribution was recorded throughout two 

growing seasons, and was found to change as roots grew 

through soil and encountered more inoculum (Table 4). 

Infection sites were then found at lower soil depths and 

approach the distribution of infection sites found by Young 

(1982). In Young's study, only 7 and 9 mo old plants were 

examined and 34 % of the infection sites were found in the 

top 0 - 7 em of root and in equal proportions of 20 % at 

depths of 8 - 14, 15 - 21, and 22 - 28 em. 

In the second field season, higher rhizoshere 

populations resulted in a higher number of infection sites 

per cm plant root, but there was no change in the 

distribution of infection sites along the tap root. 

Over both growing seasons there was a significant 

increase in disease incidence per sampling date as well as 

the infection incidence per em of root. These findings were 

independent of rhizosphere populations of M. phaseolina and 

implicate seasonal changes that resulted in low water and 

high temperature stresses as factors involved in the spread 
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of M. phaseolina in previously infected E. lathyris. These 

findings agree with other work that documents an increase 

in the incidence of charcoal rot in a susceptible host over 

a growing season (Bruton et ale 1987, Gaffar and Erwin 

1969, Pearson et ale 1984, Young and Alcorn 1982). However, 

incremental documentation of both infection distibution 

along a root and infection incidence per em root over a 

season are presented here for the first time for this 

pathogen and host. 

Prior stUdies have recorded a greater incidence of 

M. phaseolina infections in asymptomatic E. lathyris 

earlier in the season than was detected in these studies 

(Young 1982, Young and Alcorn 1982). This can be attributed 

to differences in soil types and propagule populations 

(which may influence root colonization) as well as the 

pealing away of root epidermis prior to isolations. 

Growth chamber studies agreed with field stUdies in 

that E. lathyris appeared to be adversly affected by the 

imposed environmental stresses (Table 10). Tompkins and 

Gardner (1935) also found that environmental effects on the 

host greatly influenced the rate of M. phaseolina infections 

in inoculated bean and cowpea seedlings. The more rapidly 

the emerging seedlings grew, the shorter the exposure time 

of vulnerable hypocotyls ana cotyledons to soil inoculum. 
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Aeria.l symptoms indicative of M. phaseolina 

infections were not reproduced in growth chamber studies. 

Differences in root growth and development between field 

grown and-growth chamber grown plants could be implicated 

here (Fig. 3). E. lathyris grown in the field develops a 

distincti ve tap root, while growth chamber-grown plants 

develop a more fibrous root system. Though conditions in 

growth chamber studies lrere set up to favor either the 

pathogen or the host, other factors such as differences in 

the intensity and spectral quality of light, humidity, and 

photoperiod could influence the status of the host and 

therefore the outcome of infection. The various seedlings 

inoculated under artificially controlled conditions by Chan 

and Sackston (1973a) were infected, but also failed to 

develop foliar symptoms. For many species of plants, 

avoiding soil pathogens such as Phymatotrichum omnivorum 

( Shear) Duggar, is suggested to be the result of the 

development of fibrous root systems (instead of a tap 

roots) (Streets and Bloss 1973). Stanghellini et al. (1983) 

found disease onset in sugar beets when infected by Pythium 

aphanidermatum to be affected by soil temperature and 

moisture, proximity of the propagule to the host surface, 

as well as the location of the infection site. Disease 

developed from infections initiating from sites on the tap 

root. 
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Resul ts from the low water and high temperature 

stress studies show significant (p < 0.05) differences in 

lesion formation and the extent of root colonization under 

the different stress treatments. Though these are the 

results of only two tests, the Chi square analysis was run 

on each of the experiments. The fact that lesion 

development was found to be significantly (p < o. OS) 

dependent upon any of the imposed stress regimes for both 

experiments strengthens the argument. The development of 

lesions in roots under high-temperature stress whether or 

not a low-water stress was superimposed perhaps masked the 

effects of added low- water stress (Table 11, 13). Results 

of the analyses of the effects of low-water stress on the 

extent of root colonization also showed a significant (p 

< 0.05) dependence in both experiments. Although no prior 

studies have examined the impact of low-water and/or high

temperature stress under controlled condi tions, these 

results are supported by greenhouse and field studies that 

report the importance of providing adequate water to 

prevent, delay, or decrease the incidence of infection in 

susecptible hosts (Blanco-Lopez and Jimenez-Diaz 1983, 

Bruton et ale 1987, Dhingra and Sinclair 1974, Edmunds 

1964, Ghaffar and Erwin 1969, Hodges 1962, Meyer at ale 

1974, Norton and Frank 1953, Odvody and Dunkle 1979, Weimer 

1944, Windham and King 1983). 
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Analysis of the effect of high temperature stress on 

the colonization of roots beyond the original inoculation 

site is not as clear as that for low water stress. Except 

for the combined low water and high temperature stresses 

where there was a decrease in further root colonization by 

M. phaseolina, the trend toward lesion development under 

high temperature stress is however, the same as that for 

low water stress (Table 11, 13). 

Macrophomina was recovered from symptomless roots. 

This was observed in positive reisolations of M. phaseolina 

from inoculation sites with no visible lesions (Table 12) 

and from beyond borders of lesions that did develop (Table 

13). Though M. phaseolina has previously been recovered from 

the roots of asymptomatic corn (Kommendahl 1979, Windham 

and King 1983) and cantaloupe (Bruton et ale 1987) and from 

the asymptomatic roots of ~ lathyris these reports have 

been based only on field studies and not on plants growing 

under controlled environmental stresses. 

A lower water status was consistantly measured in 

asymptomatic infected plants under non-stressful conditions 

(Table 6) suggesting a significant pathogen induced stress 

on the host by this pathogen that is documented in this 

study for the first time. Continuous low water stress in 

infected but asymptomatic plants could prevent a 

realization of full yield or crop potential under seemingly 
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optimal growth conditions ( Salt 1979, Stanghe11ini and 

Kron1and 1986). 

Isolation results are supported by histological 

examinations. M.phaseo1ina was observed in sections of 

infected tissue corresponding to where the pathogen was 

recovered by isolation proceedures. Due to poor preservation 

of cytoplasm and organelles, intracellular changes ahead 

of Hacrophomina hyphae were not seen in this study. 

However, other work has outlined the penetration (Singh and 

Mehrotra 1982), infection, and spread (Ammon at a1. 1975, 

Chan and Sackston 1973b, Rao and Mukerji 1972) of this 

pathogen throughout a susceptible host. Inter- and 

intracellular spread is aided by production of enzymes and 

toxins (Ammon et a1. 1974, Chan and Sackston 1970a, 1970b, 

1973a). Further.more, disintegration of the plasmalemma, 

disorganization of mitochondria, and vesiculation of the 

cytoplasm have been described in electron microcsopic 

investigations of M. phaseo1ina infections of soybean 

(Ammon at a1 1974). Though no mention is made of symptom 

development, the implication is that these are changes 

associated with early infections. Kunwar et a1. (1986) 

described the penetration and colonization of soybean seeds 

as inter- and intracellular in both asymptomatic and 

symptomatic infections, but symptoms would develop later 

under favorable conditions. 
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Root infections by M. phaseolina should be considered 

asymptomatic rather that latent due to the frequency of 

root lesion development (Table 1, 11, 13). Not only can M. 

phaseolina be recovered from the inside of symptomless and 

symptomatic roots of both field and growth chamber-grown E. 

lathyris without foliar symptoms (asymptomatic), but the 

pathogen is now known to spread within the roots of this 

asymptomatic plant when a low water stress is encountered 

(Table 11, 12, 13). In addition, infected but asymptomatic 

E. lathyris undergoes a pathogen induced low water stress 

before wilting becomes visibly apparent. This type of 

asymptomatic infection constitutes a a compromise in 

general plant growth before environmental conditions begin 

to favor growth of M. phaseolina over that of ~ lathyris. 



CHAPTER 3. 

IMMUNOENZYMATIC TECHNIQUES OSED TO STUDY 

MACROPHOMINA PHASEOLINA INFECTIONS 

Introduction 
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Detection of pathogenic fungi in host tissues by use 

of immunoenzymatic techniques is dependent upon both the 

affinity and specificity of the antiserum for the target 

pathogen. Protocol for the development and use of 

po1yc1ona1 antisera to identify plant pathogenic viruses 

have been well defined (Clark 1981, Clark and Adams 1977, 

Gibbs and Harrison 1977, Voller et a1 1982) and with some 

special considerations, lend themselves to the 

identification (Burrell et a1. 1966, Fitze11 et a1. 1980b, 

Kough et a1. 1983, Preece and Cooper 1969, Wilson at a1. 

1983) and detection (Ague1on and Dunez 1984, Clark 1981, 

Fitze11 et a1. 1980a, Frankland at a1. 1981, Gend10ff et a1. 

1983, Gerik at a1. 1983, Hadwiger et a1. 1981, Johnson at 

a1. 1982, 1983, Mueller at a1. 1986, Nachmias et a1. 1979, 

Purkayastha and Ghossa1 1987, Savage and Sa11 1981, Schans 

et a1. 1982, Warnock 1971, Wright at a1. 1987) of 

phytopathogenic fungi. Low titre levels and a lack of 

specificity are problems associated with fungal antisera. 

They can be addressed by using younger (and therefore more 
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antigenic) cultures (Burrell at ale 1966, and Preece and 

Cooper 1969) or by cross reacting antisera with 

non-targeted reactive fungi (Fitzell et ale 1980b, 

Frankland et ale 1981, Gendloff et ale 1983) and host tissue 

(Mink et ale 1985, Nachmias et ale 1979) to eliminate 

common antigens so long as the affinity for the homologous 

antigen is not significantly reduced. 

Thus far, most serological studies of Macrophomina 

phaseolina have focused on the common antigens found 

between host and pathogen (Chakraborty and Purkayastha 

1983, and Purkayastha and Ghossal 1987). Therefore , it seems 

appropriate to evaluate the usefulness of a polyclonal 

antiserum as a means of rapid detection and identification 

of M. ~aseolina in early, often symptomless infections of 

Euphorbia lathyris. Affinity and specificity for M. 

phaseolina also would be examined. The indirect enzyme

linked immunosorbant assay (Z-ELZSA) lends itself to this 

proposal because the system is extremely sensi ti ve and 

allows for the detection of plant pathogens in very low 

concentrations. A second advantage is the ability to detect 

antigens of different size and morphology, as is the case 

of fungal structures (Clark 1981). Staining of hyphae 

growing on glass slides or present in sections of infected 

plant tissue with labeled antibodies could provide a means 

of immediate positive identification as samples are 

examined. 
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Materials and Methods 

Antigen preparation 

An isolate of M. phaseolina recovered from wilting, 

field-grown E. lathyris was cultured in flasks of soybean 

dextrose broth (SSOS). SSOS was used to enhance hyphal 

growth and to delay formation of microsclerotia (Pearson 

1982). After 4 days in the dark at 34 C, hyphae were 

collected over two layers of Miracloth (Sehring Diagnostics, 

La Jolla, CA 92037) by vacuum filtration. Hyphae were 

gently washed three times in sterile distilled water (SOW), 

placed on Whatman No. 1 fil ter paper in sterile petri 

plates, and allowed to dry overnight at 30 C. 

Microsclerotia (MS) were similarly grown but in flasks of 

potato dextrose broth (POS). After 8-10 d the mats of MS 

that formed on the surface of media were collected with a 

sterile forceps, and rinsed then dried in the same manner 

as hyphae. Collected hyphae or MS were processed after 

harvesting. Liquid N was added to 0.5 g of hyphae or MS 

were added in a mortar and ground with a pestle to a fine 

powder. At this time, 2.0 ml of 0.01 M sodium phosphate 

buffered saline (PSS) at pH 7.4 was added and the mixture 

was ground for an additional 5 min. This mixture was 

diluted with an additional 2.0 ml of PSS, then divided into 

four 1.0 ml aliquots and stored in sterile vials at 0 C. 
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Antisera preparation 

Antisera made against a mixture of all cell 

components (soluble proteins and the cell wall fraction were 

not separated) were developed for both hyphae and MS. At 

the time of each of these injection one aliquot of antigen 

was aseptically mixed wi th 1.0 ml of Freund's complete 

adjuvent and injected intradermally (0.20 ml/injection) in 

multiple sites along the shaved backs of New Zealand white 

rabbits. Intradermal injections of small doses of antigen 

have been shown to enhance I-ELISA titres when compared to 

intramuscular injections (Lister et ale 1983). Intradermal 

booster injections of the same hyphal or microsclerotial 

emulsions were made 5 and 9 wk after the initial injection. 

Blood was collected weekly from major ear veins 

beginning 2 wk after the first injection, and discontinued 

at 14 wk for microsclerotia and at 12 wk for hyphae (Table 

14). Each collection sample (20 ml) was allowed to clot 

over night at 4 C, then 20 ml PBS (pH 7.4) was added to the 

sample before it was centrifuged at 10,000 g for 10 min at 

5 C. The supernatant was collected and combined with 20 

ml PBS. A saturated solution of ammonium sulfate was added 

to this mixture to double the total volume, at which time 

the pH was adjusted (with 0.01 N NaOH) to 7.8 to 

precipitate the gamma globulin fraction from the crude 

serum (Hebert et ale 1973). The mixture was allowed to set 
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Table 14.Schedule for rabbit injections (Xnj) and serum 
collections (Col) 

Weeks after Weeks after 
Rabbit one first Rabbit two first 

Date (microsclerotia) injection (hyphae) injection 

2-22-84 J:nj 1· 0 

3-7-84 Col 1b 2 

3-15-84 Col 2 3 J:nj 1 0 

3-22-84 Col 3 4 

3-28-84 J:nj 2 5 Col 1 2 

4-4-84 Col 4 6 Col 2 3 

4-11-84 Col 5 7 Col 3 4 

4-18-84 Col 6 8 J:nj 2, Col 4 5 

4-25-84 J:nj 3 9 Col 5 6 

5-2-84 Col 7 10 Col 6 7 

5-9-84 Col 8 11 Col 7 8 

5-16-84 Col 9 12 J:nj 3 9 

5-23-84 Col 10 13 Col 8 10 

5-30-84 Col 1 1 14 Col 9 11 

6-6-84 Col 10 12 

GFirst of three intradermal injections of microsclerotia or 
hyphae in multiple sites along the backs of New Zealand 
white rabbits. 

bApproximately 20 ml of blood was collected from ear veins 
on each date. 



98 

for 1 hr at 23 C, then was centrifuged at 12,000 g for 10 

min at 20 C. The pellet was collected and resuspended in 

10 ml of PBS containing 0.1% sodium azide (pH 7.4), then 

stored at 0 C. 

Antisera activity 

I-ELISA was used to measure the activity of each 

collection (Clark 1981, and Voller et ale 1982). Hyphal and 

microsclerotial antigens were prepared as outlined earlier 

but now, each was separately suspended in a 

carbonate-bicarbonate coating buffer at a pH of 9.6. These 

were labeled as stock antigen solutions. The stock 

suspension ratio of antigen dry weight to volume of buffer 

was O. 1 gm to 1. 0 ml. Dilutions of 1: 100, 1 : 1 ,000 , and 

1:10,000 of antigen to coating buffer were used. The antigen 

at a given dilution was adsorbed onto 96-well microtitre 

plates (0.2 ml/well) (Flow laboratories, N. Hollywood, 

CA.), incubated overnight at 4 C, then gently washed three 

times using PBS with added 0.05% Tween-20 and 0.1% bovine 

serum albumin (PBS-T20-BSA). Incubation for extended 

periods of time (overnight) at 4 C has been shown to 

decrease the amount of background reactions and thus gives 

a clearer difference between positive and negative results 

(Clark 1981). Treated plates were inverted over clean, 

paper towels to drain. 
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Antisera were diluted in PBS-T20-BSA to the same 

concentrations as the antigens. There were two replicates 

of each antibody-antigen reaction for all combinations of 

concentrations on each plate. Two controls consisting of 

normal serum, and SBOB or POB were included on each plate. 

Antisera was added to the wells (0.2 ml/well) and incubated 

for 2 hr at 25 C, at yhich time plates were gently washed 

three times using PBS-T20-BSA. Horse radish peroxidase 

conjugated to goat anti-rabbit immunoglobulin G fraction (US 

Biochemical Corp., Cleveland OH.) was next applied to the 

wells (0.2 ml/well) and incubated for 2 hr at 25 C, then 

washed and drained in the same manner as for the antiserum. 

Incubation at 25-30 C is less likely to produce the thermal 

gradients across plates that can be produced at 37 C (Clark 

1981). The substrate o-phenylenediamide (OPO) (20 mg in 

50 ml of phosphate citrate buffer at a pH of 5) was added 

to the wells in the last step and allowed to incubate at 

25 C for 10 min. At this time the absorbance of the 

reactions was read at 490 nm on an Ma600 microplate reader 

(Dynatech Instruments, Inc., Torrance CA.). The degree of 

substrate degradation is indicated by an increase in color 

intensity and is proportional to the amount of antibody in 

the test serum when a known amount of antigen is used 

(Voller at ale 1982). A one-and-a-half to two-fold 

difference in absorbance readings between antisera and 
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normal serum reactions wi th hyphae and MS, and between 

readings of antisera reactions wi th hyphae and MS when 

compared to growth media was to be considered as an 

indication of good discrimination between positive and 

negative readings (Sutula et a1. 1986). This test was 

repeated at least once for those antisera collections with 

a high enough activity level when compared to normal serum. 

Antisera affinity for isolates of M. phaseo1ina 

In order to verify the affinity of the hypha1 and 

microsc1erotia1 antisera, the I-ELISA was used to test 

microsc1erotia and hyphae from 32 isolates of M. phaseolina 

collected from different hosts and locations (Table 15). 

A 1: 100 dilution of antigen to coating buffer was used 

throughout this study. Hypha1 antisera collections 6 and 

7, and microsc1erotia1 antisera collection 6 were used (at 

a 1:100 dilution of hypha1 or MS antisera to PBS-T20-BSA) 

in these stUdies based on results of activity titres. A 

portion of the microsc1erotial antisera was cross reacted 

with hyphae, designated 6X, and also used. In these tests, 

each value represents an average of readings taken from two 

adjacent wells. This procedure included all possible 

combinations of hyphal and microsclerotia1 antisera and 

hyphae and MS for a total four tests for each isolate and 

was repeated once. 
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Table 15. Origin of Macrophomina phaseolina isolates used in 
ELiSA and FA proceedures. 

isolate Host 
Number 

1 Euphorbia lathyris (caper spurge) 

2 Parthenium argentatum (Guayule) 

3 Pinus elderica (elder pine) 

4 Phaseolis limensis (Lima bean) 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Cyamopsis tetragonoloba (Guar) 

Astragalus beathii 

Lycopersicon esculentum (Tomato) 

Malus sylvestris (Apple) 

Solanum stoloniferum 

Simmondsia chinensis (Jojoba) 

Salvia Sp. (Sage) 

Lactuca sativa (Lettuce) 

Glycine ~ (Soybean) 

Carissa grandiflora (Natal Plum) 

Phaseolis acutifolius (Tepary bean) 

Cucurbita foetida (Buffalo gourd) 

Medicaqo sativa (Alfalfa) 

Location 

Marana, AZ 

Marana, AZ 

Tucson, AZ· 

Hermosillo, 
Mexicob 

Florence, AZc 

Grand Canyon, 
AZ· 

Herbarium, 
Oniv. of AZ· 

Hermosillo, 
Mexicob 

Herbarium, 
Oniv. of AZ· 

Hyder, AZd 

Superior, AZ 

Marana, AZe 

Zowa' 

Yuma, AZ 

Sacaton, AZc 

Marana, AZ 

American Type 
Culture Collec
tion No. 14379 
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Table 15, Continued 

18 Solanum melonqena American Type 
Culture Collec
tion No. 14384 

19 Grindelia camporum 

20,25,29 

21,24,28,30 

22,26,27,31 

23 

32 

Soil 

Corn 

Soybean 

Alfalfa. 

Corn 

Marana, AZ 

Missouri' 

aDr. D. Young, Cooperative Extension service, Oniv. of AZ, 
Tucson, AZ 

bSr • Cosme Guerro, Dept. of Plant Pathology, Oniv. of AZ, 
Tucson AZ 

CDr. 3. Mihail, Dept. of Plant Pathology, Oniv. of AZ, 
Tucson AZ 

dMr. T. Orum, Dept. of Plant Pathology, Oniv. of AZ, 
Tucson, AZ 

8Dr. M. Stanghellini, Dept. of Plant Pathology, Oniv. of AZ, 
Tucson, AZ 

~r. S. Gall, Garst Seed Co., Xowa 

gDr. F. Schwenk, Dept. of Plant Pathology, Kansas State 
Oniv., Manhatten, Kansas 
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J:n addition, a fluorescent antibody (FA) staining 

procedure consisting of fluorescein isothiocyanate (FJ:TC) 

conjugated to goat anti-rabbit J:gG was used to ex~ine 16 

of the 32 isolates. Hyphae of the different isolates were 

grown on three, sterile glass slides coated with a thin 

layer of 1% water agar. Slides were placed on sterile bent 

glass rods in sterile petri plates containing SDW, covered, 

and incubated in the dark at 34C. After 4 d the slides wera 

removed and flooded with a 1:10 dilution of either normal 

serum or antiserum for 2 hr at 25 C and rinsed gently three 

times with PBS-T20-BSA. All slides were then flooded with 

a 1: 50 dilution of FJ:TC in PBS-T20-BSA for 2 hr, incubated, 

and rinsed as before, then examined by incidence 

fluorescence microscopy with an excitation wavelength of 

450-490 nm and a barrier filter of 520 nm. Hyphae 

fluoresced under ultra violet (OV) light in a positive 

reaction and did not fluoresce in a negative reaction. 

This proceedure was repeated once. 

Antisera specificity for M. phaseolina 

Specificity of hyphal and MS antisera for 

M.phaseolina was tested using J:-ELJ:SA to examine (a mixture 

of hyphae and MS of) an isolate of Verticillium dahliae, 

and hyphae of isolates of Rhizoctonia solani representing 

anastomosing groups one through five (Courtesy of Mr. T. 

Orum and Dr. M. E. Stanghellini, respestively, Dept. of 
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Plant Pathology, Univ. of AZ, Tucson, AZ 85721). In 

addition, an unidentified zygomycete (Mucorales), a 

frequent contaminant of E. lathyris seeds also ~as tested. 

These tests were repeated once. The FA staining technique 

also was used to compare hyphae of Fusarium compactum, ~ 

oxysporum, Pythium aphanidermatum, R. solani (AG 4, 5), and 

V. dahliae with M. phaseolina hyphae. Hyphae of all tested 

isolates were grown, harvested, and prepared in buffer in 

the same manner as described for hyphae of M. phaseolina. 

Detection of M. phaseolina in E. lathyris 

Both the FA staining procedure and a technique 

utilizing anti-rabbit peroxidase plus the substrate 

4-chloro- 1-napthol were used in attempts to detect M. 

phaseolina in fresh sections of stems and roots of 

naturally infected field plants as well as inoculated E. 

lathyris raised in growth chambers. Peroxidase catalyzed 

oxidation of 4-chloro-1-napthol yields a purple color that 

coats the hyphal wall in a positive reaction. The hyphal 

wall remains clear (negative reaction) if normal serum is 

used instead of antiserum, or if the antiserum has no 

affinity for the hyphae tested. 

Symptomatic and asymptomatic plants were collected 

from field plots at the Uni versi ty of Arizona Campbell 

Avenue Farm, Tucson, AZ. Six collections were made and on 

each occasion four to six plants were examined. Plants were 
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washed in running tap water for 5 min, transferred to a 

solution of 0.5% sodium hypochlorite for 1 min, then 

blotted dry with paper towels. Fresh 90-120-um-thick 

sections were cut with a sliding microtome (Spencer Lens 

Co., Buf falo, NY.). Sections were cut from roots and crowns 

of asymptomatic plants, and from the roots, crowns, and 

stems of symptomatic plants. In the latter case, sections 

were cut from stems at 1 em intervals. At least one section 

of each sample taken from asymptomatic plants was cultured 

on mPDA to ascertain the presence of M. phaseolina. The 

remaining material plus all sections cut from symptomatic 

plants were placed in 25-well titre plates containing 

PBS-T20-BSA and labeled according to site of collection on 

the plant. All labeled sections were stored at 4 C in the 

dark. Sections collected from symptomatic plants were 

stained and examined within 1 to 3 d, while those sections 

collected from asymptomatic plants were processed in 3 to 

4 d when isolation results were obtained. Those sections 

at sites from which M. phaseolina was recovered by 

isolation plus all sections taken from symptomatic plants 

were then drained of buffer. A 1:10 dilution of antiserum 

or no~al serum was added and plates were incubated for 2 

hr at 25 C. Sections were rinsed gently in PBS-T20-BSA 

three times, then goat anti-rabbit antiserum conjugated to 

either FITC or horse radish peroxidase was added for 2 hr 
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at 25 C. Sections stained with FITC were rinsed again and 

examined by incident fluorescent microscopy. Those sections 

exposed to peroxidase were rinsed gently with PBS-T20-BSA 

three times, covered with 4-chloro-l-napthol for 10 min, 

rinsed with PBS-T20-BSA, and examined under a compound 

light microscope. 

MS-infested toothpicks were used to inoculate 

l-mo-old E. lathyris in growth chambers set at 25 C with 

a 12 hr photoperiod (19,355 lux). Emerging seedlings were 

fertilized once a week with Hoagland's solution (Hoagland 

and Arnon 1938) and watered as needed. MS-infested 

toothpicks were cul tured following the procedures of 

Edmunds (1964) and Young (1943) and modified as follows. 

Sterile toothpicks were placed on mPDA in petri plates 

inocul.ated with a 5-mm-diameter, mycelial pl.ug taken from 

the advancing margin of a 3-4-day-ol.d culture of M. 

phaseolina. Plates were incubated in the dark at 34 C for 

2 wk. MS-infested toothpicks were then transferred to 

sterile petri plates and allowed to dry for 1 wk at 34 C 

in the dark. Prior to inoculation, the MS- infested 

toothpicks were mixed in 0.5% sodium hypochlorite in a 

beaker on a stir-pl.ate for 10 min, then blotted dry with 

paper towels. Stems were disinfected with 0.5% sodium 

hypochlorite approximately 2 em above the soil line where 

one infested toothpick was immediatel.y inserted in each 
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Sterile toothpicks were inserted into comparably 

treated stems as controls. 

The I-ELISA was also used in attempts to detect M. 

phaseolina in field-infected E. lathyris. Samples taken 

from the crowns of infected plants, from the inoculation 

site of plants inoculated in growth chambers (positive 

controls), and non-infected plants ( negative controls) were 

ground in carbonate-bicarbonate coating buffer at a pH of 

9.6. An isolate of M. phaseolina used to develop all 

antisera was also used as a positive control. The ratio of 

antigen (plant or hyphae) fresh weight to volume of buffer 

was 0.1 gm to 1.0 ml for the stock suspension used in these 

tests. The stock suspension was further diluted to a 1:100 

ratio of antigen to coating buffer and adsorbed onto 

96-well microtitre plates overnight at 4 C. The I-ELISA 

protocol used was the same as that outlined under antisera 

activity. 

Fixed, dehydrated, then embedded plant material was 

also stained using hyphal antisera and goat anti-rabbit IgG 

conjugated to horse radish peroxidase, with 

4-chloro-l-napthol as a substrate. Roots and stems of both 

field-infected and inoculated E. lathyris, plus non 

inoculated controls, were fixed in FAA and dehydrated in 

a graded series of tertiary butylalcohol, then embedded in 

blocks of paraffin following the procedures of Johansen 
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( 1940). Sections 20-um-thick were cut on a rotary microtome 

(American Optical Co., Buffalo, NY.) and adhered to glass 

slides with Haupt's gelatin. The mounted sections were 

rehydrated back to an aqueous phase through a graded series 

of tertiary butylalcohol and water (Berlyn and Miksche 

1976). Slides were then flooded with a 1:10 dilution of 

either normal serum or antiserum, and 

at 2S C. Sections were washed and 

anti-rabbit horse radish peroxidase 

incubated for 2 hr 

stained with goat 

and treated with 

4-chloro-l-napthol, as described for fresh sections, then 

mounted in PBS-T20-BSA under glass coverslips, and examined 

under a compound light microscope. 

Results 

Antisera activity 

A one-and-a-half to two-fold difference in light 

absorbance between hyphal antisera and normal serum was 

seen most frequently at a 1:100 dilution of antigen and 

antisera. In all cases, activity dropped off at dilutions 

of 1:1,000 and 1:10,000. 

Hyphal antisera collections five, six, seven, and 

eight yielded a two-fold increase in activity over normal 

serum when tested on hyphae. However, neither hypha 1 

antisera nor MS antisera was useful in reactions with MS, 

because normal serum also reacted with MS, though not to the 
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same extent as the antisera. Microsclerotial antisera 

collections six and eight yielded a two-fold increase in 

acti vi ty compared to normal serum only when tested on 

hyphae. Though other MS antisera collections reacted to the 

same extent, these two antisera collections were selected 

for testing because they were collected late enough after 

the first rabbit immunization to contain a high enough 

titre of more specific XgG, but not too late to have a high 

titre of the nonspecific XgM (Gibbs and Harrison 1976, Hood 

et ale 1984). These antisera collections were saved and used 

at different times in the following serological studies. 

Affinity and specificity of antisera for M. phaseolina 

At least two of three runs of hyphal antisera 

collection numbers six and seven tested against the 32 

hyphal isolates of M. phaseolina yielded a two fold increase 

in absorbance when compared to normal serum. Though 

cul tures of hyphal antigen were free of mature 

microsclerotia, developing microsclerotia initials were 

often observed. Half of the reactions of hyphal antisera 

wi th microsclerotia were less than twice that of the normal 

serum with microsclerotia. MS antiserum collection number 

six also yielded more two fold differences in absorbance 

when tested against hyphae of the same 32 isolates of M. 

phaseolina than when tested on MS. Similarly, all 16 

isolates stained with antisera and anti-rabbit conjugated 
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to FITC fluoresced (Fig. 4A, 4B), while isolates stained 

with normal serum, then anti-rabbit conjugated to FITC did 

not fluoresce or displayed a non-specific staining reaction 

(Fig. 4C). Uneven fluorescence was attributed to hyphae 

growing into agar and therefore not coated by the antisera. 

None of the antisera tested reacted with hyphae of 

R. solani (AG 1-AG 5), or V. dah1iae in the I-ELISA tests. 

There was no difference in the reactions of antisera and 

normal serum to the unidentified zygomycete. The FA 

technique resulted either in non-specific staining or no 

fluorescence of the hyphae of F. compactum, F. oxysporum, 

~ aphanidermatum, R. solani (AG 4, AG 5), or V. dah1iae. 

In addition, no autofluorescence was noted for any of these 

fungi. 

Detection of M. phaseo1ina in ~ 1athyris 

Both positive and negative results were obtained 

from naturally and artificially infected plants as well as 

control plants when using the I-ELISA. Results remained 

inconsistent when Mink's coating buffer (Mink at a1. 1985) 

was substituted for carbonate-bicarbonate coating buffer in 

an attempt to detect M. phaseo1ina in 2-wk-01d soybean. 

The staining of fresh, thin sections with antisera 

conjugated to either FITC or to peroxidase was most 

effective in locating M. phaseo1ina in either 

field-infected or inoculated plants (Fig. 5, Fig. 6). Though 
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Fig. 4. UV fluorescence of hyphae of isolates of Macrophomina 
fhaseOlina collected from Euphorbia lathyris (A), and corn 

B). Non-specific staining of normal serum on an isolate 
collected from E. lathyris (C). Magnification is 160X. 
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Fig. S. UV fluorescence of M. phaseolina in fresh sections of 
stems of field infected E. lathyris (A, B). Autofluorescence 
of E. lathyris stem tissue (C)D Magnification is 160X. 
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Fig. 6. Staining M. phaseolina hyphae in root cortex of 
asymptomatic E. lathyris with 4-chloro-1-napthol: Application 
of antisera and a second antibody conjugated to peroxidase 
yielding a purple stain (A).A hypha (arrow) remains clear when 
normal serum is applied (S). Magnification is 400X. 



plant material 

114 

fluoresced (Fig. SC), F:ITC staining of 

hyphae was noticably more intense (Fig. SA, SB). Staining 

with 4-chloro-1-napthol and peroxidase provided more 

noticable contrast between antisera (Fig. GA) and normal 

serum (Fig 6B) than FJ:TC staining due to the 

autofluorescence of the plant tissue. 

M. phaseolina hyphae in preserved sections of plant 

material were stained when 4-chloro-l-napthol and 

peroxidase was added to slides flooded with antisera (Fig. 

7A, 7B). :In comparison, slides flooded with normal serum 

remained clear when 4-chloro-l-napthol and peroxidase was 

added to slides (Fig. 9C, 90). However, the intensity of 

staining was faint and uneven when compared to the staining 

of fresh sections. 

Discussion 

These data show that antisera for hyphae and MS of 

M. phaseolina are most reactive with hyphae of M. 

phaseolina. Further, within the limits of the tests 

conducted such antisera are effective against isolates of 

M. phaseolina from various hosts and geographic localities, 

but not with other common soil fungi. Though detection of 

pathogenic fungi in host tissue relies upon both affinity 

and specificity of the antiserum for the target pathogen, 

the degree of success with which a polyclonal antisera can 

detect a pathogen in a host varys depending upon the purity 
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Fig. 7. Staining fixed, dehydrated, and embedded then 
rehydrated sections of roots of infected E. lathyris: 
Application of antisera and a second antibody conjugated to 
peroxidase yields a purple stain as seen at 100x (arrows) (A), 
and 400x (S). Hyphae remain clear (arrows) when normal serum 
is applied. 100x (C). 400x (arrow) (D). 
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of the antisera used as well as the type of ±mmunoenzymatic 

technique employed (Clark 1981, Clark and Adams 1977, Gibbs 

and Harrison 1976, Voller et ale 1982). 

The use of cell wall fractions and intradermal 

injections in antisera development are reported to result 

in not only a higher titre but a greater specificity 

(Holland and Choo 1970, Lister et ale 1983). Though antisera 

affinity and specificity for M. phaseolina was established, 

the normal serum and polyclonal antisera used in these 

studies were not purified beyond precipitation in a 

saturated solution of ammonium sulfate and, therefore, 

should be considered crude serum preparations. This could 

partially explain the reactions of normal serum with the 

highly pigmented MS, and the inconsistencies of I-ELISA 

tests in detecting M. phaseolina in both E. lathyris and 

soybean. Presumably there were both common antigens as well 

as other antigenic sites available on the surface of MS and 

in the ground plant material to react with the antibodies 

contained in the crude serum preparations. 

Though the ELISA has been successful in the detection 

and determination of endophytes in tall fescue (Johnson et 

ale 1982, Johnson at ale 1983), identification of Phoma 

tracheiphila for the diagnosis of mal sacco disease in 

lemons (Nachmias at ale 1979), and the identification of 

endomycorrhizal fungi in plants (Aldwell at ale 1983, 
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Wright et ale 1987), M. phaseolina was not detected using 

this technique. Alkaline phosphatase was the enzyme 

conjugate used by Nachmias et ale (1979) and Johnson et ale 

(1982, 1983), but Aldwell et al (1983) and Wright at ale 

(1987) used horse radish peroxidase. Horse radish 

peroxidase as enzyme conjugate in the :I-EL:ISA technique 

failed to detect M. phaseolina in E. lathyris and in 

soybean. However, this enzyme conjugate was very successful 

in the detection of M. phaseolina when staining thin 

sections of either naturally infected or artificially 

inoculated E. lathyris with 4- chloro-1-napthol. This leads 

one to assume that in the case of E. lathyris the degree 

of tissue masceration and the subsequent release of plant 

peroxidases can confound the results of :I-EL:ISA tests. 

The staining of preserved sections of infected plant 

material was not as definitive as the staining of fresh 

material. Faint staining plus the fact that in 10-20u-thick 

sections the fungus is easily recognized (because the 

hyphae and MS are naturally pigmented) render the antisera 

staining unnecessary. 

The successful detection of a specific fungus in 

fresh thin sections of infected plant material represents 

a realistic application of a highly technical staining 

proceedure. Enzyme conjugated antisera used with an enzyme 

activated stain offers the possibility of a rapid diagnosis 
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of the infections caused by M. phaseolina. Early diagnosis 

of charcoal rot in the field could influence the degree of 

control attained (i. e. by changing irrigation frequency 

or timing) and the subsequent yield of a threatened crop. 
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